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VI. Recommendation Phase  

A. Key Technique 

1. Motivate Posi t ive Action 
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A. Worksheets 
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VALUE ENGINEERING JOB PLAN 

By Freder ick  S. Sherwin 

A basic Value Engineering Technique i s  an Organized Approach - - A Job Plan. 
If outstanding resul ts  in getting better value a r e  to be achieved, i f  20, 50 and 
even 7570 of the costs  a r e  to be taken out of a product, we must have a system- 
atic plan of attack, an organized approach. Today we find these organized 
approaches being utilized in all  a r ea s  of endeavor. It i s  recognized that we 
need a planned program that has  been tested and proven to work. Jus t  a s  the 
best  houses a r e  built to a carefully thought out plan, so the best value i s  found 
by a systematic plan of attack. 

The Value Engineering Job Plan  consists of five steps. They are: 

1. Information Phase 
2. Creation Phase 
3.  Evaluation Phase 
4. Investigation Phase 
5. Recommendation Phase  

All of the techniques previously mentioned a.re integrated and used in carrying 
out this  plan. Let ' s  see how i t  works. 

1. Information Phase 

Everv  program in which a decision must be reached puts in f i r s t  . -  - 
place a fact finding stage. Many t imes 314 of any job i s  securing 
all  the information, all  the facts you need to study the project. 

Here in this  phase we must 

1. Clearly define the problem. 
2. Establish the function to be performed - what the part  o r  

assembly has  to do. 
3 .  Get all  the facts. 

This involve s 

1. Contacting the engineer to obtain the specifications, to find 
out the basic engineering, what has  been t r ied ,  what has  been 
considered. 

2.  Contacting the manufacturing and/or  planning man to deter  - 
mine how the par t  i s  made. 

3.  Going to the cost section for detailed costs. 
4. To the purchasing section to l ea rn  what vendors a r e  involved, 

o r  were considered. 
5 .  To the marketing section to determine customer requirements. 



Every effort must be made to find the real fundamentals of the problem and reduce 
it  to i ts  simplest terms.  

Here we use techniques of 

1. Getting all the facts and determining costs. 
2. Define the functions. 
3 .  Put $ on specifications qnd requirements. 
4. Getting information from the right sources. 
5. Working on specifics. 
6 .  Use good human relations. 
7. And, of course, we a re  going to encounter many roadblocks in 

the fact finding stage, so we must learn  how to overcome them 
and still accumulate the sound basic facts we need. You shouldn't 
let roadblocks influence your thinking in this o r  any succeeding 
phase of the Job Plan. It 's very easy to get panicky, discouraged 
and even give up the project a t  this point in the game, especially 
i f  you only have part  of the: facts; but a s  you progress and use 
Value Engineering Techniques and get all the facts, you - will find 
a solution. There has seldom been a case where the cost could 
not be reduced, and with no sacrifice in the necessary quality. 

After the f k t  findixg phase COTLESS 

2. The Creation Phase 

Here1 s where we put to use our creative ability, the creative approach, 
Once the problem i s  defined and we have all the facts, we a re  ready to 
find a way to do it. We t ry  to answer the question "What else will do 
the job?I1 

Make usz of the brainstorm. No negative thought session. 

Draw on ideas from other people. 

Come up with a s  many ways of doing the job a s  you can. The more 
ideas, the better the chance that one o r  more will be the answer to 
the problem. 

Write down all these ideas. 

Use the technique 

1. Blast & Create 
Knowledge of the creative approach using specialty product 
processes, materials,  vendors and standards i s  helpful in thi 
technique. 



3.  Next i s  the Evaluation Phase 

After all the ideas a r e  written down it i s  t ime to evaluate them. - 
One of the f i r s t  steps in this amalysis i s  to estimate the dollar value 
of the ideas. This will show .you which ideas a r e  the most worthwhile 
developing. 

It 's  important to remember he re  that we ' re  - not trying to eliminate 
ideas, but we a r e  trying to analyze to see how they can be made to -- 
work. A positive approach must be used. 

Recently in a department where a creative session was held only six 
ideas were developed. This i s  a small number and a lot of judicial 
thinking must  have been used. Then they looked at the s ix ideas. A 
review eliminated all but one of them, When this was done, they said 
"Now we'll call  in the engineer to tell us whatt s wrong with this  r e -  
maining idea. " Obviously, this  4s a poor approach. 

Ideas which will perform the function must be developed regardless 
of specifications, interchangeability, etc. Many t imes  good ideas 
come from trying to develop others ,  which obviously wouldn't work. 
Usually i f  the potential savings i s  great  enough, the specifications 
may be changed to permit  adoption of the method. 

Here we can use the techniques of 

1. Refine ideas 
2 .  Put a $ on each idea 
3.  Evaluate the basic function 
4. Evaluate by compariaan 

After you have analyzed and developed the best ideas, you will want 
to work on those that show the most promise. Here we come to the 

4. Investigation Phase 

This i s  where you take the best ideas and plan a program to attain the 
information you need to develop these ideas into sound usable sugges- 
tions. You may feel here  that you don't have enough knowledge to work 
on the ideas yourself. This i s  a natural feeling, since we never can 
know everything we need to know. 

What must  be done then i s  to recognize the problem and search for the 



person who can help you. There a r e  many experts in your company, 
and the services  of every specialist in industry i s  availabld a t  your 
call .  In drawing in help from outside the company in the form of ven- 
dors  o r  specialists,  don't just hand them a drawing and specification 
and say "what can you do with this?" Instead, plan a program to in- 
f o rm  him of the function you want, - draw out his  ideas on the problem, 
give him some latitude to work in, and you can really benefit f rom his  
new 

The 

knowledge. 

Here we put to work such techniques a s  

1. Consult vendors 
2. Use Company and Industrial Specialists 
3 .  Use Company and Industrial Standards 
4. Use Specialty Processes ,  Products and Materials 
5. Determine Costs  

and of course we will encounter roadblocks to be overcome, and 
we must  employ good - Human Relations. 

program should be planned in the Manufacturing and Engineering 
a r ea s  so that the most  effective use i s  made of the time they devote to 
you. 

Now we see that certain ideas a r e  really beginning to develop and have 
a future. They should be reviewed with the thought "Is i t  real ly the best 
idea?" "With this new information could a better job be done?" Now i 3  

the time to "Use good business judgment. " 

A planned program should be followed up in this phase. Actual work 
with vendors, specialists,  engineers, and manufacturing people should 
be carr icd  out. AIX the facts,  ideas, information and conclusion a r e  
gathered to lead to the las t  phase. 

6. Recommendation Phase  

He re t s  the l a s t  and one of the most important steps in the Job Plan. 
It consists of buttoning up the project, doing something with the facts 
you have, taking action on the resul ts  of your study. 

To the analysis team this may take the form of a suggestion for  adoption 
by the responsible people. To line people it will mean the implementa- 
tion o r  adoption of the new design, method, vendor, o r  approach to 
accomplish the necessary function for the lowest possible total cost 
consistent with the required quality. 



VALUE ENGINEERING DEFINITIONS 

AND 

JOB PLAN OUTLINE 



DEFINITIONS 

VALUE -- 

Lowest price to reliably accomplish the function. 

FUNCTION --  

That which makes a product, work or  - sell. 

BASIC FUNCTION - -  

The prime or  specific purp6se which the part  accomplishes. 

SECOND DEGREE FUNCTION -- 

That Which does not directly contribute to the basic function. 

VALUE ENGINEERING JOB PLAN -- 
Information Phase 
Creation Phase 
Evaluation Phase 
Inve stigatioa Phase 
Recommendation Phase 

V d U E  ENGINEERING PHILOSOPHY TOR BETTER BUSINESS PERF~RMANCE --  

We Need: 

1. Positive Approach 
2. Team Work 
3. Better Job 



VALUE ENGINEERING JOB PLAN 
and 

G ontr ibuting Technique s 

INFORMATION PHASE 

Get a11 the facts. 
Determine costs. 
Define the functions. 
Put  a dollar sign on the specifications and 
requirements. 

CREATION PHASE 

Blast - Create 

EVALUATION PHASE 

Refine ideas. 
Put a dollar sign on each idea. 
Evaluate the basic function. 
Evaluate by comparison. 

Consult vendors. 
Use Company and Industrial Specialists. 
Use Company and Industrial Standards. 
Use specialty processes, products and 

materials. 
Determine costs. 

RECOMMENDATION PHASE 

Motivate positive actiaa, 

General Techniques 

Use good human relations. 

Inspire teamwork. 

Work on specifics. 

Overcome roadblocks. 

Use good business 
judgmeht. 



Product "A" 

Information Phase 

Get the facts 
Dete~mine  the function 3 - Marketing, Engineering 

This phase identifies high cost a reas  which require further study. 

I Motivate Positive Action I 

- 

Project Study 

Information Phase 
Creative Phase 
Evduation Phase 
Investigation Phase 
Recommendation Phase 

Information Phase + 

1 dation Phase I 

I Approach 

h v e  stigatio valuation 
Phase Phase 

Recommendation Phase 



VALUE ENGINEERING 

or 

V A L UE ANALYSIS 

What Is I t ?  

How Does It Work? 



I N D E X  

No. - 
1. 

2 .  

3 .  

4. 

5 .  

6 .  

a.  

8. 

Title - 
What i s  Value Engineering? 

What i s  the Function of Value Engineering? 

T e s t s  for Value 

How i s  Value Analyzed? 

What a r e  the Qualifications for  Value Engineering Work? 

What i s  Needed for  an Effective Product  Study? 

Value Engineering Job  P lan  

Some Suggestions which m a y  Help You Find Unnecessary 
Cos ts .  

Eliminate the P a r t  
Simplify i t  
Alter it so that a high speed method can be used 
Alter so that standard p a r t s  o r  ma te r i a l s  may  be used 
Determine where the design might reasonably be 
a l te red  for  automatic assembly 
Use a lower cost  mater ia l  
Use lower cos t  p rocesses  
Use a higher cost  mater ia l ,  which, by i t s  nature and 
proper t ies  will afford a simplified design and facilitate 
lower cost  assembly 
Miscellaneous Lower Cos ts  
Check it against  other  methods of fabrication 
Check it against  unique, l e s s  well-known methods of 
fabrication 
Check unusual but available fo rms  of raw mater ia l  
for use on the job 
Survey the purchasing with the buyer 

9 .  What Safeguards a r e  Taken to Prevent  P ro jec t s  Stopping 
Premature ly  before resu l t s  a r e  accomplished? 
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PREFACE 

It i s  the job of Value Engineering to  help m e m b e r s  of all  functions--manufacturing, 
methods,  engineering, purchasing, and others-- to  "grow" bet ter  habits,  att i tudes,  
and value-abilities sufficient to eliminate unnecessary cos ts  f rom products without 
in the slightest diminishing qud i ty .  

To accomplish this ,  we need. . . . 
. . . . "Better Attitudes and Habits'! 
. . . . "Better Information" 
. . . . "Better  Techniques1' 
. . . . "Improved Value Skillr;" 

WHAT IS VALUE ENGINEERING? 

Value Engineering is by no means  a search  for  new mater ia l s  and processes- - the  
Laborator ies ,  and Engineering and Manufacturing organizations a r e  constantly 
doing that.  

Nor is it a substitute for the effective cost reduction committees but can supplement 
and increase  the i r  effectiveness. 

Value Engineering i s  a well-informed creat ive study of every i tem of cost in every 
par t  o r  ma te r i a l -  -in view of bther possible mater ia l s ,  newer p rocesses ,  abili t ies 
of specialty suppliers and possibil i t ies for engineering re-evaluation focusing Engi- 
neering, Manufacturing and Purchasing in one objective- -equivalent performance a t  
lower cost.  

Value Engineering mus t  bring new information into the project f rom new a r e a s  within 
the company and f rom specialist  suppliers outside of the company--new possibil i t ies 
and new Value opportunities each with i t s  definite cost for  proper  evaluation--and 
r e fe r  this  new information into i t s  proper  normal  channel--the manufacturing man,  
the engineer o r  the buyer--for decision. 

Value Engineering re la tes  cost to the function o r  service o r  operation purchased by 
that cost.  Specialists in the company, and to a la rge  degree outside, a r e  assigned 
specific functional a r e a s .  Their  engineering i s  put to work on our  job instead of our  
competi tor 's .  Their suggestions a r e  provided with a dollar sign fo r  evaluation. 
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WHAT ARE THE QUALIFICATIONS FOR VALUE ENGINEERING WORK? 

We have l e a rned  the qualif icat ions fo r  m e n  to success fu l ly  accompl i sh  t h i s  type of 
work.  They a r e :  

1. Engineer ing  o r  methods  and planning exper ience  suppor ted 
by a gene ra l  unders tanding of the  p r o p e r t i e s  of m a t e r i a l s  and 
t h e i r  u s e s .  

2 .  A good c r ea t i ve  imagination.  

3 .  Enocgh ini t jat ive,  se l f -organizat ion,  and self -d r ive  to  
s t a r t  and complete  t he i r  p r o j e c t s  with l i t t l e  if any  superv i s ion .  

4. A feeling of the impor tance  of value.  

5. A m a t u r e  pe rsona l i ty ,  s table ,  not e a s i l y  d i scouraged .  

6. The d e s i r e  to  work  and deal  with o t h e r s  and the  gene ra l  
knowledge of how to  do i t .  
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1. Information Phase  

a. Secure al l  pertinent facts--actual  samples  of p a r t s  and assembly where 
practicayle.  Costs ,  quantities, vendors,  drawings, specifications, planning 
c a r d s  and manufacturing methods information. 
b. L e a r n  the basic engineering, with the engineer,  a sk  questions,  l isten,  
develop with him a thorough understanding of the product. 
c .  L e a r n  the basic manufacturing- -observe manufacturing, a sk  questions, 
l is ten,  study. 
d. Decide the amount of effort that should reasonably be expended on each 
i tem of cost.  

2 .  Creat ion Phase  

a. Generate every  possible solution to the problem. 
b. Consult o thers  who may  help you. 
c .  Systematically explore various ma te r i a l s ,  machine p rocesses ,  r e  - 
arrangement  of pa r t s ,  etc.  
d. Encourage f ree  use of the imagination. 
e .  Record every  suggestion that s eems  remotely possible.  
f .  Establ ish two man  teams for  creat ion of additional ideas.  

3 .  Evaluation Phase  

a .  Es t imate  the dollar value of each idea. 
b. Develop all  ideas with emphasis  placed in proportion to their  value and 
probability of accomplishment. 
c .  Investigate those ideas with an "obvious" reason why "it won't work. 
Lis t  the good points and the bad points. Eliminate o r  overcome the objections 
d. Set up a program to vigorously pursue ideas with most  promise.  

4. 1nvesti.g.ation Phase 

a .  Break the job down into a progression of functional a reas ;  i. e . ,  a fastening 
job, an electr ical  contact job, a support job, a dust protection job, e tc .  
b. Select the top specialist  in the Company to consult on each. 
c .  Select f rom one to three of the best  suppliers in the country for  each 
functional a r e a  of the product. 
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1. Change another  pa r t  t o  perform. i ts  function. 
2. Check acces so ry  i t ems  and f ea tu re s -  -possibly the need f o r  t hem 

no longer exis ts .  

B. Simplify it. 

Put  a l l  the tapped holes into one pa r t -  -e l iminate  t h e m  f r o m  o thers .  
Use available fastening devices  and el iminate  tapping ent i re ly .  
Challenge secondary panch p r e s s  operat ions  o r  secondary s c r e w  
machine operat ions  o r  other  secondary operat ions .  
Make the p a r t s  s t ra igh t  instead of curved- -s t ra igh t  f i t t ings cost  
le  s s than elbows. 
Don't  plate copper p a r t s  which a r e  l a t e r  painted. 
When blind holes a r e  needed, show min imum depth with notation. 
"Don't Dr i l l  Through, I t  r a t h e r  than specifying depth l imi t s .  
Use square  ends--ground ends double the cost  of the spring.  
Instead of two tapped holes  f o r  s e t  s c r e w s  a t  9ooput s e t  s c r e w s  
one on top of the other  in  the s a m e  hole. 
Avoid undercuts on molded p las t ics  t o  e l iminate  mold cycles  and 
s lower  machine cycle. 
Question chrome plating o r  polishing on sc r ew  heads.  
Question unusual machined sur faces .  It m a y  requi re  secondary 
operations t o  obtain them. 
Consider pal-nuts t o  e l iminate  nuts and lockwashers  on light par t s .  
Stamp the nut impres s ions  into the par t -  -e l iminate  fastening devices.  
Don't bend it. 
Use a min ia ture  casting in l ieu of s eve ra l  sma l l  a s sembled  stampings.  
Use square  ins tead of rounded c o r n e r s  on stampings.  
Use rol l  pins t o  el iminate reaming.  

C. Al ter  it  s o  that a high speed method can  be used. 

With a slight change, perhaps  it  can go on a header  o r  upset ter .  
Make it of round o r  f lat tened wi r e  on a w i r e  forming  machine r a t h e r  
than a complicated terminal .  
Str ike  the slot  in  the s c r ew  instead of sawing it. 
Design p a r t s  f o r  die ca s t  threads .  A s m a l l  f lat  in  the  par t ing l ine 
e l iminates  f l ash  difficulty. 
Dr i l l  and t a p  sma l l  p a r t s  in  the s t r i p  before cutting apar t .  
When c r o s s  d r i l l ed  s c r e w s  o r  bolts  a r e  needed, design s o  that  random 
dril l ing i s  permiss ib le .  
Make i r r egu la r ly  shaped p a r t s  of a s sembled  laminat ions  thin enough 
f o r  stamping to  avoid cost ly  machining jobs. 
El iminate  insulating sheets ,  s t r i p s ,  punchings and welding operat ions  
by making a composite molded p a r t s  fo r  e l ec t r i ca l  applications. 
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B F. Use a lower cost ma te r i a l  

G. Use Lower Cost P rocesses .  

Use spring s teel  instead of music  wire  excepting when excessive 
loading demands additional propert ies  and justifies additional cost 
of music  wire .  
There  a r e  many t empers  of copper and many types of bronze. 
Remernber that generally half the weight of copper will c a r r y  the 
same current  as  equivalent bronze. 
Remember a l so  that 1 / 2  t o  1 / 4  the weight of spring b r a s s  c a r r i e s  
equivalent cur rent  to phosphor bronze. Forty cent b r a s s  may  replace 
65  cent phosphor bronze. Suitable b r a s s  can be aged to  provide com- 
parable spring qualities. 
Use. Te r ra t ex  o r  Quinterra instead of mica for  high-temperature,  low 
voltage applications. 
Buy an aluminum or  other disc  instead of sheet o r  s t r i p  stock. 
Use m o r e  magnesium extrusions.  Dies cost only a few hundred 
dol lars  for  smal l  extrusions.  
Check tubing costs.  In smal le r  s izes ,  copper i s  lower cost than 
steel-aluminum and magnesium sti l l  lower-magne s ium i s  the lowe st. 
Don't use dr i l l  rod if s tee l  rod will do the job. 
Use Zn-Cu-Be instead of b ras s .  Save 20 pe r  cent. 
Use graphite - impregnated phenolic compound for  a low -f riction, low- 
cost bearing, thrus t  d isc  o r  seal  nose. 
F o r  large die cast  par t s ,  check aluminum. It may  cost l e s s  than zinc. 

Do the operation in a tumbling bar re l .  If the par t s  a r e  too heavy and 
too precise--mount them on fixtures in the b a r r e l  and let the abrasive 
mixture flow through them. 
Use automatic dial tapping machines. 
Dip in paint r a the r  than spray. 
Design par t s  f o r  b a r r e l  plating ra ther  than hooking in s t i l l  tank. 
Use Multi- slide machines to eliminate secondary operation. 
Stamp pa r t s  in punch p res s  r a the r  than hand stamp. 
Use tubular r ivets  ra ther  than solid r ivets  which have t o  be peened 
over slowly in a high speed hammer.  
Lithograph o r  print ra ther  than etch. 
I?ermanent mold ra ther  than sand cast .  
When des i red  actually reduce the size of the shank on a sc rew by a 
special thread ro l le r  arrangement .  

H. Use a higher cost mater ial ,  which, by i ts  nature and propert ies  will 
afford a simplified de sign and facilitate lowe r cost a s  sembly. 

1. Consider fixture heat- t reated beryl l ium copper, when phosphor bronze 
won't quite do the job. Eliminate adjusting labor. 

Sheet 9 
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L. Check unusual but available f o r m s  of raw mate r i a l s  fo r  use on the job. 

F o r  example. Steel 

1. Preplated Steel 
2. F-.epainted s teel  
3. Steelclad with aluminum. Stainless,  monel, etc. 
4. Fibreclad s teel  
5. Rubberclad s teel  
6. Embossed metal  
7. Expanded meta l  

Or Miscellaneous 

1. Silicons 
2. Nylons 
3. Micalex, etc. 

M. Survey the purchasing with the buyer. 

Are  the available highly specialized low cost suppliers being used? 
Have the suppl iers '  engineers been given sufficient fac ts  and pressed  
for  suggestions which would produce equivalent performance at lower 
cost?  
Has the buyer taken advantage of the know how of other purchasing 
units using l a r g e r  quantities of s imi lar  ma te r i a l s  ? 
Should some minor  changes suggested by the supplier which afford 
lower cost mater ia l ,  be considered fur ther  ? 
Has the buyer found the basic  source,  the manufacturer  who m a y  be 
in a position to  extend minimum pr i ces?  
Are parts  obtained in bes t  economical lot s i z e s ?  

Sheet 11 
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14. Lf i t  is big enough, talk it over  with the boss.  He will probably have 
some good ideas. 

15. Don't accept f i r s t  effort- -challenge fur ther  endeavor. Value Analysis 
pays crf after the f i r s t  answer i s  "no. " 

Sheet 13 



VALUE ENGINEERING 
What It i s  And Its  Contribution to Bus iness  

I .  Value Engineering - What It Is  

Value Engineering and Value Analysis a r e  t e r m s  used to designate a 
search-or iented technology which includes a systemat ic ,  c rea t ive ,  
organized approach to reduce unnecessary  product cos t s  to a min imum.  
This  approach cons i s t s  of a job plan and specific techniques which a r e  
used in  the decision-making p r o c e s s .  It m a y  be applied a t  any stage i n  
the product life cycle to prevent o r  remove  cos t s  which do not contribute 
to the rel iable achievement of the essent ia l ,  cus tomer  required,  function. 
The techniques m a y  a l so  be used in  management decis ions  which affect 
o ther  cos t s  assoc ia ted  with the conduct of the bus iness .  A Value Engineer  
i s  someone proficient  in  the use of these  techniques.  

Contras ted to past  approaches  to cos t  reduction,  Value Engineering i s  
product function directed and of fe rs  a method of assigning moneta ry  values 
to bas ic  functions which occur  i n  a11 produc ts .  Value i s  achieved when any 
function i s  accomplished for the l ea s t  total  cos t .  

11. Value Engineering - What It Can Contribute 

Value Engineering can  contribute to any product producing bus iness  in 
s eve ra l  ways.  

1. Staff Special is ts  who have no line responsibi l i t ies  but a r e  
ex t remely  proficient  in Value Engineering techniques can 
a s s i s t  line o r  decision-making personnel  by providing 
information and recommendations which will lead to r e  - 
duction in  product o r  operating cos t s .  

2 .  Value Engineering techniques can  be taught to decision- 
making personnel  so that they can  vastly improve the i r  
ability to reduce cos t s .  

3 .  Value Engineering task  groups can be ass igned to product 
design,  development o r  improvement  p r o g r a m s  to remove 
l a r g e  amounts of unnecessary  cos t s .  

4. These effor ts  will br ing product cos t s  down to a minimum, 
improve the competitive position and inc rease  company 
prof i ts .  

NOTE: Value Engineering i s  not a substi tute o r  replacement  for  any other  
effective approach to cost  reduction such a s  work simplification,  motion- 
t ime methods,  manufacturing feasibil i ty s tudies ,  e tc .  Ra ther ,  it  i s  a 
supplement and supporting force  which f i l l s  a gap and will great ly  strengthen 
cost  Ijrevention and reduction act ivi t ies .  



$11. Value Engineering - How to S t a r t  It 

To begin a Value Engineering p rog ram,  management m u s t  obtain the 
s e rv i ce s  of a pe r  son who h a s  knowledge and experience in the field.  

Such a pe r son  who i s  capable of di rect ing a Value Engineering p rog ram 
will have a broad background in industry  with about twenty yea r s '  exper -  
ience and ce r t a in  personal i ty  cha rac t e r i s t i c s  which would qualify h im  
a s  a senior  consultant in  Value Engineer ing.  

This  Value Specialist  could be h i r ed  o r  could be selected f rom ranks  of 
p resen t  employees and given Value Engineering t ra ining.  

The Company Office of Value Engineering Serv ices  can  supply this  t ra ining 
in  var ious  ways,  a l so  outside consultants a r e  avai lable .  

IV. Value Engineering - I ts  Function and Organizational P lacement  

Value Engineering i s  a staff function which c r o s s e s  other  functional l ines  
and reaches  into Engineering,  Purchas ing ,  Manufacturing, Marketing,  
Financial ,  e t c .  Leadersh ip  for  the activity can  come f rom a general  
management staff position o r  f r o m  within one of the above mentioned a r e a s .  
In the l a t t e r  c a s e s ,  however,  the supervising manager  mus t  have a good 
g r a s p  of the responsibil i ty of the Value Engineering function so that i t  will 
c a r r y  out the full scope of the activity.  Strong top management  support  
i s  a n  essent ia l  ingredient fo r  a successful  Value p r o g r a m .  

The Value Engineering function i s  l a rge ly  educational and motivational 
in content. The educational p a r t  should consis t  of both formal  and informal  
training of a l l  key,  l ine personnel  in the techniques of Value Engineering 
through workshop type s emina r s  of about 50 hours  duration and discussions  
c a r r i e d  out during daily contact of the Value Specialist  and line personnel .  

The motivational p a r t  takes  severa l  f o r m s .  The Value Engineer  i s  a 
cata lyst  whose function i t  i s  to br ing about the improved per formance  of 
people responsible fo r  product design and production.  One such motivational 
f o r m  i s  the value recommendation which r e su l t s  f r o m  a product evaluation 
study made  by the Value Specialist  and submitted to the pe r son  responsible  
for  implementing the change. Another fo rm i s  consultation in  which the 
Value Engineer  ga thers ,  develops and p re sen t s  information needed for  
value decis ions .  

Since product value (cos t )  i s  the pa r t  responsibil i ty of a number of groups,  
Value Engineering integrates  these  people into m o r e  effective t e a m s ,  
helping to br ing together ski l ls  f rom each a r e a  a s  needed to get the best  
value product.  No competitive business  should overlook the potential 
contribution of Value Engineering.  

May 31, 1962 
F. S. Sherwin, Di rec tor  
Value Engrg .  Serv ices  
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r-3 VALUE ENGINEERING SEMINAR 

ROADBLOCKS TO PROGRESS 

Learn t o  Recognize Phrases which Chloroform Ideas ,  Put Minds t o  Sleep,  
and Stop Progress .  

QUICK BRUSH-OFFS 

We t r i e d  t h a t  once before  
Our concept i s  d i f f e r e n t  
I t ' s  t o o  r a d i c a l  a  change 
T h a t ' s  t o o  ivory tower 
L e t ' s  g e t  back t o  r e a l i t y  
We'd be the  laughing s tock  
Where did you d i g  t h a t  up? 
Not t h a t  again! 
T h a t ' s  never been done before  
I d o n ' t  see the  connection 

THE COMPANY IS AT FAULT 

11. I t ' s  aga ins t  Company p o l i c y  
1 2 .  We d o n ' t  have t h e  a u t h o r i t y  
13. The f r o n t  o f f i c e  wouldn't  l e t  u s  
14. T h a t ' s  beyond our r e s p o n s i b i l i t y  
15. T h a t ' s  not my job 
16. We ' r e  too  b i g  f o r  it 
1 7 .  Top management won't  go f o r  it 
18. I t  won't work in  our indus t ry  
19. The Union w i l l  scream 
20. The boss would never approve it 

THE FAULT IS WITH THE CUSTOMER 

The Gov? would never buy it 
We' l l  never g e t  a  new c o n t r a c t  
anyway 
The customer i s  not  i n t e r e s t e d  
The specs requijce it t h i s  way 
The customer hasn ' t complained 
M I L  specs won" allow it 
It would cause t o o  many f i e l d  
problems 
I t ' s  s tandard t h e  way it i s  
The customer 's  not  i n t e r e s t e d  in  
c o s t  
We could never g e t  Gov't  approval 

BLAME IT ON MONEY 

31. I t  i s n ' t  i n  t h e  budget 
32. We'd lose  money i n  t h e  

long run 
33. We c a n ' t  pay f o r  t h e  too  
34. I t  runs up our overhead 

1 ing 

35. We could never g e t  t h e  fundir 
36, The c o s t  i sn"  important 
3 7 .  We're a l ready making a  p r o f i l  

on t h a t  
38, The documentation would be 

too  c o s t l y  
39. The Gov't would never pay 

f o r  it 
40. I t ' s  not  an allowable expensc 

TIME IS TO BLAME 

We're too  busy t o  th ink  
about it 
We don' t have t h e  time 
I t  w i l l  hold up production 
The customer won't  wai t  
The design i s  already frozen 
I t ' s  too  l a t e , t h e  c o n t r a c t  
i s  ending 
I t  w i l l  t ake  too long t o  
t e s t  
Draf t ing d o e s n ' t  have t h e  
time t o  change t h e  drawings 
The vendor i s  a l ready behind 
Time i s  more important than 
c o s t  

POSTPONE THE IDEA 

What we have w i l l  work f o r  
f i v e  o r  t e n  years  
Weke not ready f o r  it 
I t  w i l l  make our p resen t  
one obsole te  
L e t ' s  form a  committee 
Let" look i n t o  it f u r t h e r  
before  we a c t  
Youke two years  ahead of 
your time 
L e t ' s  g ive  it more thought 
I t  works OK, l e t ' s  not  
chanqe it now 

59. Let someone e l s e  t r y  it f i r s  



ROADBLOCKS 

KILLER PHRASES WHICH CHLOROFORM IDEAS AND PUT MEN" MINDS TO SLEEP 

We t r ied  that before,  41, It 's  never been tr ied before, 
Our place is different, 42. L e t ' s  shelve it  for  the time being, 
It cost too much. 43. L e t t s  form a cammittee. 
That' s beyond our responsibility . 44. Has anyone else ever  t r ied i t?  
That 's  not m y  job. - 45,. What'e use?  
We're  al l  too buey to do that, 46, Customers won't like it. 
I t ' s  too radical a change, 47.  Too hard to sell ,  
We don't have the time. 48, 1 don't see  the connection, 
Not enough help. 49, If won't work in our  industry. 
That will make other equipment obsolete.50. What you a r e  really saying is , , . 
Let '  s make a market  r e  search tes t  of it f i r s t ,  
We're too small for it. 51. Maybe that will work in your depart- 
Not practical for operating people. ment, but not in mine. 
The men will never buy i t ,  5 2 .  Don't you think.me should look into 
The Union will scream. it further  before we act? 
We've never done it before, 53. Let ' s  all  d e e p  on it. 
It' s against company policy, 54, You're right--but, . . , , 
Runs up our overhead, 55, You're two years  ahead of your t ime, 
We don't have the authority, 54. We don't have the money, equipment, 
That's too ivory tower, room, personnel, 
L e t ' r  ie't back to reality, 
That 's  not our problem, 
Why change it, i t l e  rtill working o,  k, 
The Executive Committee will never go for i t ,  
What do they do in our cornpetitor'r plant? 
I donlC like the idea, 
We're not ready for that, 
Xt isn't in the budget, 
Can't teach an ald dog new txicku, 
Good thought, but impractical,  
L e t l r  hold it in abeyance. 
Let1 r give it  more  thought, 
Top management would never go for i t ,  
Let '  s put it in writing, 
Waf11 be the laughing rtock, 
Not that again, 
We'd l~mrt money in the long run, 
Whersld you dig that one up? 
We did all right without it, 
ThatIra what we ean expact %ram rteff, 



HOW TO 
KILL 

PROGRESS 



ADAPTED FROM THE REMARKS OF 

DAVID L. YUNICH, PRESIDENT 
L. BAMBERGER AND COMPANY 

Do you resist progress? 

You don't think so? Well, don't be too sure. Human 
beings who don't resist progress are rare exceptions. The 
plain fact is that most of us do. 

Progress is a wonderful thing -as long as it involves I 

somebody else. But when a new idea crops up in YOUR 
company, affecting YOUR job, how do you react? DO 
you step forward eagerly to appraise its merits with an 
open mind? Or are you more apt to draw back - perhaps 
unconsciously - and reach for something to kill it? 

Resistance to change is almost instinctive. Doing things 
differently would upset our comfortable habits of thought 
and action. It would create the need for thinking, planning 
and making new decisions. And what if those decisions hap- 
pened to be wrong? 

Change always involves risk - the risk of failure, the 
risk that things won't turn out as much to our liking as 
they are now. We're familiar with our present problems. 
But who knows what our problems would be if we started 
making changes? 

Are you still confident you don't resist progress? Well, 
just for fun check the following list of twenty-five expres- 
sions. See if any of them sound familiar. Each of them is 
an expression I've heard people in our company use to kill 
progress, to avoid considering or trying new ideas. I suspect 
you've heard them, too. 

"IT ISN'T IN THE BUDGET." 

Maybe it isn't in the budget. But the budget represents 
yesterday's planning. If reasons are compelling enough, 
the budget can be - and should be - changed. The 
budget is not a straight jacket intended to freeze all 
thought and action. 

"IT WON'T WORK IN OUR DEPARTMENT." 

Yes, if you want to search hard enough, you can find 
reasons - real or imagined - why your department is 
different. But are they reasons or merely excuses for lack 
of action? 
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"WE TRIED THAT BEFORE." 

Did you? Precisely this idea or merely something like it? 
And how was it executed? Don't be too sure that ideas that 
were tried and didn't work are bad ideas. Many a terrific 
idea has failed simply because it was poorly executed. 

"IT'S TOO RADICAL A CHANGE." 

Sometimes a change is too radical to put into effect all at 
. once. But other times a radical change is exactly what's 

needed. Anyone who calls a change too radical ought to 
have specific reasons to back up his opinion. Otherwise 
he's merely ducking. 

"WE DON'T HAVE THE TIME." 

This is the favorite comment of people who've planned 
something and don't want their plans changed. If they 
really want to change things, it's amazing what can be 
accomplished in a very brief period. 

"THAT PRICE I S  TOO HIGH FOR US." 

No price is too high until you've considered value, need, 
and possible alternatives. Otherwise it's just a convenient 
way of killing the idea. 

"NOT PRACTICAL FOR OPERATING PEOPLE." 

What's different about operating people? The man who 
makes this comment without specific, sensible reasons is 
merely throwing mud at the proposition. 

"DON'T BE RIDICULOUS!" 

A comment designed to end discussion before it begins. 
It not only kills the idea in question, but also cautions the 
man against suggesting any others. 

"WE'RE TOO SMALL FOR IT." 

Another way of saying no and sounding profound. With- 
out valid, supporting reasons it's a meaningless comment. 

"THAT WILL MAKE OUR SYSTEM OBSOLETE." 

Perhaps the system is obsolete already. The company 
which refused to consider changes that would outmode 
existing systems or equipment would be headed for the 
junk pile. 



"IT DOESN'T FIT OUR PROGRAM" 

The death sentence of many an excellent idea. Plans 
and programs are drawn up to facilitate progress, not 
stifle it. New ideas deserve consideration regardless of 
previous planning. Maybe the program ought to be 
junked because it doesn't fit the idea. 

"WE'VE NEVER DONE IT BEFORE." 

All the more reason why it may be well worth considering. 

"YOU'RE TWO YEARS AHEAD OF YOUR TIME." 

Spoken from the vantage point of superior experience, 
but seldom backed by good, sound reasons. This is one of 
the favorite ways of turning something down without mak- 
ing the man who suggested it feel too badly. After all, who 
isn't flattered by the thought that he's ahead of his time? 
The organization, by failing to consider his idea, may find 
itself behind the times. 

"LET'S GET BACK TO REALITY." 

This remark implies - without saying specifically why 
-that the whole idea is theoretical and impractical. The 
fellow who makes it conveys the impression - also for no 
good reason - that he himself is a solid character with his 
feet on the ground. Actually, he's just another stumbling 
block in the path of progress. 

"THAT'S NOT OUR PROBLEM." 

No? Well maybe it should be. Things which affect our 

1 suppliers and customers also affect us. We might be a lot 
better off by opening our eyes to more of these problems 
instead of looking the other way. 

"WHY CHANGE IT? IT'S STILL WORKING O.K." 

The company which never changes anything as long as 
it works will never be known for progressiveness. Changes 
that are delayed until they have to be made are often costly. 



If you wait until something fails to work before you look 
for a better substitute, one of these days you're going to 
find yourself way up the creek without a paddle. Thousands 
of businesses have closed their doors for that very reason. 

"WE'RE NOT READY FOR THAT." 

Sound like words of wisdom, don't they? Perhaps they 
are. But the man who uses them had better be ready with 
good, logical reasons. Otherwise they're nothing but a stall. 

"CAN'T TEACH AN OLD DOG NEW TRICKS." 

People can learn new things at any age - if they want to 
learn and if you're willing to teach them. This is a demon- 
strated fact, not wishful thinking. If something is really 
worth doing, it ought to be done no matter who has to learn 
new tricks. 

"THE EXECUTIVE COMMITTEE WOULD 
NEVER GO FOR IT." 

What the Board of Directors, the Executive Committee, 
or any other committee will approve has no bearing on what 
ought to be submitted. One of the greatest wastes of time 
and talent in business and industry is that spent on guessing 
what people in authority will approve. If the same energies 
were used to study our problems, and to develop coura- 
geous programs based on sound reasoning, everyone con- 
cerned would be a lot better off. 

The remark, unfortunately, is a handy one for killing 
off new ideas. It completely evades the merits of the ques- 
tion. It  also conjures up fears of the supposedly mysterious 
reactions of those in higher authority. 

"WE'LL BE THE LAUGHING STOCK." 

Anyone in this world who ever accomplished anything 
worthwhile has been laughed at. The more people who are 
inclined to laugh at an idea, the greater the chance it might 
be something really unusual. It certainly shouldn't deter 
you from taking a good 'look. 

"WE DID ALL RIGHT WITHOUT IT." 

The fellow who opposes a new idea for this reason is 
really grasping at straws. But you've heard it; so have I. 



"LET'S SHELVE I T  FOR THE TIME BEING." 

A convenient way to kill something without being charged 
with the murder. People who make the remark aren't 
openly opposed to the idea; they just want to give it time 
to ripen. What they really want is time for it to die. 

"LET'S FORM A COMMITTEE." 

If you're opposed to action, this is a convenient way to 
stall it. 

"HAS ANYONE ELSE TRIED IT?" 

This is a good question - if it's asked for the purpose 
of obtaining information. The trouble is that it's so often 
asked by someone groping desperately for a reason to 
say no. 

" I T S  AGAINST OUR POLICY." 

Policies are a valuable guide to action. But there are also 
times when a policy is a poor substitute for good judgment. 
Policies have to be changed occasionally to meet changing 
conditions. When a policy blocks progress, it ought to be 
brought to the attention of people who have the authority 
to change it. 

Under the proper circumstances, some of the expres- 
sions quoted above make excellent sense. That's precisely 
what makes them so damaging. Wrongly used, they some- 
times stop a valuable idea dead in its tracks. 

When you catch yourself using one of these expressions 
- or a reasonable facsimile thereof - stop and ask your- 
self a few questions: Do I really mean this? Do I have good 
reasons for what I am saying? Or am I merely looking for 
excuses to kill the idea and avoid action? 

You can't stop progress. All you can do is kill it in your 
own department or your own company. If an idea is a good 
one, someone somewhere is going to think of it and put it 
to use. Why shouldn't it be you? The fellow who kills 
progress is killing his own future. 



QUICK BRUSH-OFFS 

ROADBLOCKS TO VALUE ENGINEERING PROGRESS 

Learn t o  Recognize Phrases which Chloroform 
Ideas, pu t  Minds t o  

1. We t r i e d  t h a t  once before 
2,  Our concept i s  d i f f e r en t  
3 .  I t P s  too rad ica l  a change 
4. That O s  too ivory-tower 
5. L e t Q s  ge t  back t o  r e a l i t y  
6. We @d be t he  laughing stock 
7. Where did  you dig t h a t  up? 
8. Not - t h a t  again! 
9. Thatvs  never been done before 

10. I donqt  see the  connection 

THE COMPANY IS ,  AT FAULT 

I t q s  against  company pol icy 
We dongt  have t h e  author i ty  
The f r o n t  o f f ice  wouldnqt l e t  us 
That's beyond our respons ib i l i ty  
That's not my job 
Weqre too b ig  f o r  it 
Top management won't go f o r  it 
It wonQt work i n  our industry 
The Union w i l l  scream 
The boss would never approve it 

THE FAULT I S  WITH THE CUSTOMER 

The Government would never buy it 
Weqll  never ge t  a new contract  anyway 
The customer i s  not in te res ted  
The specs require  it t h i s  way 
The customer hasn't complained 
M i l  specs wonOt allow it 
It would cause too many f i e l d  problems 
I tQs  standard the way it is  
The customervs not in te res ted  i n  cos t  
We could never ge t  Govtt approval 

Sleep a.nd Stop Progress. 

BLAME I T  ON M O W  

It i s n 0 t  i n  the  budget 
We'd l o se  money i n  t he  long run 
We can't pay f o r  t he  too l ing  
It runs up our overhead 
We could never ge t  t he  funding 
The cos t  i s n ' t  important 
We're already making a p r o f i t  on t h a t  
The documentation would be too cos t ly  
The GovQt would never pay f o r  it 
I tOs  not an allowable expense 

TIME IS TO BLAME 

Wee  too busy t o  th ink about it 
We don t t  have the  time 
It w i l l  hold up production 
The customer wonot wai t  
The design i s  already frozen 
It 's too l a t e ,  the  contract  i s  ending 
It w i l l  take too long t o  t e s t  
Drafting doesnPt  have the  time t o  
change t he  drawings 
The vendor i s  already behind 
Time i s  more important than cos t  

POSTPONE THE IDEA 

What we have w i l l  work f o r  f i v e  o r  ten  ye: 
Weqre not ready f o r  t h a t  
It w i l l  make our present one obsolete 
L e t q s  form a committee 
Le t t s  look i n t o  it f u r t h e r  before we a c t  
YouPre two years  ahead of your time 
L e t O s  give it more thought 
It works O.K., l e t P s  not change it now 
Let someone e l s e  try it f i r s t  
A good idea! L e t O s  s leep on it! 

'T 
THE CLINCIBR 





We used to call this booklet "How to Make a Speech 
That Listeners Like". The trouble was that  people thought 
i t  was a booklet for  public speakers. 

I t  is a booklet for  public speakers. I t  was written speci- 
fically for  them. But the principles i t  presents apply to 
every form of communication including letter writing, 
reports, magazine articles and informal talks. Direct mail 
specialist Orville Reed calls i t  "one of the best booklets on 
writing direct mail copy I've ever seen". 

Borden's four-point formula, (1) Ho hum! (2) Why 
bring that  up? (3)  For instance! (4) So what?, is used 
by professionals in every field of writing and speaking. 
Many use i t  unconsciously-it's a trick of the trade they've 
come by through years of experience. 

There's nothing new in this booklet. It is condensed 
from a book Borden wrote more than 20 years ago. We 
continue to  offer i t  because i t  is still-today-the simplest 
and clearest presentation of these ideas that  we have ever 
seen. 

If you write letters, just substitute the word "letter" in 
place of the word "speech". If you're an  advertising man, 
substitute the word "copy". If you're a salesman, think in 
terms of "sales talk". If your work-or your community 
activities-involve getting an idea out of your head and 
into someone else's, you are  about to discover pure gold. 
Read away ! 

The Editors 
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LISTENERS' LAWS FOR 
SPEECH O R G A N I Z A T I O N  

THE fundamental law of speech 
organization can be stated in eight 
words: 

Give every speech you make 
purpose-and form! 

Listeners like vertebrate speeches 
-speeches with a spzne. 

They dislike speech jellyfish. 
They dislike flabby, shapeless 

speeches that begin nowhere, ram- 
ble on in all directions-and end 
up in the air. 

THE FORMAL PLATFORM 
SPEECH 

THE organization formula of the 
formal platform speech is not com- 
plex. I t  is simple. 

It  is so simple that you can write 
it on your thumb nail: 

1. Ho hum! 
2. Why bring that up? 
3. For instance! 
4. So what? 

The apparent1 y cryptic phrases 
in this formula describe the four 
stages of audience reaction which 
you, as a platform speaker, must 
meet. 

They are the clues to the four- 
step organization of your speech. 

First Step: H o  hum! 
IN  THE FIRST SECTION OF YOUR 
FORMAL PLATFORM SPEECH-START 
A FIRE! 

Your speech is not well organ- 
ized unless you kindle a quick 
flame of spontaneous interest in 
yourjrs t  sentence. 

Smokers do not like matches 
that fail to light with the first 
scratch. Listeners do not like speak- 
ers who fail to "light" with the first 
sentence. 

When you rise to make a speech, 
do not picture your audience as 
waiting with eager eyes and bated 
breath to catch your message. 

Picture it, instead, as definitely 



bored-and distinctly suspicious 
that you are going to make this 
situation worse. 

Picture your listeners as looking 
uneasily at their watches, stifling 
yawns and giving vent to a unani- 
mous "HO HUM!" 

The first sentence of your speech, 
like the three redskins who bitc 
the dust in the opening sentence 
of the Western thriller. must crash 
through your audience's initial 
apathy. 

Don't open your speech on Safe- 
ty First by saying: "The subject 
which has been assigned to me is 
the reduction of traffic accidents.'' 
Say, instead: "Four hundred and 
fifty shiny new coffins were deliv- 
ered to this city last Thursday." 

Emulate the technique of Hen- 
ry Ward Beecher, as related by 
Milton MacKaye:' 

Henrv Ward Beecher had a 
genius for bringing the most 
somnolent audimce to life. One 
July morning he rode into a 
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West Virginia town which was 
widely known in lecture circles 
as "Death Valleyx-for the rea- 
son that any speaker unfortun- 
ate enough to have an engage- 
ment to lecture there wilted and 
curled up when he faced the 
town's stupid and indifferent 
audience. 

Beecher was duly warned. 
That afternoon, when he was 
being introduced, half the audi- 
ence was already dozing. Beech- 
er rose from his chair and, wip- 
ing his brow with a large hand- 
kerchief, strode to the front of 
of the platform. 

"It's a God-damned hot 
day," the clerqyman began. 

A thousand palrs of eyes gog- 
gled and an electrical shock 
straightened the crowd erect. 
Beecher paused and then, rais- 
ing a finger of solemn reproof, 
went on, "That's what I heard 
a man say here this afternoon!" 

He proceeded into a stirring 
condemnation of blasphemy- 
and took his audience with him. 

Second Step: 
Why bring that up? 

I N  THE SECOND SECTION OF YOUR 
FORMAL PLATFORM SPEECH - 
BUILD A BRIDGE! 

Your listener lives on an island 
-an island of his interests. 
Why should he worry, for 

instance, about this jungle war 
between Bolivia and Paraguay, 
which you have introduced as the 
subject of your speech? 

"Yes," your listener admits, 
"you caught my attention by an 
intriguing opening sentence. But 
in the cold light of second thought 
-why bring up  thzs subject anyway?" 

The second section of vour 
speech must answer this question 
squarely. 

"I bring up  this subject of an 
apparently remote war because 
the war in reality is not remote. It 
affects your morning cup of coffee. 
Throueh its influence on Latin- " 
American trade it affects the num- 
ber of dollars in your pocketbook. 
The repercussions of this war are 
rattling the furniture in your 
home." 

Thus, in a few sentences, you 
build a bridge from the heart of a 
far-off jungle-to the little island 
of listener's interests. 

Listen to a psychologist moti- 
vate his talk on insanity before an 
audience of Darents. He has intro- 
duced the subject of insanity with 
a ho-hum squelching opening 
sentence, but his listeners are now 

asking, "Why bring that up?" 
I invite you parents to con- 

sider this subject of insanity, 
because you have most at stake. 

Your child, today, has almost 
one chance in twenty of being 
confined to an asylum before 
he dies. 

And suppose your child es- 
capes? You are still affected. 

If your neighbor's boy is the 
victim, rec~rds  show that insti- 
tutional life will claim him for 
approximately seven years. The 
twenty-five thousand dollars ex- 
pended by the state during those 
seven years, you will pay. 

Whether as a parent, or as a 
taxpayer, you are vitally inter- 
ested in this subject of insanity. 
It makes no difference whether 

the subject of your speech is jungle 
warfare or insanity. In either case 
you must build a bridge to your 
listeners. 

Until this bridge is built, you 
are not ready to begin the body 
of your speech. 



Third Step: For instance! 
I N  THE THIRD SECTION OF YOUR 
FORMAL PLATFORM SPEECH-GET 
DOWN TO CASES! 

Let's assume that you have in- 
troduced your speech subject in- 
terestingly, arresting all ho-hums 
with your first sentence-that you 
have motivated it deftly, convinc- 
ing your listeners in your second 
sentence that the subject hits their 
interests. 

Now get down to cases. 
The body of your speech must 

be keyed to one relentless audi- 
ence demand-FOR INSTANCE! 

To be true, the body of your 
speech properly begins with some 
purposive general assertion about 
your subject. But once you have 
made this key assertion, resist the 
temptation to "put the idea in 
other words." 

Your audience is not interested 
in "other words." It  is tapping its 
collective foot impatiently and de- 
manding-"FOR INSTANCE!" 

If you start your speech body 
by asserting that wars are caused 
by economic rivalry, let your next 
sentence deal with the War of 
1812, the Franco-Prussian War of 
1870, the World War. For instance! 

If you claim that the oil-burner 
you represent will change cellars 
into living-rooms, let your next 
sentence describe the glorified cel- 
lar of Mr. Davis, the cellar of Mrs. 
Wilkins, the Eellar of the family 
next door. For instance! 

Listen to Marcus Duffield who 
has just introduced and motivated 
the subject of overlapping func- 
tions in bureaus of the federal gov- 
ernment. Note how he plunges 
immediately into his for-instances, 
after opening the body of his 
speech with a purposive assertion 
about his subiect." 

Overlapping functions in gov- 
ernment bureaus are not neces- 
sary-but just plain foolish! 

Take highways. An ordinary 
public highway is built by the 
Bureau of Public Roads of the 
Department of Agriculture. 

If it runs through a national 
park, the National Park Service 
of the Department of the In- 
terior builds it. 

If it is in Alaska, the Engi- 
neer Corps of the War Depart- 
ment builds it. 

Take colonial government. 
Hawaii is governed by the De- 
partment bf the ~nterior;  the 
Philippines by the War Depart- 
ment; Guam by the Navy De- 
partment. 
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Take foxes. If a man shoots a 
fox in Alaska, he must settle sc- 
counts with the Department of 
Agriculture. But if he traps the 
fox, he must settle with the De- 
partment of Commerce. 

If you think two-department 
care of Alaskan foxes is just an 
accident-then take bears ! 

The Secretary of the Interior 
protects grizzly bears. 

The Secretary of Commercc 
protects polar bears. 

And the Secretary of Agricul- 
ture protects brown bears. 

If a brown Kodiak bear has 
twins, one brown and one black, 
they are under the auspices of 
two different federal depart- 
ments. 
As you analyze the preceding 

speech excerpt, note that the 
speaker does not present his "for- 
instances" in a jig-saw jumble. He 
presents them as organized pla- 
toons-in marching order. 

Note also that when one pla- 
toon marches by, that's the end of 
it. The speaker does not say, in the 
middle of his wild-life discussion: 

"Oh, by the way-while I was on 
the subject of highways, I should 
have mentioned. . ." 

Remember this when you come 
to the body of your speech. Listen- 
ers like speakers who serve their 'tfor- 
instances" as course dinners, not goulash! 

Fourth Step: So what? 

-ASK FOR ACTION! 
The end of your speech, like the 

end of your pencil, should have a 
boznt. 

The conclusion of your speech 
must be more than a graceful 
leave-taking. It must be more than 
a review of the for-instances cov- 
ered in the body of your speech. 
It  must be more than a reminder 
of your subject's general impor- 
tance. 

It  must answer the audience's 
question: "SO WHAT?" 

"So far, so good," say your lis- 
teners. "You have introduced your 
subject in a manner to arrest our 
attention. You have motivated it 
in a manner to command our seri- 



ous interest. You have illustrated 
it with enough concrete cases to 
carry convic6on. But now what? 
Where do we go from here? What 
do you want us to d o  about  all 
this?" 

In the conclusion of your speech, 
ask your audience for some speci- 
fic action-some action response 
which it is within their power to give. 

Toin! Contribute! Vote! Write! - 
Telegraph! Buy! Boycott! Enlist! 
Investigate! Acquit! Convict! 

When you feel tempted to end 
your speech without such a request 
for action, remember the Chinese 
proverb of the Middle Ages:. 

"To talk much and arrive 
nowhere is the same as climbing 
a tree to catch a fish." 

Illustration of a Formal Plat- 
form Speech That Listeners Like 

In the following two-minute 
speech, the Listener Formula for 
organizing a formal platform ad- 
dress is accurately applied. 

As you read this illustration, 
note, in passing, that much can be 
said in two minutes. 

The world would be merrier, 
and listeners happier, if more 
speeches were only two minutes 
long. 

Illustration 
(Bruce Barton is urging an 

audience of young men to use 
their spare hours construc- 
tively.') 

'Published in article form in The Arnerzccui 
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HO hum! Last month a man in Chicago refused a million dol- 
lars for an invention he had evolved in his spare tzme. 

Why bring You are interested in this because it confronts you 
that up? with the possibilities ofyour spare time. Did you ever 

stop to think that most of the world's great men 
have achieved their true life work, not in the course 
of their needful occupations, but-in their spare time? 

For A tired-out rail-splitter crouched over his tattered 
instance! books by candle-light or by fire-glow, at the day's 

end; preparing for his future, instead of snoring or 
skylarking like his co-laborers. Lincoln cut out his 
path to later immortality-in his spare time. 

An underpaid and overworked telegraph clerk 
stole hours from sleep or from play, at night, trying 
to crystallize into realities certain fantastic dreams 
in which he had faith. Today the whole world is 
benefiting by what Edison did-in his spare time. 

A down-at-heel instructor in an obscure college 
varied the drudgery he hated by spending his eve- 
nings and holidays in tinkering with a queer device 
of his, at which his fellow teachers laughed. But he 
invented the telephone-in his spare time. 

So what? Gentlemen, you, too, have spare time. The man who 
says: "I would do such and such a great thing, if 
only I had time!" would do nothing if he had all 
the time on the calendar. There is always time- 
spare time-at the disposal of every human who has 
the energy to use it. USE IT! 

THE AFTER-DINNER SPEECH 
THERE is little fundamental differ- 
ence between the after-dinner 
speech and the formal platform 
speech. 

Both should be based on the 
organization formula which recog- 
nizes the four audience reactions: 

1. Ho hum! 
2. Why bring that up? 
3. For instance! 

4. So what? 
The only important distinguish- 

ing earmark of the after-dinner 
speech is its emphasized use of the 
humorous illustrative story. 

The after-dinner situation is 
more convivial than the platform 
situation, more intimate, more in- 
formal. 

After-dinner listeners want not 
merely to learn, but to laugh in 



the learning. They want a worth- 
while message-but they want that 
worth-while message brightened 
with highlights of whimsicality. 

The humorous illustrative story 
is dangerous speech material. 
When it's good, it's very, very 
good, but when it's bad, it's awful. 
If you would avoid laughter mis- 
fires and backfires in the organiza- 
tion of your after-dinner speech, 
observe three simple principles. 

First Principle: 
Make sure that the humorous illus- 

trative story which you use in your 
after-dinner speech actually IS illus- 
trative. 
After-dinner listeners are not 

vaudeville listeners. 
They dislike the speaker who 

turns out to be merely an amateur 
comedian. They dislike the pur- 
poseless "that-reminds-me" ram- 
bler. 

When you face an after-dinner 
audience, first establish a serious 

theme, exactly as you would do 
in a formal platform speech. 

Then illustrate your serious 
theme by a whimsical story which 
is so apt, so thoroughly illustrative, 
that it doesn't make much differ- 
ence whether your audience 
laughs or not. If your listeners 
laugh, fine! But if they don't, no 
harm done! The story still stands 
on its own leqs as a legitimate for- 
instance. 

Contrast with this laugh inde- 
pendence the complete laugh de- 
pendence of the after - dinner 
speaker who drags in a story by 
the hind leg. T h e  audience ins- 
tantly realizes that the speaker is 
not illustrating a point, but telling 
a joke. Well, suppdse the joke isn't 
as good as the speaker thinks- 
a n d  the audience doesn't laugh. 
What then? 

T h e  speaker's plight is pitiful. 
The  muscles in his face work vis- 
ibly to conceal his embarrassment. 

His Adam's apple jumps up and 
down. 

Finally he says: "Well, I guess 
that wasn't so good. Let's see, 
where was I?" And he flounders 
on. - a 

If your humorous story is really 
illustrative, however, a laugh mis- 
fire is not fatal. You have not 
failed to get a laugh. You have 
succeeded in illustrating your 
point interestingly. 

A laugh in an after-dinner 
speech is a by-product. I t  is not a 
strained-for end in itself. 

Second Principle: 
Make the transition from your 

speech context into your humorous il- 
lustrative story-casually. 
"That reminds me of the story 

of the two Irishmen. . ." 

"It seems there were once four 
Scotchmen. . ." 

"In this connection I heard a 
good story last week. . ." 

All such story-opening phrases 
are taboo! They announce that you 
are now about to tell a funny story. 
And the natural listener reaction 
is: "All right! Try  a n d  make me 
laugh. This had better be good!" 

The good humorous story sneaks 
up  on the listener and bites him in 
the leg when he isn't looking. It 
preserves the invaluable quality of 
surprise. 

Get out of your speech context 
and into your story so casually 
that there is no dividing line. 
Throw the clutch without a noisy 
clashing of gears. 

Third Principle: 
Make the transition from your hu- 

morous illustratiue story back into 
your speech context- purposive^. 
"But to become serious again 

"Let's see now, where was I? 
, > . . . 
"But to get back to the point 

, I  . . .  
Such transition phrases are not 

transitions at all. They are thought 
jolts which make your listeners sus- 
pect, quite properly, that the story 
you have just completed was just 
so much digressive nonsense. 

The  last sentence of your story 
and  the first sentence of vour re- 
sumed speech context should mesh 
with an easy naturalness-with an 
"and-so-we-see" purposiueness. 



TENEWS' LAWS FOR 
SPEECH SUBSTANCE 

You have learned a two-word 
formula for investing the body of 
a speech with audience interest. 
For instance! 

So magic are the two words in 
this formula, that if you repeat 
them about every ten sentences, 
the body of every speech you make 
must be interesting. 

Of course, if you apply this for- 
mula without adequate prepara- 
tion, you will get into trouble. 
About the  third time you say 
"For instance," you may clap 
your hand to your head and ask. 
"For instance-what?" 

If the answer is "For instance 
-nothing? the body of your speech 
has come to an end. Do not try to 

draw it out by abstract specula- 
tion, by unsupported assertion, or 
by mere repetitious wordiness. 
The body ofyour speech has come to an 
end. 

No amount of speech organi- 
zation can make up for lack of 
speech substance. No amount of 
manner can make up for matter. 

The relationship between speech 
organization and speech substance 
is the relationship between cook- 
ing and  food. When one of the 
early Puritan fathers wrote a reci- 
pe for wild turkey, he quite prop- 
erly began his instructions with 
the simple phrase, "First catch 
your turkey." 

This is the basic listener's law 
governing speech substance. First 
rntch your 'yor-instances!" 

There are six forms of speech 
substance best adapted for the 
body of your speech-the six "for- 
instances" that listeners like best. 

1. Listeners like "for- 
instances" in story form. 

Listeners not merely like "for- 
instances" in storv form. Thev de- 
mand them. 

Until vou learn how to ani- 
mate the illustrations in the body 
of your speech with the narrative 
touch, you will remain "just an- 
other s~eaker ."  

Analyze yourself for a moment, 
not as a speaker, but as a listener. 
What was thejrst  listener demand 
that you ever put into words? You 
were only a child when you voiced 
it-"Tell me a story!" . 

2. Listeners like "for- 
instances" which involve 
famous people. 

If your story-form "for-instance" 
involves a famous person, its in- 
terest is measurably increased. 

This is something you should 
note carefully! 

Good stories involving famous 
people, with a n  illustrative angle 
that makes them useful to speak- 
ers, are not picked up  overnight. 
You must accumulate them-slowly, 
systematically. 

t 

3. Listeners like "for- 
instances" which animate 
the pages of history. 

If your story-form "for-instance" 
dramatizes an  incident of record- 
ed history, it carries a persuasive 
weight which undocumented an- 

ecdotes often lack. 
Stories about Tommy and Bill 

are usually regarded as "just stor- 
ies," useful in the interests of ex- 
position, but having no value as 
evidence. 

Even stories about famous peo- 
ple are often accepted as George 
Washington-and-the-cherry-tree 
yarns. 

But historical "for-instances" 
can convince. 

In  the following illustration, 
Arthur D. Little urges an audience 
to be tolerant of all new ideas- 
to examine them, unpre.judiced 
by past traditions or present opin- 
ions.' 

If you permit your opinions 
to harden, you retard your own 
advance, and you do something 
far worse. You retard the ad- 
vance of the world. 

There hangs in my office a 
picture entitled "The Arrest of 
Lavoisier." The great chemist, 
one of the men ever 
produced by France, had been 
the first to explain combustion 
in the terms we now accept. 
During the French Revolution 
Marat  denounced him as the 
"Master of Charlatans." In mv 
picture Lavoisier listens in sil- 
ent dignity to the reading of the 
warrant by an  arrogant fellow 
in a red cap, behind whom 
crowds the exulting rabble. His 
arrest was followed by sentence 
of death from a judge who de- 
clared, "The Republic has no 
need of chemists." 
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Marco Polo, the greatest, and 
probably the most accurate of 
mediaeval travelers, returned 
to Venice from his amazing 
journey across the deserts of 
Persia to the dazzling court of 
the Great Khan-only to be 
greeted with incredulity and 
to acquire the insulting sobri- 
quet of Marc0 mzllzoni, Marco 
of the  Millions. His story, 
which since has been verified 
in most of its details, was in- 
credible. Who could believe in 
such things as paper money, 
printed books, black stones 
which burned,  a n d  nuts as 
large as a man's head? For 
many years after his return 
every carnival of Venice was 
enlivened by the preposterous 
antics of a clown who imper- 
sonated Marco rnillzoni. 

We are now living in what 
we call the machine-age, and 
our civilization is largely based 
on coal and oil. Such founda- 
tion was not established nor 
was the machine developed 
without passionate resistance 
from people with hardened 
opinions. I n  the days of King 
Edward I, it was a capital of- 
fense to burn coal in London. 
In 1619 the growing scarcity 
of wood in England led Dudley 
to attempt the substitution of 
coal for charcoal in  his blast 
furnace. The ironmasters drove 
him out of Worcester County. 
H e  set up  another furnace. A 
riot was organized and the fur- 

nace wrecked. Only 150 years 
ago today it was illegal tc, sell 
coal in the city of Philadelphia. 

Our  gigantic petroleum in- 
dustry came into being because 
a man had faith in an idea at 
at  which his neighbors scoffed. 
Edwin L. Drake, of Titusville, 
Pennsylvania, believed that 
large quantities of petroleum 
existed in subterranean cavities. 
In  1859 he started drilling, and 
his effort became the laughing- 
stock of all western Pennsyl- 
vania. But when his well filled 
with oil, Drake's folly became, 
overnight, the envy of the coun- 
tryside. 

I n  1802 William Murdoch 
made gas from coal, and with 
it lighted his house in Corn- 
wall. Furious opposition was 
aroused when Murdoch and 

his associates attempted to ex- 
tend the use of gas. Scott, By- 
ron, and Napoleon were among 
those who ridiculed the crazy 
notion. Scott wrote: "There is 
a madman proposing to light 
the streets with-what do you 
suppose-smoke? 

Don't let the arteries of your 
opinion harden. T h e  world 
moves irresistibly on. Move with 
it! 
In the preceding speech excerpt, 

Mr. Little does more than inter- 
est his audience. He  does more 
than make his point clear. He 
wins conviction as well, through the 
use of story-form "for-instances" 
that animate the pages of record- 
ed history. 

4. Listeners like "for- 
instances" based on 
colorful analogies. 

You should be glad to know 
that listeners like "for-instances" 
based on analogies, because an- 
alogies, as a rule, are your most ef- 

fective weapons of exposition. 
Graft the new idea, which your 

listeners don't understand, into an 
old idea, which they do under- 
stand. 

Suppose you are  making a 
speech against monetary inflation. 
How will you explain to your lis- 
teners the nature of inflation? By 
abstract definition? By citing the 
technical expositions of econo- 
mists? 

Not if you are wise. 
If you are wise, you will use the 

grafting technique and  proceed 
with your explanation as follows: 

There was once a farmer 
whose harvest yielded him 1,000 
bushel baskets full of wheat. 

But he decided that this a- 
mount wasn't enough. 

So he placed a n  order  for 
some smaller baskets. 

A week later t he  farmer 
slriled happily as he surveyed 
his inflated harvest. He now had 
2,000 baskets full of wheat- 
2,000 half-bushel basktxs. 

Ladies and Gentlemen, you 
cannot add to the wealth of a 
nation by changing the size of 
the tickets called money any 
more than you can create more 
wheat by reducing the size of 
bushel baskets. 



5. Listeners like "for- 
instances" which drama- 
tize important statistics. 

It is often impossible for you to 
avoid the introduction of statistics 
into the substance of your speech. 

And why should you avoid sta- 
tistics? 

Some place or other you've 
picked up the notion that figures 
bore listeners. 

But that's where you're wrong. 
Listeners like figure "for-in- 

stances" - 

(1) if they are really important 
(2) if they are easy to under- 

stand 
(3) L f  t h ~ ~  are properly dramatized 

Note that in the following anti- 
war speech by Nicholas Murray 
Butler, statistics become more than 
a necessary evil in a process of 
proof. They are made a tool of 
interest as well as of persuasion. 

The  money spent by all 
nations for the destructive 
purposes of the World War 
amounted to four hundred bil- 
lion dollars. 

Do you know what we could 
have done with that money if 
we had used it constructively? 

We could have built a $2,500 
house, furnished it with $1,000 
worth of furniture, placed it in 
the middle of five acres of land 
worth $100 an acre, and given 
this estate outright to each and 
every family in  the United 
States, Canada ,  Australia, 
Wales, I re land ,  Scotland, 

France, Belgium, Germany, 
and Russia. 

We could have given to each 
city of 20,000 inhabitants or 
over, in each country named, 
a five-million-dollar library and 
a ten-million-dollar university. 

Out of what was left we could 
have set aside a sum at five per 
cent that  would provide a 
$1,000 yearly salary for an army 
of 125,000 nurses, and another 
army of 125,000 teachers. 
Who says statistics are inher- 

ently uninteresting? 
If you dramatize them as Nich- 

olas Murray  Butler did in  the 
preceding speech, they can be 
made to sparkle with interest. 

6. Listeners like "for-inst- 
ances" interwoven with 

visual aids. 
The eyes of your listener are 

more learned than his ears. 
Appeal to them as often as pos- 

sible! 
Use "for-instances" which can 

be made more vivid by the inter- 
weaving of simple visual aids. 

If you are urging an audience 
to stay away from auction sales, 
pull out your watch and  hold it 
up. Then ask: "Can you tell me 
the exact value of the watch which 
I hold in my hand? Look at it 
closely. Is it worth one hundred 
and twenty dollars-or a dollar 
and twenty cents? Do you KNOW? 

If you don't know, and know for 
certain, you've no business at an auc- 
i ~ o n  sale!" 

LISTENERS' L A W S  FOR 
SPEECH PHRASEOLOGY 

T o  BE "pleasing" in your speech 
phraseology means more than you 
think. 

It  means that your language 
must be unvaryingly sincere. It  
means that your choice of words 
must reflect listeners' preference 
for the specific, the colorful, the 
picturesque. It  means that your 
sentences must not only stand on 
their own grammatical legs, but 
must mesh coherently with their 
neighbors. It  means, above all, 
that your phraseology must be un- 
remittingly clear, expressing at all 
times your acceptance of the fun- 
damental axiom that the purpose 
of language is to reveal thought, 
not to conceal it. 

1. Listeners like speech 
phraseology free from 
wax. 

In ancient days Roman sculp- 
tors sometimes sought to conceal 
surface cracks in a statue with the 
aid of melted beeswax. 

A buyer, deceived into believ- 
ing that he was purchasing a flaw- 
less piece of marble, would place 
such a statue proudly in his 
atrium. 

A few weeks later the beeswax 
would dry out, crumble away, and 
leave the original cracks exposed. 

To such alarming proportions 
did this practice of wax trickery 
grow, it finally became the custom 
of reputable sculptors to guarantee 
their works as sine cera-literally 

translated, "without wax." 
Our present word "sincere" we 

owe to a rebellion against wax. 

You are not in the business of 
carving statues out of'marble. But 
you do something basically simi- 
lar. You carve speeches out of 
words. 

Beware the use of wax! 
Beeswax tricked the ancient Ro- 

mans. But word wax never tricked 
anybody. It  is instantly recognized 
and thoroughly despised by all 
listeners. 

Word wax may be defined as 
any phrase, any group of words, 
which is not an integral part of the 
thought you seek to express. 

For instance- 
(a) Superlatives are usually wax. 

"This is absolutely and posi- 
tively essential! " 



Eliminate the word wax and 
what remains is not less, but 
more forceful. "This is essen- 
tial!" 

(d) Repititious expressions are wax. 
"As I said before. . ." 
"And so may I again repeat 

are just as obnoxious as the su- 
perlatives at the opposite ex- 
treme. 

Avoid them! 

2. Listeners like speech 
phraseology that is 
grammatically sure- 
footed. 

It often happens that you are 
called upon to deliver a speech 
extemporaneously. 

your smiling faces . . ." 
When the political orator 

shouts, "I believe I can say with- 
out fear of contradiction. . ." 

When any of these stale 
phrases assail the ears of listen- 

. . .  
If you wish to gain the 

emphasis which comes from re- 
statement-as vou do in the 

"This is true beyond any pos- 
sible shadow of a doubt!" 

If you wish to strengthen the 
simwle assertion. "This is true!" 

ers, a thumbs-down diagnosis is 
instantly made. Word wax. opening and  close of a confer- 

ence comment-go ahead and do so by presenting confirming 
"for-instancesn-not by pouring 
word wax into the cracks. 
(b) Trite expressions are wax. 

When the introducer says, 
"We have in our midst. . . a 
man who needs no introduction 

(c) Groping expresstons are wax. 
"What I'm trying to get at is restate. 

But omit the waxy "as I said 
before." 
(e) "And  so forth" expressions are 

wax. 
"America has produced such 

inventors as Fulton, Edison, the 
Wright brothers-and so forth 
and so on." 

When vou list items ic  series. 

. . .  
"What I want to sav is .  . ." 
If you want to get a t  some- 

thing, then get at it! 
If you want to say something, 

. . . it is indeed an honor and a 
privilege . . .", listeners mutter 
to themselves: "Word wax!" 

When the graduation day 
speaker says, "As I look into 

say it! 
Your failure to express your 

idea clearly the first time is not 
helped by word wax. Try a "for- 
instance" instead. stop cleanly with your last item. 

"And so forth" exmessions are 
uncharitably interpreted as wax 
calculated to make others be- 
lieve you know more than you 
do. 

Such expressions have the 
same value as the obnoxious 
phrase, "I could go on this way 
for hours." 
( f )  Weasel words are wax. 

"Of course it's only my opin- 
ion, but . . ." 

"It seems to m e .  . ." 
Of course it's your opinion! 

That's why you're expressing it. 
Naturally "it seems to you," 

or you wouldn't be saying it. 
"More or less . . . to a greater 

or less degree. . . or something 
like tha t .  . ." 

Punch-pulling phrases, which 
fuzz the crispness of a thought, 

This means that you have a 
chance to plan your speech organ- 
ization and to select, mentally, a 
few good "for-instances." But 
there is no opportunity to plan a 
definite sequence of words. 



This means that the extempo- 
raneous-speaking situation submits 
to the acid test your ability to 
phrase your thoughts under fire- 
grammatically. 

How easy it is to bog down in 
the middle of a sentence! 

How easy it is to match plural 
subjects with singular verbs, to dis- 
rupt the form of a sentence with a 
shapeless parenthetical remark, to 
leave clauses hanging forlornly in 
the air! 

But there is one simple way to 
keep out of trouble. 

Use plenty of periods. 

When a sentence begins to 
crumple under its own weight- 
period! 

When a dependent clause starts 
to miss on one grammatical cylin- 
der-period. 

Short sentences are the royal 
highroad to grammatical surefoot- 
edness in extemporaneous speak- 
ing. 

Illustration 
(Lincoln Steffens is urging par- 

ents to animate their children with 
the pioneer spirit. Note that by a 
technique of short sentences he 
achieves not merely grammatical 
surefootedness, but force.') 

Nothing is done. 
Everything in the world re- - 

mains to be done-or done over. 
The greatest picture is not yet 

painted. The greatest play isn't 
written. The greatest poem is 
unsung. 

There isn't in all the world a 
perfect railroad. Nor a good 
government. Nor a sound law. 

Physics and mathematics are 
being fundamentally revised. 
Chemistry is just becoming a 
science. Phychology, sociology, 
and economics await a Darwin. 

Tell that to your children. 
A faucet leaks. I cannot close 

it tight. Good. I call my seven- 
year-old son. He seizes the fau- 
cet, tries to turn it off. Can't. 
He  grins. 

"What's the matter, Pete?" 
I ask. 

He looks up happily and 
gives the answer. "Grown-ups, 
Daddy." 

Propaganda, of course. I have 
taught him that we, his elders, 
cannot make a fit faucet. And 
he may. There's a job for him 
and his generation in the plumb- 

'Publ~shed in art~cle form In The Cosmopolztan 
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ing business. And in every other 
business. 

Teach your children- 
That  nothing is done, finally 

and right. 
That  nothing is known, posi- 

tively and completely. 
T h a t  the world is theirs.  . . 

all of it! 

3. Listeners like speech 
phraseology that i s  
conversational. 

Beware sounding like a book 
when you speak. 

Your function as a speaker is to 
be communicative, not oracular. 

You are not an essayist in an  
ivory tower, but a man talking. A 
man  who talks his listener's lan- 
guage ! 

This does not mean that the 
phraseology of your speech should 
be mediocre or casual. 

It does mean that your phrase- 
ology should achieve the sincere 
directness of conversation. Bril- 
liant conversation! Organized con- 
versation! Purposive conversation! 
But still-conversatzon. 

To achieve the conversational 
touch, employ grammatical con- 
tractions such as "Wouldn't you 
. . .", "Doesn't it seem to you . . .", 
"Haven't you ever. . . ." 

Above all-feature the second 
personal pronoun. 

Freckle your phraseology with 
"you's!" 

4. Listeners like speech 
phraseology that is  
specific. 

Which is more interesting- 
He passed between two trees. 

Or- 
He passed between a shag- 

bark hickory and a stunted blue 
spruce. 
The specific is always more in- 

teresting. 
If you would develop the kind 

of phraseology that listeners like, 
talk of cucumbers rather than 
vegetables . . . of Frenchmen rather 
than foreigners. . . of eighty-mile- 
m-hour tanks rather than modern 
military equipment. 

As the "for-instance" principle 
should guide you in planning ideas 
within the framework of your 
speech organization, so this same 
master principle should guide you 
in planning words within the 
framework of your speech phrase- 
ology. 

Choose words which are spectfic! 



Choose words so specific that 
they throw sharp shadows of indi- 
viduality. . . words so specific that 
they have color. . . words so speci- 
fic that  your listeners see at the 
moment they hear. 

5. Listeners like speech 
phraseology that is 
picturesque. 

The surest way to develop a col- 
orful, picturesque manner of ex- 
pression is to experiment with 
meta~hors and similes. 

For instance! How picturesque 
is the metaphor-bristling phraseol- 
ogy of Ralph Waldo Emerson as 
he discusses with his listeners "The 
Language of the Street": 

The language of the street is 
always strong. 

I confess to some pleasure 
from the stinging rhetoric of a 
rattling oath in the mouths of 
truckmen and teamsters. How 
laconic and brisk it is by the side 
of a page of the North Ameri- 
can Review. 

Cut these words of the street and 
they bleed; they are vascular and 
alive; they walk and they run. 

Moreover, they who use them 
do not tr$ in their speech. Their 
phraseology is a shower of bullets, 
whilst Cambridge men and Yale 
men correct themselves and 
begin again at every half sent- 
ence. 
You can make the phraseology 

of your next speech as picturesque 

as Emerson's by using the same 
technique. Metaphors. Similes. 
Nouns that bleed. Verbs that sting 
and rattle. 

6. Listeners like speech 
phraseology that is 
clear. 

Clarity in your language takes 
precedence over every other lis- 
tener demand. 

Why, then, is it listed last in this 
chapter? 

Because clarity is not a means 
-but an end. 

It is the joint product of all the 
other elements in good speech 
phraseology. 

It results from the sincerity of 
language free from word wax . .  . 
from the simplicity of short sen- 
tences. . . from the directness of 
the conversational style . . . from 
the exactness of s~ecific words. . . 
from the picturesque vividness of 
metaphors and analogies. 

If your speech phraseology is 
clear, you gain more than clarity. 
To  be clear is also to be convincing. 

The editors of the Encyclo- 
paedia Britannica appreciate this 
truth when they wriie: 

Nine readers out of ten take a 
lucid statement for a true one. 

Napoleon knew his listeners' 
laws when he gave three instruc- 
tions to the secretaries who relayed 
his messages: 

Be clear! 
Be clear ! 
Be clear! 
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1-Putting Value Engineering to Work 

By Capt. J. M. Reigart, USN,' Visitor, and M. D. Roderick,' Associate Member 

I N  the forcwortl to the Agentla for the 13ureau 
of Ships \-slue Engineering Seminar, Iiear 
.\dmiral 3Iu1ii1na, Chief, I%urcau of Ships, stated 
"I  heartily welcol~ie you to the 13urcau of Ships 
Fall Value Engineering Sciniilar. This Scn~ii iar  
is of particular interest to me bccause i t  is the 
first one being conducted priinarily for the 
private contractors tha t  dcsign a t~t l  build our 
ships and equipmet~t.  I have always consitkrecl 
our private contractors to be i l ~ ~ p o r t a n t  111ci1ll)crs 
of our defcrisc team and as such, T am cotifitlent 
that  you will co-opcrate fully with this Iiureau in 
its continuing cffort to ju-otluce fu~~c t iona l ,  
reliable and 111aintuil~a1)lc equipn~ctit a t  tlic 
lowest possi1)le cost to the taxpayer . . . ." 
These wortls are particularly significant for two 
reasons. Thcy il~dicatctl that  the  13rlrea~1 of 
S h i p  Value E ~ ~ g i n e c r i t ~ g  Progran,  inaugurated in 
I!).i4, with n motto of "L[orc Ships for Less 
Dollars" had prove11 successful in practice 
within the Hureau of Ships and its field activities. 
Thcy further i~~t l ica ted  a tlcsire on the part  of 
the Bureau of Ships to  cnltst the aid of industry 
in applying these successful techiiiques to  ships 
and equipment. 

The  shipbuilding itldustry can be justifiably 
proud of the technological advancenicnts t i~ade 
over the past 30 years. I n  the functional area, 
improved research, design atid constructio~i hnvc 
prorlucetl such ships as the Nnuitlus, the I'orrcsfnl, 
and the guided-missile ships. Management ef- 
fectiveness has been ilnproved, and,  within 
itself, the industry is competitive. However, as 
compared to  foreign markets, the shipbuilding 
industry has not bcen truly competitive since 
1529. Today, for e x a ~ ~ l p l t ,  oti the world tanker 
building program, costs arc ta t~ging from $100 to 

Director of Value Et~ginceri~lg, liureau of Ships, Na1.y 
Department, Washington, I). C .  

Marine Engilleer, OJlice of Value E~lgineer i~~g,  
Bureau of Ships, Navy I)epartrnent, Washitigton, D. C .  

For presct~tation at the Annual Meeting, New York, 
N. Y., November 1:1-14. 1958 of 7 ' 1 1 ~  SOCIB.L.Y 01: NAVAI. 
ARCHITECTS A N D  MAI<INR ISNGINZ?ISIIS. 

S1T)O per I)WT in Japan, about 1200 per TJWT ton 
in Eurol)e, to almut K3OO per DWT in the United 
States. liccogrlizing our higher labor and ma- 
t c r ~ a l  costs, it would be too much to  expect 
tha t  we will become econon~ically competitive in 
thc sllij)l~uilrfing field with foreign countries. 
FIowever, we [lo face the problem of keeping our 
costs as low as feasible. 

Alctually we are collectively in competition 
with ourselves .when we trv to reconcile a rela- 
tivcyly fixed budget for new construction and 
conversion, a desire for a strong Navy in the  
defense of our country, and continually rising 
costs of ship construction. The  latter must 
give1 In  this Society's President's Annual 
Aiddress in 10.54, AIr. W. E. Blewett, Jr. stated, 
"In all industry which is already rnarked by  high 
cost and which 11;s priced itself out  of foreign 
con~petition, we cannot afford for one minute 
to lose sight of costs. I n  fact ways must be 
found to lower the cost of shipbuilding." Value 
Engi~leering is one of these ways. I t  is not 
manage~nent prr so.  Tt is not the panacea to  
solve all cost probleins. I t  is a systematic, 
organized, tool of management which turns the 
spotlight on high-cost areas in ship hardware, 
fabrication, and installation, and through the  
use of fresh thinking, new techniques, and new 
processes permits the desired function to be 
obtained with equal reliability bu t  a t  lower cost. 

What I s  Value Engineering? 

Value in itself is somewhat diflicult t o  define. 
From a n  economist's vicwpoirit, there are four 
c l e l ~ ~ e l ~ t s  which de tc r r~~ ine  the worth of goods or 
services. 'I'hcse arc : 

Estee~ll  value---the d ian~ond ring you might 
wear on your finger or the extra chrome or styling 
used to sell automo1)ilcs. 

Cost value---closely associated with esteem 
\ d u c  is the mistalien I~elicf th:lt because some- 
thilig costs Inore i t  is worth luorc. 
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Fig. 1 Hatch guard 

Resale value-the ability of an article to 
withstand depreciation. 

Use value-the ability of an article to perform 
a useful function reliably. 

All of these "values" play an important part 
in our national economy. Only one of them 
should be of primary importance in obtaining a 
truly functional Navy a t  the lowest possible 
cost-use value! We should be striving con- 
stantly to obtain function, and only needed 
function, without the frills or gadgets which add 
little to an item except cost, maintenance prob- 
lems, and unreliability. 

For example, in the carrier program, it was 
found that the guard rail for hatches required by 
the working plans was composed of wire rope 
%-in. diam cut to length and special stainless- 
steel fittings put on each end. The wire rope is 
preserved with paint wrapped with muslin and 
served with marline cord. This in turn is again 
wrapped with muslin and the whole length 
covered with hand-stitched canvas. Each end 
of the canvas is served with copper wire and 
soldered. One end is fastened to the hatch 
cover by means of a short length of %-in. close- 
link chain, the other to the deck or stanchion. 
This, as shown in Fig. 1, is an expensive item. 
There are approximately 344 hatches per carrier 
and the guard rail outlined cost $16,438 per 
ccanier. I ts  function? To guard people! For 
this application, the substitution of x - in .  chain 
was mommended a t  a cost of $1,233 Der carrier. 
The acceptance of this recommendation saved 
i&ptroximately $15,000 per ship! 

value Engineering involves a search for just 
h c h  areas of high cost and is formally defined by 
the Bureau of Ships as "an objective appraisal 
of each, element of design, manufacture, procure- 
ment and installation to achieve only necessary 
functbn and reliability a t  minimum cost." 
Less formally i t  is an intensive second look &f a 

workable de'sign to obtain the required function 
and no other, a t  minimum cost. 

Value Engineering Techniques 

To perform the job of Value Engineering a 
series of techniques has been developed. These 
techniques are all directed toward the effective 
answering of five basic questions : 

1 What is the item? 
2 What does it do? 
3 What does it cost? 
3 What else will do the job? 
5 What will that cost? 

As atl example, let tis take a fbok ~t A f d h i i i ~ r  
piece of shipboard "hardware." What is the 
item?-A 3-iri. terminal fitted with a gate valve, 
Fig. 2. What does it do?-Vents air. 

(Although this is the basic function, Section 
,948-9-d of deheral Specifications for Ships of the 
U. S. Navy requires : 

a) All air escapes shall terminate in return 
bends. 

b) Air escapes from floodable and nonfloodable 
voids shall terminate in gate valves. 

c) Air escapes from fuel oil, HEAF, etc., 
shall be fitted with double screens.) 

What does it cost?-$72.60 installed. 
What else will do the job?-Any type of 

return-bend piping with screw cap, pipe plug, or 
other suitable device for closing off the line. 
Starting with this premise led the Puget Sound 
Naval Shipyard to the design shown in Fig. 3. 

What will that cost?-- $19.85 installed. 
This idea is now approved by the Bureau of 

Ships and issued as a mechanical type drawing, 
Bureau of Ships Number 1385730 dated 3 March 
1958. In addition to  a per ship savings of 
$7,385 on a carrier conversion, there was a weight 
savings of 4200 Ib per ship plus an obvious reduc- 
tion in interference problems! 
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A~nong thc scries of tc.chniqucs available :IS 

tools for Value ISl~giwcrilig, so111e of the   no st 
iniport:ult arc as follows: 

( a )  Get the Facts and Know the Costs 

111 order that we tilay fully apprrciatc the 
probleni ant1 its possibilities and build our 
efforts on a fir111 foundation, wc must get thc 
facts ar~tl know the costs. IEarh specification and 
requirernctit responsible for the detail and 
over-all design 111ust be exposcd and evaluatsd. 
'The cost of each comporle~lt item tnanufacturecl 
or procured and its installation, operational and 
tnaintenance needs are considered. When this 
is done, the areas of unnecessary high cost will 
becorrle apparent. 

As an exatnple, a naval shipyard installs about 
150,000 electrical cable-marker tags per year on 
new construction, repair and conversion work. 
A Bureau of Ships Instruction was issued directing 
that care be taken to avoid painting these tags 
since repeated painting would impair legibility. 
This instruction taken a t  face value eliminates an 
act. For this reason, very little consideration 
was given to what actually occurred. Painting 
out of a space is a spray application, so that to 
avoid painting thesc tags, masking was necessary. 
This involves the clctnasking upon completion of 
the job. 'The tags also in many instances required 
cleaning and touching up. Labor is the ex- 
pensive item we face in shipyard work. By 
permitting the cable tags to be painted and 
deleting the necessity to mask them, a savings of 
$55,600 per year is effected a t  one riaval shipyard. 
What is the effect on legibility? Spray painting 
is a thin coat by contrast to hatid-brushed ap- 
plication. Legibility of a tag is not affected 
until morc th:m a dozen spray coats have been 
applied. Normally a shipyard in new con- 
struction work will apply a ~naxin~uin of four 
coats in any given space. For thesc reasons, 
once the total picture of facts and costs was 
presented a Hureau of Ships Notice, !Hi20 of 
15 April 19.58, was issued perniitting the pail~ting 
of cable tags. 

( b )  Determine the Function 

A searching atid funclan~ental test for value is 
obtained by dctcrliiitiitig a d  evaluating the 
function. Functions that any itern furnishes 
can be divided into prin~c and secondary in ini- 
portance. Thcy should be listed and ticscribed 
as briefly as possible. Next a tlotc should be 
madc as to the cost and whether thcy are lieedcd 
or not. Then comes the "blast and refine" 
treatment. We pick the one prime function 

Fig. 2 Air-escape terminal valve (former) 

Fig. 3 Air-escape terminal valve (new) 

Fig. 4 Low-level illumination light contrasted to home- 
type night light 

that the itetu must furnish and try to meet this 
function with the simplest known product. 
A price is cstablishcti for the product anci here is a 
logical base point for detcr~nining the true value 
of the item. As a base point price i t  must have 
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added those secondary functions required for 
the truly functional product. Each will be 
added however in full knowledge of its cost and 
contribution. 

Here is an item to consider: The unit now 
used to obtain low-level illumination in Navy 
practice is a'; noted on Bureau of Ships Drawing 
9000-S6401-Y4218, Fig. 4, and is composed of a 
plastic glob(., a mounting box, a shock support, 
electric wire, stuffing tubes and a switch. Prime 
function-provide low-level light. To  do this, i t  
has a 50-watt bulb plus a nearly opaque plastic 
shield which permits the passage of only a few 
watts of usable light. The entire assembly of 
the fixture plus switch costs $12.10. Secondary 
functions. such as shock, corrosion resistance 
and on-off switch, are supplied in this assembly. 
For our immediate purpose, however, let us 
consider the simplest item that could supply the 
prime function. What do you use in your 
home? A night light costing 35#, which uses 
Sf watt-has no snitch-you plug it  in and leave it  
on. Obviously, this item must pick up needed 
secondary functions to  reach the stage of being a 
useful ~ r o d u c t  to us. Now a t  this ~ o i n t  which do 
you consider to  be nearer the true value for the 
item-$12.10 or 35$? 

(c) Evaluate by Comparison 

This is the most familiar method we use 
daily in establishing value. Comparison is used 
when we buy cars, clothes, lawn mowers or what 
have you. We compare the item we are consider- 
ing with other items on the market that can do 
the specific job required. 

Gate valves are a highcost item generally 
used as cut-out valves in fire-main systems 
aboard ship. General Specifications S48 and 
Piping Schedule, Bureau of Ships Drawing ,5000- 
S4800-3000 cover the use of these valves. One 

of our field activities was dissatisfied with the 
excessive space requirements, the difficulty of 
operation with pressure on only one side of the 
disk, the tendency to foul with debris especially 
when mounted in horizontal lines, the slowness of 
closure and high cost to both procure and main- 
tain these valves. The various valve designs 
used in the commercial field were reviewed and one 
type, the butterfly valve, stood out in its simplic- 
ity, use for similar applications (circulating water 
on various craft, water norks applications, process- 
ing plants and other difficult operations), and 
low cost. These resilient seated valves give 
positive tight closures and give better service 
than gate valves. They are streamlined for 
lorn pressure drop. Installation and remote 
control are simplified. Space occupied is half or 
less. Repairs are needed with much less fre- 
quency (100 per cent of the gate valves required 
repair a t  each overhaul) and when needed are 
easily and quickly accamplished by replacetnent 
of seat disk or stem without any grinding in or 
precision fitting. Cost-wise the butterfly types 
Fig. 5, are about half as expensive as gate valves 
on first cost and much lower 011 maintenance. 
These valves have now been authorized for 
selected applications and a specification is being 
prepared to cover their general use. 

By subjecting this item to evaluation by 
con~parison, a ready-make substitute that does 
the job, in this case better, has been the reward. 
In savings, this amounts to  $70,394 for one year 
a t  a naval shipyard. 

( d )  Use Creative Thinking 

When we have milked dry the existing methods 
of doing a job and still have no effective im- 
provement in the way to do ,  it, shall we stop 
here? Or is i t  wise to  go further? The costs 
involved and the pressure for a better way will 
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determine this. If so, creative thinking is the 
next tool. For this purpose, we have no brief to 
present for either the group or the individual 
approach for we use both usually in combination- 
the group "brainstorming" for a good start or to 
overcome temporary roadblocks followed through 
by individual effort. A project that left the 
customary vale of marine usage by way of 
creative thinking was one concerning pipe 
penetrations through bulkheads. M7e are familiar 
with the standard varieties, such as shown in 
Fig. 6. Creati-re thinking stirred up the idea of 
the possibilities of using an epoxy-type resin for 
such purposes. 

These resins are new, resist temperatures to 
500 F, can be easily heat cured for temperature 
application or "cold cured" for room-temperature 
or cold service. The tensile, compression and 
shear values are satisfactory and they set up in 
4 to 5 hr. Vibration, pressure, and seal like- 
wise proved adequate. Prior to the recent 
development of epoxies, there w ~ s  no product on 
the market of such a tron-el-on material that 
would have permitted such u ie .  Creative think- 
ing here was exercised in bringing new products 
into our marine field. This application, Fig. 7 ,  
if approved after evaIuation, will lower our costs 
for bulkhead pipe penetrations four fifths and has 
an estimated savings in one naval shipyard of 
$70,500 per year. 

(e) Use Vendor Assistance 

Put  the other fellow on your team and particu- 
larly the one who has specialized on a given 
product. If you give him your problem, then 
show him what the prime functions and necessary 
secondary functions are so that he has the widest 
latitude in meeting your needs, many times he 
can help you and, indeed in so doing, discovers a 
wider use for his own item than previously had 
been the case. 

As an example, the manual cleaning of oil 
tanks involving steaming, hot washing, sludging 
and wiping is an expensive, time-consuming, 
dangerous and disagreeable job. The tying up of 
equipment, men and money on such work has 
been an increasing matter of concern to our 
shipyards. Some tests in the past had been made 
on new detergents for such use but were incon- 
clusive. I t  was when vendors of these detcrgents 
were brought in and several practical applications 
made to operating naval ships that progress begarl 
to appear. The project was enlarged to include 
hilgc cleanix~g and attention wa.; paid to the 
operational experience on co~litncrcial ship ap- 
plication. 'The vendors \r ere acquainted with 
our specific needs and in turn indicated thc 
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specific products and application procedures 
needed to insure their successful use. Authoriza- 
tion of this procedure has been gained for an 
average tank-cleaning savings of $800 or in a 
shipyard $280,000 per year. Even more im- 
portant, no longer are sludge barges required 
and the ship can be made readily available for 
work upon reaching the repair yard. 

The Job Plan 

As in any engineering, or indeed any analytical 
job, a planned approach is followed. This job 
plan is composed of five phases : 

(a)  Information-assemble all pertinent facts 
highlighting costs. 

(b) Speculative-think of possible alternate 
solutions to  reduce excess cost areas. 

(c)  Planning-pick the best solution and plan 
its developmental steps. 

(d) Execution-carry out the planned ap- 
  roach. 

( e )  Reporting-assemble a clear concise report 
stating the problem and the solutions recom- 
mended with substantiating facts justifying the 
transition. 

The following of such a job plan to obtain the 
answers to the basic questions, using as tools the 
techniques, should result in a complete job of 
high quality that sells itself; yet, we know from 
practical experience, a lot of additional effort is 
needed to help the busy line engineer answer 
his on-the-spot specific questions concerning the 
project. 

Presenting the Idea 

I t  has been said that 25 per cent of the problem 
of cost reduction is concerned with things and 
75 per cent with people. For this reason, a 
thorough knowledge of the techniques covered 
in the foregoing (plus others) is only the be- 
ginning! Designs and specifications are prepared 
by people, busy people! They are prepared 
using whatever education, experience, knowl- 
edge of production costs and processes the 
individual possesses. Generally, they are pre- 
pared using as much of the past written word on 
the subject as is consistent with the new design 
in order to get something quickly that works! 
In the military, especially, they are prepared 
with emphasis on maximum reliability a t  all 
costs! 

Once a design or contract specification is 
prepared, i t  is probably reviewed up the line 
with the basic attention being given to the over- 
all design from the standpoint of "Will it work?'" 
and "Is i t  reliable?." Cost is usually questioned 
on the basis of the over-all systems approach; 

i.e., turbine versus diesel; 23 knots versus 24 
knots; ac versus dc; UHF versus VHF. Time 
and lack of detailed knowledge of all production 
costs included in the over-all design prohibits a 
challenging "Why?" to each of the detailed re- 
quirements which influence total costs! 

Upon issuance of design or specification, i t  
becomes the "Bible" and any questioning of a 
requirement in terms of value received, or a 
proposal for an alternate way of doing the job 
often puts the author on the defensive. His 
defense sometimes takes the form of a negative 
response which is referred to in Value Engineering 
as a "roadblock." Roadblocks to any idea 
appear in the form of such comments as: 

I t  can't work. 
It 's  patented. 
We can't help it, it's policy. 
We don't have enough time. 
The specifications call for it. 
Men's lives are a t  stake, cost doesn't matter. 
We tried that twenty years ago. 
A good .value engineer in presenting a new 

idea recognizes these roadblocks, not in criticism 
of the designer or specification writer but in 
acknowledgment of his problems. He aims to 
provide the important tool of cost information to 
the engineers with the necessary facts to permit a 
decision by them. He further recognizes that 
the responsibility for the technical decision rests 
with the line engineer and the credit likewise 
should go to him. 

Organization for Value Engineering 

In 1954 a Bureau of Ships committee was 
established to search throughout industry for a 
means which might be used to combat the rising 
cost of ships. Techniques, such as the fore- 
going, were included in General Electric's program 
of "Value Analysis" and appeared to be the most 
adaptable to the Bureau of Ships program of ship 
design, repair and construction. As a manage- 
ment tool, the program appeared to have the 
three elements which are necessary for success : 

(a)  Must fulfill a real need. 
( b )  M- st take a sound and logical approach 

to the problem. 
( c )  Must produce measurable results. 
As a result, the Value Engineering Office was 

established as a staff office to the Chief of the 
Bureau. 

Initial efforts of this office were devoted to 
the study of specific items beii'g procured by the 
Bureau in order to demonstrate the success or 
failure of the approach and to obtain those 
specific examples of "hardware" which are 
essential to  an effective demonstration of the 
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program. One of the first projects attempted 
resulted in a savings of $3 million dollars in the 
procurement of 1000 LCVP's (Landing Craft 
Vehicle Personnel) and, a t  the same time, 
furnished the Bureau with evidence of the 
effectiveness of the approach. Furthermorc, the 
difficulty of obtaining reliable cost data from the 
Bureau level became obvious. I t  was realized 
that a few engineers could not possibly begin 
even to scratch the surface on savings in an 
organization that currently spends over 2 billion 
dollars a year on shipbuilding. Therefore, it 
was decided to multiply their efforts and obtain 
field cost experience by establishing value- 
engineering units in each of the eleven naval 
shipyards. Since that time, emphasis in the 
Bureau Value Engineering Office has shifted 
from specific project work to training, administra- 
tion, and education, even though some specific 
project worl. is still undertaken. 

Current11 the office is composed of a Captain, 
USN as Director of Value Engineering, eight 
engineers and two secretaries. Technical special- 
ties include experience in electrical engineering, 
marine engineering, mechanical engineering, naval 
architecture, arid electronics. Some of the work 
performed 11y this team includes : 

Selecfion and Placement 

Establishing precepts for selection of value 
engineering personnel by general descriptions 
of the type and caliber required including back- 
ground variations desired in a functioning unit. 
These would emphasize competency in engineer- 
ing, production, planning, estimating and in 
working with people. The placement in the 
organization of a value-engineering unit, pref- 
erably a t  a high staff level, is necessary to permit 
working effectively across division levels. The 
contractor is encouraged to so place his unit 
particularly in those cases where the value- 
engineering study is made concurrent to a 
production run. In a staff position, the unit 
will in no way infringe upon the preogatives of 
the line engineers. 

Training 

Following General Electric Company's lead, 
the Seminar approach was usctl. By bringing 
technically competent, caref~~lly selected indi- 
viduals into a 1ic.w environment, taking them 
away from their routine work, surroundings, 
and so on, it was possible through intense effort 
to change thcir outlook in a matter of a few 
weeks, and send them home well trained and 
enthusiastic and to carry out the work of this 
new program. 

Through the use of these seminars, the Bureau 
has trained all of its shipyard value engineers, 
now numbering approximately 45 Bureau per- 
sonnel, some private contractor personnel, and 
personnel from other Government agencies, such 
as Maritime Administration, Coast Guard, Air 
Force, and so on. 

lnfroducfory Presenfations 

These presentations have been made to many 
shipbuilders and equipment manufacturers in- 
terested in value-engineering contracts with the 
Bureau of Ships as well as many Department of 
Defense officials and other Government agencies 
interested in the program. 

Monitoring 

The office takes a paternal interest in all 
project cards sent to the Bureau, particularly 
those requiring technical approval by the Bureau. 
Where ideas submitted through the medium of 
those project cards are of suficient size dollar- 
wise, or require co-ordinatirtn with several 
technical groups or niorc information, this 
office attempts to see that the idea is given proper 
consideration and attention. Each of the en- 
gineers is assigned spccific responsibility to 
monitor a group of shipyards or private concerns. 
His job in this area is to ensure that enthusiasm 
in the field units (private or commercial) is not 
dampened by unnecessary delays in receiving 
Bureau action, (either yes or no) and that all 
pertinent facts are considered in the review of the 
project. 

Contracting 

The use of value-engineering incentive con- 
tracts, both in the shipbuilding and in the private 
equipment area is still in its infancy. There is 
much to be learned and many pitfalls or road- 
blocks to be overcome. The office is continually 
searching for ways to i~riprove this operation so 
that the contractor and the Bureau can operate 
as an efficient team. 

As previoulsy stated, value-engineering units 
have been established in the eleven naval ship- 
yards. These units, with from three to six 
engineers in each unit, are with few exceptions, 
administratively assigned to the Design Division 
but with considerable freedom to contact :dl 
shipyard departments. Their job or functior~ is 
to "save money." 

Ideas for a value-engineering study come from 
many sources; the unit itself, Production Depart- 
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ment, Design, Planning, Supply, Beneficial Sug- 
gestions, and so on. As might be expected, by 
far the largest percentage of ideas (about 50 
per cent) come from the I-'roduction Department, 
where seemingly small details in design can 
increase cost greatly. 

The value-engineering unit prepares a Value 
Engineering Item and Project Log and from this 
listing picks those items of hardware which 

l n  s to appear to have the greatest potential sahi g 
the shipyard and the greatest application to the 
repetitive business of shipbuilding and repair; 
i.e., affect specifications. 

From this point on, the true value of a separate 
value-engineering unit using a systematic or- 
ganized approach becomes most apparent. 
Often, progres~ive ideas with cost-saving features 
are lost merely because the originators do not 
have time to ferret out all the facts. Routine 
"fire drills" prevent working up answers to the 
possible conflicts with established procedures, 
standard plans, specifications, or Bureau of Ships 
directives. The value engineer has the time to 
overcome these roadblocks. He has the freedom 
to contact all possible sources of information to 
secure all the facts bearing on the problem. 
He solicits the co-operation of private industry to 
obtain new ideas, costs, and research data on 
new materials, methods, and machines. 

When all possible information has been ob- 
tained, and the techniques of value engineering 
have been applied, the value-engineering unit 
will arrive a t  the most feasible and economical 
solution(s). This information is documented 
and reported in a brief, simple report form, 
Fig. 8, supplemented as necessary, by plans and 
additional data. Essentially, the report form 
consists of the following : 

1 h before and after sketch. 
2 The name of the person responsible for the 

original idea. 
3 A brief and concise statement of the 

present way of doing the job. 
4 A proposal for doing the job the new and 

less costly way. 
5 A cost comparison of the present and 

proposed methods showing savings possible upon 
adoption. (In this connection, shipyards prepare 
estimates based on an individual ship basis and/ 
or on expected application to actual work in 
that shipyard for a one-year application.) 

The project reports are nothing more thnn a 
recommendation (value engineers have no au- 
thority to change plans nor authorize acco~nplish- 
ment of work on ships and components). The 
next step, therefore, is to obtain approval of the 
cognizant line authority. This approval may be: 

1 Local. Wherever possible, local approval 
is given when permitted by the latitude of 
specifications, directives, or where plant or 
production processes are involved. Such local 
approval permits earlier adoption of the idea. 

2 Bureau. When Bureau approval is re- 
quired, the project card becomes a part of a 
formal letter request from the Shipyard En- 
gineering Department to the appropriate type 
or technical desk in the Bureau of Ships. Again 
approval authority is a line function. 

The project cards serve a further useful purpose 
in cor~zntunications between other value-engi- 
neering units. When a project becomes "active," 
i t  is circulated to the other 10 Naval Shipyards, 
the Bureau of Ships, Maritime Administration, 
and the Supervisors of Shipbuilding. Often the 
distribution of these reports results in the 
receipt of notes from other activities offering 
information, suggestions or criticism which are 
helpful in working up the idea. Upon approval 
of a project, a revised card is sent to all the 
activities appraising them of the fact and quoting 
the approving authority. This method of com- 
munication provides a cross fertilization of ideas 
as well as for a rapid implementation of approved 
projects. 

To date these units are proposing ideas which 
are resulting in savings in excess of $4.5 million 
dollars a year with an operating expense of about 
$500,000. A 9 to 1 ratio! 

What is more important, many of these ideas 
are resulting in specification changes which will 
have a long-range effect on ship costs! Examples 
of some ideas submitted by these units are: 

1 Welding stuffing tubes on one side only. 
Estimated annual savings-$5,000,000. 

2 Elimination of flameproof bedding covers 
where fire-retardant mattresses are used. Sav- 
ings-$88,000-2 carriers. 

3 Filler materials for bilge keels-deleted 
requirements for filling bilge keels. Savings- 
$8,078. 

4 Eliminate requirement for dynamic balanc- 
ing of propeller shaft on CVA 59 Class. Savings- 
$145,176. 

5 Substitute Thermoflex felt for fiber glass on 
steam valves and turbine-casing thermal blankets. 
Savings-$4,734 on CVA 62. 

6 Change submarine access plates from port- 
able bolted plate to welded type. Savings- 
$40,000 per year. 

The Contractor and Value Engineer 

The successful application of Value Engi- 
neering in the Bureau of Ships and in the Naval 
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Shipyards has provided, slid is conti~iuing to 
provide a source of i dex  for reduci~ig c ~ s t s  
without :tfi'ecttng furiction. However, about 
three times as much money is spent on naval ship 
construction in private shipyards as in naval 
shipyards. In adclitio~l, the Bureau of Ships 
makes direct procurements of large quantities of 
electroxiics arid other equipments which are 
furnished to shipyards as C>overnxnent furnished 
equipment to be used in construction, repair, 
conversion, and alteration. I t  was obvious, 
therefore, that to get lnaxin~urrl savings of the 
Bureau's funds, the aid of these industries should 
be enlisted. 

Although there were certain basic differences 
between the specifications, methods of procure- 
ment, and cor~struction (manufacture) of ships 
and electronic:, equipment (the Bureau's largest 
equipment purchase) there were many similar- 
ities in objectives and problems. The first of 
these was "Spxifications." The military applies 
general specifications for shock, vibration, and 
premium ma/-erials across the board to safe- 
guard equipment from every conceivable mishap. 
When applicd to certain equipments, these 
specifications contributed nothing except cost, 
complexity, size and weight. For example, a 
filter used in the power supply of a military 
receiver cost $104. Its function was to eliminate 
radio interference in the power line from which 
the receiver operated over a frequency range of 
50 to 400 cycles. Since these receivers were 
actually used in ships and stations having 60-cycle 
power sources the same function could have been 
provided by a by-pass capacitor a t  about 52.50. 
A cost of nearly $500,000 in a procurement of 
5000 receivers! 

In this same specification area, the military 
uses standard and type plans to specify repetitive 
items of "hardware." In spite of best intentions, 
these cannot always be reviewed with sufficient 
frequency to ensure that the item represents true 
value. For example, damper handles in ventila- 
tion terminals were being manufactured and 
stocked in accordance with a Bureau of Ships plan 
issued in 1918. 

A shipyard value-engineering study resulted in 
the use of a suitable, readily available commercial 
handle a t  a cost of 45$ in lieu of $3.00 cach! 
In neither of these cases should criticism be 
leveled a t  thc engilieer or specification writer who 
faced with pressure of time and with existing 
written standards or requirements must produce 
a workable product. However, in both of them a 
feedback of production costs of requirements 
could produce their change! 

The second objective is to obtain the "second 

look." Time is one of our worst enemies when 
trying to produce a contract specification skipping 
straight from design to full production as so 
often is required in shipbuilding or to go from a 
development contract, to a preproduction model, 
to full production of equipments! When we 
know that something works, there is insufficient 
time to challenge complexity, tolerances, rnain- 
tenance, and repair characteristics, manufacturing 
procedures, cost of components and assembly! 
Further there is fear that changing a proven item 
will result in something that might not work! 
However, if time is taken and feedback informa- 
tion properly worked into the design, we usually 
can sim$lify, improve reliability, and reduce cost. 

The third problem and probably the most 
important to the contractor is the question of 
incentive. Contractors who have proposed a 
relaxation in military specifications have some- 
times been pena!ized by having the resulting 
savings subtracted from the contract price. 
In many cases, the contractor's profit, which is 
based on a percentage of total contract costs, is 
also lost to him. contractors are well aware of 
this possible penalty and since business is based on 
profit motive, will not normally expend energy 
towards suggestions resulting in decreased costs. 

With these three basic ideas in mind, the 
Bureau of Ships decided to apply Value En- 
gineering in procurement contracts and con- 
centrated first in the shipbuilding area where 
the largest proportion of money was spent and 
where production is paced closely with design 
development often without benefit of prototypes 
and where time was not so critical in its effect on 
production. Under the contract clause developed 
(typical clause contained in Appendix) the ship- 
builder is required to furnish a t  his expense, two 
value-engineering specialists for full-time work on 
contract plans and specifications. Reports and 
project cards similar to these from the naval 
shipyards are forwarded to the Bureau for 
acceptance and rejection and, in the case of the 
former, the issuance of a reduced cost change 
order. The Bureau trains these specialists in 
the practice of Value Engineering. As incentive, 
the shipbuilder receives 45 per cent of the savings 
engendered by his Value Engineering project 
and the Bureau keeps 55 per cent. 

To date, a few selected contracts have been let 
with Newport News Shipbuilding and Dry Dock, 
Electric Boat Division of General Dynamics, 
Bath Iron Works, Inc., Avondale Marine Ways, 
Inc., Harbor Boat Building and Ingalls Ship- 
building Corporation. The Maritime Adminis- 
tration has awarded Value Engineering contracts 
to additional shipbuilders. Representatives from 
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some of these concerns will present their experi- 
ence with the Value Engineering Program. 
However, from the Bureau of Ships' viewpoint, 
there is conclusive evidence of the success of 
this program in the acceleration of reduced cost 
change orders affecting current ship construction, 
the modification of specifications for future ships 
(long-range cost savings), and the effect on 
working plan nonspecificatio~l area where con- 
tractors have found i t  to their advantage (100 per 
cent savings to contractor) to use Value Engi- 
neering as a tool for increased and orderly effort 
in cost reduction. This latter effort in many 
cases results in a simpler ship, easier to construct, 
operate and maintain and less costly in all 
aspects. The result should be lower bid prices 
on a competitive basis. 

Experiencl. in the shipbuilding area also has 
presented problems which must be studied to 
determine &hat corrective action or improvements 
are required. Some of these problems include : 

(a) Increase in change order workload imposed 
on Bureau of Ships personnel presently heavily 
taxed under restrictive personnel ceilings. 

(b )  Necessity for decreasing time required to 
take action on project approval or disapproval 
in order to take advantage of proposals. 

(c )  Review of incentive application to ensure a 
real incentive exists for multiple as well as 
single contract holders. 

Recognition of the different method of procure- 
ment for electronics equipment (usually involving 
a developmental model) and the shorter time cycle 
for quantity production of a single equipment led 
to a different method of contracting but with 
similar objectives in mind. Specification MIL-V- 
19858 (Specification for Value Engineering of 
Naval Electronic Equipment) requires the con- 
tractor to conduct a value-engineering study of all 
the elements of design, procurement, manu- 
facturing, installation and maintenance of an 
equipment, including the specifications to achieve 
only necessary functions, maintainability and 
reliability a t  minimum cost. The object is to 
reduce total cost, which is the combined cost of 
procuring, manufacturing, installing and main- 
taining an equipment. 

The contractor is required to perform the 
value-engineering study before going into produc- 
tion, even before he procures any parts, sets up 
his tooling or his assembly lines. He is to 
develop value-engineering proposals and sabmit 
them to the Bureau for evaluation. Tlie ap- 
proved proposals are then applied in the form of 
specification changes. 

The amount of time allowed for the study 

depends upon the complexity of the equipment, 
and varies between one to four months. Ex- 
perience indicates that a large percentage of the 
excessive costs can be taken out in a relatively 
short period of time if a concentrated study is 
made on a full-time basis by highly competent 
and experienced individuals. 

In applying the value-engineering specification 
to a production contract, an incentive to do a 
good job is offered the contractor in the form of a 
share of the resulting savings. This share will 
vary from 10 to 40 per cent of the savings, 
depending on the quantities of equipment 
procured and the total dollar cost of the contract. 

In the first application of the value-engineering 
specification to a contract involving the produc- 
tion of some entertainment receivers, approxi- 
mately 20 per cent cost reduction was achieved. 
What is more important, a long-standing "re- 
quirement" was successfully challenged which 
will significantly affect future receivers! 

In both shipbuilding and equipment areas, 
the application of Value Engineering by the 
private contractors to our specifications is still 
in the early phases. The initial efforts were 
perforce more unilateral than desired but served 
to get the operation started. However, with 
some experience now behind us, i t  is time to 
stop, take another look and determine together 
the best way to improve on the operation of Value 
Engineering. We consider this application should 
be in every respect a two-way street and i t  is 
only through the effective feedback of information 
of this nature in an easy to digest form that we 
can reasonably be expected to keep our specifica- 
tions current, free of excess requirements, and 
reduce both complexity and costs. Good speci- 
fications are a team job and must be kept on that 
basis--our inducements in incentives we intend 
to be realistic. They are paced by change- 
order adjudication which keeps them in step 
with current contract developments and should 
represent an attractive profit increase for the 
extra work of developing new ideas and pointing 
out specification deficiencies. 
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Value Engineering Clause 

The Contractor agrees to participate in the 
Value Engineering Program of the Bureau of 
Ships and to pcrform Value Engineering services 
in accordance with the principles and procedures 
set forth below and in the Specifications for Value 
Engineering : 

a)  The Contractor agrees to maintain through- 
out the period of performance of work under 
this contract, up to the date of preliminary ac- 
ceptance of the last vessel, a staff of not less than 
two engineers in the role of Value Engineering 
specialists, devoting full time and effort to Value 
Engineering studies. 

b) The employment of the Value Engineering 
staff shall be a t  the expense of the Contractor and 
no charge :,hall be made to the Government for 
these services, whether in connection with change 
orders or o!henvise, provided that the Contractor 
shall be reimbursed for the costs of travel and sub- 
sistence (or per diem in lieu of subsistence) result- 
ing from compliance with the Government's 
direction as regards the training of the Value Engi- 
neering specialists. 

c) The Government shall make every reason- 
able effort to expedite the analysis of each study 
submitted by the Contractor hereunder. The 
Government shall not, however, be liable in any 
way for any delay in its action on or for any failure 
to act on, and study. The submission of a study 
by the Contractor shall have no effect on the ob- 
ligation of either party under the Contract, and in 
particular, the obligation of the Contractor to 
perform the contract in accordance with the plans 
and specifications as written and in accordance 
with the contract delivery schedule shall not be 
affected by the operation of this clause, unless and 
until a change order incorporating the results of 
any study is formally issued by the Government 
under this contract. 

d) Following review and analysis, the Chief of 
the Bureau of Ships may in his sole discretion 
apply any study, either in whole or in part, to 
any or all of the vessels under this contract by 
issuing a change order in accordance with the 
"Changes" clause hereof. The change order shall 
identify the Value Engineering study on which it 
is based. The decision of the Chief of the Bureau 
of Ships in these matters shall be final and shall 
not be subject to the Disputes Clause of the 
contract. 

e)  In the event that the Chief of the Bureau of 
Ships determines to apply the Value Engineering 

suggestion in whole or in part to any or all of the 
vessels under this contract, and a change order 
results, such change order shall be negotiated in 
the usual mnnner between the Contractor and the 
supervisor. The mutual agreement shall show, 
however, that since the change order resulted 
from a study submitted by the Contractor in 
accordance with this article, the contract price is 
being reduced by only 55 per cent of the amount 
nlutually agreed upon as the total decreased cost. 
The Government may apply the Value Engineer- 
ing to other contracts with the Contractor or to 
contracts with other shipbuilders, but no payment 
shall be made in any form to the Contractor on 
account of such applications. 
f) All studies, including all supporting data, 

submitted pursuant to this clause shall become 
the property of the Government whether or not 
change orders under this contract result there- 
from, and the Government shall have the full 
and unrestricted use thereof without payment of 
compensation to the Contractor except as pro- 
vided in paragram ( e )  . 

SpeciBea!ions for Value Engineering Program 

Purpose 

The purpose of the value engineering program 
is to promote the development and application of 
design and engineering studies which will result 
in lowering the cost of construction to the Govern- 
ment without impairing any of the essential char- 
acteristics of the vessel. The performance of 
these studies envisages an intensive and critical 
review of all elements of design, manufacturing, 
purchasing, inspection and operational require- 
ments to determine that only necessary materials 
and functions are utilized and that these are 
supplied a t  the minimum cost consistent with the 
construction of a thoroughly sound ship and the 
preservation of essential operating and mainte- 
nance characteristics. This shall not result in the 
loss or impairment of any required function. In  
many instances it is expected that the studies will 
produce, a t  lower cost, a better functioning 
product, with an actual improvement in service 
life. 

Value Engineering Staff 

(a) The contractor shall employ such value 
engineering specialists as are required by the con- 
tract for the period of time specified in the con- 
tract. These value engineers shall be supported 
by such technical industrial and clerical per- 
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sonnel of the contractor's organization as are 
necessary to cnable these value engineers to 
eifectively perform the purpose of the value engi- 
neering program. The value engineers shall re- 
ceive stlch training as the Bureau of Ships deems 
necessary for the effective performance of this 
program and shall participate in other activities 
considered by the Bureau to be useful for their 
training. 

(b) The contractor may, a t  its own expense, 
furnish additional value engineering specialists 
in support of this program. 

(c) The value engineers shall maintain such 
contact with other organizations as may be 
necessary to become familiar with new products 
and processes. 

(d) Unless otherwise specified in the contract, 
the contractor shall maintain close liaison with 
the value engirleering representatives of the office 
of the cognizant Supervisor of Shipbuilding. 

Scope of Investi!~ations 

The investip;ations to be performed by the value 
engineering specialists shall be limited to those 
areas where cost savings cannot be effected unless 
the contract plans or  specifications are modified 
by the Government. Subject to this limitation, 
the scope of investigation includes every element 
of equipment, materials, production processes, 
purchasing, inspection, installation and use. 
Commercial sources, products, processes and re- 
quirements for similar use are to be analyzed and 
compared to Navy practice, in order to determine 
whether Navy departures from commercial prac- 
tice where increased cost is involved are justifi- 
able and whether the substitution of commercial 
materials or procedures would result in lower cost 
without reduction of quality or impairment of 
essential functioning and military serviceability. 

Presentation of Completed Studies 

(a) Each value engineering investigation deter- 
mined by the shipbuilder to be desirable and ap- 
propriate for submission shall be presenred on 
Value Engineering Report Form NAVSHIPS 
4629 (9-55). This completed study must be of 
such nature and presented in such form that it 

may readily, if accepted by the Bureau, be formu- 
lated as a decrease cost change order under this 
contract and other contracts for similar vessels, 
or as a revision in the specifications for future 
contracts. Plans, specifications and any other 
supporting data necessary to permit analysis by 
the Bureau with a minimum expenditure for de- 
sign and engineering services shall acrotnpany 
the form. I t  is not intended that form 6 :  plans 
be prepared specifically for these studies but that 
speed in preparation and presentation of the 
studies he promoted by effective use of mark-ups 
on existing blueprints and sketches wherever 
feasible. The con~pleted study should compare 
the proposal in all respects with the present prac- 
tice in order to demonstrate in full all advantages 
and disadvantages and to establish the antici- 
pated cost differential. 

(b) Studies shall avoid recommendations of 
products or processes restrictive to one manu- 
facturer unless this is the only means by which the 
cost reduction can be effectively achieved. 

(c) All studies and related data are to be sub- 
mitted via the cognizant Supervisor of Ship- 
building. One copy of Form 4629 shall be sub- 
mitted directly to the Bureau and one reproducible 
copy of such form to the Supervisor of Shipbuild- 
ing. The Bureau will obtain the comments of the 
Supervisor, design activity and other interested 
activities. Additional information, if required 
for adequate analysis of the completed study shall 
be submitted by the contractor upon request of 
the Government. 

Reports 

The contractor shall submit a quarterly report 
and a final report in triplicate via the Supervisor 
of Shipbuilding listing all investigations made 
during the period, the status of such investiga- 
tions, and the reasons for the discontinuance of 
any such investigation, and summarizing actions 
taken. Ideas considered but not investigated 
shall also be listed together with the reasons why 
they were not investigated. The contractor 
shall submit such information and data as may 
have been compiled with respect to the investi- 
gations as may be requested by the Bureau of 
Ships. 
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PRODUCT CHANGE IMPROVES 
MANUFACTURABILITY 

L. D.  MILES, Manager, Value Analysis Unit 
Materials  and Purchasing Dept. 

Manufacturing Services 
General E l ec t r i c  Company 

The concept of value, l i k e  the  concept of s i n ,  va r ies .  

I f  a coat i s  produced f o r  $15, but  by ingenious manufacturing processes 
can be made f o r  $10, is  i t s  value reduced? I f  a razor  i s  purchased f o r  $1 and 
the  Purchasing Agent negot ia tes  the  purchase f o r  754, i s  i t s  value lowered? 
If the  hinge f o r  the  door on your car  cos t s  $2 and, by inspired c rea t ive  design, 
one which accomplishes the  same function i s  created f o r  504, i s  t he  value low- 
ered? Perhaps, but  probably no t .  

What i s  Value? - Value, surpr is ingly ,  i s  usual ly  not  determined by an i n -  
tensive study bu t  by an extensive one. Value i s  determined by comparison. 

The value of the  t oa s t e r  used i n  making the  morning's t o a s t  is no t  de te r -  
mined by i t s  cos t  elements but  r a t he r  by comparison with other means of making 
t oa s t .  The value may be the same i f  it can be made as conveniently and as  wel l  
and as i n t e r e s t i ng ly  another way. Value i s  the  lowest co s t  a t  which a funct ion 
by any means, can be accomplished e f f ec t i ve ly  and r e l i ab ly .  

Value Analysis: - Value analys is  i s  a s c i e n t i f i c  and sensible  evaluat ion 
of whatever cos ts  money. It covers p a r t s ,  assemblies, services ,  processes, and 
ideas.  Under no circumstances does it ever involve any qua l i t y  de te r io ra t ion .  
It applies t o  a l l  quan t i t i e s  from one t o  mil l ions,  t o  any product of any s ize .  
Value analysis  pushes out f a r  and f a s t  i n t o  wide searches and broad com- 
parisons.  

We a re  accustomed t o  analyzing performance, analyzing weight, analyzing 
qua l i ty .  Today, we w i l l  analyze value. 

To analyze weight -- we study what makes up weight. 
I 

To analyze value -- we study what makes up value. 

How is  Value analyzed? Here i s  how it goes. L e t ' s  examine the  cover of 
t h i s  control  device ( ~ i g .  1) with these simple questions. 

1. What i s  i t ?  
2. What does it cost  per year? 
3.  What does it do? 
4. What e l s e  would do the  job. 
5 .  What would t h a t  cost? 

Presented  a t  the Twenty-Fourth Annual Meeting of the American Society of Tool Engineers ,  at  Chicago, I l l inois ,  March 
19 - 23,  1956. A l l  papers  presented a t  such meetingo a r e  the property of the Society,  f rom whom permiss ion  must  be 
secured  in writing to reprint or  publish this paper. 

The publication of this paper doe8 not constitute approval by the American Society of Tool  Engineera of the findings or 
the conclusions contained therein.  It i s  published only for the exchange and stimulation of ideas.  



1. It i s  a small molded p l a s t i c  pa r t .  2. It cos t s  $40,000 a year f o r  
a mi l l ion of them. 3. Although the control  device i t s e l f  is  i n  a 
semi-enclosed compartment it fur the r  keeps accidenta l  comtaminates out  
of the  control .  4. Extensive study shows t h a t  a f l a t  piece of laminated 
t e x t o l i t e  would probably provide the same function. 5.  $15,000 f o r  a 
year ' s 

And so  it goes: 

F i r s t ,  gathering f ac t s  
Second, recognizing costs  
Third, facing up t o  functions 
Fourth, searching e f fec t ive ly  f o r  a l t e rna tes  
Last ly ,  comparing 

There's more t o  analyzing value than meets the  eye. It sounds simple - 
but it i s n ' t  - because human a t t i t udes  are  involved. Decisions a r e  based, no t  
upon f a c t s ,  but  upon the  p a r t i a l  information - f a c t  and f a l s i t y  - which people 
have, and the  a t t i t u d e  they have toward t h i s  information. 

POPULAR CONCEPTION3 ARE USUALLY WRONG 

Popular conceptions never necessar i ly  f i t  spec i f i c  cases; o f ten  they a r e  
no long& even t r u e  as  genera l i t i e s .  

"Plas t ics  a r e  b r i t t l e " :  - so is  cas t  i ron  b r i t t l e - -bu t  s t e e l  made from 
i ron  i s  not  b r i t t l e .  So, p l a s t i c s  made f o r  the job a r e  not  
b r i t t l e .  Polyethylene toys a re  not  b r i t t l e .  We have this radio  
cabinet  (Fig .  2) t h a t  is  so  rubbery t h a t  n a i l s ,  as  you see, a r e  
driven i n to  it without f rac ture .  

"Plas t ics  a r e  weak": - So i s  rubber weak, but  i n  t i r e s  you w i l l  ge t  
30,000 miles of >rev,  and from the  wide spectrum of p l a s t i c s  a r e  
materials  such as  t h i s  glass-reinforced polyester  which is  sub- 
s t a n t i a l l y  non-breakable . 

"If it i s  a t h i n  enclosure, sheet s t e e l  i s  most economical": - s t i l l  
t h i s  d ie  cas t  pa r t  1132-in. th ick provides the  same performance 
a t  lower cost  i n  automobiles 

"Tool cos ts  a r e  too high f o r  our q u a t i t i e s " :  - yet  p l a s t i c  d i e s  a r e  
now made f o r  a f rac t ion  of former d ie  cos ts  and low-cost tool ing 
spec i a l i s t s  do s t a r t l i n g  things. This welding segment (Fig. 3) 
was cut  out individually i n  quan t i t i e s  of a few thousand a year 
because "dies would cost  too much." S t i l l ,  a low-quantity stamp- 
ing company, when actual ly  given an opportunity t o  b id  on it, 
quoted $75 f o r  d ies  and the  cost  each drops from $1.41 t o  39#. 

"If it i s  so l id  material ,  it i s  better":  - s t i l l ,  instead of t h i s  so l i d  
machined nu t ,  the use of an available "Pal Nut" provides b e t t e r  
function, stands more severe vibra t ion,  and the cost ,  instead of 
8q i s  0.8#. 

I 

"An upset ter  c a n ' t  gather enough material  t o  make a spacer t h i s  large": - 
s t i l l  t h i s  one (Fig. 4) i s  accomplished by an  upset ter  using a 



double c o l l a r  and t h e  c o s t  goes down from $1.85 t o  504, while  
t h i s  next  example ( F i g .  5) i s  accomplished by two p i e c e s ,  a 
simple upse t  r o l l  threaded p a r t  and a space r ,  and t h e  c o s t  drops 
from 5q! t o  14 ,  t h e  same f u n c t i o n  f o r  1/10 t o  115 of t h e  c o s t .  

"They c a n ' t  r o l l  an Acme thread":  - s t i l l  it happened t h a t  i n  t h e  same 
c i t y  where t h i s  s ta tement  was made, a com2any has equipment t h a t  
i s  r o l l i n g  Acme t h r e a d s .  

"We a r e  a l r eady  us ing  t h e  b e s t  p rocesses" :  - then  suddenly we f i n d  t h a t ,  
i n s t ead  of a drop forged b a l l  s tud  (3'ig. 6 ) ,  a ho t  upse t  s t u d  
accomplishes t h e  i d e n t i c a l  purpose a t  25% reduc t ion .  

"We a r e  doing it about r i g h t n :  - s t i l l  we f i n d  a square washer c o s t i n g  
32& which.can a s  we l l  be had f o r  8$ from a washer s u p p l i e r .  The 
screw machine c o n t r o l  s h a f t  ( ~ i g .  7) c o s t i n g  7-1/2d when as a 
minia ture  zinc d i e  c a s t i n g ,  a b e t t e r  p a r t ,  c o s t i n g  1-1/24. The 
machine b r a s s  nut  ( F i g .  8) which r e c e i v e s  it, c o s t i n g  3$ when t h e  
molded nylon nut  c o s t i n g  14 does a b e t t e r  job. A remote t u n e r  
c o i l  adjustment c o s t i n g  3q! when i d e n t i c a l  performance &an be pro-  
vided by a header and r o l l  t h r e a d e r  wi th  a n  au toma t i ca l ly  formed 
loop on t h e  end a t  lq ! .  

"We c a n ' t  do any of our jobs f o r  ha l f  t h e  cos t " :  - s t i l l  a f t e r  decades 
of r e f r i g e r a t i o n  and m i l l i o n s  of r e f r i g e r a t o r s ,  a condenser ( ~ i g .  9) 
was provided f o r  r e f r i g e r a t o r - t y p e  equipment which does a more e f -  
f i c i e n t  job than  t h e  former tube  and p l a t e  and c o s t s  approximately 
h a l f .  

"We a r e  up t o  da t e  on what i s  new": - s t i l l  aluminum i s  n o t  used because 
of t h e  "problems of copper t o  aluminum j o i n t s "  when a s p e c i a l t y  
product  can be purchased which a l r eady  con ta ins  t h e  p rope r ly  made 
copper-aluminum tubing  j o i n t .  Furthermore, s t a i n l e s s  s t e e l  i s  
be ing  purchased f o r  a p p l i c a t i o n s  which can be  as w e l l  o r  b e t t e r  
performed by chrome d i f f u s i n g ,  and designs which should b e n e f i t  
from t h e  " d i r t y  p l a t e "  process  of r o l l  bonding, do no t  use it be -  
cause it i s  unknown t o  t h e  des igners  and t h e  methods men. 

ATTITUDES MUST BE CHANGED 

The f i r s t  job, then ,  i s  t o  improve a t t i t u d e s  of t h e  embryo a n a l y s t .  This  
i s  accomplished s lowly by use of overwhelming new informat ion  coupled wi th  a c t u a l  
experience t h a t  d i f f e r s  from t h e  p a s t .  As a t t i t u d e  improvement s t a r t s ,  t hen  t h e  
same t e c h n i c a l  s k i l l s  which have t r a d i t i o n a l l y  been used f o r  secur ing  h igher  e f -  
f i c i e n c i e s  and making new products  a r e  devoted t o  g e t t i n g  t h e  "same performance 
f o r  very much lower c o s t . "  

MORE INFOR3dAIL'ION PLUS BETTER ATTITUDES 

More information provided a t  t h e  p o i n t  of d e c i s i o n  p l u s  t h e  a t t i t u d e  t o  
use  t h i s  information promptly i n  decision-making, b r ings  v a s t l y  improved va lue .  



BETTER VALUE 

Bet t e r  Purchasing: - I n  one operation, only one product used a capacitor. 
The purchasing agent sa id ,  "I know we have the  be s t  suppl ier  and the  be s t  deal  
f o r  t h i s  capacitor .  I have done it myself ." By ca l l i ng  the  purchasing agent a t  
an operation using hundreds of d i f f e r en t  capacitors and s t a t i n g  the  problem t o  
him, the  telephone c a l l  paid off with the  same capacitor  but  changed terminals 
with an $8500 per year saving. 

Be t te r  Materials: - A new item such as  f i lament t ape  brought packaging 
p o s s i b i l i t  i e s  --eliminating $40 from the  packaging cos t  of every hundred washing 
machines. P l a s t i c  coated s t e e l s  can be drawn and require  no l a t e r  f in ishing,  
providing very a t t r a c t i v e  sa lab le  items and necess i t a t ing  no spray boot equip- 
ment. 

Be t t e r  Use of Specia l ty  Products: - Standard cans and boxes can be bought 
from a cata log instead of making encloswres. 

Although we a r e  frequently t o l d  t h a t  there  a r e  no standard springs (each 
must be designed), there  a r e  companies with catalogs of standard springs which 
can be bought f o r  pennies o r  dimes even i n  low quan t i t i e s .  

Laminated shims which can be peeled l i k e  onions so  t h a t ,  ins tead of t he  
cos t l y  machining, the r i g h t  thickness i s  secured i n  i n s t an t s  sometimes saving 
a s  much as $10 a machine. 

Different  f o m s  of raw materials  such a s  round d i scs  of aluminum used 
normally a s  blanks i n  impact extrusion presses use fu l  f o r  s t r uc tu r a l  par ts - -  
i n  one case the  d i sc  was f l a t t ened  and d r i l l e d  a t  a t o t a l  cos t  of 134 i n  l i e u  of 
a former cost  of $1.27 f o r  the  p a r t  made from sheet. 

Rolled spacers f o r  use where the  s ide  i s  r e l a t i v e l y  unimportant and t h e  
end spacing i s  important. I n  one case f o r  a cos t  of 34 instead of 294 each 
accomplished the same function. 

T e m f m l s ,  functional  snd s t r u c t u r a l  p a r t s  of wide va r i e t y  can be f a b r i -  
cated by spec i a l i s t s  from tubing and perform la rge  function f o r  moderate cos t .  

Be t t e r  Use of Avnilable F a c i l i t i e s :  - Spec i a l i s t s  with spec ia l  purpose 
equipment f o r  fabr ica t fng  copper tUbing provide small tubular  p a r t s  f o r  a f r a c -  
t i o n  of t h e i r  cos t  from general  puppose machines; f o r  example, one p a r t  (Fig. 10) 
which was costing,  with mater ia l ,  labor,  and overhead, I)+$, could be had i n  i t s  
f in ished form, delivered t o  the  p lan t ,  f o r  14 .  

A amall bracket  ( ~ i g .  11) with tapped holes cos t ing $13/r4 could be had 
from a s p e c i a l i s t  who makes small s-tampinzs tr i th tapped holes automatically i n  
a labor-free process a t  a delivered cos t  of $3/r4. 

Functional pa r t s  made from sheet  materials  and s t r i p  mater ia ls  can be 
made ins tead f ro= wire and wire formed pa r t s  through the s k i l l s  of spec ia l ty  
suppl iers  whose engineers a re  very ingenious i n  using t h i s  engineering material .  



Bet te r  Processes: - Instead of machining items such a s  t h i s  pul ley  
(Fig .  12) a t  a cos t  of 6b# from s t e e l  bar,  it is  d ie  c a s t  f o r  134. . 

Instead of d ie  cas t ing t h i s  cover (F ' ig .  13) f o r  $1.02, it i s  made a s  a 
s t e e l  stamping f o r  604. 

. Instead of machining t h i s  aluminum spacer from sheet  f o r  $1.85, it i s  c a s t  
f o r  504 . 

Instead of a second operation stamping holes t o  fas ten  t h i s  perforated 
d r i e r  pa r t  (Fig .  14) t o  the support, perfora te  it continuously using the same 
holes a t  a saving of 2%. 

Instead of buying bo l t s  and washers, allow the  manufacturer t o  ship the  un- 
trimmed b o l t  heads which have the  f l a s h  cons t i tu t ing  a washer a t  no added cost .  

Although it sounds most economical t o  make small terminals from f l a t  cop- 
per on a mult i-sl ide machine, the  f a c t s  show t h a t  terminals can of ten  be provided 
more economically and of equal s t rength  with l e s s  copper from copper tubing by 
equipment specia l iz ing i n  t h a t  f i e l d .  

Although it was f e l t  t h a t  the ult imate was secured i n  nes t ing s i l i c o n  s t e e l  
on a b a l l a s t  transformerleven though 42$ was l o s t  a t  nesting, an intense study 
brought new thinking which reduced the  l o s s  t o  2546, making phenomenal savings i n  
the  cost  of material .  

Instead of buying s t e e l  rod i n  two s izes  from which a sha f t  and hub 
(F4g. 15) were machined and l a t e r  assembled with an in terference f i t ,  make the  
rod p a r t  only, use it as  an i n se r t ,  and ca s t  on the hub, a r r i v ing  a t  an equiv- 
a l en t  product a t  half the t o t a l  cos t .  

Newer Processes: - Instead of buying a hinge from a hardware manufacturer, 
have it made by a continuous r o l l  form method saving 2546 of i ts  cost .  

Instead of r ive t ing  o r  eye le t t ing  t o  fas ten  r e l a t i v e l y  t h i n  metals to -  
gether, use metal s t i t ch ing  without pre-punched holes t o  l i t e r a l l y  sew the mater- 
i a l  together.  

Instead of the t r ad i t i ona l  spot welding, use the  new cold welding equip- 
ment and process t o  fas ten  the  p a r t s  with numerous advantages. 

Instead of having bulky equipment f o r  heating pa r t s ,  use an Ohms machine 
which conductive1y:heats s t e e l  exact ly  where it is  needed t o  the  r i g h t  tempera- 
t u r e  i n  a period of seconds. 

Instead of buying rubber gaskets ( ~ i g .  16) , squ i r t  i n  a s e l f  -vulcanizing 
material  which s e t s  up i n  minutes such a s  one appl ica t ion which was costing us 
119 and by t h i s  method was reduced t o  lq!. 

Bet te r  Human Relations: - On the whole, the people with whom we deal  a r e  
average people the  same as  we are ,  doing some things r i gh t  and some wrong, con- 
s t a n t l y  making mistakes and constantly concerned about protect ing themselves from 
the  consequences of what people w i l l  think i f  they know about these mistakes. 
We can build a framework of human re la t ions  i n  which each man knows t h a t  we a l l  



know t h a t  he i s  making mistakes and we are  making mistakes, so t h a t  time and 
money do not, t o  such an extent ,  have t o  be wasted. 

Tests f o r  Value: - Ten Tests f o r  Value, which serve t o  point the  way, have 
been evolved and have ass is ted i n  eliminating large  amounts of unnecessary cost ,  
Here they are: 

Does i t s  use contribute value? 
I s  i t s  cost  proportionate t o  i t s  usefulness? 
Does it need a l l  of i t s  features? 
I s  there anything be t t e r  f o r  the intended use? 
Can a usable p a r t  be made by a lower cost  method? 
Can a standard product be found which w i l l  be usable? 
I s  it made on proper tooling--considering quant i t ies  used? 
Do material ,  reasonable labor, overhead and p r o f i t  t o t a l  
i t s  cost? 
W i l l  another dependable supplier  provide it f o r  less?  
I s  anyone buying it f o r  less?  

CONCLUSION 

To conclude: - We r e c a l l  t ha t  even a thousand years ago there was no 
general shortage of the goods t o  make up a high standard of l iv ing,  as  then 
known t o  them, but high cost  denied these goods t o  most. . 

For 2000 years, the  American Indians roamed the  p r a i r i e s  of this--one of 
the  r i ches t  lands i n  the world i n  mineral wealth and s o i l  f e r t i l i t y ,  naked 
savages because they d idn ' t  have the  t oo l s  and they d idn ' t  know how t o  develop 
them. 

There w i l l  be no prolonged shortage of goods i n  our country. The only 
sure method of reducing the  standard of l i v ing  is  by high costs.  

There i s  no object i n  learning t o  design and build automatic washing 
machines, dishxashers, or  f i n e r  automobiles, i f  costs  become so high t h a t  few 
can buy. 

No one more intimately controls present and fu ture  costs  than the too l  
engineers. 

You have both the  too l s  and the knowledge--wetre counting on you t o  
help control  a br ight  'future f o r  us al l .  



*Fig. 3,--Illustration not available. 





Fig. 10,-smallt tubular part of copper, 

Fig. 13.--Cover, 

Fig. 12.--Pulley 

Fig. 11,--Small bracket. 



Ff g. U.--Drier part. 

Fig. 16,-Gasket. 

A 

4 

*rig. 1 5 , - - 1 ~ w t r a t i o n  not available, 

" 

SMALL AIECEAFT EPC': 'E r L i r  r CZ?T. 

VALUE ANALYSiS 
EXT. 4555 



UC'H h.w been said about the now 
art or profession of value engi- 

neering, but as I see 3, there is very 
little new in this method of analyzing 

problem. This is the analytical ap- 
~ a c h  to design work that every de- 

cent engineer should use seven days 
a week. 

Most vdue engineers believe their 
department should be directly under 
the Executive Vice-president and that 
they should be able to move through 
the organization looking over every- 
one's shoulders and generally disrupt- 
ing organization channels. 

All examples of savings and im- 
provements used in literature on this 
subjet indicate that the value engi- 
neers studied the finished product and 
then made improvements on this end 
product. 

Is it not much more logical thnt these 
people be placed in the established 
engineering department where they 
could either review initial design or 
use their talents to design or eliminate 
items prior to original purchase? 

This would mean that the first mil- 
lion items would not be built with an 
expensive component and there would 
not be a full series of expensive spares 
in the spare parts system to support a 
component that should have been 
eliminated in the first place. 

Rather than use value engineers as 
n overhead group with all the bad 

feelings generated by pushing ideas 
down through the organization as 
xiticism of design, it appears much 
better that this organization operate 
as follows: These people who have 
special know-how in plastics, mechan- 
ical engineering or gadgeteering could 
be assembled as a part of the engi- 
neering department for design review. 
After a prototype has been made, this 
group reviews the prototype in detail, 
looking at each part for necessity, func- 
tionability, and the material out of 
which it is constructed. Then the group 
makes its recommenations to the 
people who normally would do final 
drawings or the final model of the 
particular item. 

The item then goes to the drafting 
room where it is drawn up for final 
purchase and specifications and be- 
comes established. After this model has 
been made, and the first group of items 
procured by an outside contractor, all 
ideas of the contractor or manufactur- 
ing group should be collected and as- 
sembled by the same study group. 
Changes are recorded on the drawings 
so they will be ready for the next 
order. In this way, any new ideas are 
collected and made available for im- 
mediate use. This puts the whole or- 
pnization on the value analysis team 
and doesn't single out a bunch of smart 
boys. 

MAY 19BO 

by Louis E. Garono 
Chief Engineer 

U S .  Army Chemical Corps Engineerins 
Comnuznd 

Now this kind of operation is not 
going to show the enormous savings 
normally credited to value engineering, 
and no particular person or group is 
going to get credit for saving hundreds 
of thousands of dollars by simple me- 
chanical changes. But this method does 
make for a smoother organization and 
will pick up many more savings than a 
flashy high level value analysis organi- 
zation. 

It may seem odd that enormous 
amounts of money can be saved as 
indicated in the recent article "Who 
Needs Value Engineering?" by RAdm 
Richard Mandelkorn, telling how $18 
million was saved in shipbuilding in 
the first year. 

This means only one thing: That the 
Navy's attitude has changed abruptly 
-that the Navy is taking a closer look 
at their need for brass valves, port- 
holes, and many nice but not neces- 
sary items for equipping ships. 

It  means that in the past Navy was 
buiIding ships for a life expectancy of 
20 to 30 years, and that they have all 
of a sudden realized that ships are no 
longer good for that time. 

Value engineering might be a use- 
ful gimmick to shock the engineers at 
the various shipyards into changing to a 
modern concept of using materials and 
design for normal life of the product. 
While the idea may be new to some 
industries, it certainly is not new to the 
chemicd or appliance business, where 
items are normally engineered for a 
life of about five years. Corrosion data 
indicates how long heat exchangers will 
last, whether it is economical to use 
monel steel, and what it will cost the 
plant to shut down if a heat exchanger 
is lost or how much damage it will do 
if a shutdown accius. 
To gct dowt t o  the: fwts, vrth~c en- 

ginctxir~g to date seems to bc almost 
cntircly in mccl~anical engineering. 
Also, in developing any item, there is 
never a perfect end item. Almost all 
applicances, automobiles a d  even 
houses know an evolution with new 
techniques, new materials and new 
methods of assembly that never stops. 

This again is the economic problem 
of how perfect you want the item and 
how soon you need to put it on the 
market. This, as I understand it, is 
product engineering. 

A good example of this is the type- 
writer-originally a mechanical mon- 
strosity. As we look back on it, the 
original model was hard to operate, 
inaccurate, would not make a pre- 
sentable letter and certainly was not 
streamlined. As engineering taIent and 
dollars were invested, the typewriter 
became more presentable, a motor was 
added to make it easier to operate, ad-. 
justments allowed for more or less 
copies, special carbon paper let it op- 
erate more effectively. 

Some people believe we have a satis- 
factory piece of equipment. But the 
real product engineers don't see it this 
way. They see the typewriter as a piece 
of equipment that will take dictation 
and give you a perfect letter, no mis- 
spelled words, punctuation in the right 
places, gammer unscrambled so that 
poor dictation will come out in perfect 
English, and ideas clearly defined to 
eliminate misunderstanding between 
dictator and reader. It will take a long 
time for this to happen, and there will 
be more product engineering and more 
dollars spent in the meantime. It may 
prove, as the value engineers say, that 
the typewriter as we know it is out- 
moded, and a new piece of equipment 
may take its place. This is still product 
engineering; but I believe value engi- 
neering will gain all the credit for 
eliminating the typewriter and dollars 
saved with perfect letters. 

In conclusion, I believe value engi- 
neering is nothing but another name 
for effective product engineering. I 
believe it can be done more effectively 
at a lower level than that proposed by 
value engineers. I mean to say that the 
high grade talents of these value en- 
gineers should be assigned to equally 
important work as product engineers, 
to make the savings without all the 
ballyhoo. 

The only place I can see engineering 
being applied to this new art of value 
engineering is in what is commonly 
known as payroll engineering: Have a 
new job set up, make it glamorous, in- 
dicate enormous savings, get a high 
rating from the personnel analyst, set 
up a new department. If this is the 
kind of engineering the value people 
are tnlking about, they have accom- 
plist~cd thcir purpose admirably. 



M R. GARONO'S comments repre- 
sent the views of many responsible 

people whose understanding and whose 
decisions decrease or increase the 
amount of armament which the Nation 
secures per billion dollars. 

What we do not understand, we 
ignore or discredit. 

Mr. Garonvand others he typifies 
-seeks truth. In speaking out beliefs 
which many others share, he has 
hastened the day of truth and' under- 
standing. 

A few years ago, I shared Mr. 
Garono's belief. I felt that, if we could 
continually increase engineering com- 
petence and, at the same time, increase 
the reliability and adequacy of informa- 
tion at their finger tips by improving 
the guides, aids and tools which help 
them in their design and development 
work, most non-contributing costs 
would be prevented or eliminated. I t  
took overwhelming proof to force a 
change in that viewpoint. 

The first shock came when the newly 
grouped value engineering techniques 
were first used on a highly competitive 
consumer-type product. Engineers, ori- 
ented toward special ideas, special ma- 
terials, and special processes for high 
quality at low cost, had designed and 
developed it. During three years of 
production, special engineering, manu- 
facturing and purchasing penetration 
had cut 10% of cost. 

Then two men were assigned to use 
special value techniques on it. Their 
work identified another 25% of the cost 
as contributing neither to performance, 
safety, life, nor to any attractiveness 
or features desired by the customer. 
This re-kindled design work, now aided 
by value consultation. Within a year, 
a product was provided at half the 
original cost, containing all original per- 
formance and features. It was simpler, 
more reliable, and, surprisingly con- 
tained no materials or technology un- 
available five years earlier. 

Still, this could be "chance." Any- 
thing can happen once. 

Next, an industrial product used in 
yearly quantities of a few thousand and 
made on a job shop basis was selected. 
It had been in production several years. 
Design engineering, manufacturing en- 
gineering, and purchasing men, in a 
depth study, had just completed modi- 
fications, changes and re-designs which 
showed 40% of present costs to be non- 
contributing. 

They eliminated this. The product 
was ready for factory tooling. Three 

by L. ID. Miles 
Manager-Value Service 

General Electric Co. 

men, trained in value engineering tech- 
niques, applied them to the product. 
It was startling to find that 60% of re- 
maining cost was identified as unneces- 
sary. The simpler, more reliable and 
lower-cost alternative means for accom- 
plishing the functions also improved 
appearance and customer features. 

But how could these techniques ap- 
ply to military products, where un- 
knowns in performance must be pierced 
with every new design; where the big 
question in development often is if the 
product will perform its function at 
all; and where, due to short time, we 
must go into production with the first 
apparently practical solution? 

To find out, a military product was 
chosen which had been in manufacture 
a year. Problems, costs and other val- 
uable information were known; still the 
design was current. The function evalu- 
ation techniques were used on each 
assembly, sub-assembly, and compo- 
nent. I t  was found that individual func- 
tions could usually be done for between 
one-half and one-tenth of the cost. 

Functions costing-$127 for $32; 
$20 for $8; $4.50 for $.50, etc. 

Conclusive proof. More studies fol- 
lowed-with similar results. 

Embarrassing Audits 
Value techniques developed by 

private industry under pressures of 
competitive markets produced similar 
results in the military. But how could 
they be applied? When? And by 
whom? 

These "Value Audits" were embar- 
rassing to engineering and manufactur- 
ing people who had done their best 
"the first time." They wanted better 
value the first time, not embarrassment 
from better answers after the drawings 
and plans were complete. 

From this need, the value specialist 
was born. He is a trained and experi- 
enced engineer. He is further trained 
in the special value analysis and value 
engineering techniques. He accumulates 
vast specialized knowledge vital to his 
profession. When invited at the proper 
time and to the proper extent into the 
research-development-design-man- 
ufacturing--cycle, he contributes tan- 
gible, usablc knowledge which shortens 
engineering time, proviiles simplcr, 
lower cost, morc rcliablc solutions 

which in military work decrease prod- 
uct cost by one-half to two-thirds. 

Since his use is change-his bene- 
fits must be learned. Perhaps a few 
parallels will help. 

A few decades ago, tax reports for 
most companies were made out by the 
general accountant. He had many other 
duties. I t  was a part of accounting 
training to provide to all accountants 
enough information on tax practice so 
that any of them could appropriately 
prepare the tax statement. This was 
when the significance of taxes was like 
a wide variety of other expenses. 

But, as taxes increased, the need for 
a higher degree of excellence in prepar- 
ing tax statements increased. During 
the transition period, accounting man- 
agers felt they could increase the tax 
content in regular accounting courses 
and qualify any good accountant to 
prepare a good tax statement. Later, 
they saw that because of special tech- 
niques, knowledge and experience 
needed to hold down unnecessary 
taxes, this plan was costly, inefficient 
and ineffective. Tax consultants were 
specially trained and used. 

Parellels exist in most fields of engi- 
neering. Designing jet engines, for in- 
stance, wouldn't be considered without 
design engineer using the services of 
specialists in high-temperature metals, 
bearings, special lubricants, etc. 

In this country today, we are in the 
transition stage value-wise. The degree 
of value secured by previous systems 
is often being found unacceptable. New 
developments are forcing improved 
value in the military. Attaining value 
is now a specialized field. Competent 
value engineers and consultants are re- 
quired to minimize needless costs, just 
as tax specialists are needed to mini- 
mize unnecessary taxes. 

During this transition, vastly better 
value in military gear is changing from 
somethink desirable to something abso- 
lutely vital, 

Innovation is necessary. Something 
better is required. In this type of situ- 
ation, experience is often a deceitful 
guide. "Experience teaches us how to 
solve yesterday's problems." But-today 
--we don't have yestelday's problems. 

Industry and government has learned 
how to use consultants-the tax con- 
sultant, the metallurgist, the computer 
specialist, etc. They will soon learn 
how to use the value consultant. The 
United States, then, will receive at 
least twice as much arnlament for its 
dcfcnse expenditures. 

AKh4ED FORCES hfANAGEhfENT 



I Eepends on your point of view . . . 
I AM EXTREMELY interested in 

Mr. Miles' objective approach and 
his basic theme, that of seeking truth. 
I hope, and I am sure, that this airing 
of opinions and positions will hasten 
the day of truth and understanding. 

I sincerely believe that while both 
of our positions have elements of truth, 
the truth that I am seeking is funda- 
mental rather than expedient. 

When the recriminations have sub- 
sided, and I hope they have in this 
search, I think there will shake out 
several key facts which we all must 
recognize. In substantiation of the 
value engineer's position, I think one 
of these sets of facts which we must 
admit to concerns itself with the recog- 
nition that the result of any engineering 
design can always be improved. 

Mr. Miles cites instances of major 
improvement which I do not doubt 
took phce. My criticism of the value 
engineering field is not that these cost 
improvements should not be made but 
that they should be made during de- 
sign or certainly no later than design 
check-out in a mass production en- 
vironment. 

Another truth that Mr. Miles and 
his associates recognize, as do I, is that 
the increasing complexity of our tech- 
nology necessitates the use of special- 
ists or consultants, as he calls them. 
Mr. Miles brings out that engineers 
must use high temperature specialists 
and all sorts of other highly specialized 
people in fields of design and that, as 
he goes on to develop, the value spe- 
cialist is in this category. 

I agree that value is a very irnpor- 
tant part of an engineering job, and 
I will also ag-ee that in certain applica- 
tions, value knowledge may be highly 
specialized and consultants required by 
the primary design or product engi- 
neer. I leave Mr. Miles at this point 
and, at the risk of being called unfair, 
feel that his argument for the use of 
specialist consultants substantiates my 
position. 

The key is the word "consultant" 
which means to me that the primary 
design or product engineer is asking 
specialist advice as he does in the 
other technological fields and takes it 
or leaves it as he sees fit, the point 
being that the prime decision belongs 
to the man best able to make it the 
primary risk-taking, decision-making, 
design or product engineer. 
This man is the only man equipped, 

or who should be equipped properly, 
with cost versus function in all of its 

by Louie E. Garono 
Chief Engineer 

U.S. Army Chemical Corps 
Engineering Command 

ramifications. Decisions based on cost 
alone obviously would be inappro- 
priate. Decisions on cost integrated 
into the other engineering aspects are 
engineering decisions and this integra- 
tion can only be performed in a knowl- 
edgeable manner by a penion or group 
with a complete understanding of the 
development and product engineering 
and the other stumbling blocks along 
the way. 

If the man making value decisions 
is this well equipped, we have dupli- 
cate competence. If he is not this well 
equipped, it's proper for him to advise 
someone who is equipped but not to 
make primary decisions. 

I think I have belabored the sub- 
ject sufficiently to be in a position to 
summarize. I agree with Mr. Miles and 
the value engineers that value is a 
consideration. I will even go so far as 
to agree that, in some instances, value 
might be an appropriate consulting or 
advisory function. 

As a fundamentalist, however, I re- 
fuse to be convinced, and have not 
seen any plausible argument which 
will convince me that value considera- 
tions after the fact by specialists with- 
out the rounded out background of 
the responsible design or product en- 
gineer are desirable or even proper. 
If this after-the-fact value considera- 
tion is rounded out by complete engi- 
neering knowledge, I can see nothing 
but duplication. 

I can think of no answer to this 
problem other than that it lies in the 
lap of the manager, not the engineer. 

If the manager sanctions an environ- 
ment where after-the-fact inadequate 
or duplicative value decisions are be- 
ing made, I think he is a bad manager. 
If he sanctions an environment which 
will permit what is called an engineer- 
ing job before the fact without value 
considerations thus leaving room for 
these considerations later, I think he is 
a bad manager. 

I refuse to believe that there is any 
room for a field of value engineering 
or value analysis other than as a s p e  
cialist consultant to the prime decision- 
making engineer. If the value engineers 
will admit that this is a proper dimen- 
sion for their field as advisors to the 
primary engineer, I will welcome them 
to the fold and believe that good man- 
agement will make a place for them 
and use them. 

Beyond this, I feel the managers are 
permitting unhealthy expedients to de- 
velop which could become Franken- 
steins and destroy them and their or- 
ganizations. 

My beliefs in this area of funda- 
mental engineering are also extended 
to the many other fringe specialties 
equally necessary to a good engineer- 
ing job such as quality engineering, 
inspection engineering, reliability engi- 
neering, human engineering, etc. The 
manager's problem is the same in all 
these fields and I believe strongly he 
must recognize them and take steps 
to control the cancerous growth of 
these fringes. 

(Besides Mr. nliles9 reply, we feel the following excerpts from a letter 
by James L. SchuZer, Assistant for Naval Architecture, Ofice of Value 
Engineering, Bureau of Ships represents a good sized segment of 
opinion on Value Engineering in the services.) 

Mr. Carono . . . (has) expressed 
iloubts about the need for Value En- 
gineering. His doubts have led him to 
make some criticisms which have been 
made before. These criticisms can be 
answered by repeating some of the 
basic concepts on which a Value En- 
gineering program is based . . . Suc- 
cessful cost reduction depends on 
emphasis and re-emphasis. I t  also de- 
pends on developing attitudes bascd 
on understanding tlic urgent necd for 
action to cut cost . . . 

A review may be a hcalthy thing 
. . . VaIue Engineering studies hclp 
save the dollars that are lost in the 
cracks betwcen the organization chart 

. . . VaIue Engineering is needed in 
every place where competition, based 
on cost, exists. 

The Value Engineer states and re- 
states that the credit (for money saved) 
belongs to the man who makes the 
decision. That man is the line en- 
gineer. He takes nnd keeps the re- 
sponsibility. He deserves and gets the 
credit. 

I'm sure we are all in favor of cost 
rcilwtion. Value Engineering is not the 
onlg way. It  may not be the best way. 
But it is a provcn technique. In the ' 
hands of skilled managenlent it can do 
:I good job. If the tool fails, don't curse 
the tool-use it properly. 

AUGUST 1960 



d Pne concept has been in existence for about 10 yean 

d One of the largest companies in the U. S. is sold on it. 

Several milhary ertablishomts are actually raving money with it. 

+/ its proponents ore set to Form a new technical society. 

d e ~ t  there are also dissenters. 

I N  1945, an aircraft carrier cost the Navy ap- 
proximately $90 million, submarines delivered for 

$5.2 million. The price tag on these items today 
reads something like $400 million for the carrier; 
between $60 and $100 million for the submarine. 
Meanwhile, the weapons budget has not risen by 
anywhere near this ratio. I t  follows that any tech- 
nique promising substantial savings in the design 
and construction of weapons would be welcomed by 
the military. 

Six years ago, Navy officials learned of a new 
approach to cost cutting called value engineering. 
One of the country's largest corporations (and a 
major defense contractor) was using the technique 
successfully in the design of many industrial and 
consumer products. 

Today, all major Naval Bureaus have active value 
engineering programs. And since 1956, some 2000 
projects have been "value engineered," resulting in 

savings of $5 to $7 million yearly. As savings are 
reported only for the first year or the first ship, 
these figures do not represent cumulative savings 
brought about by changes in specifications and 
designs. The total figure is estimated at $40 million. 

Despite such favorable results, value engineering, 
until recently, was not a widely publicized activity. 

WE vs. DE 
VE is a series of techniques and philosophies, 

combined into an analytical and efficient approach 
to cost reduction. It is aimed at the very heart of 
the problem where cost begins-function. 

The VE techniques in themselves are not new. 
Most of them are used cvcry day. What is new, is 
the co-ordination of many independent steps into 
one program headed by value-oriented people whose 
main responsibility is obtaining the necessary func- 
tion at minimum cost. 



placed on &eating a workable design. 

Prcafe'essionaal S e e o d  Guessing 
After thc dcsign is proved fcasiblc and workable, 

the value enginccr steps in. His job: To achieve 
the same function and reliability at considerably 
less cost. Thc value engineer's job encompasses the 
whole dcsign from inception to mnintcnancc. Hc 



.:A.c*b rw~hi~ :g  tor pxrlteti and !'r,qutwtly challcngcs 
hi, spcc~li cations t l lmdvcs ,  rather ~11:;n star ling 
fron; the spccificaiions. For this reason, the value- 
engineering office is usually placed at a high or- 
ganizational levcl . . . to afford access to all man- 
~ g a n e n t  lcvels. The value engineer must reflect 
rnanagcment's viewpoint. 

There have been many attempts to place the 
.dlue-engineering effort in the research stage or 
into the original design. However, it is generally 
tonceded that at any stage before a workable, pro- 
ducible piece of equipment is designed, the intro- 
duction of value engineering adds one more item 
af compromise for the design engineer. The excep- 
tion is found in military projects, where R&D, pro- 
stype development and production overlap to such 

a degree that VE must be in on thc I {&D staKe. 
Many critics of value engineering have said that 

everybody shouId be doing it, that cvcntually value. 
enginwring will die out aa the designer bcconlcs 
more value conscious. Not so, say VE propr~nents 
-not as long as cost is a major consideration. It's 
an old adage that everybody's responsibility is no- 
body's responsibility. One of the fundamental prin- 
ciples of management is that when a job needs to 
be done, assign responsibility for it to one individ- 
ual. Thus, responsibility for value is primarily the 
value engineer's. He becomes a specialist and can 
act as consultant at all stages of design and pro- 
duction as would a metallurgist, a noise reduction 
specialist, an insulation specialist or any of the 
many experts now available. 

in industry: Even uts and Bolts Are Challenged 
All roads in value engineering lead back to General Electric Co. The concept 

was started there about 10 years ago under the direction of Lawrence D. Miles, who 
now heads the company's Value Service staff. 

In addition to furthering the program at GE, Mr. Miles and his associates have 
trained value engineers for a number of military establishments. VE programs in the 
Navy, Army, and Air Force are based on techniques developed at GE. 

The one objective of value engineering, as stated by Mr. Miles, "is to provide 
equivalent performance at lower cost." He and his associates now have a highly 
refined and effective method of operation to reach this objective. Put into print, it 
would provide a textbook covering all aspects of value engineering. Their initial 
approach, however, can be illustrated briefly. In analyzing any product or com- 
ponent, the value engineer begins by asking these questions: 
I .  What i s  the item? 
2. What does i t  cost? 
3. What does it do? 
4. What else would do the job? 
5. What would that alternative cost? 

The answers to these questions can lead to the redesign of major subsystems as 
occurred in the LPD-1 program, or may be concerned profitably with the smallest 
components, as the following examples illustrate . . . 

Example I-Adjusting screw. Cosf: 8 cents. 

Function: To facilitate adjustment of electrical 
equipment. In use, a stiff wire was hooked into the 
hole in the head. The screw was lifted against a 
spring pressure, turned as desired, and then lowered 
again, allowing the cross pin to drop into a slot. 

Manufacture of the screw required 3/16 in. and 
I / I  6 in. diameter steel as raw material. The larger 
picce required cut off, threading, and drilling of 
rwo holes. The smaller piece required cut off, as- 
c;emhly in hole and staking. 

Thc part was deemed so "unusual" that it was 
rtot to be expected that a vendor made such an item. 

A review of the function-not the part-brought 



Whether or not value engineering is old enough 
and spccializcd cnough to bc of professional stature 
is debatable. One spokesman for the defense de- 
partment, Mr. John J. Riordan, Office of the Assist- 
ant Secretary of Defense, describes the position of 
VE like that of quality control a decade ago. 

"In the late '40s and early '50s' industrial man- 
agement had heard so much of quality control that 
it became somewhat sus~icious. if not disenchanted. 
Quality control had bee; sold-as some kind of sta- 
tistical gimmick. Because of its theoretical founda- 
tion in mathematics, it had an aura of mystery. It 
was something too potent for management to chal- 
lenge, but also something too expensive for man- 

agement to accept credulously." 
The concept was finally defined and saved by 

scholarship. Publication of basic economic and tech- 
nical literature on the subject (namely, the clas- 
sical text by Dr. Walter A. Stewart) gave it a 
foundation which management could accept legiti- 
mately. 

Many VE proponents would agree with Mr. Rior- 
dan that the precise stature of the concept is de- 
b a t a b l e a t  the present. But they would also point 
out that the results achieved with value engineer- 
ing are far from debatable. 

Meanwhile, VE's most enthusiastic admirers are 
at work forming an organization called SAVE. The 
Society for the Advancement of Value Engineering 
aims to be a professional society. 

forth these requirements : 
A screw having a hole in the top, or other suit- 
able arrangement, so it can be lifted and turned. 

0 A head arrangement that will be pulled back 
into the slot and held so as not to turn. 

A search of specialty products having these two 
characteristics uncovered the spade bolt, below. It 
accomplished all of the functions reliably and was 
readily available. Cost: 3 cents. 

Function: To hold an electric motor on a high- 
volume equipment, and space a dust cover over it. 
It offers no appearance or "esteem" values to the 
customer. It is a "use" part. Quantities are 400,000 
per year. Material is steel; there are no close tol- 
erances; the part is made on automatic equipment 
from standard steel rod; and there are no quality 
problems. 

With the function clearly established as holding 
and spacing, comparisons were made to place the 
value on each function. The holding function can 
be compared in cost to that of a screw of similar 
dimension which would cost about 1% cents. The 
spacing function can be compared to a piece of 
tubing cut to proper length, or ra  piece of flat metal 
rolled to form a rolled spacer. In either case, the 
cost would be in the neighborhood of '/2 cent. There- 
fore, by comparison, the sum of the combined func- 
tions is evaluated at 2 cents. 

Value engineers located a supplier of cold, upset, 
and roll-thread parts who proposed a suitable screw 
as shown at 1% cents. 

A supplier of rolled spacers, which were a spe- 
cialty product for him, proposed a suitable cylin- 
drical spacer at slightly under '/2 cent. This spacer 
and the roll-thread screw assembled together ready 
for use would be an equivalent part costing 2 cents. 
Yearly reduction in cost: $52,000. 

This article is based principally on material submitted quality assurance in the Navy's Bureau of Ships. In- 
by Mr. Richard C. Johnson, Washington Techno- formation concerning the VE program at General 
logical Associates, Rockville, Md. Mr. Johnson Electric Co. is based on presentations at the recent 
was formerly assistant 'manager for the Shipbuilding Value Analysis Engineering Seminar conducted by 
Program and assistant for mechanical engineering and the Army Ballistic Missile Agency, Redstone Arsenal. 
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Six years ago the General Electric 
Purchasing Department undertook a 
new project thatsent us on a widespread 
search for value-the basic value of 
cvery part, every item, of a piece of ap- 
~ara tus .  What does the item do? How 
important is it in relation to the other 
earts? Can we eliminate it or simplify it? 
Can we re~lace it with a standard? Can 
it be combined with another part? Can 
it be made from some other material at a 
lower cost-and better value? This proi- . . 
crct intensely focused our entire efforts 
on each individual part to obtain one 
thing-the same pe;formance at lower 
cost. What we did was to make a "value 
analysis." 

The results over the six years have 
been Impressive not only in dollar sav- 
ings but in better products. The first 
project helped save 30 cents per unit 
on a control device. This figure was 
small in itself but, with an output of one 
million units a year, it added up to a 
tidy $300,000. In value analysis we don't 
overlook pennies-or even mils; one cent 
on one million items means $10,000. 
Value analysis has paid its price of 
admission-it has proved its ability to 
eliminate nonfunc&onal costs. It is 
established and operating in many 
General Electric ~ lan t s .  

A value-analysis program shows keen 
illsight on the part of industrial manage- 
ment; it makes purchasing a full-time 
partner in cost reduction. 

Why did we in .the Purchasirig De- 
partment organize this project? For one 
thing, we can bring a terrific potential 
of knowledge to bear on a particular 
problem. Besides checking into our own 
purchasing arrangements, we can supply 
s~ecialized information on markets. 
materials, standard parts, and processes, 
and we can apply to the problem the 
engineering skill and ingenuity of 
specializedsuppliers. 

By reason of our value analysts' 
sprdialized abilities and training, we 
lengthen the arm of the engineer, the 
manufacturing man, and the buyer. To 
the engineer, value analysis offers a new 
outlook to component-part design. It 
puts a dollar sign on his ideas and so 

By L. D. MILES 

intensifies the cost-consciousness of 
every engineer that he makes certain 
the new designs include the latest ideas 
in low-cost production techniques. It  
aids the methods man by providing 
him with new tools and processes. 
Draftsmen are part of the team because 
every one of their decisions-selection 
of tolerances, bushings, fasteners, as 
well as many other details-has an 
effect on cost. 

In value analysis, teamwork is not a 
catch-word but a vital working plan of 
operation. It uses highly trained special- 
ists in the large operations, and it trains 
the buyers in the small units to get the 
same results. Value analysis ties in  with, 
and supplements, the value-improve- 
ment activities in both engineering and 
manufacturing groups. Conferences or 
committees play very little part in the 
value-analysis picture; it is a highly in- 
dividualized responsibility. 

In beginning a value-analysis study, 
it has been found that a basic deficiency 
in value can usually be determined after 
a complete cost breakdown of the part 
under consideration has been examined. 
This cost breakdown should show the 
cost of material, labor and overhead, and 
all other essentials. Each of these costs 
is then related to the function it buys. 
Costs that are badly out of line stand 
out; thus they serve as a starting point. 

By reason of his knowledge of pur- 
chasing and of what outside vendors can 
do, the value analyst can bring to bear 
upon the problem an important store of 
information. He knows dependable 
vendors an4 specialty suppliers who 
over the years have developed a high 

With a small group of engineers in the 
Mfg. Services Div., Mr. Miles has developed 
methods and techniques that have resulted in 
eliminating millions of dollars of "wasted" 
cost from General Electric products. In 
recognition of this achievement, the Com- 
panypresented him with its highest award, 
the Charles A.  Cofln Award. 

degree of ingenuity and technique, each 
in his own restricted field. These 
vendors are brought in, presented with 
the problem, and are requested to sug- 
gest how their particular facilities can 
be used to help solve the problem. Thus 
the best specialty suppliers become mem- 
bers of the value-analysis team. 

We have developed what we call The 
Ten Tests for Value, the main purpose 
of which is to indicate the absence of 
value. Every material, every part, every 
operation must answer these questions: 

Does its use contribute value? 
Is its cost proportionate to its 
usefulness? 
Does it need all of its features? 
Is there anything better for the 
intended use? 
Can a usable part be made by a 
lower-cost method? 
Can a standard product be found 
which will be usable? 
Is it -mede on proper tooling- 
considering quantities used? 
Do material. reasonable labor. 
overhead, and profit total its 
cost? 
Will another dependable sup- 
plier provide it for less? 
Is anyone buying it for less? 

After the study has been made, sug- 
gestions are reported to the proper per- 
son for action. The value analyst does 
not make decisions, nor can he await 
decisions-he is the prosecuting attor- 
ney, indicating the lack of value. When 
he has set forth the best evidence as he 
sees it, his job is finished, and he under- 
takes the study of some other device. 
Always the decisions are made by men 
responsible-the engineer, the manu- 
facturing man, the buyer, the stylist, 
the commercial man-usually after they 
have completed sufficient tests to evalu- 
ate the evidence that has been presented. 

It is basic that no reports or claims of 
dollars saved are issued by the value 
analyst himaelf. Savings are reported by 
the men who make the decisions and 
have the responsibility. 

There are many things, as I have out- 
lined, that value analysis is, and there 
are many things that it is not. 



Value analysis is by no means just a 
search for new materials and processes, 
because the laboratories and engineering 
and manufacturing organizations are 
constantly doing just that. 

Nor is it a substitute for the effective 
cost-reduction committees that daily are 
increasing the value of our product. 

Yet it does embody all of these. 
Value analysis does not involve any 

magic-although the results may some- 
times look like it. Rather, it is hard 
intensive work that continues, even 
though the first answer to a problem 
may be "No." It continues until the 
roadblock has been removed. 

Over the course of the years we have 
added many techniques to our lore; 
for instance, we have found that the 
success of an analysis depends to a large 
extent upon its intensity. Intense con- 
centration and interest cannot be con- 
tinued for any length of time. We there- 
fore make our examinations short and 
concentrated. 

Value analysis is a new tool. Placed 

in the hands of the engineer, the buyer, In  a forthcomir~g issue of the GENERAI 
and the methods man, it removes non- ELECTRIC REVIEW we will take you 
functioning costs from any product step by step through a typical value. 
anywhere. analysis project. 

THE AUTHOR, L. D. Miles (right), and R. E. Fountain together attack a value-analysis 
engineering problem, with the subject matter under consideration between them 

THREE CASE HISTORIES 
Actual value-analysis studies which showed 

where savings could be made 

Standoff Stud Pinion Gear Spring 

The stud shown at the left above 
is  part of a motor assembly. The 
annual requirement is 100,000. 

Since a double-upset cold- 
headed part providing identical 
support and fasiening could be 
obtained, saving much material 
between the shoulders, cost could 
be reduced. The original stud had 
a shop cost of about ten dollars 
per thousand. The cold-headed 
part could be made at a cost of 
$4 per thousand. This would mean 
a saving of more than 50 percent. 

This gear i s  part of the assembly 
of a timing motor. The annual 
requirement i s  100,000. 

It could be a miniature zinc cast- 
ing, or could be made of nylon, 
or of powdered iron or powdered 
bronze, or cut from pinion stock- 
all at substantial savings. 

The current gear has a shop cost 
of about $50 per thousand. Made 
by some of the new methods it 
would cost between eight and ten 
dollars per thousand, saving an- 
nually a bout $4000. 

This spring was used in quanti- 
ties of 100,000 per year. 

A specified tolerance of 0.01 
inch in length was found to make 
no contribution to performance, 
and could be increased to 0.02. 
Also another specification, "no 
initial tension" made no contri- 
bution in present use. 

The original cost was $18 per 
thousand; the cost now i s  under 
$12 per thousand, saving about 
one-third in production costs. 



MANUFACTURING COSTS OF TIMERS OF AUTOMATIC CLOTHES WASHERS WERE REDUCED BY THE USE O F . .  . 

Dollar-sign Engineering lPARTli) 

By L. D. MILES 

In  the March issue of the REVIEW 
I discussed the background of a project 
in the Purchasing Department that is 
taking us on a widespread search for 
value-the basic value of every part, 
every item of a piece of apparatus. 
What we are doing is making a "value 
analysis." 

What does the item do? How im- 
portant is it in relation to the other 
,arts? Can we eliminate or simplify it? 
Can we replace it with a standard? Can 

it be combined with another part? Can 
it be made from some other material 
at a lower cost-and better value? 

The photo sequence beginning on the 
next page will show you how a value 
analyst operates-step by step-on a 
typical project. Here, it's the timer for 
the automatic clothes washer. Because 
space doesn't permit us to show the 
results of the analysis on every part of 
the timer, we have selected one part as 
being typical. (In the actual project 

more than 0 individual parts of the 
timer were analyzed for value.) 

It should be emphasized that nothing 
was wrong with the timer when Clarence 
Pace approached the Value Analysis 
Unit and requested a survey. The timer 
operated satisfactorily and costs were 
in line with similar products. But, as is 
the case with far-sighted management, 
they wanted to see if it wasn't possible 
to further eliminate any unnecessary 
costs. 



Alert management i s  always looking for new ways to eliminate unnecessary 1 costs in their products. Clarence Pace (right), Supervisor of  Purchases of GE's 
automatic washer plant at Trenton, N .I, discusses a problem with L. D. Miles, 
head of the Value Analysis Unit in Schenectady. The project involves the . . . 

To show how value analysis oper- 6 ates, we've selected the two stand- 
off studs on the timer (arrows). Quan- 
tity runs 200,000 a year, and . . . 

Another thing that the photographs 
don't adequately portray is the intensity 
of a value-analysis project. Examinations 
are short and concentrated because in- 
tense concentration and interest cannot 
be sustained for any length of time. For 
example, the value-analysis project on 
the timer was completed in four months. 

Two other points should be empha- 
sized. In the first place, we have found 
that our value-analysis men work best 
in teams of two-not one, not three. 
Another point is that strong personal 
contact must be established between the 
value-analysis man and the specialty 
suppliers. The value-analysis man knows 
dependable vendors and specialty sup- 
pliers who over the years have developed 
a high degree of ingenuity and technique, 

Cost i s  $52.50 per thousand as a 7 screw-machine part. Material i s  
steel, zinc or cadmium plated. 
After thorough study . . . 

each in his own restricted field. By per- . & 

sonal contact these men are brought in, 
presented with the problem, and are re- 
quested to suggest how their particular 
facilities can be used to help solve the 
problem. The specialty supplier becomes 
not onlv a member of the value-analysis 
team, but also in many instances he 
makes vital suggestions that help to elim- 
inate unnecessary costs even further. 

In photo 12 you will note that the 
value-analysis report is turned over to 
the responsible persons for action. The 
Value Analysis Unit doesn't make de- 
cisions. Our job is to'indicate the lack 
of value and set forth the evidence. The 
decisions are always made by the men 
responsible (photo 13)-the engineer, 
the manufacturing man, or the com- 

Timer for 'the automatic washer. 2 Pace rays the present timer i s  
doing a good job, but they'd like 
to see i f  costs could be cut 

Bentley suggests that possibly two 8 parts can do the same job for lea 
-one a cold-headed part, the 
other a roll-formed spacer. Next.. . 

mercial man. These decisions are made 
after they have completed sufficient 
tests to evaluate the evidence. 

The savings that are realized by ac- 
cepting the suggestions of the survey 
are reported exclusively by the men who 
make the decisions and have the re- 
sponsibility. In no cases are reports Dr 

claims of dollars saved issued by 
value analyst himself. 

Our Value Analysis Unit usually does 
only one project for each product group 
to prove that value analysis is applicable 
to any product. After seeing that "it can 
happen here," the various product 
groups then set up their own va' 
analysis units for further studies. 



Miles turns the job over to Al Bent- First step is  to go to Trenton and In Schenectpdy, Bentley consults 3 ley, a member of the Creative 4 get all available facts from the 5 with various experts. They dis- 
Engineering Program assigned to responsible engineer, plus costs, assemble the timer, analyze each 
Milesl.staff. Bentley's . . . quantities, and so forth. Back . . . part to determine its "valve" 

He takes his ideas to Doug Eagan In some cases buyer asks value Personal contact with supplier is 9 who works with G-E buyers and 10 analyst to call supplier direct. 11 important. C. E. Berge of Town- 
knows specialty suppliers. Buyers Specs follow in the mail. Experi- send Co., New Brighton, Pa., makes 
usually call suppliers . . . ence has shown that . . . suggestions for improvement. 

After parts of  timer are analyzed, In Trenton, Pace goes over the Standard upset part and standard 12 report i s  turned over to Pace by 13 report with his engineers and 14 spacer are used at a cost of $10.50 
Miles. Value Analysis Unit suggests specialty supplier. A proposal i s  per thousand. This compares to the 
only-it has no authority selected and the order i s  placed original $52.50 per thousand 



VALUE ANALYSIS PHILOSOPHY 
Frede r i ck  S. Sherwin, Manager 

Value Engineering Service s 
Raytheon Company 

Product improvement i s  a necessary  way of l i fe .  Here i s  a simple statement with 
which most  people will agree ,  and yet l e t ' s  take a closer  look at  the picture which 
these words m a y  crea te  in the minds of different people. 

The inventor o r  creative designer foresees  the need for the generation of new o r  
vastly improved products to meet  various functional requirements  of the expanding 
industrial and consumer markets .  Manufacturing o r  Production Engineering picture 
changes to improve producibility. Quality Control people would look for improve- 
ments  which reduce sc rap  o r  rejection. Each person would visualize cer ta in  
changes which would effect the product in different ways in accordance with his  
own a r e a s  of interest  and responsibility. Some would look for product performance 
improvements,  some would look for  producibility o r  economic improvements.  

People would consider different reasons  for  the necessity of these improvements,  
such a s  human welfare ,  competition, production capability o r  profit.  It can  be 
seen that even a simple statement consisting of commonly known words i s  open to 
misinterpretation and misunderstanding. If this  i s  t rue ,  one can easily foresee  
the difficulties ar is ing when new words o r  ph rases  appear upon the scene. With 
increasing complexities of products,  industries and technologies, new words and 
phrases  depicting a r e a s  of various new philosophies, techniques, sciences and 
activit ies a r e  being coined almost daily. 

Now we a r e  going to be talking about two words - Value Analysis. Two words 
which identify var ious things to various people. Two words which define an a r e a  
of specialized activity which has ,  within the pas t  15 yea r s ,  come onto the business 
scene. The purpose of this  presentation i s  to clarify in your minds the meaning 
of these words and the philosophy which they define. 

The words Value Analysis relate to the word improvement, because they define a 
system which helps people make improvements,  improvements pr imar i ly  aimed 
a t  eliminating al l  unnecessary cos ts  associated with products.  

Webster defines philosophy in severa l  ways: 
1. The science which inve stightes the fac ts  and principles of reali ty.  
2 .  The science which combines logic and theory of knowledge. 
3 .  The body of principles underlying a given branch of learning. 

So when we talk about Value Analysis philosophy, we a r e  attempting to identify a 
specific body of knowledge o r  principles.. If this  knowledge can be described in 
sufficient details,  a common concept o r  picture can be created in the mind of the 
l i s tener .  So l e t f  s get down to facts .  



F i r s t ,  look at  the broad picture,  then scrutinize the details. Value Analysis 
and Value Engineering a r e  the most  common t e r m s  used to identify the body of 
knowledge. The t e r m s  a r e  synonomous in regard  to what they identify, Some - 
people have interpreted the words Value Analysis o r  Value Engineering to desig- 
nate different points of application and different amounts of applied engineering 
skills .  However, these a r e  fine variations we a r e  not present ly concerned with 
nor will these differences mater ial ly  a l te r  the philosophy of Value Analysis. 

Value Analysis is the organized application of a system of specific technique s .  
To state it another way, Value Analysis is a systematic approach using a package 
of basic  techniques. While this  gives a picture of what the words Value Analysis 
identify, it does not define the body of knowledge. This consists fundamentally 
of the "approach" and the "techniques." 

The Value Analysis approach i s  called a Job Plan  and se rves  a s  the s t ructure 
which houses the techniques. To m o r e  clear ly define the broad package, we can 
e rec t  a s t ructure of building consisting of the job plan and techniques. L e t t s  
review this job plan in o rde r  to establish a m o r e  uniform concept of the Value 
Analysis philosophy and the specific technique s which fit into the s t ructure.  

Value Analysis i s  a business management tool which will mater ial ly  add to the 
profits through the increased capabilities of decision-making people to utilize 
the Value Analysis system, Management should review this  job plan o r  system 
with a qualified Value Analysis Specialist to determine the best implementation 
plan for  their  par t icular  business. (Photo # 1) 

The foundation of Value Analysis consis ts  of severa l  general techniques which 
a r e  fundamental to the success  of creating and implementing improvements.  
(Photo #2)  These general techniques include the promotion of m o r e  effective 
teamwork, the capabilities to recognize and overcome the roadblocks to progress ,  
the direction of analytical effort to specific a r e a s  of cost,  the increased applica- 
tion of good business  judgment to each decision, and finally, the utilization of 
good human relations in al l  contacts. 

The f i r s t  floor of the building depicts the information phase of the job plan and 
includes four fundamental techniques: (Photo # 3)  

1. The c lear ,  specific definition of functions which occur in  any product. 
This technique i s  fundamental to  the p h i l ~ s o p h y  of Value Analysis and mus t  be 
handled with cer ta in  guide l ines and approach, More will be said about the 
definition of functions l a t e r  . 

2 .  The techniques and ability to determine extensive and factual cos ts  so 
related to various elements  of the hardware and so  divided into cost centers  a s  



to make Value Analysis possible.  

3 .  The obtaining of all  known facts  necessary  for  initial o r  improvement 
decisions which establish the product cost ,  These facts include al l  of the engi- 
neering, manufacturing and procurement  background information. 

4. The designation of cost necessary  to achieve each desired specification 
and requirement.  

The second floor of the building consis ts  of the creation phase of the job plan. 
(Photo #4) This includes the techniques of creat ive thinking designed to generate 
la rge  numbers  of possible solutions to a par t icular  problem. The blast  and 
crea te  technique concerns the elimination f rom ones s mind of the present  ha rd -  
ware  o r  known solutions to the performance of required functions, followed by 
the positive approach creat ion of new solutions. 

The third floor of the building represents  the evaluation phase of the job plan. 
(Photo #5) This phase of the job plan involves both the evaluation of the worth 
of required functions and the evaluation of the potential of new i tems.  Specific 
techniques which contribute to this  evaluation include: 

1. The evaluation of basic functions by artfully and scientifically a s  signing 
monetary values to the functions previously defined in t e r m s  of measurable  design 
pa ramete r s .  This technique i s  cr i t ical  and fundamental to the Value Analysis 
approach and perhaps the leas t  often applied properly.  More will be said about 
this technique . 

2 .  The technique of evaluating functions by comparison i s  an adjunct to 
the evaluate basic function technique. Both of these techniques a r e  designed to 
c rea te  awareness  of unnecessary cos ts  and to provide specific guide l ines  fo r  
the achievement of lower cost objectives (bet ter  value). 

3 .  Following the creat ion of ideas,  comes the technique s f  putting a dollar 
sign on each idea to evaluate the desirabili ty of developing that idea. - 

4. Finally, comes a technique of refining ideas which includes the modifi- 
cation and alteration of basic ideas to meet  the pract ical  functional requirements  
of the product. With this base we move into the next phase of the job plan. 

The fourth floor of the job plan consists of the investigation phase (Photo # 6 )  which 
includes several  techniques designed to develop the refined ideas into pract ical  
solutions to the problem. Here,  we a r e  attempting to develop the design al ternates  
for  the purpose of selecting the best  o r  lowest cost approach. The techniques which 



have been proven to be fundamental to this phase of the job plan are :  

1. Consultation with specialty suppliers o r  vendors who represent  the best  
and most  up-to-date source of information which will lead to the best value decisions. 

2 ,  The effective use,  at, the appropriate t ime,  of both company and outside 
industrial specialists.  These specialists have a wealth of la test  and most  complete 
information concerning a l l  e lements  of design, manufacture and procurement which 
effect product co s t .  

3 .  Thorough inve stigation into the potential use of a l l  specialty processes ,  
products and mater ia l s .  

4. Finally, a thorough evaluation regarding potential application and use of 
both company and industry-wide standards.  

While these techniques in this phase of the job plan a r e  very  simply stated, the 
ability to effectively seek out, s c reen  and analyze information is a complex and 
difficult problem with which many people have had insufficient training and ex- 
pe rience. 

It should be pointed out that the generation of the best  solution involves a cyclical 
application of the creation, evaluation and investigation phases of the job plan, It 
should be mentioned h e r e  that there  a r e  cer tain variations to the words used to 
define the job plan. However, the fundamental s teps o r  techniques and the basic 
approach i s  identical. F o r  instance, the Evaluation Phase  i s  sometime s called 
the Analytical Phase ,  and the Investigation Phase  includes two phases called by 
some the P r o g r a m  Planning and P r o g r a m  Execution Phases .  

Then comes the final enclosure of the building, the roof, the recsmmendat isn 
phase (Photo #q which consists of buttoning up the resu l t s  of the investigation 
phase into a factual presentation of the proposed irnprovement o r  solution which 
will motivate positive action to implement the change o r  initiate i t s  inearpora-  
tion into the design. 

With the completion of this  building and a brief description of what constitutes i t s  
s t ructure,  a c l e a r e r  picture of Value Analysis i s  achieved. The building i s  dedi- 
cated to the accomplishment of the des i red  product performance a t  vastly lower 
cost.  It i s  a system car plan which requi res  the support and understanding sf 
management as well a s  the universal application by - al l  elements of the industrial 
team.  (Photo #8)  TQI achieve thi s universal application of the Value A n d y  s i s  - - 
system usually requi res  the guidance and leadership of competent Value Special- 
i s t  s devoting full -time to a motivational and educational effort. 

Now that we have a bet ter  picture of the Value Analydis system, le t  us look for a 
minute in m o r e  detail a t  the objectives which the application of this  sys tem s h ~ u l d  
achieve. 

P r i m a r i l y  these techniques a r e  aimed a t  helping people to real ize that existing 



products cost too much o r  to establish design cost objectives followed by the 
increased capabilities to c rea te  and develop solutions to accomplish necessary  
functions reliably for the lowest total cost.  To understand and to gain some 
common language regarding what i s  meant by the t e r m  lowest total cost,  we 
need to look into the field of Value. We need to establish a uniform concept 
of what constitutes product Value. The scope and t ime of this  presentation 
pe rmi t s  only a brief summary  in this  a r e a .  However, it may  help to clarify 
the meaning of the word Value and thus achieve a common realization of the 
objectives of Value Analysis. F i r  s t ,  we should identify the various kinds of 
Value which exist  in products,  While there  a r e  several  kinds of Value, the 
most  significant of these a r e  grouped into two categories.  The f i r s t  can be 
designated a s  "Use Value, ' I  the second a s  "Esteem Value. I '  The f i r  st i s  ob- 
jective and the second subjective in nature.  Value i s  defined a s  the lowest 
cost to reliably accomplish function. Function i s ,  in turn,  defined a s  anything 
that makes the product work o r  sell .  Use Values a r e  related to work functions 
and Es teem Values a r e  related to sel l  functions. These points may  be best  
i l lustrated by some simple examples.  

For instance, take a mechanical pencil costing $2.00. The function of this  
pencil i s  to "make m a r k s O T g  Here we a r e  defining in simple t e r m s ,  a verb  
and a noun, the basic  function of the pencil. This basic function could be 
achieved by numerous other devices which constitute the various al ternate  
ways to achieve this  function and which would be used to evaluate the worth 
of the basic function by comparison, One known solution would be a common 
wooden lead pencil costing approximately lo$ .  Thus, we could say  that the 
basic work function would have a a O $  "use value" level. The remaining $1-90 
pr ice  for the mechanical pencil would be associated with esteem values such 
a s  appearance, convenience and prest ige fac tors  which would have d i f f e ~ e n t  
values to different people and be subjective in nature.  Value Analysis has  
been pr imar i ly  concerned with Isuse valuests and "work •’ancticmsO1' Howevers 
the same system, techniques and approach could be applied effectively to 
es teem values and sell, functions. 

Another simple i l lustration would be a t ie clasp, the %unction of which i s  $0 gBhold - 
weightg' ( represented by the t i e ) .  Conventionally, t ie  c lasps a r e  pr iced f rom 50$ 
to several  d ~ l l a r s .  However, the use function could be achieved reliably by a 
standard wire  paper clip costing a fraction of a cent. While this  represents  an 
ar t fu l  evaluation of the basic  function, it nevertheless serves  a s  a very  effective 
tool to bring into c lear  focus the t rue  worth s f  accomplishing any basic function. 
Scientific means of m o r e  accurately assigning monetary values to  basic  functions 
a r e  possible, but will not be discussed a t  this  t ime.  An i l lus t ra t i s r  of how this 
technique might be applied $0 product improvement o r  ts product value assurance  
(before-the-fact Value Analysis) would be the accomplishment of  the function of 



holding a cabinet door open. The basic function of "supporting weight1' under the 
specific performance and environmental conditions could be accomplished in a 
var iety of ways. Per formance  Engineering requirements  would be achieved with 
the design and manufacture of a special door stay costing "xu number of dol lars .  
Value Engineering would involve the assignment of monetary value levels  to 
achieve this  function, and still reliably meet  a l l  the performance requirements .  - 
Value Engineering work runs paral le l  to Performance Engineering, helping to 
select the best  design compromise to meet  both performance and value objectives. 
How close the final resul t  came to the basic value level for the function would be 
determined in pa r t  by the extent which appearance, sa les  (es teem value) features  
were  added o r  deemed necessary  for  marketing o r  other purposes.  These added 
elements of cost should be carefully analyzed and reduced to a minimum. 

These cases  and the above discussion il lustrate the functional approach of Value 
Analysis consisting essentially of defining and evaluating functions and developing 
al ternate  solutions to reach  the best Value based on existing production capabilities 
and technological knowledge. Because the philosophy of Value Analysis includes 
the systematic application of proven techniques to bring about improvements,  it 
accomplishes out standing r e  sult s where conventional methods will leave conside rable 
unnecessary cost .  One example of the effectiveness of the teamwork application of 
Value Analysis philosophy i s  i l lustrated by the resu l t s  achieved on a small  magnetron 
tube. A three-man-week Value Analysis study led to a 5070 reduction in product cos 

An il lustration of the type of improvement made i s  shown by the Photo #9 which 
i l lustrates  an 85% reduction in the cost of an output flange. These and other i m -  
provements were  brought about by the organized application of the Value Analysis 
system which i s  most  effectively organized a s  a teamwork activity of a11 decision- 
making people who have had training in Value Analysis and who utilize the c o n s d -  
tation of a qualified Value Specialist. The importance of teamwork action using the 
Value Analysis approach i s  i l lustrated by Photo #10 showing that out of $11, 000 
product cost reduction, bet ter  than 7070 was accomplished through combined o r  
teamwork action. 

While there  i s  much m o r e  that can be said to specifically c rea te  in the minds s f  
people a t rue  picture of Value Analysis, the above discussion m a y  serve to s sme-  
what c lar i fy the concept and define the Value Analysis philosophy. It i s  the 
p h i l ~ s s p h y  which i s  being adopted by progressive business management because 
they foresee  the necessity to meet  the demands of a world-wide competitive m a r -  
ket. The Value Analysis philosophy can do much to meet  this challenge. 

Sept. 20, 1961 



VALUE ANALYSIS - A MANAGEMENT TOOL 

Our business  vocabulary h a s  been enlarged by a sprightly new t e r m  
called Value Analysis,  the meaning of which i s  somewhat obscured 
by the glamour and intrigue which frequently accompany something 
new and not too well understood. 

The ear l ies t  example s f  the u s e  of the t e r m ,  Value Analysis,  so f a r  
a s  I know was in June of 1949 a t  the Chicago Convention of the  National 
Association of Purchas ing  Agents, when H a r r y  Er l i che r ,  then Vice 
P re s iden t  for  Pu rchases  of the General  E lec t r ic  Company, descr ibed 
a Value Analysis Division, which had been established in 1947 under 
h i s  jurisdiction in procurement .  

In 1952, the N, A, P. A. published a manual ,  entitled Cutting Cos$.s by 
Analyzing Values - A Prac t i ca l  Purchasing P r o g r a m ,  It was  prepared  
by a subcommittee significantly called the ' lDevelopment Committee 
on Intracompany Activities, " composed of Dan Donovan of the Peppere l l  
Manufacturing Company, L ,  J .  Finnan of Hekcules Powder Company, 
D. F. Kigar of the Detroit Edison Company, Dick Kimball of t he  Fox-  
boro Company, L a r r y  Miles and W.  A. Sredenschek of General  E lec t r i c  
Company. These names  and companies a r e  mentioned to show that the 
manual was prepared  by competent men f r o m  a wide var ie ty  of industr ies .  
Emphasis  was placed upon buyer initiated p rog rams  to secure  value 
improvement which would not otherwise r e su l t ,  "Value" was  defined a s  
"the lowest p r i ce  which mus t  be paid fo r  a product, p roces s ,  idea,  
ma te r i a l  o r  se rv ice  required to pe r fo rm a useful function." 

Quoting fur ther ,  "The purchasing man,  car ry ing  the initiative, and 
working with o the r s  who a r e  informed and those who a r e  responsible,  
makes  an intensive study, endeavoring to promote lower cos t s  by 
weighing the fuhction obtained for every  expenditure on the scale  of 
functional per formance .  " Altogether, the Committee prepared  a. 
sizable package for  any P. A, 

Since the search  by o ther  divisions for bet ter  values in t e r m s  of new 
or-subst i tute  ma te r i a l s  and methods had been going on long before the 
advent of the formal ized purchasing depar tment ,  the question i s  lo$ically 
raised: How will the effort of the purchasing department to get into the 
act  be received and what useful purpose will be s e rved?  The answer  
depends on what management h a s  done in preparat ion for the. innovation 
and on the competency and the personal i t ies  of the representat ives  of 
the purchasing depar tment .  



It h a s  been doubted, and 1 think proper ly  so,  that purchasing i s  real ly  
the mos t  suitable place for  the aetual  direction of the Value Analysis 
funetion. If management h a s  fully recognized the function and thor  - 
oughly appreciates  that the esmpenent required ski l ls  a r e  those of 
engineering, manufacturing, r e  s ea reh  and finance a s  well a s  purchasing, 
then i t  h a s  full realization that  the function mus t  be adminis tered a s  a 
whole operation.  That i s  a top management job which may  well be 
ineluded in that  of the executive vice president  ol- even the president  
h im s,elf . 

Obviously, an engineering o r  finance division will ns t  accept ove r -  
riding direction f rom a purchasing division, Even when the re  is 
complete agreement  between divisions,  t he re  will be instances  where 
pro jee t s  a r e  of such magnitude that final decision mus t  r e  st only with 
top management,  and an executive umpire  i s  even m o r e  neces sa ry  
when the re  i s  a divers i ty  of spinion. 

Whether a well qualified purchasing agent i s  the adminis t ra tor  o r  not 
i s  not the bas i s  question. What i s  essent ia l  i s  that the purchasing 
department be adequately represen ted  and made a pa r t  of the group 
conducting the studie s in value analysis .  Thus,  purchasing m a y  
make i t s  contribution to studie s initiated by other  groups and have 
the opportunity, a s  well a s  the duty, to initiate pro jec t s  in i t s  own 
field and in  o the r s  that  might be overlooked. 

Dr .  Stanley S o  Mil le r ,  of the faculty s f  the Harvard  Graduate School 
of Business  Administration,  in an a r t i c l e  published by the Harvard  
Business  Review in  1955, emphasized a s  a resu l t  of h i s  observat ions  
that "the way organization problems a r e  handled rea l ly  determine s 
the degree to which Value Analysis will be s u c c e s a f d , "  His  sub-ti t le 
i s  appropria te ,  too,  It r eads ,  "There  i s  considerable gold in the value 
concept; it just depends on how you pro  spec$ for i t .  He skated that  
value hinges on the relationship between quality and cost  and that Value 
Analysis i s  a method of investigating m a t e r i a l s  requi rements  to ensure  
that performance,  ult imate cost  and the availability of supply a r e  in 
proper  balance.  

Value Analysis h a s  been r e fe r r ed  to a s  a new way s f  thinking - a 
revolution which will make  rabsolete our  presen t  concept of p rocu re -  
ment .  



Are  thse  s ta tements  exaggerations "?re they justified ? T h e  answer  
probably depends on how f a r  we have p rog res sed  in our  "presen t  eon- 
cept of p rocurement .  " I s  t he re  a uniform concept of th i s  function 
commonly held by all  P. A. s and by al l  managements? I think your 
own observation and experience will a t  l e a s t  r a i s e  reasonable doubt 
a s  to the uniformity of concept, and leave no doubt about the non- 
uniformity of the scope, the authority and responsibil i ty a s  signed 
to purchasing agents by different managements .  

What then h a s  th i s  difference in  managementP s thinking about the 
procurement  function got to do with our  subject ma t t e r  - Value Analysis 
and Cost Reduction? Simply th i s  - management i s  always involved 
and concerned with "cost  reduction," and if Value Analysis i s  not to 
be just a glamorous gimmick, but actually become a tool o r  m e a n s  of 
cost  reduction, then i t  too m u s t  involve management ,  

Management never  h a s  t o  be sold on the idea of cost  reduction. Man- 
agement,  however,  cannot be expected to adopt Value Analysis mere ly  
because i t  i s  new and heralded a s  a revolution in the concept of p ro -  
curement .  The mo s t  that can be expected i s  a willingness for  man-  
agement to investigate.  That adds up to a sa les  job on the p a r t  of 
someone, and that  someone could be the purchasing agent. Certa inly 
the cu r r en t  urging i s  for the P. A. to undertake the task.  J u s t  how 
he goes about i t ,  how he p re sen t s  the purposes  and methods of Value 
Analysis,  will have a lot  to do withthe decision of management.  

If a par t icu la r  management i s  not fully sold on the concept that  the 
skillful adminis t ra t ion of the procurement  function i s  a profit  produc-  
ing activity, then i t  i s  going to be even m o r e  wary  of Value Analysis 
a s  a worthwhile activity if presented by the purchasing agent a s  a 
p a r t  of h i s  domain, Even i f  presented a s  a company project  in which 
the purchasing depar tment ,  along with other  depar tments ,  h a s  an 
assigned role ,  management will not buy and back the idea until 
convincing arguments  and fac t s  have been presented a s  to how value 
analysis  differs f r o m  p resen t  cost  reduction methods,  i t s  applies- 
bility, i t s  cost  and added profitability, The hea r t  of the m a t t e r  i s  
in the attitude of management i tself .  I s  cost  reduction a depar t -  
mental  p ro jec t ,  each one an empire  to  i tself ,  o r  a company-wide 
a f fa i r  in which the effor ts  of a11 depar tments  a r e  directed and co-  
ordinated to a common end? H a r r y  Er l i che r  stated fundamentals 
when he wrote in 1949, "Ful l  value can be received only when all  



people who contribute value a r e  grouped together into a single team.  
The purchasing agent must be famil iar  with basic management 
principles.  ' I  

That puts purchasing on the team,  and connotes o r  r a i se s  other questions. 
I snBt  i t  equally important that the r e s t  of the team also know about these 
principles ? Fur thermore ,  isn ' t  i t  of fundamental importance that man- 
agement itself f i r s t  recognize procurement  a s  a function of equal impor-  
tance with other major  buaine s e functions such a s  sa les ,  manufacturing, 
engineering, industrial  relations and so on? If i t  has ,  then the purchasing 
department can be an effective member  of the value analysis t eam,  How- 
ever ,  how often on the average do we find purchasing so established? 
How much management i s  real ly  applied t s  procurement,  again on the 
average? F o r  the purpose of briefly exploring the facts to provide an 
answer,  it i s  necessary  to f i r s t  define what we mean by "management, " 

"Management" i s  an aptivity that plans; it selects  and s tates  objectives 
not only for the whole company, but for i t s  major  functions; i t  organizes 
groups and delegates responsibil i t ies with commensurate authority and 
facil i t ies to accomplish their  tasks; it d i rec ts  and coordinates the efforts 
of the groups, se t s  the sequence and timing o f  p rograms;  fos t e r s  csmmu-  
nication; and because al l  of these prel iminaries  have been adequately 
established, then, and only then, i s  enabled to control through reasoned 
and order ly  p rocesses ,  

Are all of these basic phases of management universally, o r  even f r e -  
qwently, applied ts the purchasing function? If applied, then we should 
expect to find a statement s f  company purchasing policies,  with the 
objectives, scope, r e  sponaibilitie a; and limitations of the p u r c h a ~ i n g  
department;  i t s  organization and relation to other departments;  policies 
conce rning the selection of suppliers,  commitments,  vendor relations 
and contacts, e t c . ;  a road map o r  guide intended for  the use of the 
internal organization and information to vendor s o  

How many companies have such a statement of guiding principles? I 
refer  to basic policies,  which can be stated briefly, and not to the 
voluminous procedural documents, which tell  in detail how $a perform 
a task  of repetitive nature under the same circumstances and where 
judgment has  previously been exercised and tested and a procedure 
adopted, 



I believe that not m o r e  than 5% of the f i r m s  with personnel having 
membership in the N. A, P .A.  have a manual of purchasing policies 
and use i t  a s  a tool of management, which will have interest  and 
value for both the internal organization and i t s  suppliers.  This 
opinion i s  based on m y  resea rch  and observation during the pas t  
two yea r s ,  questions to purchasing personnel participating in  the 
many seminars  and conferences in which I have been involved, and 
the data so generously supplied m e  by local purchasing associations.  

It seems proper  to assume that i f  i t  i s  a fact that no m o r e  than 570 
of the 12,000 f i r m s  represented in N.A.P,A. have a manual of 
purchasing policies,  then for the much l a r g e r  number of industrial 
companies outside of N, A, P. A, (and that may be 100,000) the 
percentage i s  much lower than 570. 

Now what i s  the application of these s o r r y  s tat is t ics  to Value Analysis? 
The point i s  this - something has  to come f i r s t  before the whole 
potential of value analysis can be t ranslated effectively into profits.  
That something i s  management itself; management and i t s  tools; the 
planning, organizing, directing, coordinating and controlling to secure 
objectives. 

If Value Aulalysis i s  to be pursued a s  a separate  subject, it  i s  
imperative that the principles of management be applied so that 
only those charged with the responsibility know they a r e  on a team, 
that they know the over-allobjective and their  own pa r t  in the team 
play, and have been trained and indoctrinated in the methods and 
skills  of the game. The cooperative effort of a11 i s  needed, first: 
to select the a r e a  where study i s  deemed worthwhile, then to determine 
the maximum potential saving f rom al ternate  programs;  to choose o r  
recommend the appropriate program; secure  approval; initiate action 
and follow through. To get the job done and to real ize maximum profits 
will take all  of the tools of management - of which the purchasing manual 
i s  only one, 

In introducing my  subject by saying that "Value Analysis" i s  a sprightly 
new t e rm,  1 had no intent to be derogatory, It has  been useful in 
stimulating thought about the procurement function and orienting the 
components into m o r e  profitable operation. It i s  the t e r m ,  and not 
the activity, which i s  relatively new, The search  for better values 



a s  p a r t  of purchasing h a s  been advocated by N, A , P .  A, since i t s  
beginning. The means  of broadening the scope of the s ea rch  for 
be t te r  values and coordinating the effor ts  of qualified s e a r c h e r s  
f r o m  the severa l  depar tments  involved mus t  be a top management 
activity. Purchas ing  may  o r  m a y  not run the show, but cer ta inly 
i t s  contribution can be so grea t  that  i t  should be an important p a r t  
of the show, Thus,  and thus only, will the full pmfit potential 
inherent in "Value Analysis1' be converted to actuali ty,  

Reprinted f rom New England P u r c h a s e r  , January  1959. 
By F, Albert  Hayes 



VALUE ENGINEERING 

VALUE ENGINEERING is an organized and concentrated effort, by a team of 
competent personnel, to seduce the costs of a product by at least 
20% without the slightest degradation of q~aliity..~~.~~~. 

It is an intensive and critical review to relate all design details 
sf a product to the costs of materials, production processes and 
testing; and in the light of the productes end-use, determines the 
WORTH of each function and past, 

VALUE ENGINEERING puts the spot-l%ght on all hfgh cost areas and 
submits recommendations to eliminate these excessive costs, These 
reconmendations are supported by test data, logical engineering facts 
and the dollar-sign a l l  combined to mo$iva%e the engineer and manage- 
ment to accept them without risk. 

To do the job of VALUE ENGINEERING, we 

Better information on the value of our products 
Better techniques to improve the value of these products 
Facts that will change the habits and attitudes that 

keep us nailed down to costly engineering practices 
VALUE ENGINEERS who can devote their full time to the job 

of improving VALUE 

The VALUE ENG1NEEReeseeeoea.e. 

Brings new information into a project, on ma%erials, pro- 
cesses and f u n ~ t i o n s . , ~ ~ ~ . ~ ~ ~ . n e v  possibilities and VALUE improvement 
o p p ~ r t u n i t i e s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w h t h  cost advantages.......,.,o,to the 
designer, %he production engineer and the buyer. 

Shows you where you are not receiving full VALUE for the 
money you spend on your product* 

Develops practical ideas that will reduce costs to the level 
of WORTH, 

Develops an atmosphere of respect for C O ~ ~ S ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~  

throughout your company* 

To do all t h i ~ ~ ~ . ~ ~ . . ~ . ~ ~ t h e  VALUE ENGINEER operates with a team of 
VALUE ENGINEERS, each specializing in certain aspects of your companyas 
operationB These talents, all combined, are utilized with one driving 
m ~ t i v e . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t o  improve your PROPIT. 



What kind of a man is %he VALUE ENGINEER'? 

He is a specfalis% in one or more engineering fields, 
He is respected by individuals in your company, 
He has a creative %magina$fon, 
He is trained in VALUE ENGINEERING TECHNIQUES, 
He is enthus%astic about the possibilities sf improving 

your productws VALUEoeo,coaeoHe knows it can be 
done,,e,ee,,eand how $0 do i $ c e s c a o s a e  

He is ma$ure9 s$able and mot easily discouraged, 
He has a deep respect for ~ s s % ~ ~ ~ ~ ~ ~ ~ ~ ~ a n d  knows what it 

means to your company, 
He realizes he has a Job to doa,,,,,,,,a Job to develop 

an atmosphere of respect for costs throughout your 
companyoeeooeeeahe doeswe& expect management to do 
i$ for himlcoeoaaca.he must do it for management. 

The VALUE ENGINEER makes %hese TESTS FOR V U U E e a o o e a ~ e e o ~  each func- 
tion, requiremen$ and gar% in your produck" design,,,,eoocebefore it 
is p r o d u ~ e d ~ . ~ ~ , ~ ~ ~ ~  

Can we do without b$? 
Does it do More $ban is required? 
Do you think it costs more than it is worth? 
Is there ssme$hing be$$er to do the job3 
Can i% be made by a less cos%1y'method? 
Can a standard item be used? 
Considering the quan%ities used, could a less costly 
tooling method be used? 
Does A $  cod% more than the %otal of reasonable labor, 
0 v e 3 ~ h ~ a d ~  ma$eskal profit? 
Can someone else prsv3.de it at less cost without affect- 
ing depen+bf 8i&y3 
If it was your money, wouBd you refuse to buy the item 
because it cos% $00  much? 

The VALUE ENGINEER asks =these ques%ionsooaaooQWHAT 
WHAT 
WHAT 
WHAT 

IS IT? 
DOES IT DO? 
DOES IT COST? 
ELSE WILL DO THE 
JOB? 
WILL THAT COST? 
IS THE MOST V U U -  
ABLE WAY? 

He gets his answers by using VALUE ENGINEERING TECHNIQUESe.eS.oeeo 
, 
I systematically performed in a VALUE ENGINEERING JOB P U N ,  
I 

A VALUE ENGINEER does his sob 

1, A dss%gn is firs% put kogether in the early engineering 
stage,,,,e,,Here he pu%s a dollar sign on functions..ee. 
as they relate to the produced i % e m a o o o a b ~ c e d e ~ @ ~ m i n e ~  
wor%h,,o,Qo,tries to simplify others, 



2. The engineering model is reviewed for tooling, pro- 
duction, materials to be used, styling, e t ~ e r r ~ ~ r e .  
He puts a dollar sign in a11 %he thinking,...e...o 
makes suggestions for reducing the  st^^^^^^.^. 
increasing sales appealo,80,,8s0improving your profit. 

3 8 .  The end-item is produced,,..,,,,,takes another look 
e o o o o a a o o f ~ ~  new ideas that can be used in its future 
design, 

Here are some of the things a VALUE ENGINEER does on each job..,.,.., 

1, Tries to eliminate funceiona and partsesoo.or.a 
2. SimpPif ies 
3. Change a design so that a high speed method can be 

used0.o 0 o 0 o o 0. 

Change a design so that standard parts or materials can 
be u~gdoooooesoo 

5 ,  Use a Bower cos% ma%erial that will do the ~ o b  reliably, 
6 .  Use a higher cost material, which by its nature and 

properties w % l l  simplify the design and facilitate lower 
cost assemblyocbQasaos 

The VALUE ENGINEER works across the b 0 a r d ~ ~ ~ ~ ~ ~ ~ ~ ~ k 8 e p ~  good communica- 
tions ~ i t h . . . ~ ~ ~ ~ ~ . T h e  d e s f g n e ~ ~ ~ ~ ~ ~ ~ . . ~ T h e  c ~ s t o r n e r , ~ ~ ~ ~ ~ * ~ ~ T h e  pro- 
duction m a n a e a a o a o e a T h e  p~rchaser,,.~~~.,.The Quality Control mans,,,., 
,,,The packaging engineereoooe,eos 

He must have free access %Q all these peopleosseeeaeebe on good terms 
with themeoQ,,,eooand organizationally placed to do all t h i ~ o e a ~ e e e e ~  
on a full time basis* 

He must work hasdoo,,eee,,fas$,,Q.be400effec%i~ely.,,ooege% his 
proposals to the right people at the sight timeQ.14eoBb.s~ that his 
proposals will PAY OFF, 
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T H E  CONCEPT of value, like the concept of sin, varies. For ex- 
ample, what is the value of a small b l t  in an airplane wing if failure 

of that bolt would cause the plane to crash, demolishing the plane and 
killing the pilot? What is the value of the brakes on your car, which 
you use in one situation to park your car and in another situation to 
avoid a four-car collision? What is the value of the picture tube in your 
TV set, and does it have a higher or lower value than the small bolt in 
the airplane wing? 

Value has no relation to the actual cost of producing a part or 
device, nor does it necessarily have any relationship to the consequences 
in the event of failure of that part or device. 

A METHOD OF SCIENTIFIC EVALUATION 

Value is the lowest price you must pay to provide a reliable func- 
tion or service. When we say 'lowest price," that implies that we must 
c0mpar.e values and compare them wisely to determine value. Value is 
determined only by comparison. 

q T H E  A U T H O R  graduate of Washington State, he 
Since 1955, R. E. F~~~ has held joined General Electric in 1946 and 
the position of Consultant-General was appointed Supervisor of Training 
Training and Service Programs with and Service Programs in 1952. Mr. 
the Value Analysis Service Section of Fountain is active in civic affairs and 
the General Electric Company. A a member of several honorary societies. 

The value of a bolt in an airplane wing is determined by the 
means of providing the function of that bolt at the lowest cost. If the 
cost of the bolt in question was 25 cents and bolt was found to be 
too small, the size .might be increased and the cost might become 50 
cents or $1, but never will the cost-or the value-be equal to the cost 
of the plane or the value of the pilot's life. The value of the brakes on 
the car is established by the lowest cost at which the braking function 
may be provided. The value of the TV picture tube is determined by 

i the lowest cost at which that function can be produced. 
What, then, is value analysis? I t  is the scientific evaluation of value, 

just as we analyze weight, performance, or quality. I t  is a scientific ap- 
proach aimed at getting the same or better performance while still re- 
moving large amounts of cost without any deterioration in quality. But, 
more than that, value analysis is really a philosophy or a way of thinking 
that applies to all functions in a business and to all businesses, large or 
small. 

For example, let's look at a parade of value analysis results: 
The cost of a J-bolt was reduaed from 1Ei to W cents, a total saving 
of $80,000. 
The cost of a hinge was reduced from 25 to 17% cents, a total sav- 
ing of $39,000. 
The cost of a radio-type filter was reduced from $35 to $7, a total 
saving of $11,000. 
The cost of an arcing horn was reduced from $7 to $3, a total sav- 
ing of $11,000. 

INVOLVEMENT OF HUMAN ATTITUDES 

In retrospect, all these changes look simple, and the reasons for 
them appear to be obvious. The problem li$es in the fact that human 
beings are involved in the development of each idea; and, more spe- 

I cifically, human attitudes are involved. Unfortunately, many decisions 
are based, not on facts, but on what people think the facts are. Many 
decisions are made with much of the necessary information lacking. 

I 

f 
I 

All these decisions are affected by the attitudes of the decision maker 
toward these half-facts and partial information. 

I For example, you may hear someone say that plastics are brittle. 
I 
I Some plastics are brittle and will shatter on impact-but this statement 

does not apply to all plastics. Many pIastics made today will withstand 
severe shock without damage and are suitable for a wide range of jobs. 
Other attitudes which reflect half-truths or outmoded thinking involve 
o n ~ t c -  ' ' r n c t a  are nnt imnortant-iust pet it out the back door." Or, "YOU 
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can't take out any more costs." The best ideas in this environment are 
worthless. 

Typical of operating on half the facts is the case of a welding seg- 
ment which was being cut out and machined at a cost of $1.41 per 
piece. It was not punched out because the tooling necessary could not 
be liquidated. That reasoning, however, was based on only a part of 
the facts. A thorough investigation showed the tooling costs to be only 
$75. Result: the part is now made for 39 cents. 

THE QUESTION OF VOLUME 

"If we only had the quantities," is another favorite excuse. But 
isn't it true that those who make one wish they could make 100, those 
who make a hundred wish they could make 10,000, and those who 
make 10,000 wish they could make 1,000,000? Yet right there it stops- 
the people who make a milIion wish they could make one (a  situation 
which we believe prevails in every company. In any case, quantities are 
a relative matter, and value analysis applies equally well to high volume 
or low, However, I do not wish to imply that the application of the 
principles does not vary with quantities or that there are not some 
unusual problems that arise in dealing with low volume. 

For example, in one of our plants we were machining a heart-shaped 
cam about as big as a silver dollar from 3/16-inch brass. The tolerances 
on the part were quite liberal, but "the volume was not high enough 
to liquidate a punching die." One of the methods men, who had heard 
about Kirksite wondered if 'it would work. (Kirksite, of course, is a 
soft Babbitt-like material used for short-run tools.) 

The metallurgical laboratory believed that it would work. They 
had all the facilities available to try it, including a small punch press. 
A shop order for $50 was prepared, but no one would sign it because 
"it wouldn't work," "it would cost more than $50," etc. The decision was 
finally taken up the chain of command to the manager-manufacturing, 
but he wouldn't sign it either. 

What did they do? They did the same thing that I assume would 
have been done in any other company. They put the charge on someone 
else's shop order. 

They made the tool one morning and tried it out that afternoon. It 
worked. Then the methods man wondered what he should do. After 
all, he had been xefused the $50 by the manager-manufacturing. He 
decided-hesitantly-to tell him, and the manager-manufacturing was 
aghast. He couldn't believe what he heard; so he was invited to see the 
operation. Amazed, he called the manager-manufacturing-engineering 
and the men from the tool room. A few pieces were produced for each 
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of them. Then the foremen, general foreman, planners, and methods men 
were called, and pieces were punched out for each of this group. All 
were astonished. Finally, when everyone had been convincd, one of the 
men said, "I wonder how many pieces we have." They counted them 
and found they had enough for three years' production. When the 
inventory control people found out about it, they were in double trouble! 

A COOPERATIVE EFFORT 

There are those who feel value analysis is just a purchasing activity. 

I- Some even use the term "purchase analysis" in referring to it. Actually, 
however, it is an across-the-board function with more than 80 per cent 
of the cases where more value can be achieved requiring the cooperation 
of two or more functions. Tmly, it is an approach which is seeking 
the cooperation of all within a business, so that competition will only 
come from our competitors. 

The General Electric value analysis program seeks to change 
traditional "it can't be done" attitudes through the use of 20 techniques 
and by providing new and more information at the point of decision. 
This philosophy is taught to groups of employees so that they can 
benefit from the thinking of others and better understand their own 
actions. 

We are careful that value analysis does not become just another 
name for cost reduction by making certain that men actively engaged 
in it are qualified, well-trained men. The goal of everyone in the value 
analysis activity is to improve the cost reduction effort greatly by re- 
moving large amounts of cost instead of merely 5 or 10 per cent. Such 
savings can be, and are being, developed within the training courses 
provided where actual, "live" projects are used. 

FUNCTIONAL APPROACH BASIC 

Of the value analysis techniques, probably the most basic is the 
functional approach. Even though this is one of the oldest and most 
widely accepted techniques, it is not being generally used. People 
continue to try to make a part for less instead of obtaining the function 
of that part for less. 

To illustrate-I recently visited a plant using large tubes through 
which electrical cables were passed, As these tubes cost approximately 
$5 each, the engineer had encouraged some individuals to find a lower- 
cost. substitute for them. The men had studied a number of different 
possibilities for replacing the tubes, but none of them offered much-if 
anything-more than the method which was being used. Finally, the 
question was asked: What  do the tubes do?" A check was made with 



le engineer, and it was found that the tubing provided an insulated 
ipport for cables. Immediately it came to light that a large plastic 
amp would do the job for one-tenth the cost. 

What is the part? What does it do? These are the most important 
uestions you can ask. Then-what else will do the job and what would 
lat cost? 

VISION INTO FUNCTIONAL AREAS 

Another technique of value analysis is division into functional areas. 
his can be described by the example of a low-volume job-shop switch, 
ted  at 600 volts, 10 amperes, which originally cost $118. By dividing 
 is cost into functional areas, the following comparisons were made: 

Electrical ........................................................ $13 
Mechanical .................................................... 10 
Case and cover ............................................ 50 
Labor and overhead ............. .:. .................... 45 

Immediately we see that the cost of $50 for the case and cover is 
rcessive when compared with the total electrical-mechanical function 
1st of $23. After the technique of dividing into functional areas had 
een applied, the cost of case and cover was reduced to $14. A by- 
roduct of the analysis was the reductions made in the other functional 
-eas. The switch, as a result of these reductions, is now produced for 
35. A total of $53, or 45 per cent of the original cost, was removed. 

REATIVE THINKING-FORGETTING THE PAST 

Still another technique that is widely publicized but perhaps less 
idely used is creative thinking. Some find it extremely successful, 
though many people feel it is too illogical an approach for adults. 

All throughout the various types of education we are taught to use 
mdrails. In college, we are assigned a problem, we look back in the 
iapter and find the correct formula, we plow in the facts given in the 
:oblem, and w.e get the answer-the one in the back of the book. 

In industry we try to do the same thing. We are assigned a problem, 
~d we look back in the files, in the blueprints, to see how we did it 
ie last time. We then add a bit of new information and come up with 
le answer. In other words, we cling to the handrails of what we did 
the past. 
Creative thinking is fo~getting the past, casting out for solutions, 
oking for new and different solutions. Many casts may be necessary, 
~t one good strike is all we need to pay really big dividends. 
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MORE INFORMATION AT POINT OF DECISION I 

Another approach to changing attitudes and providing new answers 
to get a job done is to provide more new information at the point of 
decision making. For example: 

Instead of making special handles for $8, a specialist can make a 
better handle for $2. 

Instead of spacers made of tubing or solid bar, rolled spacers can 
be provided for one-half to one-tenth the cost. 

In place of molded or cut gaskets, gun-squirted rubber can be used. 
In one application, a molded gasket cost 11 cents, the rubber 
one cent-a saving of $80,000. 

Everyone knows about cold heading, but still new applications are 
found for it-among them a spacer stud-originally an &cent 
screw machine part, which now costs .8 cent as a cold-headed part. 

Standard extension and compression springs are now available. 
For instance, a large spring 8 or 10 inches long can be purchased 
off -the-shelf singly for $2. 

LOOKING FOR THE GOOD 

Thus, through training in the use of appropriate techniques and 
through providing the necessary information, people can actually be 
changed. But, until everyone can be trained and have the experience I 

of successful value analysis, it still will not be easy. Untrained people I 

still will resist change; so to get good ideas accepted will require skill- 
ful handling, salesmanship, and human relations. 

People continue to be more expert at finding fault with ideas than 
finding the good in them. This is because we are trained by manage- 
ment to be critical. For example, if we have an idea and are unable to 
find fault with it, it is adopted. If it proves successful, what happens? 
Nothing-this is what we are paid for. If, on the other hand, an idea is 
adopted and gets into production, and something proves to be wrong 
with it, then what happens? Field complaints-we hear about it in no 
uncertain terms. Management generally recognizes that we all make 
mistakes; but, if we make too many, there is a term for it-our conti- 
nuity of service is affected. 

We must recognize that all ideas have both good and bad in them. 
We must recognize that everything we use has objections but that these 
are minimized with respect to the good points. So, in every case, we 
must develop our expertness in looking for the good, then recognize the 



Costs  

The attached sheets give some general  information on cos ts  including: 

1. Some of the elements of cost which make up  product Cost ,  Manu- 
facturing Cost  and Selling P r i c e .  

2.  Relative Costs  of commonly used mater ia l s .  
3.  Cost  of various machine operations.  

Caution 

This ma te r i a l  is handed out only to give indication of relative cos ts  and the 
various types of cost information that should be factored into decisions which 
influence product costs .  

It is not intended a s  up-to-date cost  information which i s  accurate  for  any - 
specific set  of c i rcumstances.  

Cost  information of this nature should be obtained f rom part icular  sources  
concerned with a specific product, p rocess  o r  mater ia l .  Some of these sources  
a re :  

Manufacturing specialists . 
Methods o r  planning personnel.  
Cost  accounting. 
Purchasing.  
Specialty vendors. 



Make Up Of Product  Cost 

Product  Cost = Material  + Direct  Labor + Overhead 

Material  

This consis ts  of mater ia l  in any fo rm of completion a s  it i s  received into 
the division using it ,  e i ther  f rom the vendor, f rom another Company plant 
o r  f r o m  a contributing plant. It m a y  be raw mater ia l  o r  i t  m a y  be a 
finished component. 

Raw Stock 
P a r t l y  finished p a r t  
Finished p a r t s  
Assemblies  ( F r o m  either a vendor o r  another operation) 

Direct  Labor 

The pay of the workers,who normally touch the par t  o r  the machine, .who 
handle i t ,  usually changing i t s  charac ter i s t ics ,  form, shape o r  size.  
This does not include the repa i r  of the machines by mere ly  the attendant 
who opera tes  the machine a s  it changes the fo rm of the mater ia l .  This 
does not include mere ly  handling the mater ia l  - moving it f rom one par t  
of the factory to another.  

Overhead o r  IME = Variable Overhead Plus  Fixed Overhead 

This includes al l  necessary  expense to keep d i rec t  labor  operating 
efficiently such as power, heat,  light, handling, maintenance of equip - 
ment,  depreciation, rent,  idle t ime,  overtime, non-durable tools, 
telephones, janitor serv ice ,  salar ied office help, etc.  

Variable Overhead Fixed Overhead 

Supervisors 
Foremen 
Material  Handlers 
Clerks  
Sweepers 
Maintenance of Machines 
Nondurable tools 
Supplies 
Fringe Benefits 

Buildings 
Grounds 
Watchmen 
Heating 
Taxe s 
Insurance 
E tc .  



Make Up Of Manufacturing Cost  

Manufacturing Cost = Product  Cost  + Engineering Cost 3. Box, Pack  and Ship 

Product  Cost 

As  previously detailed. 

Engineering Cost  

This  expense i s  fo r  all engineering, cost of tooling and customer 
complaints. It represents  engineering and drafting sa lar ies ,  cost 
of instruction books, sample devices, jigs, f ixtures ,  dies ,  blueprints, 
e tc .  

1. To liquidate development cost .  
2 .  To continue development to improve the product. 
3 .  Necessary  Engineering on problems ar i s ing  constantly. 
4, To liquidate cost of s imi lar  unsuccessful developments. 
5. Cost  of production dies,  jigs, f ixtures,  molds.  

Box, Pack  and Ship 

This covers  the boxing of the completed product, packing it and t r a n s -  
porting it internally . 

Make Up Of Selling P r i c e  

Selling P r i c e  = Manufacturing Cost  t General and Administrative Costs  + Prof i t  

Manufacturing Cost  

A s  previously detailed. 

General and Administrative Costs  

This covers  the expenses of the commercial  division and the administrative 
officers of the company. 

Prof i t  

This is the amount which is added to provide earnings.  



Material  

- Average Cost - ??53 Ease  
Some Commonly Used Mater ials  Arranged Progress ive ly  

Cost p e r  lb.  Dollars p e r  unit volume 

Tantalum 
Silver, 16 oz.  
Molybdenum 
Beryllium Copper 
Trodoloy 
Textolite F ibe r  
Tin 
Magnesium Sheet 
Textolite , P a p e r  
Phosphor Bronze, 8'3'0 
Nickel, Sheet 
Stainless Steel, 347 Sht 
Drill, Rod 
Monel 
Stainless Steel, 302 Sht. 
Stainless Steel, 347 Rod 
Copper, Sheet 
Bronze, Commercial ,  90'7'0 
Yellow B r a s s  Sheet 
Aluminum, 24 S Sheet 
Stainless Steel, 302 Bar  
Aluminum 2 4  S Rod 
Ahminum 2 S1 Rod . 
Aluminum, 2 S Sheet 
Cas t  Steel 
Malleable Iron 
Spring Steel 
118 Plas t ic  Mold Comp 
Zinc, P ig  
Lead, P ig  
Cas t  Iron 
Silicon Steel, E lec  
Carbon Steel, C R Sheet 
Carbon Steel, B a r  P la te  
Carbon Steel, H. R.  Sheet 

$ Material  

T ant a1 um 
Silver,  16 oz. 
Molybdenum 
Beryllium Copper 
Trodoloy 
Tin 
Phosphor Bronze 8% 
Nickel Sheet 
Stainless Steel, 347 Sht. 
Dril l  Rod 
Monel 
Stainless Steel, 302 Sht. 
Copper Sheet 
Bronze, Commercial ,  90'3'0 
Stainless Steel, 347 B a r s  
Yellow Brass ,  Sheet 
Stainless StGl,  302 Bar  
Cas t  Steel 
Lead Pig  
Malleable Iron 
Textolite , Fibe r  
Spring Steel 
Magnesium Sheet 
Zinc, P ig  
Cas t  Iron 
Aluminum 24 S Sheet 
Textolite, P a p e r  
Aluminum, 24 S B a r  
Aluminum,2 S Bar  
Aluminum, 2 S Sheet 
Silicon Steel Elec  
Carbon Steel, C. R. & H. R. 
Carbon Steel, H. R. Sheet 

L - , .  - . . I  1 . -  , . . 
118 Plas t ic  Mold. Comp, 

P e r  cu. in. 

25.00 
5.35 
4.30 

. 6 3  

.56 

.32  

.25  

.25  
L. 20 
.20 
.17 
.16 
-, 16 
.15  
.14  
. 1 4  
. l l  
- 0 8  
.08  
.07  
.06 
.06 
.06 
.05  
.05  
.04  
.04  
. 0 4  
. 0 3  
.03  
.02 

Rod .015 
.015 

Note: The average cos ts  shown above a r e  to be used a s  a rough guide only. 
F o r  accurate  cos ts  consult your Material  Buyer. 



Relative Mater ia l  Costs  

1953 Base  

Low Carbon Steel B a r  
Hot Rolled - Cold Drawn 

Low Carbon Steel-Plate 
Structural  - Flange Quality 

Low Carbon Sheet & Str ip  
Hot Rolled-Cold Rolled 

Stainless Steel B a r  and Rod 
410 - 317 (18-8) 

Stainless Steel Sheet 
410-310 

Stainless Steel Strip 
Hot Rolled - 410 - 310 
Cold Rolled - 410 - 310 

Copper B a r  and Rod 
Hot Rolled - Commutator Copper 

Copper Sheet & Str ip  
Tough pitch - Brush  Copper 

B r a s s  and Copper - Seamless  Tubing 
Yellow B r a s s  - Nickel Silver 

B r a s s  & Bronze Rod 
Yellow B r a s s  - Phos .  Bronze 
Phos .  Bronze - Beryllium Cu. 

~ r i c e / 1 0 0  lbs .  

4.55 - 6.55 



Machine Speeds 

Operations 1953 Base 

1 

Punch Press-High Speed Auto, 4 tons 
Cold Header 118" Stock 
Punch Press-High Speed Auto. 15 tons 
Punch Press-High Speed Auto. 25 tons 
Cold Header 114" Stock 
4 Slide Machine Light 
Punch P r e s s  60 tons 
Cold Header Heavy 
4 Slide Machine Heavy 
Punch Press-Hand Feed (Blank) 75 tons 
Punch Press-Hand Feed (Blank) 300 tons 
Thread Roller 
Screw Head Slotter 
Automatic Wire Cutter & Stripper 
Dial Tapper 
Punch Press-Forming-Sl ide Feed 
Punch P r e s s  -Forming-Hand Feed 
Tapping Machine -Foot Ope rated 
Tubular Riveting Machine 
Resistance Welding Machine 
Center le  s s  Grinding Machine 
Molding Machine -Thermoplastic 
Brazing Machine 
Molding Machine -Thermosetting 

Pe r  Average Cost 
Minute P e r  1000 



Operation Speeds 

Take Micrometer  Reading 
Use GO & NOGO Snap Gage 

Stamp P a r t  with Hammer 
Stamp P a r t  with Rubber Stamp 

Drill  Small Hole - -Drill P r e s s  
P i e r c e  Small Hole --Punch 

Wrap P a r t  in Tissue & Seal in Carton 
Position P a r t  in  "Egg ~ i b d "  Carton 
Pick  Up & Position Part in Fixture 
P ick  Up & Drop P a r t  in Fixture 

P ick  Up, Start ,  & Hand Drive Small Screw 
P ick  Up, Star t ,  & Air Drive Small Screw 
Power  Drive Small Screw--Hopper Feed 

Rivet with High Speed Hammer (2)  P a r t s  
Resistance Weld (2)  P a r t s  
Tubular Rivet (2)  P a r t s  

Cut -Off Small Tubing - Screw Machine 
Cut -Off Small Tubing - Abrasive Wheel 
Count P a r t s  Visibly 

Sort  Handful of P a r t s  (2) Stacks 
Deburr  Small Screw Machine P a r t  
Pol ish Head of Chrome Plated Screw 
Draw Arc  & Hand Weld 1" P a s s  
Ream Hole - -Drill  P r e s s  

Operations 
Per  

Minute 

1953 Base 
Average Shop 
Cost pe r  1000 



Rela t ive  Mate r i a l  Costs 
P r i c e s  a s  of Mqrch 1961 

Bqsed on 100 l b ,  Q u s n t i t i e s  

I% t e r i s  1 Foam ~ r i c  e/lb, 

Copper (Hs rd  Rolled)  Sheet 
lt 

93 
Brsss ( c a r t r i d  e )  70% cu, f t? 

.88 
Aluminum (5052 

It 
.80 

S t e e l  C,R, (~ommerc ia l  - 103.0) .20 
S t e e l  H 8 R ,  tt I* 

t? 
.18 

S t e e l  S t q i n l e s s  (302-304) 
X I  

.8O 
fignesium ( 4 2 3 3 . ~ ~ 2 4 )  2,12 
B e ~ y l b i m  Copper r? ( f ightAto  3  ,35 2,85 

" " hesvy gage) 
Copper B q r  and ~ o d ( e x t r u d e d )  .89 
Brsss  (F ree  t u r n i n g )  tt tt n 

I? t? ?I 
0 70 

Aluminum 
t? 

A 5  
S t e e l  1112 -' tt C 8 R 8  

18 
.26 

S t e e l  Low c q ~ b o n  " H.R. 
w It 

017 
%ee l  S t q i n l e s s  (302-304) .82 
&gnesium ( ~ 2 6 1 ~ )  - tt - o l 0 4 0  
Beryllium Copper small  t o  l a r g e  (3/8 up)2.85 2.60 
Copper OFHC up 255 Shapes (ext ruded)  1800 
B r s  ss 8) n 

n t? 
.go 

Aluminum 
tt 

e 76 
S t e e l  H,R,  

tt 
.18 

S t e e l  S t a i n l e s s  H,R,  
11 I? 

Q 73 
Mqgnesium ( 4 2 3 1 ~ )  1.17 
Copper Tubing 

tl 
098 

B r s  ss 
n 

0 95 
Al+timinum 1,16 
S t e e l  C 8 R ,  Seamless , A "  small  (IL/2") 

t o  l a r g e ( t o  4t*0,D.) ,80/f t ,  1 , 5 0 / f t o  
(Welded 15% l e s s )  over 0uD8 2,25/f t8  

S t e e l  S t 2 i n l e s s  Tubing 
s m ~ l l ( l / 4 0 ~ ~  ,) t o  l a r g e  

(1 1/4 O J . )  1.00 4.77 
Fhgnesfum 423-I3 Tubing 1,32 
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30 J u l y  1963 

Verbs and Nouns Used t o  Define Functions 

The funct ion  of an item o r  product i s  b e s t  def ined when 
t h e  d e s c r i p t i o n  i s  reduced t o  a  verb and a  - noun. 

There a r e  two types  of funct ions:  those which make t h e  
product work; and those which make t h e  product s e l l .  

A work funct ion  i s  b e s t  descr ibed when t h e  noun s e l e c t e d  
i n d i c a t e s  a  q u a n t i t a t i v e  o r  measurable parameter.  

The following l i s t  i s  a  sample of verbs and nouns used 
t o  de f ine  funct ions:  

Work Functions 

Verbs 

Support 
Transmit 
Enclose 
Co l l ec t  
Conduct 
I n s u l a t e  
P r o t e c t  
Prevent 
Amp1 i f y  
Rect i fy  
Change 
I n t e r r u p t  
Shield 

Increase  
Improve 
Create  
Es tab l i sh  

Nouns 

We igh t 
Torque 
Load 
Oxidat ion 
Light  
Heat 
Flow 
Radiation 
Current 
Voltage 
Pressure 

S e l l  Functions 

Beauty 
Appearance 
Convenience 
S t y l e  
P r e s t i g e  
Features  
Form 
Symmetry 
E f f e c t  
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INTRODUCTION 

A GREAT DEAL of time and effort has been spent in 
cost reduction through the use of new materials, new 
processes, new ~roduct ion methods, and many other 
items, once the design has been established. But sur- 
prisingly little attention has been given to some of 
the factors in design which set these costs. 

Once the designer develops the shape of his part 
as required by its usage, decides on the material to 
specify and specifies tolerances and finishes, he has 
pretty well set the price of his item, particularly with 
equipment purchased by the Government. The ul- 
timate producer who is usually chosen by coinpeti- 
tive bidding has very little room to use his initiative 
or imagination. Design, material requirements and 
everything else of pertinence are specified in detail. 
About all he has to play with is labor and overhead. 
Labor has become farrly standardized since the min- 
imum wage laws, and as overhead is usually tied in 
directly with labor, he is pretty well strapped. 

The designer usually selects his material for 
strength, durahility, availability, and somewhere 
clown the line is cost. As the design engineer's pri- 
mary rcsponsihility is to design a functional, reliable 
itcm, the cost hecotnes of secondary consideration. 
Even if he is con,cious of cod, he usually has neither 
the  f t r j  t i o r  1ac.llltic.s l o  really dctertnitie the cost of 

his various alternatives. Practically no consideration 
is glven to the cost of tolerances and finishes. And 
yet, these are two items where considerable savings 
can be achieved in almost every case. 

The designer has little inore than common sense 
bolstered by limited experience and intuition to 
guide h ~ m  in select~ng finishes and tolerances re- 
quired. And his judgment is many times overshad- 
owed by hi; professional pride, which in an  engi~leer 
makes him want to make his equipment, the results 
of his design, as nearly perfect as he can. In equip- 
ment this attitude is reflected in practically all speci- 
fications which carry the phrase, "best material and 
worlrnlanship required." How much this phrase has 
cost over the years would be hard to imagine! Of 
course, in the interests-of economy of material, i m -  

chine and man hours and eventually money, wc 
should design our equipment to be only as good as 
the job or function requires it to be. Anything beyond 
this is unnecessary waste! To quote froin Doctor Val]- 
nevar Bush: "There is a common notion that d u ~ i n g  
war costs do not count. Tliere is no greater f a l l . 3 ~ ~ .  
The error comes from the belief that civilian re- 
sources are unlimited. They are not. . . . W h c ~ l  \var 
comes . . . only a limited amount of ~natcrials and 
manpower is availnblc and the whole prohlt.un 1s to 
distribute these i l l  optimum martnet. io s c c u ~ c  f11t .  

desircd result." It has hecw sahl tlint \n th  cnougli 
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time and money our American engineers can design 
anything. And again, any good engineer can reduce 
the cost of any piece of equipment by cheapening it, 
substituting materials, and in many other ways. But 
the real test of engineering a t  its finest is when the 
proper combination of function, reliability and cost 
is achieved. When equipment is designed to do its 
required job, no more and no less, perfection in en- 
gineering is achieved. This is very difficult to do and 
in an  effort to make sure the function is performed 
or reliability achieved, the military engineer usually 
goes to the extreme and overlooks cost. This could 
be compared to a triangle with the apex of the angles 
being function, reliability and cost. 

The proper combination of all three requirements 
would cause a design to be somewhat in the center. 
Too much emphasis on any one requiren~ent de- 
tracts correspondingly from the other two. For exam- 
ple, an engineer's emphasis on reliability puts his de- 
sign in a position like this: 

In the automotive field, this blending of function 
and cost is probably more nearly achieved than in any 
other field of engineering. Batteries with 18 months' 
guarantee usually last just that long. A few give out 
sooner and a few last longer, but the majority last 
just that long. There are many other examples. But  
in the following paragraphs an attempt will be made 
to give examples of equipment that is considerably 
overdesigned and the resultant cost, as well as some 
guidelines in achieving the required function a t  min- 
imum cost. 

FINISHES 

In the commercial field, a metal product can be 
satisfactory from a functional viewpoint, but unsat- 
isfactory from an appearance standpoint. This can be 
a handicap in a competitive market where any slight 

advanthge of one piece of equ ip~~icn l  over another 
can mean the d;t'terence hetwecn nlaking or losing a 
sale. This has resulted in many types of surface fin- 
ishes, polibhed, plated, enameled and  Inany others 
which serve no functional purpose, but do add to ap- 
pearance and saleability. Unfortunately much of this . 
has been carried over into the milltary field. In dc- 
signing military equipment, appearance should play 
a very minor part. Any plecc of metal which is pol- 
ished or ground to a finlsh finer than that required 
by its use is an overdesigned and overexpenslve 
piece of equipment. 

At one time it was thought that fine surface fin- 
ishes, in the neighborhood of 5-10 RMS micro-itches 
on marine reduction gears considerably reduced 
noise and added to the gear's load-carrying ability. 
Through controlled tests this was found to be not so, 
and it was found that the method of achieving sur- 
face finish was more important in determining load- 
carrying ability than was the finish. Charts 1 and 2 
show the results of these tests. Accelerated endur- 
ance tests were run on a standard nickel moly steel 
to determine life of the material with various types 
and values of surface finishes. From Chart 2, it can 
be seen that ground and electropolished finishes 
lasted considerably longer than the other types 
tested. From Chart 2, it can also be seen that, con- 
trary to previous indications. the coarser electropol- 
ished finish had greater endurance than the finer 
ground finishes. 

This is somewhat borne out by the Chrysler Motor 
Company's experience with superfinishing. At one 
time superfinishing was specified for autonlotive pis- 
ton skirts, brake drums, cam surfaces and tappet bar- 
rels and heads. These requirements grew out of lab- 
oratory tests, which showed possible increased per- 
formance. In actual servlce experience it was found 
that fine surfaces required a longer break-in time, 
sometimes longer than the allowable time, and parts 
were scuffed. When rougher surface finish was 
allowed, high initial wear followed which provided 
adequate smoothness for stable operation. 

The same basic reasoning can be applied to toler- 
ances on machined parts, drilled holes, etc. Any tol- 
erance that is tighter than is required for the par- 
ticular function of the part is a waste of man and ma- 
chine time, and thus money. In every case that a tol- 
erance can be increased without adversely affectl~lg 
the product, it will result in a real decrease in manu- 
facturing cost. It is always the last few increments 
which are the most costly, whether they are in tol- 
erances, finishes or any other field. The smaller the 
margin of error tolerated, the more costly the opera- 
tion. 

In the competitive commerc~al field, extreme tol- 
erances and finishes are often encountered. But 

* From Model n AI  m a  B: Fl ec Men by 1)r Vnr~neval Bush 
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JOHNSON 1.1 I JISHICS AND TOLERANCES* - 
there, a t  least through the competitive process, the  
odds a re  that these areas will eventually be high- 
lighted,  valuated as to cost versus function, and 
eliminated. In the field of military engineering, there 
is less likelihood. Once tolerances and finishes are  pu t  
into a piece of equipment, and that  equipment is 
working satisfactorily, there is a natural  reluctance 
to change any part  of i t . ' ~ f t e r  all, those who have 
been designers know many of the  unforeseen and 
unknown factors which go to make a seemingly per- 
fect design unworkable. S o  here once again, t he  fac- 
tor of reliability comes into view to resist change and 
to perpetuate any  overspecification. 

There a r e  inany examples where sizeable savings 
have been achieved by recognizing these areas of 
overspecification and having them changed. 

A. On a c a r r i ~ r  of thc Forrestal Class, there werc hun- 
dreds of armolcd hatches which were ground smooth 
at  a t a p e d  s u ~  face and fitted to a sealing At. Thr hatchrs 
didn't seal on the taprred surface but on the flat sur- 
lace abovc. A burning cut would provide an acceptable 
su~facr  finish for the function on the tapered surfi~cc. 
Somciliing around 1000 micro inches. Yet few of the 
pcoplc. involvcd were satisfied with lcss than n finished 
SUI  Taw. Anything clse is too cxpensive for the job. 

B In the installation of a reduction geal on a CVA, 
Naval Shipyad pcrsonriel proposed to re-assemble thc 
u ~ ~ i t  in the shop instead of on board. There was consid- 
crxblc discussion \vith the mailufacturer and the Bureau 
about thr possibility of inaintaining alignment. The re- 
qu~~.rments of plr~s or minus one one thousandth 
( 1 ,001: on thc shaft werc quite extreme for service re- 
qtii~cmc>nts. Thcn a mistake by the manufacturer was 
tliscovc~~cd which called for a ye-alignment of more 
than ten thousandths (.010) of an inch. When it was 
found out this nlistalce would cost $2000, the shaft 
alignnient WIS derided to be well within requirements. 
It is surp~.ising how often putting a price tag on extreme 
recluircments w~l l~ass is t  in having them changed. 

C. Onc more simple example. In a submarine, the 
Emergency F ~ w h  Watcr Tanks were to be made of CRES 
stccl sheet with a Number 4 surface finish. which cost 
65f per lb. It was found that CRES steel with a Number'l 
finish was all that was required for the job and cost 526 
per lb. A savings of over $1000 was achieved, just by 
changing surface finish requirements. 

Not onlv a r e  tolerances of i m ~ o r t a n c e  in the  de- 
sign stages, but  they a re  also important in  the  inter- 
pretation of specifications. To illustrate: periodic in- 
spection of anchor chains on all Navy vessels is re- 
quired. Measurement for stretch and u7ear cannot 
be  readily accomplished unless a vessel can avail it- 
self of crane and pier facilities. On ships having a 
drydock period, the chain is laid out on the drydock 
floor, sandblasted, painted and mt?asured. The Ell- 

reau of Ships standard drawing on anchor chains re- 
quired that  the  overall length of six links be checked. 
A minus toleranre of 1/8" or  a plus lolerance oi' 2/'8" 
for each one-ir~ch of wire diameter would lw permit- 
led. On this standard plan, in addilic~n to talcranr.e. 
a tnaximuln and a rninin~um cli~r~cnsion for a six-link 
shot of ch;!ln nVas ~ i v w .  Personnel ~ n v o l \ c d  inter- 



Chart 3 

preted this to mean nominal dimensions plus allow- 
able tolerance. Any section of chain having 6-link 
sections beyond this measurement was recommended 
by the Shipyard for survey. This was also used for 
the manufacture of new chain. Any chain measuring 
between the maximum and minimum tolerances was 
acceptable. A new chain near the maximum dimen- 
sion would have little stretch before it would exceed 
the allowable tolerance. The purpose of all of this 
was to interpret chain strength By the amount of 
stretch. In this case when it was decided to add al- 
lowable tolerance to the maximum plan di-xision, 
it was found there were 175 shots of chain within the 
new allowable tolerance that had been rejected the 
year before. These were reciail;ll.tl at a savings of 
$75,560. All in all, it was estimated :-- 1956 that a sav- 
ings of $98,000 was achieved with the more liberal 
interpretation of the requirement. The chain was the 
saine as before, and satisfactorily performed its func- 
tion. Yet under one interpretation it was considered 
unsuitable. 

When tolerances and finishes are once looked at 
with the view of what is the nzarimum tolerance and 
surface firaxh one can accept, rather than what is min- 
imum one can specify, progress in cost reduction be- 
gins to be achieved. k u will find you are getting 

Chart 4 

away from special parts in many cases. This inedns 
you are eliminating unnecessary variety and mi no^. 
differences in component parts. This automatically 
leads into the field of standardization for many of 
these parts. Standardization is another subject and 
much has been written on it. I t  is sufficient to say that 
a few of the advantages are: 

Fewer different parts to be purchased and stocked. 
Greater production of standardized parts-less cost 
per part. 
Less design time and drawings required. 

There are many others of course, but these are the 
most important from the military enginee:"~ view- 

TYPICAL EXAMPLES 
(STELL) 

shaft dwrnckr 
1. t T + .  5 0 0 d 1 4  

7- 
, '-3 0 0 4  

Shaft dtsmekr 

TOLERANCE 

f .002 3er 

? -001 

?,"% ' .OO* Stk 

OPERATIONS 

c/o 

TURN c/o 

TURN. ~ , b . G @ t r t ~  

%w, GRM, c/o 

q P m .  6 5 ~  LA& 
AND TbOLS 

100% 

425 % 

460% 
1 0 0 %  



JOHNSON FINISHES AND TOL,ERANCES 

Cost Comparison Chart 1 
Turning Cut 
Varying Surface Quality 

Figure 1. Shows relative cost comparison with rcspect to 
snrfaco quality standards and limited to the turning process 
as done on turret latlies. 
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Cost Comparison Chart 2 
Drilling 
Varying Depth of Hole 

Figurc 2. Illustratcs the cost behavior of drilled holes. It is 
readily apparent that deep holes are expensivr. Beyond the 
depth of three times the diameter, the cost rises more rapidly 
than equal increments of depth. 

SURFACE OUAUW NMSIR 

Cost Comparison Chart 3 
Planing Cut 
Varying Surface Quality 
Varying Tolerance 

Figure 3. I11ustrat~s a cost bcllavinr chart nn planning, 
demonstrating the cflcct of two quality vnrii~ldes, nne-sur- 
face quality and the other dimensional tolcra~lcc. Surlnce 
clunlity is  tlcfinrcl in cotled n u m l w s  since RMS valucs do 
not e v r c c \  t l ~ c  clcsircd control. 
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Cost Comparison CIiart 1 
Fare Rlilling Cut 
Varying Surface Qrrnlity 
Varping Toler:~nce 



Figure 5. Shows cylindrical grinding cost, exposing a now 
uniform cost behavior pattern. 

point. O n e  o ther  factor  t h e  mil i tary engineer  should  
consider w h e n  h e  is in t h e  design s tage is w h e t h e r  
o r  no t  t h e r e  is  a s tandard  coinmercial par t  avai lable  
t h a t  wil l  pe r form t h e  s a m e  function. If not  exact ly 
suitable, could i t  b e  modified a t  less expense t h a n  de-  
signing a n e w  p a r t ?  O r  bet ter  stlll, could t h e  mil i tary 
requ i rements  b e  re laxed  without  affecting funct ion,  
t o  use t h e  commercial  p a r t ?  

A s  a n  example,  a mil i tary specification-MIL-T- 
18956 (SHIPS) of 4 October  1955 is  i n  being o n  glass 
a s h  t rays.  This  specification goes into detal l  o n  t rue-  
ness  a n d  shape,  color a n d  mark ing  required.  In addi- 
tion, a tes t  p rocedure  is  s e t  u p  for  a 70" inclined tes t  
a n d  a cigaret te  sliding o u t  of i t s  slot constitutes fail- 
u r e  of t h e  ash  t ray.  A d r a w i n g  is  included of t h e  a s h  
t r a y  w i t h  tolerances a s  well  a s  of t h e  test  appara tus .  
These  a s h  t rays  i n  t h e  Genera l  S tores  S u p p l y  Cata -  
logue  a r e  carr ied a t  a cost of 30$ each. T h e  Genera l  
S e r v ~ c e s  Administrat ion Catalogue cs-rr:zs a sirr,i!ar 
glass ash  t r a y  a t  14$ each,  a n d  a slightly smaller  one ,  
4%'' square,  a t  a cost of GQ each.  

SOME DESIGN CONDL'I'IOXS 

Is the finish specified too extreme ju., the end use? 
Mating metal parts a re  frequently machine finished. 

Could a throw-away rubber or other type of washer be 
uscd to get a seal? Example: A Philadelphia Naval Ship- 
yard Value Engineering Project substituted throw-away 
rubber gaskets ir: sub!norinc globe and angle valves in 
place of machined fit. Saves $39,360 yeally overhaul costs. 

Is the finish specified too cxtrcme for the production 
mcthod? For exanlple: rrlany finishes a re  specified for 
castings, \ \hi& are not only ulineeesswy from the use 
standpoint, but  are very uneconomical in the production 
method. As 21 tvsult much wastage of parts results, which 

JOHNSON 

Cost Comparison Chart 6 
Internal Grinding 
Varying Tolerance 

Figure 6. Shows that reducing tolerance increases the cost 
of grinding, but also shows substantial cost increases occur 
from increased gaging and dial re-adjusting time required. 

OMZ?!I'WA& 10l6RAk:CP 

Cost Comparison Chart 7 
Surface Ckinding (Reciprbcating) 
Varying Toler:lr~cc 
Varying Surhce Qunlidy 

Figure 7. Illustrates that 111 ~wipiocaling or slirfnce grind- 
ing, the dinlensional tolewlcc range lans grcatcr cost effect 
than the surhcc qunliiy Ixrnge. lit is appnrcrrt thnt cost 
rises sharply with iolcri~lrces less than 0.031 in. 
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Cost C o a n ~ x i s m  Chart 8 
Grindi~: (Ceizberless) 
Varying Tolerance 
Varying Desi::?~ 

Figure 8. 13e!nonstr;tCes, ss c ! w s  Figure 2, thc possibilities 
of incorpora:iir:g quoliby fcztilrcs othcr than surf:we ro~rfih- 
ncss or tolerance. The diF;crence belwccn lhe two rurves is 
governed hy tihe dcsi;;n of the part. 111 order l o  g;rin the 
benefit of the low-cosi "thmr;gin-Eccd" mc'ihlori on the ccn- 
terless grinder, the gr.ouz:G <inms.tcr mrut lw tlic Inrgcst tli- 
mcnsion on the part. Shorilt: such dcsign I)c impr:~elic':~l)l~, 
Ole engineer is guided torvarcl sclccticin of a generous tol- 
erance for thc sesal'llng "in-fzed" ~ncthod in ordcr to mini- 
mize cwt. 

Cost Comparison Chart 9 
Surfzcc Grinding (Rotary) 
Varying Tolcrancc 

Figurc 9. Covers rotary surface grinding and denronstrates 
primarily that not in all cases is cost scvcrely affccted by 
(11lality variation. Thc full cost incrensc over the wl~oic tolcv- 
ancc ranee is 15 pcrrcnt antl is hy f;zr the sm;rtlest of all the 
illustrations. Yet r v m  Iwrc it is seen that more than half the 
cost i n m x m  occurs 1)ctwcen the 0.001 and 0.0005 tolcmnces. 

Figure 10. Grneral Chart on Surface Roughness versus 
Cost. 

the custome~.,  of course, pays for. Consult  the  casting ex-  
perts beforc specifying finishes and tolerances. 

Are  toierances specified practical a n d  economical in 
vieu) of r i d  I I S ~ ' ?  

Many titncs in the  past, on  catapults, 12  sections, 40 
feet in length,  wcrc  machined with ex t r emc  accuracy, 
then installed antl pulled out of shape by  welding them 
togcthrv 

Is the design resf~icfecl to one production method o d y ,  
or zs i t  flcxi1)lc ~ n o ~ ~ g h  to lend itself to several mcthocls 
e~ioblinq t h ~  most ccononticnl method to  hc ~ s c c l  

Onc pos5iblc way  of ~ m p h a s i z i n g  t11 cost of finishes 
would 1x2 to h a w  comparative surface finish blocks avail- 
able to dcslgn engineers and  shop personnel. I n  addition, 
cha t t s  should bc madc u p  to accompany these blocks 
showing the comparative costs of t he  different surface 
finishes. This would give those concerned a m o r e  realistic 
view of finish requirements v s  cost. 

Aird finally to wpeat ,  a r e  a l l  finishes a n d  tolevnnces 
st~crificcl to the  maximum allowed by the functionnl m e ?  
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1. Performance and Profits.  - The assignment of tolerances i s  the most 
important single engineering decision to affect product performance and cost. 
The inexperienced engineer plays it safe by adding a n  ignorance factor - tighten 
the tolerance, improve ( 7 )  performance, le t  the shop worry  about making i t !  

2. Luxury of Perfection. - Surface roughness l imits a r e  one important 
fo rm of tolerance. The mature  engineer recognizes he must  balance the need 
for smooth surfaces against the manufacturing costs of attaining them. Figlire 1 
shows the relative manufacturing costs  for varying surface ;oughness l imits 
(roughness height ratings). Must you have: 

ABSOLUTE PERFECTION? AT INFINITE COST? 

3. Tvpical Pract ice.  - Figures  2 and 3 show the surface roughness r e -  
sulting f rom typical manufacturing processes  in  normal  good shop practice. 
Note that the l e s s  demanding your engineering requirement,  the more  flexibili- 
ty  there  is  available for manufacturing to meet  your needs on time, a t  minimum 

L?-&: 

4. Bibl io~raphy.  - Data in this note a r e  based on recent  survey by Ameri-  
can Standards Association Sectional Committee B46 and: 

Tool Engineer's Handbook, 2nd edition, 1959, 
American Society of Tool and Manufacturing Engineers,  
Detroit, Michigan 

,Sheet Metal Manual, Section S2-4. 2, 
Raytheon Missi le  Systems Division 

"The Cost of Finishes and Tolerances,  " R. C. Johnson, 
Journal  of the American Society of Naval Engineers,  
November, 1958. 

P roces  s Handbook, Section V, Raytheon 
Missile Systems Division, Lowell Plant 

I F  YOU LEAVE IT ROUGH 
IS IT GOOD ENOUGH? 

Engineering Standards 



ROUGHNESS HEIGHT - MICROINCHES 

FIGURE I. - SMOOTH SURFACES = HIGH COSTS 
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CREATIVE THINKING GUIDE 

Rules F o r  Deferred Judgment Ideation (Brainstorming) 

1. Cr i t ic i sm i s  ruled out: 
Judgment i s  suspended until a l a t e r  screening o r  evaluation session. 
Allowing yourself to be cr i t ical  at  the same t ime you a r e  being creative 
i s  like trying to get hot and cold water  f rom one faucet a t  the same 
t ime.  Hdeas a ren ' t  hot enough; c r i t ic i sm isn ' t  cold enough. Results 
a r e  tepid.  

2 .  F r e e  -Wheeling i s  welcomed: 
The wilder the ideas,  the bet ter .  Even offbeat, impract ical  suggestions 
m a y  "trigger" in other panel m e m b e r s  pract ical  suggestions which might 
not otherwise occur to them. 

3. Quantity i s  wanted: 
The grea ter  the number of ideas,  the grea ter  likelihood of winners,  It 
i s  e a s i e r  to pare  down a long l i s t  of ideas than puff up a short  l i s t .  

4. Combination and Improvement a r e  sought: 
In addition to contributing ideas of their  own, panel members  should 
suggest how suggestions by o thers  can be turned into bet ter  ideas,  o r  
how two o r  more  ideas could be combined into a still bet ter  idea,  

Idea Spurring Questions 

PUT TO OTHER U S E S ? N e w  ways to use a s  i s ?  Other u s e s  i f  modified? 

ADAPT? What e l se  i s  like th i s?  What other ideas does this suggest? 

MODIFY "!Change meaning, color ,  motion, sound, odor ,  tas te ,  form,  shape? 
Other change s ? 

MAGNIFY? What to add? Grea ter  frequency? Stronger? L a r g e r ?  P l u s  
ingredient ? Multiply? 

MINIFY ? What  to subtract ? Eliminate ? Smal ler?  Lighter ? Slower ? Split 
up? L e s s  frequent? 

SUBSTITUTE ? Who e lse  instead ? W h a t  e l se  instead? Other place ? Other t ime ? 

REARRANGE ? Other layout ? Other sequence ? Change pace ? 

REVERSE ? O p p o s i t e s  " Z u r n  i t  backward? Turn  i t  upside down? Turn  i t  inside out? 

COMBINE? How about a blend, an assor tment?  Combine purposes? Combine ideas ? 



I. Operational Techniques to Stimulate Creative Thinking 

A. Attribute Listing 

1. Lis t  a l l  major  charac ter i s t ics  - attributes 
Product ,  object, idea 

2.  Each considered in turn  - and changed in all  conceivable ways 

B. Input - Output Techniques 

1. Establ ish desired output o r  end resul t  

2.  Various forms of energy to provide initial stimulus 

3 .  Specifications o r  conditions (may be too res t r ic t ive)  (inhibiting effect) 

C. Forced Relationship Techniques 

1. Catalog techniques 
a .  Select two words at  random 

1 I  I  I i t ems  I '  " 
b. Force  relationship 

2. Listing techniques 
a .  l i s t  of objects o r  i tems 
b.  give each a number 
c ,  consider each number in relation to a l l  other numbers  

D. F ~ c u s e d  Object Technique 

1. Select the fixed element 

2 .  Focus attention on some other i t ems  

3 .  Force  relationships of attributes of 2nd i tem on f i r s t  

Device to initiate creative thought 

E .  Checklists 

Generalized checklist bet ter  than specialized 
Lat te r  m a y  r e  s t r ic t  imagination o r  thinking 



I. Operational Techniques (cont,) 

F. Morphological Analysis 

1. Define problem - in t e r m s  of dimensions o r  pa ramete r s  

2 .  Lis t  a l l  solutions - in  each of different var iables  

3 .  Evaluate each suggested solution - in combination with each other 
variable solution 

More difficult with increasing number of variable s 
Example: Box - size,  mater ial ,  shape 

G. Modification 

Modify o r  twist ideas 

H. Simple F r e e  Association 

Word on paper 
Develop chain of f r ee  associations 

I. Brainstorming - Deferred Judgment 

See attached ru les  
6 - 12 people for  group 

J. Gordon Technique 

Select problem associated with that to which solution desired.  
F o r  instance: cut g r a s s  - separate  

park  c a r s  - s tore  things 

Only instructor  knows t rue  nature of problem 

Then d iscuss  problem - HQW to separate ,  etc.  

People of different backgrounds - 3 hours  long 

Variations 

a. Some people know t rue  problem 
b. Tape f i r s t  session - have 2nd in  which problem revealed 
c .  Use two groups - one knows - one doesn't  



I. Operational Techniques (eont.) 

K. Phill ips 66 Buzz Session 

Take la rge  group, divide into small. groups (6) 

L. Reverse Brainstorming 

Think s f  al l  possible l.imitations, failings 
Then t r y  to find solutions for each 

M. Crawford Slip Writing 

Slips paper 
All write down ideas 

F. S, Sherwin, 7 / 2 3 / 6 2  
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11. Idea Evaluation Technique s 

1 ,  Screening P r o c e s s  - Rate: good, fair, poor, danger 

2 ,  Establ ish Cr i t e r i a  - Cost,  feasibility, e tc ,  

3 .  Does i t  stimulate other ideas?  

4. Judge by another group 
Two o r  m o r e  evaluating resu l t s  in sounder eyaluation 

111. Present ing Ideas 

1. Select proper  person  

2.  Select right t ime 

3 .  Know your audience 

4. Style and content 

5 ,  Make it factual. 

6 .  Make it c lear  and simple 

7 .  Make it well balanced 

8. Be able to  defend it - anticipate questions 

9 .  Emphasize cost savings - re turn  on investment 

10. Use audio visual - graphic devices 
(humor and showmanship to some degree)  

IV. Educational Technique s to Develop Creativity 

1. Suggesting al ternate  uses  for common ar t ic le  

2. Suggesting captions o r  t i t les  for p ic tures  

3 .  Short s tor ies ,  20 questions, charades 

Can be overdone 

Bet ter  to teach operational techniques by practicing solving org l  problems,  

F. S. Sherwin, 7 / 2 3 / 6 2  
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THE THINKING PROCESS 

The creative thinking process is in wide 
use today for purposes of stimulating scien- 
tific research in both the physical sciences 
and the social sciences. It is used also to 
help executives and employees discover bet- 
ter ways to achieve desired results. Individ- 
uals can use it to solve personal problems. 
There is strong evidence that anyone can 
increase his creativity if he has the desire 
and patience to master the creative process. 
The success of numerous creative thinking 
training programs for executives supplies 
the evidence. 

Operative Definition 

Creative thinking is the process of 
bringing a problem before one's mind clearly 
as  by imagining, visualizing, supposing, 

b musing, contemplating, or the like, and then 
originating or inventing an idea, concept, 
realization, or picture along new or uncon- 
ventional lines. It involves study and reflec- 
tion rather than action. 

Subject Areas for Creative Thinking 

Some of the most fruitful areas for 
applying the process of creative thinking 
are: 

Good. The creation and introduction of 
a new good or service which is unfamiliar to 
consumers. 

Method. The invention and introduc- 
tion of a new method of production, one 
not yet tested in the branch of manufacture 
concerned. A new method also may be a 
new way to market a product commercially 
or a new method for financing. 

Market. The creation and opening of a 
new market into which the particular 

branch of manufacture or product has not 
previously entered. 

Supply. The creation and conquest of a 
new source of supply of raw material or 
manufactured goods. 

Organizution. The establishment or 
formulation of a new way of organizing, 
such as the trend toward organizational 
decentralization into many individual profit 
centers with central policy and decentralized 
authority for decision-making by individual 
managers, indicating that creative thinking 
hss been done in this area. 

Management or Administration. The 
creation and development of a new philoso- 
phy for more effectively achieving objectives 
through human effort is a possible area for 
consideration. For example, attention given 
to the administrative point of view or the 
management process may result in creative 
thinking in this area.' 

Examples of Creative Thinking 

Creation of a New Good. In Hamilton, 
Ohio, a young. man who had inherited a 
strongbox factory looked a t  a minnow 
bucket. He got a new idea. He brought into 
his mind clearly the visualization of insula- 
tion between the two cans, a cover, and ice 
cubes. He imagined a picnic container that 
would keep drinks or food cold for a long 
period of time. He brought into his mind 
the concept of the now well-known Skotch 
Kooler. His factory now has a gross volume 
of over $5 million a year. 

Creation of a New Method. A former 
second baseman of the Washington Senators 
a t  the end of his playing career got a job 
with the Consolidated Vultee aircraft plant 

1 Tbe veaa presented were adapted from Schumpeter'n The 
ThsmV of Eootunnic Dsve lopwt t  (Cambridge: Harvard Uni- 
versity Presa. 1984). 



in Nashville, Tennessee. He had only a high 
school education and worked on the assem- 
bly line. The plant was not meeting its 
quota of engines, and the obvious waste of 
manpower irritated him. In his spare time, 
he designed a new assembly line procedural 
method which gave each worker a simple, 
timed assignment. When the general fore- 
man was on vacation, he obtained consent to 
try his procedure. The result was the meet- 
ing of the plant's quota with less manpower. 
This man had no formal engineering educa- 
tion; but he did have the ability to use the 
creative process of thinking. 

Creation of a New Market. A salesman 
some time ago was forced to spend the night 
in Harrisburg, Pennsylvania. He looked in 
vain for a television set to see a special 
program. There was none.- Although Har- 
risburg was within normal reach of several 
television stations, the mountains cut off 
the signals. This salesman brought into his 
mind the idea of a community antenna on 
a nearby mountain top which could serve 
those homes desiring television. He formed 
a new business which has erected over 290 
community antennas and is a million-dollar 
business. He created a new market for tele- 
vision as  well as a new p r o d ~ c t . ~  

Many examples could be given of prod- 
ucts, methods, and markets with which we 
are now familiar but which first had to be 
created in someone's imagination. Without 
composers, musicians would have to make up 
their own music to play on instruments. 
Without architects, builders would be very 
limited. Without engineers, we could not 
shift so well from physical to mechanical 
energy. However, creativity is not limited 
to mechanical or artistic inventiveness. 
Creativity is being sought and used in mar- 
keting, advertising, production, transpor- 
tation, financing, real estate, and personnel 
relations. A. C. Monteith, Vice President of 

2 The preceding three examples were adapted from Bill 
Davidson "How to Think Your Way to the Top." C o W a ,  
CXXXV,' No. 8 (February 4, 1966). pp. 26, 27. 

Westinghouse, has stated, "Creative think- 
ing has become the spark plug of American 
business. If we don't find enough imagina- 
tive men to supply that spark plug, the 
machine will run down."s 

Main Levels of Thinking 

Three main levels of thinking have 
been advanced by Professor B. H. Jarrnan 
of George Washington University. They are 
the habit level, the problem-solving level, 
and the creative or insight level.4 

The habit level of thinking results from 
either the conditioned response or trial and 
error methods. I t  is routine and unirnagi- 
native. Those who work a t  the habit level are 
following "beaten paths for beaten men." 
They work from plans of other men's minds 
by performing standard operating proce- 
dures or methods. They depend upon memory 
of techniques and formulae. The well-known 
poem by Sam W. Foss, "The Calf-Path," de- 
scribes the thinking of such individuals. \S 

Thinking on the problem-solving level is 
logical because i t  proceeds from facts which 
are either given or obtained. The scientific 
method of attack may be used a t  this level. 
The well-known "case study" approach to 
education, in which certain business situa- 
tions are simulated, is used to provoke 
problem-solving thinking. A problem is 
discovered. Analysis and evaluation of the 
facts are made. Then a decision is made to 
resolve the problem. 

Thinking on the creative or -insight 
level may not be logicaI because i t  is 
done when only some facts are known and 
others are missing. Creative thinking occurs 
when sound conclusions or judgments are 
reached when some important facts or data 
are either unknown or withheld. Creative 
thinking results from a partial knowledge 

8 lbid p. 26. 
4 B. H. Jarman, *'Can Executivee Be Taught to Think," 

Advcmcsd Mamagemsnt ('Januw, 1964), p. 6. 



of a situation. Combinations and elirnina- 
tions of associated facts begin to clarify the 
imagery or idea that will lead to a solution. 
Insight then provides the imagination with 
the searched-for concept or idea. The 
imagination is required to set up a number 
of hypotheses that can be checked, compared, 
and evaluated, so that a superior solution 
can be developed from the best elements of 
the competing hypotheses. Examples of 
such insight were Trudeau's flash of in- 
spiration that tuberculosis could be cured 
if a victim's environment could be con- 
trolled; and Reed's insight that yellow fever 
was associated with mosquitos. 

There is a close relationship between 
these levels of thinking and the levels of 
management practice as described by Bar- 
nard.s 

Levels o f  Management Practice 
1. Job know-how 
2. Specific organization practice 
3. Principles and fundamentals 

Levels of Thinking 
1. Routine or habit 
2. Problem-solving 
3. Creative 

Steps in the Creative Thinking Process 

The creative thinking process has been 
described in the literature of the field by 
numerous authorities and practitioners. The 
presentation here represents a selection and 
combination of the best elements of all these 
methods for creative thinking. 

When 'Omer smote 'is bloomin' lyre, 
He'd 'eard men sing by land an' sea; 
pn' what 'e thought 'e might require, 
E went anJ took-the same as me! 

-KIPLING, 
"When 'Omer Smote 'is Bloomin' Lyre" 

5 Herbert A. Simon, Administrative Behavior, Foreword by 
Chester I. Barnard (New York: The Macmillan Co., 1048). 
pp. x-xli. 

Att i tude and Concentration. There 
should be established in one's mind a posi- 
tive attitude toward complete freedom of 
ideas even though they may seem impracti- 
cal or unorthodox a t  first. Attempts to 
criticize or evaluate should be held in abey- 
ance. Concentration for periods of about 
30 minutes' duration should be practiced 
each day. To become proficient in the crea- 
tive thinking process, it is essential that one 
develop the desire and the will to concen- 
trate on a problem for a period of time with- 
out interrupting by getting a drink, turning 
on the radio or television, making a phone 
call, or looking out the window. A positive 
attitude and the ability to concentrate are 
basic essentials for a climate friendly to 
creative thinking. 

Selecting or Defining a Pmblem. First, 
determine your purpose. Ignore ideas until 
you have determined why you want or need 
ideas. Find out what needs to be done or 
what you want to accomplish. You will not 
get started on the creative process by looking 
around for ideas that are new. To t ry  to be 
creative by random search for original ideas 
will result only in futile frustration. C. F. 
Kettering, a very creative person, once stated 
that "All research is simply finding out 
what is wrong with something, and then fix- 
ing it." Therefore, start by selecting a prob- 
lem in your area, and make sure that you 
know what the problem is. Define the prob- 
lem clearly; then write i t  down as a "fix 
point" for the start of the creative process. 
It is suggested that "limiting factors" be 
listed and a "difficulty inventory" and a 
"difficulty analysis" be used in getting a 
"fix point" on the problem a t  the start of 
the creative process. 

C. F. Kettering set out to develop the 
electric self-starter for motors, and he 
did it. In a demonstration, objection was 
made to his invention because he used more 



current through the wires than established 
formulae allowed. Kettering stated that his 
problem was to start an  automobile. He 
was not interested in formulae. He had de- 
fined and picked his problem ; then he stayed 
with i t  until a solution was reached. Pre- 
vious failures of others to develop the electric 
starter did not bother him. He considered 
other failures an opportunity for him. 

In selecting a problem, remember that 
the positive attitude and concentration cli- 
mate are important. Regardless of the diffi- 
culty or the apparent impracticability of the 
problem, a solution can be reached through 
the creative process. Have the courage to 
depart from traditional formulae or think- 
ing. Remember the plight of the bumblebee : 
"According to theory of aerodynamics and as  
may be readily demonstrated through lab- 
oratory tests and wind tunnel experiments, 
the bumblebee is unable to fly. This is be- 
cause the size, weight, and shape of his body, 
in relation to the total wing spread, makes 
flying impossible. But-the bumblebee, being 
ignorant of these profound scientific truths, 
goes ahead and flies anyway-and manages 
to make a little honey every day!" The 
world of business is filled with opportunity 
for those who will and can select problems 
that impede economic or technological prog- 
ress and solve them through the process of 
creative thinking. 

Exploration and Preparation. New or 
unconventional ideas are not created by 
wishing. They must be laboriously and care- 
fully created from raw materials. The raw 
materials may be called knowledge. In the 
creative thinking process, ideas are origi- 
nated by associations of existing ideas and 
factual information. New combinations and 

upon the problem selected. The purpose is 
to enable one to soak up information that 
will be grist for the mind later. One is not 
concerned with new ideas in this step-they 
come later. Raw materials and knowledge 
may be obtained from journals, books, maga- 
zines, research reports, associations with in- 
formed people, personal observations, lec- 
tures, and experience. In the exploration 
and preparation step, one should search for 
knowledge over as broad a field as  possible. 
Every effort should be made to determine 
what underlies the facts and whether or 
not fundamentals or principles are appar- 
ent. For best results the raw materials or 
knowledge gathered should be written down 
for proper organization and refinement. 

The exploration and preparation work 
is probably the most difficult of all of the 
steps in the creative thinking process be- 
cause i t  involves a great amount of pains- 
taking mental and physical effort. There are 
no short cuts. One must force oneself to ' 
gather, refine, and organize raw material 
and knowledge pertaining to the problem un- 
til every source is exhausted. This requires 
great self-discipline and tenacity of purpose. 
The lazy or the indolent will fail in this 
step. One must continue the exploration and 
preparation step until no new or additional 
raw materials and knowledge are obtainable. 
Remember, in creative thinking some facts 
are known and some are missing. Therefore, 
all possible facts and information must be 
obtained. Furthermore, the facts should be 
classified on some logical basis for later 
analysis and evaluation. Otherwise, the 
gaps in the later mental configuration may 
be too great for insight to bridge. 

eliminations are brought about. Facts are Hypotheses, Brainstomzhg, o r  Wild 
matched against facts. Thinking. This step involves the application 

The exploration and preparation step of a11 existing ideas or knowledge to the 
in the creative process involves gathering, solution of the problem in all possible com- 
refining, and organizing all of the obtain- binations, Pareto's concept of "instinct of 
able raw materials and knowledge that bear combinations" in Mind and Society describes 



the method for this step.= It is during this 
step of the creative thinking process that 
one gives his mind full freedom to range for 
a new idea to resolve the problem. 

All possible relationships of existing 
raw materials and knowledge are combined. 
Some will be very wild and impractical ; but 
the more the better, because of the increased 
probability that one will hit on the solution. 
All should be written down and preserved 
for later reference. Charles S. Whiting of 
McCann-Erickson, Inc., has described some 
operational techniques for this step: the 
analytical technique, the forced relationship 
technique, and the free association tech- 
nique.? 

The analytical technique involves the 
use of a pattern for establishing all possible 
relationships of knowledge to a problem 
Alex F. Osborn's check list illustrates this 
technique by asking the following questions. 
Let's take an existing product or service as  
an  example. (1) Can i t  be put to other 
uses? (2) Can it be adapted? (3) Can i t  
be modified? (4) Can it be magnified? (5) 
Can i t  be minified? (6) Can i t  be substi- 
tuted for others? (7) Can i t  be rearranged? 
(8) Can i t  be reversed? (9) Can it be com- 
bined with something?8 This technique is 
well known for methods work and work 
simplification. 

The forced relationship technique in- 
volves making a list of objects or ideas 
which may have some possible relationship, 
and then considering each object or idea in 
relation to every other one on the list. An 
example of this technique in action would 
be forcing the combination of all chemical 
elements in all possible relationships in an 
attempt to find a cure for cancer or the 
common cold. Obviously this is a laborious 
and time-consuming effort, although the use 
of electronic machines can be helpful. 

6 Vilfredo Pareto, Mind and Societv (New York: Hor- 
court. Brace. 1936). 

7 Whiting, ''Operational Techni~uen of Creative Tbinkinp." 
Adtwwed Management, XX. No. -0 (Odqber, 196e). p. 26. 

8 Adapted from Alex F Osborn Appked Imaprnatron (New 
York: Charles Scribner'a, k 8 ) .  p: 284. 

The free association technique involves 
wild thinking or  brainstorming, This tech- 
nique is based on values which come from 
allowing any idea which comes to mind on a 
problem to be recorded. No attempt is made 
to evaluate ideas until all possible ideas have 
been expressed. A positive attitude and a 
receptive climate are essential for this tech- 
nique because the purpose is to write down 
all possible ideas generated on a problem 
regardless of how silly or impractical they 
at first seem to be. 

If a brainstorming session is to be held, 
the exploration or preparation step is mini- 
mized because the raw materials or knowl- 
edge obtainable exist in the experience and 
minds of the members of the group that 
participates. The group is presented with 
a problem, and everyone is encouraged to 
contribute ideas. For example, in the Gen- 
eral Motors A C Spark Plug Division, one 
brainstorming session produced over 100 
ideas on how to finish off a casting. The 
Ethyl Corporation got 71 ideas in less than 
an hour on a new booklet for employee bene- 
fi t  plans. 

The digestion of the raw materials and 
knowledge obtained in exploration and prep- 
aration should continue by wild thinking on 
relationships, the establishment of possible 
hypotheses, brainstorming, and the like until 
a feeling of frustration appears. When all 
possible relationships have been combined 
and mental fatigue occurs, it is time for 
diversion-the next step. When Sherlock 
Holmes seemingly ceased work on a case 
and dragged his friend, Dr. Watson, to a 
concert or played his violin, he was actually 
moving up a step in his brilliant creative 
thinking. 

Incubation or  Gestation. This step in- 
volves unconscious cerebration. One can con- 
tribute little to this step directly. One must 
either arrange to think about other subjects 
or problems, or  even rest from any form of 
conscious thought by seeking recreation or  



entertainment. When those responsible for 
assignments requiring creative thinking in- 
dulge in reading wild West or detective sto- 
ries, or listen to jazz music, don't malign or  
belittle them. They are probably engaging 
in this step of the creative process. Like- 
wise, a hobby is a valuable asset to a creative 
thinker. During this step of incubation or 
gestation, one's mind will continue to oper- 
ate on the problem unconsciously. However, 
it is important to prevent emotional or men- 
tal blocks by some form of diversion which 
will result in one's not thinking about the 
problem or associated ideas. This is impor- 
tant because the next step should result in 
illumination or insight which brings to mind 
the idea sought to solve the problem. 

Illuminution. This step often occurs 
when least expected. The idea will appear 
when one is eating, bathing, relaxing, driv- 
ing, or  engaging in some similar activity. If 
the previous steps of exploration and prep- 
aration, digestion of relationships, and in- 
cubation or gestation have been accom- 
plished properly, the new idea will be 
brought to mind. However, other ideas will 
follow in quick order. Many fail in the crea- 
tive thinking process on this step because 
ideas come to mind faster than one's memory 
can absorb or  retain them. Therefore, i t  is 
important that some means of writing down 
the ideas as they occur be devised. Other- 
wise, they will be lost and the previous work 
in the creative process nullified. 

Verification and Application. The final 
step in the creative process of thinking is 
that of verifying, modifying, or applying the 
idea toward the solution of the problem se- 
lected and defined. However, the same free- 
dom of thinking and imagination should be 
used in verifying or applying the new idea 
brought to mind as in the other steps of the 
creative process. This step is essential if 
one is to get his ideas accepted and used. 

The creative thinking process is based 
upon three essential elements : knowledge, 

proficiency, and attitude. Knowledge sup- 
plies the grist for the mental process. Pro- 
ficiency in all steps of the creative thinking 
process is vital for success in using it. There 
must be a positive attitude and a receptive 
climate for using the process. 

They copied all they could follow, 
but they couldn't copy my mind, 
And I left 'em sweating and stealing 
a year and a half behmd. 

--KIPLINQ, 
"The Mary Gloster" 

Business Research and the Creative Thinking 
Process 

Willard A. Pleuthner, Vice President of 
BBD&O, has stated: 

In too many cases, nothing is done creative- 
ly about research findings. Sound research 
has provided the knowledge which is a poten- 
tial power for the business. But research itself 
seldom puts that power to work in providing all 
the answers, or the best answers, to the prob- 
lems. This is exactly where creative thinking 
should move into the research icture. In that 
move, the mental climate shoufd change. 
some of the faces around the table shkld. 
change. The transmission of thinking should 
shift from the third gear of judicial judgment 
into the free wheeling of creative imagination. 

Sound business research carried on ac- 
cording to valid methods is essential to the 
creative thinking process. The all-important 
step of exploration and preparation in the 
creative thinking process depends upon 
research to provide the basic knowledge up- 
on which the subsequent steps depend. 

One may be able to follow a career and 
earn a living by operating on the routine or 
problem-solving levels of thinking. How- 
ever, the highest rewards in recognition and 
income will be offered to those who will 
contribute to economic, business, and tech- 
nological progress through creative thinking 
about the world's problems. Fortunately, the 
process of creative thinking is not patented 
or withheld from anyone. It is available and 
free for all to use. 



Research 
which all 

supplies guidelines 
companies can use 

Copyright. 1958 Nation's Business 

IMPORTANT PROGRESS is being 
made in the search for an answer to 
one of the most nagging questions in 
business management: 

How do you identify the creative 
worker and then encourage his cre- 
ative drive before group pressures in 
an organization maim or kill it? 

Tentative answers are included in 
a new report, "Creativity and Con- 
formity," which is to be published 
this month by The Foundation for 
Research on Human Behavior, Ann 
Arbor, Mich. 

The report summarizes extensive 
research conducted at  the University 
of California's Institute of Personal- 
ity Assessment and Research at  
Berkeley, and the Research Center 
for Group Dynamics at  the Univer- 
sity of Michigan. 

The studies show that: 
1. The creative worker can be pin- 

pointed through testing procedures. 
2. Group pressures can be con- 

trolled to encourage creativity rather 
than stifle it. 

3. Conformers, and the degree to 
which they conform, can now be 
identified. 

4. Business can effect an intelli- 
gent and productive balance between 
creativity and conformity. 

The Foundation is publishing its 
report with the cautionary note that 
it is by no means the last word on the 

related problems of individual cre- 
ativity and group pressure. 

Nonetheless, the research repre- 
sents a significant step toward ulti- 
mate solution. It reflects business' in- 
creasing use of social science and 
embraces a subject of pressing cur- 
rent interest to all business organiza- 
tions. Most important, i t  outlines 
some steps which business can take 
immediately to achieve more effec- 
tive management of the creativity- 
conformity problem. 

Pinpointing creative workers 

Business generally is getting far 
less than optimum benefit from the 
latent creativity of its employes. 

At the same time, business needs 
creativity, or originality, in virtually 
all of its endeavors. I t  must consider 
creativity in promoting and placing 
personnel a t  all levels. It must main- 
tain an inventory of the total crea- 
tive resources at  its disposal. 

But what is creativity? 
According to researchers, creativ- 

ity means getting out of a mental rut 
and looking a t  things in a new and 
different way. I t  results from what 
the social scientists call "divergent 
thinking9'-the kind of thinking 
which is constantly attuned to new 
possibilities. It's the thinking behind 
discovery, i t  is insight, intuition. I t  
contrasts with "convergent think- 

derly and logical progressions. 
Both kinds of thinking are neces- 

sary in an organization. But creativ- 
ity, or originality, occurs only when 
divergent thinking takes place. 

No one of.us is a creative thinker 
in the pure and absolute sense, says 
Dr. Samuel P. Hayes, Jr., Founda- 
tion director. Every person has ele- 
ments of both divergent and conver- 
gent thinking in his make-up. The 
important thing is to determine 
which of these two strengths predom- 
inates in an individual. Knowing 
this, it is possible to put him in a po- 
sition where his strongest talent is 
free to function. 

The research suggests that people 
strong on divergent thinking might 
best be used in positions where their 
creative thrust can operate freely. 

Such positions include basic re- 
e4 

search-the search for the new; sales 
work-the development of new mar- 
kets; advertising copy writing-the 
creation of new and unusual ideas; 
in organization staff work-in de- 
vising ways to accomplish what less 
creative people might consider to be 
impossible. 

Individuals strongly inclined to 
convergent thinking make good or- 
ganizers, the research indicates. 
They are useful in posts where they 
validate the findings of divergent 
thinkers. In assembling, refining and 
improving raw data they can exer- 
cise a secondary creativity of great 
value. 

Dr. Hayes says these implications 
extend from the highest to the lowest 
levels of organization. "Even on the 
assembly line, the creative, or diver- 
gent thinker, exists and can be better 
used. His suggestions might be 
sought on such things as how to per- 
form his job more simply, more ef- 
ficiently, how to cut costs or use 
waste products." 

While science does not yet know 
why some people are more creative 
in their thinking than others, it has- 
through research-developed tests 
which identify original thinkers and 
provide the first objective measure- 
ments of originality. 

At the Institute of Personality 
Assessment and Research eight tests 
are used: 

Unusual uses: The person being 
tested is asked to list six uses to 
which a common object such as a 
newspaper can be put. The less often 
the answer is given, the higher the 
score. 

Consequences: The participant is 
asked to write down all the things he 
can think of which might happen if a 
stated change took place. Such a 
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UR CREATIVE FSEQPLEE 

Tests show that  original person has 
more energy, drive and effectiveness 

change might be: "What if suddenly 
everyone could read minds?" 

Plot titles: Two short stories are 
given. The object is to make up suit- 
able titles. 

Rorschach ink-blot-test: The sub- 
, ject gives responses to 10 ink blots. 

Anagrams: The object is to make 
up as many words as possible, using 
the letters of a test word. 

Thematic apperception: The par- 
ticipant is given pictures and asked 
to make up stories about them. 

Word rearrangement: The object 
is to compose a story using as many 
of the words as possible from a ran- 
dom list. 

Achromatic ink blots: Similar to 
the Rorschach test, this also is scored 
for infrequency of response. 

These tests require different kinds 
or originality. The ink-blot tests call 
for visual originality. The thematic 
apperception test and word arrange- 
ment tests call for verbal originality. 
Consequences and unusual uses 
bring out the bright idea kind of orig- 
inality. Plot titles require adeptness 
at  slogans. Anagrams require word 
fluency. 

The testers have found that people 
usually are better at  one kind of test 
than another. Visually original peo- 
ple are not necessarily verbally orig- 
inal as well. But those who do well 
on one kind of test usually have 
higher than average scores on most 
of the others. 

At Berkeley, the eight tests for 
originality are supplemented by 
other testing procedures. Staff psy- 
chologists observe those being tested 
over a three-day period, noting their 
various personality traits, including 
creativity. A second check is made 
by asking colleagues and superiors 
to rate subjects on creative ability. 

Originality appears to be char- 
acterized by a preference for com- 
plex problems. The original person, 
the researchers find, sees a great va- 
riety of things and takes all of them 
into consideration. He resists putting 
them into an organized pattern until 
they can all be accommodated, and 
then he forms a complex solution. 

The less original person either 
doesn't see as many elements, or 
ignores them in favor of arriving at  
simpler, quicker solutions. 

The more original person emerges 
as an individual with more energy 
and drive, more striving for mastery, 

more effectiveness in his perform- 
ance. Me is more impulsive and re- 
sponsive to emotions. He is less rigid 
and is able to tolerate ambiguity. He 
is dominant and self-assertive. 

The Foundation, interpreting the 
findings of the research on creativity, 
suggests that management can even 
now put to good use some of the ad- 
mittedly still-crude tests used a t  the 
Institute of Personality Assessment 
and Research. The unusual uses and 
consequences tests might provide 
useful information in the selection of 
creative personnel, beyond that 
based on other judgments. 

Moreover, a company might wish 
to administer the entire test battery 
to its employes, both those known 
to be original and those known to be 
unoriginal, "thereby determining the 
effectiveness of the battery as a meas- 
urement device for a particular kind 
of originality valuable to the com- 
pany." 

Encooraging creativity 

Scientists confirm that group pres- 
sure can block the expression of cre- 
ativity by the individual worker. 
Groups tend to resist changes in the 
status quo and the creative thinker 
is likely to be one who proposes 
change in the status quo. 

Workers who deviate from group 
standards may be subject to punish- 
ment by the group. A test by the Re- 
search Center for Group Dynamics 
conducted in a clothing manufactur- 
ing company disclosed that when a 
new female employe in the pressing 
department increased her production 
above the standard rate of 50 units 
per hour her sewing was deliberately 
knocked from her work table and 
other actions impeded her produc- 
tion. 

Similar group pressures can inhib- 
it originality, but the direction of 
pressures can be changed by making 
originality a goal of the group. 

In the clothing manufacturing 
case scientists and management tried 
still another approach which has 
proved to be useful. They sought to 
increase the participation of the 
workers in decision-making in the be- 
lief that lack of such participation 
often has been the cause of hostility 
toward management and-as a con- 
sequence-of worker opposition to 
initiative and creativity. 

Here's how the experiment 

worked: Three work groups were se- 
lected. (The standard rate of pro- 
duction for all groups had been 60.) 

Group A received the usual t r d -  
ment a t  a work changeover. The 
need for the change was explained, 
and the new rates and job descrip- 
tions announced. 

Group B was given "representa- 
tive participation" in decision mak- 
ing. I t  was called together and asked 
to select representatives to set up the 
new jobs and the new rates. The 
representatives worked with com- 
pany engineers on all details and re- 
ported back to the group. 

Group C was allowed "total parti- 
cipation." The entire group sat down 
and worked out the job changes 
heeded. They consulted with the en- 
gineer in setting the pay rates and 
job standards. 

"In all groups," the report relates, 
"the job descriptions which evolved 
were approximately equal. Every- 
thing was approved by the engineer. 
But the results were very different." 

In Group A, production dropped 
from 60 to 50 and stayed there. Mo- 
rale nosedived, absenteeism and quit- 
ting increased. 

Group B, on the other hand, re- 
turned to the 60 level of productivity 
in two weeks. Morale improved; ab- 
senteeism and quitting declined. 

In Group C-the group with total 
participation in decision-making- 
production did not drop a t  all. With- 
in a short time it climbed to 70 and 
stayed there. There was no quitting 
and morale was high. 

Having isolated the significant 
characteristics of the creative think- 
er, the research then turned to an ex- 
ploration of conformity. 

Few terms have been so widelv 
used in recent years, and yet so little 
understood. 

The researchers in California and 
Michigan use this definition of 
the term: Conformity is a conflict be- 
tween what a person says or does and 
what he really thinks or would like 
to do. I t  is more than uniformity, or 
cooperation, or common beliefs, or 
conventional behavior. I t  is a con- 
flict between internal belief and ex- 
ternal manifestation. 

There are three kinds of conform- 
ers : 

The cognitive conformer is look- 
ing for a solution, or information, 
and accepts the opinion of the group 
as being the most likely source. 
Most people fall into this category. 

The expedient conformer believes 
he has the right answer but will 
adopt a wrong group answer anyway. 
He is sensitive to authority and is 
himself authoritarian. 

The passively suggestible person 
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Conformity tends to increase 
sharply when people work on a 

5~ -;;i7-L*r7-:vf .rL, .l Y ~ T ~ ' > ~ J : ; ~  ~ ~ - ~ ; ~ g : L ~ ~ ; ~ [ ;  $ 7 2 ( 3 ~ - 1 ~ ~ ~ 2  group task. Apparently conformity 
increases when people know their ac- 
tions will affect others. 

conformers without creative talents People who feel rejected by a 
group to which they wish to belong- 

can be of great value to businesses 
such as members of racial minorities 
-are especially sensitive to group 

lacks confidence in himself and his 
opinions. He will readily accept the 
group's opinion, in the belief that 
its members must be right and he 
must be wrong. He has inadequate 
self perception; he is high on scales 
of doubt and anxiety. He feels in- 
ferior and is often unable to bear 
up under stress. 

Conformists-even extreme con- 
formists-can be of great value to a 
business organization once their 
tendency to conform is recognized. 
They can be used constructively in 
positions involving organizing, con- 
trolling, or in some other work.where 
a high degree of creative thinking 
is not required. The conformist 
makes a good team player; he is pre- 
dictable; he can be used in directing 
the work of others and in carrying 
out programs effectively. 

Nonconformers are either persons 
who are sure they are right and stick 
to their convictions, or persons who 
always adopt the opposite point of 
view. The second type, the research- 
ers say, are not truly independent. 
They are suggestible, but "contra- 
suggestible," like a child going 
through the negative phase of grow- 
ing up. This type of individual uni- 
formly rejects group standards and 
pressures, right or wrong. The re- 
search scientists say ihat firing may 
be the only practical way to deal 
with such a person since keeping him 
on the payroll would iirvite a chaotic 
effect on company procedures and 
the creativity of others. 

A rather simple experime~t has 
been used a t  Berkeley to measure 
conformity Five people are seated at 
panels They know the others are 
participating, but they cannot see or 
talk lo each other. Each person is 
asked to answer questions by throw- 
ing the appropriate switch on his 
panel. He sees lights on his panel 
which, he is told, indicate the votes 
of the other four persons being 
tested. 

The subjects believe these lights 
are a communication system between 
the t~ booths. Actually, all lights 
are coi~trolled by the experimenter. 
Each of the participants can be con- 
fronted with an apparently unani- 
mous group opinion contrary to his 
own. Questions are projected on a 
screen and those taking part are 
asked to select the correct answer 
from the choices given. 

The slides vary in content from 
simple perception questions (which 
line is the longest) to factual-logical 
questions (vocabulary, completion 
of number series) to attitude and 
opinion questions. Each person can 
be subjected to group pressures by 
manipulation of the lights. He sees 
that line one is the longest; the 
group, however, is voting for line 
two, which is obviously shorter. 
How will he vote? 

Here's what the experimenters 
found on 12 standard items of which 
four were clear, three ambiguous and 
five somewhere in between: 

TIzc p c ~ c e l ~ t n g e  of 
t i v ~ c s  t h e y  c o n f o v m  with 

t h e  wrowg n?zs?oe? 
of the g v o u p  

The Group 
College sophomores 

(female) 36.5% 
Air Force captains 32.4 
Mills College seniors 

(female) 32.0 
Medical school applicants 27.3 
College sophomores 

(male) 25.9 
Vassar alumnae (average 

age 40) 22.4 
Engineering students 

(seniors, honors) 22.0 
Research scientists 16.0 

These are group scores. Within the 
groups wide individual differences - 
were found. Some persons don't con- 
form a t  all, others conform most of 
the time. But-even discounting 
these individual differences-some 
interesting trends in group scores 
should be notcd : 

Women appear to conform more 
than men. 

Women of 40 conform less than 
female college seniors. 

College seniors conform less than 
sophomores. 

Nonconformists are likely to rate 
high in intelligence, ego strength, 
dominance, ascendancy, masculin- 
ity. They make high marks on tests 
of social acuity-the ability to un- 
derstand other people. 

I t  also has been found that people 
who are high on originality conform 
less than people who are low on 
originality. 

Other findings of the research are 
these: 

Most people need some support 
before they will express a contrary 
opinion. 

pressure-and will conform to group 
standards much more than people 
who feel accepted. 

Conformity increases when the 
task or issue is relevant to the group's 
goals. 

Groups with discussion leaders 
tend to have a better record in prob- 
lem-solving than groups with no 
leaders; discussion leaders can in- 
sure a fair hearing for minority 
views. 

Another finding which is of par- 
ticular interest in the research on 
conformity is the tendency of groups 
to be inhibited by positions taken by 
superiors. In a test involving Air 
Force crewmen, for example, the ac- 
curacy of groups improved consider- 
ably when a lower status person (a  
gunner) gave his answer first. In 
groups where pilot leaders answered 
first, accuracy fell off. When the pilot 
was wrong, the other members 
tenaed to suppress their true views 
and go along with his incorrect an- 
swers. Accuracy and effectivenew of 
groups increase when all true opin- 
ions are expressed. 

Help for bkssir~ess 

The social scientists stress that 
conformity pressures in an organiza- 
tion are not necessarily bad. They 
keep the wheels turning smoothly. 
Without some conformity, "produc- 
tion lines would erupt in turmoil and 
social machinery would collapse. 
Group pressures serve positive ends, 
for society and industry." 

The important thing is to achieve 
a balance between creativity and 
conformity. 

"Manag~ment," the Foundation 
report conc!udcs, "can adopt tests 
which will idmtify both the people 
who give in readily to group pressure 
and the people who don't. 

"Management can also develop 
groups which counteract the negative 
consequences of conformity. Partici- 
pation in decision.making can be 
used to shift the goals of groups to 
positive ends. Groups can be formed 
in which originality becomes a major 
goal. Machinery can be installed to 
insure a full hearing of minority 
opinions. Differences in status can be 
reduced, made less obvious; the place 
a member holds in the hierarchy can 
be consciously eliminated from the 
standards for judging member con- 
tributions. 

"Groups can be formed which 
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bring tog~ther many different kinds 
of pcoplc; originality seems to flour- 
ish undcr these conditions. Groups 
can be made aware of the impact 
they have on their individual mem- 
bers, and they can work to reduce 
those pressures. Discussion leaders 
can be trained. Experts can be used 
as resource people and can be recog- 
nized as such by group members. 

"If management realizes the im- 
pact of conformity pressures and be- 
gins to counteract their negative as- 
pects, then some of the ready reserve 
of originality should begin to appear. 
The impact of these reserves can be 
far-reaching and can pay off hand- 
somely for the business which takes 
time to find and free creativity." END 

BBEPRII NTS of "Identify Your Cre- 
ative People" may be obtained for 10 
cents a copy or $6.75 per 100 post- 
paid from Nation's Business, 1615 H 
St. N.W., Washington 6, D.C. Please 
enclose remittance with order. 

A USEFUL LOOM AHEAD 



New research shows businessmen 
how to 

WHAT MAKES some people more 
creative than others? 

Seven years of research a t  Penn- 
sylvania State University have shed 
new light on this question of prime 
importance to business. 

Here are some of the Penn State 
findings that are of immediate value 
to managers: 

There are eight distinct attributes 
that significantly differentiate crea- 
tive people from those who are less 
creative or noncreative. 

.These attributes do not register 
on standard intelligence tests. But 
they can be detected by a battery of 
special tests developed a t  Penn 
State and elsewhere. . A person who consciously culti- 
vates these attributes can substan- 
tially raise his own creativity poten- 
tial. 

identify imaginative workers 

The Penn State research team, 
headed by Frof. Viktor Lowenfeld, 
does not cIaim to have all the an- 
swers. The studies are continuing. 
But they have already gone far to- 
ward solving the riddle of creativity 
-the precious but elusive quality of 
mind and spirit that is responsible 
for all real progress in business, 
technology and the arts and sciences. 

Dr. Lowenfeld, a native of Vienna 
who came to this country in 1939, is 
head of Penn State's Department of 
Art Education. He is a world au- 
thority on art education as well as a 
trained psychologist. He began his 
research on creativity in 1951 be- 
cause he was convinced-six years 
before Sputnik aroused other Ameri- 
cans to the same realization-that 
"our existence as a nation may hinge 
on the efforts of creative people." 

He emphasized in an interview 
that the Penn State studies are not 

aimed primarily at categorizing in- 
dividuals as creative or noncreative. 
Although he acknowledges the ex- 
istence of inherent differences 
among individuals, he believes that 
"virtually every person has more 
creative ability than he is actually 
putting to use." His goal is to find 
ways to release this latent creativity. 

The first step was to find meas- 
urable criteria which reliably dis- 
tinguish persons of high creative 
performance from those of low crea- 
tive performance. Dr. W. Lambert 
Brittain, a former student of Dr. 
Lowenfeld now teaching at Cornell 
University, reviewed all previous 
research and came up with 36 
tests which covered every conceiv- 
able trait of mind or personality 
that might affect an individual's 
creativity. 

These tests were given to students 
who had previously been grouped, 



on the basis of their actual perform- 
ances in the arts, as highly creative 
or noncreative. 

The results (which many re- 
peat expejments have since cor- 
roborated)-showed that eight cri- 
teria consistently differentiated the 
two groups. 

At thispoint; Dr. Lowenfeld made 
an exciting discovery. Unknown to 
the Penn State researchers, a group 
under Prof. J. P. Guilford at the 
University of Southern California 
had been conducting similar studies 
on creativity in the sciences. Dr. 
Guilford had also identified eight 
attributes of the creative person. 

His list proved to be virtually 
identical to the Penn State findings. 

The striking similarity between 
these two entirely independent stud- 
ies seems to warrant the conclusion 
that creativity has common attri- 
butes, whether it is expressed in the 
arts, the sciences or in a business 
environment. 

Being a careful scientist, Dr. 
Lowenfeld does not take this con- 
clusion for granted. Penn State has 
applied for a research grant from 
the National Science Foundation to 
prove the point with a controlled in- 
terdisciplinary study which will ex- 
pose engineering students to the 
same creativity tests which have al- 
ready proved valid for artists and 
scientists. 

Meanwhile, less skeptical busi- 
nessmen may apply to themselves 
and to the younger managers they 
are seeking to develop, some of the 
helpful insights that have emerged 
from the research already done: 

Here are eight attributes of crea- 
tivity defined by Dr. Lowenfeld: 

Sensitivity 
The creative person, says Dr. 

Lowenfeld, always exhibits an un- 
usual degree of sensitivity-to prob- 
lems, to needs, to the attitudes and 
feelings of other people, to the ex- 
periences of life. He has trained 
himself "to use his eyes not only for 
seeing but for observing, his ears not 
only for hearing but for listening, 
and his hands not only for touching 
but for feeling." He has a height- 
ened awareness of anything that is 
odd, unusual or promising in the 
person, material or situation with 
which he is dealing. 

At first, the researchers thought 
there might be a difference between 
perceptual sensitivity and social 
sensitivity. But repeated studies 
have shown that one closely relates 
to the other. 

That is, indeed, one of the more 

significant findings of the Penn 
State research. 

There are a number of good tests 
for perceptual sensitivity. One, 
which is highly regarded at Penn 
State, was developed by the late 
Prof. L. L. Thurstone of the Univer- 
sity of Chicago. I t  tests ability to 
recognize a word in which part of 
each letter has been erased. 

Social sensitivity-the ability to 
identify with people and problems 
-is tested by giving the subject 
a statement of some present-day 
trend, and asking him to list four 
possible effects of this trend at some 
specified future time. For example: 

"More girls have been born in 
the past five years than boys. What 
effects will this have 20 years from 
now (in addition to the obvious 
effect that there will be more wom- 
en than men) ?" 

Possible answers: 
"A growing number of spinsters." 
"Agitation for polygamous mar- 

riage." 
"More women taking up careers." 
"Women will do the courting." 

f iuency 
Dr. Lowenfeld defines fluency as 

"the ability to take continuous ad- 
vantage of a developing situation 
. . . to use each completed step as a 
fresh vantage point from which to 
plan your next move." 

Penn State researchers polled 160 
distinguished painters, writers, 
sculptors and composers to find out 
how they go about the creative work 
which has earned them world re- 
nown. One point which consistently 
stood out in their answers was that 
t h ~ y  usually do not begin with an 
elaborately preconceived plan. They 
start with an idea and let the cre- 
ative process develop, step by step. 

Since fluency involves the ability 
to think rapidly and imaginatively, 
it can be tested by asking the sub- 
ject to list quickly as many words 
as possible that meet a specific re- 
quirement, such as expressing "en- 
thusiasm." 

f iexibiiity 
This means the ability to "adjust 

quickly to new developments and 
changed situations." 

Dr. Lowenfeld points out that 
happy accidents are likely to occur 
in carrying out any project. A sculp- 
tor's chisel may slip-and produce 
a striking, i f  unintended, effect. Or 
a businessman may discover that a 
sudden shift in public taste has 
greatly expanded the market for a 
product. Noncreative people tend to 

be distressed by such developments; 
they were not part of the plan. But 
the creative person moves swiftly 
to take advantage of them, to adapt 
his plan to include the fullest ex- 
ploitation of this welcome windfall. 

Unforeseen obstacles-the bad 
breaks-also give the creative per- 
son an opportunity to display flexi- 
bility. Dr. Lowenfeld likes to play a 
trick on his art students. He has 
them rough out sketches for murals. 
They naturally assume the murals 
are to be painted on flat wall sur- 
faces, and plan accordingly. But 
they find that the wall space as- 
signed to them is in a corner--or is 
broken by some ugly object such as 

MUTILATED-WORDS test 

assesses an individual's 

perceptual sensitivity. 

Point is to identify 

partially obscured words. 

Example: 

house 
~ Z E C  2fL-u~~ 

TRY your hand on the 

mutilated words below. 

Answers in box on page 62. 



a radiator or pipe. The less creative 
students are thrown for a loss. But 
the creative ones quickly rise to the 
challenge, modifying their plans to 
turn the obstacle into a striking fea- 
ture of the composition. 

Give the matter a little thought 
and you probably can think of a 
way, within the context of your own 
business, in which you can put jun- 
ior managers over a similar hurdle 
to see how agile their minds are. 

Original i ty 

This is the best-known attribute 
of creative persons-the one that 
some other researchers have tended 
to treat as the only significant at- 
tribute. 

So much has been written about 
originality that it requires no fur- 
ther definition here. But it is inter- 
esting that this quality, for all its 
familiarity, proved to be one of the 
most difficult to measure. 

After repeatec! experiments, the 
Penn State researchers found the 
answer: Originality can be tested by 
the "uncommonness of a person's 
responses to a given stimulus." 

One good test, now used in many 
places besides Penn State (see 
"Identify Your Creative People," 
NATION'S BUSINESS, Sept., 1958), 
requires the subject to list six un- 
usual uses to which some common 
object can be put. Take, for exam- 
ple, a newspaper. "To start a fire" 
or "to wrap garbage" are garden- 
variety responses. "To make a kid- 
nap note" is an uncommon response 
that betokens a creative mind. 

Ski l l  a t  redefinition 

This is the ability to rearrange 
ideas, concepts, people and things, 
or, as Professor Guilford puts it,- "to 
shift the function of objects and use 
them in a new way." The inclusion 
of this attribute in the list is a use- 
ful reminder, Dr. Lowenfeld says, 
that "creativity is not based alto- 
gether on new invention-it also 
involves the imaginative use of old 
things for new purposes." 

This kind of creativity is particu- 
larly valuable in the business world, 
where success often hinges on man- 
agement's ability to dream up new 
uses-and hence new markets-for 
old products. A dramatic example 
is the way Du Pont has developed 
ever proliferating uses for Cello- 
phane. Skill at  redefinition is also 
reflected in the kind of business 
thinking that turns wastc products 
into salable commoditirs. 

Penn State measures this attri- 
bute with a clever little test that, 
incidentally, makes an entertaining 
parlor game. I t  goes like this: 

You are given a problem, and a 
list of five objects. You are told that 
you can use a part of one of the ob- 
jects to solve the problem. You are 
also warned that the solution "may 
require ingenuity." 

For example, the problem may be 
"to start a fire." The objects are a 
fountain pen, an onion, a pocket 
watch, a light bulb and a bowling 
ball. 

The answer? You can use the 
crystal from the pocket watch as a 
burning glass to start a fire. 

(If you want to try this on your 
friends or associates, you'll have to 
make up your own problems from 

ANSWERS TO TEST 

The design test on page 58 not only 
shows creativity, Dr. Lowenfeld says, 
but indicates a n  individual's sense of 
"organizational coherence." This is the 
ability to grasp things in a way which 
eliminates the superfluous. 

Here are the selections made by Dr. 
Lowenfeld : 

1-Right 
2-Lef t 
3-Right 
4-Lef t 
5-Left 
The words in the word-mutilation 

test on page 59 a re  as follows: bread, 
artist, pistol, pickles, sweater, window, 
blanket, highway, picture. 

Please DO NOT write to Penn State 
asking for copies of these or other crea- 
tivity tests. Dr. Lowenfeld does not re- 
gard any of the tests now in use a s  
being in final form. He is constantly 
revising and refining them. They have 
not been mass-produced and no facili- 
ties are presently available for  making 
large numbers of copies. 

that sample. Penn State is cur- 
rently using this test and doesn't 
want to spoil it by publishing all of 
the questions and answers.) 

Ability t o  abstract 

This attribute might be called 
"skill at analysis." It connotes pro- 
ficiency in breaking down a prob- 
lem or a project into its component 
parts and comprehending the spe- 
cifi c relationships among them-in 
Dr. Lowenfeld's words, "abstracting 
details from the whole." 

It may surprisc smile to find ana- 
lytical ability l is t~d among thc at- 

tributes of creativity. Analysis is 
often thought of as a sort of plod- 
ding, logical process, which requires 
intelligence but not necessarily a 
creative spark. But this attitude 
simply reflects the popular tendency 
to think of creativity solely in terms 
of spontaneous invention or origi- 
nality. 

"Without analysis, no truly cre- 
ative work is possible," says Dr. 
Lowenfeld. "Analysis prevents us 
from making shallow generaliza- 
tions, and allows us to penetrate 
into the nature of a problem or an 
experience. The noncreative person 
keeps looking a t  the whole problem 
as one big stubborn mass. The cre- 
ative person starts breaking it down 
into bite-size chunks the moment he 
sees it." 

Although Penn State uses several 
rather complicated tests to measure 
this attribute, there is a simple one 
you can try on yourself or your 
friends. 

I t  is based on the fact, established 
by Penn State's studies, that there 
is a close correlation between a per- 
son's ability to abstract and his 
observance of the details of his 
everyday environment. 

Where is the green signal on a 
vertical stop light? 

If you don't know, you are not 
very observant, according to Dr. 
Lowenfeld. The green signal is al- 
ways on the bottom, for the benefit 
of the color blind. 

Ability t o  synthesize 

This is the other side of the coin, 
the reverse process of the ability to 
abstract. I t  means the ability to 
combine several elements in a crea- 
tive way to form a new whole. It can 
be tested by presenting the subject 
with words in a scrambled order, 
and asking him to combine them in- 
to a meaningful sentence. Another 
test, which is more perceptive when 
administered by an expert judge, is 
to give the subject a lot of unrelated 
objects-such as steel wool, strips of 
cardboard, pipe cleaners, tongue 
depressors, wire screen and scraps 
of yarn-and ask him to combine 
them into an aesthetically interest- 
ing three-dimensional composition. 

Both of these tests may sound far 
removed from the business world. 
But a man who does well on them 
probably will also prove to be crea- 
tive in, for example, bringing to- 
gether a lot of different manufactur- 
ing operations to form one smoothly 
integrated production process. 

Coherence of organization 

7'his tr;lit is 11:ird to define, but 
Dr .  1,owc~nfeld says that it invari- 



Is your solution 
original or is it 
stereotyped? 

ably shows up in creative people. 
Essentially, it is the ability to or- 
ganize a project, to express an idea, 
to create a design in such a way that 
nothing is superfluous. I t  is getting 
the most out of what you have to 
work with, doing a job "as economi- 
cally as is consistent with the objec- 
tive to be reached." 

Penn State's test for this attribute 
confronts the subject with six pairs 
of designs. In this test, developed by 
Dr. Alfred Kiesselbach, the subject 

is asked to choose, from each pair, 
the one he prefers. Though both 
designs are abstract, one combines 
the symbols in a more imaginative 
way. 

Although the tests are not avail- 
able to businessmen, there is, how- 
ever, an immediate use to which the 
Penn State findings can be put. 

"I believe that any person can 
heighten his own creativity," Dr. 
Lowenfeld says, "simply by care- 
fully studying these eight attributes 
and consciously setting out to culti- 
vate and practice them in his every- 
day life." 

In other words, check yourself out 
on these attributes. Think back to 
some recent problem or situation in 
which you were involved. Were you 
really sensitive to the issues? Did 
you identify with the other people 
concerned? When you started work- 

ing toward a solution, did you use 
one step as a springboard to the next 
-or try to bull through a precon- 
ceived plan? 

Did you take advantage of the 
happy accidents? Was your solution 
original or was it stereotyped? And 
SO on. 

Don't expect to make too high a 
score on this self-evaluation-if you 
are honest with yourself. 

"We can all be a lot more creative 
than we are," says Dr. Lowenfeld. 
"The first step toward improvement 
is to find out where we are weak." 

-LOUIS CASSELS 
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Charles Kettering a t  10 :3O P.M. over WJR ( ~ e t r o i t )  

BUD GUEST: "Good evening, ladies  and 
gentlemen. One of America's greates t  
l iv ing  ci t izens ,  CKARLES F. KETTE;RING, 
engineering research genius, received 
the  Awacrd of Merit of t he  American 
Alumni Council t h i s  week. The Award was 
presented t o  Mr. Kettering f o r  h i s  work 
a s  a sc ien t i s t ,  humanitarian, inventor, 
philosopher, a college graduate and an 
American by Mr .  Kenny L. Ford, president 
of t he  American Alumni Council at a 
luncheon i n  the  Michigan League Building 
on the  Ann Arbor Campus of the *Univer- 
s i t y  of Michigan. M r .  Kettering is  the  
t h i r d  holder of the  Council's award of 
merit, the  other two being Madam Chiang 
Kai-Shek and General D w i g h t  D.Eisenhower. 
Mr.  Kettering's acceptance address was 
an inspir ing message f o r  a l l  Americans 
punctuated with r a r e  good humor and un- 
founding f a i t h  i n  the  future.  

"As a service i n  the  public in te res t ,  
WJR presents a t  t h i s  time a recording of 
t h a t  message by Charles F. ~e t t e r ing ! "  

KlZTElZXG" "Mr. Chairman, l ad ies  and 
gentlemen. I want you t o  know how very 
great ly  I appreciate t h i s  honor. I 'm 
not qui te  sure a f t e r  I read D r .  Ford's 
l e t t e r  t o  me whether t h i s  award was 
given f o r  accomplishment or  whether it 
was given f o r  not taking your cuzlege 
education too seriously. I n  the  par t ic -  
u l a r  phase of work which we have done 
f o r  a great many years as engineers and 
inventors, I believe t h a t  we can pass 
back t o  you some fac tors  t h a t  a re  qui te  
in te res t ing  from the  standpoint of fun- 
damental education. I have made t h i s  
statement many times and maybe a l o t  of 
you want t o  counteract it - i t 's  a l l  
r i gh t  if you do - thak the  consensus of 
studied opinion is  always wrong, espe- 
c i a l l y  i f  it has t o  do with a new proj- 
ect .  Now t h a t  i s  quite simple because 
t h a t  consensus of studied opinion, when 
taking a new thing in to  consideration, 

w i l l  always be handicapped on two cow+-,  
The consensus of the  opinion of the  peo- 
p l e  w i l l  be, f i r s t ,  a very amateurish 
opinion if i t ' s  a new thing, and next, 
most of those committee people have 
t h e i r  own faces t o  save and therefore 
t h e y ' l l  be ultraconservative on the  s ide 
of safety. 

"Now, an inventor is  a fellow who 
doesn't know anything about the  subject 
a t  a l l  and therefore i s  wil l ing t o  t r y  
something. I have sa id  many times t h a t  
I can t r a i n  anybody t o  be an inventor. 
Now, t h i s  w i l l  i n t e r e s t  you very much a s  
educators and a s  educated, I think it 
was the  Brookings I n s t i t u t e  t h a t  made 
the  study and sa id  t h a t  %he more educa- 
t i on  a man had, o r  tt woman, the  less 
l i ke ly  he was t o  be an inventor. Well, 
now, I sa id  i f  t ha t ' s  so, i t 's  wrong. 
Something is wrong, Now why is it tnen 
t h a t  the more education we have the  i e s s  
l i k e l y  a r e  we t o  be inventors? I think 
the  .reason is  qui te  simple. I s a t  down 
and analyzed it and I have acted upon 
t h i s  analysis and f ind  t h a t  at l e a s t  
from o w  experimental point of view it 
works very well. 

"The kid from the  time he enters  kin- 
dergarten o r  maybe a l i t t l e  f a r the r  up 
is examined two o r  th ree  times a year 
and, of course, if he flunks, t h a t  's aw- 
fu l .  Well, now an inventor flunks a l l  
the  t i m e  and i f  he succeeds once, he r s  
in! You see, instead of being out. By 
the  time t h i s  boy graduates from college, 
he's so a f r a id  of the  word f a i l u r e  t h a t  
he doesn 't want t o  enter  i n to  any zone 
where there 's  even an atmosphere of 
fa i lu re .  So the first thing we do i s  t o  
guarantee the  fa i lu re .  Now, what you 
want t o  do is  learn how t o  f a i l  i n t e l l i -  
gently. After you've fa i led ,  analyze it 
and f ind  out why you've f a i l e d  because 
every f a i l u r e  is one of t h e  s teps  t ha t  
leads up in to  the cathedral  of success 



and you can 't make thaC f"faaL s%p 1 un+- 
less ~ o u ~ c a m e  aI3.i t B e  way up& 

'Vhy db we always f a i l  i n  these 
things? Well, t h e  th ing  i s  very e le -  
mentary again! Because t he  f i r s t  time 
you do anything you're doirag it as  a 
very ra& amateur 'cause t ha t ' s  a l l  an 
amateur i s  - a person doing a th ing  f o r  
t he  first time. And h i s  a b i l i t y  t o  
succeed on the  f irst  time would be 
purely accidental  on anything outside 
of t he  most mediocre attempts. So t h i s  
question then of pract ic ing how t o  make 
each s t epo  Sometimes you have t o  prac- 
t i c e ,  practice,  practlce9 practice. 
That's t h e  reason why we can never t e l l  
you how long i t 's  going t o  be a f t e r  we 
start a project  before you get the  an- 
swer because we don't know how much 
pract ice  we have t o  do on the road. 
You can c a l l  it experimentation - any- 
th ing you want t o  - research i s  only a 
w a r d  of giving f a i l w e  a respectable 
nomenclature. That's a l l .  

"I want t o  get  some s o r t  of an award 
f o r  t he  inventor. We give a patent. 
People don 't understand patents Now, 
patent i s  simply saying t h a t  t h i s  guy 
i s  the  f i r s t  fellow t h a t  ever did t h i s  
and he's en t i t l ed  t o  the  w e  of it f o r  
17 years. See? Because i f  he hadnrt  
done it, we wouldn't have had it et a l l .  
After 17 years, which is a very shor t  
space of time, t he  country has it from 
then on. 

"But t he  fellow who turned the  think- 
ing of people around, he should get  
some s o r t  of a reward, too, see? Be-  
cause i t ' s  much more d i f f i c u l t  t o  r e -  
verse t he  thinking of people than it is 
t o  give them a new idea. We have t h a t  
problem stepping up here a l i t t l e  b i t  
on a new type of engine which w e  de- 
velo$dd. The new type of engine i s  ex- 
ac t ly  l i k e  the  o l d  type, but we rear- 
range cer ta in  pa r t s  of t h i s  engine d f f -  
fesent ly  from what i t ' s  been, We went 
out and got t he  consensus of studied 
opinion on tha t ,  just  f o r  fun, and even 
i n  our own organization, where people 
a re  paid t o  be open minded (laughter) ,  
t he  consensus of studied opinion was no 
good. 

"Well, now there 's  one thing t h a t  w e  
ought t o  real ize ,  t h a t  fundamentals o f '  
nature, fundamental laws of nature, 
don't care what we think about them. 
And the  greates t  f a i l u r e  t h a t  some peo- 
p le  have i n  t h i s  world is  t o  think t h a t  
they can ed i c t  something. The only 
thing you can do i s  t o  follow things. 
Let the  job be the  boss and you follow 
it around and run errands f o r  it aad 
t h a t ' s  t he  way you get  things done. I n  
t h i s  thing of studled opinion, there  is  
no possible way i n  which you carm over- 
come the  negative a t t i t u d e  o r  t he  wrong 
a t t i t ude  t o  a thing by any argument, 
philosophy, logic  o r  anything of t h e  
kind. Any t i m e  you a r e  arguing on a 
thing l i k e  tha t ,  you're jus t  wasting 
time. The only thing t h a t  w i l l  solve 
t h a t  problem 1s a sample - a worEmg 
sample. 'And the  working sample - people 
seem t o  regard t he  working sample not as 
a propagandist of any kind because i t 8 s  
an I m a t e r i a l  th ing and t h a t  i s  t h e  
thing. We have had some very i c t e r e s t -  
ing things i n  t he  developmezk of ce r ta in  
hydro-carbons t h a t  are used i n  fue l s .  
There are  ce r ta in  very de f in i t e  ru l e s  
and regulations. You can get  them i n  
a l l  the  textbocks of chemistry, And 
par t  of our d i f f f cu l ty  comes f r ~ m  t he  
f a c t  t h a t  we donut  recognize why those 
a re  r d e s ,  And herefs  some of t he  great  
d i f f i cu l t i e s .  IS two l i n e s  a re  almost 
pa sa l l e l  t o  each other, t h e y k e  s t i l l  
going t o  have t o  cross out here some 
place. I f ,  i n  the  zone of whiclh we have 
worked, Line A has a l w ~ y s  been bellow 
Line B, it becomes a t e r r i b l e  shock when 
you cross - and Line B becomes below 
Line A e  Therefore, a f t e r  you go across 
t he  Junction, you s t i l l  want t o  apply 
exactly t he  same formula you used before. 

"Well, i n  making one of these pecu- 
l i a r  hydro-carbons, one of nine of which 
e i t he r  were on the  one s ide  of t he  c r o s e  
ing and the  ninth on the  other, we nat- 
u r a l l y  invi ted i n  some of t he  people who 
b u i l t  apparatus of t h a t  kind and asked 
them t o  take a look a t  t h i s  th ing  and 
they did, They said, "We wouldn't want 
t o  tackle  t h a t  job because o w  reputa- 
t i o n  i s  very good, and t h a t  system won't 
work and w e  lEoglqt want t o  be associated 

I wi%h :l-t, We ~a.l.d, "ROW do you know it 



won't work?' 'Well, ' they said,  ?our 
chemists have gone over it very thor -  
oughly and they said it was wrongqt 
qWell, ' I said, 'don't Y ~ U  t ~ l m  You 
ought t o  have t h e  chemists come down and 
take  a look at  i t ?  ' And they did, and 
t h e  fellow took a blackboard and wrote 
aut a l l  t h e  formulas and everything else 
and sa id ,  'Row, t h e r e ' s  t h e  reaeon why 
t h i s  th ing  won't work. ' 'Well, ' I said,  
'what a r e  you going t o  do about t h e  f a c t  
t h a t  j u s t  on t h e  o ther  s ide  of t h e  w a l l  
is  an apparatus working?' 

''He picked up t h e  erasers ,  started t o  
erase  it, I said, 'Don't do t h a t ;  don't 
e rase  t h a t .  You ought t o  go back and 
see where ycu missed t h e  t u r n  i n  t h e  
road, and r i g h t  back here was where it 
was, see?  Because you pre-supposed thSt 
t h i s  t h i n g  had t o  work l i k e  t h e  o the r  
e ight  of them did, and t h a t t s  t h e  reason 
why you 've had d.if f i c u l t y  i n  making it. 
This i s  j u s t  a s  easy t o  make a s  t h e  
&her eight .  The only th ing  is t h a t  you 
have t o  make it t h e  way t h i s  one wants 
It t o  be made. And t h a t ' s  t h e  way you 
th ink it ought t o  be made.' So w e  de- 
veloped an awful l o t  of t h e o r e t i c a l  dif- 
i r x l t y ,  

"In your c i t a t i o n  here you mentioned 
t h e  Diesel engine and t h e  locomotive. 
Now, w e  didngP; invent  t h e  Diesel  engine, 
It 's a very, very o l d  th ing* The Poly- 
nesian Is landers  invented t h e  d i s s e l  en- 
gine about 600 years  ago. The indians, 
you know, s t r i k e  a f l i n t  t o  make f i r e  o r  
rub s t i c k s  together  t o  make a fir:. 
Well, t h e  Polynesians took a sectxoa oi 
bamboo, w e ' l l  say a f o o t  long, with a 
node a t  t h e  end of it t h a t  made it a 
dead end, put  a l i t t l e  wooden plunger t o  
it like- most of the fel lows hesf2 i n  t t e  
North know about making t h e  pop guns and 
s q u i r t  guns, and they kook t h d  l i t t l e  
plunger there,  wrapped a piece of s t r i n g  
around it t o  make it t i g h t ,  drilled a 
hole i n  t h e  end o f  t h e  plunger, put a 
l i t t l e  piece of dry moss i n  t h e r e  and 
then h i t  it l i k e  t h a t .  Th& compresses 
t h e  gir suddenly and quickly wough so 
t h a t  it i g n i t e s  t h e  moss due t o  the  h e a t  
of ow: compression and that * s  - L ? x  way 

t h e  Polynesians s t a r t e d  f i r e .  I t 's  what 
you c a l l  'compression i g n i t i o n e 8  

"Now, Rudolph Diesel  saw those - 
they're c a l l e d  f i r e  p is tons  - i n  t h e  
Deutsches Museum i n  Munich and i f  you 
ever happen t o  go t o  London, Bryant and 
May, who a r e  t h e  l a rge  match people over 
there ,  have a complete museum. I E U ~  

pose t h e r e  a r e  two o r  t h r e e  hundred of 
these  f i r e  p is tons  of var ious  types i n  
the re ,  Now, Rudolph Diesel  said, 'I: am 
going t o  make an engine tha,t will work 
t h a t  way, which w i l l  be i g n i t e d  by com- 
pression. '  And t h a t ' s  where he came i n t o  
t h e  p ic ture ,  Tbat was 40 o r  45 years  
before w e  had anything t o  do with t h e  
thing. The business had never amounted 
t o  much because it Gad got ten  i n t o  t h e  
idea  $hat they had t o  be b i g  and heavy 
and a l l  t h a t  kind of s tuff ,  and t h e  
books had been wr i t t en  and people read 
t h e  books, m f ~ ~ t u n a t e l y ,  so  t h a t  i f  you 
went out  and made a Gallup survey today 
of what t h e  people th ink  of 2 i e s e l  en- 
gines they td  ax% cay they ' re  b i g ,  heavy 
and have slow speeds. Not a th ing  of it 
i s  so, The kind t h a t  were b u i l t  were 
l i k e  t h a t ,  but they had nothing t o  do 
with it, because t h e  Diesel  engines are 
j u s t  a s  l i g h t  a s  any o the r  kind of' en- 
gine i n  t h e  world. 

"After t h e  war was over, some of our 
f r i e n d s  from Switzerland came over t o  
see  us, and they were amazed a t  t h i s  
t e r r i f i c  development t h a t  we had made 
over here i n  t h e  way of locomotives and 
various o the r  things.  F i n a l l y  they came 
over t o  see me, I hnew these  fel lows 
very w e l l ,  and they said,   KC^, w i l l  you 
ge t  sore i f  we ask an impertinent ques- 
t i o n ? '  I sa id ,  'No, I never get  wre 
about any-tning, ' I s a i d  'What's your 
auest ion? '  Thev soid.  qWell. ;ow d i d  vou 
ge t  y o w s e l r  i n W  t h e  s t a t e  or mina t h a t  
you could design such a cockeyed engine 
a s  this, I W e l l ,  ' I s a i d ,  'it % cony 
cockeyed because it Bs not canventional. ' 
They said, !That ' s  s i g h t .  ' ' R u t ,  ' I 
said, 'we didnVL design i t , '  I said,  
'A.LL we ( l i t? .  was r i ln  e ~ r a u d s  f o r  jt * I!c 
bui1.t a r;iiip;Xr: cylLndcr e~t~;-Lne and we 
::a13 to 'x,lxz ~.>i::::;luty F K c ) ~ ~ ,  h 2 m e s  n h d f  



a dozen pistons. You t r y  them out and 
t e l l  us which ones you l i k e  the  best ,  
see? Here's a half  a dozen valves, t r y  
them out t o  see.' Now, t h a t  stands i n  
t h e  i n t e l l ec tua l  world a s  a very low 
grade of doing things. The educator 
wants t o  c a l l  it out and t ry .  We're not 
t h a t  dumb, see? We c a l l  it exyerimen'cal 
evaluation, That gives us a much higher 
standard i n  the  educational world. We 
sa id  we811 l e t  t h e  engine evaluate t h i s  
th ing and we ran errands f o r  t h i s  engine 
for  four  o r  f i v e  years; then finczlly we 
put it together. We made it i n t o  a 16 - 
or  12 - 16 cylinder engine, put it on a 
locomotive and i t w e n t  out and did  
pre t ty  well. 'Now, ' I said, 'if t h a t  
engine doesnst work, i t ' s  not our fau l t ,  
'cause t ha t ' s  the  way it wanted t o  be 
and a l l  we did was t o  t r y  t o  help h t  
along. ' 

It 'Now, I said, 'I want t o  show you 
how much smarter t h e  engine is  than the 
engineer, because t h a t ' s  important Be- 
cause w e  th ink we've got a s l i de  rule,  
p u  know, why, t ha t ' s  a l l  r ight , '  I 
a d ,  'The best  t h a t  any engineer would 
guarantee t he  pistons and r ings  f u r  a 
locomotive engine was 50,000'miles. But, 
I said, Dthe engine picked out a piston 
that would run one mill ion and a half  
miles, t h i r t y  times as  long, see? And 
the  r ings  run t e n  times a s  long i n  these 
engines a s  any engineer would venture, 
Well, now, why - simply because w e  l e t  
the  engine decide. We're not so smart 
you know, and especial ly  i f  we get  a 
formula. That's when we get  dapgerous - 
when we get  a formula wri t ten down, be- 
cause a formula i s  a very narrow road. 

"I have t h i s  o ld  s tory t h a t  I have 
t o l d  a great  many times and i t s  only 
good because i t ' s  t rue .  I l i v e  i n  
Dayton. That % where my home is. I 
can8 t  get  a job there, so I have t o  work 
i n  Cetroi t ,  And natural ly  I drive back 
and f o r t h  an awful l o t  between Dayton 
and Detroi t  and f l y  a l o t ,  and t h i s  
f r i end  of mine, who a l so  l i v e s  i n  
Detroit ,  sa id  t o  m e  one day, OI under- 
stand t h a t  you drive from Dayton t o  
Detroit  i n  four hours and a half. '  5 

said, 'Yes, I doeu  Re says, 'I dong% 
believe i L , '  I said, 'Why,' sWell, * he 
said, '1 'm a much be t t e r  dr iver  than you 
are and I can' t  do it i n  four hours and 
a half .  ' 'Well, ' I said, I ' m  going down 
Friday afternoon. Why don't you r i de  
along down?' And so we drove down and 
got i n to  Dayton i n  four hours and a half 
and he say&, 'Well, 'my God, no wonder 
you can do it i n  four hours and EL ha1 
you don't s t ay  on Route 25fP  

"1% is  t h a t  phase of education t h a t  
worries me. If you're a stranger you 
ought t o  s tay  on Route 25. If you're i n  
a hurry you should get  off  it. We have 
t o  teach 5v example. We have t o  teach 
by sample. But I sometimes think we 
over-estimate t he  par t icu la r  sample, so 
we disregard t he  whole countryside on 
e i t he r  s ide  of the sample. And we get  
i n to  Some very ;seculiar s i tuat ions .  A s  
you know, of t h e  l a s t  15 o r  20 years we 
have developed the  so-called glass  fab- 
r i c s  t o  a very high degree. Ycz'fe seen 
them i n  tablecloths  and a l l  %hat s o r t  of 
thing-beautiful  fabr ics  . And we have 
begun t o  use t he  glass  tape a s  t he  insu- 
l a t i on  f o r  wires i n  e l e c t r i c  motors and 
so for th .  

"Now, pa r t  of the  'things of education 
and or engineering a re  supplied by 'ma- 
t u r e  and pa r t  of them are  supplied by 
convention. I mean, we write down t h a t  
i t 's  going t o  be so and so. So we've 
wri t ten down t h a t  t he  r a t i n g  of a motor 
s h a l l  be made i n  t h i s  way. You d r i l l  a .  
hole i n  t h e  motor frame, put some o i l  i n  
it, and then put a thermometer i n  and 
when t h a t  thermometer goes 50 degrees 
above t h e  temperature of the  room, t h a t  
i s  t he  horsepower ra t ing  of t h a t  motor. 
But if  you wrap the  wires with glass 
tape, the  glass  is  too thin .  I t f s  a 
very good insulator,  and the very next 
th ing  i s  t h a t  i t D s  a much b e t t e r  conduc- 
t o r  of heat; consequently, you do t h a t  
with t he  idea t h a t  youore going t o  t ake  
more horsepower out of t h e  motor instead 
of l e s s ,  And i f  you put t he  thermometer 
i n  t h a t  thing, you can only carry about 
three-quarters a s  much horsepower a s  you 
did before while you expected t o  carry 



25 percent  more. Simply because t h e  
r u l e  says t h a t  when t h e  thermometer g e t s  
50 degrees centigrade above t h e  room 
temperature, t h a t ' s  t h e  r a t i n g  of t h e  
motor. 

"Well, over i n  England - it took them 
a year and a ha l f  t o  g e t  t h a t  r u l e  o f f ,  
so  t h a t  they could r a t e  it up because 
they s a i d  you can ' t  reverse  a fundamen- 
t a l  r u l e  of e l e c t r i c a l  engineering. 
That d idn ' t  have anything t o  do wi th  
e l e c t r i c a l  engineering. That had t o  do 
with t h e  c h a r a c t e r i s t i c s  of cot ton  and 
t h a t ' s  a l l ,  because i f  you heated cot ton  
t ape  much h o t t e r  than t h a t ,  B t  decorn- 
posed and got b r i t t l e  and f e l l  out.  So 
here  w e  were handicapping an e l e c t r i c a l  
concept by t h e  nature  of a cot ton  insu- 
l a t i o n .  You haven't any idea  how much 
of t h a t  we do. It 's t e r r i f i c !  We say 
you can ' t  do t h i s  and s o  because of - 
well,  you can t a k e  t h a t  away b u t  w e  
write t h a t  i n  a s  a fundamental r u l e .  We 
had one i n  t h i s  country on a r u l e  i n  t h e  
e l e c t r i c a l  engineer 's  meeting of t ak ing  
out  what w e  c a l l  s p l i t  phase motors. I 
won't go i n t o  d e t a i l  on t h a t  bu t  I ' m  go- 
ing  t o  t e l l  you a s tory .  

"Now, they named it s p l i t  phase motor, 
s a i d  t h a t  we can ' t  have s p l i t  phase mo- 
t o r s  because when t h e  r e f r i g e r a t o r  
starts then t h e  lamps wink and we don' t  
want t h a t  Well, I sa id ,  'You don 't 
mean t h a t  a t  a l l .  A l l  you mean, t h a t  no 
motor t h a t  takes  more than s ix .  t imes as 
much current  t o  s t a t  it ds it does t o  
keep it running should be  used on t h e  
l i n e ,  b u t  don ' t  give it a name, see? 
Because maybe we could l i c k  t h a t .  ' Lut  
a fe l low says, 'But you can ' t . '  Minety- 
e i g h t  percent of a l l  motors today a r e  
s p l i t  phase motors and they don ' t  wink 
t h e i r  l i g h t s .  Because t h e  reasons t h a t  
they put  up has nothing whatever t o  do 
with e l e c t r i c a l  ergineering.  

 nothe her th ing  we've had. We l i k e  t o  
take  people who a r e  no t  educated i n  
t \ e i r  l i n e  and put them on t o  research 
because then they iion't know what c a n ' t  
be done and. t h e y ' l l  t r y .  

"F i r s t ,  i n  t h e  Ethyl gasoline which 
was mentioned i n  t h e  citklticrz Ilci:~, the  

man who d id  t h a t  work was a fe l low by 
t h e  name of Thomas Midgely. Thomas 
Midgely came t o  m e  as a mechanical engi- 
neer and I put  him on hydrometers be- 
cause I wanted t o  t r y  out  a nprber of 
d i f f e r e n t  kinds of hydrometers. He had 
been making hydrometers f o r  t h e  determi. 
na t ion  of t h e  temperature t o  which t h e  
ant i - f reeze  would go. You'd t ake  a sam- 
p l e  of it out  and t h a t  would t e l l  you 
how cold  it could g e t  without f reez ing.  
Well, t h a t  business hadn't  gone very 
w e l l  so  he came over and got a job with 
me. But I Itad a hydrometer job. So, 
a f t e r  he got t h a t  Job done, he said,  
'Boss, what do you want m e  t o  do nex t? '  
And I said,  'I want you t o  go over i n  my 
o f f i c e  i n  t h e  o l d  Delco p l a n t  and g e t  a 
box and I want you t o  open t h a t  box up 
and y o u ' l l  f i n d  some instruments i n  
there ,  and some o l d  greasy papers and so 
f o r t h . '  I was doing some work on en- 
gines because I wanted t o  f i n d  out  why 
engines knocked. Now I took a whole 
Saturday afternoon t o  s e l l  him tSe  idea  
t h a t  t h i s  was q c i t e  an i m p o r k a t  project.  
And I said,  'Everything t h a t ' s  i n  t h e  
books and everything t h a t  everybody 
th inks  about t h i s  th ing  is  wrong. So 
you've got  a p e r f e c t l y  c l e a r  s l a t e  t o  
start with So don't read  any of t h e  
books because ycuSre  going t o  ge t  i n t o  
t roub le  f o r  sure if  you do. 1 

"Well, now, MLdge had never had m y  
chemistry at a l l ,  and he went along f o r  
a l i t t l e  while and f i n a l l y  he s a i d .  
Don't you th ink  we want a cnemlst? and 
I sa id ,  'No, What do you want witn a 
chemist? ' I sa id ,  "He doesn ' t  know any 
more about t h a t  than we do. ' imd I said, 
'He's going t o  come i n  with a pack on 
h i s  back, ncd :!elre goiug to  m k c  a very 
s t e e p  clirrb here and it may be  t h a t  t h a t  
very ?ack i s  going t o  keep us from get -  
t i n g  up. L e t ' s  you and I go up and s u r -  
vey t h e  road without any packs on our 
backs and then w e ' l l  ge t  some chemists. '  
Well, Midge Qled a s  presid.ent of t h e  
imerican Chemical Society.  With a l l  the  
medals t h a t  Europe and iimerica could 
hang on one guy, see? So, I wrote the  
Dean, I b.ope t h e r e ' s  a Cornell  man here 
beca,use t h i s  i.s very complimentary l;o 
him ,- I Wi:.cfte %he Dean of' Engineering of 
Come.?.l. 1 said,  '1 have a Sr:i.end I ? ~ O  



wants t o  t ake  e l e c t r i c a l  engineeringp 
$!Rat course do you recornnuend? Because, 
xi gE:15.dz Midge took mechanical engineer- 
Ji-~g ~~~d turned out t o  be a chemist. Don 
Brown e ~ o k  e l e c t r i c a l  engineering and 
t u n e d  ou% t o  be a f inancier.  So what 
course d@ you take i f  you want t o  be  an 
e l ec t r i s ak  engineer? He came r igh t  back 
and said., 'If you've got a degree from 
Cornell, you can do anything.' And t h a t  
is  what P %%ink engineering education o r  
any educatiOn should be 

"Well, ww a few people you can' t  
type so ea&$ly, I mean it. But we take 
a l o t  of ~ w p l e  who have ro  knowledge 
what@$@?,, because a f t e r  a l l ,  education 
As IS& i%wwledge. I used t o  have a l o t  
& wgxj~dnts  with f r iends  cl mine about 
f&M& ~6tli 's t i tuted it, encyclopedic know- 
lebge or' whether it was a b i l i t y  t o  aaa- 
lyze %n& 60 f o r  a Christmas present I 
senx him an , encyclopedia t h a t  wasn't 
p ~ b s t e d ,  jus t  t he  white paper and pencil. 
end said, you f i l l  it out. 

"If you know what you want t o  f i nd  
out, i f  you know how t o  use it, if you 
know how t o  put it in to  t he  pictures,  
then i t ' s  very easy t o  do - these new 
things. The greatest d i f f i cu l ty  t h a t  we 
have In doing a new thing i s  always t o  
make it l i k e  something e l se ,  I n  ether 
trords, I think you can have any-f'hing Etea 
$f it looks l i k e  somethiag else. The 
Diesel  engine was made for 20 yews to 

l i k e  a steam engine and then it was 
20 years t o  be l i k e  a gasoline en- 

g&ke aad now a l l  we did i s  l e t  it be 
ad.&@ a Dsasel engine and you ~ught, t o  
m e  hewa What a happy %%Lag it was &en 
we bid %hat. But we h a m  %h&t bdes tha t  
&% &UB% a@ l /ke  somethiag e l ~ e ,  

ways had tha t  kind of stuff t o  contend 
with. I 'rn thinking about the  long range 
thilags t h a t  wegve done and the  long 
range opportunit ies t h a t  we have todqy 
because w e ' r e  jus t  becoming consciow ai' 
the  f a c t  t h a t  we don't know v e ~ y  meh. 

"And we know prac t ica l ly  mthiry;, I 
mean i t8s  p i t i f u l .  If y a  
run yourself f o r  three 1~3rnbs by any 
knowledge t h a t  the a e f i c a l  profession 
could furnish youp jaul& be dead simply 
because - and yet %;he doc-s have done 
jus t  as good a Jab as the  r e s t  of us. 
Now, about the best; education from our 
point of view %ha% we have 3,s educa.tion 
i n  music because %f a fellcm 2s gab& to 
study the  viol in ,  when he em- 
school he brings the  v%aH 
t i c e s  the  v io l i n  from the 
t o  school. He learns soz&hfng a%mz& 
t he  his tory of music and so  forth, But 
t h a t  i s  good education because you're 
doing the  %%afng* So much of it w e  do by 
symbolism. We write  the  t h i r g  down. on 
the  blackboard a ~ d  we dc,;:" work with 
the  thing, A f r i end  oP mine sa id  t o  me 
the  other day, 'Well, inventors look a t  
things d i f f e r ea t l y  because . . ., ' I 
said, 'No, what you meant t o  say i s  no; 
inventors look at things and i f  we can 
understanad the  thing b e t t e r  by looking 
a t  a 6~mb0l on .the wall, o r  on the  black- 
board, we do it. But we have t o  do the 
%hingeB Now, i f  you studied music i n  
the engineering department, and I hope 
there a r e  no engineering people here, 
you would have t o  learn a11 about d i f -  
f e r e n t i a l  equations before you could 
ever p i ~ k  up yow v io l in  and t r y  Lo play 
it and, thean you would do a t e r r i b l e  job, 
m e ?  But you practice, and t he  fellow 
w13~ p%ays i n  Cexxnlegie IPalL I s  t he  fellow 
who s % a r l s  Lo practice when he's a kid 
s i x  yeam oLd. Mast accomplishments 
have t o  be done t h a t  way, It doesn't 
make a difference what t h e  reason, So 
we say:, we've been worli(i.ng on t h a t  th ing 
10, 15 ox* 20 years, If the  fellows say 
arm'% we discou~-ai?;ecI, we say no, why 
slnould we bo dioeowaged? That isn ' t  
vc ry k 7 i l ~ .  



and I surd, sRow, I hope you get  married 
and have a l o t  of chlldsen because i t s s  
going t o  take us about th ree  generations 
t o  do t h i s  job.' The great  trouble with 
the  reformers i s  t h a t  they want Lo r e -  
form a fundamental of nature, which is  
hman psychology o r  human behavior i n  
about four o r  f i v e  years. It doesn 't 
work t h a t  way, But you have i n  your 
hand i n  t he  i n s t i t u t i ons  which you rep- 
resent? the  pos s ib i l i t i e s  of painting 
t h e  most magnificent fu ture  f o r  t h e  
young men and women of America t h a t  ever 
has been made. There's nothing i n  t h e  
world t o  be discouraged about. You 
don't necessari ly need t o  read the  com- 
mentators t o  t e l l  you how bad everything 
is, how f a s t  i t g s  going t o  where it 
shouldn 't go, and a l l  t h a t  a t  a l l .  The 
paper says - about t h e  land being ex- 
hausted, It sa id  the  other  day wesre 
going t o  have a b i l l i o n  more bushels of 

wheat or  corn t h i s  year than they had 
last yew. Well, t h a t ' s  because: t he  
weather sh i f ted  on us. They say wcPre 
exhausting the  land. I say rwel.1,  
where's it going? We know where it is. 
It 's  a l l  out here i n  t he  sea, Le t t s  a l l  
go andpump it back! If w e  s tarve t o  
death, i f  w e  l e t  t he  land run down, 
t h a t ' s  jus t  p la in  s tus id i ty .  And 1'1' 
guarantee t h a t  you don't have t o  worry 
%bout it a t  a l l .  But you ' l l  have t o  do 
gamething about t h i s .  

"SO, l e t u s  don't l i v e  i n  t h i s  f r i gh t -  
f u l  idea t h a t  everything i s  going bad, 
because it i sn ' t .  Your mental a t t i t u d e  
and the  mental a t t i t u d e  you teach and 
t he  mental a t t i t ude  t h a t s s  grasped by 
your students i s  the  dirference between 
us going bad and going i n t o  t he  xioet un- 
belllevable f an%as.tic Tuture t h a t  hwan 
miad can imagine. Thank you so much!" 
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The inventiveness needed in industry today is  
more than "Yankee ingenuity." The old homespun 
resourcefulness i s  stil l  a s  valuable a s  ever,  but to 
be useful in modern industry the inventor must be 
both intuitively resourceful and scientifically sound. 
An example will make clearer what this combination 
means. 

Greeting cards for generations had been printed 
from steel dies with linseed-oil inks. Then a trend 
in style made it necessary to have deeper cuts in 
the dies to make more dramatic effects. This meant 
that, when the card was printed, the ink, instead of 
being thinly spread, was massedon the card in thick 
ridges. Since linseed-oil ink dries by oxidization 
from the air ,  the drying of the outer surface of ink 
created a skin which made the penetration of oxygen 
from the a i r  to the ink inside these ridges extremely 
slow. 

To speed up the drying, mechanical engineers 
devised various schemes, utilizing heat and draft, 
but without solving the problem. Each color that 
was printed stil l  took several days to dry. Then an 
invention was made. Instead of working upon the 
problem of air-drying at all, a young man conceived 
the idea of using inks which would dry internally 
through chemical reaction and, in a short time, an 
ink base was developed that dried almost instantane- 
ously regardless of the size of the ridge. As a re- 
sult the cards could go on a belt directly from press  
to press. 

This problem was clearly a technological one and 
the inventor had to be scientifically competent in 
order  to deal with it. Yet the act of inventiveness 
which achieved the solution was not logical scientific 
thought at all. It was a flash of intuition which showed 
the problem in a new light. 

Contributed by the Committee on Education and 
Training for the Industries and presented at the 
Annual Meeting, New York, N. Y., Nov. 29-Dec. 3 ,  
1943, of The American Society of Mechanical Engi- 
neers. 

What Ifear most a s  anobstacle to inventive- 
ness in industry i s  that a s  a young engineer 
pursues the long slow path of education and 
experience, he succumb to the past. . . The 
most important way out of this dilemma i s  to 
make education and experience more funda- 
mental. If in school and at work the resourceful 
young engineer i s  required to shun memorized 
formulas and to go back to hasic principles 
for the solution of his problems, the process 
of developing technical competence will in it- 
self give him the basic understanding and way 
of thought essential for inventiveness. When 
logic thus goes back to fundamental origins, 
and i s  in that sense original, logical develop- 
ment and inventive insight come close together. 
Both made possible fundamental shifts to more 
profound bases of approach. 

INTUITION AND LOGIC BOTH ESSENTIAL 

Such intuitive insight, even though scientific, dif- 
f e r s  sharply from the systematic explicit process of 
logical scientific thougtit. The logical thinker con- 
sciously works out his solution. He does s o  step by 
step in orderly sequence. He thinks principally in 
words o r  symbols, and he can put his logic into lan- 
guage s o  that others can follow it. The intuitive 
thinker gets his answer unconsciously by all-at-once 
insight into the problem as  a whole. He cannot put his 
process of thought into words for he is unaware of the 
means by which his insight came. Today the inventor 
must be able to do both types of thinking. 

The process of creative insight has much in com- 
mon with the intuitive formation of images in cus- 
tomary thought. F'or example, if a curve like this ) 
is  displayed with the statement that it is  part of a 
whole the rest  of which is  concealed, most people 
will see  the whole in their mind's eye a s  a circle. 
But some will probably see  it a s  a segment a s  in 
Fig. l (a) ,  o r  a s  a sector,  Fig. l(b). Jf, however, 
some of the group have been working with lenses, 



they might see it as  one of the following lens forms,  
Fig. l (c ) ,  (d), o r  (e). 

Whatever the conception, rarely will it result 
from the logical deduction. Of those who saw a circle, 
probably none will have plotted perpendiculars to 
tangents and found that they met at a point, and then 
having found that every point on the curve was equi- 

w r e  was distant from this focus concluded that the fi, 
a circle. Instead, the hint provided by the fragment 
caused each person to see some figure a s  the whole, 
without conscious reflection. 

It is important to realize that this type of uncon- 
scious all-at-once identification permeates our daily 
life, and that without it we would be helpless. It is  
important also to realize that a single hint o r  clue, 
depending upon the angle of approach, may give r i se  
to a wide variety of conceptions even in a single 
mind. This is  true even when, a s  here, the element 
giving the hint i s  mathematically precise. More- 
over, if one conception fails to satisfy, the mind can 
shift quickly to another. 

What an inventor must do is  similar to this. He 
must resourcefully create out of obscure clues vivid 
and varied configurations. If configurations of one 
sor t  fail, he must be able to view the problem from 
a completely different angle, such a s  viewing the 
curve fragment shown, from the point of view of 
lenses in case a geometrical approach fails. 

Curiously, what the mind recognizes with either 
hints o r  wholes, is not the exact patterns which a r e  
formed on the eyeball but their structural form. For 
example, if one holds a circle f i rs t  at 10 and then a t  
11 inches fromone's eyes, the different-sized images 
made on the eyeball can have in common onlyone 
point of tangency o r  two points of intersection. 
Nothing more! And yet a t  any distance where the 
image i s  clear, and even if the sheet i s  viewed at an 
angle, no one has difficulty in seeing that the form 
is circular. This is  even true with such complex 
patterns a s  chairs, o r  a person's face. Thus a child 
has no difficulty in recognizing its mother at different 
distances o r  angles. 

Intuitive recognition occurs even when there is 
no common external stimulus; merely different in- 
stances of variable structural form o r  type. For  
example, there a re  almost no characteristics com- 
mon to all Jews. Yet people can ordinarily intuitively 
recognize a Jew, no matter in what ways he varies 
from type. This is of fundamental importance be- 

cause it makes possible intuitive thought in regard 
to generalizations and abstractions. It thus enables 
intuition to deal with problems of abstract science. 

APPLYING INTUITION SCIENTIFICALLY 

There is  no fundamental difference in intuitive 
recognition when scientific knowledge is  involved. 
Two men, for instance, a r e  walking in the woods. 
There is  a flash of lighter green in the t rees.  One 
man sees nothing but a flash of lighter green. The 
other says "That's interesting. I have never before 
seena yellow-breasted flycatcher in this part of the 
world." In his well-trained mind, the hints of chang- 
ing color had been unconsciously associated with 
what he knows of the bodily structure, way of flight, 
and color patterns of birds, intoa meaningfulwhole. 
so  that what he actually observed was not the flash 
of color noticed by his friend, but an actual yellow- 
breasted flycatcher in flight. 

If he is not sure  that his observation u a s  right, 
the ornithologist will begin a process of logical re-  
flection, comparing point by point the family char- 
acteristics of the flycatchers and then those of the 
different species, with what he can recall of what 
he saw. But what made him aware of the bird at all  
was not logical thought but the creation, through the 
unconscious aid of scientific skill, of the configura- 
tion of a yellow-breasted flycatcher out of clues that 
to the other man were not only meaningless but not 
even fully observed. 

The point I wish to s t r e s s  here is that, in scientific 
identification where no invention is  involved, what 
the scientific knowledge f i rs t  does is  to take the same 
hints which to other men have no meaning and in- 
tuitively complete them into a meaningful whole. 
Even though the process is  scientifically exact, the 
intuitive element is  creative. 

In invention this creative aspect assumes pre-  
dominant importance. Unless the inventor is  willing 
to relax the meticulous step-by-step procedure of 
logical science and let scientific clues suggest gen- 
erous, o r  even extravagant, technological concep- 
tions, he will get nowhere. For  what the intuitive 
process of invention does is  to lift reasonout of the 
established paths of technology, when they have be- 
come ruts, and to put the mind upon a new road 
leading more directly to its goal. 

It is thus when the various habitual images, arising 
from the clues given by experience, fail to give satis- 
factory results, that the problem shifts from one of 
recognition to one of inventiveness. How this occurs 
is  well illustrated by Professor  Kohler's studies of 



problem solving by anthropoid apes.l  In one of his 
experiments, he placed an ape in a cage where food 
pyas temptingly near but out of its reach. The ape 
immediately applied its former practice of reaching 
through the bars. This failed. It tried the habitual 
method again and again without result. Then it sa t  
down in discouragement. But the food was tempting. 
Suddenly it picked up a stick which had been in sight 
all  along and which it had never before used as  a 
retrieving implement. Without any awkward t r ia l  and 
e r r o r ,  without any preliminary steps, it reached out 
with the stick beyond the food and brought it in. 

As u ith recognition, this intuition consisted in 
instilling meaning into otherwise unrelated clues. 
But it further involved creating, outof formerly un- 
related hints, a conception which not only fitted the 
situation but which the ape had never conceived of 
before. It is in this creation of novelty by intuitive 
contrivance that the essence of invention lies. 

Now it i s  interesting that duringall the preliminary 
struggle the stick had been inplain sight, but had had 
no significance to the ape which later solved the 
problem. It was only when a flash of insight com- 
bined into a new meaningful whole the hints provided 
by the presence of the food, the stick, the ape's a rm ,  
and by its unsuccessful attempts at reaching, that 
success came. Even in this very low order  of in- 
vention, it v a s  necessary to use the uisdom of past 
experience to escape from the bondage of past ex- 
perience, and it i s  that which makes invention s o  
difficult. 

If the stick is placed in suchaposition thatit  and 
the food cannot both be seen at one time, many apes 
cannot solve the problem. With very simple minds, 
a l l  elements of the solution must be visually present 
at one time for  the clues to be sufficiently strong 
for the new whole to be conceived. Even with skilled 
engineers and scientists, the influence of such a 
favorable setting is great. 

PASTE UR DLSCOVERS PREVENTIVE 
INOCULATION 

Often the accidental proximity of the component 
elements of the solution have been the prelude to 
great invention. Thus just before he discovered pre-  
ventive inoculation, Pasteur 's illness caused him to 
neglect a culture of chicken-cholera microbes that 
he was studying. In this study, he had already ob- 
served that those few chickens which became infected 
and yet somehow survived the disease were there- 
after immune against further infection. When after 
illness he returned to work he found that the under- 
nourished ,microbes had lost most of their vitality. 

''The Mentality of Apes," W. Kohler, Harcourt, 
Brace, New York, N. Y., 1925, pp. 32-40. 

Thus by chance, the knou ledge that infection gave 
immunity against reinfection and that protracted mal- 
nutrition produced attenuation of microbial vitality 
were brought to his mind when it was actively engaged 
in seeking means of preventing infection. 

This enabled him to see a startling possibility. 
Might it not be possible to find means of s o  attenuat- 
ing the microbes which caused disease that a person 
could be inoculated with them with no risk and only 
minor discomfort ? Then might not the fact that the 
person had had the disease even in a mild form 
render him immune to it thereafter? He inoculated 
his chickens with the enfeebled microbes. The 
chickens displayed only the mildest symptoms of 
cholera. But thereafter they were immune to in- 
fection by germs of full virulence. Preventive in- 
oculation had been discovered. 

Most experimenters would have thrown the neg- 
lected microbes out a s  unsuitable for  experimental 
use. Even if they had bothered to examine them 
under the microscope the feebleness of the microbes 
would have made their unfitness for  experimental 
use seem all the more clear. Only to a mind peopled 
with vivid concepts of disease, and sensitive to im- 
plications quite outside its own expectations, would 
the apparently disconnected elements of this problem 
come together a s  a richly meaningful whole. 

Unquestionably, this favorable setting occurred 
by chance but a s  Pasteur s o  often said, "Chance 
favors the mind which i s  prepared," and well might 
he have added, "but only if the mind has retained i ts  
freedom and resourcefulness in spite of the discipline 
of preparation." It i s  the need of this combination 
of discipline and freedom that makes scientific and 
engineering invention so  difficult. 

INVENTION OF THE AUTOMATIC 
LOOM BY NOKTHROP 

Let me take a concrete example. About 1860, 
loom manufacturers began tryingto devise an auto- 
matic loom. By 1890, all  the elements of an auto- 
matic loom had been devisedexcept that no way had 
been found automatically to thread the bobbin yarn 
through the eye of the shuttle. Without this, an effec- 
tive automatic loom could not be made. 

One day a machinist named Northrop, who had 
been u-orkingon spinning machines, went to his chief 
and said he thought he could invent an automatic 
loom. At some time in his work a flight of inventive 
intuition taking off from his background of knowledge 
of spinning had given him a vision that the problem 
of threading the shuttle could be solved if the old 
conceptionof threading the yarn through the circular 
shuttle was abandoned and instead the yarn was wound 
into an open eyelet. 



This inventive insight was followed by a long 
period of experimentation until he devised a shuttle 
in which a curved entrance into the eyelet was so  
patterned a s  to correspond with the whirlof the yarn 
a s  it came off the spindle. Then by merely anchoring 
the yarn and sliding the shuttle across  the loom, the 
yarn a s  it  unwound from the spindle wound itself into 
the eyelet. Thereafter,  the faster  the shuttle flew 
back and forth in the loom, the faster the yarn un- 
wound and the more the twist of unwinding held the 
yarn in the shuttle eyelet. 

With Northrop, a s  with the ornithologist who 
recognized the flycatcher, clues were meaningful 
which to others had been without meaning in spite 
of years  of searching. Everyone who had ever  worked 
on looms knew that the shuttle yarn v-hirled into a 
cone a s  it  came off the spindle, but did not think of 
i t  in relation to the problemof threading the shuttle 
eye. But with Northrop, the nature of his past work 
caused him to approach this problem from an angle 
other than that from which his predecessors had 
looked. This enabled him to s ee  the old factors in 
a new light. 

A s  this case il lustrates,  the process of logical 
engineering development often comes to an impasse 
because the engineer is following principles that 
worked a t  the beginning but have come to the end of 
their utility. He is like a man who has planned to 
climb a mountain and has followed a t ra i l  which 
leads him near to the top but not necessarily into 
the best position to attain the top. To go on, he must 
s e e  the mountain a s  a whole, recognize that he must 
go back and s t a r t  from another point of departure in 
order  to surmount the obstacle. Thus inventive in- 
sight often involves seeing that the problem itself 
is not what has been assumed, but is of another s o r t  
involving another angle of approach. 

To do this is difficult especially for  the highly 
trained mind. For  just a s  a man who has made the 
wrong turn on a detour finds it hard to make himself 
return to the place of deviation, s o  it is hard fo r  any- 
body who has long studied and worked along one line 
of approach to try another. This is particularly t rue 
if the needed idea involves a fundamental change. 
In that case, to make the other approach involves 
more than going back and thinking from another 
angle. It involves reorganizing the complex s truc-  
ture of knowledge which he has developed with such 
ca r e  and pains. 

The situation is very like that of the electrical 
current  in downtown New York. In that par t  of the 
city, due to the fact that it was one of the places f i r s t  
wired for  electric lights, direct  current has been 
provided from the s tar t .  Every electricaldevice is 
adjusted to it. If Mayor La Guardia were to state 
the unquestioned fact that for  ordinary commercial 

uses alternating current is better than direct  cur- 
rent, and add that "effective next week alternating 
current will be installed in downtown New York," a 
s to rm of protest would break out. Most electrical 
devices would be useless untiladjusted to this funda- 
mental change. 

Just  a s  with direct-current installations, the 
greater  and more intricate the s t ructure of thought 
involved, the greater  the difficulty of change. With 
a man who fo r  a long time has followed one angle of 
approach, a f undarnentally new approach may even 
involve changing from an expert who is working in 
an a rea  where he is highly skilled and completely a t  
home into a novice who is feeling his way. Thus the 
approach to the problem of drying ink through internal 
chemical reaction instead of mechanical drying meant 
that a l l  the work on that problem which the mechani- 
cal engineer had done and the ability which it had 
given him were made obsolete. The problem was 
no longer even in his department. The internal re -  
sistance to this is inevitably great. Every hxbit of 
thought and every desire  involved unite in opposition. 

If others a r e  similarly placed, the united opposi- 
tion may be insurmountable evenafter the discovery 
is a well-established fact. Thus when Pasteur,  look- 
ing through his microscope a t  what had been known 
for  decades - the appearance of active microbes in 
the course of disease - saw this not a s  the result  of 
disease but a s  its cause, he rendered obsolete much 
of existing medical science. Since he had no formal 
medical education, he had little internal resistance 
to overcome. But the announcement of his discovery 
marshaled against him the organized and bitter op- 
position of the whole medical profession. Their 
thinking processes  and their practices had a l l  been 
developed on a different stem. To accept the new 
point of view involved giving up most of their pre- 
vious ways of thought and practice, admitting that 
they had been wrong, and then starting the slow 
painful path of learning new ones. 

The influence of established scientific opinion 
upon the inventor through thepower of suggestion is 
strong even when overt opposition does not deter 
him. To invent he must s o  f r ee  his mind f rom the 
influence and the logic of his own past  and that of 
his fellows, that his unconscious intuition can s ee  
clues which he and others have overlooked, and build 
out of them novel conceptions. 

Often in order  to get sufficiently away f rom the 
effects of stereotypes of thought he must utilize 
some external means of releasing his mind from 
too self-conscious and logical control. Thus new 
insight often comes to an inventor when he is re -  
laxed o r  diverted; when he is out walking, when he 
is working on something else ,  when he is about to go 
to sleep, o r  when he wakes up in the night. Only 



then is  his mind sufficiently relaxed to f ree  insight 
from bondage to the habitual. 

FAITH AN ESSENTUL DRJYING FORCE 

When, a s  is often the case, the initial insight is 
vague and obscure - justa hint itself that something 
lies in a new angle of approach - the inventor must 
have great determination and patience in order  to 
keep on until he has achieved success. What brings 
this about? Certainly not inborn "sticktoitiveness" 
alone. When, for  instance, Pasteur's insight told him 
that the germs might play a major part  in disease, 
he kept on largely because of faith - because he was 
convinced that, if his intuition were true, the power 
of medical science to cure disease would be t re-  
mendously changed and the welfare of mankind im- 
measurably served. 

His determination, however, rested upon more 
than this - it rested upon his conviction that if he 
persisted, he could probably accomplish the result. 
He knew his experimental method. He was skilled 
in it and aware of his skill. He saw the relation of 
his particular abilities to the solution of his problem. 
It was because he not only had faith in the value 
of what he might discover, but faith in himself a s  
the person to make the discovery that he kept on. 
Little inventive persistence occurs unless both 
aspects of faith a r e  present; and a s  with Pasteur, 
faith in one's insight and in oneself is essentially 
a by-product of technical understanding and high 
intuitive skill. The pathway to developing the drive 
that keeps one going until success is  the slow hard 
one of developing the wisdom and skill that makes 
success possible. 

Quite apart  from the driving force of faith is that 
of inner tension. To make this clear let me again 
cite a very humble example. When a person has 
seen an acquaintance whom he once knew well but 
cannot place, he feels a sense of strain. He has a 
clear image of the man he has seen. He knows that 
he has somewhere in his mind a clear coldiguration 
of who he is. Both a r e  there. But he cannot bring 
them together into a common conception. This makes 
him restless.  He keeps turning the prohlirn over 
in his mind even whenhe is trying to think of some- 
thing else. The more nearly he se6ms to "get it," 
the more s train he feels. Then in some momerit of 
rel,axation just who the person is comes to him in a 
flash and he has a great sense of relief. 

So with incipient invention. If the knowledge of 
the inventor and the clues which will bring the in- 
vention into being have been brought nearly into 
position to provide the inventive insight, the inner 
tension will be strong. The man will keep turning 
the problem over in his mind. He will not be able 
to get away from it by day o r  night. As he nears 

his goal he will become increasingly excited. He 
will be impatient of the interruption of his work 
even for  sleep o r  food. It is no wonder that the 
sudden release of such inner tension is often de- 
scribed by inventors a s  a "flash." 

INTUITJ[OI\I VERSUS LOGIC 

Curiously, in spite of the invaluable part  that 
intuition plays in human affairs,  it is common for  
people, especially if technically trained, to consider 
it a s  of a lower order  than logical thought and to pride 
themselves on being exclusively logical thinkers. 
Logic is s o  much more tangible and systematic, and 
s o  easy to put into words, and hence to teach, that 
mute unconscious intuition is decried a s  unintel- 
lectual and emotional. 

What a r e  the facts ? Shakespeare, Bach, Pasteur, 
Edison, in their moments of greatest originality, 
were not logical but intuitive. The genius of a great 
musician in sensing the structure of a composition, 
the insight of a great doctor in diagnosingan obscure 
disease, and the insight of a great inventor a r e  in- 
tellectual attainments of a s  high order  a s  any logical 
deduction. 

True, insight can also be of a very low grade. 
Even apes can exercise it. But a s  Vannevar Bush, 
in developing his integrating machine, has shown, 
complicated logical processes can be performed 
even by a machine. 

Nor is intuition more emotional. Unquestionably, 
a s  when a thirsty man in a desert  suddenly s ees  a 
mirage, emotion and desire can corrupt intuition. 
But emotions also lead reason astray. Indeed the 
process of logical reason is s o  effectively subject 
to emotional manipulation that self-decepticn is 
known the world over a s  "rationalization." 

But isn't scientific logic quantitatively exactwhile 
intuition is quantitatively indeterminate ? It is. But 
if one examines the application of quantitative science 
to reality, one finds that the-exactness of: scientific 
logic is limited. Logical quantitative methods a r e  
accurate only in regard to abstractions o r  when 
applied to "abstract materials "; to unnatural crea-  
tions of man such a s  ironand steel;  beams and rail- 
road rails;  things from which al l  the variables of 
Nature have been carefully excluded. 

When one deals with normal natural phenomena 
the realistic precision of intuition is often greater  
than any which abstract quantitative methods can 
provide. This is  of course true in identifying the 
workmanship of an old master o r  recognizing a long- 
lost friend. But even with s o  simple a phenomenon 
a s  a batted ball, no scientist o r  mathematician can 
predict its flight a s  it leaves the bat with eith'er the 
speed o r  the precision of a major league fielder who 



sees  the ball hit, turns back, and runs almost to the 
exact place where it alights, integrating by intuition 
the whole complex of unmeasurable variables. h 
much of modern life, the most effective understand- 
ing is when scientific quantitative accuracy and 
scientific intuition both play a part.  

It is important to bear in mind the high intellectual 
quality, the unemotionalsoundness, and the realistic 
integrity and precision of refined insight. Fo r  in- 
sight is the father of invention fa r  more indisputably 
than necessity is its mother. 

PSYCHOLOGICAL REQUIREMENTS OF 
INVE NTWE NE SS 

What then, to recapitulate, a r e  the psychological 
requirements of inventiveness and the factors which 
favor them ? 

Firs t ,  it is essential that the inventor "know his 
stuff." If his inventions a r e  to be of use in modern 
industry he must be well equipped with scientific 
understanding. This doesn't mean that he should 
have endless rules and formulas a t  the tip of his 
tongue. Such inert knowledge will be a burden to 
him. What he needs to have is a vital knowledge 
of basic scientific principles and have developed 
realistic creative skill  in using them, by practice 
and experience. 

As a second qualification the inventor must have, 
and must continuously develop against the encroach- 
ment of custom and habit, the capacity to construct 
bold effective and varied configurations and concepts 
out of the clues wh~ch  lie concealed in technological 
problems. The more he knows, the more difficult 
it will be for  him to do this. What I fear most a s  
an obstacle to inventiveness in industry is that a s  a 
young engineer pursues the long slow path of edu- 
cation and experience, he succumb to the past a s  
New York has to its direct-current installations. 

The most important way out of this dilemma is 
to make education and experience more fundamental. 
If in schooland a t  work the resourceful young engi- 
neer is required to shun memorized formulas and 
to go back to basic principles for the solution of his 
problems, the process of developing technical compe- 
tence will in itself give him the basic understanding 
and way of thoughtessential for  inventiveness. When 
lokic thus goes back to fundamental origins, and is 
in that sense original, logical development and in- 
ventive insight come close together. Both make 
possible fundamental shifts to more profound bases 
of approach. E3ven so,  with truly baffling problems, 
logical exploration can only do the groundwork for  
the flight of intuitive insight. Lf such insight is to 
occur,  the process of education in school and industry 
must make provision for  its exercise. Again and 

again the formal paths of logic must be abandoned 
and the relaxation provided which permits insight 
unconsciously to find its way. 

CHANGE OF MENTAL SCENE 

Another aid to the freeing of inventiveness from 
the confining influence of learning is to assign to 
resourceful young men creative problems outside 
of their customary field of work. Such an alien ap- 
proach, a s  it s o  often has with great inventions, ,may 
provide a suggestive setting which will lead to a 
solution of the particular problem. But more im- 
partant is the fact that itwill tend to free able minds 
from the confining adhesions of their customary 
thought. 

Since inventiveness is not confined to major dis- 
coveries such change may be more frequently pro- 
vided in less formalways. Any engineer o r  executive 
who is worth his sa l t  should show inventive talent 
in his daily work and be required to do so. Even in 
reading, rumination, and talk, the power of creative 
intuitive thought should be exercisedand developed. 
Much can be done tostimulate this by bringing young 
engineers into frequent serious-minded association 
with able men of other backgrounds, By s o  doing 
they will be caused to s ee  their own problems from 
new slants and in the light of different practices 
and principles. 

F a r  more than senior executives usually realize, 
what they do, what they a re ,  and what they admire 
in their subordinates determines what those young 
men who work for  them do, think, and become. 
Through example, they can keep their juniors in the 
habit of resourceful yet sound intuitive judgment. 
They can inspire in them admiration for  and deter-  
mination to imitate the people who have the daring 
and ability to abandon traditional ways of thought, 
and who while doing s o  a r r ive  a t  conclusions which 
logic may a t  f i r s t  refute but later accept. A third 
psychological factor favoring inventiveness is thus 
widespread admiration for  sound intuitive thought. 

A fou,;h is determination. But if a young man 
has vital and profound scientific understanding, if 
he is resourceful in its intuitive use, and if he ad- 
mires  and cultivates these qualities, I have little 
fear that he will lack the faith which gives deter- 
mination. Few men who have attained high scientific 
intuitive skill  through the hardpath of study and ex- 
perience lack the determination to use their skill  
well. By example and by the work they assign and 
by the qualities to which they give recognition, ex- 
ecutives can do much to cause their outstanding 
subordinates to revere andstudy fundamentalscience 
and also to cherish and develop the intuitive spark 
within them which enables them to put this science 
into richly creative use. Young men of promise 
can do even more to accomplish this for  themselves. 



A CREATIVE APPROACH TO DESIGN PROBLEMS 

There has  always beep a good deal of discussion on the subject of whether creat ive 
ability i s  born in a man,  o r  whether,  possessing cer tain charac ter i s t ics  and t r a i t s ,  
he can consciously and deliberately develop this  ability. The Creative Engineering 
P rogram i s  in existence today because the Company believes in the la t te r  theory. 
Successful creat ive engineering i s  in pa r t  a combination of: 1 - an active and 
inquisitive mind; 2 - an inner drive which enables a man to get a job done; 3 - a 
broad background of fundamental knowledge; and 4 - a creative approach to any 
problem, These f i r s t  two a r e  inherent charac ter i s t ics  of the individual while the 
la t ter  two a r e  the ones that can be stimulated and developed. This paper concerns 
itself only with the fourth quality, the method of approach to a design problem. 

Before discussing a creat ive approach to design problems, it m a y  be well to 
consider how problems a r e  obtained. Generally you confine your attention to the 
problem presented to you by your supervisor  o r  someone e lse .  In o rde r  to be 
most  effective a s  a creat ive engineer,  you should l ea rn  to sense a need ra ther  
than to have someone e lse  do this  for  you. An individual actually makes  a t rue  
invention when he not only c rea te s  the form of the device but also i s  the one who 
recognized the need for  such a device. 

In o r d e r  to develop to positions of engineering leadership,  an engineer must  l ea rn  
to discover and develop new devices and concepts beyond the expressed needs of 
industry. A feeling of constructive discontent must  be fostered; This means  
developing the habit of asking yourself - what other ways can we do th i s?  - how 
can this  be improved? - o r ,  why don't we have a device to do this  3 It i s  only by 
looking for new fields to conquer they will be found. 

When Fleming observed the absence of bacteria, around a spot of penicillin he was 
examining, he saw the same thing that many other scient is ts  had seen, Fortunately,  
he did not stop with simply recording this  phenomenon, but asked himself - what i s  
the nature of this  phenomenon and can  it possibly be of some use to rnankiqd? 
Fleming was not only curious about the laws of nature,  he was also willing to make 
an effor t  to c a r r y  on r e sea rch  and development of the ideas he had. 

A willingness to contribute, accompanied by a mind prepared  to explore new 
avenues, i s  essent ial  to creative thinking. Being content to devote full t ime to 
solving other people's problems i s  a form of mental laziness .  As our efficiency 
in thinking up "new" pract ical  solutions i s  generally quite low, it i s  necessary  
to be most  prolific of ideas in o r d e r  to  produce a number of goad inventions, 
The same i s  t rue  in recognizing ' lnewlt problems.  F o r  example, hundreds of new 
ideas fo r  new product l ines  were  probably considered before the suggestion was 
made to produce the disposall. Still,  it  was a resul t  of continual searching for 
new conveniences for  the consumers  before the one idea that "paid off1' was found, 



De4iberate and organized thinking i s  a vital par t  of creative thinking. It i s  
especially important in the ea r ly  y e a r s  of an engineer 's  experience that he learn ,  
how to improve h is  creative ability. 

He must  increase  h is  effectiveness to solve problems assigned t o  him and thus 
prove his  ability before he i s  allowed to c a r r y  out his  own projects .  

The approach to almost any design problem may be broken down into four basic 
phases: 

a, Definition of the problem 
b. Search for method 
c .  Evaluation and selection of method 
d ,  Solution 

These constitute only the idea stage of the solution, the remainder  of the design 
procedure will be omitted f rom this  d i s ~ u s s i o n ,  If one i s  to produce consistently 
usable and worthwhile solutions to problems,  he will have to employ a creative 
approach. 

A, DEFINITION OF THE PROBLEM 

When the design engineer tackles  a new project,  he must  pay part icular  attention 
to specifications, This i s  the f i r s t  phase of solving a design problem, It i s  a1 90 

a highly important phase that i s  often overlooked by engineerp, By specifications 
we mean the actual definition of the problem, wherein the engineer i s  required to 
consider many m o r e  factors  that the rating, weight, s ize ,  and other quantities that 
we normally consider a s  specifications. He must  endeavor to investigate the 
fundamental problem involved. 

Recently a division in the Company desired to increase the ra te  a t  which the paper 
capaci tors  were  wound, The machine in question winds the al ternate  l aye r s  of 
paper and tinfoil on a bobbin thus making a basic par t  s f  a paper capacitor,  In 
considering how these capaci tors  could be made at  a higher r a t e ,  the immediate 
solution seemed to be to increase  the speed of rotation. When this  was t r ied ,  the 
paper would t e a r .  F r o m  this  the people experienced in capacitor manufacturing 
concBuded the difficulty was caused by moisture  conditions, e tc ,  , which weakened 
the paper  in some manner  that it would not stand the high speed, Actually, on 
c loser  study it was discovered that speed had very l i t t le to do with i t ,  The whole 
problem was a mat te r  of acceleration. This problem was easily solved by using 
Thymatrol to l imit  the acceleration of the machine. 



After all  this work had been accomplished, no appreciable increase in capacitor 
production resulted, It was at this  stage that someone decided to make a t ime and 
motion study of the operation, Then it was discovered that most  of the t ime con- 
sumed by the operation was spent in  threading the machine and in feeding in the two 
little tabs  which make the electr ical  connection between the plates and te rminals  
on the finished capacitor,  Thus, rqonths a f t e r  the program to develop a fas te r  
capacitor winder was s tar ted,  the r ea l  problem was discovered, 

In discussions on defining the problem, M r ,  E .  A.  Raney of the Pittsfield Works 
Laboratory has  used the example of pyranol capacitor leak testing to show how 
more  basic problems a r e  often present ,  F o r  example, if the container can be 
made leakproof there ia no need for  leak testing - even more  basic would be a 
capacitor with the desired charac ter i s t ics  that does not use a fluid and hence has  
nothing to leak, 

Not always i s  the more  basic problem eas i e r  to solve, The inventor of the revo-  
lutionary "Long Play" records  took a more  basic approach to the problem of 
producing continuous music  than have those who developed the record  changers,  
Likewise in the considerations of means  of removing snow f r o m  the city s t r ee t s ,  
it might be well to investigate Dr .  Schaefer 's  man-made snow s to rms  a s  a means 
of keeping the snow f rom even falling on city s t r ee t s .  F r o m  these few examples 
we can see the wisdom the saying "The more  fundamental the approach, the s impler  
the solution." This i s  generally t rue  if it i s  realized that the "more  fundamental 
the approacht1 does not always mean that the solution presented i s  fo r  the basic 
problem, Instead, it may  mean that the problem was thoroughly defined and the 
basic factors  were  considered in the forming of the solution, 

After making a complete definition, the problem can be broken into three  main  
groups of des i red  charac ter i s t ics  and requirements.  As  applied to a dynamic 
system they may  be classified a s  1 - input, 2 - limiting requirements  o r  specifi- 
cations, and 3 - output. A slightly different breakdown might be applied to static 
systems,  

The three  groupings may  be explained by considering a typical design problem, 
F o r  example, consider the design of a new type "noiseless" wall switch. The 
spe cifieations can be subdivided a s  fs%lsws: 

1 .- Input 

a ,  Mechanical motion of activating knob 

b. Only a smal l  force desired to activate the switch 



2 - Limiting requirements  

a. Must fit into standard outlet box 

b. "Noiseless" operation 

c. Must work satisfactorily and safely with 110 car 220 volts a -c  o r  d-c  

d ,  Cost must  be in range of standard switches 

e ,  Long t rouble-free l i fe  

f ,  Allowable drop a c r o s s  the contacts 

g. Current  rating, etc. 

h, Appearance 

3 - Output 

a.  Mechanical movements of contacts 

b. Required t ime and motion charac ter i s t ics  to break a r c  

The above i s  not complete and detailed but se rves  to show how the groupings can 
be made. In a relatively simple design a s  i l lustrated, complete quantitative data 
may not be necessary,  In general ,  a l l  dimensions, forces ,  voltages, e tc .  should 
be known quantitatively, If experience has  been gained in the field, design sense 
o r  "feel" may  give adequate measures ,  but to depend heavily upon mental ex t ra-  
polation of past  designs quite often resu l t s  in costly failure s ,  

B, SEARCH FOR METHODS 

With the problem completely analyzed and broken down, means of bridging the gap 
between input and output a r e  sought. This i s  the point where experience and back- 
ground knowledge play the leading role.  F o r  i t  is he re  that a keen mind with a t rue  
sense s f  design curiousity can reveal  i t s  vast  s tore  of facts  on mater ia l s ,  p rocesses ,  
phenomena, devices,  mechanisms,  e t c , ,  and more  important,  the sources sf  such .  
information, 

Some inventors believe there  are at  leas t  eight ways of doing everything and s t r ive 
to find out mss% of them before making a final selection, In a sense this  belief i s  



held by a11 highly creative people, As soon a s  a person  becomes satisfied that a 
cer ta in  procedure i s  the only way, he i s  no longer creat ive,  A creat ive mind i s  - 
an active, nonhabitual mind that always seeks new and bet ter  ways of doing things, 
Not mere ly  crit icizing the present  sys tems but weighing the "other seven ways1' 
that might be employed. 

As there  a r e  so many ways that things can be done, dependence upon memory 
alone i s  often an inefficient way 0% uncovering the possible means s f  solution, 
A notebook of ideas and devices seen o r  conceived in the past ,  s e rves  a s  an 
excellent re f resher  , Any publication on inventions o r  mechanfsrns will often 
suggest ideas and stimulate thought toward a new system, 

Another way to stimulate creat ive thinking i s  to "search  for power,"  This is the 
attempt to per form the required motivation o r  sensitivity by e lec t r ic ,  mechanical, 
hydraulic, electronic o r  chemical means.  F o r  example, in measuring tempera ture  
it i s  possible to use energy conver te rs  such a s  thermopiles to produce electricity,  
bimetal to produce mechanical energy,  expansion of fluids and gasses  to produce 
hydraulic o r  pneumatic p res su re  changes, e tc ,  

More complex problems can seldom be solved by a single step, Then the method 
of attack becomes one of successive development o r  synthesis leading f r o m  the 
input to the final output by successive stages.  All basic  o r  fundamental theories  
and phenomena that might be applied to the solution should be sought, The creat ive 
engineer must  approach this  synthesis unbiased by leaning toward a par t icular  
field of engineering. 

As an example of syntheses,  consider the design s f  a thermal  c u t ~ u t  for  a motor ,  
The input would be heat. The f i r s t  par t  of the synthesis would be a search  f o r  a11 
phenomena that respond to application of heat. The next phase would be to consider 
the "output" f rom these individual phenomena a s  the 'Tinput" to  the next successive 
stage. This method recently led to  the invention of an improved thermal  cutout 
based on a radically new application of the fundamental concept that mercury  will 
boil when enough heat i s  applied, 

By using the method of synthesis a more  creative and successful combination may 
be produced. A young engineer attempting to visualize the solution in one step will 
often adopt a standard sys tem despite the fact that a new combination might be 
bet ter .  Only af ter  considerable experience can an engineer expect to think of a 
complete system with much consistency unless he has  made a thorough synthesis. 

It i s  most  important that the search  for method not be hindered by judicial thinking, 



Note al l  ideas no mat te r  how fantastic - the imagination works best when unre-  
strained. Consider the amount of skepticism, reason could have introduced in 
the ea r ly  consideration s f  re leasing the almost unbelievable amount of energy 
available in the atom, As another example, not too long ago very  capable en- 
gineers  "proved" that the r a m  jet engine "would not work. s ?  In this  case ,  
fortunately, the engine didn't know that,  Besides at  this  point methods a r e  being 
sought not selected. 

EVALUATION AND SELECTION OF METHOD 

The next step i s  the evaluation s f  the various methods. Each system must  be 
thoroughly considered a s  it affects d l  the design requirements ,  Pa r t i cu la r  
emphasis  i s  placed on t ime and economic factors ,  Each problem will largely 
determine the weight a given factor c a r r i e s  in the final selection, Some of the 
considerations a r e  a s  follows: 

1 - Cost 

a. Development program 
b. Finished product 

2 - Time allowed 

a, F o r  development 
b. For  reaching production stage 

3 - Accuracy 

a. Sufficient for specifications 
b, Better than specifications 

4 - Power requirements  

5 - Space requirements  

6 - Tools and machines available 

a,  Adequate for production 
b. New machines required 



7 - Materials  required 

a.  Common and easi ly  obtained 
b ,  New mater ia l s  of sca rce   material,^ 

8 - Production difficulties 

a ,  Standard tolerances and procedures  
b. High tolerances and involved processes  

9 - Patent difficulties 

a. All patents involved held by Company 
b. Pa tents  held by competitors 

10 - Appearance 

11 - Complexity 

a .  Operation (type of people who will operate i t )  
b. Maintenance (type of people who will maintain i t )  

12 - Consequence of faulty operation 

13 - Versatil i ty of application 

a, Coverage s f  field desired 
b. Supersedes predecessor  and competitors device 

14 - Operating environment effects 

a, Corrosive atmosphere 
b, Dust 
c .  Vibration and shock 

15 - Safety features  

The considerations l isted do not apply to all  development and design problems,  
Often in the ea r ly  stages of a development program such points a s  the requirement 
of new tools and machines may be set  aside until models have been built and tested. 
Then the tes t  resu l t s  can help determine i f  retooling i s  feasible. The engineer 
usually must  decide at  what par t  of the development p rogram he should consider 
a11 factors  of evalution. He may even recommend a change in the specifications 
when h i s  evalution shows that a better product would resul t  f rom such a change, 



Sometimes the evaluation s f  the methods l is ted will show the necessity of 
redefining the problem and a new search  f a r  method, P re l imina ry  t e s t s  and 
mathematical ealculbatians should be made to verify expected resuPQs, Poor  
application s f  engineering fundamenmls in the ear ly  s'rages will usually resul t  
in l o s s  of t ime,  money and prest ige,  

D. SOLUTION 

When working out the details of the methcd selected the s tep% outlined abeve 
a r e  repeated on the various cornpc>nen&s required,  'Thus the various phases a r e  
used simultaneously in other than simple problems,  and each portion of the design 
i s  evaluated a s  the details a r e  solved, Component designs should be checked with 
the specifications of the over-aPP design as well as the Plsled requirements  s f  the 
component, 

Beware of the fascinating tangents that lead the unwary a s t r ay ,  When 'rs~tldirxg 3 

bet ter  mousetrap do not become s connoisseur of fine cheeses  when ordinary atore 
cheese will do. Stop your digging details occasionallly and Book at them in the 
light of the over-al l  gob. Keep yc u r  nose to the grindatone, but do nsz: become 
cross-eyed to  the r e s t  of me subject, 

When the problem involves pr imar i ly  t e s t  work o r  ealcnlution, you should remember  
that the numbers  yon obtain a r e  seldom a sadable itern but ra ther  pose the question: 
" S o  What ? I s  In s ther  words,  you a r e  not finished u ~ t i l  you can show how rhe r e  sa l t s  
effect the finished p r o d u ~ + ,  Having lived with the details of the analysis o r  tes t ,  
you should be able to  make recsxnmendations to improve q u d f ~ y  and pr ice  s f  the 
devic e . 
Strive to meet  all specifications and t ime hchedudes by  proper  planning, Have 
p a r t s  completed in sequence and that wil l  best per-mit par t ia l  testing. 30 not 
delay design and constrkecticpn of one par t  that wi l l  a e e d l e s d y  prevent propey 
testing of many other par t s .  Keep in mind the fact that instruction6 for  manas- 
facturing and operation can be as important as the design i tsself ,  The cust omer 
may not know exactly haw to operate your brainchild u n l e s s  you. eel1 him, 

Little details a r e  important, too, Nuts,  b a l r ~ ,  waaher3, and bearings a r e  past 
of the design. Pe rhaps  t h e  draf tsmen can select these fcrr you, bur it i s  your 
responsibility t o  check and approve all bf these Tsrninorst  details,  Little. things 
like insufficient wrench clearance to requiring spec id  ad~uetment  tools  can 
destroy the market  for a par t icular  model, In the final analysis the proof of the 
sollutisn i b  in c~str9rner  acceptance and profit to  the Company, 



SUMMARY 

The processe  s a s  outlined he re  a r e  recommended a s  a guide for the individual in 
establishing h i s  own approach, After pract ical  experience i s  gained in a given 
field, ea r ly  methods of attack will be modified accordingly, Time and effort spent 
on the analysis,  search  f a r  method and evaluation will often be reduced by previous 
consideration of s imilar  problems,  

The f i r s t  four stages of a creative approach a r e  1- definition of the problem, 2 -  
search  for method, 3 - evaluation and selection, and 4 - asleetion, These s tages 
a r e  somewhat flexible in application and must  be employed a s  dictated by the 
problem, Such organization of mental effort will aid ra ther  than hinder creat ive 
thinking, 

The definition must  be a complete breakdown and study of the design data and 
requirements.  The fundamental o r  basic problem should be sought, A grouping 
of facts  and charac ter i s t ics  might be 1 - input, 2 - limiting requirements ,  and 
3 - output* This  stage must  be well considered if  the final design i s  to meet  
specifications. 

The second stage, I s  search  for  method, " i s  the place where creat ive thinking can 
be stimulated, Here the use of synthesis in the search  for a method i s  apt to be 
most  creative.  Fundamental theories  and phenomena a r e  the keynotes of this  
synthesis,  The basic plan might be the search  for power o r  the seeking of the 
"eight ways, I '  Keep your judicial mind suppressed in this  phase, 

In the evaluation stage the engineer picks the most  pract ical  sys tem f r o m  the 
standpoint of engineering and eco?omics. His choice i s  not overly influenced 
by the novelty and ingenuity of a method o r  by the established acceptance of a 
method, In short ,  he picks the best  solution for the problem a t  hand thus striving 
to  be a pract ical  creative engineer and not a Rube Goldberg. 

The solution of the problem in a form suitable for pract ical  use i s  the pr ime 
function c9f an engineer,  APl the factors  determining the quality, adherence to 
specifications, and salability at a profit of a product stand a s  a composite rating 
of the engineer that made i t ,  As he en ters  by the front door he makes  room for 
himself by sending products out the back door,  



I think this question of how can uc develop in- 
ventors,  o r  inventions, because that i s  the redl  
problem, i s  one that should concern us greatly. 
There  a r e  many different ideas of what an inven- 
tion is. The inventor has one idea, the manu- 
fac turer  has  a different one, and the patent at torney 
has s t i l l  another. Sometimes i t  takes quite a high 
o r d e r  of intelligence to detect  any s imi lar i ty  be- 
tv een  them. I mean this seriously - i t  i s  :L common 
thing f o r  an  inventor not to understand the patent on 
his own invention. 

Likewise, there  i s  no sha rp  linc of demarcation 
between invention and re sea rch  exccpt f o r  this  d is -  
tinction - thal -invention has  to do with a specific 
resul t ,  while r e sea rch  i s  conccrncd with thc de te r -  
mination of those fac tors  which may be necessary  
in the development of that result .  

Some yca r s  ago a survey was made in which i t  
was shown that if a person had an  engineering o r  
scientific education, the probability of his making 
an  invention was only about half as grea t  a s  if he 
did not have that specialized training. 

Now that i s  very interesting, and I have spent  a 
great  deal  of time wondering why i t  i s  so. As a r e -  
su l t ,  I have a r r ived  a t  a definition of what an inve~itor 
is. An inventor i s  simply a fellow who doesn' t  take 
his education too seriously.  

You s e e ,  f rom the t ime a boy i:; s i x  y e a r s  old 
until he graduates f rom collc1ge he llas to take three 
o r  four exanlinations a year.  LC hc flunlcs once, lie 
i s  out. But an  inventor is a lmost  :\l\x%ys failing. I-Ic 
t r i e s  a n d  fai ls  may t~e  a thousand times. If he suc- 
ceeds once, he i s  in. These two thing:; :ire d iametr i -  
cally opposite. 

We often say  that the bifigest job R e  have i s  to 
teach a nev'ly hired boy how tofall  io t~l l igent ly .  We 
have to t ra in  him to experiment over  and ove r  and 

A- 

Uontrlbuted by the Committee on Eclucd(~on : ~ n d  
Training for the Industries and p ~ - ~ : , ( ' ~ ~ t t ? d  :\t t t ~  
Annual Meeting, Ncw York, N. Y., ldov. 2'3- l k c .  3, 
1943, of The Amel-ican Society oI A'lrchal~ical ICngi- 
neers.  

to keep 011 trying and failing until he finally learns  
what. v i l l  work. 

We a lso  have to teach him that everything i s  not 
in the boolrs. Lrl his  e d u c a t i o ~ ~  he invariably gets the 
idea that this i s  so  because his textkmok is  always 
the las t  word and final authority on v-hatever he is 
studying. If we fail todo this, soonero r  la ter  he ur 
say ,  "There i s  no sense  trying this experiment l? 
cause page 284 of this book says  it won't uu rk . ' i .  

Then we h a w  to explain that these things we a r e  
tloir~g have never been done befort:. If they had, we 
wouldn't go to :.ill the troubll: of r c p e a t i n ~  them. The 
Ir~:)olcs used to say we couldn't built a Diesel injector 
to opera te  a t  20,000 pounds p e r  square  inch. b h a t  
i l  really meant i s  that an injector couldn't operate 
at that p r e s s u m  i f  it  w i ~ s  built as the book specified. 
?'()day we h a w  hundreclr; of thnus;~rids of injectors 
operating a t  1);-ctssurcr: much hi;$or than. t.lwt. The 
point i s  simpl!r lhat no matter  u hat we a r e  doing, if 
i l  i s  new we c:ln always f i1.d :I kioolc that. will tell us 
i t  can't be  do^. Any time wi want tos topa  project, 
:ill, we w e d  to do is ;hsr;cml)l(~ it committee and tell 
(.hem about it. I~nrncdiately I.bcy v, i l l  tell us we were 
:rjiay to s t a r t  it. So to prc~toct  ourse lves  we have 
r;r;\rle this v c ~ , ~  silnplc rule:  \5'111?n you s t a r t  a new 
[ 'rublem, stay , \way f r o m  tho l ibrary kccause it may 
IlS~nc.licap your ,.tiinking, 



they say, "we will do such and such next." But we 
should not worry about that. If we knew what was 
going to happen, we wouldn't need to experiment in 
the first  place. We should realize that prior to the 

I 
f i rs t  experiment our ignorance factor may be as  
much as  100 percent. 

"But suppose the experiment doesn't work the 
way v e  think it should?" they ask us. 

The chances a r e  ten to one it won't. That shouldn't 
deter us, however, from going ahead and trying it. 
After all, an experiment that fails i s  simply an ex- 
periment in which we a r e  wrong. Rarely does an 
experiment mislead us ,  providing we a re  intelligent 
enough to follow a s  it directs. 

If an experiment doesn't work the f i r s t  time, it 
' dts  * 

5- 
must be tried again; and when a successful experi- 

nt is obtained, a continuity can bc laid out for 
on to the next step. We can then decide what 

ond experiment should be and go through with 
actly the same manner. Since none of us i s  

mart  enough to arr ive directly a t  the final 
result, we must workourway very laboriously from 
experiment to experimcntand from test to test until 
we finally get there. 

A lot of people don't want to do this. They would 
like to find a short cut for the tedious trying and 
failing of experimentation. They think they a r e  
smart  enough o r  educated enough to get the result 
directly. Unfortunakly, the only people who have 
ever acconlplished anything in science o r  engineer- 
ing a re  the ones who never thought they were smar t  
enougn to get irked by having to try things to see  if 
they would work. 

A man who had seen a test of one of our Diesel 
engines came to see  me the other day. "That i s  a 
very efficient engine," he said. "I would like to 
talk to your thermodynamics expert about it." 

"I am sorry," I replied, ''we don't have anyone 
here who even understands the word 'thermody- 
namics,' much less  be an expert on it. But if you 
want to know how we developed this engine, I'll be 
glad to show you." 

I took him to our dynamometer room and showed 
him our singlc-cylinder setup and told him how we 
had triedone thing after another for about six years  
until the engine itself finally told us exactly what it 
wanted. 

"Goodness," he said, "that's an awfully tedious 
way to design an engine." 

"It is," Iagreed, "but it is the only way we know. " 

We don't know how to do any new job wittiout going 
through all that tcdious cut-2nd-try. 'J'hcrefore, thc 

next thing wc must tell thcse youngengineers i s  that 
tediousness Is something they must endure and not 
resent even though they have a tcchnical education. 

These things seem extrcmcly simple, but they 
a r e  basic to the problem of developing inventors. 

The point is that we don't soIve a technical problem 
o r  make an invention in the laboratory. We do these 
things in our heads. All this laboratory apparatus 
i s  simply to help u s  get an understanding of the 
problem we are  aorking on. I think the thickness 
and density of the human skull can be very well 
represented by the amount of apparatus we some- 
times need simply to force an idea through a quarter 
inch of skull bone. That is why it i s  so  important 
that we dcvelop proper attitudes in thepeople we a r e  
training to be inventors. 

About ten years ago we s tar teda new study of the 
strength of materials which was based entirely on 
testing a production piece under simulated working 
conditions. In other words, if we were interested 
in a cranltshaft, w e  would build a testing machine 
that would load that cranlrshaft exactly as  it  i s  loaded 
in the engine, that is,  a load fluctuating so  fast with 
s o  much tension, so  much torsion, a t  such a tempera- 
ture, etc. We did that because we had learned that 
tests onstandard test specimens gave us information 
of a very unsatisfactory kindand that when we tried 
to test a piece to failure in an actual engine the re -  
sulting debris was such that we couldn't tell just 
what had happened. 

In our machine we put anticipators on a piece so  
that the instant a failure started the load would be 
released automatically and we could see exactly 
where the trouble had started. 

With this machine we have been able to improve 
the fatigue life of many mechanisms a s  much a s  
500 percent simply by seeing how and why the failure 
s tar ts  and by then making very small changes in 
fillets o r  slight shifts in temperature during heat- 
treatment. 

We couldn't have calculated these things. No one 
i s  smar t  enough to make such calculations. It has 
to be a very primitive sor t  of study which goes back 
to the very elementary process of trying a thing, 
learning its weaknesses, and then trying something 
else, 

One of the problems which a research laboratory 
will always have is how to get along with the manu- 
facturing eridof the particular organization to which 
it belongs. The production man has a problem, and 
he b r i n ~ s  it io u s  tu solvc. We analyze it and write 
a report on our solution. U' we use a lot of loga- 
rithmic cttrvcJs and fancy narnt~nclature the produc- 
tion man nevor I i~nrt l  of  lor^!, lip gets mad bccaus~( 



he can't s ee  that u'c have helped him very much. I "The trouble wit11 you,"hc said,  "is that you a r e  
don't blamc him. a tnodclist; you want an image of something. Modern 

T o  avoid that difficulty, we have worked out a 
science docsn't f o r m  images any more. We stopped 
that a hundrcd years  ago. Give me a better problem 

very simple proccdure. Ecfore a specipl  repor t  i s  
distributccl, i t  i s  carefully read by someone in our - somcthing a little more practical." 

organization who knows the person for  whom the "All right, here ' s  one: When I rub my hands 
repor t  i s  intended, and a little c i rc le ,  o r  goose egg, together, why do they get w a r m ?  Why shouldn't 
i s  drawn around every word that he thinks may be they get cold?" 
misunderstood. Then we call  in the r e sea rch  engi- 
neer  and ask him to read the repor t  aloud - but skip- 
ping the words that a r e  circled. I-Ie s t a r t s  reading 
and then exclaims, "h'ly goodness, if you a r e  going 
to leave out a l l  those words, it won't make any 
sense  a t  a l l !  " 

"All right," we say ,  "perhaps the r eader  won't 
understand those words, s o  it i s  just the s a m e  to him 
a s  if they weren' t  there a t  all. If we a r e  going to 
help with this problem, we must use words thatwill 
be understood." 

One of these repor ts  had to do with noise and the 
word "decibel" appeared severa l  t imes  on every 
page. The boys couldn't find a s impler  word for  
decibel, s o  with every copy of that repor t  we sup- 
plied a little noise box that had ten keys on it. If 
the repor t  sa id  the noise level was seven decibels, 
the r eader  just punched the key marked "seven" 
and he could hear  exactly what seven decibels of 
noise was. 

This question of words and the meaning that we 
attach to words has always been very interesting to 
me. It i s  like the formula problem in which, if a 
fellow knows the formula for  somcthing, he thinks 
he understands a l l  about it. A lot of people t h i ~ k  
that if they know the name of something, that's the 
whole story.  

As an illustration, Ionce aslied a fanlous scientist  
this question: 'Why can I see  through a pane of 
g lass  ?" 

"That's very simple," he said. "Glass i s  t rans-  
parent. " 

"I'm afraid the word ' t ransparent '  means nothing 
a t  a l l  to me," I replied. 

"The word ' transparent '  simply tncans anything 
you can s e e  through," he said. "Why do you want 
to know that ?" 

"I would like to 1;now nhy I can soc through a 
p n c  of glass. I v,~ulcl  like to liilow vl~c?tlicr light 
wnve:; travel 1hrou;;li t h ~  el:::::; ;:s li{;l~t. - or  ~:'li(?ll~c!r 
thoy a r e  rciccivrarl : I I I ~  r:?I~1~0:1r!c:1:;1 j n  :;o~i!c! oll!:!r 
f o r r n  from J - I I ( J ~ < : C I I I C  to  ~ n ~ l c ~ c u l e .  E!' J I(nc:v~ t l ~ , : . t ,  I 
vvj111d k;f: ljr!l.1c~' :lI!lc to (lc!(:i(l? :;OIL\!! ( I~ . ! I~ ! I*  i l ~ i t ! ! ~ , : :  I 
v:oulil 1i):c to I:r:oy;!." 

"Oh, that i s  quite simple - it is  due to friction." 

"Yes," I said,  "now what is  fr ict ion?" 

So we argued back and forth for  three  quar ters  
of an hour and finally we came to the profound con- 
clusion that we don't know anything about friction - 
except lhnt  friction i s  a thing that makes your hands 
warm when you rub them together - and we don't 
even know how it does that, 

A fcw years  ago I assigned a young man to work 
on this friction problem and had him rub little p ieces  
of metal to see  how much they wore away, hoi much 
heat they generated, and s o  on. After he had been 
working on i t  fo r  a little while, I stopped in to s e e  
him. "How a r e  you coming along?" I asked. 

"Not very well," he replied, "Don't you think 
this i s  an awfully childish problem for  a fellow who 
has the kind of cducation I have ?"  

I didn't think so ,  o r  I wouldn't have assigned him 
to it, s o  I asked what the trouble was. 

"It wouldn't be s o  bad," he' exclaimed, "if i t  
wasn't al l  in the books I "  

"I'm glad you mentioned that," I said,  "because 
if we have you working on this thing when i t 's  a l l  i n  
the books, like you say,  then we ought to stop right 
away. But before we do that, I want you to show me 
that book. II you can find that book o r  any book 
like i t ,  I will give you a medal." 

I saw him about a month la ter  and asked how he 
was progressing on the medal business. 

"Aurful," he said,  "I haven't been able to find 
anything. And I can't understand that, because i t ' s  
sornething s o  fundamental I should think a lot would 
be known about it. I can't understand it a t .  all. 
There ' s  not a thing in the books about it." 



1 ihinlc wc ought to be able to get them to last  1,000,000 
miles 'ucforc we're dam. 

iit was In connection with these s a m e  engines that 
someone once asked how it happcncd that we were  
making most  of the Diesel-electric Zococnotivcs in 
the country. ''You milst have awfully good patent 
protection," he said. 

'WeIl, here 's  the reason," E said. "You s e e ,  a 
great  many people thin!{ we're crazy.  That i s  much 
better protection than any patent." 

I would ra ther  have my competitor think I a m  
crazy than have a s tack of patents a mile high, be- 
cause he can easily get around my patents, but if he 
thinks I a m  crazy, he won't even bother to check up 
on them.  I was in the automobile start ing,  lighting, 
and ignition business for  iive yea r s  without any 
patent protection a t  a l l  to spealcof, because everyone 
knew that the breaker  mechanism in my ignition 
sys tem was crazy, and that i t  wasn't worth copying. 
They infringed every patent I had, but they didn't 
infringe my ignorance factor. 

I often tel l  the boys this s tory:  I have been malr- 
ing inventions and taking out patents for  many years .  
When I f i r s t  began to apply for  patents, most of my 
inventions had been patented 50 o r  60 years  before. 
Later  I WAS only 40 yea r s  behind - then 30 yea r s  - 
and s o  on. So I drew a s e t  of co-ordinates and plotted 
just how f a r  behind I was on each invention. There  
was a gentle slope to the curve, s o  I could extend it 
to the base line to s e e  how old I would be when I m<ide 
an  original invention. It comes to about 125 years .  

If we can succeed in eliminating f rom a young 
man's mind the idea that just because he thought of 
a thing i t  must he very good, then we can go ahead 
without the danger of temperament getting into 
engineering. 

We have a little ru le  in our laboratory which we 
think solves this problem. It's a very simple rule  
and the only rule  we have. It i s  just this: "The Job 
Is the Eoss." VJhat does the engineer thinlc of this 
new pis ton? That doesn't matter. What does the 
engine think about it ? That matters.  The engineer's 
opinion i s  worth very little. The engine's opinion 
i s  worth a great  deal. 

If the engine says ,  "I like this piston," and it 
happens to be contrary to the engineer's pet idea, 
that's too bad. It simply proves that the engineer 
was wrong. After al l ,  a s  we said,  the only reason 
for a l l  this expensive research i s  that it co r rec t s  
our ignorance I:tclorso that we callsee the problem 
in i ts  t rue  light. 

Opinion:; a r c  not the only thin{;? t h a t  l o : ~ r l  us astrny.  
Sometimes we a r e  led into clifficuliic:; by ceiLail1 

tfons. W N ~  accu~iiltlate rules of thumb, arbi t rary  
constants, and formulas. We accept these a s  funda- 
mcutal. Vv'e should question them whenever we en- 
counter them. They ;ire the stumbling blocks of 
progress .  

There  is a fornkt~la by which we can calculate the 
fatigue l i f e  of n piece of spring s t ee l  which i s  being 
s t r e s sed  under ccrtain conditions. This formula tel ls  
us how ninny thous~ncl cycles of s t r e s s  the spr ing 
will undergo if i ts  surface  is perfectly m i r r o r -  
smooth, how many l e s s  if i t  i s  slightly rough, and 
how many sti l l  less  a s  i ts  roughness incre3ses,  W e  
take a flat piece of smooth spring s t ee l  about three 
inclles wide and two feet long and put it in a tes t  
machinc and bend it back and forth until it breaks. 
We find that. the standard spring,  a s  furnished by 
eight o r  ten different stcelmalrers, will break in  
about the same  time - a t  a couple thousand cycles, 
That checks very closely with the formula. We ask 
each of the s tee lmakers  to run the same  t e s t  and 
their  results  check with ours.  The formula and the 
experiment agree.  Everyone agrees  that it i s  a 
wonderful proof of the formula and shows there  i s  
no.use trying to run a spr ing any longer than the 
formula says. 

Then we say,  "Suppose we bang up this piece of 
spring s tee l  until i t  i s  rough a l lover  - then how long 
will i t  l a s t ?"  

After thinking about this for  a while, they say,  
' W e  don't know how many cycles of. s t r e s s  i t  will 
stand, but we a l l  agree  that i t s  fatigue durability 
will be seriously impaired." 

So wc asked them to make us some more samples.  
"Put a little mark on themso  you can identify them 
a s  your pieces,"we say. Then we give these samples  
a little treatment which we call shotblasting, o r  s u r -  
face peening, in which we shoot a lot of little hard 
s t ee l  balls a t  each sample  until it is thoroughly 
roughened. That done, we send the samples  back to 
the steelmalrers to be tested. 

Then a surpr is ing thing happens. Insteadof break- 
ing a t  2000 cyclcs, the samples  a r e  flexed up to 
2,000,000 cycles and s t i l l  they don't break. The 
formula st i l l  says  they will break a t  2000, but they 
don't know that. They keep right on flexing a t  
2,000,000. That i s  quite a gain in percent. 

We have learned that in most problems the re  i s  
a normal t ime rate of devcloptnent which cor re -  
sponcls very closely to the normal ycnsly increment 
of irnp~~ovr:mcnt nl;!dc by intlustry. Tho r e  i s  not a 
grcnt. clcnl that  we r:lnc!o to :;px?d up such improve- 
ments, I:.!:c:~~l;ct thcy :\IT ::o iniitn:\tcIy (;cared into 
tho wlio!:; :;y:-;l:!m t!i:~t. th?:,; (::In 1.c n:;sin~il:\tod only 



i t  i s  going to talw to solve the111 i s  of r eh t ive ly  little 
importance. The resul ts  will justify any expenditure 
of time. All that i s  necessql. st: 111% - n ~ n  who 
i s  going to work on tb- I  p:o,)lem he shown tha t  i t  is 
worth solving, n- ~c won't  wan^ LO t ry  it. 

We had some  experience with this  in the ea r ly  
days of th: ethyl-gaso;it i clovelopmcnt. We had been 
working on the so -cn i , . e~  a r o ~ n a t i c s  fo r  a number of 
y e a r s  and ~ i a d  s o m e  pretty good resul ts ,  but nothing 
really exciting. So some  of the boys came up to my 
office and sa id ,  "We a r e  young yet ,  and we would 
like to do something in the world, and we don't want 
to be lceptonthis problem forever ,  because we don't 
s e e  any hope of e v e r  working i t  out.'' 

I was leaving f o r  New York that afternoon, s o  I 
sa id ,  "Let me have a couplc of days to thinlc this 
over ,  and when I come hack I'll s ee  if I can't work 
out something f o r  you. " 

I thouxht that itviould be wrong to s top this work, 
even t h o u ~ h  they had bcen co r rec t  when they sa id  
our  p rogress  to date was very discouraging. When 
I got on thc t ra in  to go back to Dayton, I noticed a 
newspaper lying on the s c a t  bzside me and I picked 
it up. On tllc f i r s t  p:~p,c there vias a l i t t lc  i tem en- 
titled, "Universily Professor  Discovers Universal 
Solvent. " 

That interested me because I happened to know 
a n a m u s i n ~ s i o r y  a b ~ u t  two chernlsts whowere  trying 
to cliscovcr a universal solvent. It seemed they 
talked a bsnl:cr into loaning them so~clc nioncy arid 
se t  up a lit!':: laboratory jus t  outsiclc oi tov~n. Onc 
winter ~ n o r n i ~ l g a  far iaor  had a blowouloutsicle their  
plncc, s o  he came in and asked if ho could use their  
te1ep:ione to call  up thr? g ~ r a g c .  They sa id ,  "Sure, 
go r izht  ~hcnd. "  \'/hen he was  tl~rou:$ tclcplioning, 
he nn!:ccl if hc  coulcl wale there un t i l  tile garage 
brou:,ht hi.m a s p a r e  t i r e  and they sa id ,  ":;urc, you 
can." Eo he stqcd there  v:ntching them f o r  a v!hile, 
and finllljl 1 : ~  as'-c'd what they were  doing. 

'TJe a r e  morlrin,: on the most important  thing in 
the world," Ili?y s~i.?,. "We a r c  devclopin(: a uni- 
ve r sa l  s o l ~ n t .  " 

"!Vhxl docs that rronn?" asked the f a r m e r .  

"~,-lcll, th::l. is a ljr!r~itl that will dissolve anyihiny; 
you put info it." 

"1Icre's one we'd b2tLc.r t ry  b ~ f o r e  we quit,"so they 
went ahead a~lt l  1;ot some. It turnctl out to be alrnobt 
a univcrsnl bolvcnt init:, action on valves and rings.  
but it u , d  s , ~ ~ n c t h ~ i r r :  illat w,nc 01 us had anticipated. 
Thcorc~ lc :~ l ly ,  sclenium ouychloridc should have 
marla the knock worse b c ~ d u s c  it contained both 
chloride ando;,ypn,  which Imti bcen knock-inducers 
in every othcr conlpound we had tested. Rut instead 
of inducing knock, selenium oxychloride turned out 
to be a powerful knock-suppressor. That was o u r  
f i r s t  s t ep  into thc sLudy of the metallo-organic com- 
pounds, which led us through n great  many experi-  
ments until we  fin:~lly a r r ived  at  tctraethyl lead. 

The point 01 this s tory  i s  that we must always 
know wliether a problem i s  worth solving. There 
will always be da rk  d:lys, but if your conviction of 
the value of the problrm i s  such that you go right 
ahcnd in spite of the djfficulties, the chances a r e  that 
you will nch~cve  success  i n  the end. 

I like to thinlc that wc can take even a highly edu- 
cated young marl and teach him to be an  inventor 
without ruining his eclucation. I have only one com- 
plaint against  ou r  ~ t l u c a t o r s  and 11 i s  that they haven't 
always told us the complcte s tory .  

A friend of minr who teaches general  medicine a t  
one of our  largc universities once told me this s tory  
about educ:ition. He i s  an old Ixlnd at  teaching rnedi- 
cine. He lecture:; to the c lnsscs ,  teaching the boys 
to be gencralprnc~ti t iuncrs.  111s s y s t c ~ n  is  souncl and 
doesn't differ rachcally f rom s imi lnr  courses  inother  
universi t ies,  except fo r  the 1::st lecture he gives the 
group. That lecture i s  unique. On this occasion, he 
say,.,, in part :  

I6  Young mcn, we a r e  togcther fo r  the las t  time. 
X c  Iinvc had  a very ylc.jsant time. You havc been 
a good class  and I11:)ve enloyed working with you. 

( I  I have glvcn you tile best information available 
- the b e ~ t  c:\sc hlstorlcs I could find. The textbooks 
we  have usrd a r e  the most widely acccptcd arid r e -  
liable. But l ~ ~ l f o r c  wc par t  compciny, I \vi~nL to caution 
you thnt the science of mecl~cinc i s  devcloping s o  
rapidly that ill a few y e a r s  fro111 now p e r l ~ a l ~ s  half 
of the thin[;s I havc t~i ig l i t  you won't be so ,  Un- 
fortun:ltcly, 1 don't Pnow what half thnt will be.'' 

I h:ivc h c n  very  ~nb~c : , t c r l  in co-operative edu- 
c:ltlon bccnu ;C 1 Irf.1 Ll~?t I,y I)rin:;in[:n boy in contact 
w ~ l h  I-1111 t'ic :,cilocil gncl 11:tl1!c~tly we  can lap-weld 
I I J ~ ~  to :I joi) i l l - t t  ?(]of 1)~1lt-nr!d 11ln1. 114orlicdwith 
T> ? I ]  :'( 1111 ,111-r ? t  (Jncirt I i~ f o r  :I I I I I I L T ~  - r  of  y ~ a r s .  
I I;-. i 3  s! ,o I .i 11 i i  , < ,  I \ 1 in , l  c o  O I U > J .  ltivd k,yst(ln~ 
: i t  P ]if (-J( 1 1 ;  : > I  1 1-1 6 I > ' ( > I  , 13 : $ (  1111 i(lL\r C ~ I ,  d,  I 
i 1 1 1  ' i [ 1 , 1 )  I ! I I  > i ~ l l L i ~  , I  , I  > L I I  I , ~ I ~ I {  ( I 1 1 ~ 7  
to  , I, 1 1 '  , o 01 ( 1 1  \ , 1 t i , ,  : . 
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work in industry half time. I don't ca re  how i t  i s  
done, but I would like to s e e  the university and in- 
dustry work c loser  together because I think they 
should understand each other ' s  problems. I think if 
we could do that, i t  would be much l e s s  necessary 
to teach t rade subjects in school. We could spend 
more  t ime on the fundamental broad principles of 
physics, chemistry,  and mechanics. 

There  a r e  severa l  other ways that this resul t  can 
be achieved. One i s  by alternating the professors  
instead of the students. The instructor could teach 
half time and, a s  I once sa id ,  work half time. Some- 
body objected to my saying that, s o  I apologized, but 
you know what I mean. 

I don't ca re  how we achieve this co-operation, 
whether it i s  half -timing the boys o r  half -timing the 
ins t ructors ,  o r  doing research,  just s o  the educa- 
cational institutions can teach these boys the funda- 
mentals they will need in their  work, and industry 

can teach them the practical  applications i t  will need 
f rom them in its work. 

If we can just achieve the broad outlook and be 
honest with ourselves and admit that the things we 
know a r e  s o  smal l  compilred with the unknown, I think 
we will s e e  that there i s  no end to progress.  I a m  not 
worriedabout t h e  l ibrar ies  we have today - I am 
worried about those infinitely greater  l ibrar ies  that 
haven't any books in them yet. Every yea r  i s  going 
to add new things and new books that we don't know. 
l a m  interested in gett ingsome of those books written. 

We should date-line every bit of information we 
have. We should say,  "This i s  what we know a s  
of today." We shouldn't worry  about what it was 
yesterday - o r  what it i s  going to be tomorrow. We 
should recognize that ideas change and grow, and 
we should gear ourselves to the most progressive 
thinking. If we can do that successfully, we will have 
no difficulty inteaching mento become inventors, be- 
cause inventing i s  simply a s ta te  of open-mindedness. 



IDEA NEEDLERS 

How much of th i s  i s  the resu l t  of custom, tradit ion,  o r  opinions? 
Why does it have this shape? 
How would I design i t  i f  I had to build i t  in m y  home workshop? 
What i f  th i s  were  turned inside out?  Reversed?  Upside down? 
What if th i s  were  l a r g e r ?  Higher?  Longer?  Wider? Thicker?  Lower ? 
What e l s e  can i t  be made to do? 
Where e l se  can th i s  be done? 
What if the other  were  changed? 
Suppose th i s  were  left out? 
How can i t  be done piecemeal?  
Can this  be multiplied? 
What if th is  were  blown up? 
What if th i s  were  c a r r i e d  to ex t r emes?  
How can th i s  be made m o r e  compact?  
Would th i s  be bet ter  symmetr ica l  o r  asymmetr ica l?  
In what fo rm could th i s  be?  
Liquid, powder, cas t ,  o r  solid? 
Rod, tube, t r iangle ,  cube, o r  sphere?  
Can motion be added to f t?  
Will i t  be bet ter  standing s t i l l?  
What other  layout might be b e t t e r ?  
Can cause and effect be r e v e r s e d ? I s  one possibil i ty the o t h e r ?  
Should i t  be put on the other  end o r  in the middle? 
Should it slide instead of ro ta te?  
Demonstrate o r  descr ibe by what i t  i sn ' t .  
Could a vendor supply th i s  for  l e s s ?  
How could th i s  be changed for quicker assembly?  
What other  ma te r i a l s  would do th i s  job? 
What i s  s imi la r  to th i s  but cos t s  l e s s ?  Why? 
What if i t  we re  made l ighter  o r  f a s t e r ?  
What motion o r  power i s  wasted? 
Could the package be used for  something a f te rwards?  
If a l l  specifications could be forgotten, how e lse  could the bas ic  function be 

accomplished? 
C ~ u l d  these be made to meet  specifications? 
How do noncompetitors solve problems s imi la r  to th i s?  
Can another pa r t  pe r fo rm the function? 
Can th i s  p a r t  o r  function be combined with another?  
What if the presen t  design o r  method were  prohibited? 
HOW can secondary operat ions  be avoided? 
Can i t  be straight instead of curved?  
How can i t  be adapted to a high speed method? 
How could th i s  be made eas i e r  to u se?  
Can i t  be made s a f e r ?  



d VALUE ENGINEERING SEMINAR 6 August 1963 

CREATION PHASE - IDEA NEEDLERS 

What i f  t h i s  were l a rger?  higher? longer? wider? th icker?  
How much of t h i s  i s  the r e s u l t  of custom, t r a d i t i o n ,  o r  opinions? 
Why does it have t h i s  shape? 
How would a: design it i f  I had t o  bui ld  it in  my home workshop? 
What if t h i s  were turned ins ide  out? reversed? upside down? - 
What e l s e  can it be made t o  do? 
What other  power would work b e t t e r ?  
Where e l s e  can t h i s  be done? 
What i f  the  order were changed? 
Suppose t h i s  were l e f t  out? 
What i f  t h i s  were divided? 
How can it be done piecemeal? 
What happens before or  a f t e r ?  
How can it appeal t o  the  senses? 
How about ex t ra  value? 
Can t h i s  be mult ipl ied? 
What i f  t h i s  were blown up? 
What i f  t h i s  i s  ca r r ied  t o  extremes? 
How can t h i s  be made more compact? 
What i f  t h i s  were lower? 
Would t h i s  be b e t t e r  symmetrical o r  asymmetrical? 
In what form could t h i s  be? 

Liquid, powder, pas te ,  or  so l id?  
Rod, tube,  t r i a n g l e ,  cube, o r  sphere? 

Can motion be added t o  i t ?  
W i l l  it be b e t t e r  standing s t i l l ?  
What other  layout might be be t t e r3  
Can cause and e f f e c t  be reversed? Is one possibly the other? 
What i f  it ran the  other  way? 
Should it be put on the  other  end or  in  the middle? 
Should it s l i d e  instead of ro t a t e?  
From what angle should t h i s  be viewed? 
Demonstrate or  describe by what it i s n Y t .  
What should it look l i ke?  
Has a  search been made of the patent  l i t e r a t u r e ?  t rade  journals? 
Could a  vendor supply t h i s  fo r  l e s s?  
How could t h i s  be made eas i e r  t o  use? 
Can it be made sa fe r?  
Can two p a r t s  be combined? 
How would a  competitor change o r  improve t h i s ?  
How could t h i s  be changed fo r  quicker assembly? 
What other  mater ia ls  would do t h i s  job? 
What i s  s imi lar  t o  t h i s ,  but cos t s  l e s s?  Why? 
Why does t h i s  have t o  be done t h a t  way? 
What i f  it were made l i g h t e r  o r  f a s t e r ?  
What motion or  power i s  wasted? 
Could the  package be used fo r  something afterwards? 
I f  a l l  spec i f ica t ions  could be forgotten,  how e l s e  could the  bas ic  

function be accomplished? 
Could these be made t o  meet speci f ica t ions?  
Which non-competitors have problems s imi lar  t o  t h i s ?  
How do they solve them? 





THE GOLD M I N E  BETWEEN YOUR EARS 
How to Think up More and More Ideas 

by Alex Osborn 

A B O U T  THE A U T H O R  

Born and brought up in the 
Bronx section of New York 
City, Alex Osborn helped to 
earn his way through college 
by serving as a construction 
worker, as a bank messenger 
and as a hotel clerk. 

At 21 he became a police 
reporter on a metropolitan 
newspaper. Then he took a job 
as a salesman, and at the same 

time taught school three nights a week. 
During the following years he served as assistant manager 

of a small plant, where his duties included product design and 
factory production, as well as marketing. 

I n  1919 he joined Bruce Barton in founding the firm of 
Batten, Barton, Durstine and Osborn, an advertising organiza- 
tion which now employs 1800 people in 14 offices. 

In  the past 10 years Alex Osborn has gained fame as an 
authority on creative thinking. His four great books on this 
subject have run into 26 editions. 

He is now devoting nearly all of his time and considerable 
money to the encouragement of a more creative trend in edu- 
cation. His textbook called Applied Imagination is already in 
use on the campuses of about 300 colleges and universities. 

According to Osborn, his success grew out of his discovery 
of ways to make himself better and better able to think up more 
and more ideas. His principles and procedures (which take up 
over 300 pages in  his textbook) are outlined in this booklet, 

' for quick and easy reading. 
As you will see, the author proves that you have a gold mine 

between your ears-a mine from whichyou can dig rich rewards, 
not only i n  hard cash, but also i n  the coin of contentment. 1 

Copyrieht. Ticondsroea Publishers, a division of ChrirtmasClub, A Corp., 230 Pork Ave., New York, N .Y .  

s urely you would l ike t o  : 

. . . m a k e  m o r e  money b y  winning promotions. 

. . . t h i n k  u p  more  cash-winning ideas. 

. . . become a bet ter  paren t  a n d  spouse. 

. . get m o r e  FUN out  of life! 

Are  t h e r e  ways you can  h e l p  yourself toward those 
goals? 

Yes t h e r e  are - j u s t  as  there  a r e  knacks t o  pi tching a 
baseball o r  tossing a horseshoe. 

T h e  key  i n  th i s  case is  a gift you were born  wi th  - 
your ability t o  think up ideas. A n d  this  is  a n  ability which  
you can  utilize m u c h  more  intelligently if you read  th i s  
booklet. 



T USED TO BE supposed that creative imagina- 
by only a few geniuses, 

blessed with higher education. But men like 
Thomas A. Edison proved otherwise. 

He was virtually untutored. He started out as a "butcher 
boy," selling candy and pop and magazines on trains. But 
by building up his ability to think up ideas, he earned 
riches and fame. 

Creative imagination is no longer the secret of a few 
happy, successful men and women. Its mysterious work- 
ings have been taken apart so that anybody who wants 
to can now see how ideas are produced. 

EVERYBODY IS B O R N  W l T H  
CREATIVE IMAGINATION!  

You were born with it - probably with a 
greater degree of it than you have ever 

/ realized. And you can develop this nat- - ural talent of yours. You can make it 
more and more productive. 

THERE'S NOTHING TO HOLD YOU BACK! . 
If you fear that you may be blocked by ' 

lack of education, read what a great q 

psychologist has said: 
I 
Q 

"Students with high intelligence are not the ones who 
produce the most original ideas. The Quiz Kids are often 1 
referred to as geniuses.. .but i t  is doubtful whether they I 

are also fluent in producing ideas!" I 
The Human Engineering Laboratories studied the tal- 

ents of different groups of professional and non-profes- 
l 

sional people. I t  was found that nieehanics rate well above 
average in their latent ability to think up ideas. I 

Dr. Albert Einstein says: "Imagination is more im- ' 
portant than knowledge." And it  can be more profitable, 
too. Just look at all of those who have won fortunes with 
their ideas, regardless of whether they had any diplomas. 

AGE NEED N O T  MATTER, EITHER - 
It's not always true that younger people think up better 
ideas than older people. 

The most creative period of Oliver Wendell Holmes' 
I 

life was between the ages of 50 and 75. Both Benjamin 1 

Franklin and Thomas Jefferson turned out some of their ' 
best ideas when they were in their 80's. 

The great writer, Somerset Maugham, now in his go's, 
says: "Imagination grows by exercise. Contrary to com- 
mon belief, i t  is more powerful in the mature than in 
the young." 

W O M E N  C A N  THINK UP IDEAS 
W l T H  THE ABLEST O F  MEN! 

Women may lack the muscles of men; but they are plenty 
powerful when it comes to inborn imagination. 

They often put i t  to use to make housework easier - 
like the woman who found that the average housewife 
walks four miles and spends 25 hours every year just mak- 
ing one bed. She thought up a way to cut the distance to 
one mile and the time to 16 hours per year. Here's how: 



"Start at the head, smooth 
and tuck in one corner com- 
pletely, from bottom sheet to 
bedspread. Move to the foot on 

\ the same side, tuck in that cor- 
ner and work across the foot- 

board. Now move up the opposite side, from bottom 
corner to top." (Show this to your wife and see if it won't 
save time for her ! ) 

Then there was the woman, who saved herself a lot 
of work, and made a fortune - by thinking up an easy 
way to scour toilet bowls. 

It's a mop fitted with a replaceable pad, filled with 
detergent. Swish it around the bowl, flick off the pad, 
flush it, and the job's done! 

LACK OF EXPERIENCE NEED NOT HOLD YOU BACK 

Perhaps you've worked for years on a certain mechani- 
cal operation. Or with a special office routine. 

Don't think for a minute that 
this limits your power to think 
up ideas outside your own field. 

History shows that many great 
ideas came from people who had 
no special training in the prob- 
lem involved. 

Who worked o u t  t h e  tele-  
g r a p h ?  Morse - a po r t r a i t  
painter ! 

Robert Fulton was an artist,too. 
His invention was the steamboat. 

Eli Whitney created the cotton 
gin. He was a school teacher. 

When Alexander Graham Bell started to invent the 
telephone he had almost no knowledge of electricity. 

Many a life was saved in the last war by a shell-fragment 
detector. It  was thought up by an unscientific employee 
of the New York City transit system! 

Yes, you'll be surprised how far-ranging YOUR imag- 
ination can become when you limber it up with the help 
of this booklet. 

I 

I 

LET'S GET STARTED 

For the ordinary, everyday 
driving you don't have to know 
what goes on in the engine of 

--2- - 
your car. 

But if you were a racing driver, your success would 
depend on that engine.. . So you'd surely want to know 
just how it worked! 

GET A "RACING-DRIVER ATTITUDE" 
TOWARDS YOUR CREATIVE IMAGINATION! 

The human imagination - your imagination - can be 
more powerful than anything that ever roared across the 
Salt Flats of Utah. 

To increase your creative power, the first step is to 
understand how your mental engine works. 

Let's over-simplify - let's picture your mind as mainly 
consisting of three servants - your Loader, your Judge, 
and your Thinker-Upper. 

LET'S FIRST CONSIDER YOUR LOADER. He packs your 
mind by bringing knowledge in through the doors of your 
eyes, your ears, and your other senses. He stores all this 
knowledge-especially your experience-in your memory. 



SECOND, THERE'S YOUR JUDGE. Your Judge reasons - 
he analyzes, compares and makes 
decisions. He is indispensable to 
your mental workings. 

But when thinking up ideas, 
you have to watch out for the 
Judge. Unless kept in his place, 
he will too often nip your ideas 
in the bud. 

THIRD, YOUR THINKER-UPPER. Your Thinker-Upper 
works on material brought in from the storehouse of your 
memory, plus the new facts you dig up when tackling a 
problem. 

He puts these materials into one 
fresh combination after another 
and thus helps produce good ideas. 

The ideas you spark may even 
go beyond what you have stored up 
in your mind. That's one reason why 
your knowledge best serves as a 
guidepost rather than a hitching 
post. Here are two examples that 
make this clear: 

A paper manufacturer was stumped by a production 
bottleneck in the form of a certain machine. His engi- 
neers tried and tried to think up ways to remedy this but 
they failed. 

A new employee was assigned to the problem. He had 
no engineering degree - just some mechanical aptitude. 
Never before had he done any work on a paper 
machine. . . 

. . .but that young man thought up 
I 

changes that made the balky machine 
produce more - and at less cost. How I 

those engineers did blush! 
What's the second way to step up your creative power? 

GETTING THE WILL TO WIN! I 

A racing-car driver might 
know his engine so well that 
he could take i t  apart and put 
it together again blindfolded. 
His eyes, his nerves, his re- 
flexes, might be perfect. He 
might also have a brilliant 
grasp of the techniques of 
driving a race. 

But all that wouldn't add up to a hill of beans unless 
he had THE WILL TO WIN. 

Any realistic, sensible person will put as much effort 
into an endeavor as the reward he or she hopes to reap 
from it. 

How much efiort should you apply? 
Well, just take a look at the enormous showcase of rich 

rewards that are waiting to be won by ideas! 
How much effort is your promotion worth? How much 

driving-force and will-power would an extra cash income 
be worth to you? 

E. M. Statler founded the nation- 
wide hotel chain which bears his 
name. He was thought of by outsiders 
as a genius. But his private secretary 

) told me: "I know that every one of his 
great ideas came from sweating and 

)) sweating hard." 

9 



Because a man named Lester Pfister kept slugging away 
at an idea for years, America now has a finer, fuller corn 
crop. He got the idea of inbreeding stalks of corn in order 
to kill off weaker strains and build up a hardier species. 

He started with 50,000 stalks. 
Five years later, he had only four ears of corn left - 

out of the original 50,000. 
But he also had a fortune. Those four ears of corn, 

untouched by disease after five generations, were the 
source of seeds for which farmers ever since have gladly 
paid a premium! 

You may never get going on as long a pull as Lester 
Pfister's. But just remember this advice of a great rowing 
coach : 

66 If you hang on two strokes longer than 
your opponents, you will lick 'em!" 

Hanging on a little longer with creative effort can often 
turn a brassy idea into gold. 

SQUARE OFF WITH THE PROBLEM 

Did you ever hear about the 
lucky plumber who dropped a 
piece of steel pipe into a batch 
of molten glass - and found a 
way to make glass tubing? 

That's the story-book way 
of solving a problem - by 
accident. 

The surer way is to pick a 
problem just like you pick a 

target when you're out hunting. 
Draw a bead by stating your problem in its simplest 

term. Here's an example - the case history of the multi- 
million-dollar idea called "Sanforizing." 

Manufacturers had trouble giving customers as good 1 
a fit in shirts as in collars. Collars were washed after being 
made. But if the shirts were washed, they would lose 
some of their attractive finish - would look like they 1 

I 

weren't quite new. 
The problem, Sanford Cluett decided, was to find a way 

to shrink cloth without putting it  in water! I 

At the cotton mills he studied the 
finishing process. He saw that the cloth 
- in strips as long as 14 miles - was 
being pulled through the various pro- 
cesses. Naturally, this pulling dis- 
torted the fabric. 

Cluett found that if that distortion ! 
were taken out, nearly all of the shrink- 1 

age would be overcome. So he designed 
a machine which automatically re- 
stored the cloth to balance - in other 

words, pushed the stretch back in place! 
What has a clearly-stated problem got to do with the 

price of bacon? Plenty, according to the U. S. Department 
of Agriculture. I 

A man with a lively creative imagination noted that 
baby pig6 were often crushed by their mothers rolling over 
on them. So he asked whether this couldn't be stopped 
by simply tilting the floor in the farrowing house. 

Yes, it could. Since mama pigs 
like to lie with their backs uphill, 
and piglets like to travel downhill, 
the tilted floor tends to keep the 
baby from under the old lady. The 

I 

Department of Agriculture says that 
these tilted floors have cut this cause 
of pig mortality as much as 25% 
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Once you've got your problem narrowed down, pointed 
up, and stated, you can then start flying with your imag- 
inative wings. 

TRY EVERYTHING! 

When Edison was looking 
for a filament for his first 
lamp, he tried 6000 varie- 
ties of plants before he  
found the right fibre. 

"Try everything," Edison said, "even Limburger 
cheese !" 

When you look at your problem from every angle, you 
buckle on one of the sharpest sets of spurs in the thinking 
up process. This is the gift which you and everybody else 
possesses. I t  is called: 

ASSOCIATION OF IDEAS 

Whenever you say, "That reminds me of something," 
you're using association of ideas. One thought leads to 
another, like a string of popping firecrackers. 

LET YOURSELF GO! You certainly couldn't walk very far i f  
you kept "both feet on the ground." But the Judge in your 
mind tends to scoff: "No, that won't work" . . . "That 
doesn't sound very good" . . . "That's just plain foolish!" 

Send your Judge back into his chambers whenever you 
set out to think up ideas. When you let him prematurely 

throw ice water on the wings of 
your imagination you just can't 
soar as high and wide as you 
should. 

Later you can call in the Judge 
to evaluate your ideas with all 
his judicial might. 
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After you've got the problem narrowed down, you will 
want to attack it with a barrage of ideas. 

TAKE NOTES AND USE CHECK-LISTS 

In each of these ways you can gather fuel and can accel- 
erate your power of association of ideas. 

Clement Kieffer is in charge of 
window displays for a big store. He's 
won more cash awards, more medals 
and cups, than anybody in that com- 

] petitive field. He has 33 windows to 
fill every week. So he thinks up at 1 least one new idea every day of the 
month. For his "check list" he uses 
a big box into which he has tossed 
3000 idea-starters - clippings from 
papers and magazines, notes and 
sketches of his own. 

CARRY A PAD AND PENCIL 
WHEREVER YOU GO 

Millions of dollars worth of valu- 
able ideas have been lost because 
of the want of a stub pencil and a 
scrap of paper! 

Keep your notes. Put them in a 
cigar box, or in your bureau drawer. 

Maybe they may lead to nothing at the time you make 

1 them. But it may amaze you how you can pull out a note 
- a week, or a month, later - and find that your imagina- 

1 tion has been chewing on a problem and has found a key 
to its solution. 



SET A DEADLINE! The need 
for meeting deadlines has 
turned many an average 
newsman into an ace re- 
porter. How? By showing 
him that he can work under 

pressure - by showing him that he can produce with the 
clock ticking away at his ears! 

The founder of one of America's biggest fortunes started 
work as an apprentice in a railroad shop .One day he was 
asked if he could fix a locomotive in two hours. 

"Yes," he said. 

And he did. 

Here's what he said afterwards: 
"If I hadn't to fix that locomo- 
tive in two hours, I wouldn't have made 
it  - I wouldn't have put in so much 
mental sweat." 

The need to succeed - the fear of failure - can be a 
powerful prod to your imagination! 

Another way to step up your imagination is this: 

SET YOURSELF A QUOTA! 

Bind yourself to think up a minimum number of ideas 
within a certain time. 
Start with one idea a 
day. Soon you'll find 
you can take on bigger 
and bigger stints. 

To get the best and 
brightest results try 
this: 

MAKE DATES WITH YOURSELF! 

Set certain times for thinking 
up ideas. 

Early in the morning is usu- 
ally the best, for then your 
mind is freshest. But it's also 
a good practice to keep a pad 
and pencil beside your bed. 

By conceiving the idea of landing mats which could be 
made into airfields overnight, Walter Irving did much to 

, enable our armed forces to win out in the invasion of 
North Africa. What does Mr. Irving say about the time 
and the place for thinking up ideas? 

e "The bed, the bedside pad and pencil," says Walter 
Irving, "are great aids to thinking up ideas. Only last 
night, I scrawled over four sheets of paper in the pitch 
dark -notes that could be solutions to a current problem. 

"A few months ago in a Washington hotel I awakened 
from a dream about 2 :30 A.M. Then and there I sketched 
a simple idea that has since started an important new 

product. Had I just turned 
over and gone to sleep, I am 
sure I never would have 
thought of it again." 

And now we come to a 
series of machine-guns with 
which you can pepper your 
problems-machine-guns in  
the form of QUESTIONS. 

QUIZ YOURSELF 

Questions are great unlockers of ideas - especially ideas 
that are valuable in industry. Questions like these: 



IN WHAT NEW WAY COULD 
THlS PRODUCT BE USED? 

Production of Neoprene has been built into great volume 
through a steady stream of new-use ideas. 

1 A toymaker makes a chocolate-flavored bone out of 
Neoprene for dogs to chew on! 

A doll-maker covers some of his dolls with a skin of 
Neoprene - so natural-looking that a child thinks it is a 
real baby! 

The list is endless. 

Take Nylon. Because of a "wild" new-use idea, this is 
now taking the place of catgut on most tennis rackets. I t  
is also being used for fishing lines - and fishing rods - as 
well as for clothes-lines and 1000 other purposes which 
were unthought of when Dr. Charles Stine first started to 
create this new material. 

In the steel industry, slag used to be costly waste. Now 
it is used for ballast in railroad beds, for making cement, 
for processing into building blocks. 

L. A. Conley, a rubber 
company employee, saw 
pieces of surgical tubing be- 
ing thrown into the waste 
barrel. "Why not cut them 
into rubber bands of the 
size and width which are 
used by the millions to hold 
small items together?" he 
asked. 

L. A. Conley got a fat 
check for that new-use idea 
of his. 

TO WHAT OTHER USES COULD THIS BE PUT? 

A well-known scouring pad got its start in the kitchen 
sink. And then somebody thought up the idea of using it  
to clean white sidewall tires. Result - a great new market 
in the twelve and a half million 
cars with white sidewalls! I 

Could a telephone have a new 
use? Sure - transcribed records 
that announce correct time and 
latest weather reports have 
brought millions of extra revenue 
to telephone companies. 

A rat-poison that is successful because it kills rats in a 
diferent way. For some reason, rats like to lick their feet. 
This poison is sprinkled where the rats walk, Then - 
when they lick their feet - they seal their doom. 

WHY NOT ADAPT OR BORROW? 

Here are four samples of questions along that line - ques- 
tions which could help to flush your ideas: 

What else is like this? 
What ideas does it suggest? 
Does the past offer a parallel? 
What could I copy outright? 

This design of the new glassdomed railroad cars was 
probably borrowed from taxicabs with "sky tops." That's 
how an idea can be adapted. If you reborrow the same idea 
and turn it  upside down, you get glass-bottom boats for 
under-water sight-seeing. 

We can even borrow ideas from Mother Nature - as did 
the Jap who found that pearls grow because oysters be- 
come uncomfortable when sand gets in their shells. So 
he made sure they were uncomfortable - by sticking sand 



in their shells. And thus he found a way to produce oodles 
of natural pearls at low cost and high profit. 

H O W  ABOUT A N E W  TWIST? 

i Personalized pretzels bent to form your initials? That 
might sound silly - unless you remember that the sky's 
the limit when you're piling up possible solutions to a 

1 

problem. 
Here are some questions that could help you think of 

new twists : 
What new look could this he given? 
What could color do? 
How about another form or another shape? 

Remember the story of the hardware dealer with a stock 
of shovels he just couldn't sell? He painted red stripes on 
the bottoms. This attracted attention - gave the shovels 
a di#erent look - and he sold them out! 

How about another form? 
I t  wasn't so long ago that all soap came in bars - then 

somebody suggested that i t  be flaked. 
How about other shapes? How about odor? How about 

motion.? We now have Christmas-tree lights which not 
only shine colorfully, but also bubble with lively move- 
ment. 

Some stores put odor to work by spraying perfume in 
the air outside their stores to attract customers! 

HOW C A N  WE SUBSTITUTE THIS FOR THAT? 

What other part instead of this? 
Driving-gears show the value 

of such questions. Transmis- 
sion was improved on trucks 
by substituting metal worms 
for conventional cogs. 
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"Why not use a fluid instead of metal gears on auto- 
mobiles?" 

That may have sounded crazy. And yet that was what 
has made our newest cars so easy to drive! 

What other ingredient? 

"Could we put glue in a cleaning compound?" That was 
the secret of the fabulous success of two Milwaukee men 
who were paid a fortune for their new product when 
bought by a great soap company! 

MORE-SO . . . A N D  LESS-SO? 

How about a "more- 
so" ? 

Westclox went for 
that idea 20 years 
ago when Big Ben 
w a s  g i v e n  t w o  
a l a r m s  - o n e  a 

shout, the other a whisper. Now Westclox has added a 
blinking beam which calls you silently. But if you ignore 
that kindly light, the hell starts ringing angrily. 

HOW ABOUT A BIGGER PACKAGE? A rubber factory 
formerly had its rubber-cement packed in one-gallon tins 
- used once and thrown away. Then an enlployee sug- 
gested that the cement be put in 50-gallon drumAWith 
each operator using a 
refillable can, oodles 
of waste and tons of 
tin were thus saved. 

That employee was 
rewarded royally for 
his big-package idea! 



HOW ABOUT STRONGER?. . . HIGHER?. . . 
LONGER?. . . WIDER?. . . FATTER? 

How about more units in a pack- 
age? 

Women's stockings were always 
sold in pairs until a food-chain 
operator decided to sell hosiery. 
He wanted to give extra value. 
So he thought up the idea of sell- 
ing three stockings in a package. 
"You buy a pair and get a spare!" 
he advertised. He made a ten- 
strike. 

HOW ABOUT LESS-SO? 

Why not smaller? 
How about miniatures? 
Why not condense? 
What if it were lower, shorter, lighter? 

One example of good ideas along this trail is the full- 
size umbrella which can be folded up to fit a woman's 
purse ! 

Another is the new vest-pocket book of filmy sheets of 
soap, with pellets which expand into washcloths when 
dropped in water! 

What could be eliminated? 
Many a valuable idea is to be found in the field of 

streamlining. Ideas by way of simplification can be golden. 

HOW ABOUT PULLING A SWITCH? 

This is the "man-bites-dog" approach. Here are a few of 
the kind of questions that could help lead to ideas along 
this line : 

I 
I 
I Transpose positive and negative? 

What are the opposites? 
What are the negatives? 
How about up-ending? 

, Should it be turned around? 

/ Why not up instead of down? 
: Why not down instead of up? 
1 Why does a successful 

furrier sew the labels in 
his coats upside down? 

1 So that, when the coat is 
draped over the back of a chair, his name is right-side up 
and easy to read! 

1 The nub of Howe's invention of the sewing machine was 
this: Instead of putting the eye of the needle at the end 
opposite to the point - he put the eye at the point. 

WHAT CAN WE COMBINE? 

Here's another powerful set of questions: 
What ideas can be combined? 
How about an alloy? - A blend? 
Combine units? 
Combine purposes? 
What about an ensemble? 
What about an assortment? 

The newest in cameras is a 
combination that  not only 
takes the picture but also pro- 

\ duces the print, all within a 
minute ! 

A new lawnmower includes 
a "mulcher" which can pul- 
verize 30 bushels of dead 
leaves per minute. 



No longer do you have to bail out your motorboat. Drop 
a little attachment in the bottom and let your outboard 
motor do it for you. 

LET'S G O  

Up to now, lots of new ideas - lots of successful new prod- 
ucts - have probably seemed to you like "strokes of 
genius" or "pure luck." 

i But now you see how 
n /q many of them can be traced 

back to ordinary people 
who asked their minds ques- 
tion after question - until 
their imaginations sparked 
and handed them answers 
worth their weight in gold. " - 

W H Y  CAN'T YOU D O  IT?I 

Why can't you think up 
more ways to win the re- 
wards that await you - 
quicker promotion, more 
money, more happiness, 
more fun out of life? 

You were born with imagination. Neither your age, nor 
your experience, nor your education is any excuse for 
your not trying to make more profitable use of your crea- 

Books by Alex Osborn 

HOW TO THINK UP (McGraw-Hill 1942) 
YOUR CREATIVE POWER [Scribners 1948) 
WAKE UP YOUR MIND [Scribners 1952) 
APPLIED IMAGINATION (Scribners 1953) 

tive talent. It  is the greatest gift you possess - the gift that 
can do most to help you get ahead and to brighten your 

I 
life in every way. I 

H O W  ABOUT STARTING N O W ?  
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c r  device. 

E V A L U A ~  TAE FUNCTION 

- .  
9 

I I 
Before considering t h i s  further, we should f i r s t  understand what "Value' rea l ly  
is.  Value may be defined a s the lowest price we must pay fo r  the function or 
service required, a t  the t ime ,  place, and with the essent ial  quality. 

VALVE ANALYSIS RELATES COST TO FUNCTION 

FUNCTION -- DEFINED I, 
Function may be defined as  anything tha t  makes the product. work better or s e l l  
be t te r .  1 

r 

TECHNIQUES WST OVERCOhlE HABIT & A!M'ITUDE 

d 

Reviewing for  a minute, we have said tha t  many of the unnecessary costa ex is t  . 
because of our habit and at t i tude.  Thus, a l l  of the Value~Analysis techniques 
are aimed a t  overcoming these habits and at t i tudes.  For example, if we are 
convinced tha t  something costs too much, we w i l l  do something about it, but a l l  
too often we say t o  ourselves, "That cost i s  about right", o r  ' t e  don't think 
we can do it much be t te r  ." 

,- 

WHAT DOES EACH FUNCTION COST? 

hre of the f i r s t  techntques i n  overconisgtbis  a t t i tude  is t o  evaluate funct iw.  
When ye are given the cost of any product or  part, we are usually given the 
shop cost, and t h i s  may be broken down in to  terms of material, labor, overhead, 
qtc. This breakdown in  itself may give us some ideas on how t o  eliminate coat, 
because the labor cost may be out of l ine with material -- or the overhead may 
be out or l ine .  IP we are not successful i n  reducing the cost, however, with 
t h i s  breakdown, the next approach is  t o  arrange the cost i n to  functional areas, 
i.e.,  re le te  cost t o  function, find out how much we are paying f o r  the cover, 
f o r  the support, the base, the appearance, the e l ec t r i ca l  part, the mechanical 
part, etc. By assigning costs t o  these various functional areas, we may immedi- 
a te ly  find tha t  some of the costs a re  too high. 

+ 

Value Analysis attempts t o  re la te  cost t o  the function of each part, assembly 



VALUE ANALYSIS QUESTIONS s 
In r e l a t i n g  cos t  t o  function,  we may ask,ourselves a s e t  of very simple questions:- 

1. Whatis the  p a r t ?  
2 .  What does it do? 
3. What does it cos t?  
4 .  What e l s e  w i l l  do the  Job? 
5. What w i l l  t h a t  cos t?  

EXAMPLF, --  COST OF SHOCK AND REQUIRED SUPPORT 

Correct ly using t h i s  simple technique w i l l  very often pay tremendous dividends. 
For example, in  analyzing a p a r t i c u l a r  device cos t ing  $4.00, it was found t h a t  . 
the support cos t  $1.00. When the  function of support is  in tense ly  analyzed, it 
was found t h a t  t h i s  high cos t  was because the  device was designed t o  resist the 
shock, tha t  was inherent i n  the  design. 

Thus, it became apparent t h a t  the  t h i n g  t o  do i n  order t o  eliminaae unnecessary 
cos ts  was not t o  work on the  support i t s e l f ,  but  t o  el iminate the  shock o r  t o  
minimize i t s  e f fec t ,  so  t h a t  the  support could be provided i n  a lower c o s t  manner. 

EVALUATE FUNCTION - - SYSTEMATICALLY 

A systematized approach t o  evaluat ing a function has been developed by Burr 
Stanton of Er ie ,  using the  following char ts .  

1 

I EXaMPLE -- THE END CAP I 

(samples required t o  i l l u s t r a t e  t a l k )  - A s  an example of the  use of t h i s  system- 
a t i c  approach, l e t  us s tudy the  _end s assembly from the  household r e f r i g e r a t o r  
compressor. As a l l  of you know, the  r e f r i g e r a t o r  compressor u n i t  i s  hermetical ly 
sealed so t h a t  no gas canL.ge%.out a r  harmful elemente g e t  in .  This is the  func- 
t i o n  of the  end cap. With tha t ,  you have the  problem of ge t t ing  the  current  
through the  case of the  compressor t o  the  motor. This is solved by the use of 
these metal-glass l eads .  Three leads  came from the  compressor case, across  which 
there  is 110 vo l t s .  These leads  must be protected, and t h i s  is accomphished by 
t h i s  metal-glass lead cover. 

Now r e f e r r i n g  t o  the f i r s t  page of "What Is It" put down the  name of the  complete 
a s s d l y ( i n  t h i s  case, end cap assembly) and the  drawing number. Then in  the  
cha r t  t h a t  follows l i s t  the various components of  the  assembly noting the  draw- 
ing  number, the  material ,  a n n u a l q u a n t i t i e s ,  vendors, e t c .  This is the informa- 
t i o n  or the  f a c t s  needed t o  s t a r t  t h e  ana lys i s .  



Now under Item 11, "What Does It Do", list the  functions desired of t h i s  
assembly in  order of importance, L i s t  only the basic--customer--value functions .. 
That i s  only those of value t o  t h e  customer. Basic functions can be expressed 
i n  a maximum of two words, and if it requires  more, the chances a re  you do not 
have bas ic  functions.  The basic--custauer--value functions f o r  t h i s  end cap a r e  
such things a s  mechanical. support, excluded substances (which, may include water ' 
a s  well. a s  the customer), pressure seal ,  e t c .  A s  the second Step l i s t  i n  Chart 
1.1 the functions performed by each of the  components of the  assembly. For t h i s  
pa r t i cu la r  study l e t  us se lec t  from the  assembly the metal-glass Lead cover. 
What J s the function of t h l s  cover. Exclude the customer i.s the basic function, 
so  we would check Basic i n  t he  basic column. Next assign the  value of t h i s  
function.  Think of something t h a t  does t h a t  same job, For example, the cover 
on a g lass  jar  keeps you out of the jar .  What does t h a t  cost? Le t ' s  assume 
f o r  the  time being t h a t  it costs  $,50 per hundred f o r  doing t h a t  pa r t i cu l a r  job. 
Write t h a t  down .in t.he value column. What other function is performed by t h i s  
cover? The other function t h a t  must be performed i s  to exclude water. Again 
5n the case of the j a r  l i d  you have a rubber washer so t ha t  when you t igh ten  . 

it down, it sea l s  against  water and moisture. Wh~ t  would t h a t  cas t?  In the  
quan t i t i e s  t h a t  we a r e  ta lk ing about, probably not more than $.50 per 100 agai.n, 

Now l e t  us invest igate  each item t h a t  goes t o  make up t h i a  cover. F i r s t  we see . 
the Mortel - the black gooey substance s imi lar  t o  t h a t  put undkr your automobile. 
The primary purpose of t h i s  material  i s  t o  deaden the sound. That 's  the  fupc- 
t ion .  Is it basic? No, I t  I s  not. Why I s n ' t  it? It 's  a second degree functfon 
because the reason we have t o  deaden the noise resu l t ing  from the cover i s '  
because we have chosen t o  perform the first function by using the metal qaver. 
Therefore, the f a c t  t h a t  we get  notse-deadening from t h i s  material  is  ngt a 
t rue  basic function t h a t  we need i n  the operation of the  assembly. The customer 
doesn f t  care, because perhaps we might have used some other mater ia l  which 
would not have requfred the noise-deadening. 

What e l s e  does the  Mortel do? It, res fd te  corrosLon. Is t h a t  Iqasic functton? 
Absolutely not. 3% i s  something t h a t  we have introduced becaupe -of bW choice 
agains t  other m t e r t a l s .  So it is  second degree and has no value, 

On the bas is  of f gnction, then, if we add up the values so f a r ,  we M V e  $1.00 
per hundred, 

Next, what do we have t o  pay f o r  Lt? ThRt 's  the co s to  These a r e  the  actual.  
cos.%s of making t h i s  whole par t  - $3.59 per hundred. The addi.tl.on of the 
Mortel brings the cos t  up t o  $4.96 a hundred. Then we edd paint  - $,68 a. 
hundred, c l ips ,  pammets, e t c ,  The grommet i s  determined by the choice of the 
cap and, In addit ion,  because of our choice of the grommet, we have t o  d ip  %he 
assembly i n  glycerine t o  get the wires t bough  the g rcmet .  When w e  add up a l l  
the costs ,  we f ind  t h a t  it is costing us $16.0~ per hundred., whereas we say t h a t  
it j.s worth only $1.00 per hundred. 



Having arrived a t  th i s  point, your iqformatlon indicaeep that you should real ly  
blas*, 

You then proceed with the l ine  of thinking - what e lee  w i l l  do the Job, and 
what w i l l  that coat, according t o  the chart? (gee, remainder of chartr and 
continue as  explained therein. ) 



EVALUATE EACH FUNCTION - 

DATE ANALA 
I. WHAT IS IT? 

1. Par t  Name (end cap assembly) Drwg, No . 
Complete Assembly 

Components ( ~ i s t  a s  separate items, paint ,  sound deadening mat 'l., e t c  . ) 

11. WMT DOES I T  DO'? 

1. L i s t  runctions desired of the  assembly i n  order of importance. (~ i s t .  
only basic-value-customer functions. Basic functions can be expressed 
i n  a maximum of two words, examples: Mechanical support, exclude sub- 
stance, sense temperature) 

a. Mechanical support 
b ,  Exclude substance 
c .  e t c ,  
d 0 

e o 

f, 

2. Lis t  functions performed by the components. If t h a t  function contr i -  
butes t o  any of the f . . ,o t ions  l i s t e d  above, it i s  basic.  If not, it 
i s  secona degree func?.ion. Assign a value t o  each basic functi.on 
using your pas t  experience o r  by comparison with other  items of known 
cost  t h a t  provide a s imi lar  function. Second degree function has no 
value . 



CHART 11 
3111C 

I V .  WHAT ELSE WILL DO THE JOB? 

1. This is  a creative stage. Enl is t  the a i d  of a t  l e a s t  one other person 
and form a "Brainstorm session ." Penalize anyone tha t  throws up a 
roadblock during t h i s  period with judicia l  thinking. I n  a ha l f  hour 
session you should generate a t  l e a s t  50 di f fe ren t  methods, processes o r  
schemes t o  f u l f i l l  the functions you have d i s t i l l e d  as  basic. 



CHART I11 .-- 

2. After f i l l i n g  the space above with creative ideas, put t h i s  analysis 
aside fo r  a time (the exact length of time you w i l l  f ind by experi- 
ence). Do other, relaxing, routine work. Jot  dovn immediately any 
new ideas t ha t  may occur t o  you, but do not reapply yourself con- 
ciously t o  the problem. 

3 .  Judicia l  analysis of the ideas i n  the "Creafive Block." list below 
the f ive  t h a t  are most promising. Do not become discouraged because 
none of these seem t o  be the ultimate in  economy or  function. Few 
designs ever represent the ultimate. You are  t rying t o  do t k  best  
job you can t h i s  time., Enter next the advantages and disadoantages 
fo r  each of the f i ve  ideas. 



4. He -examine each disadvantage l i s t e d  with the following analysis : 
1. Is it inherent i n  the design? 
2. I s  it impossible t o  minimize o r  compromise? 
3. Do the other ideas contain the same disadvantage? . 
4, Have other designers met the same disadvantage? 
5. Have you discussed t h i s  problem with your company spec ia l i s t s?  

If the answer t o  any of these questions i s  no, the idea should not be 
shelved. 

5 .  Sketch the resul tant  good ideas,  Add suc.h deta i led information a s  
needed t o  describe the sketch completely. 



CHART v 
.-p-Lc 

V. What Does That Cost? 



P U T  A DOLLAR SIGN ON EACH IDEA 

You have a bunch of ideas - so what! 

One of the screening processes o r  techniques in the evaluation p h a s e i s  

Pu t  $ On Each Idea 

After the creation phase, this i s  one Q% the f i rs t  steps. 

In the evaluation of the basic function, we attempt to place a monetary 
objective on the worth s f  the function. After the creation of ideas o r  
possible means to acesrnp%ish the function, we need to estimate the worth 
of each idea. - 
This technique should give an indication of the return on investment. 
Return in the way s f  potential savings weighed against cost in time and 
manpower to develop and implement the idea. 

In essence we a r e  trying to evaluate the potential benefit of each idea. 
This i s  no easy  task and generally no - one individual has the capability 
to put a $ on every idea. Mow, then, do we go about this,  and what in- 
formation i s  necessary. 

'First ,  l e t ' s  understand the scope of the task. What do we mean by $ a s  
used in this  technique. 

Several elements of cost a r e  to be considered here  - they fall into two 
categories: 

1. Implementation Costs 
a.  Idea development 
b. Implementing expense s 

2. Product Costs 
a.  Cost of hardware, method, etc. for quantity required 
b. Service costs ,  documentation costs,  e tc .  

We can, with this information, compare the potential worth of one idea 
against other ideas and existing solutions to the problem. 

A second aspect of this technique i s  emphasized in the word each. While - 
at  f i r s t  glance this would seen to make the task monumental, actually it 
should add only a moderate amount of time at this stage of evaluation. 



On the other  hand, if not done, it could resul t  in: 

1. Overlooking of good ideas 
2 ,  Misdirection sf  effort 
3 .  Fai lure  to gain the grea tes t  resu l t s  

Now i t  i s  often one thing to recognize the need to do something and another 
to  actually do it.  So it i s  with "putting $ on ideas." 

]E t i s  done by the application s f  vast  amounts of information on Mater ials ,  
Methods, P r o c e s s e s ,  Machine Capabilities, Vendors, Tooling Costs ,  
Engineering Costs ,  Specialty Products ,  Standard Products ,  Catalog 
Products,  e tc .  Because of the broad knowledge required to put the $ 
on ideas, we find the increased - need and effectiveness of: 

1. Teamwork 
2. Specialists o r  Consultants 

Same people with a wealth of experience can come close to estimating cos ts  
(implementation and product).  Others ,  because of l imited experience, would 
need to consult with specialists to get assis tance in evaluating ideas.  In 
ei ther  case  the la t te r  i s  a good approach. In effect, teamwork embodies 
both approaches since it involves the effective utilization of specialized 
ta3ents of a var iety of people both f rom line and service (o r  staff) functions 
of the business  and vendors.  The increased effectiveness of the teamwork 
approach will be demdnstrated in the Value Engineering Seminar .  

In the application of this  technique, bring together information f rom a variety 
of sources to estimate the $ Value of Ideas and make su re  your source of in- 
formation i s  the Best  One with the la te  s t  up-to-date information. A key fac- 
tor  in the continuation of unnecessary product cos ts  has  been the failure to 
get illformation f rom the most  qualified person.  Everyone i s  ready to give 
opinions o r  advice and we must  distinguish between opinion and fact. 

F o r  instance, a person not acquainted with the short  run stamping field would 
be unable to  evaluate an idea to use sheet metal  a s  a solution for  low volume 
applications. Putting a $ on the idea to use plast ics  would be difficult without 
extensive knowledge of a complex and rapidly changing business.  The potential 
of using cold heading, extrusion, eyeletting, castings o r  other  p rocesses  woald 
be in que stion without knowledge s f  dimensional, fini sh and other  specification 
control. 



In Value Engineering, the $ must  be put. on each idea by bringing together 
information f rom many sources.  Lea rn  to do this  rapidly and efficiently. 
Develop good sources  for  information and use these sources.  In the use 
of this  technique in the Evaluation Phase ,  we a r e  attempting to  get a bal l -  
park  estimate of the ultimate potential of an idea. We a r e  not trying to  
get a detdiled breakdown sf costs .  The la t te r  is generally impossible a t  
this  stage because the idea is not thoroughly refined and defined. This 
will come during the Investigation Phase .  However, the importance of 
Putting the $ on Each Idea cannot be overemphasized since it i s  an impor-  
tant step in the critical. phase of determining which road to t rave l  in the 
pursui t  of better Value. 

I?. S, Sherwin 
Sept. 19, 1961 



WORKSHEET 

EVALUATE BASIC FUNCTION 



DATE 
ANALYST 

I. WHAT IS IT? 



2 .  After the basic f l a x t i o n  .,l- !jal,nctisnw uf t17e s c ~ e m b l y  a r e  est  i'?dii-;hed, then - 
l i r t  the f u n e t i c ~ ~  p e r b r m e d  by the c s m p ~ n e n t . ~ ; ,  Next rndic ate whether they 
a r e  Sasie or second degree .  A L ~  ign  a value to each  baL7ic functlcrs using 

provide 8 similar Purz klcn, Second degree  function haw no v,sIue, (See text 
where  second degree  regarding e i  duation of r ?ce,nd degree 5anition). 



ZIT. WHAT DOES IT COST (See Chart HI) 

1, Enter  the fu11 shop coat of each component in the anrzlvsia box above ONLY 
A 

AFTER the value column i s  csmp?eted and totaled. By your own wnalysib 
you have now set  up a ta rge t  saving you should be able to real ize  on  th i s  
a.ssembly, You should completely understand the function s f  the device and 
have separated out the cost  items that do not represent  value, 

EV. WHAT ELSE W I L L  DO THE JOB 3 (See Chart  Ill) 

2 .  This  iw a creat ive s tage,  Enlist  the aid of st leas t  one other  person  and 
form a, ' sBrainstorrn Session,"  Penal ize  anyone that throws up n rond- 
block during th i s  per iod with judicial thinking. In a half hour session you 
9hould generate a t  Xeasf 50 different methods,  p rocesses ,  o r  schemes to 
fulfil1 the functions you have distilled as basic.  

CHART I41 



2 .  After filling the space above with creat ive ideas ,  put th i s  analysis  as ide 
for a t ime  (the exact length of t ime  you will find by experience) .  Do 
other ,  relaxing, routine work, Jot  down immediately any new ideas  
that  m a y  occur  to y ~ u ,  but do not reapply yourself csneiously to the 
problem,  

3 .  Judicial  analysis  of the ideas  in the "Creative Block." U s m g  a char t  
s imi la r  to Char t  IV List the ideas  that a r e  mo st p romi  sing. Do not 
become discouraged because noce of these s e e m  to be the ult imate in 
economy o r  function. Few designs ever  represen t  the ult imate.  You 
a r e  trying to do the bes t  job you can th i s  t ime .  Enter  next the advan- 
tages  and disadvantages for  each of the ideas .  

CHART I V  

4, Re -examine each disadvantage l is ted with the following analysis:  
P. Is i t  inherent in the design? 
2.  1s it impassible  to minimize o r  eomprsrnioe? 
3 .  Do the other  ideas  contain the same disadvantage? 
4. Have other  des igners  met the same disadvantage '? 
5 Have you digcussed this  p roblem with your company  specialist^? 

If the answer  to any of these questions i s  no, t h e  idea should not be shelved. 

3 .  Sketch the reaultamt good ideas  on next ~heetns. Add such detailed information 
as  needed to descr ibe  the  oketch compbete3y. 



FOR SKETCHES 



V, WHAT DOES THAT COST? 

CHART V 



A SUMMARY 

OF 

DESIGNING FOR FUNCTION 

A Value Engineering technique- -to a s s i s t  engineering in achieving lower 

cost designs. 

The Design Engineer has  the pr ime responsibility of creating devices 

which will per form the required function with the essent ial  quality. 

This in itself i s  a tremendous t a sk  under modern technical complexities. 

However, the t a sk  i s  fur ther  intensified by a competitive business situation 

which necessi ta tes  a low -cost, producible design in addition to  high quality 

performance and reliability. It i s  toward this objective that the technique of 

"Designing f o r  Function" can be of invaluable aid. 

The t ime a t  which this  technique i s  applied to  a new design effort i s  

important. The f i r s t  functional review should be conducted by qualified Engi- 

nee r s  with Value Skill Training a t  the t ime the "breadboard" model, ea r ly  lay- 

outs, and packaging concepts a r e  completed. 

The s teps of this "Functional Review" are :  

1. Divide the equipment into functional a r e a s  suitable for  analysis. 

a. It i s  preferable to  have groupings with severa l  component par ts ,  

although in some instances this  can va ry  f r o m  individual par t s  

to  complete units. 

2. List  the components of these functional a r e a s  on Functional Review 

Chart. 



3. Write down a l l  the functions of this assembly and determine on a 

s e ~ a r a t e  page the basic  function. 

Function i s  defined a s  anything that makes a product work o r  sell. - - 
Basic  Function i s  the specific purpose that i s  accomplished by the 

part  o r  device; the prime reason f o r  i ts  being. All Functions not 
P 

Basic  a r e  called Second Degree,  by relating to  previously estab-  

lished Basic  Function. 

Function should be defined in two words,  verb  and noun, such a s  

conduct cur rent ,  support weight, dissipate heat. 

4. List  the function of each component and determine whether i t  i s  Basic  

o r  Second Degree. 

5. By comparison to  other means that provide the same bas ic  function, 

assign a Value t o  the Basic  Function in the Value column. (Cost t o  

per form Bas ic  Function in simple fundamental way, such a s ,  ba re  

wire  to  conduct current ,  hose to  t ransmi t  fluid, mild s tee l  o r  wood 

t o  support weight. ) 

6 .  List  actual o r  estimated cost of each component in las t  column. Com- - 
pare  total of Value and Cost columns to  indicate a r e a s  of the grea tes t  

cost reduction potential. 

The above Functional evaluation i s  designed to highlight a r e a s  of excessive 

costs  and point the way toward bet ter  value. 



7. The next step in "Designing for  Function1I i s  t o  answer the question 

"What e l se  will do the job?" o r  "How e lse  can this  Basic  Function be 

performed?" He r e  the engineer,  keeping the Functional Review Chart  

in mind, attempts to  reduce costs by: 

1. Combining o r  eliminating par t s  
2. Simplifying 
3. Utilizing Specialty Products,  P rocesses ,  Materials,  

Vendors 
4. Using standards 
5. Redesigning 

It i s  necessary  to  generate a large number (20 o r  more)  ways of accom- 

plishing this  Basic  Function. One of the most  effective tools t o  help generate 

a la rge  number of solutions i s  to  use the " b r a i n ~ t o r m ~ ~  o r  creat ive thinking 

technique. 

8. Now evaluate each of these solutions to  extract  those which offer the 

best  potential. This i s  done in par t  by estimating the cost t o  develop 

and produce this new solution and comparing to  the existing cost, o r  

estimated cost of the initial approach. 

9. Finally, the most  important step of "Designing fo r  Function" i s  t o  plan 

and execute a p rogram t o  refine each of these possible solutions t o  

develop the best solution which will meet  a l l  the necessary  require-  

ments  and per form the required function fo r  the lowest total  cost. 

F rede r i ck  S. Sherwin, Manager 
Value Engrg. & Analysis Services  
March 1, 1961 



P a r t s  of As sy. 

Functional Review Chart 

Name of Assy. Dwg. # Quant. /Equip. 

Basic  Function 

Dwg. # Basic  Value 



VENDORS + V.E.=New Ways to Join Vent Ducts 
Ry Value Engineering Staff, 

Bureau of Ships 

An outstanding example of the use of vrndors 
in developing value engineering projects i s  that 
which resulted in the elimination of type C Navy 
flanges in ventilation duct work. This project i s  
unique because i t  resulted in alternative solutions, 
each of which depended upon the use of a vendor's 
product not necessarily designed for the specific 
application; but which, when applied to eliminate 
flanges, resulted in savings to the Navy. In addi- 
tion, other intangible benefits resulted from the 
adoption of some of the proposals. 

Early in i t s  existence, during an analysis of 
some of the areas of shipboard practices, the value 

- A Figure 1. 
1s ' 

1B. This clamp i s  used after the ends of the ducts 
are formed to provide right angle flanges, in  effect, 
to the duct work. The gasket is inserted between 
the spacers and, with the use  of adhesive, i s  perma- 
nently attached to one piece of duct. The clamp i s  
then fitted over this form section and, by means of 
a screw and clip arrangement, the clamp i s  tight- 
ened. 

Savings Run to Thousands 
Long Beach's initial tests and evaluation in- 

dicated a satisfactory joining of ductwork a t  a total 
cost of only $4.23 per joint. A savings of approxi- 
mately $9.00 per joint, or a $25,000 annual savings 
at their yard for the number of joints replaced or in- 
stalled each year. 

type C flange. 

engineering unit a t  the Long Beach Naval Shipyard 
hit upon the Navy type C flange (figure 1A) a s  being 
functionally expensive. The total cost, which in- 
cluded material, labor and overhead, and installa- 
tion, labor and overhead, of $13.12 for joining two 
ducts together (which i s  the function of the Navy 
type C flange) appeared excessive. 

An examination of the general specifications 
a t  the time indicated that the use of this flange was 
implied in the specification write-ups for non- 
waterlight duct kork. As a matter of fact, the 
flange had been the standard method at Long Beach 
and ( a s  was learned later) a t  many other shipyards 
for joining non-watertight duct work a s  well a s  
watenigh; duct work. 

The search began for a l e s s  expensive way of 
joining the duct work. The initial solution to the 
problem proposed by Long Beach was the use  of a 
standard commercial type of clamp, shown in figure 

8.  Proposed 
clamp arrangement. 

The clamp, however, had one major drawback; 
i t  could not be used on rectangular ducts, The 
Long Beach value engineering unit, therefore, con- 
tinued the search for another means of joining two 
ducts. As an outgrowth of the simple suggestion of 
"why not glue them tcgether," the value engineering 
people hit upon the idea of taping the joints. Be- 
cause of the development of special and unique 
types of tapes and adhesive backed material, and 
by going to a vendor who specializes in this type 
of material, the value engineering unit was able to 
come up with the tape joint shown in figure 2. This 
joint was suitable for use  with not only round 
ducts, or obround ducts, but also with the initial 
problem type duct-the rectangular duct. 

a The cost for installation per joint: Only 
$1.14. 

The average annual savings a t  Long Beach: 
Over $60,000. (Continued on page 8 ) 

BuShips Journal 



By Value Engineering Staff 
Bureau of Ships  

T h e  naval  shipyards '  efforts in  Value  Engi- 
neering Programs are  real iz ing more than $5,000,000 
in new sav ings  each  year. T h e s e  f igures  a re  pre- 
s e n t e d  to  ind ica te  that  the  program is operat ing on 
a profitable bas i s .  Nevertheless ,  i t  can ,  will ,  and 
must  improve. 

T h e  s u c c e s s  achieved s o  far, while due in  part 
t o  the  people i n  t h e  program, may primarily be  cred- 
i t ed  to  the  concept  of Value Engineering and the  
techniques used .  A s  the program evolves ,  i t  be- 
comes obvious that  more and more support and a id  
from spec i f ic  va lue  engineering techniques a r e  uti- 
l i zed ,  not only in  developing spec i f ic  p ro jec t s  but 
a l s o  in  being directed to project  a reas .  One impor- 
tant  va lue  engineering technique, t h e  "Use  of Spe- 
c ia l ty  Vendors," is of great  a s s i s t a n c e .  T h i s  arti- 
c l e  descr ibes  t h e  u s e  of spec ia l ty  vendors a s  well 
a s  the  re la ted  se rv ice  that  va lue  engineers  c a n  pro- 
vide to ach ieve  the goal  of the program-Necessary 
Funct ion a t  Minimum Cost-and how you, too, c a n  
benefi t  from t h e  u s e  of t h i s  se rv ice  direct ly  or i n -  
directly. 

Of course,  other  engineers  u t i l i ze  the  same 
yv ice ,  and t h e  reader may accurately maintain 
a t  h e  a l s o  u s e s  vendors. There  is nothing new i n  

'his a s p e c t .  What is considered s ignif icant  is t h e  
u s e  of t h e  technique by a staff group, without re- 
gard to  t h e  t echnica l  area involved and without 
t echnica l  authority, to ach ieve  by way of recom- 
mended pro jec t s ,  change in technical  a reas .  

T h e  va lue  engineer  always h a s  and a lways  will 
u s e  vendors to  he lp  you answer the  b a s i c  ques-  
t ions,  "What e l s e  will  do the  job?" and "What will  
it c o s t ? "  T h e  grea t  majority of the  va lue  engi-  
neer ' s  project  output is not the resu l t  of h i s  crea-  
tion but rather  the  utilization of t h e  c rea t ions  of 
others .  

There  is not a project developed that  a t  some 
s t a g e  could not benefit  by determining how e l s e  i t  
might be  done and finding out who is do ing  it .  
From t h e  s imples t  shop  pract ice to the  most compli- 
ca ted  machinery, there is someone doing i t  or mak- 
i n g  i t  for l e s s .  T h e  value engineer  must find him. 
Even in t h o s e  c a s e s  of project  development so le ly  
by va lue  engineering effort, the  u s e  of vendors  is 
necessary  to  a s s i s t  in  determining c o s t s  for com- 
parison. T h e  vendor is the  value engineer 's  great- 
e s t  source of a s s i s t a n c e ,  and can  be  of a s s i s t a n c e  
t o  any engineer. 

What Actually I s  a Vendor? 
In a general  s e n s e ,  American industry i s  com- 

posed  of vendors. T h e  b a s i c  material suppl ier ,  the  
Fabricator of mater ials ,  the owner and  u s e r  of a par- 

u l a r  p rocess ,  the producer of a par t icular  compo- 

nent  o r  product,  and the  producer of a par t icular  a s -  
sembly, e a c h  of t h e s e  is a vendor to  the  va lue  en- 
gineer. Each  can  contribute the  spec ia l  knowledge 
and experience to the problem posed by the  value 
engineer. E a c h  c a n  be  considered a spec ia l ty  ven- 
dor b e c a u s e  e a c h  h a s  spec ia l ized  in one minute 
p h a s e  of industry. Each  firm, whether l a rge  or  
small ,  c a n  contribute spec ia l ized  knowledge to the  
value engineer. 

When t h e s e  ab i l i t i es  a re  combined and found in 
part ia l  or complete combination i n  one  company, the  
benefit  to  t h e  va lue  engineers  i n c r e a s e s  tremen- 
dously. Ini t ia l ly ,  t h i s  knowledge i s  p resen ted  to 
t h e  va lue  engineers  by the sa lesmen or s a l e s  
agen ts  of  the  company. They a re  the "walking en- 
cyclopedian of American industry. 

Vendors introduce "new" products, p r o c e s s e s ,  
o r  mater ials .  Too  often we find that  "new" t o  t h e  
Navy or to shipbuilding means the  introduction of 
something tha t  h a s  been in u s e  commercially for - 
y e a r s  but for s imilar  appl icat ions.  Value engineer- 
ing h a s  helped open the door wider in  many c a s e s  
to  the acceptabi l i ty  of commercially ava i lab le  prod- 
u c t s  for shipboard use .  BuShips Notice 4120 Ser 
640-25 of 17 Ju ly  1959 is a n  expression of  the  Bu- 
reau of Ships des i re  to  relax requirements of s tand-  
ard naval  drawings by permitting the  u s e  of subs t i -  
tute  or commercial mater ials  rather  than t h o s e  spe-  
cified. 

V .  E. For te  
T h e  va lue  engineer's con tac t s  with vendors 

s t e m s  from the  description of products  in  t rade 
journals,  v i s i t s  to t rade and design shows,  referrals 
from or to  the  f ie ld,  contact  with severa l  hundred 
different  firms during previous Value Engineering 
Seminars, and,  i t  is hoped, from the  growth of value 
engineering. 

T h e  immediate concern of the value engineer  is 
the  determination of the  need for the  product,  pro- 
c e s s ,  or material offered, and i t s  c o s t  relat ionship 
with what e x i s t s  and is being done. Naturally, the 
more aware the value engineer  is of high-cost a reas ,  
t h e  quicker  he  wil l  recognize the  need for some- 
thing "new" or different. When th i s  need  is deter- 
mined, the next  s t e p  is the  referral of the  vendor to  
the  appropriate technical ,  des ign ,  or production su-  
p e r v i s ~ r s .  I t  i s  t h e s e  people who wil l  ultimately 
approve or re jec t  the item in quest ion,  and they 
must determine a course  of act ion.  In developing 
the  f inal  course  of act ion,  the value engineer  offers 
and is ava i lab le  to provide a s s i s t a n c e  wherever 
possible .  

T h e  vendor is made a part  of the  va lue  engi- 
neering effort in  another manner. Vendors a r e  
shown our s h i p s  and fac i l i t i es  s o  that  they may 
know the  how and the why of what i s  being done. 

What then i s  the  relat ionship of value engi- 
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rrcers and vendors? Basical ly ,  i t  i s  one of mutual 
.~ . ; s i s tance  and interdependence. On one hand, 
va lue  engineers  expec t  honest ,  t imely, and com- 
p l r t e  information. T h e  vendor, on t h e  other  hand, 
e x p e c t s  a fair evaluat ion of h i s  product by those  
primarily concerned with it .  It  is the  value engi- 
neer ' s  job to s e e  that  th i s  i s  done. T h e  value en- 
g ineers  will  rely heavily on the information re- 
ceived.  T h e  vendor will  rely heavi ly on the  value 
engineer 's  object ivi ty  and h i s  abi l i ty  to  convince 
by-facts and figures. 

For Your Benefit  
A more important question i s ,  "What d o e s  t h e  

Value Engineering-Vendor relat ionship mean to 
you?" T h e  answer i s  simple. T h e  se rv ice  provided 
to the va lue  engineers  can be provided to you. As 
a staff group,.part of value engineering's job i s  to 
furnish you w ~ t h  more information to permit you to 
do your job better.  

B e c a u s e  of the c l o s e  relat ionship of Value 
Engineering-Vendors, the Value Engineering staff 
h a s  developed ex tens ive  f i l es  of l i terature and ref- 
erenced material.  T h i s  information covers  not only 
the  mater ial  and products of vendors  in b u s i n e s s e s  
related to your organizat ion 's  effor ts ,  but a l s o  from 
a l l i ed  and totally different f ie lds .  In many in- 
s t a n c e s  th i s  information is supplemented with sam- 
p l e s  o f  the product. Thus  a broad spectrum of 
knowledg i s  ava i lab le  to you. In addi t ion,  the  
Value Engineering office usual ly maintains  s tand-  
ard re fe rence  ca ta logues  and industr ia l  handbooks. 

Whether you are  i n  design,  engineering, produc- 
t ion,  supply,  planning and est imating,  or in any 
other  p h a s e  of your organization's operation, the 
Value Engineering staff i s  ava i lab le  to  help you. 
American industry and your Value Engineers  s tand  
ready to help you reduce your organizat ion 's  cos t s .  
USE THEM! 

Post Cards 

For 

Submitting 

gestions 

T h i s  i s s u e  of the Journal con ta ins  two post- 
ca rds  which a s k  for your sugges t ions  to  reduce t h e  
c o s t  of s h i p s  and sh ip  hardware and equipment. 
T h e  c a r d s  a r e  addressed  to the  Value Engineering 
Branch of the  Bureau of Ships. T h e  card h a s  been 
inser ted  in the Journal  in  an effort to  so l ic i t  your 
a id  in achieving the  over-all goal  of the Bureau of 
Ships to  reduce cos t s .  

T h e  current ar t ic le  concerning Value Engineer- 
ing (and those  that have appeared and will appear 
in the  ]ournal) descr ibes  a method of at tacking and 
reducing high cos t s .  You can u s e  the  Value Engi- 
neering techniques in making your suggest ions.  
However, any i d e a s  should be  submitted to  the  Bu- 
reau i f  you feel  money can be saved.  Changes  that  
have  been made aboard sh ip  t o  reduce maintenance 
should a l s o  be submitted because  they may be  sui t -  
a b l e  for Navy-wide application. 

Remember, the dol lars  s a z ~ e d  provide tha t  much 
more Navy and Defense, 

(Continued / tom page 6 ) 

By means of the cross-fer t i l izat ion process  of 
the  value engineering program, that  of distributing 
va lue  engineering project c a r d s  to  a l l  interested 
ac t iv i t i es  and  the Bureau of Ships,  other  shipyards 
came i n  with their  recommendations for joining duct  
work together, o r  t h e  elimination of the  type C 
f langes .  T h e  high cost area discovered a t  the Long 
Beach Naval  Shipyard w a s  a l s o  presen t  in a l l  o ther  
shipyards;  and subs tan t ia l  sav ings  a c r o s s  the board 
could resul t  from t h e  adoption of the  proposals  pre- 
sented.  

T h e  Bureau of Ships,  real iz ing the potential on 
these  projects ,  authorized t e s t s  of each type of 
proposed connection a t  the  Material Laboratory, 
New York. Interim approvals  and in-service evalu- 
ation were authorized by the Bureau's t echnica l  
people, s o  that  in  addition to the  laboratory report,  
actual  se rv ice  condit ions and u s a g e  of each connec- 
tion could be determined. 

BEFORE 
/ a  

AFTER 

,a 
ROUND 

I 
I 

RECTANGULAR 

Figure 2. Long Beach Naval Shipyard value engineering project 
No. 26. Lef t ,  Navy type C flange joint; unit cost for overage 
size installation, $13.12. Right, pressure sensitive adhesive 
tape joint; unit cost for averoge size installation, $1.14. Sav- 
ing to shipyard per year for full application, $62,000. 
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'11 Shipyards Contribute 
Some of the other shipyard proposals are shown 

n figure 3. 
The Puget Sound Naval Shipyard proposal in- 

corporated st i l l  another commercial item which had 
been successfully used in hanging electric cable. 
That i s  the cable band, a s  used in packaging. This 
band, when used over a preformed strap a s  shown in 
figure 3, provides a satisfactory means of joining 
two ducts together. 

0 The Portsmouth Naval Shipyard proposal i s  
also shown in figure 3. I t  consists  of the tape, a s  
proposed by Long Beach, and the banding material, 
a s  proposed by Puget Sound, which together result 
in another satisfactory means of joining the duct 
work. 

On three submarines, savings of over $5,000 
resulted from using the tape and band method. The 
Puget Sound Naval Shipyard estimated a $25,000 
annual savings from the use of their proposed 
method. Adaptations of these proposals a t  the 
Pearl Harbor Naval Shipyard, the Philadelphia 
Naval Shipyard, and the San Francisco Naval Ship- 
yard indicated an additional $50,000 could be saved 
by these yards, if their proposals were approved. 

As a result of the tes ts  a t  the Material Labora- 
tory, the Bureau of Ships has  authorized the use  of 
the Marmon clamp and the Puget Sound proposal 
with tape under the formed strap, a s  an alternate to 
the type C flanbc. 

Thus, through the use of a functional analysis 
.o determine the high cost  area, and the obtaining 
,f information from vendors, the use  of the approved 

type of duct work connection can result in approxi- 
mately $100,000 savings a year to the Navy. 

Figure 3. At back, 
nection. In front, 
naction. 

Puget Sound Naval Shipyard proposed con- 
Portsmouth Naval Shipyard proposed con- 



PROFIT-MAKERS FROM COi .VY STANDARDS 

INVENTORY & PROCUREMENT 

*Reduce v a r i e t y  
Reduce t o t  a1 - [ a d d ,  

*Reduce r e c o r d  keeping 
*Reduce s t o r a g e  a r e a  
-Reduce materials hand l ing  
.Larger q u a n t i t i e s  of f ewer  i t ems  
. Inc reased  use  of s t a n d a r d s  and 
d e c r e a s e  i n  s p e c i a l s  

-More r o u t i n e  a c t i v i t y  
*Reduction i n  P. 0. 's, r e c e i p t s ,  
i n s p e c t i o n s ,  payments 

*Reduced l e a d  t i m e  
-Reduction i n  need f o r  s p e c i a l  t o o l i n g ,  
t r a i n i n g ,  l a y o u t ,  proeumment,  test  

PRODUCTION 

e Fami l i a r i t y  c a t i o n  & assembly 
-Less  rework 
*Reduced s p a r e  
*Reduction & s i m p l i f i c a t i o n  in 
i n s p e c t i o n  (sampl ing p l a n s ,  e t c .  1 

*Improved b a s i s  f o r  vendor competi  . ) Improved q u a l i t y  c o n t r o l  based on 
accep ted  & e x p l i c i t  s p e c s  

0 Improved mechanizat ion 
Economies o f  s p e c i a l  purpose machines 

-Reduced p roduc t ion  - methods - i n d u s t r i a l  
e n g i n e e r i n g  e f f o r t  & manpower 

MARKETING 

-Ease of  s e l l i n g  des ign  composed of 
customer-approved o r  recognized 
de v 

ENGINEERING 

= G r e a t e r  r e l i a b i l i t y  
Reduced r e d e s i g n ,  r 

*Ease of des ign  based on s t a n d a r d  
p a r t s  & t e c h n i q u e s  

-Reduction i n  needed waivers  and 
-4 ,, .' 

non-s tandard p a r t  t e s t i n y  and ,; <, f t L  f i e  ,L * 

approva l  : -- 
-Reuse of known items improves 
r e l i a b i l i t y  & reduces  debugging 

*Reduces need f o r  s p e c i a l  commu- 
n i c a t i o n  between e n g i n e e r s ,  
d ra f t smen ,  p roduc t ion ,  e t c .  

*Improved i n t e r c h a n g e a b i l i t y  of 
p a r t s  - d e s i g n s  - packages - t e s t s  

-Use of accep ted  s t a n d a r d s  v s .  
u n t r i e d  s p e c i a l s  
Provide b a s i s  f o r  b u i l t - i n  product  
improvement 

I 

GENERAL 

Reduction i n  s p e c i a l  n e g o t i a t i o n s  
Nore a c c u r a t e  & p r e d i c t a b l e  
p lann ing  & budget ing 
Improved u s e r  & customer c o n f i -  
dence 

*Customer s e r v i c e  - spares,manuals,  
o p e r a t o r  t r a i n i n g ,  r e p a i r  & 
t r a i n i n g  

* P r o v i d e s  b a s i s  f o r  d a t a  mechaniza- 
t i o n ,  hand l ing ,  r e d u c t i o n  i n  
e r r o r s  

*Reduced c a p i t a l  requirement  
*Improved g e n e r a l  communication 

Prov ides  b a s i s  f o r  new b i d d i n g  
*More r o u t i n e  work f r e e s  h i g h e r  

s k i l l e d  people  f o r  unique a s p e c t s  
of p r o j e c t  

Prepared by: ARNOLD M. ROSENWALD 
August 15,  1962 



THE COMPATIBILITY O F  V.ALUE ENGINEERING ANALYSIS 

AND RELIABILITY 

By Richard M. Jacobs  

Value engineering and reliabil i ty a r e  often thought to be in  conflict with each 
o the r ,  a belief predicated on the bas i s  that  rel iable design i s  expensive design.  
Indeed, justification for  th is  expense i s  obtained by demonstrating the reduction 
i n  maintenance,  instal lat ion,  operation and logist ic cos t s  which resu l t  f rom 
improved equipment rel iabil i ty.  It i s  m y  intention to demonstra te  that the 
init ial  cost  can somet imes  be reduced by a value engineering analysis  at  the 
s ame  t ime the reliabil i ty of the equipment can be improved. The compatibility 
of value eng inee~ ing  and reliabil i ty i s  not a d r e a m  - i t  i s  a proven fact .  

Value engineering analysis  can be and i s  a tool fo r  improving the rel iabil i ty 
of equipment without necressarily reducing i t s  initial cost .  The converse  i s  
a lso  frequently ioulnd to be possible .  

Before we examine how compatible rel iabil i ty and valde engineering actually 
a r e ,  it  m a y  prove beneficial to d i scuss  what these two t e r m s  mean  to u s  in  
the electronic industry .  

RELIABILITY 

Reliability can be defined a s  the probability of success  o r  operation of 
par t i cu la r  equipment to per form i t s  function a s  i t  was  designed to do. Th i s  
includes the environmental  conditions under which the equipment opera tes ,  
the t ime period the equipment i s  to operate  and the specific functional 
r e  sponsibility of that  equipment. Reliability studie s under th is  definition 
include consideration of such i t ems  a s  down t ime ,  maintenance, marginal  
checking, modularization,  human engineering, component pa r t  fa i lure  analysis ,  
packaging, heat  dissipation and a host  of other  i t ems .  It i s  therefore  axiomatic 
that rel iable equipment will have the degree of completeness required by the 
optimization of each and every charac te r i s t i c  that may  affect  the rel iabil i ty of 
that  equipment. 

VALUE ENGINEERING ANALYSIS 

I t  What does a l l  th is  rel iabil i ty cost  ?" i s  a common question hea rd  among 
m e m b e r s  of ou r  industry  and m e m b e r s  of the mi l i t a ry  se rv ices .  We a r e  
a s se s s ing  these  cos t s  and value engineering analyses  a r e  being made to 
evaluate the function and i t s  requirement  fo r  the expense involved. A value 
engineering analysis  i s  defined a s  "an objective appraisal  of a11 e lements  of 
the design,  construction,  procurement ,  installation, and maintenance of 
equipment, including the applicable equipment specifications, in  o r d e r  to 
achieve the neces sa ry  functions, maintainability and reliability of equipment 
a t  minimum cost" (10) (11). Thus value engineering i s  not simply cost  



Total cost  i s  another way of expressing the definition. Total cost  i s  m a d e  up 
of the initial o r  procurement ;  installation, operation,  maintenance, logist ic,  
replacement p a r t s  cost  and the amount of t ime needed to install ,  maintain,  and 
await the a r r iva l  of special pa r t ?  not readily available. A value engineering 
analysis i s  a study of each operating function to determine i t s  contribution to  
the overal l  worth of the equipment. Each characterist ic i s  evaluated to 
optimize reliability and i s  reviewed to determine if modifications can be made 
that will substantially reduce the co st of providing that degree of operabil i ty,  
level of reliability, e t c . ,  which w a s  originally thought necessary .  Increased 
reliability i s  a natural  by p roduc t  s f  equipment simplification, a value engineering 
analysis goal, hence it i s  an indication that value engineering and reliabil i ty go 
hand in hand. 

RELIABILITY ACHIEVEMENT 

Reliability can be enhanced by many different yet specific and-coo rdinated 
effor ts .  A few of these efforts a r e :  

Reduce complexity of electronic sys tems .  
Reduce the number of p a r t s  in the system.  
Provide redundant c i rcui ts  o r  assembl ies .  
Include standby facilitie s o  
Use marginal  checkout techniques. 
Reduce maintenapce t ime by modularization, easy  location of 
tes t  points, built in o r  wired in tes t  apparatus.  
Improve component life. 
Improve use of components. 
Standardize c i rcu i t s ,  p a r t s  and assembl ies .  
Install environmental controls.  
T ra in  higher skilled maintenance personnel . 
Schedule periodic maintenance. 
P r e p a r e  bet ter  instructions on operation and maintenance. 
P e r f o r m  sys t ems  operation analyses .  

In each of these a r e a s  cos t s  a r e  involved. In some initial cos t s  will be reduced; 
in o the r s  such cos t s  will i nc rease .  Where the initial cost  i s  increased,  i t  mus t  
be justified by reductions e lsewhere o r  reliabil i ty i s  substantially improved. 

RELIABILITY PROGRAM 

At RCA the reliability p rog ram h a s  been a management function these pas t  five 
yea r s .  We have instituted var ious concepts and techniques used in the prediction, 
measuring and evaluating of ou r  equipment reliability. The organization depends 
heavily on design reviews ( I ) ,  s tandardized p a r t s  and ci rcui ts ,  and feedback of 



informat ion der ived f r o m  fa i lure  r epo r t s ,  and the analyses  of the mechan i sms  
of fa i lure  to provide m o r e  rel iabil i ty in o u r  equipment.  The rel iabil i ty p r o g r a m  
is an ie tegra ted function of al l  divisions of the corporat ion.  All groups  affecting 
rel iabil i ty such a s  engineering,  quality control ,  purchasing,  s tandards  and 
manufacturing .are represen ted  and par t ic ipate  in d i rect ing the rel iabil i ty p r o -  
g r a m  ( 3 ) .  The  rel iabil i ty p r o g r a m  employed a t  RCA h a s  been the subject of 
many  o ther  p a p e r s  ( 2 )  (4)  (5 )  (8) (9 )  (12). 

VALUE ENGINEERING PROGRAM 

The value engineering p r o g r a m  like the rel iabil i ty p r o g r a m  depends upon 
des ign review and information feedback loops .  Value engineering,  operat ing 
a s  a specif ic effort  f o r  l i t t le  over  a yea r  a t  RCA, i s  a studied and sys temat ic  
approach to cos t  reduction,  

The approach taken by RCA i s  vital to the e lec t ronic  industry.  Second looks  
and redes igns  cos t  money,  take t ime  and a r e  psychological b a r r i e r s  to an  
 engineer!^ effective thinking. We have in ou r  design review p r o g r a m  united 
value eng ineers ,  maintenance personnel ,  ope r a to r s  and rel iabil i ty exper t s  
a s  well as des ign specia l is ts .  At the des ign reviews,  we give the des igner  
a l l  the pi tfal ls  he  should avoid before he s t a r t s  h i s  design; then,  a f t e r  h i s  
sketches  a n d / o r  mode l s  a r e  finished, h i s  design i s  reviewed to evaluate h i s  
des ign in relat ion to the function required.  After  the th i rd  review,  a ccom-  
plished a f te r  complete prototype t e s t s ,  the drawings a r e  re leased  fo r  the 
f i r s t  t ime .  In o ther  words ,  the design review p r o g r a m  helps  the engineer  
avoid cost ly  engineering changes and field modification k i t s ,  

These  a r e  the s teps  taken in the value improvement  p rogram:  

1. We help everyone concerned apprecia te  the need fo r  improvement ,  
2 .  We organ ize  to do the job. 
3 .  We set  goals .  
4. We develop cost  prevention techniques and t r a i n  ou r se lve s  to u se  

them.  
5. We develop p r icepred id ion  a ids  a s  an  important  tool in meet ing 

o u r  goals .  
6.  W e  continue to improve and use  o u r  cos t  reduction techniques.  

The work fa l l s  into t h r e e  a r e a s ,  with equal  responsibil i ty f o r  act ion delegated to: 

Engineering - Value Engineering - opt imum simplici ty and lowe s t  
cos t  for  requ i red  per fo rmance .  

Purchas ing  - Value Analysis  - be t te r  value p a r t s ,  m a t e r i a l s ,  and 
sou rce s .  

Product ion - Methods Improvement - development of improved 
fabricat ion and a s semb ly  p r o c e s s e s  and values .  



In ou r  value improvement t e s t s ,  which a r e  guides to bet ter  value, the following 
questions a r e  asked: 

In the selection and application of pa r t s ,  ma te r i a l s ,  and p roces ses  .have you 

Challenged specification requi rements?  
Eliminated unnecessary p a r t s  o r  functions? 
Simplified the design a s  much a s  possible? 
Made maximum use  of standard i t e m s ?  
Used l ea s t  costly ma te r i a l s ?  
Designed for  lowest manufacturing cost?  
Relaxed tolerances  a s  much a s  possible? 
Used lowest cost  f inishes? 
Used company component and mater ia l  special is ts  ? 
Fully utilized purchasing'  s ass i s tance  to gain suppliers "know-how?" 

The following c r i t i ca l  value improvement techniques have been developed and 
proven by experience: 

Get a l l  the facts .  
Use the be s t  sources  for information. 
Be specific and omit general i t ies .  
Evaluate design by comparison. 
Consider the functions of every  pa r t .  
Make use of specialty products,  ma te r i a l s ,  and p roces ses .  
Think creatively . 
Be completely open-minded to new ideas .  
Weigh dol lars  against each ma jo r  idea.  
Use standard p a r t s  and mater ia l s .  
Use company serv ices .  
Employ your own judgment. 

The ent i re  p rog ram i s  integrated by a value engineering council m a d e  up of 
a l l  working department r epre  sentative s including purchasing, quality control, 
manufacturing and engineering. Each working department has  organized a 
t eam which includes responsible,  decision-making personnel f rom thase 
activit ies having cognizance over  major  cost  e lements .  

ENGINEERING ORGANIZATION 

An organization char t  showing the major  functional groups of an  engineering 
section is shown in  F igure  1. 
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Reliability can be improved by value engineering analyses  when the analyses  
bring to light situations which a r e  not to the best  in terest  of the customer.  
Some of these situations may be: 

1. Over designed s t ruc tures .  
2 .  Under designed s t ruc tures .  
3 .  Highly s t r e s sed  components, heat ,  load, p r e s s u r e s ,  
4. Non-essential refinements.  
5. E x t r a  functions duplicated e l  sewhere.  
6.  Drawing inconsistencies.  

COMPATIBILITY 

In o r d e r  to show that these two management techniques a r e  compatible, i t  i s  
felt that some specific examples would be helpful. 

EXAMPLE 1: "OVER FLEXIBLE" 

The initial design on a la rge  ground radar  system permit ted a high degree of 
flexibility in the placement of the physical components of the system.  Cable 
ducts were  used throughout the design and interconnecting cables  were  used 
between the sections.  The length of these cables  could vary  depending on 
the need. However, the production units of th i s  system were  subsequently 
decided to be for s imi la r  placement of components in each system.  Each 



production unit was to have a building built to specifications for housing the 
system where this  was not expected in the R & D  design. Since flexibility was 
not needed, why were these cables  requi red?  Couldn't we use one l e s s  se t  
of connectors and p e r f o r m  the same task?  

The cost  aspec ts  of th i s  example show that mater ia l  (cable connectors and cable 
length) cost  $2, 037, labor  (making the connections, installation, e tc .  ) cos ts  
$3,600, while the new design requi res  $242 for mater ia l  and $36 for labor .  The 
total p e r  unit savings amounted to $5, 359. However, cer ta in  engineering cos t s  
to make the change had to be accounted for ,  and when these were  prora ted  over  
the number of units on o rde r ,  the unit savings amounted to $5,030. 

The reliabil i ty aspec ts  a r e  such that two soldering operations pe r  wire  and two 
connectors (male  and female) we r e  eliminated. The po 3 sibilitie s of human e r r o r  
in soldering and wiring and the unreliability that the connectors contributed to 
the c i rcui t  were  eliminated. Actually there  were  24 p a i r s  of s e t s  of connectors 
eliminated in each of 4 banks of connectors pe r  system.  Here i s  an example of 
value analysis  contributing a ma jo r  cost  reduction and a substantial improvement 
in the reliability of the c i rcui t .  

EXAMPLE 2: IS A SUBSTITUTE AVAILABLE? 

A prototype of a portable r ada r  se t  we designed five yea r s  ago for the government 
underwent a complete value analysis by a t eam of design engineers,  manufacturing 
exper t s ,  packaging engineers and field maintenance men.  This analysis was p e r -  
formed pr imar i ly  to reduce cos t s  in o r d e r  to bid on a la rge  procurement  contract  

F r o m  the analysis that reduced the overal l  ma te r i a l  costs by 110/0, the following 
three  examples have been extracted for your consideration. 

1. The plant was to use  two Selenium rec t i f ie rs  in s e r i e s  with each o ther .  They 
were  cur ren t ly  pr iced a t  $31.60 each, A new silicon rect i f ier  developed within 
the l a s t  five y e a r s  performed without a measurab le  difference when, compared 
to the previous two units used,  The mater ia l  savings amounted to $50.80 p e r  
system.  There  were additional savings es t imated a t  $3 p e r  sys tem by the e l im- 
ination of mounting holes,  wiring and miscellaneous hardware and assembly  
cos t s .  The cost  of the investigation and drawing changes amounted to $1,000 
which was prora ted  over  the ordered  quantity. 

The reliabil i ty of the system was enhanced by the reduction of the number  of 
p a r t s  used,  the number of soldering joints needed, and the elimination of the 
ever -presen t  human e r r o r  factor in wiring. 

2. A complex electro-mechanical  Rectipot costing $75 was used a s  a tuning 
indicator.  He re ,  our  value analysis  t eam investigated the use of a ,standard 
potentiometer available on the open marke t  that me t  mi l i t a ry  specifications. 
It could be used with a simple gear  t ra in .  The cost  of the investigation, the 
designing and procuring the necessary  g e a r s ,  shafts and other  hardware plus  
the standard potentiometer amounted to $31 p e r  system.  The savings, t he re -  
fore ,  amounted to $44 p e r  system.  Reliability was improved by having the 
standard pot readily available f r o m  l a rge  production runs,  which gave u s  



longer l ife,  and a l e s s  unique pa r t  to replace in the field by maintenance personnel.  
Replacement t ime was reduced by having the pot more  easily removed. It was 
sma l l e r  in size than the sealed Rectipot and could be removed with l e s s  prob-  
ability of damaging adjacent components. If the g e a r s  of shafts became worn 
they could be ,more  readily adjusted o r  replaced in the field ra ther  than discarding 
the ent i re  sealed unit. It i s  obvious then that g rea te r  value, lower cost ,  and 
a higher reliability were  obtained in this  ca se .  

It should be remembered  that the m o r e  standard the unit, the l a r g e r  the production 
run and therefore ,  the m o r e  easily the manufacturing process  can be controlled. 
This  usually resu l t s  in a better quality unit with a grea te r  sbability and  m o r e  
reliability than the special  component produced in small  quantities.,  

3 .  A simple knob used to control hand rotation of the antenrta. of th i s  unit was 
pr iced by our  vendors a t  $22 each. After the mechanical engineering member  
of the team reviewed the requirements  for this  expensive kno'b he located a 
standard knob. The standard knob required a different size shaft and could 
per form the same function just a s  well a s  the special  knob. The standard,  oddly 
enough, cos t s  only $2 .20  when the cost  of changing shaft s izes  and appropriate 
drawings was  added. The total savings in this case  amounted to $19.80 p e r  sys tem,  

System reliabil i ty was not a l tered a s  both knobs performed the same function. 
But, if the knob were  broken in t rans i t  o r  handling, it cou ldbe  repLaced by a 
standard al ready stocked by the mil i tary.  Thus, additional savings by the 
customer would acc rue  by eliminating one i tem in h i s  logistic support cen te r s  
and warehouses.  By having a standard readily available, downtime i s  decreased  
and the system reliabil i ty measured  in t e r m s  of system availability i s  improved. 

EXAMPLE 3: IS THERE ANOTHER METHOD? 

A l a rge  ground-based Instrumentation Tracking Radar System going into quantity 
production by RCA's Missile and Surface Radar department employe a boresight 
t a rge t  for calibration purposes .  

The mechanical  engineer and the manufacturing methods m e m b e r s  of the value 
analysis  t eam reviewed the Engineering Model Bore sight Target  assembly  with 
the express  purpose of reducing i t s  cost. The cur ren t  cost  of procurement  i s  
$3672 p e r  assembly.  As noted, the original  design contained many cast ings  
specially fabricated for  this  design, a rectangular box beam-and complex 
leveling mechanisms .  The team m e m b e r s  asked themselves  - a r e  there  
standard p a r t s  that will do the job? The answer  of course  was yes ,  and the 
complex t r u s s  work was changed to a round aluminum pipe of standard size 
and a l l  c lamps,  l eve ls  and threaded c~kstings were  changed to standard commerc ia l  
hardware.  

The cost  was reduced by $1412 p e r  assembly.  The reliability of the assembly  
was a l te red  only in that accessibil i ty for adjustment of the ta rge ts  i s  m o r e  rapid. 
We also know that assembly  quality i s  much higher,  the availability of replacement 
p a r t s  i s  no longer a major  concern of our  logist ics group, and installation 
procedure i s  l e s s  cumbersome arid therefore  m o r e  rapid. 



EXAMPLE 4: ARE THE SPECIFICATIONS REALISTIC "? 

In some instances  a value improvement analysis resu l t s  in a second look a t  
the original  specifications. It may be required that to save a considerable 
amount of money all  that i s  needed i s  another interpretation of the customer1 s 
specification. This  i s  due to the definitions of words o r  ph ra ses  used in a 
legal document. In one par t icular  case  the specification s ta tes  "that there  
shall be no fl icker." If we chose to say there  shall be no fl icker a t  any t ime,  
the cost  was  estimated a t  $12, 000 for an indicator and par t icular  power supplies. 
However, if we dPse  to say there  shall be no fl icker 99. 5% of the t ime ,  the cost  
of the indicator and i t s  power supply would be about $7,000. The function 
would not be impaired by a fl icker only . 570 of the operating t i m e  and the 
customer readily agreed  to the modified interpretation when he saw the possible 
cost  reduction. 

EXAMPLE 5: GUIDE LINES 

An analysis was undertaken to determine the ratio of vacuum tube cost  to total 
ma te r i a l  cost  for electronic sys tems .  Three  basically different types of c i rcui ts  
were  studied, and the cos t s  p e r  tube turned out to vary  widely among the th ree  
groups.  Cos ts  pe r  tube decreased for  each ci rcui t  studied a s  the number of 
tubes  increased;  but m o r e  important,  the analysis  showed that regard less  of 
system,  when the number of tubes was  15 o r  m o r e ,  the cos t s  p e r  tube approached 
the same level. This  technique promotes  reliability a s  well a s  cos t  reduction by 
reducing the number of inter  -chass i s  connectors,  cabling, special heat  dissipating 
ducts and blowers to remove heat f rom the l a rge  m a s s e s  of metal ,  reduces  the 
number of solder  joints and allows m o r e  point to point wiring reducing the human 
e r r o r  factor ,  makes  c i rcui t  t racing e a s i e r ,  allows for m o r e  rigid construction 
of the chas s i s  to withstand vibration and shock environments. The )equipment 
m a y  also be reduced in total weight using th i s  technique. This  cos t -  saving 
packaging method does not rule out the use  of modularization, printed ci rcui t ry ,  
o r  other  automated manufacturing p roces ses .  These a r e  st i l l  available, but 
the fewer connectors needed the bet ter  the reliability of the equipment. 

EXAMPLE 6: A PLANNED PROGRAM 

A complete system underwent a value improvement analysis ,  A program was 
set  up with the knowledge of the basic manufacturing cost accurately  based on 
five y e a r s  of p r io r  production on the unit.  A cost  reduction goal was established 
by marketing considerations at 207'0. 

The p rog ram through the efforts of the t eam m e m b e r s  actually reduced cos t s  
19.8%. The estimated cost  of the analysis  was $20,500 (es t imated because 
some team m e m b e r s  were  not direct  labor  and the best  es t imates  of the t ime 
used by these m e m b e r s  a r e  f rom their  own es t imates  of t ime .  ) Even though 
$20, 500 sounds high, each dollar spent in the p rog ram reduced the cost  of 
the equipment by $11.40. 



Due to chatlges in the state -of-the a r t ,  the customer authorized a design 
evaluation of the equipment, so that the new unit would be m o r e  reliable,  
and thus m o r e  valuable to the s e rv i ces ,  

During the analysis  many components were  eliminated o r  simplified. 
Examples  of the p a r t s  eliminated include the rmis to r s ,  diodes, space r s  
and sleeving. Substitvtions included re lays ,  t r ans fo rmers  and toggle switches 

These p rog rams  to improve the reliability and value -analyze the equipment 
a r e  not confined to one group a t  RCA; it i s  a corporate  venture.  The two 
examples of the compatibility of value engineering and reliability shown below 
a r e  an indication of what the other groups a r e  doing in these a r e a s .  

1. The section i s  producing a system consisting of 15 racks  o r  cabinets for  
the mil i tary.  The design engineer in the R&D stage devised his  wiring for  
ground and R F  shielding through silver -plated beryllium copper spring-finger 
stock. L a t e r ,  in the production design,  ground wiring was adopted but the 
spring f ingers  were  not removed.  They were  retained to provide RF shielding 
for the cabinet. One of the mechanical  engineers seeking to reduce the cost  
of manufacture asked why the s t r ips  were  needed. He wasn' t  convinced that 
there  was a need for these  s t r ips  to provide R F  shielding. He then obtained 
two completed cabinets and removed the shielding s t r i p s  f rom one, and had 
R F  emission t e s t s  conducted on both. There  was no measurab le  difference in 
the R F  emission between the units.  His  curiousity and pers i s tence  brought 
about a saving of $122 p e r  sys tem,  Engineering changes to drawings e t c ,  , cost  
$100. Therefore ,  on the total production run of over  100 sys tems ,  a. savings 
of over  $12,100 was made  possible,  

This  value analysis not only reduced cos t s ,  but reduced the maintenance 
required on the sys tem.  Because of their  location, frequent breakage of the 
spring -fingers occur red  and they required repa i r  in the field, since the 
service  man was not aware that the l o s s  of even all  f ingers would not be 
harmful ,  

2 ,  The r e  a r e  in th i s  l a rge  ground equipment 16 identical electro-mechanical  
p a r t s  which a r e  quite complex in nature .  We were  in the marke t  for some 
1700 of these pa r t s .  Suitable bids were  received f rom component vendors,  
The lowest p r ice  submitted was $60 each. 

The engineers felt that th i s  p r i ce ,  although proper ly  submitted by the vendor, 
was ra ther  high for the function to be performed by the unit,  Ser ious  consid- 
eration was being given to designing this component out of the sys tem,  One 
engineer was sent to see  the vendors that bid, to see  if their  manufacturing 
methods and/or  design could be a l tered without affecting the function o r  
reliability of the pa r t .  After discussing the general  problem with those vendors,  
new bids were  requested.  The resu l t s  showed that value improvement and 
value engineering can be contagious because the low vendor 's  final p r i ce  was 



$25  under h i s  or ig inal  quotation, with no detectable d i f ference in  pe r fo rmance  
o r  re l iabi l i ty  o r  overa l l  configuration. The cos t  of the t r i p s  and the secur ing  
of new bids  approximated $300. Tk total  savings to the taxpayer  on t h i s  one 
i t e m  alone will be in e x c e s s  of $42,000.  

SUMMARY 

Le t  m e  s t r e s s  that  l a s t  phrase :  "Savings to the Taxpayer ,  " E v e r y  value 
engineering i t e m  cited in th i s  paper  h a s  been rea l i zed  on e i the r  a cos t  p lus  
fixed fee con t rac t  o r  on a fixed p r i c e  rede te rminab le  downward con t rac t .  

A s  such,  these  savings  do not a cc rue  to  RCA but d i rec t ly  to the taxpayer  
in the f o r m  of lowered procurement;  co s t s  for  the equipment o r d e r e d  by 
the mi l i t a ry .  

Reliabil i ty w a s  not adverse ly  affected but r a t h e r  enhanced. Delivery,  
availabil i ty and maintenance p rob l ems  w e r e  not a l t e red  to the de t r imen t  
of the purchasing activi ty.  

I hope that  the foregoing examples  have demons t ra ted  that  value engineering 
ana lys i s  goals  a r e  compatible with the mi l i t k ry  requ i rements  of i nc r ea sed  
re l iabi l i ty  fo r  the s e r v i c e ' s  equipment,  

It should be  noted that  a l l  value engineering ana lyses  do not r e su l t  in a cos t  
reduction o r  a re l iabi l i ty  improvement .  The  purpose  of th i s  paper  was  to 
indicate that  value engineering and re l iabi l i ty  a r e  not in confl ict  with each 
o ther  a s  h a s  been general ly  supposed. 

The value of re l iabi l i ty  i s  a m o s t  important  i t em ,  and is the p r i m a r y  
cha rac t e r i s t i c  that  i s  considered in RCA' s Value Improvement  P r o g r a m .  
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VALUE ENGINEERING - A NEW TOOL ? 

by C.  R. Qlsen 
Engineering Manager 

Raythe on Company 
Lowell, Mass .  

An infant becomes a Value Analyst when he decides a bottle of warm milk 

i s  more  desirable  than a cuddly Teddy Bear .  

We have been analyzing value ever  since. When our wives picked us  out, 

they weighed the cos t  against  the contribution. Each one of us has  a different 

standard by which we compare values.  

We a r e  continually changing our standard of value. When we were  young 

we wanted a Sport 's  c a r ,  then a Station Wagon to c a r r y  camping equipment and 

the ent i re  family,  then l a t e r  in life, a compact sedan - - but what make of c a r  

should we buy ? 

The c la ims  of manufacturers  about their  product, be i t  c a r s ,  washing 

machine s , radios ,  televisions,  etc.  a r e  fantastic. Our knowledge of the 

products i s  insufficient to judge accurately.  The basic facts  of quality, 

endurance, and serviceabili ty a r e  not apparent on the surface.  So there have 

sprung up professional Value Analysts, such a s  Consumers '  Research,  to give 

us facts  on which we can base our judgment. We can then apply our own 

standard of value to be su re  we get the product that will meet  our  requirement 

f o r  the leas t  money. 

People - you and I - a r e  waking up to the fact  that we can  get reliable,  

serviceable products for  l e s s  money if we analyze carefully and buy careful ly , .  

Manufacturers - your employer and mine - a r e  waking up to the fact  



that  they can  produce re l i ab le ,  se rv iceab le  products  f o r  l e s s  money. Th i s  takes  

m o r e  than the concepts  which the R & D Eng inee r s ,  P roduc t  Engineers ,  Methods 

Eng inee r s ,  Quality Engineers  can  contr ibute .  It  t akes  the contribution of a 

Specia l is t ,  highly t ra ined  in  the a r t  of saving c o s t  while maintaining quali ty 

and serviceabi l i ty .  I t  t akes  the contribution, of a Value Engineer .  

At the t ime  of the Roman E m p i r e ,  t he r e  was  only one type of Engineer  

known a s  a n  Arch i tec t .  

Vitruvius in  35 B. C .  descr ibed  the job requ i rements  f o r  a n  Arch i tec t  a s  

follows : 

"He m u s t  be talented a s  well a s  willing to l e a rn .  Theory  and P r a c t i c e  

m u s t  go hand in hand. He m u s t  be  educated,  v e r s e d  in  Drawing, schooled in  

Geomet ry  and His to ry ,  not ignorant in  the Laws  of Optics and be acquainted with 

the Ph i losophers  of Medicine and m u s t  know the decis ions  of J u r i s t s .  He mus t  

be acquainted with Astronomy.  In o ther  words ,  an  Engineer  was  a divers i f ied 

individual with many  a t t r ibu tes .  

What i s  today 's  Engineer  ? The definition I have always p r e f e r r e d  i s  "A4 

Engineer  i s  a m a k e r  of tools" - tools f o r  living, o r  in the c a s e  of some  of us in 

the Ordnance F ie ld ,  tools f o r  survival .  

What i s  the product  of an  Engineer  ? I s  i t  the i r on  lung o r  the machine 

gun?  No! These  a r e  the products  of the Ar t i s an  o r  Mechanic. The one and 

the only product  of the Engineer  i s  a piece of pape r ,  a paper  that  enables  some - 

one e l s e ,  someone ski l led  in  a different  f ie ld  to build the product  he ha s  defined. 

Many people tend to think the development i s  over  when a model  ha s  been made .  

Th i s  i s  not t r u e ,  unless  documents ,  drawings that  will l e t  someone e l s e  



reproduce the model have been made,  the development has  just begun. An 

Engineer 's  only product i s  a piece of paper.  

L e t ' s  examine the kind of man who makes this piece of paper that enables 

someone e lse  to build the design, today i t ' s  often not one man, i t ' s  a team - -  a 

team made up of special is ts .  Today i t  doesn't always s t a r t  with the creat ive 

engineer,  the designer,  o r  inventor. It often moves back one stage to the systems 

designer,  who conceives a complete system and whoseproduct may  only be a 

paper specification which breaks the system down tq component pa r t s  so  that 

digestible bits can  be a s  signed to different designers .  

These designers  design pa r t s  in the sys tem which may go together 

properly if  the paper assigning the bits to these Designers was co r rec t .  F r o m  

these parts1 designs,  a model i s  built f rom sketches,  It seems inevitable that 

most  mechanical models a r e  fabricated on a Milling Machine f r o m  a solid block 

of stainless s teel ,  but i s  the development finished a t  this point - No ! The 

development has  not been completed until the Model Shop revisions and the t e s t  

resul ts  on the model have been fed back into the paper design. 

One of the commonest t raps  a t  this point is to have the models built in a 

fine Model Shop - a Model Shop with the bes t  of technicians - men capable of 

working f rom a description on the back of an envelope o r  f rom a waving of the 

hands. These highly skilled Model Makers can be the Designers wors t  enemy. 

By relying upon them and their  ability to make a working model regard less  of 

completeness of the drawing, by making working models and not utilizing the 

range of tolerances shown on the drawings, a Design Engineer i s  often deluded 

into thinking that he has  a proven product in his piece of paper - when, in fact ,  



he has only a working model and a paper design which will not permi t  that model 

to be reproduced by l e s s  skilled personnel. 

It i s  character is t ic  of Model Shop operations; to be over conservative in 

using bet ter  mater ia l s  than may be required 

finished a s  a gage for  the manufacture of the 

drawings'  dimensions and to, in general,  do 

fo r  the job; to use the f i r s t  p a r t  

mating par t  r a the r  than use the 

a splendid job in the tradition of 

the finest  Craftsmanship.  Without control this can add years  of high cos t  

manufacture to a production i tem. 

At some point, af ter  the model and design documents a r e  completed, the 

i tem i s  re leased  to the production operation where the Product Engineer,  the 

Methods Engineer,  Quality Engineers ,  and Production t r y  to l i teral ly  follow the 

drawings and specifications. There i s  seldom sufficient t ime a t  this point for 

any major  redesign effort. Minor substitution of mater ia l s  and substitution of 

castings o r  stampings f o r  milled pa r t s  i s  generally the extent of allowable 

effort. 

The product must  now be manufactured, tested and inspected: but, wait! 

so f a r  we have crea ted  a system, broken i t  down into bi ts ,  completed and tested 

the designs of the bits,  and placed them in production. Each bit and sub 

component i s  described on drawings and specifications; but, who has  read 

these specifications. Did the Systems Engineer? - -  No! He crea ted  an 

overall  specification which described the system; the Design Engineer ? - -  i t  

i s  doubtful - he doesn't have the t ime to even read the detailed specifications 

he i s  applying to the par t .  Some of you may  take i ssue  with this statement - 

I would like to show you one specific example : - 

-4 - 



Here  i s  a s imple  #6, 3 2  th read ,  F i l l i s t e r  Head Machine Screw - a 

s tandard  i t e m  which i s  u sed  in  many  of our  products .  It i s  a s imple  i t e m  in  

i t s  f inal  f o r m ,  however,  t he r e  a r e  thir ty-two Company specifications,  a 

F e d e r a l  Screw Thread  Standard Handbook and a F e d e r a l  T e s t  Method Standard,  

which apply to th is  s imple  s c r ew .  

These  var ious  documents a r e  used to control  the p r o c e s s  f o r  pass ivat ing 

s ta in less  s teel  - the p r o c e s s  f o r  cadmium plating - the m a t e r i a l s  that  a r e  used 

in  the p r o c e s s e s  - t h r ead  f o r m  - to le rances  - sur face  f in ish ,  e tc .  

Now, who applied these  specifications to th is  s c r ew  - in  fac t  - who 

selected the s c r ew  - w a s  i t  the Design Engineer  - a Designer  - o r  a 

Draf tsman.  Which one of the individuals who selected th i s  s c r ew  r e a d  all 

th i r ty- two specifications.  Surely,  t he r e  i s  room h e r e  fo r  a functional look 

a t  the requ i rements  f o r  fastening,  which th is  sc rew i s  intended. to s e rve .  

At the beginning of the century,  we had Civil and Mechanical  Engineers  

a s  well  a s  the new E lec t r i c a l  Engineers .  Then the efficiency expe r t  developed. 

He was  the fo r e runne r  of today's  Industr ia l  Engineer ,  P roduc t  Engineer ,  and 

Methods Engineer .  Today the exist ing c lass i f icat ions  of eng ineers  a r e  too 

long to enumera te .  Specialization ha s  become the o r d e r  of the day. 

Why br ing  fo r th  th is  new specia l is t ,  the Value Engineer  ? It i s  sa id  he 

ha s  a new and exclusive  tool which he u s e s  - the tool of "Value Analysis .  " 

What i s  th is  t oo l ?  I s  i t  r ea l ly  a new tool o r  is  i t  a plain old hatchet  which he 

u s e s  to cut  c o s t s  ? 

The Stone Age m a n  made h i s  axe f r o m  stone.  It  took h i m  days o r  even 



months to make a good axe,  The tools with which S o l ~ m o n  built his temple were 

made of bronze. Then came the i ron and steel axes.  The woodsman in the 

m r t h  Woods t r easu red  his axe above al l  his possessions.  He would not lend 

his axe o r  his wife, and in that o rde r ,  to anyone - even his bes t  friend. He 

sharpened his axe and honed i t  to a razor  edge. He prided himself on being 

able to cut more  wood with i t  than anyone within mi les ,  and yet i t  only cut wood. 

Today in the North Wods ,  the chain saw has replaced the axe. 

- - --ILLUSTRATION- - - - 

In the hands of the Value Engineer, the chain saw has replaced the 

hatchet. The chain saw has  many links and many teeth to bite deep and hard .  

The cutting edges on this new tool a r e  very  selective,  however, - they only cut 

mater ia l ,  pa r t s  and processes  which will not affect required functions ox 

ope rations.  

There a r e  a number of basic links the Value Engineer must  have in his  

saw a s  well a s  the others .  These basic. links a r e :  

1. Mater ials  

2, Tools 

3.  Equipment 

4. P r o c e s s e s  

5.  Standards 

6. Operation 

7. Functions 

8. Reliability 



9. Costs  

10. Market 

Abovg a l l ,  he mus t  keep his saw sharp  and well lubricated. No function 

in an  organization will l a s t  without the lubrication of understanding and g o ~ d  will. 

His saw will quickly deter iorate ,  rus t ,  and eventually fall  apa r t  without oil. 

Le t  us  pause before we go on and examine the basic links. 

1. Mater ials  - i s  an extremely important link. The propert ies  of 

Mater ials  must  be considered carefully. Our background knowledge must  be 

combined with expert  advice f r o m  Metallurgists,  P l a s t i c s  Engineers ,  P r o c e s s  

and Testing Laborator ies .  The link may be too heavy, can i t  be made of 

plastics ? There  a r e  many new mater ia l s  on the market .  Your knowledge of 

these and their  propert ies  must  be up to date. The chemis t ry  of mater ia l s  i s  

advancing a t  a te r r i f ic  r a t e ,  The R&D Engineer hasn ' t  t ime to keep up to date 

in this field. This i s  a fer t i le  field fo r  the Value Engineer to save money. 

P ick  a suitable mater ia l  - one that will save money. P ick  a suitable mater ia l  - 

one that will save processing labor.  

2 .  Tools - This i s  normally an expensive link - expensive in i t s  

f i r s t  cost  Q r  maybe in i t s  upkeep. But i t  may  pay to expend more  money in  

this link to save money in manufacture, assembly o r  testing of the product. 

Are  there standard tools adaptable to your use ? Can the pgrts  be 

changed to simplify your tooling ? 

Consult your Methods Engineers ,  Tool Designers and make your tool 

cos t  compatible with the quantities to be manufactured. 



3. Equipment - Is your plant equipped to handle, economically, the 

product to be manufactured? It might pay to invest in equipment to shorten 

manufacturing time. O r  possibly send the work out to a well equipped source.  

4. P r o c e s s e s  - New techniques, new processes  for  the manufacture of 

your links a r e  being developed almost  daily. You must be up to date on 

applicable techniques and processing possibilities. 

A good Value Analyst must  consult capable people in his  own company, 

he must  read  and read,  he must  talk and talk to  others  outside of his own 

plant. 

New processes  fo r  painting, plating, heat treating may cut processing 

time and give bet ter  resul ts .  

The worlds of organic mater ia ls  and modular construction a r e  just 

opening up. Get acquainted with them. 

5. Standards - If you can use standard links your product becomes 

cheaper.  The Value Engineer must  be well acquainted with all  standard i tems 

which a r e  available on the market  and keep his  eyes a l e r t  for  places to  use 

them to replace specially designed pa r t s  and equipment. Not ~ n l y  nuts, bolts,  

eyelettes,  washers ,  but dimensions and tolerances,  mater ia ls  and processes .  

They a r e  al l  documented - use them. 

Line your walls with standards - keep them before your eyes a t  all 

t imes.  Lea rn  to recognize where they can be used. Lea rn  to adapt 

assemblies  to use s tandard  fastenings, pa r t s ,  assemblies .  

6. Operation - As you view this link, look carefully at the 

construction. Maybe it i s  designed f a r  beyond i t s  requirements for  

strength. Check back to the drawings and specifications to make sure  it 
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will operate a s  specified, Are  the operating pa r t s  built to do the job ? Can 

bet ter  mater ia l s  be used to improve operation and cut cos ts  ? 

7 .  Function - Your link has a definite function to perform. Its 

function i s  called out in the specifications. Does i t  per form a s  specified? 

Then look fur ther  and see if the specifications call  out requirements  beyond 

the actual needs,  B i g  links and more  intricate links cost  more  than small  

links and simple links. Use the small  and simple links when these will 

pe r fo rm the actual function required. Read and study the specificatians, 

talk to R&D Engineers ,  Product  Engineers and a sk  a lot of questions. It 

may disclose the inclusions of nice secondary functions, nice to have but 

1 
not necessary ,  

8. Reliability - This must  be built in to every  link. If one link 

breaks the whole chain saw i s  use less .  The Value Engineer must  realize 

that he must  do nothing to jeopardize reliability. All changes and con- 

templated changes must  consider, "Is reliability being jeopardized?" 

You must  a l so  take a realist ic view of the reliability requirements .  

Does the purpose of the link and i t s  natural life justify a high expenditure 

fo r  grea ter  rel iabi l i ty? 

9.  Cost  - This i s  the major  link in the chain and yet cos t  cannot be - 
cut  without full consideration of a l l  the other  links o r  e lements  we have 

discussed. To fully analyze this link we need the help of Cost Accounting, 

Purchasing,  Inventory Control, and Methods. The Value Engineer mus t  

have an innate sense of cos t  of mater ia l s ,  and purchased pa r t s ,  and be 

able to d iscuss ,  intelligently, details with vendor d and manufacturers '  



representatives.  He must  seek out the lowest cost i tems to fulfill a l l  

requirements.  

10. Market - There i s  no use making links if  you cannot sell  them. 

The Value Engineer must  keep a close association with competitive a r t ic les  

on the market .  Is your saw sharper and more  effective than your competitors ? 

Talk to your marketing people. Are they striving for  a cer tain par t  of the 

m a r k e t ?  I s  your prodpct adapted to that section of the m a r k e t ?  Should i t  

be designed to cut a lot  of big t r ees  and l a s t  indefinitely? Or i s  i t  designed 

to cut a few small  t r e e s  in the course of a year  and sell  for  l e s s ?  Keep 

looking a t  your competitors product, i t  may  give you some good ideas.  He 

has probably gotten some ideas f rom your product. You can get many ideas 

f r o m  a l l  manufactured i tems you see.  Look them over carefully - see how 

other people a r e  saving cos ts .  This will be ope of the br ightest  links in 

your saw. 

The effective operation af a l l  of these moving pa r t s  in our chain saw 

i s  not dependent on one link - one person o r  one tooth in the saw - i t  i s  the 

coordinated action of many links - many people and much help f r o m  outside 

source s .  It i s  important then that the whole working unit be well lubricated, 

so that the squrces  of information, will not d ry  up. The function of the Value 

Engineer must  be defined and understood by al l  his sources ~f information. 

The motives of the questions and the insistence for  information must  be 

understood a s  a megns to an end and not be interpreted a s  c r i t ic i sm.  Much 

of the reaction to the Value Engineer f r o m  his colleagues will depend on the 

Value Engineer himself and the type of oil he uses .  
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What i s  our motive for creat ing a sys tem of Value Analysis ? Why do 

we bother with a chain saw, an, qxe always used t~ do the work satigfactorily? 

Why do we bother with Value Engineers - our previous engineering sys tem 

was quite sat isfactory? 

If you a r e  in the consumer product business,  your cwnpetition i s  

answering the questions for  you. They a r e  continually producing more  

desirable products a t  lower cost.  To stay in business ,  we must  use eve ry  

means a t  our disposal to improve our product - ta make i t  more  at t ract ive,  

more  durable,  and m o r e  serviceable,  a s  well a s  l e s s  expensive. 

If you a r e  doing Government work and have been comfortably living in 

the world of cost-plus-fixed-fee contracts ,  le t  me warn you that i t  i s  t ime to 

wake up and use a l l  of your modern tools - use a chain saw instead of an axe. 

Let us not be known a s  a generation of C P F F  Engineers and Manufacturers.  

I don't know how many of you have been working on CPFF type contracts,  

however, in the future there will be fewer.  

In a recent speech Rear  Admiral 9. E. Dodson said,  "The Navy i s  

vigorously pursuing a s t r ic t  policy of placing al l  possible procurement in the 

hands of competitive f i r m s .  . . Follow -on contracts will be fixed pr ice  

contracts .  . , . We feel  that our contractors  should suggest ways of reducing 

cos ts .  . . . Unless we control production cos ts ,  we will be hard  put financially 

to maintain the weapon sys tem we a r e  now producing. . , . The other Armed 

Service Units a r e  taking s imi lar  attitude s .  

It seems to be customary a t  affairs  of this so r t  for  the speaker to 

proceed to the front  of the room with a la rge  brief case  f rom which he drags  
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forth samples of i tems which he worked on, generally while he was with 

General Elec t r ic .  

In o rde r  not to disappoint you, I would like to show you an i tem f r o m  

my past.  In the ea r ly  19501s, I was a strong advocate of what called 

"Functional Engineering. " I was engaged in Re search and Deve l~pment  

in the fuzing field - the field which incidentally practically invented the 

t e r m ,  "Reliability. I '  This fuze i s  fo r  a Navy Rocket, It will withstand a l l  

of the standard Military environments plus the environments unique to the 

fuzing field such a s  impacts of 275 g ' s  repeated 1750 t imes  in each of three 

axis .  A for ty  foot drop on a s teel  plate without becoming dangerous, 

temperature and humidity cycles plus vacuum and s team pre  s su re  te sting. 

This fuze i s  completely hermetic  sealed af te r  loadinv by means of a solder 

seal.  

The safety mechanism inside i s  an acceleration integrating device 

capable of sensing accele'ration and arming a t  a constant distance whether i t  

i s  subjected to a 20 g o r  a 500 g acceleration. There a r e  approximately 

47 pa r t s  in the safety mechanism and instead of asking the Class  to gueps 

the pr ice of the safety mechanism, I would like to a sk  the ins t ruc tors  - - I 

hear  $12 - $6- No! This mechanism cost  l e s s  than $2 and was manufactured 

in the millions. 

I use this i l lustration to show that every  man i s  a layman outside of 

his own field.  When you enter  a field which i s  different than the one to which 

you a r e  accustomed, i t  i s  easy  to be wrbng in your cos t  estimation by several  

hundred p e r  cent. When you must  enter  such a field, get the advice of ap  
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expert  in that field. If possible,  use the serv ices  of vendors to that field - 

they a r e  available exper t s ,  but don't assume that anyone can  give valid 

est imates  in a field outside his own o r  that anyone can be an expert  in a l l  

f ields,  

Do Value Engineers  need any more  motive power to get them moving? 

Does Management ? No ! The need i s  the r e ,  in both commercial  and 

government work, There  i s  a broad field of activity to enter  and serve ,  A 

field in which personal satisfaction will be in accordance with your success  

and success  will depend on how well you have developed the ten links in your 

saw, and how well lubricated you keep it.  

In closing, le t  m e  again s t r e s s  the ten links in your saw: 

1. Mater ials  

2, Tools 

3 .  Equipment 

4. P r o c e s s e s  

5. Standards 

6 .  Operation 

7. Functions 

8. Reliability 

9,  Costs  

10. Market 

Remember that a l l  these l inks a r e  connected together and must  be wel l  

lubricatedwith understanding to be used together. A w e a k  link may cause the 

whole project  to fai l .  To succeed, a Value Engineer must  develop strepgtb in 

a l l  the links and operate his saw with discretion, 
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THE APPLICATION O F  VALUE ENGINEERING DURING DESIGN 

PRELIMINARY DESIGN STAGE (Proposal  Design Concept and Electr ical  Breadboard) 

Applied to the Equipment o r  System: 

Establ ish product cost target  for the production ra te  based on the actual o r  
anticipated selling p r i ce .  
Review the product specifications for  a r e a s  of high cost.  
Define the functions of the equipment. 
Determine which functions relate  to work o r  sel l .  
Determine what i tems in the product specifications a re :  

a .  Essent ial  
b .  Desirable 
c . Unnecessary 

based on the functions of the equipment. 
Evaluate the functions. 
Relate the functions and their  cost to operating v s ,  non-operating environ,- 
ment . 
Review the design concepts in relation to cost range, state of the a r t  and 
alternate concepts. 
Determine what scope of engineering work will be done by the Company, 
i .  e . ,  detail design vs .  sub-system o r  unit specification sub-contracting. 

PRODUCT DESIGN STAGE (Circuit  De sign, De sign Layout and Detail Drawings) 

Applied to Unit and Sub Unit, Assembly, Sub Assembly and Components o r  P a r t s :  

1 .  Review the cost ta rge ts  established in the P re l imina ry  Design Stage. 
2a. Sub-divide the above cost ta rge ts  for the equipment into ta rge ts  for the Units 

b.  Define the functions of the Units. 
c .  Evaluate the basic function of each Unit. 
d .  Develop alternate design concepts to pe r fo rm these basic functions, 
e . Evaluate the se  alternate concepts , 
f .  Develop al ternate  production approaches,  
g. Evaluate these al ternate  methods.  

3 a .  Sub-divide the above cost ta rge ts  for the units into ta rge ts  for the sub-units. 
b .  Define the functions of the sub-units, 
c .  Evaluate the basic function of each sub-unit. 
d.  Develop al ternate  design concepts to per form these basic functions. 
e . Evaluate these al ternate  concepts . 
f .  Develop al ternate  production approaches.  
g. Evaluate these al ternate  methods. 



- I.. 

4 % .  Sub-divide the above cost ta rge ts  for the sub-units into ta rge ts  for the 
assemblies  . 

b ,  Define the functions of the assembl ies ,  
c .  Evaluate the basic function of each assembly.  
d.  Develop al ternate  design concepts to per form these basic functions, 
e .  Evaluate these alternate concepts. 
f .  Develop al ternate  production approaches.  
g. Evaluate these alternate methods.  

5 a .  Sub-divide the above cost ta rge ts  for  the assemblies  into ta rge ts  for  the 
sub-assemblies .  

b .  Define the function of the sub-assemblies .  
c .  Evaluate the basic function of each sub-assembly, 
d .  Develop al ternate  design concepts to per form these basic functions. 
e .  Evaluate these al ternate  concepts,  
f ,  Develop al ternate  production approaches.  
g. Evaluate these al ternate  methods.  

6 a .  Sub-divide the above cost ta rge ts  for  the sub-assemblies  into ta rge ts  fo r  
the components and pa r t s .  

b .  Define the functions of the components and p a r t s ,  
c .  Evaluate the basic function of each component and par t .  
d .  Develop alternate design concepts to perform these basic functions, 
e .  Evaluate these al ternate  concepts. 
f .  Develop alternate production approaches.  
g. Evaluate these alternate methods. 

7 .  Review the cost ta rge ts  relative to layouts and detail drawings,  

PROTOTYPE AND DESIGN EVALUATION STAGE(Engrg. Model Construction & Test )  

Applied to the PreProduct ion Prototype: 

Obtain manufacturing cost estimate on the Engrg.  tes t  (preproduction) 
quantitie s . 
Obtain manufacturing cost estimate on production quantities. 
Compare the production cost estimate to the product cost ta rge ts .  
Evaluate other cost elements such as :  Equipment assembly & t e s t ,  main-  
tainability, serviceabili ty,  e tc  . 
Evaluate the functions from the standpoint of work and sel l .  
Evaluate second degree functions added for assembly and t e s t .  
Incorporate lower cost designs to meet  o r  reduce the established product 
cost t a rge t s ,  
Measure the effectiveness of the Product Cost Control P r o g r a m  and the 
Value Engineering contribution to this  program.  

Raytheon Co . - Value Engineering Services - June 16, 1961 



Eliminate redesign with this 

Here's how to find the lowest cost process for making a 
metal part, classified by shape; all basic metalworking 
processes are compared for two basic shapes, 

HOWARD L .  G .  LESLIE, executive vice president, Value Annlysis Inc 

E VERYONE knows (or is it an ar- 
ticle of faith?) that for making any 

particular metal part there is a best, 
o r  lowest cost, manufacturing proccss. 
The problem is time. Who has the time 
to research the 50 or 60 standard proc- 
esses (not counting the new ones that 
kecp cropping up) whenever he de- 
signs a part? And who haf enough 
data available to make a competent 
analysis? Besides, how d o  you srgan- 
ize such an analysis? 

This article shows how; it gives a 
method and enough data so that you 
can quickly examine every possible 
process, eliminate the inappropriate 
ones,, and narrow your search to a 

couple sf alternatives thar you can 
research in detail. 

Since the process for making the 
part depends primarily on the shape, 
basic shapes are grouped into cate- 
gories. The two categories shown on 
this page cover about 25% of all pos- 
sible designs. Accompanying each 
category is a table comparing the 
appropriate processes for size lirnita- 
tions, material, surface finish, toler- 
ance. and cost. 

The ihpsr tant  thing is the method. 
Additional data can always be com- 
piled by anyone wishing to complete 
the structisrc for a11 design shapes. 
But the method is a powerful tool 

which, when used in conjunction with 
other Value Engineering techniques, 
can meet the goals of value control: 
a better, less costly design within the 
time limits imposed on the designer. 

The method 

A simple step-by-step procedure lets 
you quickly examine all possibilities, 
eliminating inappropriate processes 
until only the applicable ones remain. 
These must be investigated in more 
detail before you make a final choice. 

Select the proper shape classification 
for your design from the illustrations. 

Eliminate all inappropriate proc- 
esses by referring to the table keyed 

I., Solid concentric shapes (refer to Table I) 



into your selected shape category. For 
example, if your part is solid and 
tube-like, the proper category would 
be Fig 1,  Solid Concentric, referring 
you to Table I (p 82). Chcck size, 
tolerance, and surface finish columns 
to eliminate processes which obviously 
do not apply. Classify the processes 
in three groups: looks good, marginal, 
and not applicable. Do not eliminate 
borderline cases became you may be 
overlooking a good bet since the data 
contained in the table become obso- 
lete every few months. 

Rate all applicable processes in a 
matrix. Across the top list the column 
headings-tooling, labor, waste, op- 
timum production, quantity - and 
down the left side list the "looks good" 
and "marginal" processes. Start rating 
with the optimum production quantity 
columns because this factor is based on 
all the other ratings. Once you elimin- 
ate processes that have a high cost for 
the desired quantity move on to other 
factors such as tooling, labor, material 
waste. Don't forget to consider any 
secondary operation that may be 
necessary. And, be sure to consider 
any new processes just coming on to 
the market. Do not reject a process 
just because you are not familiar with 
it. Evaluate all applicable processes. 
You may uncover one that will help 
you leap-frog your competition. 

Compare alternative processes. If 
appropriate, refer to Tables A and B 
(pp 86-89) for a closer look at the 
remaining processes. A few more can 
be eliminated at this point. 

Final selection must not be made 
until you evaluate the latest informa- 
tion on your alternative processes. You 

must obtain this information yourself, 
but at least you have narrowed your 
search to two or possibly three choices, 
and you now know what questions to 
ask. Here's where you must also con- 
sider "make" or "buy" decisions de- 
pending on availability of "in-house" 
equipment and the policy of your 
company. 

The data 
The selection guide charts (Tables I 

and 11) are keyed in with the shape 
classification illustrations (Fig. 1 and 
2). They serve as preliminary selection 
tables, listing every known process 
for their particular shape categories. 
Tables A and B compare some of the 
processes in finer detail. 

It cannot be overemphasized that 
because of continued improvements in 
various processes, the relative data 
provided here might be obsolete by 
the time you read it. What was a "spe- 
cial" job yesterday may be "standard" 
today. Here's what the columns mean: 

Process: Only those that provide a 
basic shape are listed. Processes for 
secondary operation, such as providing 
specific finishes, are not included. 

Typical size range covers maximum 
and minimum limitations under nor- 
mal conditions. Most processes can 
produce larger or smaller parts under 
special conditions, but price will be 
higher. For example, under the op- 
timum production quantity column, 
sand casting appears to cost more per 
piece than shelf molding in large 
quantities, yet engine blocks for the 
automotive industry are sand cast 
rather than shell molded. The answer 
is in the size of the parts. In this case, 

This article contains proprietary 
information extracted especially for 
PRODUCT ENGINEERING from the 
Volue Analysis Inc Value Control 
Design Guide. The Guide classifies 
all possible shapes for metal ports 
into eight categories and compares 
all basic manufacturing processes 
for making each category. 

We have selected two of the 
most common shape classifications 
and compare all appropriate proc- 
esses. 

Value Analysis Inc is a consulting 
firm founded five years ago by M r  
Howord L. C. Leslie, the author, and 
Jack K. Fowlkes. The firm now has 
offices in Schenectady, Chicago, Los 
Angeles, and London. 

the piece is larger than the optimum 
range for shell molding, so cost of the, 
shell process is higher. 

General tolerance shows the range 
that can be produced under normal 
operating conditions. Again, this range 
can be exceeded in most cases, but it 
will affect costs. 

Surface finish is a measure of 
roughness in terms of the arithmetical 
average of repetitive or random devia- 
tions from the centerline of the nomi- 
nal surface. Deviations include rough- 

2 .  Spiral shapes, repetitive, irregular concentric (refer to Table PI) 



Table I.. Processes for solid concentric sha 
(For additional process comparisons, see later tables referenced by letter) 

PROCESS See 
table COMMENTS TYPICAL SIZE RANGE 

IN. 

Sand Usually requires 
machining 

Die A For  intricate shapes; 
non-ferrous alloys 

Centrifugal For long or large 
hollow shapes 

Permanent For aluminum, gray 
mold iron, copper alloys 

Under 1 Ib to foundry 1/16 to  
capacity '43 

Under 1 oz to  30 Ib 0.002 to  
0.010 

2 ID x !4 in. wall to 54 1/16 to  
OD x 342 in. Ig; 1000 Ib % 

Under 1 lb to 300 lb 0.010 to 
0.030 

Shell Close tolerance, 
molding excellent finish 

25 Ib avg; under 1 lb to  
200 1b (0.0020 in. slot) 

Investment For intricate shapes, 
hard-to-machine metals 

Under 1 lb to 1001b; 
avg less than 10 Ib 1 

Plaster mold Similar to 
permanent mold 

Under 1 Ib to 15 lb; to 
12 x 18 x 4 in. flask 

Die forging Increases steel strength; I Under 1 Ib to 
for high stress parts 1000 lb 

Powder W Best for part5 Under 1 Ib to 8 in. 0.001 to 
metallurgy under 4-in. dia dia x 8 in. Ig 0.005 

Impact Aluminum, zinc, copper, Under 1 lb (0.004 in. 0.0005 
some steel parts wall) to 5 dia x 12 in. to 0.002 

- 

Continuous P1 For complex cross- / 0.050 in. section to 0.003 to 
extrusion section contours 12 in, dia 0.020 

I 

Die rolling B For long narrow parts; 1 % to 75 in. lg; 1/64 to 
(hot) requlres machining 23 in.' cross section 3/32 - 
Hot I For complex, small 1/16 to 10 in. dia; t o  0.003 to 
upsetting parts; requires malling 8 in. Ig 1/32 

Rotafy B Excellent for 1/16 to 4 in. rod; 0.00 1 to 
swag~ng symmetrical parts to 7 in. tubing 0.010 

- 

Cold heading 1 High prod, exacting I 0.020 to I in. dia I 0.002 o r  
tol, metal improve x 9 in. Ig bettei- 

Vertical For large parts, 

I L 4 in. dia to 6 ft dia 0.001 to 
turret lathe small quantities table 0.015 

horizontal General machining; low % in, to 3 ft dia 0.100 €a 
turret lathe to medium production x 8 ft lg 0.0 15 

Automatic For small parts, 1/16 to 2 in, dia 0.0005 to 
screw machine high production 0.003 

I 

Swiss screw I Small precision parts. 1/32 to M in. dia 
\ machine excellent finish 

I 

Crush grinder High prod, precision I 1/16 to 16 in. dia 
parts, axc to1 c o a t ~ d  x 80 in. I 0.0001 o r  

less 



.- 

SURFACE 
FINISH, 

MICROIN. 

RELATIVE PROC 



Under P lib to 300 Bib 
~ 8 

Shell Close tolerance, 25 Ib avg; under P !b to I 0.005 to 
molding excePBent finish I 200 ib (0.0020 in. slot) 0.015 

Plaster mokl 

Increases steel strength; 1 Under 1 ib lo I 0.008 to 
Die forging I I for high stress parts BOO0 Pb 96 

W d e r  1 Pb to 8 id. 

For complex cross- 
section contours 

For Bong narrow parts; 1 !h to 75 in, Ig; I 1/64 to * 

requires machining 23 in.2 cross section 3/32 

I Stamping I I Good uniformity; 
high productios~ ! 0.010 to % in. thick; I 0.001 to 

?4 in. wide up 0.010 

I Broaching 1 I For high prod; excellent Under 36 up Bas 90 h. I 0.0005 ts 
tolerance control I broach length 0.003 

Electro 
forming 

Milling I Very flexible Wide range, limited / by fixtures 

W 

I Con,tour High speed has greatly ! Light sheet to 0 in. 
saw~ng increased potential plate I 0.005 up 

Extreme accuracy for / 0.005 in, or less to M 
thin sections , 1 

I Swiss screw 1 I &all precision parts, I 1/32 to M in. dia I 0.0002 to 
machine excellent finish 8.001 

in. section (built up) Note f 

Crush grinder I I High prod, precision 
parts, exc to8 control 

Gear shaper 

0.014 to 16 in. dia I x 80 in. 

a Thread and I I -  1/16to P2in.dia I 0.OOP or ' form rolling less 

Por high production 
gears, splines, dovetails 

I li I ---- 
Note P I  0.020 Bn. wall thickness, 0.0001 In. part to part duplication. 
Note 2: 0.001 Po 0.003 in. copper pee $5 he; 8.Wl to O.W3 in. Ni-iron pea. U PUP. 

B to 120 in. dia 
gears; 6 in. face 

. 
0.00 P to 
8.005 



f High 

i 



Short hollow tubes 
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Table B . . Comparison of forging, swaging, extruding and 

I PROCESS METHODS 

drop hammer 

Steam 

press 

Hydraulic 

Gap mill 

Open die L I Hot 
upsetting 1 :;Ling I Cold Cold 
heading I heading I Extrusion Continuous 
(hot) I 

I 
:o~MEfi~s /I MiY M m R t M  rvPicAl. sszE AAiYct BoLERAbct, IN, I 

B I 

200 to PO00 Ib impact; 
For parts to 15 8b Under B lb PO 100 8b 

1/32 Po !& 

A11 forgeable 
metals 

for cu, brass, aP 

IOO to 18,000 tons 
for large, deep cyl pnrts I 1 

1 1/2 dia x t !h  in. fa 1 %-6 1 to 5 x 96 in. - I I 
1 

Simple or intricate long Al, cu, mag, 3/ 86 x P/2 in. cross sect 0.005 to 
hollow or solid parts and steel alloys to 8 or 12 in. circle 0.020 

oval, scg, round 

mess, waviness, Bay, and flaws. As in 
the case of tolerance and sizes, surface 
finish given here is under normal con- 
ditions and can be exceeded in many 
cases for a pfemium. 

Pieces pr hour is shown as a range 
because many factors can influence 
the rate. 

Tooling costs include setup, tools, 
and all other expense items to produce 
the part. The position of the vertical 
bars shows relative ranking of tooling 
costs on an arbitrary scale. A bar at 
the left side of the column means that 
tooling cost is Pow; a bar at the right 
side means tooling costs are high rela- 
tive to other processes in this produc- 
tion range, 

L s h r  cost means all direct Pabsr 
costs, including costs suck as cleaning. 
It does not include setup costs. A ver- 
tical bar on the left means labor costa 
per piece are low; a bar on the right 
means costs are high. 

Material waste is based on the more 
common materials like carbon steel, 
ordinary aquminum, zinc or copper 88- 

Poys. This factor becomes significant 
when high-priced or difficult-to-mat- 
chine materials such as titanium, beryl- 
lium, and stellite are used. Even though 

some wiste'carr be reused, i t  was not 
factored into this ranking. 

iln prod~~c8908~ quantities show the 
output range that is optimum for the 
process. Within  his range you will 
find the minimum price per piece. 
Output ievels e f  10. 100, 1800, 80,- 
000, and 100,000 are listed. Remem- 
ber, the vertical bar shows relative 
ratings under normal conditions. Costs 
will increase whenever the part. ex- 
ceeds otle of the normal factors for 
the process: size, tolerance, searface 
finish. etc. 

LBWOR'S NOTE: Future artscles 
in our alternative processes series will 
cover various manufacturing processes 
in detail. Next issue will include an 
article on shell molding and coring. 
Other processes to be covered shortly 
are welidmefits and powder metaBBurgy. 

This special report is the second 
article in our current series on the esw- 
cepts and pracPicaB applications off 
Value Engineering. Next article' in the 
series will be a teaching program [ s h b  

Par to Binary Logic series) called First 
Lesson in Value Engineering. It will 
introduce and teach a fundamental 
technique in VIE. 

For more information on Value En- 
gineering, see these earlier articles: 

What VE cam do for you, Sept 36, 
'63, p 52-Value Engineer'ng is cost 
prevention-not Just cost \ r duction; 
the techniques used to guide yoh into 
asking the right questions. 

A practkail approach to vs%w onaly- 
sls, Feb 5 '62, p 67-What causes poor 
value? How can these causes be elimi- 
nated? 

Why and how to compute VE sav- 
ings, Aug 7 '68, p 86-To prove the 
savings before the fact isn't easy. Here 
are approaches Po document the ecs- 
nomics. 

Value--the smei'ghg emphasis in 
design, May 115 '61, p 79-A special 
report on present and h tu re  potential- 
ities s f  specialist services in diesigh era* 
gineering-reliability, value analysis, 
value engineering, quality assurance, 
etc, based on interviews with and com- 
ments from some $0 executives and 
engineers. 

--Frank Hal! 



heading prsoeslsless R t 

Hollow concentric shapes 

I Hollow or solid non-eoncentric shapes / 

More to come 
These two shape categories 

will be the basis for a second 
special report offering tablh,, 
s i d a r  to Tables H and BP in a 
forthcoming issue, Each table 
will show every applicable pro@- 
ess with comments, typical size 
range, tolerances, and surface 
finish, along with graphical cost 
data on toolirig, labor, and waste 
for a full range sf production 
quantities. 

Pn addition, process compari- 
sons will be tabulated as in 
Tables A and B but for milling 
and sheet forming. Relative prsc- 
ess m t s  will be presented 
graphically. 



Reprint  From June 1958 Issue O f  

Electromechanical D, si gn Wagazine 

In value engineering every material, every part, 
every operation in a design must pass these tests. 

Can we do without it? 

Does it do 'more than i s  required? 

Does it cost more than it's worth? 

Is there something better to do the job? 

Can it be made by a less costly method? 

Can a standard item be used? 

Considering the quantities used, could a less 

costly tooling method be used? 

Does it cost more than the total of reasonable 

labor, overhead, material and profit? 

Can someone else provide it a t  less cost with- 

out affecting its dependability? 

If It were your money, would you refuse to 

use it? 

If the answers to any of these questions is yes, 
then you are not getting good value. 

What is value engineering? In simple terms it is a technique 
for providing accurate yardsticks for measuring the true 
value of everything that goes into a product before pro- 
duction investment is made. It involves objective appraisal 
of equipment, systems and programs to achieve essential 
requirements of a product at lowest pwsible cost. It ap- 
praises a design in terms of the question: "Is it worth it?" 
It measures the value of each piece of material, each part, 
each component that goes into a product befo e the design i is finalized. It is not only an important tool of cost informa- 
tion for engineers, it is also a way of looking a t  design 
problems to obtain new ideas for doing a job at less cost. 
The value engineering approach is characterized by five 
questions applied to each item of cost. 

e What is it? 
0 What does it cost? 
o What does it do? 
e What else will do the job? 
0 What will that cost? 
As an example of how these questions may be applied to 

a specific item, consider an ordinary cap for a fire hose. 
I t  consists of two pieces, each of which is secured to 
opposite ends of the hose. What is it? A brass casting, 
threaded, and slotted for hand gripping. What does it do? 
It keeps dirt out of the hose. What does it cost? A little 
more than $2.00 for each cap. What else; will do the job? 
From a specialty supplier we obtain neoprene caps. What 
do they cost? $0.50 each. These caps will do the job of 
keeping dirt out of the hose. Now, apply a little creative 
thinking. What do we usually do to keep dirt out of our 
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lawn sprinkling hose? You guessed it. We couple the two 
ends together. Now we have accomplished the required 
function at no cost. 

Answers to these basic questions are obtained by use of 
value engineering techniques, systematically performed in 
a value engineering job plan. 

These techniques will be taught in a series of one-day 
seminars presented by the Industrial Education Institute of 
Boston, Mass., in cooperation with industrial organizations 
and government activities in major cities throughout the 
country. Special emphasis will be given to dramatic savings 
from these techniques achieved by BuShips of the U.S. 
Navy, General Electric, Philco, Raytheon, Westinghouse, 
Stromberg-Carlson and Ford Motor Co. Instructors will 
include Albert Sikorsky, Value Engineer, BuShips, USN; 
Jack Scheinman, Advisor to Small Business Administra- 
tion; and Bernard Eades, Chief Value Engineer, Strom- 
berg-Carlson. 

Background of the development of value engineering, 
some of its techniques, and examples of its application 
were described to us by Mr. Sikorsky. 

BACKGROUND 

The concept of value engineering, Mr. Sikorsky said, arose 
out of a search by the Navy Bureau of Ships for a way to 
combat rising costs that were pricing them out of a proper 
defense build up. Surveying industrial approaches to cost 
reduction, the Bureau found the value analysis program at 
the General Electric Co, to be adaptable to their needs. 
They applied the GE analytical approach to obtain value 
appraisals of equipment during its design and development. 

The early application of value engineering within the 
Bureau, its Naval Shipyards and then with pti+a)te ship- 
building contractors encouraged them to apply R in* their 
procurement contracts for electronic equipment. The volun- 
tary establishment of value engineering departmenbs by 
many of the Navy's contractors was evidence to the Bureau 
that value engineering is a profitable management-engi- 
neering tool for private industry as well as the miMary. 

TECHNIQUES 

Value engineering uses at least seventeen wen-defined 
techniques. Mr. Sikorsky described four of t he  most im- 
portant for us. 
a Get the Facts and Know the Cost. Question require- 

ments, specifications and design details that appear to be 
unnecessarily restrictive or are not essential. Establish the 
cost of each component, including the price of procurement, 
maintenance and operation. If properly done, this teehnique 
brings into sharp focus the high cost areas to be given 
attention later on. 

As an example, consider the facts of cost in the practice 
of treating electronic equipment with fungicide spray. This 
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practice came about during World War II when many of 
the Bureau's electronic equipment components were made 
of organic materials, and as such, were fine nutrients for 
fungus. Under certain conditions of temperature and hu- 
midity found in many combat areas, fungus would attack 
these materials and destroy their usefulness. The spray 
treatment was an effective way of fighting this destruction. 
After the war, the electronics industry deveIoped inorganic 
materials now universally used in electronic components. 
These new materials don't support the growth of fungus 
under any conditions. Yet, until quite recently the Bureau 
was still using the spray treatment. Those who opposed its 
continued use ran into the argument that the spray treat- 
ment afforded some measure of insurance, "just in case 
someone laced a cable with cotton cloth" and furthermore, 
"it obviously doesn't cost much." Just hon~ much was the 
Bureau paying for this insurance. The average annual 
expenditure was found to be $350,000. Obviously this was 
too much to pay for a function that was rarely performed. 

B) Evaluate the Function. Try to describe function using 
just a verb and a noun. Determine the primary function 
and then list the secondary function. For instance, a small 
transformer cover used in a very large quantity was found 
to cost $0.42. The primary function of the cover was to 
provide shielding. A film of paint applied to the cover 
served a secondary function to resist corrosion of the metal 
cover. When costs were detailed, it was found that it cost 
$0.17 to make the metal cover that provided the primary 
function, but it cost $0.25 to paint the cover to satisfy the 
secondary function. It seemed Iogical to try to make the 
secondary function less expensive. In answer to the question 
what else will do the job, it was found that corrosion pro- 
tection could be achieved by chemical treatment of the 
cover at only $0.03, a 53 percent reduction in total cost. 

a Evabcate by Con~parison. Compare the function and 
cost of one item with the function and price of something 
comparable. You do this every day. You compare the cost 
of clothing, transportation and so forth. Once you have 
decided on what you need, you choose a way or a thing 
that satisfies your need at the lowest cost. Mr. Sikorsky 
illustrated this technique applied by the Bureau in a study 
of a military receiver. By comparison, this receiver was 
priced at twice the cost of another that was considered by 
many to be equally as good. It contained many expensive 
features including a complex system of projecting a fre- 
quency dial reading on a frosted glass. This system con- 
sisted of a projection lamp, plus a spare in case the one 
in use burned out, a lense and a mirror that reflected the 
dial image on the frosted glass attached to the front panel. 
Even the function of using the spare projection lamp was 
intricate. When the lamp in use burned out, you merely 
twisted a little lever and the spare would move into position 
to do its job. No doubt someone had considered the hn- 
portant factor of maintenance when he designed this intri- 
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cate little feature, but lie forgot that people didn't bother 
to replace a lamp until both had burned out. The little 
unit cost well over $200.00, and added to the overall com- 
plexity. By comparison, a single straight-forward frequency 
dial would have cost one tenth the price and would have 
performed the same job. The elimination of the extra parts 
would have added to the receivers reliability. 

e Creative Thinking. This technique is an obvious re- 
quirement in the solution of any type of problem. Obvious 
or not it belongs on a check list of value engineering tech- 
niques as a reminder of its importance. An example of how 
value engineering highlights creative thiuking is illustrated 
by the Navy's new method of securing electrical cable 
aboard its ships. The old method, standard practice for 
many years, was to form individual black iron straps to fit 
the shapes of various cable runs. A master electrician con- 
ceived the idea of applying the technique of metal strapping 
so commonly used in commercial packaging. The idea lay 
dormant until value engineers determined the cost savings. 
NOW the method is universally used in the Navy. In the 
conversion of one large aircraft carrier this new method 
saved well over $100,000. 

JOB P L A N  

In applying his techniques, the value engineer uses a 
step by step approach, called the job plan, as guide lines 
in planning and carrying out a project with efficient use of 
time and effort. With these phases to guide him he  will 
avoid the trap of holding out for a perfect solution. 

Information Phase. Define well the various functions and 
costs and determine the high cost areas that need attention. 

Speculative Phase. Attack the high cost areas and propose 
alternative ways of doing the job. 

Planning Phase. Select the best of the alternative solu- 
tions for final processing. 

Execution Phase. Prove the value of the selected alterna- 
tives, i.e., show that they do the required job at less cost. 

Reporting Phase. Properly document the technical and 
cost data to support acceptance of the alternative ways 
chosen. 

CAUSES O F  H I G H  COSTS 

Before the Bureau applied value engineering to its pro- 
curement contracts for electronic equipment it conducted 
a study to find out why its equipment was costly and over- 
complex. For the answers they went directly to their con- 
tractors who gave them three very good reasons. 

The first reason given for high cost was the Bureau's 
specifications. The military applies general specifications 
lor shock, vibration, and premium materials across the 
board to safeguard their equipment from every conceivable 
mishap. When applied to certain equipment, these speci- 
fications contribute nothing except cost, complexity, size 
and weight. Quite often the environmental conditions from 
which the equipment is protected by these specifications 
simply does not exist at points of installation. 

The second reason given for high costs is lack of time 



in development contracts. Every early clesign such as a 
developmental model, contains a certain number of design 
features that can be simplified, eliminated or redesigned 
for reasonable cost if time is allowed for a fresh second 
look. Too often the cost and complesity for meeting a 
requirement is not justified by the marginal technical ad- 
vantage it provides. 

Using an acceptable developmental model as a guide for 
production specification is general practice. The specifica- 
tion writer hesitates to deviate from the developmental 
model, afraid the equipment coming off the production 

line will not meet the original performance requirements. 
For this reason, Mr. Sikorsky said, every effort must b e  
made to remove the high cost and over complexities in the 
design before prcduction specification is written. 

The third and probably biggest reason given for high 
cost is lack of incentive. Contractors who have proposed 
a relaxation of military specifications have sometin~es been 
penalized by having the resulting savings subtracted from 
the contract price. In some cases, the contractor's profit, 
which is based on a percentage of total contract cost, is 
also lost to  him. Contractors are well aware of this possible 
penalty and consequently shy clear of any suggestion that 
might save the government money. 

P R O C U R E M E N T  C O N T R A C T S  
I N C L U D E  V A L U E  E N G I N E E R I N G  

With these khree reasons for high cost in mind the Bureau 
set out to apply value engineering in its procurement con- 
tracts. They established a specification for value engineer- 
ing of naval electronic equipment, which required the con- 
tractor to conduct value engineering study of all the 
elements of design, construction, procurement, installation 
nnd maintenance of an equipment, including the specs -  
cations, to achieve only necessary functions, maintainability 
and reliability at  minimum costs. 

The contractor is required to perform the value engineer- 
ing study before going into production. Even before he  
produces any parts, sets up  his tooling or assembly lines, 
he has to submit value engineer proposals to  the Bureau 
for evaluation. The approved proposals are then applied 
in the form of specification changes. The cost of the value 
engineering study is borne by the Bureau as part of the 
overall contract cost. An incentive to d o  a good job is 
oifered the contractor in the form of a share of the resulting 
savings. The share will vary from 10 to 40 percent of the 
savings depending on the quantities of equipment procured 
and the total dollar cost of the contract. 

Value engineering proposals submitted to the Bureau 
involve only changes in specifications or contractual re- 
quirements. All savings made to improve efficiency within 
the specifications are retained by the contractor. 

The second value engineering seminar will be  held in 
Chicago, Tune 25th a t  the Sheraton-Blackstone Hotel. For 
more 2nfdrmation on future value engineering seminars, 
write to Mr. Terome Glass. Industrial Education Institute. 
25 ~ u n t i n g t o n  Ave., ~ o s t o n  16, Mass. 

- 
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CREEP 

by Robert I,. Dixon, Ph.D., CPA 
Pro fes so r  of Accounting 
Univers i ty  of Michigan 

Creep occurs  when a vusiness  moves, slowly o r  speedi ly ,  i n t o  a r eas  not  f u l l y  
explored.  bhen t h i s  happens, a l o t  of problems a r i s e .  Do you want t h e  e n t e r -  
p r i s e  to c reep  away from i t s  o r i g i n a l  purpose o r  s i z e ?  Hzve you s e t  up your 
organiza t ion ,  csontrol f a c i l i t i e s ,  records ,  t o  enable  you t o  d e a l  wi tn  t h e  
spontaneous neq./ c r e a t u r e  your company can come to be? Creep i s  almost a lweys 
found i n  succes s fu l  companies, though it i s  sometimes t h e  cause of f a i l u r e .  
The accountant i s  t h e  b e s t ,  o f t e n  t h e  only, person a b l e  t o  d e t e c t  c r eep  he 
may be t h e  peIscon t o  deal. w i t h  t h e  problems c r e s t e d .  

A BUSINESS EFTERPRISE, t y p i c a l l y  is  e s t a b l i s h e d  f o r  a l i m i t e d  purpose, such 
?s  t h e  product ion of n s i n g l e  product o r  product Croup, t h e  product ion of 
s e r v i c e s ,  o r  t h e  marketing of c e r t a i n  products .  Usually t h i s  n e w l y - e s t a ~ l i s h e d  
e n t e r p r i s e  i s  simple i n  form, wi th  spec i a l i zed  o b j e c t i v e s .  The p r o f i t  motirre 
leads  t o  j t ~  c r e a t i o n ,  and it i s  expected t h a t  p r o f i t  w i l l  be  r e a l i z e d  -throu,& 
pursu i t of ',ki E s p e c i a l i z e d  a c t i v i t y .  

The c:Jce h i s t o r i e s  of some of t h e  l a r g e r  corpora,t ions,  on t h e  o the r  h&nd, doul-d 
undouo terli,?,, s h o ~ ~  t h a t  a cons iderable  p r o l i f e r a t i o n  of a c t i v i t i e s  zcrompanies 
t h e  ai: in(; r o c e s s  . 
The o d d i t j  on of new a c t i v i t i e s  t o  t h e  one of i n i t i a l  s p e c i a l i z a t i o n  appears  i n  
var ious  wkys. Commonly it w i l l  zppear i n  t h e  form of i n t e r g r a t i o n  throuzh 
t ak in ;~  on t h e  product ion of component p a r t s  formerly de lega ted  t o  o u t s i d e r s ,  
or t h r o u c h  ez tendin~g back t o  t h e  product ion of r a w  ma te r i a l s  f o r  use i n  t h e  
p l a n t .  The s a l e s  nrga.nization may be expanded t o  inc lude  who les~ l inc ;  ~ c t i v i t i e s  
and may even b e  extended forward t o  inc lude  ownership and ope ra t ion  of r e t a i l  
o u t l e t s .  T h i s  process  may at the same t ime be rccompanied by a h o r i z o n t a l  
expansion of a c t i v i t i e s  i n  which a n  a r r a y  of new products i s  added t o  t h e  
o r i l : i na l  s p e c i a l t y .  Tn f a c t ,  t n e  expansion, d i i e r s i f i c c t i o n ,  ~ n d  p r o l i f e r a t i o n  
may reach  the s t a g e  where t h e  o r i g i n a l  ob jec t ive ,  through t h e  m u l t i p l i c a t i o n  of 
s i d e  a r t i v i t i e s ,  has become a n  obscure element i n  t h e  t o t a l  a c t i v i t y  of the 
corjior:~ t i o n .  

GoFnp, alon(5 wi th  t h i s  elrpansion process one i s  l i k e l y  t o  f i n d  another ,  l e s s  
spec taculvr  but none t h e  l e s s  s i g n i f i c a n t ,  f a c t o r  l ead ing  'LO t h e  v a r i e g a t i o n  
of e n t e r p r i s e  a c t i v i t y .  This  i s  t h e  piecemeal attachment of r e l a t i v e l y  minor 
, j c t i v i t i e s  of s e r / i c e  and supply. Ed,arnpl.es of t h i s  a r e  t h e  es tab l i shment  of 
n d e p r t m e n t  f o r  t h e  product ion of t o o l s ,  3, department f o r  t h e  maintenance of 
machinery and e l e c t r i c a l  equipment; a department t o  s e r v i c e  company-owned t r u c l ~ s  
and  ou2,omobi.l-es: s n  engineerin: department n l e g a l  department a ca rpen t ry  
and  uphols te r ing  shop: a p r i n t i n g  shop, and s o  on. 

I n  mmy ins tances  t h e s e  accouterments o r e  not added f u l l  grown a s  t h e  r e s u l t  of 
:I l'orma 1 ,~na l -ys i s  and dec i s ion ,  but r a t h e r  t hey  edge into t h e  p i c  t u re ,  s t a r t i n g  
w i  t h  thc i n c i d e n t a l ,  p~rt-1,irne a c t i v i t y  of olle o r  more empLoyc.es, but end in^ up 
I 1tc:r :is f'ul-1 -Yled;yd dc! ar tmcnts  of the pL:~nt. 
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I n  o the r  i n s t ances  t h e s e  added a c t i v i t i e s  a r e  undertaken because they  seem t o  
o f f e r  cos t - sav ing  oppor tun i t i e s .  The reasoning  i s  s0mewha.t as fo l lows:  because 
we have an  e s t a b l i s h e d  p l a n t  and o rgan iza t ion  a n  important  p o r t i o n  of our  c o s t s  
is  p r e t t y  w e l l  f k e d  t h e s e  c o s t s  w i l l  go on a t  approximately t h e  same l e v e l  
whether our  p l a n t  is f u l l y  o r  only p a r t i a l l y  used,  it fo l lows  then  t h a t  we can 
add odd Jobs he re  and t h e r e ,  c a l l  them s i d e l i n e  o r  s e l f - s e r v i c e  a c t i v i t i e s ,  
without causing increases  i n  t h e s e  f i x e d  c o s t s .  I n  f a c t ,  i n  o rde r  t o  determine 
whether we should provide our  own s e r v i c e s  and supp l i e s  i n  a p a r t i c u l a r  case ,  
we need cons ider  only t h e  v a r i a b l e  c o s t s  of our  e x i s t i n g  organiza t ion ,  t h e  
v a r i a b l e  c o s t s  of t h e  added a c t i v i t y  and, i n  cases  where new equipment and new 
permanent personne'l a r e  requi red ,  c e r t a i n  added f i x e d  c o s t s .  But t h e  bulk  of 
t he  f i x e d  c o s t s  can be  ignored s i n c e  they  w i l l  not  be a f f e c t e d  by t h e  a t t a c h -  
ment of t h e  a d d i t i o n a l  ope ra t ion .  I n  many cases  when t h e  a d d i t i o n  of a new 
a c t i v i t y  is be ing  considered,  t h e  managementmay go s o  f a r  as t o  exclude over-  
head cos t s  al.togel;her i n  t h e  computation of t h e  c o s t s  t o  be added. They reason 
t h a t  add i t i on  of ,sew a c t i v i t y  should not  r e l i e v e  t?le o l d  a c t i v i t i e s  of any 
overhead c o s t s .  

TJnder t h e  circum!;tances of t h i s  kind of c o s t  c a l c u l a t i o n  few vendor b i d s  may 
hope t o  be succe;sful ,  s i n c e  by t h e  s e l f - s e r v i c e  a c t i v i t y  not  on ly  a r e  t h e  
middlemen's p r o f i t s  and t h e  d i s t r i b u t i o n  c o s t s  e l imine ted ,  b u t  a l s o  t h e  ou t -  
s i d e  producer 's  p r o f i t s ,  and even, i n  a sense,  t h e  producer 's  f i x e d  c o s t s .  I n  
f a c t ,  t h e  s i tua- ; ion p r a c t i c a l l y  o f f e r s  a bonanza f o r  t h e  manufacturer.  The 
added a c t i v i t i e s  appear t o  be r e a l  ba rga ins .  

We are a l l  awal-e of t h e  a d v e r t i s i n g  s logan,  D i rec t  from t h e  f a c t o r y  t o  you, 
bu t  here  we arz ab1.e t o  go one s t e p  f a r t h e r ,  i n  e f f e c t  b r ing ing  t h e  f a c t o r y  
r i g h t  i n t o  t h e  home. 

Tn some cases  t h e  oppor tuni ty  f o r  c o s t  sav ing  i s  so  obvious t h a t  t h e  s e l f - s e n i c e  
a c t i v i t y  i s  allowed t o  develop, o r  i s  taken  over  i n  t o t o ,  without any pre l iminary ,  
formal c o s t  s t u d i e s .  

But i n  o t h e r  ca ses  t h e  margin of sav ing  may not  be so  obvious, and t h e  cos t  
nccountant may prepare d e t a i l e d  c o s t  s t u d i e s .  I n  t h e s e ,  i f  he fo l lows  t h e  more 
orthodox theory ,  h i s  r e p o r t  w i l l  be  based on t h e  es t imated  incremental  c o s t s ,  
r a t h e r  t han  t h e  t o t a l  c o s t s ,  of t h e  added a c t i v i t y .  

CREEP FACTORS 

It w a s  noted above t h a t  minor s i d e  a c t i v i t i e s  t end  i n  some cases  t o  ed[;e i n t o  t h e  
opera t ions  of e bus iness  f i r m  where no s p e c i a l  thought has  been given t o  t h e i r  
sho r t - run  o r  long-run e f f e c t s  upon c o s t s  and e f f i c i e n c y  it is  a l s o  t rue ,  however, 
t h a t  such a c t i v i t i e s  a r e  f r e q u e n t l y  added by p o s i t i v e  a c t i o n  on t h e  h s i s  of 
c o s t  s t u d i e s .  

f i t t en t ion  i s  d i r e c t e d  t o  t h e  proposed exc lus ion  of f i x e d  c o s t s  i n  t h e  dec i s ion -  
ma i n g  process .  Ce r t a in  observa t ions  with r e s p e c t  t o  t h i s  exc lus ion  appear t o  
i ~ e  i n  o r d e r .  

F i r s t ,  Lf t h e  company i s  i n  a p o s i t i o n  t o  make permanent add i t i ons  t o  i t s  s i d e  
: ~ c t i v i t i e s  without sdding t o  i t s  f i x e d  c o s t s ,  something must be ou t  of o rde r .  
F i i e d  c o s t s  r e f l e c t  capac i ty  t o  opera te ,  and they  appear throughout t h e  e n t i r e  
i~u:;i.ness o rgan iza t ion .  Evident ly i f  t he  f i x e d  c o s t s  can be ignored i n  such a 
(, ,  I cul .ation, t h e  company i s  overequipped and o v e r s t a f f e d  for. i t s  re~u . l :w  work. 



'i'liLrd, r+r/uiprv:r~t t o  ,,o:r,c:  tent, arid h u m n  beirj&s t o  a cons iderable  e,ctent ,  
a r e  ~ : J ~ : J ? J ~ F ;  of bc ine  prensefl  beyond capac i ty  l i m i t s  f o r  per iods  of  t i x e ,  b u t  
t-io,/or~rl. the:,c t i r n r :  li a i t n  something a u s t  be done t o  r e l i e v e  thern. 

F l n a  Lly, j 1' i d l e  r::lpac:itjr does t e r ~ p o r a r i l y  e x i s t  throughout t h e  cccpany, t n e  
r~ddiLiori or $ : ~ t , r o c u r r i c u l o r  a c t i v i t i e s  may s o  pre-empt t h a t  a v a i l a b l e  t i n e  
t,hclt i t ,  ~i 11x2 d i f i ' i c u l t  t o  r e - c s t a b l i o h  f u l l - t i m  r e g u l a r  opera t ions  :~kien 
b~~::irrr:::u r:orrdi .ion-, come back t o  normal. 

1\11. o r  l,hl ,, :.iron:; that the  ri,red cofi ts  simpl-j cannot be i&mored i n  ::aking t n e  
p r r ~ d u c c - o r - p u ~ . c : ) . ~ u ~ ; e  i l w i s i o n ,  un less  one is t o  be sa ' i isf ied r r i th  a very  
:;hart, :,i[;htdcrl. analysi:;. Fixed c o s t s  c o m ~ e n s u ~ a t e  wi th  t h e  added a c t i v i t y  
!1111 inc;vLL;,bL;r "creep" i n t o  t h e  t o t a l  c o s t  ;)icture,  because even though 
tl ere  r,tny b(' no irrirt~~rliate a d d i t i o n  Lo t h e  f2,zed c o ~ t c ,  t h e  added a c t i v i t y  
T / i l . l  cncroacll upon t h e  a v a i l a b l e  capac i ty ,  and sooner o r  l a t e r  t h i s  :!ill. - 

1 f:ad Lo un a: Lual, though unant ic ipa ted  and perhaps unrecognized, i i icrease 

I ,  I h c  c r w p  ci'i'ect upon f i x e d  c o s t s  can  develop i n  t h r e e  general. -la/:;. 

Pir:,t,, i l' the  ttddcd a c t i v i t y  i s  a l l o ~ l e d  t o  [;et ou t  of hand i n  i t s  groy l tn  i t  i s  
ubvJ oun ti11 l, rnore b u i l d i n c  cpace, more equipment, and aore  sa J ar icr l  pwsonne l  
i?u:;I, c v c r ~ t u a l l y  be added. This  w i l l  be t r u e  even though t h e  recuLar nc t iv i l , - /  
ol' I , t~c.  c n t  c.~.pri:;c i s  maintained al; a  f a i r l y  f i x e d  l e v e l .  The question then 
i r : ,  c~ould rlc have added t h i s  a c t i v i t y  had rle ankic ipnted  t h e  J ' i ~ e d  (:or,t 
atldi  Li on'! 

:;ec.orid, civt-n j f t k ~ e  added a c t i v i t y  i s  kept  a t  a moderate l e v e l ,  '11 cn tht3 r u i n  
:I(: Liv j - ty  1:; incrcrrsed fixed-cost; i n c r e a s e s  a r i l l  aya in  be encountr!r~ci. Thus, 
r.lippo:;c o dozen mc? and :;ome equipment a r e  added i n  order t h a t  t hc  company can 
r('p;l i 1- it,:; O C J ~ I  (,ra r,spor t a t i o n  equipment. Thi:; may 1.encl to ~ I O  i i, r11c u j n l r x  

:~r ldi  L l on of'  crop1 oyera i n  t h e  personnel  dcpar  (;rnent, t h e  account; i .I:! dcp:lr. tincnt, 
or i n  Lhc ol,her admin i s t r a t i ve  segments of the colnpany; however, L?e l a l . e~ .  
ucidition 01' one pcrstln t o  r e g u l a r  a c t i v i t i e s  car] b r i n g  i n t o  opera t ion  a  cha in  
o t '  renc tion:: i n  t h e  i ' w m  of s a l a r i e d  employee i n c r e a s e s ,  s a l a r j  ~ n c r e a s e s ,  a , id  
I'ixcd usoe.1, uddi t ions .  The probnbill-ties a r e  t h a t  no one w i l l  I-c-copnize that. 
tilt I'acLor which r e a l l y  caused t h e  f i x e d  c o s t  i nc reases  was thc appa ren t ly  
I)nr(;ni n-pr i  cc at ld i  t i on  of  t h e  repair  ope ra t ions  some t im e a r l i e r ,  

0 

FinclJly, i l '  tho added a c t i v i t y  i s  e i the r  kept l e v e l ,  o r  increased,  i t  \ r i l l  b e  
: i l l  Lhc more d i r f i c u l l ;  t o  c u t  d o m  on f i x e d  c o s t s  shoulu subsequent I-eductlons 
i n  thc r e l g l a r  operat ion;  be necessary. 



What might be ca l led  a s ide  e f f ec t  of creep, although it is ac tua l ly  a d i r ec t  
evidence of creep, i s  a tendency f o r  t h e  company t o  compensate unconsciously 
fo r  overloads r e su l t i ng  from piecemeal addit ions of' "'bargain" ac t i v i t i e s .  I f ,  
f o r  example, an o f f i ce r  is  hired t o  perform an administrative task  under a par- 
t i c u l a r  s e t  of conditions, and i f  then one by one a number of minor, peripheral  
a c t t v i t i e s  a r e  taken on by the  company, -the accumulation of these a c t i v i t i e s  may 
more and more infr inge upon the  of f ice r ' s  time u n t i l  through sheer necessity he 
i s  forced d ra s t i ca l l y  t o  neglect h i s  primary responsibi l i t ies .  

Although no p o l l  of nanagements has been taken on t h i s  point, it i s  suspected 
tha t  they a re  not inmunc from creep, and one may t re l l  wonder i f  business 
efficiency and compc~titive vigor is not often impaired through the  accumulation 
of these barnacles rrhich ap3eas t o  be bargain a c t i v i t i e s ;  i n  other words, a c t i v i -  
t i e s  which apparentby do not add t o  the fixed costs ,  

rr--Ut--hrP-aU -s. 

A t  bhis point :it may be well, agaln, t o  make c l ea r  jus t  what s o r t  of a c t i v i t y  is 
being examined. This a r t i c l e  does: not pretend tcr weigh the  wisdom o f  a .decisian 
t o  pmdsCe ra ther  than purchase where t he  decision r e s t s  primarily (1) upon a 
question of public: re la t ions ,  o r  (2) on t he  basis  of guaranteeing adequate supply 
when needed, or  (3) on safeguarding quali ty,  o r  (4) even decisions Lo produce 
ra ther  than purckase during periods of depressed business conditions where t he  
aim i s  t o  keep tile tsorrking-force i n t a c t  and t o  minrSlnize i d l e  capacity lasses.  
Also it is recogaized t h a t  new l i n e s  of production may properly be undertaken, 
and o ld  ones drcpped., i n  order t o  keep pace with changing market ccanditions, 
Rather, t h i s  i s  an a,ppraisa.l of t h e  wisdom of adding an ac t iv i ty ,  formerly pro- 
vided by an oui;;ider, on the basis  of cos t  s tudies  which appear t o  j u s t i fy  the  
added a c t i v i t y  or= t h e  ground t h a t  fixed cc s t s  can be ignored, 

The tlierne of t l ~ i s  a r t i c l e  i s  t h a t  a major Ganger i n  t he  addition of bargain ac t i v i -  
t i e s  is  t h e  creep danger, And t h i s  danger i s  l i k e l y  t o  be overlooked in  t he  case 
of any added ac.t?,vl.l;y, whether cx not cost  saving i s  the  prime mative. In fact 
it i s  aLX t he  more l i k e l y  t o  be overlooked where f ac to r s  other than east savings 
guide the dec ts ion , 

Another t ype  of danger lies i n  t he  f a c t  t h a t  t h e  company i s  not a spec i a l i s t  
i n  t he  added ac t iv i ty ,  and t h a t  a f t e r  it has become t i e d  t o  it, wi%h added per- 
nonnel and equipment, t h e  discontinued vendor may through research develop cost  
rlnd sales  p r ice  reductions wh-ich make the decision t o  produce completely un- 
tenable when looked upon with h-lndsight, Then it may be too l a t e .  Reversion 
t o  the purchase s t a t u s  i s  then blocked by prospective sacr i f ices  i n  t he  disposal 
of equipment cnd the  need f o r  discharging personnel. . 
Pyblkc r e l a t i ons  may cons t i tu te  an argument on each s ide  of t he  question. For 
instance, a r  en t i r e ly  unsugportable contention may be made, par t i cu la r ly  i n  the  
slaaller community, t h a t  t h e  local- manufacturer should make himself a s  nearly 
au7tanomous a s  possible, since 'chis means t h a t  he s r i l l  thereby provide more jobs 
Cor l o c a l  Labor. Needless t o  say t h i s  2s pure bunk. It i s  a form of disguised 
char i ty  t/j.thout the  s l i gh t e s t  s c i en t i f i c  jus t i f i ca t ion ,  

From the  opposite point of view, it is  evident t h a t  the  maintenance of good 
pub l i c  re la t ions  may ac tua l ly  d i c t a t e  t he  avoidance of ce r ta in  productive 
nctj .vit ies simply becausc the  good w i l l  of the  community compels t he  patronizing 
of : ; m a l l  business f i r m  suppliers,  



From the economist's point of view, and unfor tmately  t h i s  argument is not 
l i k e l y  t o  be veyy compelling with individual businesc;men, it may be argued 
qui te  c s n c l u s i v e ~  t h a t  a decision t o  produce, when based on a p a r t i a l  cost  
compilation ( t ha t  is, with f ixed costs  excluded), i s  contrary t o  the  public 
economic i n t e r e s t .  I n  short, it cons t i tu tes  mismanagement of economic re -  
sources, Ju s t  r e a l i z e  t h a t  the  vendor's price, agafnst  which i a  being 
matched only a p a r t i a l  summation of costa, i s  high enough fo r  him t o  cover 
not only h i s  variable costs,  but a l so  Paxed costs,  and a p r o f i t  margin on 
top of it a l l .  I f  t he  vendor's offer,  under t h i s  aseumption, comes within 
gunshot of meeting t he  purchaser's variable cost  computation, w e  a re  doing 
serious injury to ow economic system i f  we make a decision t o  produce 
ra ther  than buy from t h a t  vendor. 

Another obser.fatidn is th i s :  a c t i v i t i e s  a r e  usually annexed, with cost. 
saving a s  t he  reason, only when thex a re  more or l e s s  intimately re la ted  t o  
the  primary functions of the  conlpany. Actually, however, it might be more 
reasonable, Tram the standpoint of impact on t o t a l  p rof i t s ,  t o  take on com- 
ple te ly  extr:tneaus operations -- again with the  assumption t h a t  t he  f ixed- 
cost  factor  oeed not be a matter of concern,, Thus, the automobile company 
might jus t  a s  reasonably open a pubiic restaurant,  a dance hal l ,  o r  a bowl- 
ing a l ley,  confident t h a t  t h e  present execl~tives can soak up such minor 
admini~tra t .~ .ve burdens a s  would be involved, and t h a t  thereby they have an 
edge over exis t ing ~ e c r e a t i o n a l  establishments which require a f u l l  comple- 
men t of personnel . 

A s  has been mentioned, ea r l i e r ,  some a c t i v f t i e s  a r c  added v i t h  c lear  recog- 
ni t ion tlnsl; no cost  saving Is at ta inable ,  simply because ce~1;a in  non-cost 
fac tors  a3.e of pressfng importance, Others, the  ones under considcraLi.on 
here, a r e  annexed because, with fixed cos t s  ignored, bargain r a t e s  ap&ear 
t o  be achieved, Both kinds cause fixed cask pressures, and Iead t o  unantici- 
pated cost  increases-although they may not be recognized Iln ssme cases u n t i l  
years lal;er, T?,e important question i s  Ynen, having brought the n a t u r e  of 
creep i n t o  the  open, what can be done t o  avoid i t ?  

Among a number of defensive measures undoubtedly ex?^.sting, f o u r  w i l l  be 
suggested here. 

F i r s t ,  i n  the  compaqy's organization char t  make notations of t h p  number of 
individuals i n  each department o r  other s ~ b d i v i s i s n  of t he  company. From 
these notations c a l c i ~ l a t e  a se r ies  of r a t i o s  which may be cal led respsnoi-  
b i l i t y  indexes. Thus, calculate  the  r a t i o  of productive and non-productive 
employees t o  foremen i n  each of the productive and service depei*trnen"cs of the 
plant; then, the  r a t i o  of foremen t o  plant  manager o r  other personnel a t  t h e  
l eve l  above foremen. Similarly compute such r a t i o s  of respomsibllity throtlgh 
t o  top aanagernent, i n  each case using a s  the  numerator of the  ral,io t!.te nuniber 
of persons who report, o r  fo r  whom the  person reported t o  i s  responsible, 

Since t he  number of reporting persons vi19 f luctuate ,  par.ticularl.y a t  t he  
lover l eve l s  of the  organization, a s  productive a c t i v i t y  f luc tua tes  some 
judge~ent  must  be exercised i n  establishing cer'taf n of the  r a t i o s ,  Mhet1-te.r 
t o  use average r a t i o s  o r  r a t i o s  t o  r e f l e c t  capacity might be debat&; however,! 
f o r  present purposes it would seem t h a t  t he  r a t i o s  should be computed on a 
capacity basis.  If, f o r  example, the  planned description of' a ~ f v e n  super- 
visory job i s  tha t  it shall. involve responsi.b5lity f o r  re-ecc?i.viag and analyzing 
reports  from f ive  persons, or :~:espocsiblliLy f ~ i n  ~11pcrv:1.si . l?~ the p~cxX~ic-t;ive 
ac t i v i t i o s  of twenfq-f i.ve persons, any e or~t.cny &2. I;:".Q;;P~ ol' a c k ?  i. t-a:l.anol. 



a c t i v i t i e s  should include recognit ion of probable ixnmediate a s  well. a s  long- 
run e f f e c t s  on t h e  r e s p o n s i b i l i t y  r a t i o s .  So f a r  as  poss ib le  t h i s  change 
should be taken i n t o  considerat ion i n  a r r i v i n g  a t  a decision,  

A second safeguard i n  the  insurance agains t  c reep cons i s t s  of t h e  exerc ise  of 
caution t h a t  t h e  comparative statement of c o s t s  i s  complete and correc t .  The 
c o s t s  of purchased supplies ,  serv ices ,  etc., a r e  l i k e l y  t o  be compiled fairly 
completely, including an allowance f o r  f r e i g h t ,  handling, purchasing, and 
other  inc idents  of the  purchase. Cer ta in ly  t h e r e  i s  no j u s t i f i c a t i o n  f o r  
excluding, o r  overlooking, s imi la r  c o s t s  which w i l l  be incurred if t h e  de- 
c i s ion  goes i n  favcrr of production r a t h e r  than purchase. I n t e r e s t  on t h e  
add i t iona l  investment should nut be overlooked. If the  quest ion i s  one of 
production of component par ts ,  t h e  acqu i s i t ion  of raw mater ia ls  i s  li1cel.y t o  
cause a s e t  of c o s t s  s imi la r  t o  those  incurred i n  t h e  purchasing of f in i shed  
par ts .  A r e a l  r i s k  i s  t h e  1.ikelihood-of underestimating even t h e  immediate 
c o s t s  of prod.ucticm. 

A t h i r d  f a c t o r  t o  be considered i n  determining t h e  a d v i s a b i l i t y  of adding a 
new a c t i v i t y  is  t h e  r e l a t i v e  meri t  of t h a t  p a r t i c u l a r  a c t i v i t y  a s  compared 
with a l t e rna t ivee .  It would obviously be i l l o g i c a l  t o  devote ava i l ab le  equip- 
rrient and energies; t o  an operat ion which would provide a c o s t  saving of a few 
hundred d o l l a r s  ?rhen the  same f a c i l i t i e s ,  otherwise used, could accomplish 
savings of thousands. Even more foo l i sh  would be the  addi t ion  of an a c t i v i t y  
of t h e  minor cost-saving v a r i e t y  which might i n t e r f e r e  with, o r  preclude, 
t h e  l a t e r  expanciim of t h e  company's main cpera t ions  a t  a p r o f i t  i n  excess 
of t h e  expected cost-saving. Mistaken decis ions  of t h i s  s o r t  c o n s t i t u t e  a 
p r i n c i p a l  creep danger, leading t o  a condition of overcrowded f a c i l i t i e s  and 
neglected respcms ib i l i t i e s .  

Creep, a s  has '>em emphasized, is not a short-run problem. It consists  of the  
more o r  l e s s  gradual, unrecognized, c l u t t e r i n g  up of business a c t i v i t y ,  
accompanied bj  a p a r a l l e l  de te r io ra t ion  of company e f f i c i ency  a bui ld ing up of 
f ixed cos ts ,  :md t h e  undermining of p r o f i t  potenkial .  A four th  f a c t o r  i n  the  
protec t ion  ag2ins t  creep i s  t h a t  of  f l e x i b i l i t y .  New a c t i v i t i e s  which a r e  
c l e a r l y  temporary, which can be added and discarded on shor t  not ice  without 
s i g n i f i c a n t  $.isruptioL2, a r e  much l e s s  l i k e l y  t o  cause f u t u r e  t rouble  t h a n  a r c  
those which a r e  l e s s  f l e x i b l e .  It is p r e t t y  we l l  agreed t h a t  it i s  more 
d i f f i c u l t  t o  dislodge En a c t i v i t y  than it i s  t o  add one. For the  c l a s s i c  
ob jec t  lesson on t h i s  point,  consider t h e  bureau of  our f e d e r a l  and s t a t e  
governments. But, i f  an addi t ion  is  t o  be made, a t  l e a s t  a s  between two a l t e r n a -  
t i v e  a c t i v i t i e s  which a r e  otherwise equally a t t r a c t i v e ,  t h e  one which. can 
l a t e r  be abandoned t h e  more e a s i l y  i s  c e r t a i n l y  the  one t o  be chosen. It i s  
the re fo re  suggested t h a t ,  among other  things,  se r ious  considerat ion be given t o  
the degree of' permanence of any new plant ,  equipment, and especia l ly ,  personnel, 
which may be required i n  utdertaking an added a c t i v i t y .  

If c a r e f u l  ana lys i s  ind ica tes  t h a t  t h e  proposed a c t i v i t y  meets t h e  t e s t  of 
f l e x i b i l i t y - t h a t  is, i f  it can be dropped on s h o r t  not ice  without ser ious  
s a c t i f i c e  of personnel o r  of investment i n  inventor ies  and f ixed assets--and 
i f  t h e  contemplated addi t ion  i s  purely and unquestionable f o r  a short-run 

than a " p a r t i a l  c o s t s "  schedule i s  appropriate.  In other  vords, under 
tnese circumstances it i s  proper t o  prepare a schedule whlch is  l imi ted  t o  t h e  
incremental cos ts ,  the  c o s t s  whlch would be added, and t o  ignore prora t ions  of 
exis-t;ing f ixed overhead items. Because of t h e  inportance of s i t u a t i o n s  of t h i s  
c lass ,  t h e  p a i n t  wil?, be considered f u r t h e r  under t h e  next sec t ion  heading. 

:Ci', on the  o-t;her hand, i t  i s  contemplated t h a t  the nev activity may be more o r  
l c s s  permanently attached, a s  where the  cornpuny w i l B  t ake  on i t s  own f u l l - - s c a l e  
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p r i n t i n g  operat ions,  i t s  own engineering, o r  toolmaking, o r  component p a r t s  
supply, a p a r t i a l  cos t s  schedule is  e n t i r e l y  inappropriate.  I n  f a c t ,  t h l s  
po in t  is  t h e  crux of t h e  whole s i t u a t i o n ,  For purposes of making t h e  de- 
c i s i o n  t o  add an a c t i v i t y  which may be  f a i r l y  permanent, t h e  schedule of 
est imated cos t s  of production should include not only an exhaust ive l i s t  of 
t h e  probable added cos ts ,  but  a l s o  a complete assignment of a l l  of t h e  over- 
head charges, even inc luding adminis t ra t ive  overhead, which through regu la r  
c o s t  accounting techniques are properly prora ted  aga ins t  any regu la r  segment 
of t h e  en te rp r i se .  

ADD ALLOWANCE FOR PROFIT 

But t h i s  is  not  a l l .  I n  add i t ion  t o  t h e  f u l l  charge f o r  prora ted  and added 
cos ts ,  an allowance should be  added f o r  p r o f i t .  That is, i n  order  t o  j u s t i f y  
t h e  add i t ion  of a permanent new a c t i v i t y  on t h e  grounds of cos t  savings, t h e  
b e s t  ava i l ab le  s u p p l i e r ' s  p r i c e  must be shown not only t o  exceed t h e  es-  
t imated f u l l  cos t  of production, with no apport ionable c o s t s  omitted, but  i t  
should be  higher by an amount at l e a s t  equal  t o  t h e  rate of p r o f i t  which -. the 
company i s  ; b l e  t o  make through i t s  p r i n c i p a l  operat ion.  

The reasons f o r  t h i s  f a i r l y  extreme view have been expressed e a r l i e r  i n  thi:, 
a r t i c l e ,  and it should be repeated t h a t  t h e  requirement t h a t  f u l l  c o s t s  plus 
p r o f i t  be ~nc luded  is ,  i n  f a c t ,  no more than a minimum pro tec t ion  agains t  
creep. Clear ly  t h e  r e l a t i o n s h i p  between today's  c o s t s  and today ' s  purchase 
p r i c e s  ma3 be  only a temporary one, and it i s  a l toge the r  t o o  probable t h a t  
t h e  nonspecial-ist  producer w i l l  l a g  behind the  s p e c i a l i s t  supp l i e r  whom he 
has discarded i n  t h e  hope of a c h i e v i n ~  production economies. Thus, t he  de- 
c i s i o n  c2.n e a s i l y  t u r n  sour i n  s p i t e  of a l l  of t h e  measures uhich have been 
suggested by Tray sf protec t ion .  

JUSTIFIABLE BARWIN ACTIVITIES 

It was s t a t e d  above t h a t  where t h e  added a c t i v i t i y  i s  c l e a r l y  intended t o  be 
temporary it i s  proper t o  base t h e  decision on a p a r t i a l  l i s t  of cos t s .  The 
point  here i s  t h a t  t h e  nonpermanence of t h e  a c t i v i t y  tends t o  insure  s e a i n s t  
t h e  creeping up of f i x e d  c o s t s  and managerial overloads. However, resolu-  
t i o n s  a r e  t o o  o f t e n  forgot ten ,  and unless  pos i t ive  p lans  a r e  made i n  advance 
f o r  t h e  e a r l y  abandonment of t h e  a c t i v i t y ,  it b r i l l  t u r n  out  t o  be a "sticky", 
i f  not permanent, a c t i v i t y ,  and t h e  f i x e d  cos t s  w i l l  flo-c? i n  Lo f i l l  up t h e  gaps 
i n  t h e  cos t  ana lys i s .  

One form of added a c t i v i t y  which, f o r  example, may we l l  be j u s t i f i a b l e  i s  that 
which can be s t a r t e d  and stopped repeatedly  t o  serve  as f i l l - i n  work during 
periods of temporary l u l l  i n  t h e  p r i n c i p a l  a c t i v i t y  of t h e  company. Such 
f i l l - i n  vork may even extend a s  long a s  t h e  depression pericrcl of a business 
cycle, provided it can be stopped conveniently a t  t h e  time of resumption of' 
normal cpera t ions .  Under such circumstances t h e  presumption is  t h a t  the  
r egu la r  working-force should be  maintained and, from t h e  cos t  po in t  of view, 
t h e  recovery of any por t ion  of c o s t s  i n  excess of va r i ab le  c o s t s i : ; p r e f e r a b l e  
t o  t h e i r  nonrecovery. 

One may a l s o  j u s t i f y  t h e  add i t ion  of a c t i v i t i e s  on a pcurtial cos t ,  o r  bargain 
bas i s ,  when it i s  evident  t h a t  s u b s t a n t i a l  cos t  reductions r r i l l  be achieved 
a f t e r  a period of experience. I n  f a c t ,  cos t s  du r iug  the  i r a j - t i d -  period may 
be so  unrepresentat ive of t h e  f u t u r e  t h a t  they in2y in ef fec t  be  disregarded.  



Also, where a, company i s  ch ron ica l ly  o p e r a t i n z  below capac i ty ,  and has found 
i t s e l - f  a b s o l u t e l y  unable t o  expand i t s  market, t h e r e  i s  j u s t i f i c a t i o n  f o r  ta! - 
 in^ over c e r t a i n  a c t i v i t i e s  of i t s  supp l i e r s ,  provided t h a t  an  a l r eady  un- 
favorable  p o s i t i o n  i s  not  f u r t h e r  weaLened, and provided t h a t  e x i s t i n g  f i x e d  
c o s t s  cannot be c u t  down t o  a l e v e l  commensurate wi th  e x i s t i n g  a c t i v i t y .  Azain, 
however, it should be emphasized t h a t  t h e  company should not  t ahe  over ",ust 
any o l d  a c t i v i t y "  i n  which i t s  v a r i a b l e  c o s t s  w i l l  be l e s s  than  t h e  b e s t  ou t -  
s i d e  p r i c e .  A very  c a r e f u l  survey of a l l  oppor tun i t i e s  f o r  c o s t  sav ing  should 
be made be fo re  any i s  chosen,  

ELIMINATION CREZP 

Assuming t h a t  one has a l r eady  su f f e red  a good case  of creep,  what s t e p s  can be 
ta l  en  t o  cure  t h e  s i k u a t i o n ?  Can we apply t h e  same . t e s t s  i n  dec id ing  upon t h e  
e l imina t ion  of ac1 , iv i t i e s  t h a t  w e  use when cons ide ra t ion  i s  be ing  ~ , iven  t o  t h e  
a d d i t i o n  of such w t i v i t i e s ?  Are t h e  same t e s t s  app l i cab le  i n  r e v e r s e ?  

Ooviously a  f r i n g e  a c t i v i t y  should not  be e l imina ted  i f  t h e  p o t e n t i a l  c o s t  of 
acqu i r ing  t h e  suyp l i e s ,  s e r d i c e s ,  e t c . ,  from o u t s i d e r s  i s  s o  f a r  i n  excess  of 
t h e  c o s t s  of s e l f s - se rv i ce  t h a t  o v e r - a l l  p r o f i t s  would thereby be diminished. 
But, i n  exp lo r in ; ,  t h i s  p o s s i b i l i t y ,  what c o s t s  of product ion c t o u l d  be inc luded?  

It was pointed cur, above t h a t  perhaps t h e  most po ten t  defense a g a i n s t  c r eep  is  a 
requirement t h a t  ou t s ide  s u p p l i e r s  be used, i n  t h e  case  of any r e l a t i v e l y  pe r -  
manent program, un le s s  it can be proved t h a t  t h e i r  o f f e r i n g  p r i c e s  a r e  higher  
t han  t h e  buyer ' ;  t o t a l  c o s t s  p lus  a margin of p r o f i t .  Does t h i s  mean t h a t  a n  
e x i s t i n 2  a c t i v i t y  should be  dropped i n  f avo r  of ou t s ide  supply i f  it i s  found 
t h a t  t h e  e x i s t i n g  a c t i v i t y  when charged wi th  f u l l - c o s t s  would not  show p r o f i t  
i f  it were given c r e d i t  f o r  i t s  output  a t  r e g u l a r  market p r i c e s ?  

I n  genera l  t h e  answer would appear t o  be  yes al though s u b j e c t  t o  one except ion .  
-9 

The r u l e  may ke expressed somewhat as fo l lows :  A company should d i v e s t  i t s e l f  
of any a c t i v i t y  which has been undertaken because of i t s  cos t - sa  i n g  p o t e n t i a l  
i f  such a c t i v i t y  would not  be added under t h e  s u g ~ e s t e d  r u l e s  f o r  t h e  preven- 
t i o n  01 creep .  The only except ion i s  t h i s :  I f  s p e c i a l i z e d  machinery, eyuip-  
ment, housing,, o r  o the r  s p e c i a l i z e d  f i x e d  a s s e t s  have been purchased, and a r e  
of such na tu re  t h a t  t hey  have no a l t e r n a t i v e  f u l l  use,  t h e  dep rec i a t ion  and 
o the r  non-separable c o s t s  of such a s s e t s  can be e l imina ted  from t h e  c a l c u l a t i o n  
e # c e p t  t o  t h e  e x t e n t  t h a t  t h e  a s s e t s  have a s i g n i f i c a n t  present  marLet va lue .  
I n  o the r  words, t h e  c o s t  of such a s s e t s  i s  "sunk . " t o  t h e  ex t en t  t h a t  such c o s t  
cannot be r e t r i e v e d  by sale o r  through o the r  employment i n  t h e  bus ines s ,  t h e  
cos t  may be s a i d  a l r eady  t o  be inves ted  i n  f u t u r e  product ion of t h e  r e l a t e d  
product, and t h e  s a c r i f i c e  cannot,  t he re fo re ,  be avoided by t h e  discont inuance 
or t h e  a c t i v i t y ,  I f ,  wi th  dep rec i a t ion  of s p e c i a l i z e d  a s s e t s  modified o r  e l imin-  
a t e d ,  i t  i s  found t h a t  a given a c t i v i t y ,  when charged wi th  a l l  c o s t s  u sua l ly  
prora ted  t o  a r o u t i n e  ope ra t ion  and "loaded" wi th  a p r o f i t  margin, i s  not  a b l e  
t o  compete with t h e  p r i c e  of comparable s e r v i c e  as o f f e r e d  by o u t s i d e  s u p p l i e r s ,  
t h e  a c t i v i t y  should be abandoned. 

The term " a c t i v i t y  a u d i t ' '  might be adopted t o  desc r ibe  a more o r  l e s s  continuous 
s tudy  of t h e  a n c i l l a r y  a c t i v i t i e s  of t h e  bus iness  f i r m  f o r  purposes of d e t e c t i n g  
6 : i . i ~  ting or  po - t en t i a l  c reep .  

u:ArLess Y i r m ,  a s  it matures, i s  l i k e l y  t o  accumulate an array of pl 'oductivc 
r t 1 V J  t i c s which were never contempl-ated when t h e  company vas i'ounded.. bhny  of 
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t ese a c t i v i t i e s  a r e  added on a self-service basis  as  a matter of conven- fi ilcnce, or they a r e  added during periods of short  supply, or  t o  assure re-  
l t a b l e  quality, and fo r  other reasons; such activities may we31 be continued 
provided t h a t  t h e i r  f u l l  costs  a r e  adequately recognized and provided t h a t  
management rea l izes  vhat cost  sacr i f ices  a r e  being made t o  achieve such con- 
venience, etc.  P~kany other ac t iv i t i e s ,  however, may have been taken on solely  
because of apparent cost savings, and. addit ional a c t i v i t i e s  may from time t o  
time be contemplated. A l l  such a c t i v i t i e s  should be subjected t o  frequent 
a c t i v i t y  audi ts  t o  determine whether or not r e a l  cost  advantages exis t .  Un- 
less these act ivl . t ies  a r e  purely temporary, idle-time f i l l e r s ,  t h e i r  contin- 
uance o r  addition cannot be jus t i f ied  on the  grounds tha t  they need be charged 
with only a par t  of the  l is t  of costs  norually charged t o  regular, principal 
operations, This i s  t rue  because fixed costs  commensurate with the  ac t iv i ty  
b r i l l  inevitably creep in to  the  operating costs  structure. 

Equally important, though not examined i n  d e t a i l  i n  t h i s  a r t i c l e ,  a re  the  
additions of nes l i n e s  of products which can be demonstrated 40 S ~ O T J  a 
~ r o f i t  only because they a r e  charged with costs  on tn par t ia l ,  or Tncrel-nental, 
*GP 

basis. I n  course of time they too w i l l  cause zreep. 

Added a c t i v i t i x ,  ranging a l l  'the vay from minor service items t o  t h e  pro- 
duction and sa l e  of new product l ines ,  not only create  fixed costs  b u t  a l so  
tend t o  d i s t r ~ . c t  operating management from i t s  principal. obJectives, and. 
it may be no exaggeration t o  s t a t e  t h a t  many business firms o w  t o  creep 
not only t h e  l ec l ine  fn t h e i r  p ro f i t  r a t e s  but a l so  t h e i r  ultimate f a i l u r e ,  

GY1I.l 



SUBZCT: THI: PART OF VALUZ AiULYSIS IM " I ~ ~ - I T  OR BUY-IT" STUDIG 
 h his ansver >ras judged a l s o  very per t inent  t o  "make-it" o r  

II . "~ ,~-  i'i II problem i n  the  United s t a t e s )  

-. 
dr. L!. F. Z l l i o t t  
Canadian General Z l ec t r i c  Company, Ltd. 
212 King S t ree t ,  Vest 
Toronto, Ontario, Canada 

ilea? B i l l :  

0 :  coui-se, Va-ue Analysis a3  -re a r e  deve,oping it here i s  not prlmaily concerned 
rri-th "make-it o r  buy-i t"  decis'ions. Those a r e  zlianagel,ient decisions. 'That Ire i n  
Value Analj-sis van-L i s  the oppor-Lunit; i n  a l l  cases t o  develop t he  f a c t s  and 
vide -the f a c t s  concernin3 Value t o  ,nanagemen-L so t h a t  whether the decision be t o  
manuTacture pa r t s  rrhich :rere ;ormerl/ purchased o r  purchase parts  vhic'n vere Tor- 
i;leri;r ~.lanufactui-ed, -:he decision r r i l l  be based upon the f a c t s .  

cui'ie aL1art irom Value Analysis, however, I am ?leased t o  advise you coacerning 
t le -t;linki;ig or" sofile o; our management 03 pa r t i cu l a r  problems v i t h  which we have 
had contact  during recent  ,,lonths. 

It ..las l og i ca l  rrhen a ready xarket exis ted  Tor any reasonable quant i ty  of our 
products ;:hich ?re couid produce t o  our cos t s  a s  we have, t o  f i gu re  t ha t ,  
i 7 ve had a iilachine which vas not srorking, the overhead cos t s  continued a n p a y  -- 
and ~ r e  should mike ce r ta in  sacri i ' ices t o  keep a l l  of the n~achines busy. I$ was 
l og i ca l  then, i n  considering vhetlier t o  make o r  buy a par t ,  t o  compare the  pur- 
chase cos t  of t he  pa r t  with Lhe suln ol" mater ia l  plus labor  plus variable overhead 
ra-Lher than i u l l  overhead because the  Pixed overhead would continue even if tile 
pa r t  vere 9urchased and would, i n  ef fect ,  be an added bui-den on other p a r t s  of the  
device. 

It i s  jus t  a s  l og i ca l  now, a s  rre face  a competitive market, t o  accept  the fact 
'chat the value of a p a r t  o r  component o r  mater ia l  is  es tabl ished by the  loves t  
kost a t  which it can be gependably provided vilere and ??hen needed vhether it be 
provided from our o m  machines or  from the  equiplent  o? spec ia l i z ing  vendors; or, 
in ' fach,  the  value c e i l i n g  may be es tabl ished a t  a l e v e l  even lover ii" some otjler 
. l a t e r i a l  o r  pa r t  o r  product y r i l l ,  a t  lover cost ,  acco,nplish the sarng func t iona l  
r g su l i .  

It i s  equally l og i ca l  t ha t ,  i n  order t o  hold, and i n  c e r t a i n  areas,  improve our 
p e r c e n t a ~ e  of the ava i l ab le  business, ve cannot accept cos t s  i n  the various p a r t s  
of our products vhich a r e  above value. l?e cannot charge our custoxers i'aore f o r  a 
pa r t  o r  mater ia l  t o  perform a i'unction than OUz coupet i tors  would be gnd a r e  
obliged t o  charge. 

It then becomes bas ic  under today's  competitive condit ions t h a t  every p a r t  o r  com- 
ponent i n  our product stand on i ts  own l e e t  and represent  t he  be s t  value obtain- 
able  i n  the market rrhether t h a t  Value r e s q l t s  irom l i t t l e  o r  mnucli vork an the p a r t  
lc our cornpan,-. 
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Following t h i s  basic competitive conception, it w i l l  be found t h a t  machines i n  our 
own factory which do not competitively, considering f u l l  overhead--shop cost  vs. pur- 
chase price, del iver  pa r t s  and components t o  our assembly l i n e s  a t  Value, w i l l b e -  
come id le .  

A t  first glance, t h i s  again appears contra:yto se l f - in te res t - i t  appears t o  r e s u l t  
in  a sh i f t ing  of the f ixed overhead and increasing the cost  of other pa r t s  while 
admittedly it accomplishes the  objective of providing a specified pa r t  or  component 
a t  i t s  value. 

A second look shows tha t  soon t h i s  and other machines which are  indeed marginal o r  
sub-marginal operations but have not necessari ly been recognized a s  such i n  the past  
due t o  our former policy of keeping them busy, a re  standing idle.  The management 
then w i l l  s t r i p  out these marginal and l o s s  machines and put in  t h e i r  place p r o f i t  
making operations. In innumerable such cases, we have found t h i s  space adequate t o  
meeting our needs f o r  increased production. 

Some benefi ts  which stand out are: 

1, The product i s  competitive and our.markets w i l l  be expanding ra ther  than con- 
t ract ing.  

2. Every foot  of f loor  space i n  the factory i s  contributing i t s  share t o  the  prof- 
it side of the balance sheet. 

3. It i s  often unnecessary t o  make large cap i t a l  expenditures f o r  addi t ional  f l oo r  
space. 

A s  an example, one of our operations has f o r  a decade followed the policy of making 
every possible par t  o r  component i n  the factory as  a matter of policy i n  order t o  
provide more "liquidation " and provide continuous labor load. The "Value " of the 
components was not examined by a search of competitive means f o r  securing the same 
part .  The p ro f i t  position of the Department turned i n t o  a l o s s  which increased 
yearly. The company placed new management i n  charge. They f i r s t  asked the ques- 
t ion, ,  , 

"What i s  the 'Valuef of these various pa r t s  we are  making?" 

-As a resu l t ,  the management selected and sent  twelve pa r t s  which we had the oppor- 
t un i ty  t o  evaluate. It was found t h a t  two of them represented good value and ten 
did not. It was not unusual f o r  par t s  t o  cost  two or th ree  times t h e i r  "Value." 

For example: 
Unnecessary 

Thumb Screws 
Quantity C O S ~ / C  ~ o s t / L o t  .-- cost/Lot- 

5000 $23.05 $1150 $ 925.00 
The Value was found t o  be------- 5000 $ 4.50 $ 225 

Another example was a p8rt  made 
i n  l o t s  or------------------------- 3000 $49.00 $1470 $1230 ,OO 

The Value was found t o  be------- 3000 $ 8.00 $ 240 
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A s  a resu l t ,  they immediately cleared t h i s  area and, since they did  not need it, 
rented it t o  another General E lec t r ic  operation which a t  once pressed it in to  
prof i table  service making it unnecessary f o r  the other un i t  t o  bui ld  another 
building. 

We think that ,  i n  today's competitive market, we must hold one thing inviolate;  
namely, the  costs  of the various parts ,  components, and materials  which go i n t o  
our product must; not go i n  a t  pr ices  higher than our competitors would pay f o r  
iden t ica l  parts .  Any other policy r e s u l t s  i n  "riding" the monogram which means 
weakening it. It can only remain strong i f ,  instead, we) i n  each case, "support 
it" which means t o  provide a t  l e a s t  a s  much and preferably a l i t t l e  more value 
i n  each part ,  component and prodhct as our competitors do. 

In  our country, our taxes of a l l  nature are becoming extremely high and the 
d i f f i c u l t y  of ge t t ing  large amounts of cap i t a l  f o r  new buildings, and of l iqu ida t -  
ing those expenditures once made, a re  becoming increasingly d i f f i c u l t .  It is 
accordingly sharpening our w i t s  i n  decisions regarding marginal operations. 

Our various competitive departments have f o r  a considerable period operated on a 
basis  of competitive value. In  our radio and te levis ion operation, f o r  example, 
unless a par t  or component can be made f o r  the  equivalent of o r  l e s s  than the 
purchase cost ,  it i s  purchased. 

Thus, it seems unthinkable i n  t h i s  day of' high taxes, small re turn on c a p i t a l  in-  
vestment, and extensive labor problems t o  employ the services of labor ~rliich we 
have provided'through long and cos t ly  negotiations, on unnecessary marginal or 
l o s s  operations; o r  t o  use t h e i r  valuable manufacturing space t o  unnecessarily 
make simple pa r t s  which we could readi ly  obtain f o r  t h e i r  Value--with no possible 
p ro f i t  return,  f o r  the space, when it i s  so urgently needed f o r  expanding our 
prof i table  operations. 

Very t r u l y  yours, 

L. D. Miles, Manager 
Value Analysis Services 
Materials Services Dept. 

LDM: A 3 M  



CONTROL TECHNIQUES CUT COSTS 

Increasingly important in raising operating efficiencies and lowering cos ts  of 
manufacturing are :  

1. Suggestion sys tems 
2 .  Standard cost analysis 
3 .  Direct and indirect t ime studies 
4.  P r o p e r  machine utilization 

Suggestion Systems 

A suggestion system, to be successful,  must  a t t rac t  and maintain the interest  
of the employee. Extensive publicity and cash awards a r e  the two most  common 
methods of doing i t .  In addition employee in teres t  i s  maintained by rapid proc-  
essing of suggestions and by supervisors  well-ver sed in Suggestion Committee 
procedure.  

The success  of the ent i re  program depends on employee participation - which in 
turn,  depends on the publicity and on ingenious promotional devices .  One la rge  
a i rc raf t  f i r m ,  for example,  gave away a l a rge  color print of i t s  late st plane to 
anyone who submitted an acceptable suggestion during a specific month. This 
inexpensive inducement resulted in a 500% increase in suggestions for that month. 

The selection of a "Man-of-the-Month" has  also been used to considerable 
advantage. The individual submitting the mo  st valuable suggestion each month 
i s  honored and employee interest  i s  greatly stimulated. A picture of the award 
ceremony i s  displayed throughout the plant, with the name of the employee and 
the dollar value of the award prominently indicated. 

A f i r s t  step in developing any suggestion system i s  to determine an appropriate 
money award.  Most sys tems pay a percentage of annual savings,  with a limitation 
set  on the maximum award. An added inducement may  be provided by having the 
company pay any taxes which might be associated with the employee's award. 

Process ing  ideas simply and rapidly i s  of basic importance, too. Excessive 
t ime discourages the employee f rom submitting additional ideas.  All suggestions 
should be returned with an explanation of why the idea was accepted o r  rejected.  
Whenever a suggestion i s  rejected, it i s  important to convince the individual that 
every effor t  was made to utilize the idea and to indicate the factors  which prevented 
i t s  adoption. 

Closely related to the processing method i s  need for a thorough understanding by 
supervisors .  The system is a logical subject for discussion in any supervision 



training program.  One la rge  f i rm has  several  supervisors  attend the Suggestion 
Committee meetings each week, to give them a first-hand knowledge of the sys t em ' s  
operation. This approach enables supervisors  to answer accurately employees1 
questions about the system. 

Savings resulting f rom a suggestion system can and should be of major  import in 
the constant fight to lower cos ts ,  A suggestion system can also help in labor  
relations.  It i s  one way to demonstrate to a11 employees the common interest  
in producing bet ter  products at  l e s s  cost .  

Standard Cost Analvsis 

Maximum re turns  resul t  f rom standard cost sys tems when foremen on the line 
receive data pertinent to their  respective operating units.  Cost and efficiency 
data should be provided on a frequent and cur rent  bas is .  The foreman then has  
the information for controlling and improving performance.  

Measurements  at  the lowest level of supervision eliminate guesswork and permi t  
correct ion of high o r  unexplained cos ts .  

Standards should be developed for each measurable  and controllable cost .  The 
standard represents  the best  attainable performance under good pract ical  operating 
conditions. 

Goals a r e  established and performance reported regularly for each organizational 
unit. These repor ts  enable management to spot var iances f rom the s tandard.  A 
study i s  made of such variances and correct ive action taken. F o r  example, exces-  
sive labor cos ts  may  require  a revision of methods o r ,  quite possibly, induce 
m o r e  mechanization, 

Direct and Indirect Time Studies 

Cler ical  cos ts  can be reduced by: 

.1. Labor  saving equipment 
2 .  Paperwork coordinators 
3 .  Job standards 

In cler ical  operations, application of the la tes t  labor saving equipment h a s  
proven beneficial wherever  established. 

The purpose of paperwork coordinators i s  to eliminate a s  much paperwork a s  
possible.  Special attention i s  given to repor ts .  They a r e  to be kept to a minimum 



but must  be so effectively designed that any valuable control information i s  
provided on a current  bas is .  

Cler ical  jobs should be measured  and standards set .  This requi res  the definition 
of each individuals s job and an est imate of h i s  work load. The responsibil i t ies 
may  be divided into: 

1. Things that must  be done 
2 .  Special projects  
3 .  The balance of regular work 

Engineering work requi res  complete objectivity in achieving minimum cos ts .  An 
industrial  engineering group to review designs i s  one way to cut cos ts .  Coordinating 
with the designer,  this  group can a r r ive  a t  a pa r t  design which m a y  be manufactured 
mo  st economically, 

Once all  individual jobs and activit ies a r e  t ime studied, it will be possible to 
predetermine manpower requirements  . This then provides the same effective 
control measurements  a s  a r e  now available to management for direct  labor .  With 
this  data, cost reduction projects  can be organized to effect increased output p e r  
employee. 

P r o ~ e r  Machine Utilization 

Maximum utilization of machines involves efficient layout, decision on the number 
of shifts to be operated, and when to use single -purpose and when multipurpose 
tools. The resu l t s  of maximum utilization, properly measured ,  give management 
an important cost control device. 

What i s  "efficient layout" in a par t icular  factory, depends, of course ,  on the 
requirements  of the par t icular  operation. In some cases ,  for example, a generic 
type layout (which groups machines together by types) will be bes t .  In o thers ,  a 
progressive production type (where the machines a r e  arranged to handle specific 
pa r t s )  should be chosen. Sometimes, a combination of the two will be most  effective. 

One-, two-, and three  - shift operation each has  i ts  special advantages. Theoreti-  
cally, th ree  - shift operation provides the maximum utilization of the machines.  It 
i s  a lso the most  effective method of combating obsolescence cos ts .  However, this  
type of operation i s  not always pract ical .  This i s  due to such fac tors  a s  the nature 
of the business ,  seasonal and cyclical demand influences, and the rapidity of 
technological advances in the industry.  

Singleshift operation, on the other hand i s  profitable under mos t  c ircumstances 



because it: 

E l imina tes  shift differential  pay 
Gives m o r e  effective control  
P rov ides  constantly availability of se rv ice  depar tments  

Selection of tool types  a l so  i s  vital to maximum utilization. The problem 
with single-purpose tools,  fo r  example, i s  this: 

A par t icu la r  machine will be used only 10% of the avfailable t ime ,  yet the 
prec is ian  required will dictate i t s  u se .  

Then, ce r t a in  s tandard tools,  with special  f ixtures  o r  a t tachments  that 
remain  on the machine change i t s  classification to a special  machine tool. 
Cost reduction and control  i s  accomplished by determining where such 
excess  machine capacity ex i s t s .  Steps can then $5 taken to br ing in p a r t s  
f rom vendors  which will utilize this  surplus  capacity.  

To get the proper  measu remen t  of utilization required to make  r e su l t s  i s  
not always easy .  The actual power rating of a11 machines  o r  specific groups 
of machines  m a y  be re la ted to the e lec t r ica l  energy actually consumed. If 
the rating of machines  i s  considerably in excess  of the energy  consumed by 
these machines ,  i t  ref lects  an over  -powered condition. However, t h i s  finding 
mus t  be tempered  with the requi rements  for light cu ts ,  special  machine 
application, and other  fac tors  which would lower the amount of electric.ity 
required.  

It allows the ube of mos t  efficient machines  and disposition of old o r  excess  
machines .  This  a s s u r e s  that  capital  investment in  machines  i s  kept to a 
minimum and that capital  invested i s  in machinery which provides*the max- 
imum ra t e  of r e tu rn ,  

This  repor t  was  taken f rom a panel discussion held a s  p a r t  of the 1955 SAE 
Aeronautic Production F o r u m .  



KEEPING CONTROL INDIRECT MANUFACT UKINC 

Controlling and reducing indirect manufacturing costs  a r e  necessary  if a 
manufacturer i s  to s tay competitive. There a r e  several  ways to do this: 

(1) Using flexible budgeting a s  a tool of management 
( 2 )  Controlling engineering cos ts  
( 3 )  Controlling indirect labor  cos ts  

Indirect manufacturing cos ts  usually do not appear on the design engineer ' s  blue- 
pr in ts  o r  on the methods engineer 's  operation sheets .  However, they must  be 
allocated to the product, Unlike specific raw mater ia l s  and clear ly designated 
labor operations,  they a r e  difficult to relate  directly to cost of the product,  

These costs  a r e  the wages of supervisors ,  mater ia l  handlers ,  machine main-  
tenance mechanic s ,  setup men,  and other service pe r  ssnnel,  Other indirect 
cos ts ,  such a s  cutting tools,  abras ives ,  lubricants,  and power, a r e  equally 
important to the manufacture of a product. Like indirect wages, it i s  not feasible 
to control them a s  a cost of a specific unit of product. 

Finding out what your indirect manufacturing cos ts  a r e  will do m o r e  than mere ly  
show where money has  been spent. It will provide data which will bring out weak- 
nesses  in operation, and give management the data it neeas to reduce cos ts  and 
increase efficiency. 

Indirect cos ts  can be divided into ( a )  those cos ts  which a r e  inelastic and remain 
fair ly  constant regard less  of volume, and (b) those cos ts  which fluctuate in 
relation to volume of goods produced. A flexible budget i s  an expression in 
dol lars  of the sum of a and b.  Changes in the charac ter  of work, working eondi- 
t ions,  o r  methods will require  an adjustment of standard cos ts .  

1. USING A FLEXIBLE BUDGET 

Each supervisor who authorizes expenditures for supplies and other cos ts  must  
be responsible for planning these indirect cos ts  and for controlling them. No 
supervisor should be expected to assume responsibility for cos ts  he does not 
control. 

The supervisor es t imates  the amount of money which should be spent on indirect 
cos ts .  These a r e  checked and approved by h is  supervisor ,  Then, during normal  
operations,  the budgeted amounts a r e  compared with actual cos ts ,  If there  i s  
ser ious  deviation, the operation and budget i s  analyzed and revised. 



Top management controls cos ts  by measuring the performance of each man  in 
successively lower levels  s f  responsibility down to the department supervisor ,  
He, for example, may recommend that three  mater ia l  handlers are needed instead 
of four.  He thereby as sumes  the responsibility for reducing h is  mater ia l  handling 
costs  when volume drops to the three-man level ,  To reward him for r e d u c i q  
indirect manufacturing cos ts ,  there  should be a foreman 's  incentive plan, 

Flexible budgeting,used a s  an over -a l l  tool of management, becomes a profit plan 
and has  these other advantages: 

1, It requi res  each foreman and supervisor to think ahead and make definite 
plans for h is  own operations,  

2 .  It provides a means  for co-ordinating the plans of departments within a 
division and between divisions of a company. 

3 .  It allows planning for varying volumes of production. 

4. It can provide a natural line of communication upward a s  well a s  down- 
ward within the organization. It provides an  impersonal means  of correct ing 
mistakes and presenting constructive c r i t ic i sm.  

5 ,  It makes  use of the "management by exception" principle,  

6 .  It t ra ins  personnel for grea ter  responsibility by giving them practie'e 
in planning. 

7 .  It controls decentralized operations without undue res t r ic t ions ,  

2 ,  CONTROLLING ENGINEERING COSTS 

Control of engineering cos t s  through budgeting i s  usually best  accomplished by 
segregating r e sea rch  and development engineering f rom produce and industrial  
engineering, Research can often be beidgeted under development projects ,  the 
cost of which may  bear  no relation to anticipated sales  o r  production volume. 

Cost of product engineering (the normal changes in a product ra ther  than devel- 
opment of new products) may  be based on annual production o r  sa les  volume. 

Use of f ree  engineering serv ices  offered by vendors of mater ia l s  and equipment 
i s  one way of reducing both development and product engineering cos ts ,  



3. CONTROLLING INDIRECT LABOR COSTS 

Indirect labor  cos ts  often exceed cos ts  of d i rec t  labor .  Up to 5070 reduction 
of indirect labor  c s s t s  a r e  possible i f  an adequate incentive sys tem i s  devised, 
But it i s  difficult to establish a standard measure  of productivity. 

So that indirect labor  cos ts  do not get out of hand, many companies use  a 
special t imecard rack ,  Then the supervisor can tell  at a glance the number 
of men doing indirect labor .  Some companies use special colored t imecards  
for productive workers  doing nonproductive maintenance jobs. They remind 
the supervisor that he i s  losing mdney until the productive worker i s  given a 
direct  labor  job, 

Another indirect manufacturing cost which must  be controlled i s  supervision. 
Sometimes one supervisor can be used for several  small  departments,  thereby 
cutting co st s . 
Manpower ra t ios  will te l l  the effectiveness of supervisors  in controlling indirect 
labor costs .  They a r e  directly related to a company's profit planning and the 
development of manpower requirements .  They can substitute for daily dol lar-  
amount budget repor ts .  The following chart  may  be typical of an entire company 
o r  of a single department:  

Hourly Manpower Ratio Objective 

Sale s 
Desired profit before taxes 
Balance available for cos ts  
Deduct - - 

Sales ,  administrative,  
engineering, etc . 
Direct mater ia l  cos ts  
Conversion costs ,  exclusive 
of payroll 

Balance available for payroll 
and fringe benefits 
Breakdown of payroll - - 

Fringe benefits 
Salary 

Balance available for hourly 
payroll 



Hourly payroll  attendance 
hour s  (A) $555,000/$2,50 
average hourly r a t e  
Standard d i rec t  labor  hour s  
in shipments (B)  
Allowed attendance hour s  
p e r  s tandard hour (A /B)  

The actual manpower ra t io  i s  reported to each supervisor  daily and can be 
compared with ta rge t  ra t io  so that t r ends  can be seen in each a r e a  of super -  
vision, 

This  repor t  i s  based on a panel sess ion of the  1954 SAE Production Forum held 
a t  the SAE National T rac to r  Meeting, Milwaukee, September 13, 1954, 



KEEPING CONTROL OF INDIRECT MANUFACTURING 

Controlling and reducing ind.irect manufacturing cos ts  a r e  necessary  i f  a 
manufacturer i s  to stay competitive. There  a r e  severa l  ways to do this: 

(1) Using flexible budgeting a s  a tool of management 
( 2 )  Controlling engineering costs  
( 3 )  Controlling indirect labor  cos ts  

Indirect manufacturing cos ts  usually do not appear on the design engineer 's  blue- 
print s o r  on the methods engineer 's  operation sheets .  However, they must  be 
allocated to the product. Unlike specific raw mater ia l s  and clear ly designated 
labor operations,  they a r e  difficult to relate  directly to cost of the product. 

These costs  a r e  the wages of supervisors ,  mater ia l  handlers ,  machine main-  
tenance mechanics,  setup men,  and other serv ice  personnel.  Other indirect 
cos ts ,  such a s  cutting tools,  abras ives ,  lubricants ,  and power, a r e  equally 
important to the manufacture of a product. Like indirect wages,  it i s  not feasible 
to control them a s  a cost of a specific unit of product. 

Finding out what your indirect manufacturing cos ts  a r e  will do m o r e  than mere ly  
show where money has  been spent. It will provide data which will bring out weak- 
nesses  in operation, and give management the data it neeas to reduce cos ts  and 
increase efficiency. 

Indirect cos ts  can be divided into ( a )  those cos ts  which a r e  inelastic and remain 
fair ly  constant regard less  of volume, and (b)  those cos ts  which fluctuate in 
relation to volume of goods produced. A flexible budget i s  an expression in 
dol lars  of the sum of a and b. Changes in the charac ter  of work, working csndi- 
t ions,  o r  methods will require  an adjustment of standard cos ts .  

1, USING A FLEXIBLE BUDGET 

Each supervisor who authorizes expenditures for supplies and other cos ts  must  
be responsible for planning these indirect cos ts  and for controlling them. No 
supervisor  should be expected to assume responsibility for cos ts  he does not 
control. 

The supervisor es t imates  the amount of money which should be spent on indirect 
cos ts ,  These a r e  checked and approved by h is  supervisor .  Then, during normal  
operations,  the budgeted amounts a r e  compared with actual costs .  If there  i s  
ser ious  deviation, the operation and budget i s  analyzed and revised. 



Top management controls cos ts  by measuring the performance of each m m  in 
successively lower levels  s f  responsibility down to the department supervisor ,  
He, for example, may recommend that three  mater ia l  handlers a r e  needed instead 
of four.  He thereby as sumes  the responsibility for reducing h is  mater ia l  handling 
costs  when volume drops to the three-man level ,  To reward him for reducing 
indirect manufacturing cos ts ,  there  should be a foreman 's  incentive plan, 

Flexible budgeting,used a s  an over -a l l  tool of management, becomes a pr0fi.t plan 
and has  these other advantages: 

1, It requi res  each foreman and supervisor to think ahead and make definite 
plans for h is  own operations,  

2 ,  It provides a means  for  co-ordinating the plans of departments within a 
division and between divisions of a company., 

3 ,  It allows planning for varying volumes of production. 

4. It can provide a natural line of communication upward a s  well a s  down- 
ward within the organization, It provides an  impersonal means of correct ing 
mis takes  and presenting constructive c r i t ic i sm,  

5 ,  It makes  use of the "management by exception" principle.  

6 .  It t ra ins  personnel for grea ter  responsibility by giving them praetibe 
in planning. 

7 .  It controls decentralized operations without undue r e  strictions.  

2 .  CONTROLLING ENGINEERING COSTS 

Control of engineering cos t s  through budgeting i s  usually best  accsmplished by 
segregating r e sea rch  and development engineering f rom product and industrial  
engineering. Research can often be budgeted under development projects ,  the 
cost of which may  bear  no relation to anticipated sales  o r  production volume. 

Cost of product engineering (the normal changes in a product ra ther  than devel- 
opment of new products) may  be based on annual production o r  sa les  volume. 

Use of f ree  engineering serv ices  offered by vendors of ma te r i a l s  and equipment 
i s  one way of reducing both development and product engineering cos ts .  



3. CONTROLLING INDIRECT LABOR COSTS 

Indirect labor  cos ts  o q e n  exceed costs  of direct  labor ,  Up to 50% reduction 
of indirect labor  cos ts  a r e  possible if an adequate incenti.ve sys tem i s  devised, 
But i t  i s  difficult to establish a standard measure  of productivity, 

So that indirect l abs r  cos ts  do not get out of hand, many companies use a 
special t imecard  rack ,  Then the supervisor can tell  at  a glance the number 
of men doing indirect labor ,  Some companies use special colored t imecards  
for productive workers  doing nonproductive maintenance jobs. They remind 
the supervisor  that he i s  losing mdney until the productive worker i s  given a 
direct l abs r  job. 

Another indirect manufacturing cost which must  be controlled i s  supervision, 
Sometimes one supervisor can be used for severa l  small  departments,  thereby 
cutting co s t s ,  

Manpower rat ios  will te l l  the effectiveness of superviaors  in controlling indirect 
labor  cos ts ,  They a r e  direct ly  related to a company3s profit planning and the 
development of manpower requirements  , They can substitute for daily dollar - 
amount budget repor ts .  The following chart  may  be typical of an entire company 
o r  of a single department:  

Hourly Manpower Ratio Objective 

Sales 
Desired profit before taxes 
Balance available for cos ts  
Deduct - -  

Sales ,  administrative,  
engineering, etc . 
Direct mater ia l  co s t s  
Conver wion costs ,  exclusive 
of payroll 

Balance available for payroll 
and fringe benefits 
Breakdown of payroll - - 

Fringe benefits 
Salary 

Balance available for hourly 
payroll 



Hourly payroll  attendance 
hour s  (A) $555 ,000 /$2 ,50  
average hourly r a t e  
Standard d i rec t  l abor  hour s  
in shipments (B) 
Allowed attendance hour s  
p e r  s tandard hour (A/B) 

The actual manpower ra t io  i s  reported to each supervisor  daily and can be 
compared with ta rge t  ra t io  so that t rends  can be seen in each a r e a  of supe r -  
vision, 

This  repor t  i s  based on a panel sess ion of the 1954 SAE Production Forum held 
a t  the SAE National T r a c t o r  Meeting, Milwaukee, September 13, 1954. 
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- 2 -  

WHY TALK ABOUT VALUE ENGINEERING AND QUALI T Y  C ONTROL? 

I can be m o r e  specific about Value Engineering, We define Value Engineering a s  
an "objective appraisal, of a l l  e lements  of the design, construction, pl~ocurement,  
instal lation, and maintenance of an equipment, including the specifications, in 
order  to achieve necessary  functions, maintqinability and reliability a t  minimum 
cost. " Now this  i s  a ve ry  broad definition and a general interpretation can r a i se  
many questions about i t s  relationship to the programs,  particularly Quality C s n -  
trol. You can sense a s imilar i ty  of a ims  in at  least  some a reas .  However, a s  
you will realize, there  a r e  many roads that take US to good management, 

The day when an ar t i san  received an order  f r o m  his c u s t o m e ~ ,  priced, planned 
and performed his  own work, and then had his customer inspect that work, has  
long since passed, In the complexity of modern industry, people wri te  specifi-  
cations, design equipment and produce i t  without ever  seeing the customer,  To 
a s s u r e  maximum customer satisfaction and reward itself with a reasonable pro-  
fit,  management has had to  turn  to  methods of control, inspection, and various 
other management programs that were  never visualized by the a ~ t i s a n  of the past. 
Like al l  such programs,  Quality Control and Value Engineering bear  some ve ry  
striking s imilar i t ies .  Both require  the serv ices  of full t ime people; they must  
have access  to  top management and be f r e e  to  contact a l l  a r e a s  of design, pro-  
curement and production. The programs must  be influential and i t s  engineers 
must  be adept a t  handling the problems of human nature. Both a r e  essent ial  to  
good management. 

SPECIFICS AND DIFFERENCES 

A little while ago, H said that there were  many roads to  good management, I 
would like to  d iscuss  the road of Quality Control, a s  I: see  it, and compare i t  with 
that of Value Engineering, By Armand F eigenbaumt s definition, I ' Quality Control 
is  an effective sys tem fo r  coordinating the quality maintenance and quality im-  
provement efforts of the var ious groups in an organization so a s  to  enable produc- 
tion at  the most  economical levels which allow fo r  full customer satisfaction. In 
essence, i t  i s  conformance to  design a t  the lowest possible cost, 

Value Engineering i s  a sys tem which insures  only necessary  functions and re l ia -  
bility at minimum cost. In brief, it  i s  conformance to  the cus tomer ' s  actual need 
a t  minimum cost, We work f r o m  the precept that a customel-, in this case  the 
Bureau of Ships, puts for th  many requirements  which cost us  a grea t  deal m o r e  in 
t e r m s  of dol la rs  and complexity than we had visualized a t  the t ime those require-  
ments  were  made, We have a lso  been too prone to  accept a f i r s t  design without 
asking our contractors  to simplify i t  o r  consider the cost of the mater ia l s ,  pro- 
ces ses  o r  nruly necessary  functions inherent in that design. Through Value Engi- 
neering, we a s k  fo r  and a s su re  ourselves of a second look with costs  in mind, and 
by reviewing the pr ice fo r  each of our specified requirements,  we can seduce the 
designs to  those functions which a r e  absolutely necessary, and to  those which give 
us  a desirable  feature at  a reasonable price,  The big difference he re  i s  that 
Value Engineering i s  not limited by the b o u n d a ~ i e  s of specifications, and actually 
questions the design. Big cost reductions s t a r t  by eliminating functions which add 
no significant advantage, but pile on disproportionately high costs  and complexitis s, 



The core of Quality Control i s  the control of product quality during the process  of 
design and manufacturing so as  to prevent poor quality ra ther  than correc t  i t  after 
a product i s  made, Someone who i s  responsible for  process  engineering specifies 
the process  to be used to achieve the design. Operators  a r e  trained to use the 
process  and instruments to make the product conform to design. Through Quality 
Control we assure  conformance to those processes  and thereby prevent the high cost 
of rejects .  

Routine attention to processes  i s  not a function of Value Engineering. It approaches 
this a r e a  only when the excessive cost of a component o r  par t  can be laid directly 
to a specific process .  Value Engineering is not bound by the specified mater ia l  
nor by the prescribed tolerances o r  finishes. Sometimes a mater ial ,  even though 
manufactured to good quality standards,  i s  costly because i t  cannot be processed 
easily. --If so, Value Engineering will t r y  to change the design and the specification 
if a t  a11 possible. If necessary,  we go directly to the customer if his  requirements 
predetermine the need for that part .  

Another a r e a  which Quality Control plays an important pa r t  i s  in inspection. 
Inspectors examine a product to judge i ts  conformance to design. Through Quality 
Control you establf s h  prec ise  steps,  procedures,  and c r i t e r i a  which the inspector 
uses to ensure  conformance to design. " Again, Value Engineering plays no routine 
pa r t  in this a rea .  Only when the high cost of a par t  can be directly attributed to 
an expensive and tedious inspection, will Value Engineering seek to effect a change 
in design, 

Another important factor to be considered when comparing Value Engineering to 
Quality Control, is the degree of emphasis each of these programs places on cost. 
Quality Control has many jobs which a r e  necessary to achieve good quality. Some of 
these are: 

1. New-design control - -  There you t r y  to eliminate potential rejects  o r  manufac- 
turing difficulties before they s t a r t ,  

2 ,  Incoming mater ia l  control -.- This involves the selection of mater ials  which 
conform to the specification requirements.  

3 .  Product control -- This prevents departures  f r o m  the qualify specification so 
that corrections can be made before defee t~ve  products a r e  manufactured. 

4. Special process  studies -- Locating causes oi defective products and determining 
the possibility of improving quality. 

5. Statistics -- Wherever they a r e  useful to Quality Control, you prepare  charts  
on frequency of failures,  control of processes ,  make up sampling tables, and so forth. 

Now this i s  a big o rde r .  If we examine these jobs closely, you will note that the 
major  emphasis is on quality, That i s  as  it should be. 

You do save a lot of money in  the proeess  because you eliminate costly re jec ts ,  
inspect only those i tems which actually need inspection, and pave the way for changes 
in tole rancks that might otherwise increase  production costs.  In Value ~ n ~ i n e e r i n g ,  
the major  emphasis is on cost. We have no other function except to insure that a 



l ess  expensive pa r t  o r  the elimination of a function will not de t rac t  f r o m  the 
essent ial  ~ e q u i r e m e n t s  of a customer.  We do not exerc ise  any controls in manu- 
facturing o r  testing, Value Engineering i s  s t r ic t ly  a cost function, always related 
to actual needs. I t  can be fur ther  explained a s  a dynamic process  which continually 
seeks to keep management informed of the propert ies  and costs of new mater ia l s  that 
r e sea rch  and engineering a r e  making available to us ,  and promoting their  use in 
our  designs wherever they will meet  the essent ial  requirements  of a customer a t  lower 
cost. It also keeps informed of the actual needs of the consumer,  l imits  functions 
to those needs, and eliminates those others  whose costs and added complexity a r e  
not justified by the marginal  technical advantages they offer,  In short ,  the design 
and "quality charac ter i s t ics t8  of all  the par t s  within a design a r e  boiled down to 
simplicity and low cost, but 'gconfo~ming to the need, I '  

We can now summarize  the important differences i n  the functions of Quality Control 
and Value Engineering. 

1. The major  emphasis by Quality Control i s  on quality -- by Value Engineering i t  
i s  on costs  and simplification. 

2 .  Quality Control pr imar i ly  means 'konformance to design" -- in Value Engineering 
i t  means t f confo~mance  to need- 

3 .  Quality Control i s  exercised by controlling processes  and inspection -- Value 
Engineering studies the costs  of a design and any pa r t  in  that design. It exerc ises  
no control. 

4. Quality Control reviews a design to avoid possible re jec ts  and manufacturing 
difficulties. Value Engineering reviews a design to simplify, reduce functions, 
introduce l e s s  costly mater ia l s ,  and recommend changes in  design details that will 
bring costs down. 

5 ,  Statist ical  data, control char t s ,  sampling data, and knowledge of production 
methods and measuring techniques a r e  the tools of Quality Control. In Value 
Engineering, ou r  aids a r e  costs ,  a knowledge of consumersa needs, new mater ia l s  and 
processes .  

6 .  A quality Control engineer sh.ould know: 

A. How good quality should be, 
B, How good quality actually i s ,  
C. What should be done about the difference. 

A Value Engineer should know: 

A, What i s  i t ?  
B, What does i t  do? 
C. What does i t  cost?  
D, What e l se  will do the job? 
E. What will that cos t?  



WHY BQTH ARE NECESSARY 

Quality Gor4x~o% and V&ue E ~ ~ g i n e e r i n g  are important tools s f  management,, Jus t  a s  
w e  cannot afford to be without Qua l~ ty  Csmt r s~ ,  neither can we afford t o  be without 
Value  Engineering. The skyrocketing cos ts  and complexities %el1 us  w e  must  have 
it. Value Engineering arAd Q~iality Control. together can  give us the essent ial  ingredi- 
ents of maximum cost ar,d acceptable quality. Both will give us better value, Facts  
an  the cost of a product a r e  s f t e n  precrsely ascer tainable ,  Facts en i ts  value a r e  
m a r e  neba9la~;s, and ccoass equently overlooked. Value Enginee~ ing  concentrates on 
this neb-nlous factor, As a r d e ,  higher quality of design a e a n s  h ighe r  casts .  Quite 
often ~t also higher value. However* in namersus  instan;ices a ciesign can  be 
b ~ t h  bet ter  and l e s s  expensive than some other. - 
Ckalitpr Cortrol  c a n  team up with Va lue  Engineering to d o s e  the circle  for design 
sirazp%iffeaf.ion, low cost ,  and good qaality, The Quality Cont ro l  engineers should 
advise the Value  Engineers in o rde r  to ensure acceptable q u a l ~ t y  when  Value Engi- 
neers  suggest less costly mater ia l s  o r  inquire abou-he possibil i t ies 0% s irnplifying 
assermb%y, Sirnilarlv, the  Quality Control engineers should seek the help of the 
Value E n g i n e ~ r  on rmaterrals that a r e  l e s s  c s s t % y  to process  a r  to get tbe facts on 
a requiremenr w h k E  is diifncuHt ts me& 1x1 production. Armed with facts and costs,  
the Value  E n g i n e e ~ s  and Quality Conbr01 engineers can present  a Iogieal argument 
Ecas profitable design changes, 

Ikhpcugkn Qualiity Control, mi~ch  has been done to  reduce costs  by such rnatt,ers as 
increasing the latitude of tolerances and degrees of finish, by simplifying t e s t s  
and reducing the number o f  re jec ts .  Fundamentally, however, this has been 
accomplished w ~ t h i n  the c u s t o m e r s ~  specificataons for  the design. The many other 
functions of Qmality Control, a a c h  a s  developing c r l t e r ~ a  and t e s t s  and exercising 
esnar.ant r ontra11 f o r  qvalaty prohibit you f rom giving maxemum atteqtion to every 
element of e c s t  2nd lo  t h e  many other materials now flooding o r ~ r  markets  which 
can do an eqnal and som-etimes better jab at l e s s  cost,  Nor have you the  time to 
questicn user  re~3ia"eme~iks  arad determine the l r  values,  A11 these a r e  important 
factors w k l c  h govern, a good vs: tae desagn, 

Value Engmxar ilrrg wi1L e n s ; i ~ ~ " e  a Pow cos t  deslg- and Qa4iky Control wi l l  give us 
asborance tba+ our  desngn h m . 8 ~  are cconomica%%y maintained thro~gholilt production, 



WORKING WITH SUPPLIERS TO CUT COSTS 

Lack s f  proper  supplier -customer confidence i s  co sting industry mill ions 
of dol lars  a year .  Utilize fully the knowledge and experience of suppl iers  
to cut this  lo s s .  This  i s  the lesson  Or r in  B. Werntz, executive sec re t a ry  
of the National Screw Machine Products  Association, i s  continuing to 
preach ta  buyers  of industrial  components. His suggestions a r e  applicable 
to p a r t s  other than those turned out by screw machine shops, and worth 
reviewing. Specifically, Werntz sugge s t  s: 

When possible, guarantee a total production run, even i f  th is  total quantity 
Is  not completed in any single run, so the supplier can absorb ext ra  tooling 
costs  and thus deliver the pa r t s  at  a lower pr ice ,  

Explain inspection requirements  thoroughly. This tends to smooth delivery 
schedules and can often eliminate unnecessary costs .  

Don't over-specify dimensions which add unnecessarily to the final cost s f  
the par t .  Consult with the supplier to see i f  to lerances,  concentricit ies,  
and surface finishes can be expanded in cer tain key a r e a s ,  thus reducing 
cost8 of both mach inhg  and inspection. 

Give sufficient lead t ime so the supplier can eliminate the need for multiple 
setups. 

Determine longer range requirements  for  a given pa r t  so the supplier can 
take advantage of l e s s  expensive mi l l  shipments of raw mater ia l .  

Ask the supplier i f  a piece can be completed on a screw machine without 
need for costly secondary operations. 

Ask i f  substitute mater ia l s  can fit par t  requirements ,  Many t imes  h i s  
knowledge of the machinability of meta ls ,  for example, can lead to savings. 
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GOOD MORNING GENTLEMEN! 

There ' s  an old adage I 'm sure  you've a11 heard before that goes l ike this,  "We 
grow too soon OLDT, and too la te  SCHMART. I '  

Now I donst specifically know what was on the au thor ' s  mind when he made that 
statement, but I 'm inclined to believe that the "Growing too soon OLDT" portion, 
closely paral le ls  the t ime we often spend speculating the path of action we plan 
to pursue relative to a par t icular  problem. I t ' s  the t ime spent deciding whether 
o r  not we should act  on a problem, whether o r  not we should become involved, 
and perhaps,  even questioning why and how we got involved in the f i r s t  place.  

The getting "SCHMART" phase of life never really s t a r t s  until we become ACTIVELY 
engaged in the pursuit  s f  problem solving; until we begin to pursue and investigate 
what has  gone before,  what i s  being done a t  present ,  learning f rom others '  mis takes  
and profiting by their  successes .  Then, putting to pract ice on our  own part icular  
problem those techniques that we believe will be most  beneficial to i t s  speedy and 
proper  solution. 

By your very presence he re ,  you've indicated your des i re  to do something m o r e  
than just grow old. It i s  in the s incere hope that I may  contribute in some way, 
however small ,  to the getting s m a r t  phase of YOUR life,  that I offer an insight into 
how the Heavy Military Electronic Department of the General Elec t r ic  Company 
opera tes  i t s  Value P r o g r a m .  

Of course,  t ime just won't permi t  m e  to d iscuss  al l  the various phases of our  Value 
P r o g r a m ,  le t  it suffice to be said, that the program conducted in the HME Depart-  
ment runs the gamut f rom Value Engineering th ru  Value Analysis. 

As you no doubt have already gathered f rom attending this  seminar ,  an  effective 
value program must ,  of necessity,  involve the TOTAL CORPORATE BEING. It 
requi res  intense and active participation in every  phase of a business operation. 

This morning I shall attempt to acquaint you with a few of the programs undertaken, 
by the HMED Value pract ice staff, which have resulted in noteworthy cost savings 
to the department,  and grea ter  overal l  purchasing operating efficiency. 

1. PURCHASE SPECIFICATION CHANGE & CHARGE ANALYSIS 
The nature of our depar tmentus  business often dictates that we subcontract special  
equipment i tems to vendors who possess  the unique skills and r e sources  to provide 
those i tems reliably and economically. 

Where known, of course,  the specific engineering pa ramete r s ,  to which the vendor 
must  fabricate  the part icular  equipment o r  i tem being subcontracted, a r e  carefulEy 
detailed in the purchase o r d e r  specifications, by our engineers .  But a s  in most  



development contracts ,  either an e r r o r  on our  par t ,  o r  the need for  additional 
components, e t c . ,  requi res  that the original spec. be revised. 

If the vendor believes the changes warrant  extra  charges,  he submits to purchasing 
a request for  approval to incorporate the changes a s  specified by engineering, and 
attaches his  bill.  

In the past ,  the engineer,  not being too famil iar  with detailed manufacturing 
processes  and costs ,  would rely on the buyer to verify the billing. The buyer,  on 
the other hand, due to work load, e t c . ,  was not always in a position to fully com- 
pare  technical requirements  with cost ,  and a s  a resul t  frequently mere ly  passed 
the charges on to billing. 

The value special is ts  with their  specific knowledge of component sources,  cos ts ,  
production techniques, e t c . ,  working in cooperation with engineering and purchasing, 
have been able to effect a bridging of this  gap. 

Reviewing with the vendor, the specific engineering intent of the changes, and so- 
liciting information relative to his  method of fabricating and incorporating, has  
frequently resulted in reduced charges and in some instances voiding them entirely. 

SLIDE # 1. A Typical Example i s  shown i s  this  f i r s t  slide - - 

Here a gear t r a in  was being fabricated which required some late  changes to comply 
with revised engineering specifications. The changes resulted in an  increased billing 
of $90/Unit. Before approving the pr ice  increase ,  purchasing asked engineering and 
the value specialist  assigned to that par t icular  engineering sub-section to  review the 
technical proposal and the charges to determine i f  they were reasonable.  A review 
disclosed some misunderstandings which might have resulted in even grea ter  ad- 
ditional cos ts ,  but finally resulted in a reduction of 23% of the charges,  a s  originally 
submitted. 

In another instance some hole changes were  required, to a specific s e r i e s  of cabi- 
nets ,  which resulted in an ex t ra  charge billing of $40/eabinet. Consultation with 
the Vendor indicated that the charges  were  warranted,  since, they were based upon 
plugging and refinishing holes which had a l ready been fabricated. Additional consul - 
tation with the Designer brought to light the possibility of utilizing the holes,  a s  
originally specified, for  mounting recent component additions, Those holes not so 
utilized were  not located where ser ious appearance o r  functional problems were  
incurred.  Total resul t  was a voiding of the charge entirely.  

The effect of such effort i s  two edged 

(1)  The Heavy Military Department profits by reduced subcontracting costs  while; 

( 2 )  The Vendors competitive position for future o r d e r s  i s  preserved  and in many 
instances,  enhanced. 



2.  INTENSIVE VENDOR INVESTMENT UTILIZATION 
The adoption of a program of Intensive Vendor Investment Utilization has  netted 
some startling re turns .  

We a t  General Elec t r ic  pr ide ourselves on the capability we possess  to design and 
fabricate fine and reliable electronic equipment. Many, many, dol lars  have been 
invested, in both capital equipment and personal  sa la r ies ,  toward the end of p ro -  
viding our customer s with the very  finest, up-to -date, designs and products avail-  
able on the market  today. I s  it then not foolish for someone requiring an i tem of 
our  product line to duplicate our  investment, in t ime and money, when it i s  so 
readily available to hkk? Yet, in many instances,  we a r e  guilty of just such folly. 
Enthusiasm of our  own capability often clouds reason.  We take the task of designing 
and then dictating to a vendor, the specific pa ramete r s  to which he should build an 
i tem common to his  product h e ,  a s  a great  achievement. When, in reali ty,  the 
ability to utilize the suppliers investment and skills  to our  best  advantage i s  the r ea l  
m a r k  of achievement. The engineer should, most  certainly,  determine the specific 
FUNCTIONAL requirements  that must  be me t .  This ,  however, does not imply that 
the wheel must  be re-invented every  t ime i t s  use i s  dictated. One of the pr ime 
achievements of the HMED Value P rac t i ces  staff has  been to strengthen buyer,  ven- 
dor ,  designer relationship. By constantly reminding the engineer of the vendors' 
capabilities, and encouraging frequent association and familiarization with the ven- 
dor sales  and engineering personnel,  great  s t r ides  have been made which have 
proven mutually profitable. 

On the Advanced Missile Range Instrumentation System program,  for example, a 
design engineer was assigned the task  of reviewing cabinet construction, a s  it had 
been applied to a previous short  run  production o rde r ,  with an eye toward reducing 
cos ts .  The value specialist  was invited to a s s i s t  in this  review. The basic  pr inci-  
ples ,  which were stated before, of letting the man  with the know-how make the 
recommendations for design, were immediately employed. Vendors were  invited 
to review the present  design and to ask  any and all  questions they had relative to 
specification pa ramete r s .  They were then asked to submit their  own construction 
recommendations, and costs ,  for  review by our  engineering staff. 

SLIDE # 2 .  Shows a few of the typical construction change recommendations that 
were made which r e  sulted in eliminating many inche s of welding and reduced a s  so - 
ciated straightening and finishing cos ts .  

A model was produced, employing these construction recommendations, and then 
tested to determine if  it  would function reliably and meet  a l l  mil i tary specifications. 
It passed with flying colors .  The resul t  i s  that the new o r d e r  received, for  additional 
Systems, will employ the new cabinets.  

What was the Total Cost resu l t?  



SLIDE #?I. Shows that a saving of 4570 was effected on the double cabinets, and a 
saving of 2570 on the single cabinets.  This,  gentlemen, amounts to many thousands 
of dol lars  savings even for  a one-system o r d e r .  Certainly i s  proof that utilizing 
the supplier's skil ls  to supplement your own makes good DOLLARS AND CENTS. 

3 .  COMPONENT UTILIZATION ANALYSIS 
Component Utilization Analysis i s  another technique being applied by Value personnel 
to maximize product value and Control Cost expenditure. 

Working in conjunction with standards and purchasing personnel,  a system which 
invites vendor review of component utilization p r io r  to engineering design re lease ,  
i s  employed to good advantage. 

Engineering, af ter  having determined the specific design pa ramete r s  and then testing 
out-thleir working feasibility, conducts p r e  - re lease  design reviews. At this  stage, - 

vendors a r e  invited to scrutinize the application of their  products and determine the 
- - 

UTILIZATION FACTOR. In many instances,  a simple function i s  being performed 
by an i tem which embodies compound capability. The substitution of a l e s s  expensive, 
but equally reliable component in the place of that originally selected, provides sub- 
stantial cost reductions. In many cases ,  the vendor can specify:less complicated 
construction and fabrication processes  than those originally scheduled to produce 
a functionally suitable i tem, thus reducing h is  cos ts  and, in turn,  our  costs  appreci-  
ably. 

As  an example, HMED i s  present ly conducting a utilization factor analysis on all  
t r ans fo rmers ,  employed in a par t icular  system o rde r ,  which i s  pointing the way to 
some substantial savings. 

In instances where not a l l  the TAPS commonly provided on stock t r ans fo rmers  a r e  
being employed, the vendor has  suggested deleting these taps and their  associated 
windings during construction. Savings of 20 to 2570 of the t ransformer  cost in a 
number of instances i s  not uncommon. 

4. TOTAL RELEASE PURCHASING 
Aqother technique employed in HMED which is paying dividends i s  total  Release 
Purchasing.  

F o r  same t ime TOTAL re lease  purchasing was considered a m e r e  d ream not feasible 
in development type production which dominates our  business ,  Value P rac t i ces ,  not 
content with this  decision, set  about proving to the contrary.  An examination of the 
department 's  annual o r d e r  makeup indicated that a sizeable percentage of the business,  
which a t  one t ime was cost plus, had gradually developed into fixed pr ice.  Total r e -  
l ease  purchasing, therefore,  was not only feasible, but provided cost savings po- 
tential that could not be ignored in the light of today's competitive market .  



Today in HMED, accumulating total o rde r  requirements  
dictated by production, t e s t ,  Engineering and Logistics,  
attaching scheduled need dates ,  this  l i s t  i s  forwarded to 

for purchase par t  i t ems a s  
i s  common pract ice.  After 
purchasing. Coordination 

of a11 user  inputs i s ,  of course,  required, but some of the resu l t s  accrued m o r e  than 
offset  thi.s effort. 

(1) - Purchasing,  a rmed  with an  accumulation l i s t ,  i s  provided with the bargaining 
capability to achieve maximum quantity discounts. This i s  especially cr i t ical  where 
the direct  mater ia l  content of the system cost i s  high. 
( 2 )  - Well defined bogeys can be established against which overall  purchasing p e r -  
formance on the contract i s  measured .  
( 3 )  - Inventory control and warehousing effort i s  greatly reduced. 

THE VENDOR TOO BENEFITS BY: 
(1)  - Improved factory scheduling and loading control, and 
( 2 )  - Greater  control over  meeting delivery commitments so vital to business survival.  

5 .  SUMMARY COST IDENTIFICATIONS 
Summary Cost Identification i s  a FIFTH value technique being applied to engineering 
designs which plays an important role in Cost Control. 

Traditionally, a design engineerP s responsibility runs the gamut of performance, 
reliability, delivery, and cost .  His proficiency in any one of these a r e a s  tends to 
be direct ly  proportional to h is  availability of related information. It, therefore,  
follows that to improve h is  cost control capability, his  ready access  to reliable and 
detailed cost information must  likewise be improved. 

The Value P rac t i ces  Staff, realizing that the engineers '  access  to such co st informa- 
tion was not always ideal, launched a program for  accumulating detailed and specific 
design eost  information and disseminating this  data to the associated and responsible 
engineering personnel . 
Wherever possible, this  eost  information was made available a t  ea r ly  stage design 
reviews, p r io r  to production re lease .  

I tems and their  costs  were  reported in descending o rde r  of magnitude a s  Slide #4 
shows. 

This resul ts  in quickly highlighting those i t ems  which require  greatest  concentration 
of effor t  to reduce overal l  project cos ts ,  

Slide #5 shows how, in one part icular  study, 7'7'0 of the i t ems  equalled 75'7'0 of the total 
mater ia l  cost.  Certainly worth reviewing to a s s u r e  maximum utilization of dol lars  
invested. 



Such a cost identification program achieves the purpose of highlighting cr i t ical  cost 
a r e a s ,  for the par t icular  program under stndy, but also acquaints the designers  with 
cost information which can be utilized to good advantage in future design effor ts .  

A question that i s  probably plaguing you at  this point is:  What i s  the sum total  effect 
of all  this effort? i s  it really meaningful? 

A typical example of what has  been achieved a t  HMED, by diligent Value P rac t i ces  
Application, can be seen in a project study just recently completed. 

Slide # 6  shows the equipment originally employed in HIPAR Acquisition Radar ,  used 
with the Army ' s  NIKE HERCULES Improved System. 

NOTE the size and quantity sf  equipment utilized to satisfy the system functional r e -  
quirements.  

Slide # a ,  in contrast ,  shows the revised system s t ruc ture .  Here complete functions 
and cabinets have been m a r r i e d  o r  coribined to effect a system size reducti0.n. 

The new system cost has  been substantially reduced, while the operating capability 
has  been greatly increased.  

Proof positive that the application of Value Pr inc ip les  to our  tasks does,  indeed, give 
a fa i r  re turn  on investment. 

Now gentlemen, I've reviewed but a few of the Value Techniques being employed at  
HMED to Control Costs .  The constant application of these and many other tools,  
applied to combat unnecessary and profit-robbing costs ,  go to make up what we in 
HMED r e f e r  to a s  our  "QUEST FOR VALUE." 

The agenda s tates  that this presentation will s t r e s s  integrating Value Engineering in 
an  over -all  cost  reduction effort. Well, I've brought a .film along whish I hope will. 
satisfy that part of the presentation. With your permission,  I'd like to show it to you 
now. 

FILM - RUN 20 MINUTES 
s'Quest F o r  Value" 

In summary,  you may say that many of the Value Techniques described he re  today 
a r e  gust goad business  pract ice,  and a r e  normally being performed daily by personnel 
in your par t icular  organization. Why do you need value specia1ists"zhe r ea l  t ruth 
sf the mat te r  i s  that they a r e  not being performed,  o r  the value specialists could 
never achieve the resu l t s  they have t ime and t ime again, wherever  such capability 
has  been established. 



F o r  instance, on the Advanced Missile Range Instrumentation System cabinets, 
without the value approach to the problem, i t  is doubtful if much of note would 
have been accomplished. The old review technique of looking a t  the present  de-  
sign and knit-picking it to death does not pay off in substantial savings o r  cost 
reductions. Discarding the original design and setting forth to provide the function 
in the most  reliable and economical manner  possible is the real. answer to affecting 
savings each and every  one of you wants and needs to continue your business growth. 

Now I realize that most  sf the efforts I described were related to engineering prob- 
lems.  That'  s because our  department i s  heavily engineering-oriented. The basic 
value techniques and principles,  however, a r e  equally a s  applicable to manufacturing 
and/or  mater ia l s  problems; such a s  those you a r e  confronted with daily. 

Can you afford to ignore an operational concept that may  be giving your competitor 
a grea ter  edge day by day? 

Weigh the facts ,  gentlemen; then, give ser ious consideration to the establishment 
of a value program in your operation to help you resolve Knotty Cost problems 
which plague you daily. 



Two Ways Value Analysis Can Aid The Purchasing Man 
by F rede r i ck  S. Sherwin, Manager 
Value Engrg.  & Analysis Services  

Raytheon Company 

How many people today a r e  in the market  for  $100 pa i r  of shoes? Even i f  I w e r e  to 
guarantee that they were  top quality, were hand stitched with gold thread,  were  the 
most  comfortable you had ever  worn, and that they would outwear your present  shoes 
ten t imes ;  I doubt that I would find many cus tomers .  Why? The pr ice  i s  obviously 
out of l ine.  Everybody knows f rom experience that you can buy a satisfactory pa i r  
of shoes for  f rom one-tenth to  one-fifth this cost.  

I bring this up to make the point that in  most  American Industry today we a r e  buying 
$100 pa i r s  of shoes. While i t  m a y  not be a s  obvious, nevertheless,  we a r e  paying 
m o r e  thap we should to obtain the des i red  function. F o r  instance, an  a i rc raf t  engine 
manufacturer was buying hundreds of thousands of these small  s ta inless  s teel  wash- 
e r s .  They were  screw machined out of solid bar  stock, chamfered, deburred,  
tumbled, and cost 15 cents  each.  It was found that a washer  stamped out of sheet 
stock would do the job just a s  well for a cost of 2 cents ,  a yearly saving of $80, 000. 
A case  of the $100 shoes.  

Or ,  how about the case  of the 85O elbow? This was a common, small  bulkhead 
aluminum elbow - -  standard in every  sense except i t  was  not 90•‹. Now everyone 
knows that you can ' t  buy an 85O elbow so this  had to be machined out of solid 
aluminum stock a t  a cost of $3 .  50. Sometime l a t e r  when someone thought to 
question this  cost,  it  was found that a manufacturer who made standard fittings 
would make this special for  52 cents .  

What about this  char t  which bolts to the front of a piece of electronic g e a r ?  Would 
you pay $ 3 6 .  50 for this small  piece of paper and plast ic?  Industry i s .  A careful 
analysis of cos ts  revealed opportunities for  reducing the calibration curve drafting 
t ime,  elimination of a photo reduction process ,  and the substitution of plastic 
laminating for vacuum bag molding with a final cost of about $5. 00. $100 shoes? 

These things m a y  look pret ty  simple af ter  the fact,  but the fact i s ,  they didn't look 
ridiculous a t  one t ime.  They were accepted. How many things which represent  
poor value a r e  accepted in  every b u s i n e s s ? O n l y  careful analysis of cos ts  will 
answer this  question. 

As one of the key people in any business,  the Purchasing Agent i s  in a great  position 
to highlight opportunities for better value. In many businesses  a s  much a s  507'0-6070 
and even 75% of the money spent funnels through purchasing. It i s  the buyer 's  job to 
see that this  money doesn't funnel down the drain.  This i s  no e a s y  task.  Today1 s 
buyer has  to be something of an expert  in many fields. To be m o r e  than just a paper 



work pusher,  he has  to be able to understand the technical aspects  of the product; 
he has  to know methods, mater ia l s ,  p rocesses ,  hundreds of good suppliers,  the i r  
ability and capabilities to meet  h i s  needs,  and many other  things. Because of the 
complexity of the business world today, the buyer needs help f rom many a r e a s  to 
be able to do an effective job. 

One of the new p rograms  that has  been developed in recent  yea r s  to help the buyer 
i s  Value Analysis. Briefly, Value Analysis i s  a systematic approach to finding 
lower cos ts  by the use of cer ta in  basic techniques. Rather than stumbling into ways 
to buy m o r e  for l e s s ,  Value Analysis uses  an organized approach to show up a r e a s  
of excessive cos ts ,  and points the way to bet ter  value. 

There a r e  two ways purchasing can  make the best  use of Value Analysis. The 
f i rs t  is:  Every  purchasing m a n  should gain a working knowledge of Value Analysis 
techniques and methods so that he can apply them in his  everyday work. 

There a r e  some twenty of these techniques, but I will only touch on five of the m o r e  
important ones h e r e .  They a r e :  

1. The J;obElan. This i s  the planned approach to finding unnecessary cos ts  
and developing new ways to obtain the same function for l e s s .  Every  job i s  
done bet ter  when tackled with plan in mind. 

2. FunctionalEvaluation. Here i s  a powerful technique designed to te l l  you 
when things cost too much and help you set cost objectives. A good example 
of functional evaluation would be the analysis of a cigarette l ighter .  I ts  main 
function i s  to provide heat.  What e lse  will provide heat? Obviously, a book 
of matches a t  a much reduced cost. Someone mus t  make the decision whether 
to pay the ex t ra  cost for the l ighter to per form this function. Good purchasing 
considers  the function it i s  buying. 

3 .  Evaluate by Comparison. All value i s  determined by comparison. A case  
in point . . , . the l ighter and i t s  cost compared to the matches and their  cost .  

4. Creat ive Thinking. The generating of many possible solutions to a prob- 
l em before evaluation. There a r e  hundreds of possible ways to do every  job. 
The m o r e  you have to select f rom,  the grea ter  the chance of selecting the 
right lowest cost one. 

5. Blast  - - Then Refine. Search for the entirely new way to do the job. 
Get out of the habit rut .  

Value Analysis i s  generally a questioning process .  F o r  example, the analyst a sks  
himself five questions: What i s  the p a r t ?  What does i t  do? What does i t  cos t?  What 



else will do the job? What will that cos t?  L e t ' s  take a look at  this  wavemeter used 
in communications equipment and see how the p rocess  works.  What i s  i t ?  A wave- 
me te r .  What does it do? It m e a s u r e s  the frequency of the R.  F. signal. See how 
simple i t  i s ?  Now you know all about this  complex, highly technical device. What 
does i t  cost?  $75. What e l se  will do the job? Now we come to one of the m o r e  
difficult p a r t s  of the job, and to answer this  question it i s  necessary  to break the 
device down into components, study each intently in the same manner ,  finding all  
the facts  and answering these questions on each par t  and functional a r e a .  F o r  ex- 
ample,  it was found that this  special Co-ax Tee was costing $24 while a standard 
commercially available Tee  which would perform the same function would cost only 
$1.25 . . , that this  specially hardened and plated s tainless  steel shaft could be r e -  
placed by a 303 SS shaft a t  a savings of $2-50  and so forth down through a l l  the com- 
ponents until we have a wavemeter costing $40 instead of $75. Another case  of the 
$100 pa i r  of shoes, but who could te l l  at  f i r s t  glance. 

Now the buyer can  do a cer ta in  amount of this by developing h is  value-ability skil ls .  
He can l ea rn  to pick out case  af ter  case  of poor value. He can find better vendors,  
However, this  so r t  of complete analysis requires  t ime,  and when pushed to get o r d e r s  
out, a buyer,  even though he would like to, many t imes  just doesnst  have t ime to search  
for  the bet ter  value. 

So we come to the second way Value Analysis can help purchasing. It consis ts  of 
having a team of value specialists who can devote their  full t ime and energy with no 
buying responsibil i t ies,  to point the way to opportunities for bet ter  value. With the 
proper  support of management, such a specialist  group within the purchasing a r e a  
se rves  a ve ry  essent ial  function: the analyzing of each dollar spent to make cer tain 
i t  buys Value. The resu l t s  of these value studies a r e  directed to management in the 
fo rm of a suggestion for  action by persons  responsible for product design, manufac- 
tu re  o r  procurement .  Value Specialists do not implement, they spend full t ime spot- 
lighting opportunities for  lower cost.  Most progressive companies a r e  establishing 
programs of this  type to better help them meet  competition. It i s  absolutely essent ial  
that American industry devote m o r e  energy to reducing costs i f  they a r e  to meet  the 
increasing challenge f rom foreign goods. With proper  use of Value Analysis by compe- 
tent people, i t  has  been shown t ime and t ime again that f rom 2570 to 7570 of cos ts  can 
be removed. High o r  low volume business,  these techniques a r e  equally effective, 
F o r  instance, a t  Raytheon Company a recent four-man, five-week value analysis  team 
study in the Receiving Tube Division resulted in 66 proposals for  bet ter  value with 
$685,000 a year  potential savings. $210,000 a year  savings were  achieved; a bet ter  
than 20 to 1 re turn  for the effort .  In Raytheon's Government Equipment Division, a 
four -week Value Analysis Task Force  effort showed opportunities fo r  a 3070 reduction 
in product cost.  

To be most  effective, Value Analysis must  operate  a s  a teamwork effort in all  a r e a s  of 
business,  purchasing, engineering and manufacturing. Wherever you turn,  t he re  a r e  
opportunities for better value if  you look for them. Value Analysis and Standardization 
can help cut down those $100 shoe bil ls .  

Talk given by F. S. Sherwin a t  New England Purchasing Conference, Providence, 
Rhode Island, on October 22, 1958. 
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MILJ'I'ARY SPECIFICATION 

VALUE ENGINEERING O F  NAVAL ELECTRONIC EQUIPMENT 

1. SCOPE 

1.1 This  specification covers  the study and evaluation of the design and manufacture of a particular 
electronic equipment o r  system (hereinafter referred to as the "equipment"). This  includes a n  intensive 
and cri t ical  review of the operational and maintenance requirements, specifications, design, manufacturing 
processes, materials, inspections, and testing by the contractor of the equipment to determine the minimum 
functions and parts,  and the least  expensive materials,  processes, and procedures necessary to produce a 
functional maintainable and reliable equipment. It i s  intended that the total cost of the equipment be 
r e d u c e a i t h o u t  adversely affectfngrhe essential characteristics. 

2. APPLICABLE DOCUMENTS 

2.1 Not applicable. 

3. REQUIREMENTS 

3.1 Bfini t ions.  - F o r  purposes of this specification the following definitions shall apply: 

3.1.1 Value engineering study. - An objective appraisal of a l l  elements of the design, construction, 
procurement, installation and maintenance of a n  equipment, including the applicable equipment specifica- 
tions, in order  to achieve necessary functions, maintainability and reliability of a n  equipment a t  minimum 
cost. 

3.1.2 Value engineering specialists. - Competent engineers and other personnel of the contraCt6rrs 
staff who conduct a value engineering study. A value engineering specialist should have the ability to relate  
the design of a n  equipment to i t s  total costs  a s  defined herein and to promote value engineering proposals t o  
reduce the tptal costs. Preferably, the value engineering specialist shall not have participated in  the orig- 
nal design if such participation would hinder him from making proposals for  change. 

3.1.3 Value engineering proposals. - Proposed changes, supported by factual technical and cost data, 
which r e s d t  f rom a value engineering study. An acceptable form for  the submission of value engineering 
proposals is shown in APPENDIX I. 

3.1.4 Essential characteristics. - Characteristics of a n  equipment representing the minimum opera- 
tional, functional, maintenance and reliability needs of the user  which must be fulfilled. 

3.1.5 Desirable characteristics. - Characteristics which a r e  not essential but improve performance, 
reliability o r  maintainability wlthout excessive cost o r  complexity. 

3.1.6 Undesirable characteristics. - Characteristics which a r e  not essential and which will resul t  in 
unduly high cost  o r  complexity, o r  will degrade the essential characteristics. Specifications may contain 
undesirable character is t ics  which a r e  apparent only af ter  the complexity of the design and total costs  
lnvolved are established by the contractor. 

3.1.7 Contractor costs. - Allowable cos t s  a s  defined in Armed Services Procurement Regulations, 
Chapter XV, which represent the total unit pr ice of a complete production equipment, including packaging, 
maintenance parts,  accessor ies  and technical manuals delivered a t  the contractor's plant. 

3.1.8 Supporting costs. - Costs which represent the operating, installation, supply and maintenance 
expense to the user, es t i rnatedfor  the useful life of the equipment. 

3.1.0 Total costs. - Combined contractor and supporting costs. 



3.1.10 Maintenance. - The servicing, adjustment and repair of an equipment a t  the-operating loca- 
tion, a repair ship o r  repair activity ashore, with consideration for the environment in which performed. 

3.1.11 Test points. - Terminals located in various accessible locations of the equipment which enable 
the observation and measurement of electrical parameters in order that adjustments o r  repair of the equip- 
ment may be facilitated. 

3.2 General. -. The contractor shall fulfill the objectives of the contract as follows: 

3.2.1 Ferformance. - 
3.2.1.1 The contractor shall use his best efforts to utilize value engineering specialists as defined 

in paragraph 3.1.2, who shall be assisted, a s  necessary, by other personnel of the contractor's organiza- 
tion to enable them to perform effectively. 

3.2.1.2 The contractor shall confer with the bureau o r  agency concerned as specified in the contract 
schedule on the operational, design and maintenance requirements of the equipment under study and on the 
techniques of value engineering. 

3.2.1.3 The contractor shall maintain contact, a s  practicable, with other organizations, manufac- 
turers and suppliers to become familiar with new methods, processes and products applicable in their per- 
formance under the contract. 

3.2.2 Value engineering study. - The contractor shall perform a value engineering study of the equip- 
pent specifid in the contract o r  o d e r  and the equipment specifications, and shall submit value engineering 
proposals, where possible, to accomplish a maximum reduction in the total costs of the production versim 
of the equipment without loss of any of its essential characteristics. The value engineering study shall 
cover but shall not be limited to, the following: 

Contractor cost reductions. - 
3.2.2.1.1 General. - Value engineering proposals resulting from the value engineering study in this 

area shall not cause an increase in the supporting costs to the extent that the total costs a r e  thereby 
increased. 

3.2.2.1.2 Excess functions. - The contractor shall submit value engineering proposals to eliminate 
cantrols, functions and circuitsXhich will be utilized in only it few operating locations of the equipment or 
which will duplicate functions of ancillary equipment normally available a t  most operating locafions. How- 
ever, such value engineering proposals shall include recommendations for methods of fulfilling the require- 
ment of the equipment a t  those few locations referred to herein in the absence of any controls, functions or 
circuits eliminated by the proposal. 

3.2.2.1.3 Tolerances and tebpical requirements. - Excessive "safety" margins incorporated in the 
equipment and any tolerances or techtiical requirements in the equipment specifications, which do not pro- 
vide essential or desirable characteristics shall be eliminated. 

3.2.2.1.4 Parts and materials. - Equipment parts and material l ists  shall be reviewed by the con- 
tractor so  that economies, i f  possible, may be effected by substituti~n orelimination of certain parts or 
materials. 

3.2.2.1.5 Circuit redesign. - The contractor shall investigate the use of different circuitry from that 
used in the equipment under study to simplify units and sub-units. 

3.2.2.1.6 Mechanical design. - The contractor shall investigate the mechanical design ana arrange- 
ment of the equipment, including sub-assemblies, and the use of standard hardware in order to simplify the 
fabrication of the equipment. 



3.2.2.1.7 Production processes. - The contractor shall investigate methods of assembly, processing 
and tooling, for'exampls. extrusion techiques, precision casting, plastic molding, printed wiring and clr- 
cuits, and automation, rhich will reduce h e  contractor costs, and shall submit value engineering proposals 
which will permit the use of these methods, provided that these methods will not materially.limit the supply 
sources for the equipment. 

3.2.2.1.8 Patented items. - Consideration shall be given to the use of patented circuits, parts, devices 
and processes if a saving in total cost, with royalty fees included, will result o r  the increased reliability o r  
maintainability will justify any additional cost. 

3.2.2.2 'Supporting cost reductions. - 
3.2.2.2.1 General. - Value engineering proposals to reduce supporting costs shall be submitted by 

the contractor even though an increase in contractor costs results, where it can oe. shown that the total costs 
will be reduced. 

3.2. Z 2.2 Reliability. - The contractor shall submit value engineering proposals which will provide 
longer trouble-free operation of the equipment in keeping with the essential characteristics. 

3.2.2.2.3 Ease of maintenance. - The entire equipment design shall be reviewed by the contractor to 
determine ways and means by which maintenance may be facilitated and reduced. Each unit, sub-assembly 
and major assembly of the equipment shall be examined and value engineering proposals submitted, if 
possible, to simplify the replacement of parts and units. The inclusion of test points not present in the 
equipment under consideration and elimination of unnecessary test points shall be studied. Self-testing and 
marginal testing features shall be investigated by the contractor. (See 3.2.2.1.2). 

3.2.3 Value engineering proposals. 

3.2.3.1 Wherever a saving in the total costs of the equipment is discovered in th'e performance of this 
contract, such shall be submitted in a value engineering proposal by the contractor to the bureau o r  agency 
concerned. 

3.2.3.2 Supporting data. - The contractor's value engineering proposals involving major design a g e  
changes, abrmgement of performance requirements, o* the introduction of parts a d  materials not speci- 
fied in the equipment specifications and standards shall be supported by circuitry, test data and test proce- 
dures verifying the statements of item 4 of APPENDIX I. 

3.2.3.3 Each value engineering proposal submitted will be reviewed by the bureau o r  agency concerned 
and  comment o r  approval will be forwarded to the c~ntractor  in approximately 30 days sfter receipt thereof. 
Piroposed equipment changes involving a change in specifications, price, delivery o r  other contract require- 
ments sW ndt be made until authorized by the contracting officer. 

3.3 Tests. - 
3.3.1 Tests necessary because of the requirements of this specification shall be In accordance with the 

equipment specification and any amendments o r  modifications resulting from approved value engineering 
proposals. 

3.3.2 Unless otherwise authorized by the bureau o r  agency concerned, and performance criteria for 
evaluating the equipment performance after value engineering changes shall be the same a s  those used in the 
evaluation of the prior design. 

3.3.3 Test equipment. - Available commercial and military test equipment shall be used to the 
greatest practical extent in evaluating equipment performance. Special test equipment shall be developed 
only when specifically authorized by the Bureau of Ships. 

4. QUA LPrY ASSURANCE PROVISIONS 

4.1 Not applicable. 



5. PFtEPARATION FOR DELIVERY 

5.1 Not applicable. 

6. NOTES 

6.1 Not applicable. 

Notice. - When Government drawings, specifications, or other data a r e  used for any purpose other than 
in connection with a definitely related Government procurement operation, the United States Government 
thereby incurs no responsibility nor any obligation whatsoever;, and the fact that the Government may have 
formulated, furnished, or in any way supplied the said drawings, speyifications, o r  other data, is not to be 
regarded by implication o r  otherwise a s  in any manner licensing the holder o r  any other person o r  corpora- 
tion, or conveying any rights o r  permission to manufacture, use, or sell any patented invention that may in 
any way be related thereto. 

Preparing activity: 
Navy - Bureau of Ships 



APPENDIX I 

VA LUE ENGINEERING PROPOSAL 

Value Engineering Proposal B . Date: 

Contract 

Contractor 

Equipment Nomenclatures 

1. Brief description of proposal: 

2. Type of change: (check one o r  more a s  appropriate): 

(a) Manufacturing process 

(b) :Substitution of parts  o r  units 

(c) Circuitry 

(d) Tes ts  

(e) Other (identify) 

3. Circuits, units and parts  involved: (Give nomenclature, circuit symbol and part numbers): 

4. Does proposed change deviate from equipment specifications? 

If answer i s  yes, answer (a), (b) ana (c) below. 

(a) List specifications changes required. 

(b) Describe effect on equipment. 

(1) Physical 

(2) Performance 

(c) Explain why conformance to specifications i s  not essential in this instance. 

(d) .Submit supporting data a s  specified in 3.2.3.2 



5. Would adoption of this proposal make the equipment more reliable? If so, explain in terms of 
mean-time-to-failure o r  ratio of on-time to total time (on-time plus down-time) or decrease in down-time 

6. Other beneficial effects of the proposal. (Check) 

(a) Eliminates proprietary items 

(b) Expedites production 

(c) Reduces cost of maintenance parts 

(d) Reduces labor required for diagnosis of trouble, replacement of parts, adjustments 

and repair 

(e) Reduces o r  simplifies training of operating and maintenance 

personnel 

(f) Eliminates or conserves the use of critical material 

7. Is the acceptance of this proposal contingent on the acceptance of any other value engineering pM- 
posals? Which ones? 



SAMPLE 

COST DATA WEET 

Roposol will result In cost change aa Wlcated: 



Bureau of Ships 
17 June 1959 

The purpose of t h e  value engineering program is  to  promote the development 
and app1.i cation of design and engineering s tudies  which w i l l  r e s u l t  i n  lowering 
the cost  of const.r*uct,ion t o  t h o  Government without impairing any of the e s s s n t i a l  
character ivt ica  of ths  vessel .  The prformance of these s tudies  envisages cm 
intensive and c r i t i c a l  review of a l l  elements of design, manufacturing, pur- 
chasipg, i in~pect~ion and operational requirements t o  determine t h a t  only necegsary 
materialan and functions a r e  u t i l i z e d  and that, these a re  supplied a t  the  mi pi mu^ 
cost  consis tent  with the construction of a thoroughly sound s h i p  and the pre- 
servat ion of e s sen t i a l  operation and maintenance charac te r i s t i cs  r This s h a l l  
not raisult i n  the l o s s  o r  impaiment of any required function. In many instancoo 
i t  is e x p c t e d  t h a t  the s tud ies  w i l l  produce, a t  lower cost ,  a b e t t e r  f'unctioning 
p r o d ~ c k , ~  w i t h  an ac tua l  improvement i n  service l i f e .  

2. Valu'e Engineering Staff  

(aJ The Contractor s h a l l  employ such value engineering specialists as a r e  
required by the contract  f o r  the period of time specif ied i n  the contract .  
Thess p l u e  engineers s h a l l  be supported by such technical, i ndus t r i a l  and 
c l e r i c a l  personnel of t h e  contractor 's  organization a s  a r e  necessary t o  enable 
these va3ue engineers t o  e f fec t ive ly  perform the purpose of the value engineer- 
ing prqpam. The value engineers s h a l l  mceive such t ra in ing  a8 the Bureau of 
Ships &mer necessary f o r  the e f fec t ive  performance of t h i s  program and s h a l l  
pa,r t ici&te i n  other ac t i v i t i , e s  considered by the Bureau t o  be useful  f o r  t h e i r  
t r a in iqgu  . 

(b) The Contractor may, a t  i t s  own ttxpon.?~, furnish a d d i t i o m l  value eagineer- 
ing spec i a l i s t 3  i n  support of t h i s  program. 

( c )  The value engineers s h a l l  maintain such contact  with o ther  organizations 
a a  may bei necessary t o  become famil iar  with new products and processes, 

(d )  IM'ess otherwise specif ied i n  the contract , -  the contractor erhall win* 
t a i h  clam l i a i s o n  with the  value engineering representative of the o f f i ce  of 
the sogn9eant Supervisor of Shipbuilding. 

The invbatigationu t o  be performed by the value engineerine sped ia l i s t s .  
s h a l l  bd di rected t o  those a r m s  where cost  savings cannot be e f fec ted  unless' 
the conlkact plans and specif icat ions  aretmodified by the  Government. The 
scope of  invest igat ion includes every' dement  of equipment, materials ,  pro- 
duction,:processea, purchasing, inspection, instal1atio.n and usac Commercial 
sourkes;, products, processes and requirements f o r  s imi la r  use are t o  be analyzed 
and cbmpred t o  Navy pract ice ,  i n  order t o  determine whether Navy departures 
from commercial pract ice  where increased cos t  is  involved a r e  j u s t i f i ab l e  and 
whether .the subs t i tu t ion  of commercial mater ia ls  o r  procedures would r e s u l t  i n  
lower coat  without redut t ion of qua l i ty  o r  impairment of e s s e n t i a l  functioning 
and military serv iceab i l i ty .  
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f:t ) lQi(:h vt, 1 t:(3 l : * ~ y ;  i wsr i i nvr1:;l i ga t i  on c k  Leminsd by the shipbui lder  t o  
I>o des j  i*a?).lc :i;vi ap! J W ~  r*j  atr fol* : i~ r l xn  i 7; ; ;  on :;hall br? presentxd on Valut! Rngi- 
necr i r l t  ikpr t  i'ortr '\~,\V:;lTJl'S 14029 ( 9 - 5 5 ) .  This comple t s d  sbudy must be of such 
nature and presented i n  such f'om t h a t  it, may readi ly ,  i f  accepted by the 
I7ursau; be formulated as a decrease cos t  change order  under t h i s  con t rac t  and 
other* ~o t l t , r ac t s  f o r  similar vessels ,  o r  as a rev i s ion  i n  the  s p c i f i . c a t i o n s  
for  f u b  tre c o n t m c l s  Plans, specif icc2tion3 arid any o the r  supporting daka 
necessqry t o  ~ermi t iinal-ysis by t h e  ;hlreau w i t h  a minimum expenditure f o r  
dQsigr1 and e r~gi  nearing aervicas  :;hall accornpny the Fern. It i s  not  intended 
t h a t  f'omal plans  be p r e p r o d  s p w i  f i c ; ~ l l y  for  these. s t u d i e s  bu t  t h a t  speed 
i n  p m p r a t A o n  and yre:ient,ntion of t .hs s t u d i e s  bs prornclted by e f f e c t i v e  use 
of mark-ups on sx i s t in l ;  blucsprints and sketchev whercsver foas ib le  . The corn-. 
p l e t ed  etudy should compare the  proposal i n  a l l  r e s p c k s  with the present  
pmct iqo  i n  order t o  demonstrate i n  full a l l  advantages and disadvanhgeu and 
t o  estcablish tts a n t i c i p n t s d  cost  d l f  fc.rant,.ia.l. 

( b j  S tudies  s h a l l  avoid  recorrw?~diLl.iom of product,$ o r  processes r e s t r i c t i v e  
t o  one rnantff~mtumr tmlau3 t h i s  is t h o  on1,y !nesns by which the  cbst  reductLon can 
be a f fecidtte'ly achieved. 

(a? A l l  s t r ~ d i e s  and r e l a t e d  data are t o  be submitted v ia  t h e  cognizant 
Sipervis'or of  Sh ip \~u i l .d in~ .  Cne copy of' lporni I4629 s h a l l  be submitted d i r e c t l y  
t o  the  aursau and one reproducible copy u f  such ~ o h n  t o  the Supervisor of 
Shipbuilding, The Bureau w i l l  obta in  the  comments of  the  Supervisor, design 
a c t i v i t y  and o t h e r  i n t e r e s t e d  ac t iv i tAas .  Addit ional  information, i f  required 
f o r  adaquate a n a l y s i s  of t,ha c m p l e t e d  study,sherll be submitted by t h e  Con- 
t r ac to r '  upon request of the  Government,, 

' h e  ( for~t ,mctor  ~ h ? . ' t l , * ~ p m  preiirrr.Lriary acceptance of the  last v e s s e l  under 
t h e  cont rac t ,  submlt a relport, i n  t r i p l i c a t e  v i a  the  Supervisor of  Shipbuilding 
covering a l l  val-ua a&!.naerinc , s tud ies  matic w i t h  respect  t o  each v e s s e l  under 
the   contract^ The report,  8hall .  l is t  a l l  invzst l .gat ions mado, the  s t a t u s  of such 
inveat,iht(ztions, and 1,he maaon:, f o r  t h e  !\iocorit,i.nuance of any such investigation, 
and shall s m ' i r i m  ncCioq~  taken, ldoas considerod h u t  not  inve:st,Jgated s h a l l  
also be listed :.together 151 1,h khs reasom why they were not  inves t iga ted .  l'he 
Contractor s h a l l  su1m.L I, such inforlcat,j on arid data  a s  may have been compiled wi th  
respect to the i n v e ~ ; t . j y a t l o :  as may be rcquestsd by the  Dureau o f  Ships. 
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A MESSAGE FROM THE CHIEF 

In a recent speech Admiral Arleigh Burke, USN, Chief of Naval Operations, 
has  pinpointed the nature of the challenge facing the nation today. His r e -  
m a r k s  apply in some measure  to each of us.  

"We a r e  living in a competitive world, ' I  Admiral Burke said.  "The very  
basic way of American life - competition - i s  what has  made us  strong. . . . 
The United States reached i t s  position s f  pr imacy in the world because it 
was able to mee t  the worldD s be s t  competition - and beat i t .  " 

This pre-eminence s t ems  not only from competition with foreign nations, 
but also f r o m  friendly competition among our  selves.  The competitive spir i t  
i s  a stimulus to grea ter  achievements by the Bureau and i t s  field activit ies 
in serving the Fleet .  Competition i s  a lso an important means by which we 
s tr ive to reduce ship costs .  We actively encourage the maximum number of 
qualified contractors  to compete for  Bureau contract awards.  Those con- 
t r ac to r s  who constantlv forge ahead in technological innovation and ~ r o d u c -  
t i ~ ~ e f f i c i e n c v  Ean exnect to be most  successful in obtaining. Navv work. 

- 

Rising shin cos ts .  caused nar i lv  bv increases  in labor and mater ia l  cos ts  
- -- - 

and part ly  by complex and cos5y  ~ e c h n o l o g i c ~  advances can thus be offset 
to some extent by economies obtainable through competition. 

Our country i s  present ly confronted, f rom abroad, with the stiffest compe - 
tition we have ever  faced. There i s  now, a s  never before, a cr i t ical  neces-  
sitv for reducing cos ts  and im~rsv in r r  efficiencv. We were forced to cancel 
seven much needed ships in our  cur rent  building program.  Our ability to 
hold the line against r is ing cos ts  will determine to a l a rge  degree the num- 
b e r  of ships we can add to the Flket in future years .  This i s  a job we will 
have to work at constantly. A s  Admiral Burke points out, we a r e  in f i r s t  
place in the world, but, "To stay there we will have to retain those qualities 
that got us there  in the f i r s t  place - mostly hard  work." 



Value Analysis and Navy's Air Weapons 

The need for more value per dollar is no longer 
simply good management-it is an absolute necessity, 
dictated by rising costs and a level budget This is how 

Navy's Bureau of Aeronautics is combating the problem 
-with an organized, across-the-board eflort. 

T HE INCREASING complexity and 
enhanced fighting power of mod- 

e m  weapons do not come at low 
cost. With few exceptions, each new 
weapon introduced to the Fleet is 
more expensive, more complicated and 
more dificult to maintain and operate 
than the one it replaces. 

Cost reduction in airplane and 
guided missile programs has long been 
and continues to be of prime impor- 
tance to the Navy. We must always 
keep within budget limits and at the 
same time keep pace with new devel- 
opments. In pursuing these ends, we 
in the Navy's Bureau of Aeronautics 
continually strive through our Research 
and Development, Production, Main- 
tenance, Contracts and other divisions 
to attain all practical economies con- 
sistent with production of superior 
Naval air weapons. 

In a recent effort to get things done 
more economically, and promote a 
still higher regard among our people 
for what funds we have to spend, the 
Bureau has adopted what I term "a 
more vigorous approach to more planes 
for less dollars." This stepped-up con-, 
cept we call Value Analysis to differ- 
entiate from BuAer's normal evaluation 
approaches to value buying. Through 
a formal program, by incorporating 
value analysis in the Bureau's con- 
tracts on a selective basis, we hope to 
avoid being pressed to the wall by 
inflationary prices. 

Value analysis has been practiced 
formally for several years. The goal 
throughout the military has always 
been to get a better buy for every 
dollar. What was needed was a new 
approach-organized to emphasize 
particular aspects of value through spe- 
cial analysis techniques and organiza- 
tional devices. The new concept re- 
quires the creative skepticism that is 
present in every first-rate purchasing 
man, the mechanical ingenuity of the 
top aeronautical engineer, and their 
melding with manufacturer capabili- 

By RAdm. Robert E. Dixon, USN 
Chief, Bureau of Aeronautics 

ties. A concerted program for value 
buying began in industry about 1947, 
and in the Navy with the Bureau of 
Ships in 1954. The Bureau of Ord- 
nance and the Bureau of Supplies and 
Accounts recently instituted similar 
programs. 

A value analysis presentation was 
made to me in July, 1958, by repre- 
sentatives of Bureau of Ships. I was 
very much impressed by the results 
they had obtained by investigating dol- 
lar-value buying of ships hardware. 
After much study and searching re- 
view of other methods to combat high 
costs, I was convinced that a planned, 
intensive value analysis program could 
be applied constructively to BuAer 
procurement. I thought we should go 
a step beyond and apply it to weapons 
while still in the design and develop- 
ment stage. I t  is in this phase that 
applying cost reduction principles is 
most rewarding, and the savings gained 
continue through the life cycle of the 
weapon. 

A formal Value Analysis Committee, 

to serve as review and evaluation 
group for the Bureau of Aeronautics, 
was set up in October, 1958. Logically, 
its Chairman is the Director of the 
Contracts Division, Capt. Thomas D. 
Davies. 

Permanent members and division 
representatives on the Committee in- 
clude officers and engineers from the 
Office of Assistant Chief for Research 
and Development; Office of the Sys- 
tems Director; and the Production, 
Power Plants, Aircraft, Guided Missiles, 
Avionics, Airborne Equipment and 
Maintenance Divisions. Each division 
representative is responsible for keep- 
ing project engineers in his division 
fully informed on the progress of 
pertinent value analysis projects, and 
for working closely with them in 
actually applying the concept. 

The functions and authority of the 
Committee are these: 

a. To initiate specific value analysis 
projects where feasible. 

b. To assign detailed value analysis 
work to Bureau technical personnel. 

c. To evaluate analysis suggestions 
from all sources and recommend to 
me, as Bureau Chief, adoption and 
implementation of those it approves. 

d. To direct the work of the Com- 
mittee to evaluating cost reduction 
recommendations proposed by indus- 
try and to a value analysis revlew of 
Bureau generated specifications. Sec- 
ondly, to conduct a value analysis of 
selected hardware items under Bureau 
cognizance. 

The Committee actually has a two- 
phased operation: (1) value analysis 
through a formal contracting technique 
in BuAer procurement; and (2) spe- 
cialized treatment of value analysis 
ideas suggested by designers and aelo- 
nautical engineers in research and de- 
velopment, and by other sources. 

The scope of the BuAer Value 
Analysis Committee encompasses all 
naval aviation weapons, equipment, 
components and parts. Design and en- 
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~ineering studies undcr the program 
-nvisage an intensive and critical rcb- 

view of all elenicmts of HltAcr con- 
trolled equipment, materials, dcsigu, 
levelopment, production proccsws, 

purchasing, i~ispcction, installation, use 
and ~nanagement. Commerc~al sources, 
products, processes and requirements 
for similar use are a~~alyzed and com- 
pared to Navy practice to cleterminc if 
Navy departures from commercial prac- 
tice where increased cost is involvcd 
are justifiable, or if commercial ma- 
terials or procedures would result in 
lower cost without reducing quality 
or impairing essential functions and 
military serviceability. 

A Contracts Study Group, reporting 
to the Committee Chairman, was set 
up in the Contracts Division early in 
the program. I t  evaluated the concept 
as it is applied to contracts, and now 
is getting such a program into full 
swing in the Contracts Division. This 
group prepares data for tliscussion at 
Committee meetings, and keeps things 
moving in line with th~: Committee 
decisions. 

The Study Group can organize sub- 
task groups as needed to examine vari- 
ous aspects of the over-all problem in 
a given case. The group also, at times, 
seeks advice from outside sources, and 
-ises industrial consultants as needed. 

Working with Industry 
The Contracts Division is now for- 

mulating standard guides and pro- 
cedures for our contract negotiators to 
use in applying value analysis to BuAer 
contracts. 

Contractors are an integral part of 
the BuAer value analysis team. Policies 
under the program, sound decisions, 
effective procedures and controls-all 
depend on vendor cooperation and per- 
formance, and must be worked out in 
agreement with them. 

Capt. Davies has reported to me that 
the Value Analysis Committee meet- 
ings promote closer liaison between 
negotiators and engineers. The BuAer 
engineers also visit contractor's plants 
and company representatives visit 
BuAer facilities to help iron out any 
bugs in the program. This adds up to 
a better understanding by all hands of 
the need to apply the value analysis 
concept in the earliest phases of design 
and development. The importance of 
interchanging information cannot be 
overemphasized. In practice, the more 
closely this pattern i.; followed, the 
')ig,ger the payoff. 

- 3  Ihe  plus values of active coopera- 
tion in value buying may be even more 
important. Thc Comrnittre Chair-man 
and individual mcrnlm-s of ihc Val~ic 
Analysis Connnitiec have discussed in 
broad terms with scvcral mani~r:~ctrncl.s 

thc pr(w11t Ilr~iier apl)ro:ich to v:~luo 
. i~~n ly~ i s .  7'11~ m:~jo~ ity 11:~vc: appc:~rcd 
cntl~~\iasl ic,  :md rn:lny Iinvc wclconretl 
tho o:yol-tt~r~ity to pnrticip:llo. 

Witl~oul tloul)t, t l ~ c  h r e a u  of Acro- 
nautics is u)lt l  on the Connnittce ap- 
proach to value :~n:ilysis as the quicltest 
mcnns of di.;sernin::ting value bnying 
idws in tllr: Bnrc:lu. Also, through this 
means we Get tho besl thinking of 
peoplc woiklng most closely with the 
problems. 

The Value Analysis Committee meets 
monthly, and oftener if a hot project 
\varrants it. The atmosphere is in- 
formal. The only Committee rulcs have 
been set by the Chairman: 

1. To create and pursue ideas ac- 
tively. 

2. To provide leadership in value 
analysis in all areas of operation, par- 
ticularly where the breaking down 
tradition is required. 

3. To make all hands in BuAer 
aware of costs. 

4. To interest contractors in negotiat- 
ing value analysis clauses in their con- 
tracts, in operating as the program is 
envisioned, and in assuming leadership 
with their subcontractors in promoting 
dollar savings. 

The prime Committee mission is 
encouragement and introduction of the 
concept of value analysis as a team 
operation, mutually beneficial to Navy 
and industry. I t  aims at Bureau and 
company-wide cooperation to create 
better value buying. I t  also strives to 
bring about BuAer-industry under- 
standing of realistic requirements, 
simplified specifications, and reduction 
of voluminous paper work that can 
engulf a program to no useful purpose. 

Our current concentrated value 
analysis program is generally similar 
to a less formal value engineering 
system which has always been neces- 
sary to BuAir philosophy. I t  differs 
only in that it is handled as a planned, 
active program with a Value Analysis 
Committee to coordinate and direct all 
Bureau effort. 

Actually, there are two phases in 
the Bureau's current approach: (1) as 
applied to procuremcnt; and (2) as 
applied in research and development. 

1. Under the procurement phase, 
the Contracts Study Group first in- 
vestigated to find out where value 
analysis could be applied most effec- 
tively to new and cxisting contracts. 
For production-type procurement, it 
was founcl that firm fixed price con- 
tracts are most suitable. JIowevcr, 
most high dollar procurcmcnt in 
B d e r  is plxccd undcr incentive fixed 
price contracts. 

Inhc~c~nt in l h c  contracts arc many 
aspcciq of cost rcd~rction uscd in v:~Iiie 
awllysis, since thc co~rtiactor s11:u.c~ in 
snvi~~g.; 1~:1li7cd l) )7  ~ r e e ~ i i c  opcrx- 

tions. NoLwitlistaridrrig, the mve5tiga- 
tion rc.ve:~l(d t11:~t tllcre arc other areas 
snxeptihlr to cost reduction under the 
inccntivc type contract which would 
not t l is t~rh thc incentive diaring 
arrarrgcrncnt a1re:dy established. The 
Study C h u p  has drafted appropriate 
con~ractl~nl language for both firm and 
irlcentivc fmcd price contracts. 

Essenti:dly, this is the procedure for 
valm analysis in fixed price contracts 
covering production procurement: 
(1) The contractor submits value 
analysis proposals suggesting modifica- 
tions requiring Contractor Officer 
approval, which would result in less 
costly articles without adversely affect- 
ing function, quality or reliability; 
(2) Undcr fixed price contracts, the 
contractor shares in a percentage of 
the savings generated by his cost re- 
duction proposals. The percentage is 
negotiated when the value analysis 
clause is incorporated in a contract; 
(3) Under incentive contracts, the con- 
t r a  !or also shares in savings through 
means of a negotiated percentage. But 
due to the built-in cost reduction pro- 
gram in this type of contract, the con- 
tractor's share of savings is set aside 
as additional compensation beyond the 
incentive clause, and is not subject to 
price redetermination. 

As an instance of procurement ap- 
plication, negotiations between the 
Study Group and the McDonnell Air- 
craft Corporation resulted in the first 
value analysis amendment to a BuAer 
production contract. The amendment 
followed preliminary studies designed 
to gain Government savings without 
decreasing aircraft performance or re- 
liability. The original $61.8 million 
F4H fighter production contract was 
executed in March, 1959. 

Why Letter Contracts? 
When applying value analysis to 

BuAer contracts was first considered 
by the Study Group, there were reser- 
vations regarding the practicability of 
the concept in Letter Contracts, be- 
cause of unknown elements inherent 
in this type of contract. However, 
much major procurement susceptible 
to value analysis is under Letter Con- 
tract, and unless such a program be- 
gins at the inception of the contract, 
substantial savings may be lost. 

Fnrther evaluation by the Study 
Gronp showed that a more effective 
plan was possible by extending the 
program to Letter Contracts. The 
Conmitteo Chairman was briefed, and 
was receptive to the idea. The group 
then bcgnn work on the necessary de- 
tails and on sriitable contractual 1:mg- 
guagc to iniplcmcnt thc ~nidertnlting. 

2. Tn ihc rcsrnrch nnd tlb-vclopnlent 

(Coniir~rrtd mi TJ(~::(~ 38) 



ea, valne andysis applies to vi t l~c~.  
~ i i e  fked price or cost tylw co r~ l rx t .  
Pursuing this tlro~iglit, iu J I I I ~ P ,  1959, 
the Bnreau sigucti its first tlcvclopncnt 
contract calling for vnlr~e a~r:dysis. T ~ I P  
cost type contract, for $505,100, is 
with \Vestinghonsc Electric Company 
for airborne radar target siin~ilators. 
I t  carries a c l a ~ ~ s e  calling for t l ~ c  con- 
tractor to conchct n val~rc mrnlysis 
study :it its plant in I3altimol.c. snppk- 
mental to the overall development pro- 
ject. By including value analysis in 
this type of contract, I feel we can 
reduce costs at  an early stage, before 
the item goes into production, and 
save substantial sums. 

The objectives of the work to be 
performed under the analysis clause 
are: (a) to reduce costs to the bare 
minirnnm by applying strict cost pre- 
ventive and cost reduction effort, ~vith-  
out sacrificing essential functions; and 
(b) to guide planning for develop~nent 
of the siinulator towards minimum cost 
for ensuing production, so that total 
production cost, phis operational main- 
tenance and logistic support costs shall 

I)(, tllc lowest consisl(~r~t wit11 nlocslir~g 
cssc.~~ti;~l ~qr~ip l~rcr r t  f ~ ~ l r c l i o ~ ~ s .  

Con t i~ r~~ ing  cwgirrcc~rirrg ell'ort i r i  IT- 

S C : L ~ ( ~ I  : I I I ~  d ~ v ~ l o p r i ? e ~ ~ t  :II.C:IS IISCS 

~ncrtl~orls vir t~~ally thc salnc as thoso 
r~sed 1)cforc by l311Acr : u ~ d  by other 
Rm-earls ant1 indnstry. Thcy arc Iocr~scd 
on basic qt~cstions which can 1)c asltctl 
about any prodi~ct or proccss: W11:tt- 
is its f~lnctiorr? Is i t  necessary? Do pcr- 
formance spc:cific:~tions lit the job? 
What docs it cost? Wllcre can engi- 
neering and manufact~~ring costs be re- 
duced? Wo111cl a cheaper alternate item 
clo the job? What does the altern& 
cost? What otlrer suppliers shor~ld be 
contacted to give a different approach 
to design? What other possil~ilitics arc 
there for reliably accomplisl~i~rg frmc- 
tions at lower cost snch as siinplified 
design or assembly, or redncetl weight? 
Will proposed changes aclvancc the 
state of the art? What rislts arc there 
in changing design to reduce costs? 

The :nrswcrs to these questions sho\v 
whether dollar buying is econorriical 
For the item analyzed. Res111ts of the 
engineer's wlrle analysis can be in- 

fqpY :yl -3 
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?CS$&~S!~C,C$~":C<;,* ,3 A typist,  a typewr i ter  
Pl and furnished oer fo-  

t;~l~gii)lc*, ;IS w l ~ c : ~ ~  ;I tlcsigrl is scrce~rctl 
1,t.I'ot.c: i t  gets irc:yor~tl tho t h w i n g  
1)oartl. 1'rirn:lr.y lxriclits can come from 
11:~ving ;I co~~tr;lctor c{~rc:stior~ Bureau 
sl>c~cilic~:llior~s, parlic~~lnrly wf~c:ro the  
spccificnlior~, in his opinion is in:&- 
cl11:1le. Othcr typical csamples are 
whcrc old specifications, written for 
tlrc aircraft i nd~~s t ry  cmse overdcsign- 
ing g ~ ~ i d c d  missile components with re- 
sr~ltant irrcrcase i n  costs; and where de- 
sign rc-eval~~:~tions antl modifications 
p r o d ~ ~ c e  considerable cost rctlr~ctions. 

Sincc t l ~ e  I311rea1i's Program h g a n ,  
I am conscious o l  more general aware- 
ness of valuc buying throughout the 
organization. However, the dollar sav- 
ing changes required for a successf~il 
program entail consider:~ble time and 
effort. They involve design, prochiction 
and supply details. They reqnire close 
collxlmration among the various divi- 
sions of the Bl~reau ancl the manu- 
fact~irer. Changes must be tailored to 
each case analyzed. As weapons sys- 
tcnis costs increase, I believc organ- 
ized valile analysis in all phases of the 
B ~ ~ i \ e r  research and development pro- 
gram will 11e of increasing importance. 
'ro keep costs within reasonable 
t~ouncls, nre mmst find all available 
W ; I ~ S  antl means 10 minimize expenses, 
ancl to inreasc dollar value in our 
buying. 

TVlierever feasible, aeronautical 
equipment specifications are being 
uxivecl or changed wlren significant 
dollar savings will accrue, and when 
the Navy \.r.ill get equipment with 
er111al functions. This effort is a con- 
tinuing one. 

In proposing a value analysis project, 
the committee has tried to pick out 
expensive and/or high-volume items 
that can pay off in substantial savings. 
It is soliciting aid from all sources in 
its search for better value in fnture 
materials and equipment. I t  is par- 
ticularly interested in information from 
material, parts ancl equipment sup- 
pliers about poor value areas in BuAer 
specifications and standards requiring 
str~dy or corrective action. Considem- 
tion also is being given to suggestions 
for follo\\r-on contracts which could 
resr~lt in savings where it is imprac- 
tical to incorporate the change in the 
existing procnrement. 

Wllilc tlic Value Analysis Program 
has progressed satisfuctorily, I expect 
it  to accelerate cousiderablv in the 
coining mo~~tlrs .  To accomplish this, 
joint Navy-inih~stry action is needed. 
'1"lre contracts 1 have ~rientioned above, 
with Mclhnnell  and Westing'house, 
arc thc first concrctc actions under the 
n c ~ v  p rop iun  The I'lurcan is ncgotiat- 
iqg \vit11 othcr ~nanlr~factnrcrs on insert- 
i11g \-t1111c: :ur;~l!.sis clauses in i,sistir~g 

-,,Lyl. ~ ~ ~ o ~ ~ l ! l ~ ~ ~ l l l ~ ~ l I t  colllr~l(~ts. T11e 
'.1<., 



VALUE ENGINEERING 

A case history study of a typical military 
projcct. Examples are given of changes where 
( 1 ) specification changes were required and 
(2 )  where specs were not required to he 
changed. 

A l b e r t  S ikorsky J. B. Singel 
and Westinghouse Electric Corp. 

Baltimore, Md. 

Incentives for Contractors 

". . . Those contractors who constantly forge 
ahead in technological innovation and produc- 
:ion efficiency can expect to be most successtul 
in obtaining Navy work . . . There is now, as 
never before, o critical necessity for reducing 
costs and imploving efficiency."-Rear Admiral 
A. G. Mummo, USN, Chief, Bureau of Ships. 

". . . We suggest that the Navy ask its con- 
tractors having contracts of this type to inform us 
of that fact In renegotiation proceedings, and 
to be prepared to desc~ibe and document their 
value engineering accomplishments thereunder. 
This wdl enable us to explore the matter fully in 
eoch individual case, obtaining from the Navy 
pertinent facts and opinions through the perform- 
ance reporting procedures already established 
between our agencies. 

"Having developed the facts in each case, all 
due consideration will be given thereto under the 
stotutory factor& in the determination of the case. 
AS you know, the factors in the law are quite 
comprehensive of this type an the part of defense 
contractors."-Thomas Coggeshall, Chairman, 
The Renegotiation Board. -" =*---.----- - v<->---.--<. --- 

V ALUE engineering studies by Westinghouse 
on the Navy WRT-1 and 2 communications 

transmitter resulted in huge savings. When 
applied to the design and specifications, the 
proposals will save over $3 million in future 
procurement. These first few examples illustrate 
value engineering proposals where specifications 
had to be changed. These results are presented 
in condensed form, and represent only a small 
fraction of the total investigation done on each 
item. 

Lifting Eyes 

Lifting eyes (Fig. 1) used only during 
installation and removal have always been 
provided with equipment. Yet, these same lifting 
eyes are standard items carried by professional 
rigging crews that hustle the equipment from the 
dock to point of installation aboard ship. Eyes 
were packed in a bag attached to the equipment 
when shipped. 

More often than not, the rigger uses his own 
lifting devices or resorts to other types of 
carrying cradles. Their elimination is hardly 
noticed. Cost of each eye is small, yet, total 
saving on future procurement runs to $20,000. 

Two-Piece Frame 

In Fig. 2, hand points to split in frame which 
is characteristic of the two-piece assembly of 
transmitter that is to be installed in submarines. 
Disassembly into two pieces enables the trans- 
mitter to go through submarine hatch and down 
into compartment where it is finally installed. 
This particular equipment was originally in- 
tended for both submarines and surface vessels. 

Later on, it was decided to use a different 

equipment for submarines and use this one for 
surface vessels only. Since design was already 
suitable for surface vessels, no changes were 
contemplated until value engineering team at 
Westinghouse put the spotlight on this feature. 
Redesign to a one-piece frame now saves $130.00 
per equipment. 

Drop MIL Spec 

Transformers and chokes (Fig. 3) required 
obtaining qualification approval to MILT-27A. 
Since a large number of the same type 
transformers and chokes have already been 
installed on other military equipment and are 
performing satisfactorily, the value engineering 
team suggested the deletion of the qualification 
test requirement. 

Furthermore, these transformers are tested as 
part of the over-all performance and durability 
tests of the pre-production and production 
equipments. Bureau project engineers, who had 
been looking at this requirement critically for 
some time, took quick action to approve the 
proposal and are now looking at the prospect of 
applying the idea to a much broader area. The 
resulting savings of $16,293 on this contract 
alone gives them justification to do this. 

Nonessential Extras 

Items that were elinlinated as nonessential 
result in savings of more than $114 million in 
future procurement of transmitters. Cam latch 
(Fig. 4) was installed on development model as 
a "fix" to give extra leverage when securing 
drawer assembly to frame. This was needed on 
the development model because tolerances were 
not too well maintained in the early model. In 
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prod~~ction vrrsion, units slide in ant1 out wit!l 
more positive. action bccansc. of 1)cttc.r cpality 
control. 

The latches \vould have g o ~ w  nnnoticrtl Iio\v- 
ever, nntil value engineering team pnt the "~cn- 
necessary cnst" spotlight on them. Their elimina- 
tion not only saved money I)nt got rid of a safety 
hazard as well. The latches would strike down 
when unit was slammed into frame and gashecl 
hands and fingers that were in the way. 

The filament on the time meter (Fig. 5) was 
elimionterl as an nnncmsary rml)ellishment. The 
running time meter on the right in Fig. 5 was 
consiclrrcd adequate since lifc of the tnl)cs is 
based primarily on the length o f  time high volt- 
age has been applied rather than dnratinn of the 
filament supply voltagc which rnotrr to the left 
indicated. 

Left in Fig. 6 is a tcxd kit of stanclasd Allcn 
wrenches and one special tool formerly snpplied. 
Now, only the special ttxd is suppliod with a 
simple retaining clip, as shown to the right. 

Spec Changes Not Always ,Needed 

Following are $1 few exemplcs not requiring 

Fig. 2. Ths two-plccc 
cabinct design, mode ;o 

facilitate insiollotlon ~n sub- 
ma:ines was el;m~norc;' 
when the un i t s  were a110 
cated to surface shp use 
oniy. 

Fig. 3. Expe~isive testing to MIL specs was avoided 
after iivest~got~on showed these umts had performed 
to specs In other equipmeni. 

is llcltl i l l  jhct: by means ot a latch beneatl~ thc 
tlr:~\v~.r, I ~ l t  the final tight takeup to prevent 
I ( Y I ~ : I ~ < .  rxli;~tion is made by means of the wing- 
nnts. >? smi~ll itcvn, but perhaps not so small when 
onc cot~siclcrs t h t  one cqnipmcnt contains 3.' 
pieccs. 

i 7 Iiows fi\x dilfcrcnt fasteners which 
\rer(. c.onsiclerctl. The large one on the left is the 
most c~pcn"i\c. ;n~cl the small one on the right 
is tlic Iwst cspc~~sive,  with nnmbers 3 and 4 be- 
iug altnost the same price. The wingnnt, second 
from tllc, left, is tlir one called for by the manu- 
tact~~rinj i  infortnaticm. The design calls for nin- 
chinil~l: thr steni from stainless steel and welding 
it to a wing Iilank p~~rchased from a vendor. The 
\ving i l  thrn given a rubberized finish. In a finger 
tigl~tcr~ing comparison behveen numbers 2 and 4, 
nrnnl,cr 4 conld I)r tightened as tightly as nnm- 
I)er 4 :md conltl bc rnatle extremely tight, of 
cot~rsc,. 1)y tlw i ~ s c  ot :I serrwdriver. The elimina- 
lion oL lhv wings also gives more finger clear- 
:IIKY. ulwn grasping thc drawer handles. Nun-  
1wr 4 1s ~notlc, on an iu~trmatic screw machine 
from sli~inlcw s t t d  rod nntl. has a cost of about 
$1.00. Y~nnlwr .i \vas comitlcwd inaclcyr~ntc. 

Fig. 4. Handle latch, needed on developmental mo- 
dels, was eliminated on production models when closer 
tolerances were held. 

Fig. 5. Filamznt on time meter function was Fig. 6. Tool k i t  was simplified 
being duplicated by running time meter (right). by subsfituting set of wrenches (left) 
It was eliminated. with special tool (right). 
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VALUE ENGINEERING 

Smaller Cable 

I s  I of I I - ,  1 i t  I I  I I ~ i ~ .  7.  ~conol , l~cs  of of these thumb- 
thcir zizc 3s \w11 3s thv \ i L c .  (11 t l ~ ~ . i r  c t r ~ ~ ~ ~ t , c t o r \  screws S,,OWed frCm righi  leas t  
c ; n w  sonic congc.stiun in s ~ ~ c w l  I~I;~cv,. i l l  t l ~ .  rxpensivc could f u n c t i o n s  of 
cul~lr  1rc.lis. (Fig. 8). t h ~ .  IISV 01 tlw \tn:~llvr cal~le  others, 
will reduce the "\war.' on thr c;111Ir> S ~ O I I ! I  ; I I ~  

tl1c.rc41y ~lromc~tc rchl~ilil!.. Is:;~sic.r \IT\  i c i ~ ~ c  
the M i x  as \vcll as tlrmvvr 1111i th  is : I ~ I  % I  11w11t- :I 

ant Iwwfit of the smallcr cnl~lc. 
S o  ;~pprwiable ~ I I : I I I ~ C  in i~npt~rlmcx~ i 5  111- 

volvetl sincc tllc smaller caldc h;~s \cry II(\:III!. 1111' 

samv rf rc*sista~~cc, c;lpacit;u~cc. ;mtl in(l~~t.txnvc. 
The \oltage rating is more tlmn ntlc~lrc;~tr~ ( h -  
sequcntly, n o  circuits are :~Kcctccl clectric;~ll!~. 111 
the inlplcmentation of tlle smallrr cnl~l(,. tlw 
benefits tlen.iecl were tlec~~ncd to bct s ~ ~ l k i e n t l y  
\vortlrwhilc to increase the cost by approxi~nat~~ly 
$12.00 per equipment. 

Grommets-Metal or Rubber 

.\ cable group, passing through a notch in tlw 
chassis was protected by a metal gromm-t. To 
the \ d u e  engineering group, it appt'arrtl tltat tht, 
metal grommet was very likely far more ~ s p c n -  
si\.e t11a11 a rubber grommet. An itwestigation 
tlisclosetl t l ~ t  to construct thc mrtal Sromtr~rt the 
follo\ving operations were usually required: 
Shear to size, mill the small notch. mill the ratlir~s 
slot. drill mounting holrs, tap nionnting holes, 
tumble to remove rough edges, and apply finish. 
Declucting implementatjon costs such :IS chang- 
ing manufacturing information and accormting 
for the cost of the r r ~ l ~ h e r  grommet, the net 
savinc approsirnates fifty cents p r r  grommet. 

I Tube Shield Finish 

This example illustrates, in a small wa:i, how 
a cost reduction can be  made hy !wing a vendors 

Fig. 8. Use of smaller coaxial cohle saved main- 
tenance costs by reducing weor and permitii.:~ .::!sicr 
servicing. 

pr01111ct. l:ig. S <l~o\vs :I \ I I I ; I I I  11ortio11 01 OI IC  

(lra\vc~ in \\11i?l1 MYY.~ ; I I  I I I ~ I I ~ ; I ~ I I ~ < ~  t111)cs arc 
mountcd and co\crccl \\.it11 tulrv \hir~lrls. Tllc 
tube shield, of courscx. is n~:~ini>- t ( ~  provi(lc clcc- 
trostatic sliicltlin~. b r ~ t  its black ~):rint provides 
corrosion resistawc as \vt.ll :I\ inqmx { Y I  heat dis- 
sipation by mwns 01 ratlintio~r. In tests cotl- 
tlucted I)y the \li~tcli:~I ;n111 S t in~~l i~rd  Engine~r-  
ing Section on p a i n t ~ d  t1111v shit.ltls p rc l~ase t l  
from a ventlor, it \vm i~dicatr t l  th;~t  tlle vendor's 
shields met tilt: r(yuir(wwntu of tlrc ;~ppropriatc 
MIL-STD Specification for cwrosir~~t rcsistancc, 
and tho ability to rnrliatr tlttvnal rLllcrg)- \\'as 

Fig. 9. (left) Tube shields 
pointed by the vendor saved 
about 7d each over finishing 
them to rigid standards within 
the shop. 

Fig. 10. (right) Results of tests 
on vorious stop washers to 
delermine the one least ex- 
pensive which would meet 
tolerance limits. 

I Y I I I ~ I  or S I I ~ I T ~ O I -  to 1111. fi11is11 : ~ ~ ~ p I i w l  loally, 
Accr~r~lingly it \\,;I\ clu.~ncd wortl~whilc to pur- 

~II ; IYI:  t1111r .;l~it.l(ls th:~t wvrc :~lrc:rdy painted 
i11s11~:irI 01 1)11ying them ~nip:~int(:d ar~tl applying 
t l ~ c  linisl~ Ioc:dly. Thr: approxirnately sevrrr ccnt 
11c.t savilly per tube shicld, althor~gh relatively 
tn :~ l l ,  c:w rrprcscnt :I st~bstantial saving whm 
considvring the rrun~hcr of tube shields usod in 
t l ~ c  colrrsc of a year. 

Stop Washer Problems 

1,'or n numf)er of years, t r~rnr-co~~nting stop 
\ ~ : I \ I I I T S  Imvc IK*CII made in 3 multit~rde of tle- 
\icil\ 11y many diflercnt manufactrlrcrs. To a 
I ; I I . ~ I ,  r ~ t ~ w t .  the design is dictated by the total 
jol~ ~ ~ ~ ~ : ~ n t i t i r , r  rcqllirc:d a? well as by the num- 
1)r.r. r r l  w:r\lwrr 1wluircd per shaft, and the avail- 
; I I J I I ,  I I I O I I I ~ ~ ~ I I S  space. Several design attempts 
\VITI .  I I I ~ K I V  (Fig. 10) 10 filfill a particnlar require- 
I I I ( . I I I  'rill. \Y:ISIIW ;II-(' I I S C ~  in stacks to limit the 
~mf;ttirtn of cor~trol shafts to a pre(letermined 
I I I I I I I ~ I ~ V  01 t ~ ~ r n \  for the purpose of protecting 
tn~i i~lq ~ , I I , I I I I . I I ~ S .  Siner :I many as 12 or more 
\ ~ \ I I I , I . \  inay 111' nscd i l l  a single stack, close 
tolcr;~~rc.r~\ :IW IICCIW:IS~ in order to provide thc 
~ - c < ~ ~ ~ i r r , t l  ;~cvr~rr:lcy. Fnrthermorc, great strength 
is I I I ~ C I W : I ~ ~ -  IICCBIISC hand cranking speed and 
n i r ~ t n t ~ n t ~ ~ ~ n  calls(: the ~nc~cl~:tnism to bang against 
t111, r * ~ ~ t l  t o p  wit11 considerable force. All wash- 
crs :IT<, nla~lr. of stainless stcrl. 

\ t t r ~  t c s t i~q .  it \vns ohvious that $3 washer 
and k.5 \ ~ : I F I I ( T  \vn:~i<l be s;~tist;~ctnry for the ap- 
plic:itiort. Nr~rnlx,r 3 \v;~slwr is machined from 
~t: t inl tx  stcvi bar stock to close tolerances and 
is :ti1 <,\l)mlii\ 1. operation unless special ma- 
chin(,r! I \  ;)\ ,ril:~l)lr. To be considered, however, 
is t l ~ c  fact that the nian~~facturing information 
for t l ~ r  I I W  111 3 is con~plete whereas to use #5, 
the i~lIorln;~tiot: n r ~ d d  reqnire some changes be- 
cause d the diffc.rence in width of the projec- 
tion. T11t- summary of costs (hoth local as well as 
clttotr(l 1)ids) ir still to lw made and will consider 
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Fig. 11. S p e c i a l  d r a w e r  h a n d l e  [ lef f )  w a s  n o t  r e a l l y  

n c c d c d  and w a s  r e p l a c e d  w i t h  a better,  less e x p e n s i v e  

h a n d l e  (right). 

i t ~ ~ l ~ l r ~ r ~ c ~ ~ t ; t t i o ~ l  costs of \vasl~rr #.T Prcliininnry 
f i p l r r s  indicates x wortl~\vbilc cost rrduction re- 
sulting from the investigation. 

Drawer Handles 

Ilm\vrr Ii;ndlcs slio\vn at the left of Fig. 11 is 
ccn rrcd with n sprcinl Idnck coating. The handle 
h s  an o l k t  brnd :kt top ; u ~ d  Itottoni to provide 
grcs;ltcr clrurnncc to ctwtrnla. Somc. of the sup- 
powct hxturcs of the I~lnck coating arc that it 
inqm)vcs thc appzarmce. protects against cor- 
"osion. and n~akes the h;~ndlrs thicker to give 

t~iorc con~fortalde fit \vl~c~i  grasping them. To 
large dcgree. tl~esc f;~cta are a matter of opin- 

ion. cxccpt tllat tltr co.itins will pi\-e some pro- 
tcctio11 against corrosion. This I~o\ve\er. is a 
~lor~~btful nwessit!- since the 11:1ndlrs arc stainless 
stwl to lwgin with. 

On tht. otlwr hand. to make tlw offset bend 
wit11o11t exposing tlir die to breakage nit11 ewry 
operation requires that the end of the hnndle be 
suitably an~~enled. \Vhen d l  of these thinps were 
considered. it seerned that there was room for 
improvm~~ent. 

..\ccorchgly, it war proposed that n bare stain- 
less linntlle \vithout the offset I>md be pro\-itled. 
The :ulditionnl clearat~ct. co~tld be accor~nted for 
by moving the ha~~dl rx  ' r  in. toxwrd the onter 
edge of the palel. Fr~rtl~cr. the hanclle ~igidity 
could Iw i~uproved Ity enc.trinr lint11 ends in a 
I~ushin:. \vhich \\-cutltl ,dzn improve the apixar- 
mcc. T11c single I h i d  c.111 r.~zily Iw made 11y the 
die and 110 a n n r ~ l i r ~ g  is nrcezs.~r!-. 

The proposed Imt~tllr I S  rim\\-n in Fic. 11. ris11t. 
The t w ~  c.m-latch ~ i ~ o r l ~ ~ t i n c  hole,. as wrll as the 
slots \ \ - ~ ~ l t l  be r e r n m d  .~nd ;un ;tddition.;l \t.tin- 
less stccl th~rmbscrem \vi~ttld 11e nddrtl to the 
nsnt.1 in the ~i~lltT.ll I I L . ~ c ~ I ~ , I I ~ ~ ~ I O ~ ~  of the lower 

+. T l ~ c  ;1pprosi1n.rtc ..~\iuc to he rr,~lizrd by 
irsc of tht. l~andle o n  ti:<. rinl~t $1, oplx~wd trr the 
11:mdIc 01-I the lett i, . ~ ; ~ ; m ~ \ i ~ ~ i ~ ~ t e l y  52 .50  prr 
hmdle. 

IGH VOLTAGE - NPN 

ACTUaL 

SIZE 

i 

TRANSISTORS ALLOW 

TUBE REPLACEMENT AND 
- 

CIRCUIT COMPATIBILITY 
k GT's new hlgh voltage germarium alloyed junchon transistors now allow the same 

cp i l i i i r z i i on  as formerly could t.e reallzed only wlth vacuum lubes. These characler- 
is!:rr D ~ U S  canv?ntional "translitor" advantages offer new des~gn opporlun~ltes In 
romput r r~ ,  magnettc memory cares, data proccsslng equlpmenl, gas Idled ind~calor 
tllbss and Gther applicaltons wl~ere reduct~on of space, we~gh l  and high reliability 
are prime requ~slles 

4 
The GT 1200 IS partirularly s*jited to drlve gas Idled d~splay tubes, such as the 

Burroughs NIXIP " and P w e  * atthoul chanEtng exlstlng r~ rcu l t r y  other than alter- 
me voltapes so as not to exceed the raling of the translslar 

Co l lec to r  t o  Base  Vo l tage  Ir 2 5  P A  90 V o l t s  Min. 
( E m l t t e r  Open)  

E m i t t e r  t o  B a s e  Vo l tage  I, 2 5 p A  20 V o l t s  Min.  
(Co l lec to r  Open)  

Co l lec to r  t o  E m i t t e r  Vo l tage  I, 2 5  M A  90 Vol ts  Min. 
(Punch Throuehl - .  

S u p p h e d  I n  10-9 case  

GT 1201 GT 1202. In addlllon to drtvlng gas Ill led d~splay tuber are Ideally su~ ted  
for d w n g  hlgh Inductance loads drrvtng transformer coupled loads and allow more 
near l j  perfect Impedance malch'ng Thesp Iranslstors are fast dev~ces capable of 
h a n d h e  h ~ e h  tmDedance loads and larve stenal svrlnes 

S u p p h e d  i n  10-9 case  

Wrdc lodoy lor Bvllel<n GT 1200 NIXIE* and PIXIE" ore rog~rlerad 
tradamorks of Burreughs Corporation 

GENERAL TRANSlSTOR 
C O R P O R A T I O N  
91 2 7  1 3 B T H  PLACE JAMAICA 35 wcw VORI 
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R e p r i n t  f r o m  "Ordnance, " May-June 1959, 

O R D N A N C E  V A L U E  A N A L Y S I S  

H. R. Lowers  

Mr. Lowers  i s  in the Industrial  Division, Office of the Chief of Ordnance, 
United States Army, Washington, D. C. 

In the spring of 1958, representat ives  of the Watervliet Arsenal  made 
a presentation to the Chief of Ordnance and high-ranking m e m b e r s  of his 
staff. They showed the resul ts  of a 2-year experiment with a program 
known a s  value analysis. During this period a 2-man value-analysis staff, 
working with procurement,  manufacturing, and engineering organizations 
at  Watervliet, had generated savings of a lmost  $200, 000 in the cost of equip- 
ment procured o r  manufactured on a few current  orders .  

Typical of the successful projects undertaken was  a muzzle plug f o r  
155-mm, guns and howitzers. Purchased by Ordnance fo r  y e a r s  a s  a corn- 
plicated combination of aluminum, rubber, and b r a s s  pa r t s  and linkages, 
i t s  function was to  keep the gun tube f r e e  of contaminants when not in use. 
Its cost was $64. 

In seeking the answers  t o  such questions as: What i s  the item,? What 
does it do? What does it cos t?  What e l se  will do the job? What will that 
cos t?  - -  the value-analysis t eam found that a molded neoprene plug would 
p e ~ f o r m  the same  function a t  a cost of only $5. 95, a unit cost saving of 91 
pe r  cent. Based on current  o rde r  quantities, a total  reduction of $64, 500 
resulted. 

Value analysis i s  not new. Pioneered by the General Elec t r ic  Company 
in 1942, other companies, including Westinghouse, Radio Corporation of 
America,  and Raytheon have adopted s imi lar  programs.  In 1954 the Navy 
Bureau of Ships was the f i r s t  Government agency to  exploit the potential of 
this  new approach to  cost reduction. Known a s  value engineering in the 
Navy, every  naval shipyard has this  program in operation. 

Value analysis may  be defined a s  "a technique that s t a r t s  with a verifi-  
cation of essent ial  function and systematically develops a means of achieving 
this function a t  the lowest over-all  cost. It normally involves a full-t ime 
t eam effort. 

There a r e  two main fea tures  that set  value analysis apar t  f r o m  design 
engineering, product engineering, and other functional activit ies.  F i r s t ,  
the value analyst questions requirements.  He makes  su re  that the functions 



the equipment has been designed t o  per form a r e  real ly  required by the u s e r  
o r  whether, if the cost of the i r  attainment i s  too high, something e lse  might 
be  acceptable. Secondly, he employs a definite sys tem in relating cost t o  
necessa ry  function. 

This system i s  known a s  the value analysis job plan. The plan i s  divided 
into six phases: information, speculation, analysis, programming, program 
execution, and summary  and conclusions. 

Application of this  plan to  an actual ordnance project will help to  show 
how it operates.  The bore  b rush  M12 used with the 105-mm howitzer and 
105-mm. and 106-mm, recoi l less  rifles i s  i l lustrative of the tremendous 
savings possible even in noncomplex i tems of mil i tary equipment. If this i tem 
hap been value-analyzed in 1951, the total  savings would have been over 
$200,000. 

During the information phase, samples of the brush, cost, quantities in- 
volved, drawings, specifications, and manufacturing methods were  obtained. 
The exact function was determined - -  in this  case  that of cleaning the gun bore. 
The brush was  found to  consist  of five par t s  and t o  cost $13. 70 in quantities. 
In the past seven yea r s ,  26,026 had been procured. 

In the speculative phase, many possible solutions to  the problem were  con- 
sidered. Some of the questions used to  stimulate ideas were:  How much of 
this i s  the resul t  of custom, tradition, o r  opinion? Why does it have to  have 
this shape? What other mater ia l s  would do this job? What i s  s imi lar  to  this 
that costs  l e s s ?  Does i t  need a l l  of i ts  f ea tu res?  

During the analytical phase, cost es t imates  were  assigned t o  each new 
idea and compared with the old. Those ideas showing the most  promise were  
then pursued in g rea te r  detail. A standard shoulder eye bolt, plain half-inch 
cut washer ,  and an adapter, costing a total  of $1. 88 were  f ~ u n d  to be a possible 
replacement fo r  the existing ring, nut, and body assembly costing $2. 78. The 
brush  holder and nut costing $5. 63 could be replaced with a chemically t reated 
laminated cardboard costing 70 cents o r  with a molded plastic holder at approxi- 
mately $1. 00. 

In the program-planning phase, the brush  holder was broken down into a 
progression of functional a reas .  It was determined that the assembly consti- 
tuted a number of holding operations. Certain design fea tures  were  found to 
add nothing to  these basic  functions and could be eliminated. 

The resul ts  of the previous phases were  put into effect during the program-  
execution phase. All promising solutions were  checked out. It was determined 
that a bore-brush assembly, of which the body i s  a standard eye bolt and the 
brush  holder i s  formed f r o m  a 2-piece plastic cylinder, provided exactly the 



s a m e  function at  great ly  reduced cost. Use of a brush  holder made f r o m  
chemically t reated laminated cardboard reduced the cost even m o r e  but was  
somewhat l e s s  rugged. 

Finally, the value analyst wrapped up the resul ts  of the study and pre-  
sented i t  t o  the engineering group. The proposed solution was furnished a s  a 
recommendation on standard format.  Before-and-after sketches,  quantities 
required,  and a complete breakdown of cost,  including tooling, were  included. 

In the case of the bore brush, the plastic design was accepted by engi- 
neering following extensive serv ice  testing. The new design was favored by 
the u s e r  because of i t s  lighter weight, and actually provided longer brush  
life than the original design. The new cost i s  estimated to  be $6. 00 - -  a 
55 pe r  cent reduction over the original brush. Adopted a lso  in the 90-mm. 
size,  a saving of $16, 500 was realized on one recent order .  

At Watervliet Arsenal  the value-analysis staff found that such basic  b a r -  
r i e r s  to  good value a s  lack of information, want of an  idea, and t e m p w a r y  
condition frequently handicapped the designer,  When the procurement office 
was asked to  procure some special  socket-head shoulder screws normally 
costing $1. 44 each, value analysis was asked to  investigate the high cost of 
tooling fo r  a smal l  order ,  Lack of information on the par t  of the designer 
had caused the creat ion of a special  crawing of the screw. The value analyst 
found the identical i tem, plus an  added Ny-Lock feature,  in a specialty sup- 
p l ie r ' s  catalog a t  a pr ice of sixty- seven cents for  a saving of fifty-three per  
cent. 

F o r  want of a bet ter  idea, the bore sight fo r  the 106-mm. rifle had been 
designed a s  an aluminum casting requiring extensive machining, When value 
analysis found that it cost $3. 21 to per form the simple function of holding a 
peep sight on the axis of the rifle tube, a simple sheet-metal  stamping was 
devised., At a production cost of only thir ty-s ix cents,  a reduction in cost of 
eighty-nine per  cent was achieved. 

During the fal l  of 1958, Watervliet Arsenal,  at  the direction of Brig, Gen. 
F. J. McMorrow, Assistant Chief of Army Ordnance, Industrial  Division, 
conducted a 2-week Ordnancewide seminar .  Thirty- six "middle management1' 
personnel f r o m  seventeen different Ordnance installations received value- 
analysis training. Approximately half of the seminar  was devoted t o  the 
teaching of fundamentals; the remainger  was devoted to  project work. 

Typical of the participants were  three  representat ives  f r o m  the Army 
Rocket and Guided Missile Agency, Redstone Arsenal,  Ala. Upon their  r e -  
turn  to  their  organization, they immediately began to  apply the i r  training to  
mis s i l e  systems current ly in production. 



Were heat-treated handles designed to  life 2, 500 pounds on a part icular  
miss i le  container real ly  necessary  ? A field investigation showed that the 
containers were  usually moved by fork  lift truck. In infrequent instances a 
wire  sling could be substituted. The handles were  eliminated at  a saving of 
$24 p e r  container. 

By substituting phenolic plastic potentiometer locking s leeves fo r  the 
machined meta l  sleeves used by the thousands on miss i le  electronic ground 
equipment, the unit cost pe r  sleeve was reduced f r o m  25 cents to  5 cents. 
This smal l  i t em alone will account f o r  yearly savings of $4, 000. 

A striking example of the savings inherent in simple components of 
miss i le  systems was a fuse holder used in ground- control vans. Carr ied  
over in essentially the same f o r m  f r o m  ear ly  ground-control systems,  i t  
consisted of a dril led s tainless-s teel  bracket  on which thirty-seven machined 
and threaded bolt, nut, and washer  assemblies  were  mounted. The sole 
function of the assembly was to  hold spa re  fuses ,  

Although i t  was immediately obvious to  the t eam that cost was out of 
proportion to  the necessary  function, confirmation was supplied during the 
information phase, The cost per  holder was  found t o  be $195. 00. 

Brainstorming, a common value-analysis technique, was employed in 
the speculative phase. A stenographer in the value analysis office asked: 
Why can't you dr i l l  holes in a meta l  sheet and put in rubber grommets  to  
hold the fuses  ? A hand-built model was easily constructed and found to be 
suitable fo r  the purpose. Production cost was estimated a t  l e s s  then $1. 50 
- -  a 99 per  cent cost reduction. 

Although many spectacular examples of savings of 50 per  cent and m o r e  
of the original cost have been generated by Ordnance value analysts working 
with engineering, procurement,  and manufacturing personnel, the Ordnance 
Corps feels  that the surface barely has been scratched, 

A short  t ime ago, Maj. Gen. J. H. Hinrichs, Chief of Army Ordnance, 
directed that a l l  his field installations having engineering and procurement 
missions establ ish permanant value analysis  staffs. To fur ther  the training 
of these personnel, and others in Ordnance with whom they must  work, a 
permanent cours  e of instruction i s  being established at  the Ordnance Manage- 
ment Engineering Training Agency, Rock Island, Ill. 

The bulk of the Ordnancequipment budget i s  placed with industry fo r  engi- 
neering, procurement,  and manufacture. In o rde r  t o  achieve the maximum 
potential that value analysis offers, the Ordnance Corps rea l izes  that it must  
enlist  the help of value analysts on industry 's  payrolls. 



This phase of the program, soon to  be implemented, involves the 
provision f o r  this work in major  weapon-system contracts placed with 
industry. 

It recently was observed that "it isn' t  a cheaper automobile the 
American public wants; i t ' s  an expensive c a r  that costs less.  " In a sense 
this i s  the Ordnance Corpst philosophy. It 's  not cheaper equipment the 
troops need, i t ' s  expensive equipment that costs les s - - and value analysis 
i s  one important means of achieving this goal. 



SPECIFIC ACTIONS NEEDED BY DIVISION TOP 
MANAGEMENT FOR IMPLEMENTATION O F  A 

FULL- TIME VALUE PROGRAM --- -- 

1. Establish an open position for competent Value Specialist (or  Specialists) placed 
in the most  effective location within the organizational s t ructure of the Division. 

2 .  Issue a requisition to f i l l  the position. Seek out and select qualified personnel 
for this  position. 

3 .  Provide proper facil i t ies for the Professional Value Engineering function. 

4. Give strong support for  function by: 

a .  Organizational announcement 
b ,  Definition of relationships 
c. Create  receptive climate 

S t r e s s  responsibility to line management for cost and increased 
profitability, 

d.  Give credit  to l ine management for  
1. Cooperation with Value P r o g r a m  
2.  Implementation of suggestions 
3 .  Po  sitive approach 
4, Acceptance of change 

NOTE: Corporate Value Services  will be available to give you aid by: 

1. Making specific recommendations on organizational m a t t e r s  af ter  a study 
has  been made of the Division's par t icular  needs and des i r e s .  

2 .  Helping to select competent Value Specialists and training of qualified 
candidates for Professional  Value work. 

3 .  Assisting, on a continuing bas is ,  the operation of your Value P r o g r a m  to 
insure i t s  effectiveness.  

4. Guiding Divisional Management in decisions and actions needed to improve 
the efiectiveness of cost reduction and cost prevention through their  Value 
program.  This includes consultation in a r e a  of - 

1, Work of Value Specialists 
2. Value Climate 
3 .  Divisional Value Training 
4 ,  Product Cost Control 

MAKE A DECISION FOR VALUE - TAKE THESE SPECIFIC ACTIONS 

TODAY 



C SUBJZCT: TH2 PART OF VALU3 AiULYSIS IIf "I4%3-IT OR BUY-IT" STUDIZS 
 h his ansver was judged a l s o  very/ pe r t inen t  t o  "make-it" o r  

ll.*uy-i'i 11 problem i n  the  United s t a t e s )  

dr. J .  F. ! 3 l l i o t t  
Canadian General Glect r ic  Company, Ltd. 
212 King S t ree t ,  Vest 
Toronto, Ontario, Canada 

de&r B i l l :  

0 .' course, Va-ue Analysis a s  -!e a r e  deve,oping it here i s  not primaily concerned 
v i t h  "i-nake-it o r  buy-it" decisions.  Those a r e  manage%aent decisions. What ve i n  
Value Analj-sis rranJi i s  the oppor-tuniJc; i n  a l l  cases t o  develop t he  f a c t s  and pro: 
vide the  f a c t s  concerning Value t o  ,aanagemenic so t h a t  whether the  decision be t o  
manu2acture pa r t s  vhich :!ere ;ormei-lj purchased o r  ~ u r c h a s e  parts  vhic'n Irere _"or- 
~;~eri :r  ~~anu rac tu r ed ,  the decision v i l l  be based upon the  ;acts. 

G',ui2ie a ;~a r t  Trom Value Analysis, however, I am pleased t o  advise you corlcerning 
t le tliinkiiig or" SOI~E 07 our managenent 013 p a r t i cu l a r  problems v i t h  which we have 
had contact  during recent  &,lonths. 

It .ras l og i ca l  vhen a ready xarlret exis ted  I"or any reasonable quant i ty  of our 
products ;:hich ve could produce t o  reckon our cos t s  a s  we have, t o  f i gu re  t ha t ,  
i 7 ve had a machine which ?:as not rrorking, the overhead cosks continued anplay - - 
and ve should nake ce r ta in  sacri i ' ices t o  keep a l l  of the xachines busy, I$ rias 
l og i ca l  then, i n  considering vheLlier Lo make o r  buy a par t ,  t o  compare the  pur- 
chase cost  of the  pa r t  with the s u n  ol" mater ia l  plus labor  plus variable overhead 
ra ther  than Tul l  overhead because the  Tixed ove2head vould continue even i f  the  
pa r t  xere p r chased  and would, i n  e f fec t ,  be an added burden on o ther  pa r t s  of the  
device. 

It i s  Jus t  a s  l og i ca l  now, a s  ue face a competitive market, t o  accept  the  f a c t  
t h a t  -the value of a pa r t  o r  component o r  mater ia l  i s  es tabl ished by the  loves t  
2ost a t  which it can be dependably provided where and vhen needed whethsr it be 
provided from ou r  o m  machines o r  from the equiprrent of specializing: vendors; or ,  
in'fact. ,  the  value c e i l i n g  may be es tabl ished a t  a l e v e l  even lower if some other 
; la ter ia l  o r  pa r t  o r  product v i l l ,  a t  lover  cost ,  acco;aplisii the same func t iona l  
r g su l  t . 
It i s  equally l og i ca l  t ha t ,  i n  order t o  hold, and i n  c e r t a i n  areas,  improve our  
percentage of the avai lable  business, ve cannot accept cost6 i n  the various p a r t s  
of our products vhich a r e  above value. T?e cannot cidrge our c u s t m e r s  iiiore f o r  a 
par t  o r  mater ia l  t o  perform a ;unction than 0u2 colnpetitors vould be qnd a r e  
o b l i ~ e d  t o  charge. 

It then becomes bas ic  under today's  competitive condit ions m a t  every p a r t  O r  corn- 
ponent i n  our product stand on i t s  own l e e t  and represent  t h e  be s t  value obtain- 
able i n  the  inarkeZ vhether t h a t  Value r e s y l t s  r'rom l i t t l e  or mqch vork on the part 
l n  our cornpan;-. 
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Following t h i s  basic competitive conception, it w i l l  be found t h a t  machines i n  our 
own factory which do not competitively, considering f u l l  overhead--shop cos t  vs. pur- 
chase price, del iver  par ts  and components t o  our assembly l i n e s  a t  Value, w i l l  be- 
come idle .  

A t  f irst  glance, t h i s  again appears contra.-yto se l f - in te res t - i t  appears t o  r e s u l t  
in a sh i f t i ng  of the f ixed  overhead and increasing the  cost  of other pa r t s  while 
admittedly it accomplishes the  objective of providing a specif ied pa r t  or component 
a t  i t s  value. 

A second look shows t h a t  soon t h i s  and other machines which are  indeed marginal o r  
sub-marginal operations but have not necessar i ly  been recognized a s  such i n  the past  
due t o  our former policy of keeping them busy, are  standing idle .  The management 
then w i l l  s t r i p  out these marginal and l o s s  machines and put i n  t h e i r  place p r o f i t  
making operations. In  innumerable such cases, we have found t h i s  space adequate t o  
meeting our needs f o r  increased production. 

Some benef i ts  which stand out are:  

1. The product i s  competitive and our markets w i l l  be expanding ra ther  than con- 
t ract ing.  

2. Every foo t  of f loor  space i n  the  fac tory  i s  contributing i t s  share t o  the prof- 
it side of the balance sheet. 

3. It i s  of ten unnecessary t o  make' large c a p i t a l  expenditures f o r  addi t ional  f l o o r  
space. 

As an example, one of our operations has f o r  a decade followed the  policy of making 
every possible pa r t  o r  component i n  the  fac tory  a s  a matter of pol icy i n  order t o  
provide more "liquidation" and provide continuous labor load. The "Value" of the  
components was not examined by a search of competitive means f o r  securing the same 
par t .  The p r o f i t  posit ion of the Department turned i n t o  a l o s s  which increased 
yearly. The company placed new management i n  charge, They f i r s t  asked the  ques- 
t i on*  ., . I 

"What i s  the  'Valuet of these various pa r t s  we are making?" 

- A s  a resu l t ,  the  management selected and sent  twelve pa r t s  which we had the  oppor- 
t un i ty  t o  evaluate. It was found t h a t  two of them represented good value and ten 
d id  not. It was not unusual f o r  pa r t s  t o  cost  two or t h r ee  times t h e i r  "Value. " 

For example: 
Unnecessary 

Quanti ty cost/c ~ o s t / ~ o t  
'-T----- 

~ o s t / ~ o t "  
Thumb Screws 5000 $23.05 $1150 $ 925.00 

The Value was found t o  be------- 5000 $ 4.50 $ 225 
Another example was a par t  mde 
i n  l o t s  o~------------------------- 3000 $49.00 $1470 $1230 .OO 

The Value was found t o  be------- 3000 $ 8.00 $ 240 
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A s  a r e su l t ,  they immediately cleared t h i s  area and, since they did  not need it, 
rented it t o  another General E lec t r ic  operation which a t  once pressed it in to  
prof i table  service making it unnecessary f o r  the other un i t  t o  bui ld  another 
building. 

We think tha t ,  i n  today's competitive market, we must hold one thing inviolate;  
namely, the  costs of the various parts ,  components, and materials  which go i n t o  
our product must not go i n  a t  pr ices  higher than our competitors would pay f o r  
i den t i ca l  parts .  Any other  policy r e s u l t s  i n  "riding" the monogram which means 
weakening it. It can only remain strong if ,  instead, we, i n  each case, "support 
it" which means t o  provide a t  l e a s t  a s  much and preferably a l i t t l e  more value 
i n  each par t ,  component and p r o d k t  a s  our competitors do. 

In  our country, our taxes of a l l  nature a re  becoming extremely high and the 
d i f f i c u l t y  of ge t t ing  large amounts of cap i t a l  f o r  new buildings, and of l iqu ida t - .  
ing those expenditures once made, are  becoming increasingly d i f f i c u l t .  It is 
accordingly sharpening our wits i n  decisions regarding marginal operations, 

Our various competitive departments have f o r  a considerable period operated on a 
basis  of competitive value. In  our radio and te levis ion operation, f o r  example, 
unless a par t  or component can be made f o r  the  equivalent of o r  l e s s  than the 
purchase cost, it i s  purchased. 

Thus, it seems unthinkable i n  t h i s  day of high taxes, small re turn on c a p i t a l  in- 
vestment, and extensive labor problems t o  employ the services of labor which we 
have provided'through long and cos t ly  negotiations, on unnecessary marginal o r  
l o s s  operations; o r  t o  use t h e i r  valuable manufacturing space t o  unnecessarily 
make simple par t s  which we could read i ly  obtain f o r  t h e i r  Value--with no possible 
p r o f i t  return,  f o r  the space, when it i s  so urgently needed f o r  expanding our 
prof i t ab l e  operations. 

Very t r u l y  yours, 

L. D. Miles, Manager 
Value Analysis Services 
Materials Services Dept . 
LDM: AEM 
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THE PRELIMINARY PATTER 

Back in 1782 the King of France loaned $470,000 gold guineas to our 
new Confederation of States. 

We won't go into a credit manager's appraisal of the transaction but 
regard it only as the cause of one of the first American Make or Buy 
decisions. 

Some of the coins had been clipped before they were shipped to America 

-(This was in the days before Senate Investigating Committees). If those 
coins had been put into circulation the lack of uniformity would have been 
noted and soon the full weight coins would have been clipped by the public 
to match. 

The Government decided to d i p  these coins to a uniform weight 
before releasing them and issued a formal order to the Quartermaster 
General of the Army, Timothy Pickering, reading partially as follows:- 

"The pieces must be clipped. The price demanded by a Goldsmith is one 
penny for each piece . . . It only remains for you to say whether you 
will pay it out or cut the pieces to the standard weight yourself." 

Today when a manufacturer needs a metal fabricated part it still only 
remains for him to do one of those two things-Make it or Buy it. 

1 No matter which the choice the question is asked, "Why?" 

1 Here are some answers I've heard stressed over the years by company 
presidents, purchasing agents, comptrollers and production men. They were 
expressed in punch press departments, bars, drafting rooms, night clubs 
and other interesting places. 

My objective in reporting them is less important than your objective in 
reading them for many of the same arguments were advanced to prove 
both sides of the Make or Buy question. So I have no missionary-like 
expectations that this presentation will make anyone see the light-as 
I see it. 

I'll refrain from promoting a magic formula or a "this is it" answer 
-neither of which exist. 

If you want a detailed scientific coverage of the whole broad problem 
(not just metal stampings) let me recommend that you send a dollar 
and a half to the Harvard School of Business Administration, Soldiers' Field, 
Boston, Massachusetts. Ask for a copy of "MAKE OR BUY" by Professor 
James W. Culliton. It is "A Consideration of the Problems Fundamental 
to a Decision Whether to Manufacture or Buy Materials, Accessory Equip- 
ment, Fabricating Parts and Supplies." 

Another article--on the cost approach-appeared in the Journal of 
Accountancy, July 1953, It was entitled Creep by Robert L. Dixon, Ph.D., 
C.P.A. Professor of Accounting, University of Michigan. You don't have 
to be an accountant to understand his presentation. It's simple and readable. 
It's worth writing for. 
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SO YOU DON'T BUY STAMPINCS 

THE COST OF A STAMPING, whether it is made or bought, depends 
upon how good a buying job is done. 

Every metal stamping is bought. 

A frequent-and costly-misstatement is the one "Yes, we use stamp- 
ings-but we don't buy any." 

Actually how good a buying job is done determines the cost of a part 
-whether it is Made or Bought. 

If a buying transaction is involved a Make or Buy comparison becomes 
possible. 

First, what are we buying? It's the following: 

THE RIGHT PART-AT THE RIGHT TIME- 
IN THE RIGHT QUANTITY-AT THE LOWEST 
COST. 

There are some reasons for Making which in themselves are so basic as 
to eliminate any necessity for a Make or Buy decision. 

There are projects-usually with peculiar cover nameswhich are so 
hush-hush that every production process must be controlled in the interest 
of secrecy. 

Some requirements are so complex and demand such a tremendous capital 
investment that the normal competitive advantages of having a choice of 
many sources would not exist for the customer. An end ~roduct manufac- 
turer can assume large special machinery investments and project them over 
many years of use. He might not find an outsider to take that kind of a risk. 

But such valid reasons do not back up most Make decisions. 

Too often they are based on comments like:- 

"Punch Presses-they aren't expensive-let's buy one." 
"Let's make those parts here-the presses in my department aren't doing 

anything." 

"These stampings are going to take real tolerances. We'll just have to 
make those parts ourselves." 

"I don't care how low the prices are, but we can save the supplier's ad- 
ministration and sales expense and make his profit, too, can't we?" 

"We've got to do our own stamping-we can't afford to have our pro- 
duction lines stopped." I 

Or the President looks out of his window-sees his supplier drive up 
in a new Cadillac and decides that making stampings must be profitable. 1 

There is a school of thought in the stamping business which holds that 
no matter how illogical the reasons there's nothing a contract stamper 
can do about it. 

Those stampers assume that manufacturers do not arrive at Make or BUY 
decisions with making money as the objective. 

They believe the contract stamper is at the mercy of unpredictable and 
unreasonable marketing factors. 

They hold that it doesn't pay to fight "City Hall." 

So they look for a way to become an end product manufacturer themselves. 
The stamping industry must not go along with that philosophy. 

In our production economy there is a money-making justification for the 
contract metal stamper. 

It is not logical to believe that any end product manufacturer will 
knowingly throw out money. 

The stamping industry ought to go out and let them know. 

IN THIS CORNER 

"In MAKE vs. BUY the former has usually been the favorite but 
the fight has been fixed" 

-Reprinted by the courtesy of "Iron Age" 



In "Make can Lick Buy" and vice versa comparisons Make has been the 
popular favorite over the last few years. In fact, many executives regard 
the fight as No Contest. 

Too often, however, the fight has been fixed. That condition doesn't lead 
to developing good fighters or determining the better man. It usually costs 
the bettor money. 

In this discussion on company costs we'll skip over the individuals who, 
conversationally, winds up with machines and buildings that carry n9 
fixed charges-material that is scraplabor  that is standing around anyhow 
-and supervision and management that is looking for something extra to 
fill in their time-and therefore he can obviously make his stampings for free. 

This is an extreme viewpoint and most companies recognize there are 
some costs involved in Making. 

There is little disagreement on including direct labor and raw material 
items but wide differences when it comes to the variable and fixed costs. 

Many manufacturers do not include their full, or any of their fixed costs 
on the theory which is best expressed in the question "after all, we have 
them anyhow, don't we?" 

Here's General Electric Company's answer to that approach-it's in the 
form of a quote from a letter written by Mr. L. D. Miles, Manager of 
G.E.'s Value Analysis Unit - Material and Purchasing Department in 
Schenectady : 

"It was logical when a ready market existed for any reasonable quantity 
of our products which we could produce to reckon our costs as we have, 
to figure that, if we had a machine which was not working, the over- 
head costs continued anyway and we should make certain sacrifices to 
keep all of the machines busy. It was logical then, in considering 
whether to make or buy a part, to compare the purchase cost of the 
part with the sum of material plus variable overhead rather than full 
overhead because the fixed overhead would continue even if the part 
were purchased and would, in effect, be an added burden on other 
parts of the device. 

It is just as logical now, as we face a competitive market, to accept the 
fact that the Value of a part or component or material is established by 
the lowest cost at which it can be dependably provided where and 
when needed whether it be provided from our own machines or from 
the equipment of specializing vendors; or, in fact, the value ceiling may 
be established at a level even lower if some other material or part or 
product will, at lower cost, accomplish the same functional result. 

It is equally logical that, in order to hold, and in certain areas, improve 
our percentage of the available business, we cannot accept costs in the 
various parts of our products which are above value. W e  cannot charge 
our customers more for a part or material to perform a function than 
our competitors would be and are obliged to charge. 

It then becomes basic under today's competitive conditions that every 
part or component in our product stand on its own feet and represent 
the best value obtainable in the market whether that Value results from 
little or much work on the part in our company. 

Following this basic competitive conception, it will be found that ma- 
chines in our own factory which do not competitively, considering full 
overhead-shop costs vs. purchase price, deliver parts and components to 
our assembly lines as Value, will become idle. 

At first glance, this again appears contrary to self-interest-it appears 
to result in a shifting of the fixed overhead and increasing the cost of 
other parts while admittedly it accomplishes the objective of providing 
a specified part or component at its value. 

A second look shows that soon this and other machines which are indeed 
marginal or sub-marginal operations but have not necessarily been 
recognized as such in the past due to our former policy of keeping them 
busy, are standing idle. The management then will strip out these 
marginal and loss machines and put in their place profit making opera- 
tions. In innumerable such cases, we have found this space adequate to 
meet our needs for increased production. 

We think that, in today's competitive market, we must hold one thing 
inviolate; namely, the costs of the various parts, components, and ma- 
terials which go into our product must not go in at prices higher than 
out competitors would pay for identical parts. 

Taxes of all nature are becoming extremely high and the difficulty of 
getting large-amounts of capital for new buildings, and of liquidating 
those expenditures once made, are becoming increasingly difficult. It is 
accordingly sharpening our wits in decisions regarding marginal 
operations. 

Cost determinations for the purpose of "make-it or buy-it decisions" 
are based upon the comparison of the sum of "material" and "labor" 
with the Value of the part as established on the market. 

"Material" is the actual price which would be paid for the material. 

"Labor" is the actual amount the workman gets plus full overhead. 

Unless the part can be manufactured for its Value as determined by 
this direct comparison, it is provided by purchase." 

This approach takes into consideration that when you Make and try to 
fool the buyer you are only fooling yourself. 

As one interviewee wistfully pointed out it's only when you Buy that you 
benefit from mistakes or mistaken conceptions. 

Getting comparable figures on Made parts is, at best, a tough job. 

It's easy to measure sugar when it's in a sack. Dump that bag of sugar 
into a swimming pool and you have a much more difficult weighing prob- 
lem. In truth, you can easily overlook the fact that it is even there. 



The costs of Making are in suspension throughout your organization. 
The costs of Buying are still in the sack-with the weight printed on the 
package. 

Weighing the sugar in the pool is such a big job that it is seldom done. 
Yet, in light of good purchasing procedures, it should be done with every 
change in market or production conditions. 

LET'S CUT COSTS 

"Technological m3racles are no). always justified by the end result" 
Reprinted by the courtesy of "Iron Age" 

When a part is Made the purchasing department-the buying expert- 
is usually left out of the picture. No one else steps in to do the buying job. 

Once a press is set up and the operation becomes an incidental part of a 
larger operation the justification for its existence is often overlooked. 

There1$ nobody around constantly asking "What are we paying for the 
operation? What are we getting for that cost? Can we buy it for less?" 

As market, or other conditions change, a purchasing department does 
just that on the Buy decisions. The price on the bought part is always under 
control. 

The four minute mile was run because of competition. 
New lows in cost are reached the same way. 
On every new part--and sometimes even on new releases-the purchasing 

department makes the supplier race for his prize. He has to prove himself 
every time. 

It is i m p o s s i b l ~ v e n  with the best of intentions-for a captive stamping 
operation to be so competitively whipped and controlled. 

Track records are not set at company picnics. 
That loss of control and competition should be a major factor in the de- 

cision "Make or Buy." 
Under a reduced-volume of business a big job is to get the break-even 

point down Yet you will hear the statement: "Buy stampings? Don't be 
crazy. We're pulling in all the parts we've got farmed out now. We've got 
a big capital investment and we've got to absorb our overhead." 

It sounds good only if you say it fast enough. 

Eliminating the luxury of a captive press department night be the more 
logical approach to a serious break-even point reduction program. Here's 
why:--depreciation on equipment and rent or depreciation on buildings 
would be eliminated; general insurance costs could be decreased; Workman 
Compensation rates would go straight down; supervision could be eliminated; 
die repair and machine repair expense would disproportionately be reduced; 
factory expense items would melt and a mass of handling costs would dis- 

I appear. In other words much of the stu•’f in suspension would be precipitated. 
In addition fixed assets and inventories could be converted into cash and 

working capital ratios improved. This always looks good on a balance sheet. 
Remember, too, that any general drop in business probably also results 

in lower prices in the highly competitive contract stamping field. This could 
make comparisons even worse. 

In a Make situation can savings be a•’fected where the largest costs are- 
in labor and in material? 

The end product manufacturer can save in labor costs only by paying a 
lower hourly rate or by producing the part with less labor. 

In my interviews I found that the hourly rate paid to press operators in 
plants where stamping was incidental had nothing to do with the going 
market price for punch pfess operators. It was almost always based on the 
hourly rate of the main body of employees in the plant. This ran as high 
as twenty-five percent over the prevailing rates paid in stamping shops. 

Where an end product manufacturer does not go into an expensive single 
purpose special machine set-up it is not too reasonable to suppose he can 
out-engineer a whole field of specialists on the general run of stampings. In 
other words, he is not likely to make the pan with less labor hours. 

It takes crane operators; die setters; stock-handlers; machine repair men; 
die repair men; inspectors; and other types of labor to keep press operators 
effective-in any plant. 

The control of that indirect labor is tremendously important to the overall 
cost factors. 

That control, as expressed in daily reports showing the ratio of indirect 
to direct labor hours; the ratio of die repair hours to hours of press time; 
daily percentages of operator efficiency; machine load reports and other 
reports of that type, is not likely to exist in a diffused situation. In a contract 
stamping operation none of those figures are hidden. They are total. They 
are definite. They are recognized as part of cost. 

Any major differences in raw material costs are unlikely. Prices generally 
will be at mill levels. However, where an end product manufacturer might 
use only a small amount of some gauge and be buying it at a higher than 
mill basis the contract stamper might be pricing at mill due to his general 
accumulated requirements. 

1 Pulling in stampings because of patterned thinking might raise break- 
even points rather than lower them. It can be as unreal an approach as was 
that of the Pensioner who for years had the job of polishing the town 
canon. When in an economy move the job was cut out, the old man in high 
temper sputtered "Let them do it . . . I'll buy my own canon." 



WHO'S WHO 

There was a time, when autos were young, when a manufacturer had no 
choice but to make his own parts when he needed them to close tolerance; 
or he needed particularly large parts; or where his whole company's existence 
depended on a daily flow of tremendous quantities of parts. 

But, because of advantages of specialization, there grew up in this economy 
of ours several thousand contract metal fabricators. Within this field a manu- 
facturer can find competitive sources of almost anything he needs-automatic 
production of millions of pieces at pennies per thousand-shops that will 
make a few pieces-intricate assemblies---close tolerances-almost anything. 

The decision to Make or Buy should normally rest on something other 
than availability of facilities. 

Not every source available to a buyer is a contract metal stamping 
specialist and whether a Buy decision is a good one or not might well depend 
from whom the parts are bought. 

The validity andkalue of arguments for or against Buying must take into 
consideration whether or not the source is a true contract stamper. That 
means that his entire organization is devoted exclusively to contract stamping 
-not using stamping as a fill-in or sideline. 

There are end product manufacturers who, having once made the decision 
to make their own stampings, find they need outside work to keep their press 
room organization together during slack periods or seasonal fluctuations. 

There are companies such as tool and die shops, where presses are auxiliary 
equipment. These, too, become available to a prospective buyer of stampings 
as a potential source. 

During the last shortage of steel there were press room set-ups in steel 
"warehouses" operated by brokers. 

There are those stampers who are so busy developing their own products 
that they are not really doing a job of contract stamping. 

A buyer could get his fingers burnt in such situations and falsely assume 
the failure was one inherent in the industry. 

It isn't only the fact that a manufacturer doing stamping work inci- 
dentally might put other requirements first that makes him a less than 
desirable source. 

But it takes more than punch presses to give a customer the right part 
-at the right time-in the right quan t i tya t  the lowest cost. 

To make the part right takes engineering and inspection; to ship it at 
the right time takes scheduling and controls; to ship the right quantities 
requires inventories and space; to know costs requires systems and accounting. 

Contract metal stamping shops must be geared for such service mentally 
and organizationally. 

A contract metal stamper wouldn't consider closing his plant down for a 
week or two week vacation period-no matter how attractive such a move. 
might be costwise. 

Even when business is at a very low level a contract stamper keeps a 
night shift-he needs it for the fast passes-for the guy who's got a pro- 
duction line starting at seven the next morning and who at three in the 
afternoon finds he's over-looked a bracket. 

A stamper's paperwork system is designed on the theory that no customer 
knows what he wants or when he wants it-that an order when it is placed 
will be increased in quantity or decreased or both; that there'll be new 
issue numbers; revised shipping schedules; holds; engineering changes; and, 
after all of that, cancellations. 

And a contract stamper is ready to give quick cost estimates. 

Perhaps the most distinctive characteristic is the attitude of the produc- 
tion st&. In a contract stamping plant everyone is conditiones to sudden 
changing demands. They cannot hang up "do not disturb" signs on plans 
or presses. They must be flexible above all else. 

LOOK, MA, NO HANDS 

When fashion decrees that skirts be worn short women will wear them 
short despite bowlegs, piano legs, or spindly legs. 

There are fashions in industry, too, which have a tendency to be followed 
willy-nilly. 

Automation is the magic word today. 

The production ideal is to feed raw material in at one end of a machine 
and have finished pans flow out the other end-untouched by human hands. 

Here is a quote from an artide which appeared recendy: 
"Among the products is the punch press with the built-in electronic 
brain. It is wholly automatic. The punch press carries the move toward 
pushbutton factories one step farther. Its 'brain' directs it in adjusting 
itself to different production processes. 

Here's how it operates: An electronic device receives instructions from 
perforated cards, whose perforations represent a code describing the 
size, number and location of holes or other shapes to be punched. The 
electronic device, or 'brain', then feeds impulses based on this informa- 
tion to the press's mchanical parts, causing the automatic positioning 
of the materials to be punched and the performance of the punching 
chores with great accuracy." 

There are few comptrollers or purchasing agents who, reading that 
article, won't visualize their parts coming out of that machine. 

If they are having their parts made on the outside some will regard the 
fact that their parts are not run that way as the fault of sub-contracting. 

Technological miracles are not always justified by end results. 



Not too long ago a manufacturer built a tremendous and complex die 
for making radio chassis automatically. ' h e  theory was fine but did not 
take into account the normal flood of engineering changes and the need 
for die removals which in this case automation made more difficult. In 
fact, to meet their production requirements, they purchased these chassis 
from a contract manufacturer. He retooled the chassis in a manner more 
consistent with the objective-"The right part-At the right time-In 
the right quantity-At the lowest cost." 

Special purpose machines have another, sometimes less visible, dis- 
advantage. 

TO illustrate: A manufacturer sets up a line of punch presses to stamp 
out a series of parts. Along come new pans which can better be made on 
larger presses. 

At that point the tendency is to design and make the operations on the 
equipment available. That can be done but it could result in not making 
the parts in as few operations as possible. 

Human nature and complex organizations being what they are, that 
sort of condition is extremely difficult for company management in a 
"make-it-ourselves" condition to pin down and correct. 

A company who farms out such work has a choice of a tremendous range 
of facilities. If one contract metal stamper does not have the best suited 
equipment another will. 

I received a memorandum from our: sales department which dramatically 
illustrated this point:- 

"We have just had a chance to observe some of the methods used by 
a captive press shop. 

We weie asked to quote on the stampings for the Blank Automobile 
Company auto radio. This contract had been running at the Blank 
Radio Company for a number of years. They have their own stamping 
department. 

The quoting was done in two phases: 
1. Parts and Tool costs were to be established from piece part draw- 

ings supplied by the BIank Automobile Company. 

2. Part prices were to be established from operation sheets supplied by 
the Blank Radio Company based on the tools in their plant. 

In checking the first set of figures against the second an extremely 
wide variation was seen Because of basic differences in operations 
the parts quoted from scratch were cheaper than the prices from 
the radio manufacturer's existing tools. The Blank Radio Company 
has more operations than were necessary. 

In discussing this with engineers fmm the Blank Radio Company 
it was brought out that their pan design was tied into their equip- 
ment. They had extra operations because they didn't have the 
presses to do the work any other way." 

LET'S FEEL THE MATERIAL 

In any discussion on Make or Buy there is a one word argument which 
is tossed in as c o n c l u s i v ~ a l i t y .  It's the clincher. 

This is the most di6cult of all points to discuss. It can become as un- 
answerable as the word "Because." 

It is easy to imagine a situation where standards of finish or tolerances 
are so abnormal that the manufacturer would have no real competitive 
market in which to shop. 

That point, however, is used to justify a Make policy on parts with average 
quality ,requirements. Even when it is pointed out that a direct competitor 
is Buying the answer is "Well, our quality standards are higher." 

That is not a logical, nor generally a truthful, conclusion 

Control is less absolute when a part is Made. If the part varies from 
specification, but is usable, there is a natural reluctance to throw it out 
or to rework it. Why create more production problems; more indirect labor; 
more tool room time; more set-ups; and more costs for yourself? John and 
Joe are fellow members of the profit sharing plan-remember? 

Rejects Are Expensive 

If a contract stamper ships a part that isn't up to specifications he gets 
it back. 

Spoilage and rejects are expensive. They are items easily hidden and over- 
looked in a cost analysis when the part is Made and the costs are in sus- 
pension throughout the organization. 

When you buy a part the cost of quality is absolute. .You pay only for 
good parts. 

Specialization is important to quality, too. To the metal stamper his 
operation is the whole show. He has been exposed to many situations. He 
has learned a lot of techniques. He has a varied experience on presses, aux- 
iliary equipment, material and methods which might not be available where 
a stamping operation is only incidental. 

When higher quality standards must suddenly be imposed it is easier 
to find a new contract stamper with the necessaty quality standards than 
to try to raise--or lower--quality standards in your own plant. 

Incidental press operations in a plant can lower the quality of a product. 
Presses are noisy and dirt producing. They can distract other workers. 

Generally speaking Quality is a weak argument for Making. 



LET'S PLAY ENGINEER 

There is a belief, widely held, that metal stampers don't have to do 
any engineering and have no engineering expense. 

But "getting the right part at the least possible cost" takes a lot of engi- 
neering whether the stamping is made or bought. It takes engineering for 
part design, die design, and the estimating of die costs and part costs. 

An end product producer needs and deserves that service when he buys 
a stamping-whether from his own plant or a contract stamper. 

"It takes a lot of engineering . . . " 
-Reprinted by the courtesy of "Iron Age" 

Many manufacturers regard this engineering service as available "for free." 
Perhaps this is because manufacturers tend to regard the stamping company 
representative as a salesman rather than as an engineer even though he 
might be working daily with their own engineering and production de- 
partments on design and mechanical problems. 

Traditionally, too, much of the engineering in the form of operational 
sequences, die costs and part cost estimates is "free"-all you have to do is 
have a sketch or a print and write "Kindly Quote" on the face of it. If 
anyone is ever going to be killed by kindness it will be the metal stamper. 
That "Kindly Quote" will do it. 

For instance, the head of an in-plant fabricating department confronted 
the purchasing agent who had requested cost estimates from him. He had sub- 
mitted no quotations but wanted his company's work on the basis of the 
prices the purchasing agent secured from contract stamping sources. "Man," 
he commented to the buyer, "You're not going to stick us with the big cost 
of estimating-are you? Why burden us?" Value determination and Cost 
determination are two different things. 

Tooling is another phase of stamping engineering. A contract stamper 
usually has a large die shop. He needs it for building new dies and main- 
taining those in production. In the fields in which he has a lot of experience 
the contractor stamper develops special die construction skills. 

A stamper regards his tool shop as a means to an end. He generally prices 
his tools at a cost figure. 

It is for those reasons that a contract stamper feels a deep sense of in- 
justice when he builds a die and then has the customer remove the tool 
for fabrication in his own plant. 

The point perhaps can be illustrated by the story of the woman who at 
about 6:00 P.M. rushes up to the manager of the local movie house and 
asks, "Have you seen a boy, about ten years old, wearing glasses and a base- 
ball hat . . . ?" "Ah," interrupted the Manager, "Is he the kid that's been 
here for three shows already-and with adenoids yet so that he breathes 
like a teakettle . . . ?" 

"Yes, that's the one," says Mama. "Please give him this package . . . 
it's his supper!" 

A lot of valuable engineering is included in the contract stamping price. 

It is less likely to be in the package if the manufacturer buys his parts 
from companies not contract metal stampers. It is less likely to exist where 
the stampings are bought on an emergency or peak load basis only. 

It becomes an important plus factor where there is a close relationship 
between the customer and the supplier. 



SOME CLOSING COMMENTS Many companies therefore find that they can Buy cheaper than Make but 
that they can't take advantage of the situation. 

There is a disease, which for want of a better name, we should call 
Industrial Gout. 

The symptoms of an advanced case of Industrial Gout are: cluttering 
miscellaneous activities, lower efficiency, higher fixed costs and lower profit 
potentials. 

It is caused by a too rich diet of added activities taken in on the theory 
that each offers cost saving opportunities. The anticipated saving is, generally, 
in the area of fixed costs. 

Fixed costs in a successful company reflect capacity to operate. It 
wouldn't be a successful company if it were over-equipped and over-staffed. 

Added activities put an added strain, therefore, to all administrative 
departments if they are absorbed. This interferes with their prime responsi- 
bilities and jobs. Eventually, however, the pressure results in salaried em- 
ployee increases, salary increased and fixed asset additions none of which 
are directly traced to the addition of bargain activities. 

General, or long range, arguments are not likely to be as compelling as 
they are important. However, they, too, should be mentioned. 

Our country's defense needs a strong contract stamping industry. It 
can't spring up full blown during the war. It must be cultivated and used 
as a part of our every day business economy. 

If stamping was only an incidental operation in our industrial economy 
there would be no ground for the growth of a trade association. Technical 
progress, standardization, data, safety programs, and other important ad- 
vancements flow through such a channel. 

From the standpoint of public relations the contract stamping industry 
is a good thing for so called "Big Business." Suppliers are a social asset in 
the present day political and business world atmosphere. 

There is a statement frequently made which should be answered. It's 
the one "Let's try Making for awhile-we can always go back to Buying." 

There are dangers in that remark. 

There are extra values which result from the Good Will factor between 
Customer and Supplier. They are in the form of engineering services, and 
such shock absorber functions as happen during periods of sudden high 
production demands or severe material shortages. 

The dollar saving approaches to his customer's problems by a contract 
stamper can only happen if the customer has the same approach to the 
supplier's problems. The Contract Stamper needs continuity of business. 
He needs consideration, too. 

It's not easy to go from a Make to a Buy status. You have to overcome 
vested organizational self inaerests. You have she problem of discharging 
personnel. You have the problem of disposing of equipment. 

It's like the waiter who, having taken the order of the glamorous blonde 
-and she had ordered every high priced a-la-carte item-turned to her 
escort and asked "And what do you wish, Sir?" Looking up glumly the man 
answered, "I wish I hadn't brung her!" 

Despite all this I have never met up with a customer aflgicted with 
oniomania. That's a disease where the victim has an uncontrollable urge 
to Buy. To a stamper it seems everyone is afflicted with exactly the opposite 
symptoms. Ask your psychiatrist what he calls an uncontrollable urge to 
Make. 
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THE FULL TIME VALUE SPECIALIST 
IN ACTION IN INDUSTRY 

t 
What specifically does business management have to  do? --Does the p ro -  
fes  sional Value Specialist do? - -Do people in Engineering, Manufactaring, 
and Purchasing have to do to make the Value program most  effective? 

To answer some of these questions, l e t ' s  take a look a t  the Professional  
Value Specialist in Action in Industry. L e t ' s  assume that he h a s  manage- 
ment support for h is  activity, that he is so situated within the organization 
that he can properly per form h i s  function, that he is well qualified by 
training, experience, and personality to c a r r y  on h i s  work as a Value 
Engineering o r  Analysis Specialist, and that he can give adequate coverage 
to h is  assignment.  

What s o r t  of action can be expected then of this  Value Specialist? What does 
he do? How does he justify h i s  pay? How can he a s s u r e  Management that 
they a r e  getting a good ra te  of re turn  on the i r  investment? These questiolns 
will now be answered fop you. 

Since we a r e  talking about a relatively new field, some concise definitions 
may  be beneficial. We use the t e r m s  Value Engineering and Value Analysis 
a s  t i t les  fo r  a new a r e a  of professional activity which embod.iers the application 
of cer tain techniques in a systemmatic  approach to find bet ter  value. The 
distinction between these two t i t les  is not always c lear  even to those of u s  
engaged in the field. Generally speaking, the difference s e e m s  to l ie  in the 
rea lm of timing of application of the effort. Value Engineeying connotates 
m o r e  extensive application of the effort .in the design and preproduction 
stages of a product cycle.  There  seems  to be general agreement ,  however, 
a s  to the context and scope of the activity; so for  the pbrpose of this  paper ,  
the two t e r m s  will be used synonymously. 

Value Analysis Defined: 

Value Analysis is a full-time, professional service activity aimed at 
generating lower cost methods of accomplishing specific functions within 
an equipment, product o r  device by strengthening the capabilities'of all 
line operating personnel (Engineering, Manufacturing, and Purchasing) in 
the Value field. Specialists who work f u l l  t ime in this  field provide a unique 
service which stimulates o thers ,  who havb product responsibility, to grea ter  
accomplishments to lower costs ,  better product value, 



Value Defined: 

A product is said to be the best  Value when i t  can be procstsed for the 
lowest cost and pe r fo rms  to the u s e r ' s  satisfaction throughout the des i red  
life cycle with the lowest service cost .  To meet  this  objective, each 
functional component must  be produced fo r  the lowest cast  with the essent ial  
quality to meet  performance requirements .  

This i s  the Value Field,  It is toward this  objective that the work of the Value 
Specialist is oriented. 

The Work of the Full -Time Professional  Value Specialist fa l ls  into four general 
classifications: 

1, Integration 
2 .  Evaluation 
3 .  Educaticn 
4. Consultation 

The performance of each of these elements by the Value Specialist is absolutely 
essent ial  to the fulfillment of h i s  responsibilities. While the Evaluation sition 
of the Value Analyst 's  job is the one often receiving the grea tes t  emphasis,  
unless  supplemented and supported by activit ies in each of the other a r e a s ,  the 
company will not receive the maximum benefits f rom i t s  Value program. Now 
what does each of these work elements  include? 

1. Integration- - 
This element involves the estabaiahment of co r rec t  relationships and 
prac t ices  with all business  funetione, manager$,  and personnel.  
Included in this  work is :  

a ,  Gain management support for Value Activity, education, 
arid organization. 

b,  Demonstrate how Value Analysis can offer specific assis tance 
to management and operating personnel,  

c .  Eetablish procedures  by which the ways and mearis to 
implement Value Analyais proporals  a r e  established in 
a11 functional a r e a s  of the businees,  Generate receptive 
climate for the review and positive action on proposals ,  

d ,  Integrate and liaison other  Value activitie pl within one 's  
own company and throughout induetry, 



e .  Crea te  the des i r e  and means  for  integrating, Value Analysis 
activit ies into other functisr~al a r e a s  o f  the business.  Ass is t  
in planning and budgeting for Value Specialist activit ies,  

f. Work with other  functional a r e a  personnel for the purpose of 
developing improved sys tems,  procedures ,  and data flow 
which will benefit value activit ies,  

g, Help promote and develop a unified teamwork effort of a l l  
groups within the company for the over -a l l  benefit of all. 

h. Provide continual personnel motivation for Value. 

2 .  Evaluation- - 

Here  is the very important analysis work element by which the Value 
Specialists can poidt the way to lower cos ts  through their  expert  appli- 
catioa of proven techniques in their  evaJuation sf  company products,  
P rac t i ca l  cost reduction potentials a r e  directed to those responsible 
for  action by,means of one page factual proposals.  Value Analysis 
Specialists ape proven to be extremely effective in this  evaluation a r e a  
because they: 

a ,  Make extensive analysis of coats without interruption caused 
by performahce of other  line responsibil i t ies,  

b. Are value o r  cost oriented in their  work and training, 

c. Have t ime to delve into a complete functional and total  cost 
analysis  using special techniques in which they a r e  proficient. 

d. Have broad extensive backgrounds developed by full-t ime 
effort in the Value Field,  

e, Know where and how ta go about getting the best information 
f rom the be s t  source.  Fur the rmore ,  they have the t ime to 
do i t .  

In doing their  evaluation work, the Value Specialists should never  do 
anyone e l m ' s  job. They a r e  a service function designed to stimulate 
o thers  by p r e  ~ e n t i n g  factual sugge latione for the evaluation and decieion 
by the r e  spoxa~ible people in anginee sing, manufacturing, o s purchasing. 
The Value Gpacialist should never do the engineerla job by involving 
himeelf with extsrnrsive teeting, complex mathematical proofs,  detailed 
deeign drafting, o r  other work the engineer must do to prove and descr ibe 



any design. The Value Engineer o r  Analyst i s  not a paral le l  o r  
duplicate effort of any function, he is a supplemental effort de-  
signed to strengthen each a r e a  he se rv ices ,  His proposals should 
be based on sound thinking and facts  with a high probability of 
acceptance. 

The Evaluation work of the Value Analyst can take many forms,  be 
conducted a t  different intervals  in the product cycle, and have sev-  
e r a l  different objectives; some examples of these a re :  

1. The daily effort of the full-t ime Value Specialist, 
2, The group effort of a team of Value Specialists. 
3 ,  The task force teamwork effort by people f rom different 

functions on a pa r t  o r  full t ime bas is  led by the Value 
Specialist. 

4. A large  scale  seminar  type operation involving severa l  
t eams  guided by Value Specialists. 

1. Evaluation of specifications and other  design requirements  
during the ea r ly  engineering phase,  

2. Evaluation of breadbo9rd models,  design layouts and early 
details during the design engineering phase. 

3, Evaluation of designs and p a r t s  during the development 
phase,  

4. A continuing evaluation on the product during production, 

C. Objectives- - 

1, To reveal conditions of design requirements  which will resul t  
in excessive product costs .  

2. To a s s i s t  engineering, manufacturing, and purchasing people 
by providing them with specific information a t  the appropriate 
t ime to guide them in decisions for better value, 

3 ,  To provide functional personnel with l a rge  amounts of infor - 
mation properly t imed to permi t  them to make substantial 
reduction in product cos t .  

4, To demonstrate the effectiveness of Value Analysis techniques; 
to sel l  management on a program;  to demonstrate to all p e r -  
sonnel that there  a r e  new and different, lower cost ways to 
per form the function; to stimulate grea ter  cost consciousness; 
to a rouse  a constructive discontent; to improve value-ability; 
to reduce costs ;  to improve profitability; to increaee productio. 
and eales;  to help the company stay competitive. 



These a r e  a few of the reasons  the Value Specialist works in the field of 
product evaluation, There  a r e  all combinations of the various F o r m s ,  Timing, 
and Objectives. 

3 .  Education- - 
This  work element involves both formal  and informal training of 
management and line personnel to improve their  Value -ability and 
cost consciousness.  The Professional  Value Specialist shauld teach 
both Value Techniques and Value Information. 

Value Techniques--include al l  the Value Engineering o r  Value Analysis 
Techniques and Systematic Methods used by the Specialists. 

Value Information- -includes information on manufacturing, methods, 
processes ,  products,  vendors, s tandards,  ma te r i a l s  and designs,  

The formal  methods used by the Value Specialist to teach both are: 

Lectures  
Seminars  - -fulltime, par t  t ime,  multiple session 
Vendor seminars  
Task force operations 
Displays 
News sheets  
Published a r t i c l e s  
Brochures  
Value Proposa ls  

The informal methods include: 

a. Personal  contacts 
b,  Group discussions 
c. Le t t e r s  
d. Case  h is tor ies  

4. Consultation- - 
In this  work element, the Value Specialist must  serve  his company a s  
a consultant o r  expert  in the field of Value, Value Techniques, and Value 
Information, By not having line responsibil i t ies,  he can keep ab reas t  of 
new developments in mater iala ,  processes, machines,  s tandards,  vendors,  
methods,  and producte;, We i s  a Specialist in knowing where to go and how 
to go about getting specific information and bringing New Knowledge into 
functional a reas .  



He can keep up-to-date catalogue fi les.  He cah help extend the a r m s  
of manufactuping, purchasing, and engineering by assisting, guiding, 
and directing to sources  of information; bringing in specialists f rom 
all a reas ;  helping to get infbrmation on cos ts  and other  i t ems  as 
requested: The Value Specialist maintains a r e se rvo i r  of information 
available to al l  on request .  He keeps ab reas t  of activit ies in  the Value 
field throughout Industry and Government. 

Summation - - 

There ' s  the Va,lue Specialist in Action in Industry, I t 's  a big job, a full 
t ime job; a job that no other individual o r  group is doing; a job that needs 
to be done; a job of human relations and salesmanship; a challenging and 
stimulating job. There  is a tremendous need in industry for dedicated, 
capable Professional  Specialists in this  field, 

A separa te  pe'rson o r  group, working exclusively in the Value field s t im-  
ulates grea ter  efforts and achievements f rom all l ine operating personnel 
with whom they associate ,  Thei r  work provides the motivating force 
which a rouses  the des i re  of all people to do a bet ter  job and generates  
a constructively competitive spir i t .  

This stimulation comes f ~ o m  a continual emphasis by the Value Specialists 
on the importance of lower costs ,  the promotion of the application of Value 
Analysis Techniques, the demonstration of Value by examples,  caee h is tor ies  
and factual proposals,  the seeking out and introduction of new information 
f rom al l  sources  for potential application to company products; and the effort 
of t h e ~ e  specialists to cultivate a d i m a t e  of harmonious teamwork dedicated 
to obtain each functional component and product for  the l eas t  cost. 

By Frede r i ck  S.  Sherwin 
Manager, Value Engineering and Analysis Services  
Raytheon Company 
Waltham 54,  Massachusetts 

FSS: bc 



What would the Professional  Value Specialist  do 
i f  he s ta r ted  work tomorrow? 

A ,  He would proceed on an intensive fact-finding p r o g r a m ,  This  would entail 

becoming acquainted with: 

1, Organization 
a. Division and corpora te  
b .  Personnel  
c . Functional relationships and r e  sponsibilitie s 
d .  Po l ic ies  and procedures  

2 .  Product  
a ,  Nature 
b. Scope 
c .  Applications 

3 .  Marketing 
a. Cus tomers  
b. Sales  volume 

4. Financial  
a ,  Cost system 
b .  Profitabil i ty 
c .  Cost  reduction 

5.  Engineering 
a .  Design approach 
b.  Requirements  
c . Product  improvement 

6.  Manufacturing 
a ,  Faci l i t ies  
b. Make o r  buy policy 

7 .  Purchasing 
a. Working relationship 
b.  Vendors 

8.  General  
a .  Labor  relations 
b. Communications 
e .  Training p r o g r a m s  
d.  Services  



B. Throughout the above phase of the Value Special is t ' s  work,  he  should be 
working constantly to: 

1. Gain acceptance a s  a Service Specialist  by Divisional Management for 
h i s  functions, organization,  and p rog ram.  

2 ,  Stimulate a unified teamwork effort among al l  functions, 

3 .  Develop ways and means  by which Value proposals  will be  implemented.  

4. Accumulate a background of technical and specialty information applicable 
to division products.  

NOTES TO MANAGEMENT 

This  procedure,  if c a r r i ed  out cor rec t ly ,  will lead the Specialist  and the Division 
to a successful  Value P r o g r a m ,  encompassing al l  phases  of the Value Engi neering 
work scope.  

Value Serv ices  will give concentrated ass i s tance  to the Value Specialist  during 
th i s  s tar t ing phase of h i s  p rog ram,  



VALUE ENGINEERING 
INFORMATION WORKSHEET I 

Product  

Worksheet 

- -  

Assemblv or P a r t  Name Drawing # , 
Quantity required / year ,  Pot, contract 

Application & Marketing Background: 

Engineering Background: 

Manufacturing & Procurement  Background: 

Team Members:  Team # Date 



V. E .  Worksheet #2 
VALUE ENGINEERING 

INFORMATION WORKSHEET II 
DEFINE THE FUNCTION 

Product  Name 
Assembly O F  Part Name Drawing # 
Basic Function ( s )  

Component P a r t s  o r  Elements  

Team Members:  

Function ( s )  
J e r b  Noun 

1 

I 
I 

I 
I 

I 
I 

I 

I 
I 
I 
I 

I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 

I 
i 

I 

1 
I 
I 
I 
I 

I 
I 

Team # 

De 
Basic 

Date 

Secondary 



V. E ,  Worksheet $43 
VALUE ENGINEERING 

CREATION WORK SHEET 

Assembly o r  P a r t  Name Drawing No. 
Basic  Function of Assembly o r  P a r t  
Creat ive Ideas (Don't evaluate ! ) Aim for  m o r e  than 20 

Getting Started 

Warmed up 

L e t ' s  Get Rolling 



V. E .  Worksheet #4 
VALUE ENGINEERING 

EVALUATE WORKSHEET I 
EVALUATE THE FUNCTION 

Product  
Assembly o r  P a r t  Name Drawing # 
Basic Function 
Source: Make Vendor 

overlap 
Work; 
sheet 
#2 

Material  
Total 
--*-----.- 

Value Cost Notes 

Cost Summary 
Material  $ Direct Labor $ Overhead $ Total $ 

Team members :  Team # Date 



V. E .  Worksheet #5 
VALUE ENGINEERING 

EVALUATION WORKSHEET I1 
IDEA EVALUATION & DEVELOPMENT 

Product 
Assembly o r  P a r t  Name Drawing # 
Basic Function 

Best .Ideas f r o m  Creative Advantage s 
Worksheet 

P lans  for  Action on Ide 

Disadvantages 

Team members :  Team # Date 

An Idea Is What You Make Of It 



V. E .  Worksheet #6 
VALUE ENGINEERING 

INVESTIGATION WORKSHEET I 
CONSULTATION SUMMARY 

Produc t  
P a r t  Name Drawing # 
Idea Eeing Developed 

PROGRAM 
Source of Information Information Received Action Taken 

T e a m  Members :  T e a m  # Date 





V. E ,  Worksheet #8  
VALUE ENGINEERING 

INVESTIGATION WORKSHEET I11 
PROCESS COMPARISON SUMMARY 

Produc t  
P a r t  Name 
Drawing # 

QUOTATION SUMMARY 

VENDOR & PROCESS 

T e a m  Members:  

PRICE I TOOLS RE MARKS 

:earn # Date 



V. E .  Worksheet #9  
VALUE ENGINEERING 

RECOMMENDATION WORKSHEET SUMMARY 

Product  
Assembly o r  P a r t  Name Drawing # 
Ideas Inve stigated 

Recommended Vendor o r  Source 
1. 
2 .  
3 .  

Other Source s of Information 
1. 
2.  
3 .  

Implementation Action to be Taken by 
1. 
2. 
3 .  

Remarks:  

P r i c e  

Est imate Implementation Cost 

Team Members:  Team # Date 



V. E .  Worksheet #10 
VALUE ENGINEERING 

RECOMMENDATION SHEET 

Company Name Division o r  P lan t  
Product  T e a m  & Recommendation # 
Assembly o r  P a r t  Name Drawing # 
Qty. p e r  Product  

yea r  yea r  
POTENTIAL NET SAVINGS p e r  Pot I$l Qty. Products  p e r  lot [-I 

a s sembly  

contract  c o n t ~ a c t  

I savings J 
PRESENT I 70 cost  

$ / p a r t  o r  
as sembly 

RECOMMENDED 

SAVINGS $ / Assembly 
P a r t  

TOOLING COSTS $ ESTIMATED ENGRG. COSTS $ 

Comments:  

Team Members  & Other Contr ibutors  
F o r  Fu r the r  Information Contact: Phone Date 



VALUE -- C4SE HISTORIES 

d One of t h e  b e s t  wsys t o  qssist people i n  311 s r e a s  of t h e  Compqny t o  
b e t t e r  c o n t r i b u t e  t o  p r o f i t 4 b i l i t y  i s  by showing examples of where 2nd 
Plow c o s t  ssv ings  hsve been qchieved, ' You can h e l p  improve t h e  Value- 
q b i l i t y  of o t h e r s  by passing ? long exlmples qnd csse h i s t o r i e s  of  c o s t  
sq vings , 

I f  you know of  such c l s e s  where e q w l  performirnce w l s  obtained f o r  lower 
cos t  through redesign,  m a t e r i l l  s u b s t i t u t i o n ,  dimensfond o r  s p e c i f f c q t i o n  
chqnge, new o r  s p e c i l l t y  vendors, o r  improved methods o r  processes  - ta.ke 
a few minutes, f i l l  out  t h e  fol lowing form snd r e t u r n  t o  Vslue Engineering 
Services  of f fce ,  You wi91 g e t  t h e  c r e d i t ,  otheps w i l l  b e n e f i t  from your 
e x p e ~ i e n c e ,  qnd t h e  Comp~ny w i l l  p f n  by b e t t e r  Vqlue products,  

Gase History 

P s r t  # ~ n d  Mme 
Equipment o r  System 
& u ~ n t f t y / ~ ~ s t e m  o r / ~ e s r  

h s t  OF Former Method Present  o r  New Method 
( I n  h e r e  put ske tches  o r  d e s c r i p t i v e  i n f o m a t i o n )  

P s s t  Cost Present Cost 

~ q v f a ~ s / S  stem o r / ~ e 2 r  
Comments T Brf ef  statement o r  h i s t o r y  o f  how change csme qbout ) 

.Your Nme Ext , 
Division Dept, 

NOTE: If mmple p q r t s  a r e  ava f l ab le ,  p l e s s e  n o t i f y  o r  send t o  Value 
S e m i  c e s B  

Return to :  Vqlue Engineering Services  
Depqrtment 1360 - 
Lexington 73, &ss, 
Extension 244, 245 



ALUE 
- 

NO. 3 VALUE ENGINEERING, GOVERNMENT EQUIPMENT DIVISION AUGUST 8, 1958 

0 

I I a dollar? 
YOU MAY BE FAMILIAR WITH THE SAYING, "A PENNY SAVED I S  A PENNY EARNED." 

BUT, DID YOU KNOW THAT EACH DOLLAR YOU SAVE BY REDUCING COSTS HAS THE 

SAME AFFECT ON THE COMPANY'S EARNINGS AS THE SALE OF FIFTY-FOUR DOLLARS 

WORTH OF OUR PRODUCTS? 

EARNED BY n IN NEW 
REDUCING COST - SALES 

Y O U R  S A L A R Y  

COST REDUCTION IS, EVERYBODY'S BUSINESS 



FOR BETTER VALUE 
/' 

NO. 10 V A L U E  ENGINEERING, GOVERNMENT EQUIPMENT DIVISION SEPTEMBER, 26, 1958 

he Customer Wants 

If We Don't Give Better Value Our Competitors Will 



- -- -- - 

NO. 27 V A L I J E  E N G I N E E R I N G ,  W A Y L A N D  L A B O R A T O R Y  JULY 2 2 ,  1959 

HEAT TR NSFER APPLICATIONS * 
A NEW TECHNIQUE BY 

F:W. French Tube Co. 

LONG FIN K 4 r  
WIDTHS LARGE 

ANY NUMBER 
OF FlNS 

SIZES 

MULTI L E A D  
DIAMETERS SPIRAL FlNS 

-FINS COLD FORMED FROM TUBE WALL-NO INTERFACES 

- AD& TO YOUR SPECIFICATIONS 

L O W  TUBE COST 

CALL VALUE ENGRG 2625 FOR MORE INFO 

* A S  APPRAISED BY THE LAB'S MECH-CHEM CONSULTING SECTION 



VALUE ANALYSIS BULLETIN FOR OCTOBER 1960 
E X A M P L E  NO. 1 - C A S E  NO. 38-105 

S H R O U D  P/N 3-54356 
F U E L  HOSE CROSS O V E R  A S S E M B L Y  P/N 3-50720-1 

4.03 * .02 
INSIDE DIA 

The original stainless steel tube fobricotion was costly 
and appeared fragile. Therefore, the design engineer re. 
quested the Value Analys is  unit  and the buyer to ass is t  i n  
locating special i ty suppliers who could provide alternate 
materials or methods of  manufacture to accomplish the 
required function wi th  greater re l iab i l i ty  a t  lower cost. 
Two promising lower cost poss ib i l i t ies were submitted for 
consideration, one a r ig id ized stainless steel tube wi th  
an in te ra l  bellows, and the other a fiberglass loy up wi th  
a stainfess steel bellows. Both were under consideration 
at the t ime a fai lure occurred during fuel ce l l  pressurizo. 

\ t ion tests. The fibergloss proposal was determined by 
Engineering to be the most rugged and lowest in cost, with 
the additional advantage of saving one-half pound i n  
weight; consequently, i t  was opproved. 

Cost reduction - 30 percent 
Savings on 50 ship sets - $3200.00 

E X A M P L E  NO. 2 - C A S E  NO. 38-126 
C A S E  NO. 38-127 

The buyer questioned the value to cost rat io of vendor de- 
signed items and referred to the Value Anolys is  unit  for 
study. A brainstorming meeting was orranged consist ing of  
cognizont Design Engineers, Product Analysts, the Buyer 
and Value Analysts. I t  wos found that high costs existed 
because of  the welded assembly of  formed metal parts in 
the elbow. After considerable discussion i t  was tento- 
t ive ly  determined thot substantial cost improvements would 
result  from a complete re-design to incorporate cast el- 
bows. The proposal wos referred to the supplier, who 
obiected because of the poss ib i l i ty  o f  leakage through the 
pores of the costing. Another meeting considered th is  ob- 
jection and developed o recommendation to study various 
methods of  impregnotion. The proposal was again refer- 
red to the vendor who ult imately designed acceptable im- 
pregnated castings. 

Cost reduction - 38 percent 
Savings on 50 ship sets - $15,119.00 

AS REQUIRED: 
BUYERS 

TOOL ENGINEERING 
ENGINEERS 

COST ESTIMATING PRODUCTION OPERATIONS 

ENGINEERING 
PRODUCT ANALYSIS 

. - 
s a meons  o f  augment ing  t h e  e s t a b l i s h e d  V a l u e  A n a l y s i s  program, t h i s  c o m m i t t e e  w a s  r e c e n t l y  formed t o  f u n c t i o n a l l y  a n a l y z  e h i g h l y  

comp lex  s y s t e m s  a n d  o the r  s u c h  h i g h  c o s t  i t e m s  o f  manu fac tu re  or  procurement, a s  may  b e  required, i n  o rde r  t o  d e v e l o p  recommenda t ions  

for  l o w e r  c o s t  me thods  o f  a c c o m p l i s h i n g  t h e  e s s e n t i o l  funct ions.  

V A L U E  ANALYSIS IS A PROGRAM IN WHICH EVERYONE FROM T H E  PRESIDENT TO THE OFFICE BOY PARTICIPATES. 
RESULTS ARE, THEREFORE, ACHIEVED THROUGH THEIR COOPERATIVE EFFORTS. FOR THIS REASON SAVINGS 
ARE N O T  CREDITED TO ANY INDIVIDUAL OR GROUP, BUT TO THE PROGRAM. HOWEVER, THOSE WHO QUESTION 
THE VALUE OF AN I T E M  AND REFER IT  FOR STUDY ARE GIVEN CREDIT  FOR INITIATIVE.  



EXAMPLE NO. 1 SHEAR PIN FOR F.89 TOW BAR 

APRIL 1960 

TYPICAL EXAMPLES OF VALUE ANALYSIS CASES 

,231 10.32 thread 
,229 

4.04 

Designed to  be mochincd from 7/16" hex steel. On a recent r e w d c r  for 6200 the buyer 

requested a value analysis. An analysis of the function indicated that the pins could be 

poduced equal lyoswel las by cold heading 114" round stock, then ftnish machined. This 
war verif ied by the supplier. Thwefore, a DCR to  that effect wor approved. 

Cost reduction - 54 percent 

Tota l  sw ings  - $1860.00 

EXAMPLE NO. 3 

DUCT, CROSSBLEED STARTING AIR T-38 2-50303 

In response to  a Value Analysts questionnoire, the supplier suggested that the elb- 

design be changed from o single piece fwming operotion t o o  welded osremblv. Engineering 

evaluation found the proposal acceptable. 

Cost reduction - 16 percent 

Tota l  sw ings  - $1068.00 

EXAMPLE NO. 2 T-38 BLADE ANTENNA 2-61907 

Buyer requested value anolysis due to high costs involved. The ono lys~s  confirmed that 

the cost was dispoportionote to the function. A b r o i n r t o r m ~ n ~  poduct  analysis meeting 

war then arranged in engineering to  discuss alternate designr.Severolalternote approaches 

were devised, one being to  cast the mounting plate end blade or an integrol port. Similar 

meetings were then held wi th rpecio l ty  suppliers. From these meetings a lower cost, 

higher quality design emerged. 

Cost reduction - 48 percent 

Totml savings - $9000.00 

SAVE THOSE DOLLARS 4.4'4 

S OF SAVINGS PRODUCED B Y  APPLYING T H E  TECHNIQUES OF VALUE 

SERVICE IS AVAILABLE T O  ANY EMPLOYEE OR SUPPLIER WHO QUESTIONS THE COST 
N RELATION TO T H E  FUNCTION IT  PERFORMS. (COST = DOLLARS OR MAN HOURS.) 

YOUR QUESTIONS ARE SOLICITED 

ALUE ANALYSIS 6000-71 STATION 3-621 
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58 questions to give you pause 

' 4 

I I 

I #  Lest you forget-here's a set of 
reminders pointing to the little things 
that breed waste and inefficiency. 

W A L T E R  R .  S C H E R R ,  We~terrl  Electric Co, Keartty Works, Kearny, N J  

".-4 

GENERAL -- 
[I I ,  , Is this a proposal or an actual design project? 

a 2, , To what extent should we consider annual requirements?' 

[? 3. , Is the new design necessary, or would a simple modification of an existing one suffice? 

U /I - , If the new design supersedes an existing one, are the economies sound with respect to tool and 
machine investment, etc? 

[I *F - - Are the engineering requirements, limits, and tolerances specified necessary or are they unnc 
essarily strict and likely to result in excessive manufacturing cost? 

6 6 . Arc the requirements consistent with those for similar equipment so that gages and tect faciliti 
can be used? 

U 7 -  Can the engineering requirements be interpreted in only one way so costly discussions do no 
result? 

8 - , Are those dimensions of component parts which affect their assembly properly related to a common 
base point? 

a 9 - - Are additional drawings introduced when information could just as effectively be added to existing 
drawings? 

n Itb - Are new parts called for where existing parts could be used, either with or without modification? 

n 11 Has the minimum number of parts been used to reduce assembly effort? 

(1 12. Are assemblies in the most practical stage for economical and safe shipping? 

13 1.7 - - Is wiring style correct-local cable, surface wiring, direct wiring? 

n 1.3 - - Can length, diameter, number of threads, materia1,and finish of screws, bolts, nuts, washers, ctc, bc 

simplified to reduce the number of parts? 
n avF- i f  stamping is to be performed after assembly, is the location convenient? 
0 16, Tf cost estimates are required, are they accurate enough for their intended purpose? Do they reflect 

the uncertainties? 
-- ---- 

R A W  MATERIAL 
e 

u 1. Have standard raw materials been specified so thcy are obtainable without speciak order? 
2, . Can a cheaper, thinner, or  more workable material be'used? 

a 3 - , Can grained or ground surfaces be eliminated by obtaining a prepared surface or a better-grotle 
, material? 

- * 
PRODUCT ENG~NEERING * 9UNE 24, 1913 



i ' 
5 .  - a Can plated or prepared surface on steel be used where more costly solid material is specified? 

*5 - - I f  a high-grade fiber is spccified, will the electrical requirements allow the use of a lower and I c ~ s  
expensive grade? C 

fl ti- - Can specially rolled or formed stock, supplied directly from the mill, be used advantageou~ly? 
- - 7 -  . Where sheet is specified, can strip stock be used to reduce manufacturing cost? 

0 (1 - - Would a standard width of sheet be more economical than a special width? 

P 
MANUFACTURING - 
0 I .  Is there an application for any of the highly productive molding processes such as forging, die cwl- 

ing or powdered metal? 5 

n 2, , Can formed punching replace castings, etc, or would a casting eliminate the assembly of a num- 
ber of parts? 

3. . Do castings have surfaces suitable for easy clamping for machine operations or should these be 
specially provided? 

4 .  , Are holes too close to edges or shoulders, causing difficulty in die design or maintenance? 

n 3 , .  Can the number of sizes of holes, taps, or screws be reduced? Can the sizes themselves be larger 
to facilitate manufacture? 

[] (i. . Do hole sizes correspond to standard drill sizes? 
7 . -  Have blind tapped holes been specified where through holes would be satisfactory? 
41. . Have standard threads been specified for screws and tapped holes and are they preferred sizes? 

u !?he , Are screws, bolts, or other fasteners accessible without special wrenches, screwdrivers; etc? 

n lo - - Are countersunk screws used where others would be satisfactory? 
If - . Are screws adaptable to power-driven assembly methods? 
12 - a If an irregular hole is shown, which would necessitate filing or  broaching, can it be changed so 

milling or drilling can be performed? 

a 13 - . Can engraved characters be replaced by depressed stamped characters or rubber-stamped inked 
characters protected with shellac? 

1.1 A. Will the requirements justify or permit metal etching instead of engraving or stamping? 
13 1.5 - Can arc or spot welding be used to replace riveting or  other more costly fastening methods? 

l f Z  - - Can weld nuts replace embossed tapped holes, or similar threaded studs replace riveted ones? 
r1 17 - Can deburring be replaced by tumbling? 

Ifi a - Are jigs and fixtures designed so both left and right hands can be used to advantage? 
- --- - --------- - - -- --- , - 

FINISHING 

[] - - Can specified finishes be eliminated? 

n 2 . - Can a less expensive finish be used? 

ri 3- - Can the surface preparation for a subsequent finish be eliminated or simplified? 
4 .  - Does the design permit finishing as specified? 

Cj -7. . Is the required finish specified at the proper stage of completion to avoid damage to the finish in 
subsequent handling? 

n - . Will an electrochemical finish penetrate all recesses? 
a 

n 7 .  . Can the finish specified be applied economically in the lots anticipated?, t) 

U 8 .  . Has an electrochemical finish been specified on a partial assembly where purging at joints will 
occur? 

PRODUCT ENGINEERING JUNE 24, 1963 .+' 75 





Is its cost proportionate to its Does it need all of its features? 
usefulness ? 

VALUE ANALYSIS 

TESTS F 
. e m  G U I D E  F O R  S A V I N G S .  . m 

a n d 
. . S U G 6 E S T I O N S . .  . 
Courtesy of Value Engineering Services 

RAYTHEON COMPANY 

Is there anything better for the 
intended use? 

Can a usable part bq made by a 
lower cost method? 

ie r Do material, rea-nable labor, 
overhead and n m f i t  t~ 1 i t c  r n d ?  

Is it made on proper tooling- 
rnnsirl~rinu miantit ies iiscrd: 

Can a standard product be found 
whirh will ho i i s a h l ~ :  



VAL UE ANALYSIS CHECK SHEET 

r ' C H A E E E N G E  T H E  F U N C T I O N "  

What 9s The Function? - Is  The Function Really Necessary?  
Does It Cost More Than It i s  Worth? - I s  The Cost Proportional To The Usefulness? 

SPECIFICATIONS 
Are specifications unrealist ic ? 
Does it do m o r e  than specifications requi re?  
Do specifications contain unnecessary requirements? 

DESIGN 
Are  requirements  justified? 
Does i t  exceed the functional requirements? 
Are  all  features  necessary?  
I s  there a better way to perform the function? 
Are  tolerances unreasonable o r  too costly to maintain? 
Is  there something else  available that can do the job better and/or  at lower cos t?  

MATERIAL 
Can a l e s s  costly mater ia l  be used? 
Is  there  a better mater ia l  for  the job? 

MANUFACTURING METHODS AND PROCESSES 
Can p a r t s  o r  operations be combined, simplified, o r  eliminated? 
Are  any nanfunctiand o r  appearance only i tems required (surface finishes,  

machining operation s ,  e tc  . 1 "a 
Can any par t  be made by a l e s s  costly method (cas t ,  forge, weld, form,  e tc .  ) ?  
Will changes to finish requirements  reduce cos t?  
Is  proper  tooling being used (considering quantity to be made)?  

RELIABILITY, QUALITY, PERFORMANCE, MAINTAINABILITY 
Can it be made s impler  to improve reliability, quality, o r  maintainability? 
Are  quality and/or  reliability higher than necessary  to meet  functional requirements? 
Does it meet  o r  exceed performance o r  environmental requirements? 
Are  al l  inspection, t e s t ,  o r  qualifying requirements  nece s s a r y ?  
Can maintainabilixy be improved ? 
Can a change in mater ia l  o r  design reduce weight? 

PURCHASED ITEM 
Can available standard p a r t s  o r  catalogued vendor p a r t s  be used o r  adapted at  lower cost 
Can a specialty supplier product o r  process  do the job bet ter  o r  at l e s s  cos t?  

DOCUMENTATION, OTHER 
Do specifications, tes t  procedures  and requirements  include more  than i s  necessary  

to meet  functional requirements? 
Are  procedures  c lear ,  concise and implemented with minimum t ime and e f fo r t ?  
Are  packaging and/or  handling requirements  too high? 
Can operation o r  installation be improved? 

F.  S. Sherwin 
Aug. 28, 1962 



PRELIMINARY INFORMATION CHECK SHEET 

1. Functional Information 
a .  Can this function be eliminated? El 
b. Does this do more  than i s  required? a 
c. Is it over-designed? 
d. Can i t  be simplified? 

0 
e. Can something do the job bet ter? 

0 
0 

Comment: 

2. Design Information 
a. Is a severe  environment involved? 
b. Must this be highly rel iable? 
c. Is there  an  installation problem? 

0 
d. Will this be difficult to  operate? 

0 
e. Can a standard be used? 
f .  Is there a strength problem? 

B 
0 

Comment: 

3.  Special Requirement Information 
a. Are special platings requi red?  
b. Are  s ~ e c i a l  finishes reaui red?  17 

Y 

c.  Are special procedures required? 
d. Does this requi re  special quality? 

0 
e. Are special safety considerations 

0 
required? 0 

Comment: 

4. Materials Information 
a. Can special mater ia l s  be eliminated? 0 
b, Will a special  mater ia l  do i t  be t te r?  
c ,  Are materials  difficult to obtain? 
d. Are  these mater ia l s  hard to process?  
e. Is mater ia l  treating a problem? 

Comment: 

5. Specification Information 
a. Are the specifications unreal is t ic? n 
b. Will modification simplify design? - 
c. Does design do more  than specifica- 

tions r equ i r e?  0 

Comment: 

6. Process ing  Information 
a .  Is this difficult to manufacture? 
b. Is there  a less  costly method? 
c.  Does this requi re  special  tooling? 
d. Is special  equipment required? 
e.  Can a specialty vendor do this a t  l e s s  

0 
cos t?  El 

f .  Are processing requirements  too - 
s t r i c t ?  u .. 

Comment: 

7. Supplementary Information 

a .  Are there  part icular  packaging 
problems ? 

b. Are there  other supply problems? [7 
c .  Does this require costly a c c e s s o r i e s ? D  
d. Will this be difficult to t ranspor t  o r  

handle ? 
e.  Will maintainability be difficult? I3 
f .  Are instruction manuals requi red?  

Comment: 

8. Value Summary 
a .  Is this function unimportant? 0 
b, Does this cost more  than it is worth? 
c .  Does it cost  more  than the total of 

reasonable labor ,  overhead,  
mater ia l  and profit? 

d. If it were  your money, would you 
u 

refuse to buy i t ?  0 
Comment: 

Is  Additional Value Engineer  : Drawing No. 
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Used on Drawing No. 
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SUMMARY 

With the placing of increased importance on product design assurance and 
reliability, considerably more attention must be given to like derails of de- 
signing military electronic equipment. 

This  report  presents  a Check List  of questions to be used by design engineers 
and o thers  for examining and evaluating the design of electronic equipment in 
o r d e r  to ensure the ~pedmum design for  a customer 's  requirements.  

INTRODUCTION 

The increasing cost and complexity of military electronic equipment 
justifies the expense and engineering t ime required to analyze des igns 
thoroughly in a s  ear ly  a s tage of development a s  feasible. 

The  Check List  i s  intended to s e rve  pr imari ly  a s  a guide to engineers during 
the design of military electronic equipment. However, the l i s t  is sufficiently 
basic that it may be used for  non-military design as well. In fact, the 
questions frequently lead to o thers  which a r e  uniquely applicable to the type 
of equipment being considered. 

The questions were grouped to facilitate their use in a n  order ly  fashion 
while considering the various facets comprising a total design, With con- 
tinued use, additional groupings o r  changes in the present  ones will un- 
doubtedly suggest themselves.  

Since the Check List  has evolved through experience, i t s  use permi ts  the 
design engineer, junior and senior  alike, to avail himself of the experience 
of others ,  It is a means for  advance consideration- -and avoidance--of 
design pitfalls. 

In addition to i t s  use by the design engineer, the Check List  may be utilized 
by those called upon to review a design a t  any one of several  stages.  These 
may be 1) pr ior  to building the breadboard model, 2) a t  the completion of 
breadboard tests ,  and 3) a t  the completion of prototype tests.  
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CHECK LIST FOR PRODUCT DESIGN 

PART I - ELECTRICAL 

1 .  PARTS SELECTION AND EVALUATION 

1) Have the appropriate standards been consulted for selection of 
standard electrical components ? 

2) Can a redesign omit a nonstandard part o r  replace it with a 
standard part ? 

3) What parts a r e  nonstandard? 

4) Have requests been initiated for approval of nonstandard parts? 

5) Have environmental tests been started on nonstandard parts? 

6) Have potted circuits been subjected to environmental testing? 

7) What a re  the parts having the highest failure ra tes?  
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2. PARTS APPLICATION 

A. RESISTORS 

What is the operating ambient temperature? 

What power dissipation is estimated in tnis application? 

Ps the resistor properly derated? 

What tolerance limit is required for satisfactory circuit operation? 

What tolerance buildup (due to temperature, aging, electrical 
stress, etc.) can be allowed? 

Has the rated wattage been adjusted in cases where short 
mounting leads a re  used? 

Can any potentiometers be replaced by fixed resistors ? 

Has the voltage limit been exceeded on any fixed composition 
resistors ? 
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B. CAPACITORS 

What is the operating ambient temperature? 

What is the working voltage expected in this application? 

Is the capacitor properly derated? 

Is the capacitor subject to surge voltages which exceed the 
rated operating voltage? 

What tolerance limit is required for satisfactory circuit 
operation? 

What tolerance buildup can be allowed? 

What derating factor was used for a-c ripple o r  pulse voltages 
on MIL-E- 25A paper capacitors? 

Have capacitors with adequate temperature ratings been 
used wherever possible? 

Have temperature-compensating o r  low temperature coefficient 
capacitors (mica o r  ceramic) been used wherever high 
stability is required? 

Have high dielectric ceramic capacitors been restricted to 
bypass usage ? 

Are tantalum capacitors bypassed for high frequencies 
(above 100 kc)? 

Are all capacitors heavier than 0 . 5  oz. securely mounted in 
accor&nce with specification MIL-E-5400, Para. 3 . 1 1 . 3 . 5 1  
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C, TUBES 

Does the specification of the tube type selected define the 
required character is t ics  7 

Does the operation of the tube approach any absolute rating 
under any usual variation of supply voltage o r  load. 

What i s  the operating ambient temperature? 

What electrode ratings a r e  of cr i t ical  consideration in this 
circuit  application? 

Is  the heater voltage within rat ing? What variations a r e  
expected 'l 

I s  the heater-to-cathode voltage within rating in this circuit  
application ? 

A r e  the plate and sc reen  gr ids  properly derated? 

What tolerance buildup can be allowed? 

Has Gm variation been considered? 

Were maximum grid resis tance ratings observed? 

I s  input and/or output capacity a cr i t ical  consideration in 
this circuit  application? What variation in input and/or 
output capacity can be tolerated? 

Does circuit  operation depend upon a tube parameter  not 
controllable by the designer? 

What is the maximum rated vs.  maximum expected bulb 
temperature? 

Will the circuit  perform satisfactorily with randomly selected 
tubes? - with tubes operating a t  their  upper o r  lower MIL 
l imi t s?  

Has tube approval data been taken? 

a printed-circuit board is being used, have 'adequate cool- 
ing measures  (convection to cooling a i r  o r  conduction to a 
heat sink) been taken to prevent damage to the b a r d  o r  
comporients mounted on it. 

17) Have stantf:trd tube shields been used? 
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D, TRANSISTORS 

Does the specification of the type of transistor selected 
define the required characteristics? 

Does the operation of the transistor approach any absolute 
rating under any usual variation of supply voltage o r  load? 

What is  the operating ambient temperature? 

What is the maximum rated power dissipation? What i s  the 
maximum power dissipation expected in this circuit applica- 
tion? 

What is the maximum rated collector voltage? What is the 
maximum collector voltage in the present application? 

What is the maximum rated collector current? 

What deviation in Beta is tolerable? 

How much deviation in Beta is expected due to tolerance 
buildups ? 

Will the circuit perform satisfactorily with randomly 
selected transistors? - with transistors operating a t  their 
upper o r  lower MIL limits? 

Is  power gain a critical consideration in this application? 

What deviation in power gain is tolerable? 

What deviation in power gain is expected due to tolerance 
buildup? 

Hs noise figure a critical consideration in this application? 

Is  the noise figure tolerable at  the operating ambient 
temperature '1 

How much leakage current is expected at  the operating 
ambient temperature? 
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. SEMICONDUCTOR DIODES 

1) Does the specification for the type of diode selected define 
the required characteristics 7 

2) What is the operating ambient temperature for each diode? 

3) What is the power dissipation within the diode? What i s  the 
maximum rated power dissipation? 

4 )  How much reverse recovery time does the diode require? 

5) What i s  the rated peak inverse voltage? 

6) How much reverse current can be tolerated? 

7) How much reverse current will flow a t  the operating 
ambient temperature? 

8) Does the circuit perform satisfactorily with randomly selected 
diodes? - with diodes operating at their upper o r  lower MIL 
limits 7 

9) What Zener voltage reference is required? What Zener refer- 
ence voltage is expected? 
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F. -- TPANSFORMERS, CHOKES AND COILS 

What is the operating ambient temperature? 

Is Q a critical consideration in this circuit application? 
What deviation in Q can be tolerated? 

'What deviation in Q is expected due to tolerance buildup 
and to temperature changes? 

What is the maximum current carrying capability of the choke 
o r  coil? What is  'the maximum current expected in this 
application? 

How close is the highest operating frequency to the resonant 
frequency of the choke o r  coil? 

Has a requirement for shielding been established? 

When a hum problem exists, has special consideration been 
given to core construction? 

Do transformer specifications conform to MIL standards? 
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G. - RELAYS AND SWITCHES 

1) What "quality level" does each relay or  switch represent? 

2) How many actuations per hour a re  expected? 

3) How many actuations per mission a re  expected? 

4) What percent of rated current does each contact carry7 

5) Is relay closing time or  opening time a critical considera- 
tion? If so, how much increase is  tolerable? 

6) What a r e  the pull-in and dropout voltages o r  currents? 

7) What is  the manufacturer's tolerance for initial coil 
resistance ? 

8) How much will the coil resistance vary with temperature? 

9) How much change in coil resistance i s  tolerable? 

10) Has a rc  suppression been used? 

11) Has the possibility of dry circuit operation been considered? 
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H. ELECTROMECHANICAL DEVICES 

1) Have the adverse effects on brushes at high altitudes been 
considered? 

2) What consideration has been given to variations of d-c motor 
speed-torque characteristics due to temperature and altitude? 

3) How critical to proper operation is the speed-torque 
characteristic ? 

4) Can tRe associated circuitry tolerate increased loads caused 
by variation in motor characteris tic ? 

5 )  Have the appropriate specialists been consulted om the use of 
rotary solenoids and timing motors? 

6) Have you depended solely on manufacturer's data for force- 
movement characteristics of solenoids? 

7) Are meter windows sealed to prevent moisture formation? 

8) Has the possibility of charge formation on meter windows 
been investigated? 

0) Are resolvers checked for accuracy and phase shift at 
elevated temperatures 3 
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CONNECTORS AND PLUGS - 
I) Does the number of active pins per connector conform to the 

recommended limit? 

2) 1s a sufficient number of spare pins available on each con- 
nector? (At least four spares for connectors over 26 pins 
per MIL-E-5400C, paragraph 3.1.5.3) 
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J M I S  ELLANEOUS PARTS (PRINTED CIRCUITS, WIRE, ETC.)  

1)  Has consideration been given to the cur ren t  rating of w i re?  

2) Has the cur ren t  rating of wire been reduced in ca ses  where 
voltage drop i s  important? 

3) I s  wire color coding required, and, if so, i s  it in accordance 
with the proper  s tandards o r  specification? 

4)  Has the placement of components on pr inted-circui t  boards 
been considered f rom the cross- talk point of view? 

5) Does a heat dissipation problem exist  on p-inted-circuit 
boards ? 

6) I s  a keying scheme employed to prevent interchanging 
printed-circuit  boards? 

7) A r e  t ransis tor ,  diode, and tantalytic capaci tors  properly 
polarized on printed-circuit  boards? 

8) A r e  la rge  potential gradients possible between adjacent pins 
o r  connectors on printed-circuit  boards? 

9) Do circui t  breakers conform to MIL-C-5989B? 
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Has z separa te  l i s t  of recommendations f o r  product improvement 
o r  redeslgn been compiled? 

What al ternate  circui ts  o r  sys t ems  were considered? 

Have "preferred circuits" been used wherever possible 7 

What fac tors  influenced the choice of this par t icular  c ircui t  o r  
s y s t e m ?  

A r e  there  f i r m  specifications fo r  this circuit, including tes t  
specifications ? 

Have a l l  specifications been met unconditionally? 

Does any specification requi re  modification? 

Can any unreasonable o r  unusually difficult requirement  be 
relaxed? 

Can a simulation study be of ass i s tance?  

What marginal testing has been performed? '  Was marginal 
operation indicated in any c a s e ?  What a r e  the cr i t ical  
pa rame te r s  affecting marginal operation? 

Have heat runs been made on electr ic& components which a r e  
ei ther  thermal  emi t te rs  o r  otherwise heat sensi t ive? 

' 
Have phase margin checks been performed on all feedback 
loops ? 

What decoupling o r  neutralization schemes  have been imple- 
mented to avoid regenerative feedback loops? 

What analyses have been performed to determine the existence 
of feedback loops and their  effects on other  c i rcu i t s?  

Is circui t  operation contingent upon the proper  positioning of more 
than one switch o r  control; i . e . ,  a r e  severa l  adjustable components 
necessary  in the c i rcu i t?  

Can any circui ts  be simplified and s t i l l  operate  within require-  
ments? (On a value improvement basis) 

Is the unit capable of satisfactory operation af ter  the, minimum 
required warm-up t ime?  
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35) What system adjustments are  required when a unit is replaced? 

36) What means are  employed to decouple the power supply? 

37) Do parasitic oscillations exist? 

38) What design features have been incorporated to suppress 
parasitic oscillatj.ons 7 

39) What a re  the required tolerances on output signals? What a r e  
the expected variations? 

40) How does the circuitry contribute to output tolerances? 

41) Do weight reduction considerations affect reliability? 

42) Have static and dynamic power drains been determined? 
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4 .  RELIAbILITY ANALYSIS 

What is the estimated required mean life of this c ircui t?  

What is the calculated mean life. 

What is the mean life, based on bench o r  other  t e s t s ?  

Is there  a history o r  record  of bench fa i lures?  

Have random failure r a tes  and wearout r a t e s  been established 
fo r  all. p a r t s ?  

What pa r t s  have an excessive fai lure  r a t e ?  

What assumptioras were made in calculations with respect  to 
derating and tempera ture?  

Are any pa r t s  operating near o r  above their  recommended rat ings? 

Has a s tat is t ical  analysis been conducted to determine effects sf 
drift in component parameters  and of component tolerance 
buildups ? 

Has a fail-sdc design philosophy been utilized? 

Is protection against secondary fai lures  (resulting f rom primary 
fai lures)  incorporated where possible? 
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5. SAFETY FACTORS - 
Is there adequate protection against dangerous voltages? 

Are high-voltage warning plates necessary? 

Wave interlocks, sde ty  switches and grounding bars been 
considered 7 

Are all external metal parts at ground potential? 

Are discharging rods necessary for large capacitors? (at least 
10,000 ohms) 

Are bleeder and current limiting resistors used in power supplies? 

Are there burning hazards? 

Are "hot" terminals exposed when plugs o r  connectors a re  not 
connected? 

Are adjacent plugs o r  connectors keyed to prevent interchanging 
connections ? 

Can maintenance or adjustment be performed safely? 
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Are the maintenance and test equipment requirements compatible 
with the concept established for the system? 

Does the unit require special handling? 

Can the unit be readily installed and connected to the system? 

Are factory adjustments such that they do not require readjust- 
ment when units are  replaced in a system or  when parts a re  re- 
placed in the unit in the field? 

What adjustments are  necessary after a unit has been installed in 
the system? 

Are adjustments capable of compensating for all possible tolerance 
buildups ? 

Ls periodic alignment and/or adjustment recommended? How often? 

Are all requirements for maintenance tests such that the specified 
time limitations can be met? 

Has the number of factory adjustments been minimized? 

Has the number of field adjustments been minimized? 

Are interconnected circuits in the same package, thus providing 
minimal inputs and outputs at each maintenance level. 

Xs the interaction between adjustments and other circuit para- 
meters minimized? 

1s the design such that damage to the circuit cannot result from 
careless use of an adjustment or combination of adjustments 'l 

Are all adjustments and indicators of the "center zeroT1 type 
where possible? 

Ys periodic testing necessary? How often iP 

Are the test points adequate'? Are they accsssibla in the in- 
srtrrlled condition'? 

What overhaul teetirrg ie required? 

What specific test equipment 16 necessary? 
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Have factory and mainterlance tes t  equipment requirements  been 
minimized and coordinnted with the requirements  for  other units? 

What special  techniques a r c  required in the repair ,  replacement, 
or  alignment of the unit? 

Are  parts ,  assemblies ,  and components placed s o  there  i s  suiii-  
cient spncc to us12 t es t  probes,  soldering iron, and other  tools 
without difficulty? Are  thcy placed s o  that s t ruc tura l  members  
of units do not prevent access  to them? 

Are  icsting, alignment and repa i r  procedures  such that a minimum 
of knowledge i s  required on the pa r t  of maintenance personnel'? 
Can trouble shooting of an assembly take place without removing 
it f rom a major  component. 

What special tools and/or tes t  equipment a r e  required'? 

Can every fault (degrading o r  catastrophic) which can possibly 
occur in the unit be detected by the use of the proposed test  
equipment and s tandard test  p rocedures?  

Have pa r t s  subject to ear ly wearout been identified? Have 
suitable preventive maintenance schedules been established to 
control these p a r t s ?  

Are  the components having the highest failure r a t e s  readily 
accessible  for replacement? 

Are  pa r t s  mounted directly on the mounting s t ruc ture  ra ther  than 
being stacked one on another? 

A r e  units and assemblies  mounted so  that replacement of one 
does not require  removal of o t h e r s ?  

Are limiting r e s i s to r s  used in tes t  point c i rcui t ry;  i. e . ,  i s  any 
component likely to fail if a tes t  point is grounded? 

Can panel lights be easily replaced? (Panel lights should not be 
wired in s e r i e s )  

Have voltage dividers been provided fo r  tes t  points for  c ircui ts  
carrying more  than 300 volts? 

Will the circui t  tolerate  the u s e  of a jumper cable during 
maintenance 7 



Page 22 

33) Art- controls located where they can be seen  and operated with- 
out disassembly o r  removal of any par t  of the installation? 

34) A r e  related displays and controls on the s a m e  face  of the 
equipment 'I 

35) Are a l l  units (and par t s ,  if possible) labeled with full identifying 
da ta?  A r e  pa r t s  stamped with relevant e lectr ical  character is t ics  
information? 

36) A r e  cables long enough to permit  each functioning unit to be 
checked in a convenient p lace?  

37) A r e  plugs and receptacles  used for  connecting cables to equip- 
ment units, ra ther  than "pigtailing" to terminal  blocks? 

38) A r e  field-replaceable modules, pa r t s  and subassemblies  plug-in 
r a the r  than so ldered?  

39) A r e  cable harnesses  designed for  fabrication as a unit in a shop? 

40) A r e  cables routed to preclude pinching by doors, covers,  e t c ?  

41) I s  each pin on each plug identified? 

42) A r e  plugs designed to preclude insertion in the wrong receptacle? 
A r e  plug-in boards keyed to prevent improper inser t ion? 
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7. ELECTRICAL XNTERFERENCE - - 
Do all the provisions of specification MIL-1-26600 apply, o r  
should some  waivers be sought? 

What t e s t s  have been performed for electr ical  noise? 

Has the chass i s  o r  f rame been grounded? Have shock rnctunts 
been bypassed with ground s t raps '?  Mas the insulated protective 
finish been removed where a metal-to-metal contact i s  requi red?  

A r e  openings (such a s  those fo r  access ,  ventilation, and case-  
mounted components) shielded to prevent c a s e  leakage? A r e  
access  doors of the metal textile o r  finger s t r i p  type? 

Are  heaters  wired with twisted o r  isolated leads?  

A r e  osciI la tors  isolated f rom other  s tages  and f rom antennas? 
Is osci l la tor  power kept to a minimum? k the osci l la tor  heater  
decoupled f rom B supply sources'? 

Do parasi t ic  oscillations exist, &d i s  suppression necessary?  

I s  undesired signal t ransfer  reduced by means of inters tage de- 
coupling networks and link o r  parallel-tuned c i rcu i t s?  

A r e  pulse net.works and Iransfor.mers isolat;ed? A r e  the leads 
associated with the pulse networks decoupled? A r e  these leads 
kept a s  sho r t  a s  possible? 

Xs pulse energy fed to succeeding s tages  in  coaxial leads where 
possible? (Guard against waveform distortion caused by coaxial 
cable capacitance. ) 

A r e  sha rp  projections avoided in highcvoltagc c i rcu i t s?  (They 
a r e  possible sou rces  of corona and arcing.)  

Are  sha rp  bends avoided in high-voltage wiring? (The possibility 
of insulation breakdown i s  increased. ) 

A r e  the magnetic fields associated with indicators adequately 
isolated? Are  indicator control and power leads decoupled by 
the use of feed-through bypass capaci tors? 

Are  blower motors of the a-c noncommutating type? 
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15) If it :s necessary to use d-c rotating electrical equipment, is the 
design such as to minimize the effects of the commutation 
process? To this end, does the equipr~ silt employ such devices 
as  interpoles, laminated brushea, as large a number of :trma- 
ture coils and commutator bars as  possible, and good mechanical 
design and contruction '? 

16) Is relay or  switch operation likely to create power supply 
transients in  other units o r  circuits? 

87) Has. consideration been given to are  suppression during the 
making o r  breaking of switches o r  contacts? (Several methods 
a r e  available, e .  g . ,  a simple RC network across the switch or  
contacts, a high resistance or  rectifier across the inductive 
circuit, negative voltage characteristics resistors. If these 
a re  inadequate, shielding and feed-through capacitors in the 
input and output leads may be required.) 

88) Are gas tube heater supplies and output Beads well deeoupled 
and isolated? 

19) In power supplies using gas-tube rectiiiers, is use made of line 
filters, electrostatically shielded transformers, and hash-sup- 
pression chokes in the plate and cathode leads? 

20) Are electronically regulated power supplies provided with de- 
coupling circuits to prevent oscillations in the regulator? 
Are long leads avoided in the plate and grid circuits? 



PART II - MECHANICAL -- -- 
I. - GETUTRAL DESIGN 

Has  use of cantilever mounting for  pa r t s  and assembl ies  been 
minimized, and,  where used, i s  the center of gravity located 
near the mounting? 

Has  the chass i s  been properly designed for  i t s  application? 

What a r e  the lcrcations arid load ratings of mounting points? 

Where are the heaviest parts located? 

Are all. large p a r t s  and a.ssembiies securely mounted? 

Was the center of gravity been cor~sidered in t e r m s  of the proper  
distribution of shock mounts? 

In the case of terminal  boards,  a re  the cr i t ical  components 
mounted at the edges rather  rhan a t  the center ,  and a r e  they 
properly supported? 

In the case of lead-mounted par t s ,  have weight, lead weight, 
thermal expansion, supplementary support,  bend r a t e ,  and other 
mounting considerations been evaluated? 

Rave cleara.nces been provided with due consideration for  vibra- 
tion, shock and noise s t r e s s e s ?  

Can electr ical  instability be caused by vibration of mechanical 
pa r t s ?  

Have shock and vibration t e s t s  been performed? Yf not, a r e  
they scheduled? 

Has the cooling design been analyzed to provide a temperature 
contour ? 

Are heat dissipating elements  properly located with respect  to 
heat sensitive p a r t s ?  Is  there suitable flow of a i r ?  

Wave cornponentparts ,  sabassembiies  and assembl ies  been 
supported and clamped properly with adequate consideration fo r  
heat dissipation? 

Ps the unit of the lightest weight consistent with s turdiness ,  
safety and reliabili ty? 
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Are all items visually and physically accessible when the unit i s  
on the test stand? 

I s  the possibility of physical damage clue to misuse of adjust- 
ments minimized by the design? 

Is  the possibility of damage to the unit during handling and 
installation minimized by the design? 

Can the unit be removed and replaced within the required time 
limit? 

Is  the packaging scheme such a s  not to impose unrealistic spare 
par ts  requirements? 

Does each part of the unit designed a s  non-field repairable meet 
the minimum reliability requirement for this classification? 

Have suitable heat treatments been called out? 

Has design been based on standard tooling wherever possible? 

Have radii, fillets, curves and straight lines been sufficient to 
give all possible freedom to manufacturing? 

Wave the most economical parts  satisfactory for the application 
been specified in all cases? 

Are all purchased components called out by MIL, AN or  RCA 
(not vendor) numbers? 

Are the components arranged and mounted for the most econom- 
ical assembly and wiring? 

Are all fasteners Barge enough for their application? 

Are guide pins, keys and latches of sufficient strength? 

I s  the basic structure of sufficient strength for the application? 

I s  the design such a s  to prevent excessive radiation into o r  out 
of the unit? 

A r e  parts  located to provide for logical wiring? 

Are lubrication points minimized'? Wlit!rv required,' are they 
accessible and clearly marked? 



Is  the predicted reliability within the unit requirement? 

Wave unit environmental tests, including temperature measure- 
ments at key points, been completed? If not, a r e  they sched- 
uled? 

Wave all problems highlighted in the preliminary design review 
been resolved? 

Was there been compiled a separate list of recommendations for 
product improvement o r  redesign? 

What alternate designs were considered? 

Wave the appropriate standards been consulted for materials, 
components, drafting, mandacturing and workmanship? 

What factors influenced the choice sf this particular design? 

Do firm specifications exist, including test specifications? 

Wave all specifications been met unconditionalBy? 

Does any specification require modification? 

Can any unreasonable or unusually difficult requirements be 
relaxed? 
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2. WORKMANSHIP AND MAINTAINABILITY --- 

Is  soldering adequately specified? &'hat provisions have been 
made to prevent cold joirlts and to ensure removal of f lus?  

Are proper screw lengths and locking provisions specif ied? 

Are designs such a s  to prevent damage to components during 
installation ? 

Have guide pins been provided to facilitate installation of plug- 
in units? 

Are plug-in units keyed (by some means other than the connec- 
tor)  to prevent accidental insertion in the wrong location? 

Have tolerances of component mounting provisions and mating 
holes been coordinated? 

Have all  holes been located f a r  enough from bends to prevent 
distortion ? 

Are bend radii  specified to be large enough, in  accordance with 
appropriate s tandards? 

Ln reference to wiring and cabling, have the following i t ems  
been considered? 

a. Does the design make provision for  properly leading cables 
around corners  and sha rp  edges?  

b. Are grommets  provided where needed? 

c. I s  the design such as to minimize soldering iron burns  
during both rnsnufacture and maintenance? 

d. Is  lacing properly and adequately specified? 

e. Have harnesses  been properly routed and h a s  sufficient 
clamping been provided to prevent cables hanging loose? 

f .  Has adequate space been allowed for  ha rnes ses  and for  
breakouts to connectors, e t c ?  

g. Are heavy wi re s  being brought to te rmina ls  of adequate 
s ize ? 
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Are stranded wires properly secured close to solder joints 
to prevent flexing? 

Is any cable (or wire) overly taut, with strain being placed 
on the connector (or connection), the cable (or wire) or the 
clamps? 

Do any cables or wires lie across removable units or across 
fasteners of any type? 

Are all connectors visible, and a re  they easily accessible 
to tools and hands? 

Have cables (wires) and connectors (connections) been 
properly identified? Can wrong connections result from 
cable layout and connector type? 

Do any cable (wire) runs permit contact between the cable 
(wire) and moving parts ? 

10) Are all items (parts and subassemblies) visually and physically 
accessible for assembly, wiring rework and maintenance? 

11) Are all test points accessible when the unit i s  properly installed? 

12) Are all field adjustments accessible when the unit i s  properly 
installed? 

13) Has sequential assembly been avoided which results in involved 
sequential disassembly in order to make repairs and adjustments? 

14) Is the design such that no unrealistic requirements for special 
facilities for maintenance, storage or shipment are  imposed? 

15) Is the design such that no unnecessary requirements for a 
special maintenance environment (e. g. ,  ground power carts, 
cooling, special primary power, etc.) a re  imposed? 

16) Does the design provide for adequate protection of maintenance 
and test personnel against accidental injury? 
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3. MATERIALS AND PROCESSES 

Have standard materials been specified in all possible cases? 

Have the most economical materials and processes suitable for 
the applications been specified in all  cases? (Material cost, 
fabrication cost and finishing cost should be considered. ) 

Have corrosion-resistant materials or  finishes been provided? 

Are there dissimilar metals in contact? 

Are all materials satisfactory for the temperatures involved? 

I s  the possibility of flaking considered? 

Has moisture protection been provided where necessary? 

Are all materials fungus resistant o r  inert? 

Are electrically conductive finishes provided where necessary? 

Have machine finishes been reviewed for the most economical 
processes suitable for the requirements? 

Have rivets o r  spot welds been specified where possible in 
preference to welding, furnace brazing, etc. ? 

Has each sheet metal piece been examined to determine whether 
i t  has too many bends for economical fabrication? 
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Are visual indicators mounted so  that operator can see males ,  
indices, pointers or  numbers clearly? Are scale graduations, 
design of numerals a11d pointers, and scale progressions pre- 
sented so  that accurate reading i s  enhanced? 

Do visual displays have adequate means fo r  identifying an 
operative condition ? 

Have ambiguous information and complicated interpolations been 
eliminated from visual indicators to minimize reading e r r o r s ?  

Do controls work according to the expectation of the operator? 
(Naturalness of movement direction i s  derived from previous 
experience a s  well a s  certain handedness factors,  ) 

Do functionally related controls and displays maintain functional 
o r  physical compatibility, such a s  direction-of-motion relatipn- 
ships or  proximity to each other? 

Are controls designed so  that the operator can get an adequate 
grip for turning, twisting o r  pushing? 

Does console design provide knee room, optimum writing sur-  
face,  height, or optimum positions for controls and displays? 

Do equipment design and arrangement allow space for several 
operators to work without interfering with each other? 

Do arrangement and layouts s t r e s s  the importance of balancing 
the workload, o r  do they force one hand to perform too many 
tasks while the other hand i s  idle? 

I s  the illumination designed with the specific task in mind, 
rather than with a general situation? (Many instruments a r e  
practically useless because of lack of illumination. ) 

Have extreme glare hazards been eliminated, such as:  brightly 
polished bezels, glossy enamel finishes, o r  highly reflective 
instrument covers? 

Are assemblies and parts  stacked s o  that some have to be 
removed to repair or  replace others, thus complicating main- 
tenance ? 

Da fasteners for chassis and panels require special tools which 
hamper maintenance ? 
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14) Do chassis door slides have means for holding the unit extended 
for servicing? Are the slides too loose, o r  do they bind? 

15) Are handles provided, and a r e  the chassis o r  units light enough 
to be moved without undue strain? 

116) I s  calibration indexing provided for maintenance adjustment and 
calibration adjustment controls? (Screwdriver adjustments a r e  
often too sensitive. ) 

17) Do the coding and symbols on equipments and in instruction 
manuals coincide? (Too few books tell what o r  how to check, 
what to expect, or  how to correct,  and when covered, the in- 
formation is not organized so that i t  may be found quickly,) 

18) Is  illumination provided for the maintenance technician? 
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PART T(r - VALUE ENGINEERING --- 

1. SPECIFICATION REVIEW --- 
1 Have the customer's specifications been critically examined to 

see whether they ask for more than i s  needed? 

2) Has the cost of any overdesign been defined for its effect on 
production as  well as on the R&D program? 

3) Has the cost effect of contract-required overdesign been dis- 
cussed with the customer? 
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2, GENERAL 

Does the design give the customer what he requires and no more? 

Could costs be radically reduced by a reductitn of performance, 
reliability, and/or maintainability to the minimum specified? 

Could costs be radically reduced by a reduction of resistance 
to high temperature, shock, vibration or other environments to 
the mini mum specified? 

Have circurnrstaa ces changed (changes in concept or apecibication, 
progress in the art, development of new components or processes) 
so that the design includes unnecessary or expensive circuitry, 
parts or proceeses? 

Have unnecessarily high cost items been included as  a result of 
their availability when the breadboard or model was constructed? 

Can any variable devices such as potentiometers included for 
breadboard or model operational adjustment be changed now to 
fixed component parta or semiadjuatuble deeigne? 
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3. PRODUCTION COSTS 

1) Are the quantities to be built on this order known? 
Are the estimated quantities to be built on future orders known? 
Have these factors been considered in the design decisions? 

2) Will tooling costs be in line with present and anticipated pro- 
duction? 

8) How much do you estimate the design will cost in production? 
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4, ELECTRONIC DESIGN 

Does the design represent optimum electrical simplicity? 

Is circuitry overly complex or conservative? 

Have standard "preferred circuits" been reviewed to see how 
many can be used beneficially? 

Mas the field of commercially available packaged circuits, power 
supplies, etc. been reviewed against your requirements? 

Can circuitry be eliminated by having one circuit do the job of 
two or more? 

when specifying special component parts, have potential vendors 
been consulted for alternatives or modifications that would hold 
costs down? 

Have all high cost components such a s  transistors, semiconductor 
diodes, magnetic and high power devices, motors, gear trains 
arid decoders been examined to determine whether lower cost 
substitutions can be made? 

Are the components the loweot *cost meeting the design require- 
ments? 

Can any electrical tolerance be liberalieed to allow specification 
of lower cost parts? 

Have nearly identical parts been made identical to gain the ad- 
vantage of quantity buying or manufacture? 

Hae coax cable been specified when hookup wire or shielded 
cable will do the job? 

Has silicon been specified for transistors or diodes when ger- 
manium will do the job? 

Can metalirted Mylar be substituted for tantalum or Cerafil ca- 
pacitors? 

Have automated techniques been used to the maximum? 

Is Teflon wire specified where other insulation will suffice? 
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6. MECHANICAL DESIGN 

1) Does the design represent optimum mechanical simplicity? 

2) Is  every part absolutely necessary? Can any part be eliminated 
or combined with another part to reduce total number of parts 
and cost? 

3) When specifying special parts, have potential vendors been con- 
sulted for alternatives or modifications that would hold costs 
down? 

4) Are mechanical tolerances within the limits of normal shop 
practice defined in RCA Spec. 964001 
Can any tighter tolerance called out be changed' to agree with 
RCA Spec. 96400, or be liberalized to hold costa down? 

5) Are the surface finishes the coarsest that will do the job? 

Are the fabrication processes the lowest cost meeting the design 
requirements? 

Have nearly identical parts been made identical to gain the ad- 
vantage of quantity buying o r  manufacture? 

Are the materials the lowest cost meeting the design require- 
ments? 

Does the combination of material and protective finish specified 
result in the lowest cost combination? 

Has cognizance been taken of relative workability of materials? 

Have standard alloys, grades and sizes of stock been specified 
whenever possible? 

Can the design be altered in any respect to avoid the use of 
non-standard tooling? See RCA drafting standard 8-224-200 
series. 

Has the l / l O f f  grid drafting system for sheet metal pasta been 
used wherever applicable? 

Can the design be modified to enable the use of the same tooling 
for  right and left hand or similar parts? 

< 

Are drrrwfngs for fabrication of parts which are similar to parts 
already produced crses  referenced so ervailrrble tooling can be used? 
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,6) Can the design be altered to avoid unnecessary handling and 
processing resulting from such things a s  riveting and spot 
welding on the same subassembly part? 

17) Have automated techniques been used to the maximum? 

18) Are casting bosses of adequate size, considering the large tol- 
erances which apply to casting dimensions? 

19) Can cores or  complex parting lines be eliminated from any 
casting by moderate redesign? 

20) Is impregnation of castings called out when i t  would aid pro- 
cessing? (Castings should be impregnated after machining if 
they a r e  to be electroplated. This impregnation prevents ab- 
sorption of plating acids dr  salts. Castings should also be 
impregnated if they a re  to hold liquids or  gases under pressure.) 

21) Have engineering and factory specialists been consulted for 
castings, forgings, weldments, heat tr.eatment and other spe- 
cialties? 

22) Have standard sizes, grades and alloys of fasteners been spec- 
ified whenever possible? 

23) Are all manual welding operations specified absolutely necessary? 
Can furnace brazing be substituted? - 

24) Are the assembly processes the lowest cost meeting the design 
requirements? 

25) Has adequate clearance between parts been provided to allow for 
eaey assembly? (Parts  have became smaller but hands have not,) 

26) Are all parts designed tor assembly at the earliest poseible time? 
Aseembly costs go up a s  the buildup of the eystem progreaser, 

27) Are markings adequate to guide the aesembly procesees? 

28) Have the engineering and factory specialists been consulted on 
any unusual assembly problems? 

29) Has datum line rather than multiple eurface dfmeneioning been 
used on all drawings? 

30) Can any four-place dimenmion be changed to a threedplace 
dtmeneton? 
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31) Can any three-place dimension be' changed to a two-place di- 
mension ? 

32) Can heat treating after forming sheet metal parts be eliminated 
by change of design or material to avoid straightening problems? 

33) Is d l  masking from finishing materials (such a8 plating eolutione 
and paint) necessary? 
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6, STANDARDIZATION - 
Have you coordinated your design with thocse who may be using 
similar (or have used in the past) designs, circuits, parte or 
components to get optimum benefit from standardization and 
past experience? 

Are the standard circuits, standard components and standard 
hardware the lowest cost standards which wi l l  supply the min- 
imum required characterietics? 

Can the use of each nonstandard part or circuit be adequately 
justified? 

Can any new nohstandard part be replaced by a nonstandard part 
which has already been RCA E-Form approved? 

Do control drawings leave no question that a vendor standard 
part is being specified when such is  intended? 

Has etandardization been carried too far until the cost of excess 
function is greater than thcr gains resulting from high quantity? 



TESTS FOR VALUE 

OUR CHALLENGE - OUR OBLIGATION 

EVERY MATERIAL, EVERY PART, EVERY OPERATION MUST PASS THESE 
TESTS: 

1, Does i t s  use  contribute Value ? 

2 ,  I s  i t s  cost  proportionate to i t s  
usefulness ? 

3 .  Does i t  need a1.l of i t s  f ea tu re s?  

4. I s  there  anything be t te r  for  the 
intended use  ? 

5. Can a usable pa r t  qe  made  by a 
lower cost  method? 

Answer these questions in your s ea rch  for  Value. 

1, What i s  the p a r t ?  
2 .  What does i t  do? 
3 ,  How much does i t  cos t?  
4. What e l s e  would do the job? 
5 .  How much would that  co s t ?  

F o r  fur ther  information on Value Analysis call: 

F r e d  S. Sherwin, Manager 
Value Engineering and Analysis Serv ices  
Gore Building 
Waltham 54, Massachuset ts  
Twinbrook 9-8400, Ex ,  4647 -4648 

Can a standard product be found 
which will be usable? 

I s  i t  made on proper  trading- - 
considering quanti t ies u sed?  

Do ma te r i a l ,  reasonable labor ,  
overhead and profit  total  i t s  
cos t s?  

Will another dependable supplier 
provide i t  for l e s s  "! 

Is anyone buying i t  for  l e s s ?  



VALUE ANALYSIS 

SOME CONCEPTS THAT WILL HELP YOU TO SEEK OUT VALUE IN 

OUR PRODUCTS AND METHODS 



VALUE ANALYSIS - A PHILOSOPHY AND A SCIENCE 

Value Analysis is a philosophy - i t ' s  a systematic  approach - i t ' s  a sys tem of 

techniques - i t ' s  a creat ive study of all  the e lements  of cost  in a product o r  

method. The application of Value Analysis techniques will give you a scientific 

approach to finding unnecessary  cos t s  and eliminating them. 

WHAT IS VALUE 

Value i s  a relationship of what things cost  to what that  se rv ice  o r  function i s  

worth to the operation o r  the cus tomer .  Value i s  the lowest p r i ce  you mus t  

pay for  the des i r ed  function o r  se rv ice  a t  the t ime ,  place,  and with the essent ia l  

quality. 

VALUE IS ESTABLISHED BY COMPARISON 

Value i s  not inherent in anything. Value h a s  no relation to cost .  Value i s  

established by comparison - no o ther  way. 



THE KEY VALUE ANALYSIS TECHNIQUES 

EACH TECHNIQUE AN AID 

Each technique in Value Analysis will aid each man to do h i s  job bet ter  and reduce cost 

CREATIVE THINKING 

The first% technique i s  creat ive thinking. By creative thinking we generate the greatest  
n u m b e ~  of ideas f rom which to select  the best  lowest cost method. 

THE VALUE ANALYSIS JOB PLAN 

Second - follow the Value Analysis Job Plan  - all jobs can be broken down into simple 
s teps and any job is bet ter  ca r r i ed  out by a planned program one step a t  a t ime.  

REMOVE THE ROADBLOCKS 

Third - remove the roadblocks - don't be stopped by shadows. 

USE SPECIALTY PRODUCTS AND MATERIALS 

Fourth - use specialty products and rnater ials  - you will see how they can aid you in  
obtaining mo r e  value. 

BRING NEW INFORMATION INTO EACH FUNCTIONAL AREA 

Fifth - use company specialists and outside special is ts  to apply new information to 
the problem, 

USE SPECIALTY PROCESSES 

Sixth - use specialty processes ,  if applicable, before our  competitors.  

KNOW THE JOB COSTS 

Seventh - know the shop cos ts  (mater ial ,  labor ,  and overhead) of every par t  and 
operation - no business can operate  without good cost figures.  

EVALUATEEACHFUNCTION 

Eighth - evaluate each function, that i s ,  divide the product into functional a r e a s ,  
re late  the cost of each a r e a  to the function it per forms,  

EVALUATE YOUR DESIGN BY COMPARISON 

Ninth - value i s  determined by comparing one method of performing the function 
against another.  

GET ALL YOUR INFORMATION FROM THE BEST SOURCE 

Tenth - get your information from the best source not just the normal  source - not 
the one you a r e  in the habit of using - but the best  source.  



USE MUCH BETTER HUMAN RELATIONS 

Eleventh - by ueing bet ter  human rela t ions  we can make  a job succeed where i t  
might have failed, 

GET ALL THE FACTS 

Twelfth - get a l l  the fac t s  - you can ' t  work without them - you can ' t  make a sound 
decision without a l l  the fac t s ,  

FIRST BLAST THEN REFINE 

Thirteenth - r a the r  than picking away to get pennies out of the cost  of a design, blas t  
i t  fo r  a completely new and different solution, and then refine a s  neces sa ry  to mee t  
the needs.  This  way the biggest savings a r e  made .  

GET A $ SIGN ON EVERY GIVEN TOLERANCE 

Fourteenth - get a $ sign on every  given tolerance - l e t ' s  find out what c lose  
to le rances  a r e  costing us .  

USE YOUR OWN JUDGMENT 

Fifteenth - if you don't think a job i s  right do something about i t  - use  your own 
judgment. 

PUT A $ SIGN ON EACH MAIN IDEA 

Six$.eenth - know how much your ideas  a r e  worth - don't t r y  to evaluate them until 
you have knowledge of the i r  cost .  

SPEND THE COMPANY'S MONEY AS YOU WOULD YOUR OWN 

Seventeenth - mos t  everything you do i s  committing our  company's  money. If i t  
were  your own money, would you be willing to  pay that  much for  i t ?  

USE THE COMPANY'S SERVICES 

Eighteenth - Raytheon Company h a s  a g rea t  number of special is ts ,  make the bes t  
use of the s e rv i ces  which a r e  available within the company. 

WORK ON SPECIFICS NOT GENERALITIES 

Nineteenth - work on specifics not general i t ies  - single out cer ta in  i t e m s  upon which 
to work and clean them up systematical ly  one a t  a t ime .  

USE STANDARDS - 
Twentieth - sea rch  dil igently for a s tandard - we have themand wherever  possible  
use  s tandard p a r t s ,  



VALUE ANALYSIS JOB PLAN 

INFORMATION PHASE 

The f i r s t  pa r t  of any p rog ram i s  a fact  finding s tage.  Many t i m e s  th ree -qua r t e r s  
of any job i s  getting a11 the information, a l l  the fac t s  you need to study the pro jec t .  

SPECULATION PHASE 

Here  i s  where we put our  creat ive ability to use ,  the c rea t ive  approach. What 
e l se  will do the job? The m o r e  ideas  o r  solutions that a r e  generated,  the be t te r  
the chance that one o r  m o r e  will be the answer  to the problem,  Use Bra ins to rm 
Sessions.  

ANALYTICAL PHASE 

After a l l  the ideas  a r e  wri t ten down, i t ' s  t ime  to analyze them and p a s s  judgment 
on them,  Remember ,  donst  t r y  to eliminate ideas  but t r y  to analyze them to see  
how they can be made to work.  A positive approach mus t  be used.  

PROGRAM PLANNING PHASE 

Here i s  where you take the bes t  ideas  and plan a p rog ram to get the information 
you need to develop these ideas  into sound usable suggestions.  Search  for  a 
person  o r  special is t  who can help you. Draw in help f rom the outside in the fo rm 
of company vendors  o r  special is ts .  

PROGRAM EXECUTION PHASE 

This i s  a natural  continuation of the  p rog ram planning phase.  Here  we see  that 
cer ta in  ideas  a r e  real ly  beginning to develop. Your planned p rog ram should be 
followed up in th i s  phase.  

SUMMARY AND CONC ULSION 

This l a s t  and one of the mos t  important s teps  i s  buttoning up the project ,  doing 
something with the fac t s  you have, taking action on the r e su l t s  of your study, 
promoting your idea with the sound facts  and analysis  to those who can do some - 
thing about i t .  



FUNCTIONAL EVALUATIOlV 

Here i s  a technique which will te l l  you if a p a r t  costs  too much. 

FUNCTION 

Function i s  something that makes the product work o r  se l l .  

BASIC FUNCTION 

Basic function i s  that pr ime o r  specific purpose that i s  accomplished by the 
part icular  pa r t  device o r  assembly.  All functions, not basic ,  we call  second 
degree.  

FUNCTIONAL EVALUATION APPROACH 

In this  technique we divide the cost into functional a r e a s .  To do this  we break  
the component o r  assembly down into i t s  functional a r e a s  then determine whether 
these functional a r e a s  a r e  basic o r  second degree,  then assign a value to the 
basic functions and compare this  with the actual cost of each component par t .  
Now a s k  the question - What e l se  will do the Job? - and in he re  use  the creative 
approach to develop other methods to per form the basic function. Then determine 
the costs  of these ultimate methods and compare them with the cost of the original 
component assembly . 
One of the best  ways to assign a value to the basic functions i s  by comparison. 
In doing this we must  think of something that will accomplish the basic  function 
in the most  simple fundamental way, and use  the cost of this  a s  the value of the 
basic function. Remember,  cos ts  a r e  everyone 's  business and cos ts  can be 
reduced. 

J f J ?  - & 

F. S. Sherwin, Manager 
Value Engineering & Analysis Services  

FSS: bc 
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