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- W H A T  IS THE FUNCTION O F  V A L U E  A N A L Y S I S ?  - - 
To make certain that, viewing every usable idea, process, material and 
supplier, each part individually and each group of parts when considered a s  
a unit, represents Value. 

TESTS F O R  V A L U E  - 
1 .  Does i ts  use contribute Value? 

\- 2 .  Is i ts  coat proportionate to its ueefulness? 

3. Doe5 i t  need all of i ts  features? 
L- 

4. IB there anything better for the intended use  ? 
5 .  Can a usable part be made by a lower cost method? 
6.  Can a standard product be found which wi l l  be usable? 
7. Is it made on proper tooling - considering quantities used? 
8. Do material, reasonable labor, overhead and profit total i ts  cost ? 
9. W i l l  another dependable supplier provide i t  for le s s ? 

10. Is anyone buying it tor l ess?  

H O W  IS  V A L U E  A N A L Y Z E D ?  - 
The analyst working with the engineer, the manufacturing man, and the buyer 
makes an intensive study endeavoring to lower material and parts cost by 
substituting, eliminating, combining, simplifying or otherwise altering parts 
or materials through the application of a knowledge of materials and prices, 
the use of vendor s specialized skills, new ideas and purchasing negotiation. 

The function, the construction, the manufacturing methods, the sources of 
supply and the purchasing arrangements for each part and each material are 
reviewed. 

Each item of cost i s  severely queationed. While studying the part or service 
the answers to these questions a re  developed. . . 

. , .What  is i t ?  
k 

. . . W h a t  duea it  cost per year? 
b- . . .What does it do? 

. . .What else would do the job and what would that cost? 

Then each item of cost is eeriously questioned unless i t  clearly buys definite 
function. 

Function i s  simply defined as. . . 
. . . something that makes the product work better. . . 
. . .or sell better. 
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W H A T  ARE T H E  Q U A L I F I C A T I O N S  F O R  A VALUE ANALYST - - -- 
E N G I N E E R  ? 

We have learned the qualifications for men to successfully accomplish this 
type of work. They are: 

Engineering or methods and planning experience supported by 
a general understanding of the properties of materials and their 
u s e s ,  

A good creative imagination. 

Enough initiative, self-organization, and self-drive to start  
and complete their projects with little if any supervision. 

A feeling of the importance of value. 

A mature personality, stable, not easily discouraged. 

The desire to work and deal with others and the general 
knowledge of how to do i t .  
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T O  E F F E C T I V E L Y  S T A R T  A P R O J E C T ,  W H A T  D O E S  T H E  
VALUE A N A L Y S T  REQUIRE? 

1. Annual production and ordering quantitie s . 

2 . Six copies of all drawings including: 

a. Each part showing the material 
b. Assembly drawings. 
c .  Wiring diagrams, i f  any 
d. Test and adjusting specifications 
e. Other supplementary specifications and data i f  necessary 

to completely define the product. 

3 .  Breakdown showing detailed shop cost build-up including: 

a. Material 
b. Labor 
c .  I. M. E. 
d. If other than basic raw material i s  used--the name of 

the vendor and price. 
e. A memorandum concerning special labor accounting- - 

whether adjusted or unadjusted, 
variances, e tc, 

4, A breakdown of assembly and subassembly chop costs. 

5. Copy of planning cards or general description of the type of 
process. 

6 .  Actual samples of the individual parts and the assembly ueing 
the parts, where practicable. 
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S P E C I F I C A L L Y  H O W  DOES T H E  V A L U E  ANALYST P R O C E E D  
W I T H  - A PROJECT? 

VALUE ANALYSIS JOB PLAN 

1. Information Phase 

a. Secure all pertinent facts- -ac tual samples of parts and assembly where 
practicable. Costs, quantities, vendors, drawings, specifications, 
planning cards and manufacturing methods information. 

b. Learnthe basicengineering, withtheengineer, askquestions, listen, 
develop with him a thorough unde r s tanding of the product. 

c , Learn the basic manufacturing - observe manufacturing, ask questions, 
1 isten, study. 

d. Decide the amount of effort that should reasonably be expended on 
each item of cost. 

2. Speculative Phase 

a.  Generate every possible solution to the problem. 
b. Consultotherswhomayhelpyou. 
c .  Syetematically explore varioua materials, machine processes, re - 

arrangement of parts, e tc. 
d. Encourage free use of the imagination. 
a. Record every suggestion that seems remotely possible. 
f .  Establish two man teams for creation of additional ideas. 

3. Analytical Phase 

a.  Estimate 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. IT 

List the good points and the bad points. Eliminate or overcome the 
ob jee tions . , 

d. Set up a program to vigorously pursue ideas with most promise. 

4. P r o g ~ a m  Planning Phase 

a.  Break the job down into a progression of functional areas;  i. e .  , a 
fastening job, an electrical contact job, a support job, a dust pro- 
tec tion job, e tc . 

b. Selectthe topspecialistintheGeneralElectricCompanytoconsulton 
each. 

c.  Selectfromone tothreeof  thebestsuppl iers inthecountryforeach 
functional area of the product. 
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5. Program Execution Phase - 
a .  Pointing out the top iunc tion desired- -discuss the problems and solicit 

specific suggestions with both in-company and out -of -company specialists. 
b. Constantly pursue thoroughly and intensely until sugge s tions of all 

specialist8 are in. Work with vendor companies until they can provide 
alternate practical suggestions and quotations. 

c .  Periodically support the work of the specialists by speculative or idea 
study and evaluation pertaining to the individual functional areas. 

d. Stick to each promising suggestion. Thrash it out and reach definite 
tangible usable conclusion. 

6. Status Summary and Conclusion - 
a. Issue a concise suggestion eheet covering each part which shows 

possibilities. 
b. The sheet shows pertinent information, such as.  . . 

. . .before and after sketch of the part. 

. . . quantities used per year. 

. . . material, labor, and shop cost. 

. . . suggested cost, and tool cost, if any. 

. . . statement describing function of part. 

. . . suggestions in condensed form. 
c .  Send copie a to the man designated by the manager to receive and follow 

up, also to others w h ~  should receive them. 
d. Send all quotations to the Purchasing group concerned. Attach all 

~pecific engineering data, engineering studies; e tc . to one copy 
and all ~ t u d i e s  pertinent to manufacturing methods, technique s ,  e tc . 
to another of the copies given to the designated follow-up man. 

e.  Finishthejobpromptlyandgoantothenext.  
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WHAT DOES THE VALUE ANALYSIS ENGINEER A T T E M P T  
T O  D O ?  -- 
A Eliminate the part. 

1. Change another part to perform its  function. 
2.  Check accessory items and features--possibly the need for them no 

longer exists. 

B Simplify it .  

Put all the tapped holes into one part-eliminate them from others. 
Use available fastening devices and eliminate tapping entirely. 
Challenge secondary punch press operations or secondary screw machine 
operations or other secondary operations. 
Make the parts straight instead of curved--straight fittings cost less 
than elbows. 
Don't plate copper parts which are later painted. 
When blind holes are needed, show minimum depth with notation, "Don1 t 
Drill Throughf1, rather than specifying depth limits. 
Use squared ends- ground ends double the cost of the spring. 
Instead of two tapped holes for set screws at 90•‹ put set screws one on 
top of the other in the same hole . 
Avoid undercuts on molded plastics to eliminate mold cycles and dower 
machine cycle. 
Question chrome plating or polishing on screw heads. 
Question unusual machined surface s . It may require secondary operations 
to obtain them, 
Consider pal-nuts to eliminate nuts and lockwashers on light parts. 
Stamp the nut impressions into the part--eliminate fastening devices. 
Dont t bend i t ,  
Use a miniature casting in lieu of several small assembled stampings. 
Use square instead of rounded corners on stampings. 
Use roll pins to eliminate reaming. 

C Alter it so that a high speed method can be used. 
>" 

With a slight change, perhaps it can go on a header or upsetter. 
Make it of round or flattened wire on a wire forming machine rather than 
a complicated terminal. n 

Strike the slot in the screw instead af sawing i t .  
Design parts for  die cast threads. A small flat in the parting line elimi- 
na te s flash difficulty. 
Drill and tap small parts in the strip before cutting apart. 
When cross drilled screws or bolts are  needed, design so that random 
drilling i s  permissible. 
Make irregularly shaped parts of assembled laminations thin enough 
for stamping to avoid costly machining jobs. 
Eliminate insulating sheets, strips, punchings and- welding operations 
by making a composite molded parts for electrical applications. 

SHEET 7 



9 .  Instead of long screw-machine parts for filter housings, e tc . ,  use 
flared copper tubing and a small internal flare nut. 

10. Mold gears from powdered iron to save cost of machining the teeth. 
If extra strength i s  needed, impregnate the iron with copper. 

11. Use permanent mold iron castings for lower coat and better quality. 
12. Use projections and resistance weld in one operation rather than spot- 

weld one spot at a time. 
13. Consider magne~ium- i t  machines twice a s  fast a s  aluminum and five 

times a s  fast as  steel. 
14. On thin gears-alter for punching instead of broaching. 

D Alter-ao that standard parts or materials may be used. 

Design around standard nails, rivets, eyelets, washers, spacers, etc. 
Specialty vendors provide standard materials in many classes. For 
example, use standard terminal boards, standard switch contact 
blades, standard contact blade spacers, e tc. 
Design for standard bushings--don't make it necessary to cut them off. 
Instead of fabricating terminals, buy them from a specialist in parts 
made from tubing. 
Try wJohnsonll weld nuts for resistance welding to sheet metal. They 
cost less than half the price of most others. 
Use #tamped llweldfl nuts for even lower cost. 
Use standard sizes for raw material to avoid "extrasf1 in cost. 

E Determine where the design might reasonably be altered for automatic 
assembly. 

1. Don' t use a complicated terminal when simple flattened wire applied 
by an automatic stapler would do as  well. 

2.  Don't have springs preasing against all of the assembly parts. 
3 .  Don't assemble concealed parts between plates. Make up some sub- 

assemblies which are  made openly and snapped together . 
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F Use a lower cost material. 
i 

t 

Use spring steel instead of music wire excepting when excessive loading 
demands additional properties and justifies additional cost of music wire. 
There are many tempers of copper and many types of bronze. Remember 
that generally half the weight of copper will carry the same current a s  
equivalent bronze. 
Remember also that 1 /2 to 1 /4 the weight of spring brass carries equiva- 
lent current to phosphcr bronze. 40C brass may replace 65C phosphor 
bronze. Suitable brass can be aged to provide comparable spring qualities. 
Use Terratex or Quinterra instead of mica for high-temperature, low 
voltage applications . 
Buy an aluminum or  other disc instead of sheet or strip stock. 
Use more magnesium extrusions. Dies cost only a few hundred dollars 
for small extrusions. 
Check tubing costs. In smaller sizes, copper i s  lower cost than steel- 
aluminum and magne sium s till lowe r -magnesium i s the lowe st . 
Don't use drill rod if steel rod wi l l  do the job. 
Use Zn-Cu-Be instead of brass. Save 20%. 
Use graphite -impregnated phenolic compound for a low -fr ic tion, low - 
cost bearing, thrust disc or seal nose. 
For large die cast parts, check aluminum. It may cost less than zinc. 

G Use Lower Cost Processes. 

Do the operation in a tumbling barrel. If the parts are too heavy and too 
precise--mount them on fixtures in the barrel and let the abrasive mix- 
ture flow through them. 
Use automatic dial tapping machine s. 
Dip in paint rather than spray. 
Design parts for barrel plating rather than hooking in still tank. 
Use Multi- slide machines to eliminate secondary operations. 
Stamp parts in punch press rather than hand stamp. 
Use tubular rivets rather than solid rivets which have to be peened over 
slowly in a high speed hammer. 
Lithograph or print rather than etch. 
Permanent mold rather than sand cast. 
When desired actually reduce the size of the shank on a screw by a 
special thread roller arrangement. 

H Use a higher cost material, which, by its nature and properties will afford 
a simplified design and facilitate lower cost assembly. 

1. Consider fixture heat- treated beryllium copper--when phosphor bronze 
won't quite do the job. Eliminate adjusting labor. 
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Use Silicane s - -for innumerable benefits and saving 8 ,  

Make the whole tip and support from silver rather than silver tip and 
brass support. Eliminating welding may offeet the cost of additional 
silver. 
Use Micaloi in flux paths. High permeability may save many laminations. 
On very small parts with intricate forming use stainleas to eliminate 
plating cost. 
For high temperatures and high dielectric strength use Teflon to produce 
various savings. 
Use brass instead of steel on very small screw machine parts. The 
saving in labor more than affsets the increased material cost. 

I Miscellanaous L ~ w e r  Costs 

Use a gaod sampling method instead of 100% inspection. 
Make an entire subas aembly smaller reducing material accordingly. 
When buying adjacent parts from a vender, have them pre -assembled 
i f  practicable. 
Don't ~ p e n d  money for sizing i f  supplementary operations a re  necessary 
anyhow. 
Make a s  many parts as practicable on a particular job of identical raw 
material, 
Design part and tools to hold scrap in machining to a minimum. 
Use Garboloy, 
Hopper feed parts in assembly. 
Provide proper tooling to eliminate need of expensive labor. 
Conveyoriee to facilitate material handling. 
Avoid complicated equipment that requires continuous scrutiny and 
maintenance. 

J Check it against other methods af fabrication. 

1. Fabricate it. 
2. Die Cast i t ,  
3. Extrude it.  
4. Permanent m d d  cast it. 
5. Roll and weld it .  
6 ,  ~ o l l  farm it. 

.4. 

K Check it against unique, less  well-known methods of fabrication. 

1. Last wax casting. 
2.  Miniature casting. 
3 .  Miniature casting on wire, cord, tape or rod. 
4. Miniature casting automatically with inserts. 
5. Electro-forming. 
6. Low cost, low quantity stampings. 
7. Fabrication from copper or  brass tubing. 
8. Powder metallurgy. 
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L Check unusual bat available forms of raw materials for use on the job. 

F Q ~  Example Steel 

1. Preplate$ steel 
2. Prepainted steel 
3. Steelclad with aluminum. Sta in le~s ,  monel, etc, 
4. Fibreclad Steel 
5. Rubberclad steel 
6. Embossed metal 
7.  Expanded metal 

Or Mi scellaneous 

1. Silicones 
2 .  Nylons 
3. Micalex, ete.  

M Survey the purchasing with the buyer. 

1. A r e  the available highly specialized low cost suppliers being used? 
2. Have the suppliers' engineers been given sufficient facts and pressed 

for suggestions which would produce equivalent performance at lower cost ? 
3.  Has the buyer taken advantage of the knaw how of other purchasing units 

using larger quantities of similar materials .? 
4. Should some minor changes suggested by the supplier which afford lower 

cost material, be cansidered further? 
5. Has the buyer found the basic source, the manufacturer who m a y  be in 

a positisn to extend minimum prices ? 
6. A r e  parts obtained in best economical let size ? 
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WHAT DOES T H E  V A L U E  ANALYST D O  WITH THE I N F O R -  - 
M A T I O N  DEVELOPED? 

(See Item 6 of the Value Analysis Job Plan) 

Quality of Value improvement i s  determined by. . . 
1. How frequently and effectively are  good practical tangible 

specific ideas generated. 

2 .  How effectively i a  action secured. 

The first i s  a Value Analysis Special l~t  job.. . 

The second i s  a management job. 

A manager, who is  responsible in both engineering and manufacturing areas,  
appoints a man, ~omet ime  s in engineering, some time s in manufacturing, 
same times in finance, to receive the Value Analysis suggestion sheets and see 
that each receives the attention that i t  deserves. 

The Analyst at once starts the next job. 
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WHAT S A F E G U A R D S  A R E  T A K E N  T O  P R E V E N T  P R O J E C T S  
S T O P P I N G  PREMATURELY BEFORTRESULTS A R E  
A C C O M P L I S H E D  ? 

The necessary safeguard i s  the basic philosophy that "There i s  a lower cost ----- 
way to get equivalent quality--only a s  yet  i t  has not been thought of. l 1  --- -------- - 
It i s  important not to waste time going around in mental circles. If progress 
toward lower costs seems etalled, some of the following or similar actions 
must be taken. 

1, Select a well-qualified vendor- -put the problem up to him and press him 
to produce. Get new information and a new idea from him. 

2 .  Break the problem down into two or three specific but smaller problems 
and assign each to a qualified specialized vendor for solution. 

3. Talk i t  over with the project engineer again. Jointly agree that a hypo- 
thetical 20% of the cost must be removed and study with him how to start.  

4. Determine how similar jobs are being done in other branches of the G. E. 
Company. 

5. Determine how competitors are doing it.  

6 .  Counsel another G .  E. buyer who may have a similar problem. 

7. Find in the G. E. Company a proponent of the idea and foster it  through him. 

8. Talk about it  to a man in one of the laboratories-tell him the problem--get 
some ideas from him. 

9 .  Discuss it with the Standards Department. Frequently they have assisting 
information. 

10. Talk it over with a man in the Manufacturing Services Division. 

11. Mentally review all of the new processes and products reviewed in trade 
magazine s for their applicability. 

12. Make a quick list of a dozen or a hundred suggestions no matter how im- 
practical some of them seem- -then study the list. 

13. As the part i s  studied--imagine that you are forbidden to use it .  How then 
would the job be done ? 
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14. If i t  is  big enough, talk it over with the boss. He will probably have some 
gobd ideas. 

15.  Don't accept first ef&rt- -challenge further endeavor. Value Analysis pays 
off after the first answer is ?lnotl. 
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V A L U E  A N A L Y S I S  

What i s  i t? 

How does i t  work? 

Value Analysis Service s Unit 
Materials Services Department 

June 1953 
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THE TOTAL STRATEGY . . . . . . . . . . . . . . G. D. Hart 
L. D. Miles 

I will show that value engineering i s  a system, specifically arranged,  com- 
posed of. . . 

many known par ts  
a lew modilied ones, and 
a few new ones, 

. . . for the accomplishment oi one sole purpose-- 
the etiicient identification of unnecessary cost.  

But, instead of parts,  it consis ts  01 approaches, understandings, techniques. 
It i s  over-al l  system t>trategy. 

Most 0 1  U S  real ize and "jeel" a s  Lar ry  .says, the futility of trying to get good 
resul t s  with the telephone--which i s  a system of parts--with even one wire  
o r  c o ~ ~ n e c t i o n  absent.  

No one would attempt to dr ive a n  automobile-- -another system- -with one 
wheel short;  although we do occasionally attempt to dr ive them with gasoline 
absent .  

I 

Our sec re ta ry  would dish up a rather  " u n ~ s u a l ' ~  le t te r  i f  she 
to type on a machine lacking only one key. 

w e r e  forced 

Yet when i t  comes  to performing our work, i t  i s  customary- 
exception--to use  only the approaches and techniques we1-ve l e a r n e d ~ ~ w h i c h  

-not &kii the 

would certainly be short one-tenth to perhaps one-half of the approaches 
which would propel toward a solution. We don't m i s s  the remaining tech- 
niques we need, but don't have, because we don't s e e  others  using them. 

Thus, when we mentally compare the resul t s  we get against the resul t s  
possible, i t ' s  like comparing the effectiveness of a telephone with a l l  par t s  
in place to one lacking 10 per  cent of the needed parts .  

One would expect the effectiveness, a s  we add the few thinking processes  
and tecKnicpes which the task needs, would r i s e  shockingly--as it does. 

The overall  s t rategy of value analysis  o r  value engineering includes a n  , 
a r r a y  of tactical pa r t s  to deal  with specific needs. Each need--unfilled-- 
constitutes a valve stopping the flow of resul t s .  As  each need i s  covered 
by a suitable tactic o r  technique--the flow from the system o r  resul t s  f rom 
the work acce lera te  surprisingly. 

Once the concept of the overall  system nature of value analysis  i s  understood, 
most  of the confusion, apprehension, and fea r  of conflict disappear.  



Understandings which formerly were  difficult to communicate now become 
almost  self-evident. To questions such a s ,  "Isn't industrial engineering 
value engineering? ", the answer is, "No more  than the wheel i s  the airplane. I '  
"Isn't engineering design f o ~  low cost value engineering? ' I  "NO! --the cord 
on the phone would not be called a telephone! I t  

We have found this system nature of value engineering to be reasonably well 
communicated by comparison to a piano. 

Before the system was put together there were  wire, mahogany, castings, 
screw@, paint and assorted fastenings. Each of the elements has a score of 
good uses.  Each i s  a needed element in i t s  own right. Wire may dry  clothes, 
c a r r y  communication, hang bridges, keep the hogs out of the cabbage patch. 
Mahogany may support the table, make molding patterns o r  adorn the presi-  
dent's yacht. All uses  were important .- some very important. There i s  
nothing new, however, about those materials  in those uses. 

When the elements have been put together into one specific system, i t  i s  called 
a piano. In this system, every element i s  appropriately arranged, in view, 
and readily a t  hand to make possible solely - one purpose--the performance 
of good music. The new value came, not from the amount that is new, o r  not 
new; but, from the fact that all of the materials  were  properly arranged and 
a l l  i tems needed were included. They were  a t  hand- -could and would now be 
used for one purpose and would accomplish that at very high efficiency. 

Studying its hirtory, I found that, when first created, the system wacl short 
some tones. Search found some little-known- -but very satisfactory wire  
and brought i t  into place. Need, then, caused a few new wi re r  to be devel- 
oped, and put into place. 

Another interesting find was that, while some of the wi res  from the fence, 
the clothes line, etc . which permanently accomplished their other functions 
well, when used for this purpose, were  a little off tune, quickly lost their 
tonal accuracy, required great  skill to use, o r  required skilled tuners con- 
stantly.- The resul t  was that some existing wires  were  modified. 

Now, using largely existing materials,  modifying some, and adding a few 
new ones, then arranging all in a n  efficient system for accomplishing - one' 
specific purpose, new horizons in music were  within reach of many more  
people. 

Still, major  problems existed. Some liked the low sounds and some the 
high. Not knowing how to use  it, and often, several  using it a t  once, audible 
mayhem resulted. 



Slowly, then, there developed under standing and skill in using it. It was 
found that for some music, c e  rtain keys were used and for other, other 
keys. From this beginning emerged training. Later, i t  became obvious 
that only with much talent and some training or  much training and some 
talent could the normal capabilities of the system be utilized. 

Wisdom and understanding grew, a s  the new eystem found i ts  permanent 
place in i t s  culture. 

1. Of course, music can be made by many methods, and i s  so made. 
2. A wide range can be efficiently made on the piano. 
3. Depth training in piano and i t s  use a r e  essential if i t s  capabilities 

a r e  to be utilized. 
4. Very irritating sounds often result when the untrained applies 

vigor to the keyboard. The nearby environment revolts against 
the creation, and, i f  possible, tosses i t  out. 

By comparison. . . 
Value Analysie o r  Value Engineering is a n  arrangement of tech- 
niques, some old, some modified, each with i ts  own specific 
usefulness, and some new, for the accomplishment of one specific 
purpose--the efficient identification of unnecessary cost--before, 
during, o r  after the fact. 

The system has large capability. 

Its capabilities can be recognized by all, but only ptilized by 
those with depth training and developed skill. 

It is an  abomination when in a n  environment where the system 
i s  not understood or  when it  i s  used by those untrained o r  
unskilled. 

All parts  necessary to accomplish almost any of its type of task 
a r e  included; however, only the parts  needed a r e  used to accom- 
plish any one specific task. a 

W e  may ask, "But whit  a r e  some of the keys on the Value Analysis piano? 

Answer--A segment of the keyboard covers each of the following and dozens 
of others. .  . 

. . . industrial engineering practices, 

. . .work simplification, 

. . .manufacturing engineering, 

. . . economic design techniques, . . . depth process knowledge, 

. . . supplier specialty knowledge and technique, 

. . , uood huvinu 



. . . etc. 

. . . some segments include work needed but not now done. 

Each of these groups of keys has i t s  contribution to make and the answer to 
the problem of securing appropriate cos t  in any 
may lie in any one o r  several  of them. 

specific system o r  device 

A complete definition of Value Analysis then is, 
ment of techniques which.. . 

. . .makes  c lear  precisely the functions 

. . . establishes the appropriate cost  for 

"Value Analysis i s  a n  ar range-  

the customer wants, 
each function by comparison, 

. . . causes required knowledge, creativity, and initiative to be used 
to accomplish each function for  that cost. " 

It i s  seen that some of the techniques--the keys on the piano--are for the 
purpose of clarifying functions and some a r e  for establishing appropriate 
cos ts  by comparison. It will a lso  be seen that some of the techniques "cause" 
the required knowledge, creativity, and initiative to be used. It i s  in this 
a r e a  that it was necessary to develop some modifications, some extensions, 
some specialization in techniques used by engineering, by manufacturing, 
by purchasing, by marketing, and others, in order  to develop 'maximum po- 
tential in the elimination of unnecessary costs.  

5 
The strategy which i s  value engineering makes c lear  many causes of unnecessary 
cost. The decisions which allow too much unnecesmry cost  to remain may 
be the decisions in any one of the several  a reas .  

The action of the Value Engineering system is to identify which of the a r e a s  
holds the solution to each specific integer of unnecessary cost. The necessary 
knowledge, creativity and initiative can then be used exclusively where needed 
and to the extent needed to end the cost problem. 

Some a r e a s  are :  

1 .  Maaagement Organization. 

If the organization is not best suited to the task to be performed, 
i t  can only produce poorer performance in the product o r  extra 
cost. If poorer performance results,  tes ts  will normally follow 
and it will bd promptly corrected. If, hawever, higher cos ts  result, 
they often continue. 

2 .  Marketing Concept- -customer functional under standing. 

The customer purchases a product to accomplish functions for him. 
These a r e  exclusively "use" functions and "esteem" functions. 
To the extent that the customer has not been caused to clearly under- 
stand and communicate just the function8 he wants to buy and pay 



for and to the extent that this information i s  not basic to the engin- 
eering and manufacturing processes, extra cost remains in the system 
o r  product or  service. 

3. Engineering Concept and Approach. 

After the functions which a r e  to be provided to the customer a r e  
determined, the effec tivenees used in establishing the engineering 
concept which will be detailed and implemented introduces either 
positive o r  negative fac tors  in the cost a r e a  which remain regard- 
l e s s  of actions of any others.  Much unnecessary cost is often allowed 
to remain because the work in the engineering concept stage was not 
optimum. 

4 .  Engineering Detail. 

After the concept, that is, the basic approach for accomplishing 
the functions i s  established, this must be implemented by choice 
of materials,  shapes, assemblies,  methods, functions, tolerances, 
etc.  Appropriate cost  can a lso  be lost in this work a rea .  

5.  Manufacturing Concept o r  Approach. 
a 

How much o r  how little automation? How much to make? How much 
to buy? What machines and factory layout? If this manufacturing 
conceptual and planning work is not competitively done, appropriate 
cost  can be lost. 

6. Manufacturing Operation. 

That appropriate coat will be lost  in a carelessly, loosely, ineffi- 
ciently operated factory i s  so obvious that i t  needs no elaboration. 

7. Purchasing o r  Materials Procurement Work. 

k 

A significant amount of cost i s  normally spent by purchasing. To 
the extent that purchasing recognizes its potential to contribute to 
profits, staffs itself with competent buyers and negotiators, buys 
function a s  nearly a s  practicable, assumes a major role in getting 
a wide variety of solutions, for the needs of the engineer, f rom the 
available supplier market, it is eliminating the possibility that 
significant unnecessary costs  a r e  lost in this a r ea .  



CONC LUSION 

Value Analysis o r  Engineering i s  a system, a complete set  of techniques, prop- 
er ly  arranged, for the sole purpose of efficiently identifying unnecessary cost, 
before, during, o r  after the fact. Some of the technique. a r e  familiar, some 
modified, some new. The effectiveneaa in utilizing thia system depends 
upon the understanding, training, and skill of the value engineers, a s  well 
as the understanding of a l l  businem people in the environment in which it 
operates. 

Value consists of appropriate performance and appropriate costs. Good en- 
gineering techniques, measurements, and tests  normally a r e  used throughout 
the performance area .  The technology of Value Analysis or Engineering i s  
growing toward a similar degree of measurement, of test, of definiteness 
in the work of achieving appropriate cost. 





When functions have been identsed, clarified, understood, and specified, 
the greatest help would come from the answer to the questions "How 
much, under our conditions of quantities. manufacture, etc., is the 
lowest cost that would provide that function?" and "What approach and 
method woulcl secure it for that cost?" 

The great danger now comes in the form of a proper and practical- 
sounding question: "How have we accomplished it in the past and what 
did that cost?'Withont new thinking, new searching, and new creating, 
the old answers come forth, and they point to the broad well-trodden 
pathway. Too often, too many "feel" that previous costs and methods are 
"about" optimum. However, this is the pathway to business suicide in 
competitive business. New approaches for accomplishing the function may 
be evolving that will cost only a small fraction of the previous amount. 
A new nppropriate cost, or ualzte, for the function is needed, which is 
based upon not only new, current, information but also new thinking. 
To fill this nerd, the system of evaluating the function was developed. 

Eurrluntion of Function 

Since the purpose of value analysis is to achieve the total function for 
lowest overall cost, effective measures of the value of function are neces- 
sary. Techniques are provided for evaluating functions by comparison. 
However, this evaluation must not be made by comparison with the past, 
These values are established by other valid comparisons and are then 
used as a guide to the achievement of the individual function or groups 
of functions for that value or cost. 

To assign a "value" (lowest cost that would fully provide i t)  to a func- 
tion, it must be determined what the lowest cost to a competitor who has 
keen mental resources and good physical resources would be. The process 
of evaluating functions typically is as follows: 

1. Individualize separate functions. 
2. Understand them completely. 
3. Creatively establish other unobvious means for accomplishing each 

function. Concentrate intense energies on means that are likely to be 
much lower in cost. Think searchingly, penetratingly, and courageously. 

4. Assign approximate cost. 
5. Add the values of the various required functions to arrive at a value 

for the larger overall functions. \\'here functions are not interacting, add 
arithmeticaliy. Where they are interacting, combine them by using plus 
or minus cost factors for the areas of interaction. 

In this preliminary evaluation of the function do not strive for arith- 
metic or tcchnical exactness. Instead search for areas of promise, approxi- 
mate benefits to be gained by further study, and general directions for 
precise tllinking and u-ork. The result is now the tentative vnlrce of the 
function, based not upon the habits and practices of the past, but rather 
upon such new and different factors as the state of the art now provides 
and the skill and creativity of the thinking can relate. 



Evnluntion of Functions by Compnrison 

Tentative and extremely useful values for functions can usually be made 
by objective compclrisons. How else might an important portion of the 
function be nccomplished, and what approximately would that cost? Such 
comparisons avoid the dangerous trap of judging and planning the future 
from the past. 

Case Study 

EVALUATE A SINGLE FUSCTION 

The function of gasoline tanks for Navy landing craft is to reliably con- 
tain 200 gallons of gasoline. The noncombat life is eight years. The think- 
ing process used to evaluate this function was: 

What is the appropriate cost for housing 200 gallons of gasoline? 
Using four 50-gallon standard drums $25 
Using one standard 250-gallon oil tank made for domestic use $30 

However, some environmental treatment and perhaps some extra connec- 
tions would be required. Therefore, adding $25, we arrive at a tentative 
$50 evaluation on the gasoline-containing function. 

As a result of applying this technique, $80 gasoline containers were 
adopted to replace the $520 special-alloy tank previously designed and 
used. Because at this time the mechanism of evaluating the function pro- 
ceeded before other decisions were made, the saving to the tspayers on 
the 1,000 tanks was $440,000-the difference between $520,000 and 
$80,000. 

Consider now the hours of design time used on the tank used previously 
in selecting costly noncorrosive material, designing irregular shapes that 
would be welded together, and specifying welding methods, standards, 
costs, etc., only to arrive at a "performance" design costing $520. 

Case Study 
EVALUATE THREE FUNCTIONS 

The part is a steel spacer stud used in quantities of 200,000 per year to 
fasten a timer to an appliance. When the part was made on the automatic 
screw machines, the cost was 8 cents each or $16,000 per year. Part of the 
stud also separated two parts of the timer. What are the functions? 

1. Hold the 2-pound timer to the appliance. 
2. Hold a small timer part to the stud. 
3. Space two parts of the timer. 

What is the value of the functions? In each case assume (for the 
moment of first evaluation) that there are no interacting functions. Value 
must be determined for each function separately by comparison. The No. 
1 holding function could be reliably accomplished by a steel screw, for 
example, which costs % cent. Therefore, the value of this holding function 
is not over $6 cent. 

Holding functim No. 1 9% 
Holding fur~ctiori Xo.  2 would be accomplished by n smaller steel screw %6 
The spacing fu~ictiori (50. 3) could, ill general, he accomplished by a cutoff 

length of tubirig or a rolIed spacer, which would cost about %# 

Adding, the value for all functions is 

HOLDING 
FUNCTION 1 1 1- Sf'AClNG HOLDING 

FUNCTION FUNCTION 

Spacer stud showing 
functions. 



Work from now on is directed in several respects: 

1. Time will not be expended in developing the details of any approach 
that will not accomplish this entire function for a cost on the order of 1 
cent. 

2. S~fficient ideas, information, and appropriate design concepts will be 
acquired so that a material, design, and product will be provided that will 
accomplish the functions reliably and within the specified area of cost. 

An important question here is "Don't the holding functions interact 
with the spacing function sufficiently so that it is invalid to directly add 
the values of the functions?" The answer is "Probably not." The interaction 
is so simple that it might deduct from the total cost rather than add to it. 
Hence the approximate value for the functions of the 8-cent stud was 
placed at 1 cent. The function value had provided a degree of "measure- 
ment" that indicated that real mental work should bring tangible results. 
This case study was concluded using some value engineering approaches 

that will be discussed later; however, the example will be finished here. 
We knew we could not use the present automatic-screw-machine approach 
because it was necessary to arrive at costs approximately one-tenth of those 
which would result. Much help was found in the specific value analysis 
techniques. The one that formed a mechanism for this item was B2ost- 
Creufe-refine. Thinking started with an eightpenny nail, which was ap- 
proximately the appropriate size, contained a head, and cost !/lo cent. 

Creating m d  refining, the answers were developed. What must be done 
to the nail so that it will accomplish the three functions reliably, and what 
will be the added cost of each added operation? 

5 r ; s W y  
1. The head must be moved do\\-on the shank. 
2. The head must be made hexagonal. 
3. Another head must be made in the middle of the nail to provide the 

necessary spacing action. 
4. Threads must be rolled on each end of the modified nail. 

Spacer stud-diff er- 
A 

(K ,((mi ent approach. 

Suppliers in this type of business said they could make these changes and, 
in fact, did so. The modifiecl design is shown, - 

The cost became 8/10 cent, with a reduction in cost of ?go cents each 

or $14,400 per year, for an interchangeable item performing the identical 
use functions. There were no aesthetic functions. 

Spacer studs com- 



Evaluation of interacting Functions 

Often the evaluation of single functions will cause the search and thought 
required to make good improvement of value. Usually, however, there 
are several functions involved-some independent and some interacting 
functions. 

Usually the procedure outlined here will handle the interacting func- 
tions : 

1. Arrange the functions in suitable order for evaluation. This arrange- 
ment will be such that means for accomplishing each succeeding function 
can be varied without nullifying the work done on previous functions. 

2. Evaluate the functions at the top of the list as though it were a 
single function. 

3. Evaluate the second function of the arrangement. For this task, 
temporarily assume that the solution to the first function is a part of the 
given conditions under which the second function will be evaluated. Do 
not hesitate, during the evaluation, to alter the design and method think- 
ing previously done on the first function, provided the new methods 
accomplish, both function No. 1 and function No. 2. 

4. Proceed through the list, using the same approach. When com- 
pleted, there will be nothing in the final evaluation of any function that 
is not compatible with all others. 

Case Stttdy 

INTERACTING FUNCTIORS 

Screen for large electric motor. 
Made by cutting suitable metal frame ap- 
proximately 7 inches on each of the radii, 
welding expanded metal over opening, 
and riveting in easy-opener lock; 1/16-inch- 
thick steel; 4,500 per year; $6 each, Four 
screens fill end of 18-inch diameter motor 
opening. 

The functions were determined to be: 

Diagram of motor 
without protective screens 
(viewed from shaft end). 

Allow ventilation. 
Facilitate maintenance. 
Exclude subs tmce. 
Please customer. 



Had an attempt been made to evaluate the functions in the order of 
this unarranged list, the work would have been futile for the following 
reasons: Taking the first function, what must be added to the motor to 
allow ventilation? Nothing. It is already open. Cost would be 0 cents. 
Likewise, what must be added to the motor to facilitate maintenance? 
Again, nothing. Cost would be 0 cents. What must be added to the motor 
to exclude substance? A cover of some kind. Would this interfere with the 
accomplishment of the first two functions, which were already evaluated? 
Probably. Hence no useful benefit has been accomplished. 

However, the functions were arranged as follows: 

1. Exclude substance. 
2. Allow ventilation. 
3. Facilitate maintenance. 
4. Please customer. 

Then the functions were evaluated by creative comparisons in the order of 

the above list. Much abbreviated, the results were as shown in the follow- 
ing table: 

Function I. Esclude substance (sheet metal) $0.15 ea. 
Function 2. Allow ventilation (open up and 

modify sheet metal), added cost 0.15 
Function 3. Facilitate maintenance 

(spring clip operated by one-half 
turn of screwdriver) 0.10 

Function 4. Please customer (appearance paint) 0.10 

Total value of all functions accomplished SO. 50 

Work was motivated and guided by this evaluation of functions pres- 
ently costing $6 at 50 cents. Costs immediately realized were: 

Exclude substatice (sheet metal) SO. 25 
Allow ventilation (open up and modify sheet metal) 0.30 
Facilitate maintenance (Marketing men decided that 

the costly fastener, which could be removed with 
the fingers, should be used rather than the screw- 
driver-actuated spring clip recommended in the 
evaluation. They judged that it was an aesthetic 
item that pleased the customer, attracting enough 
added buyers to justify the estra cost.) 0.60 

Please the customer (suitable painting) 0.10 

New cost $1.25 

Even keeping the 50-cent aesthetic-function cost, the cost was reduced 
$4.75 each or $21,000 annually for the design life of the product. 

Motor screens identical functions but dif- 
fering in cost by more than 4 to 1. 



Evaluation of Functions 
(from Available Dnln)  

In order to achieve costs that are low enough to equal those of the best 
competitor, function-cost relationships are exceedingly helpful. Ideally, 
if the designer knew the lowest cost for which each of the product func- 
tions could be provided and had a practical system for adding the values 
of interacting functions, he could proceed with his design work within 
the established parameters with confidence that. when completed, his 
product would not, for a time, experience cost dSculties in competition. 

Surprisingly, much basic function-cost information can be produced 
from published data. Equally surprising, as of this date, tabulations of it 
have not been generally prepared and are not available to the designer. 
However. function-property relationships are well published, e.g., ratio of 
current to conductivity. Also, property -materid relationships are well 
published, e.g., relationships of conductivity to copper. Finally, material- 
cost relationships are published in catalogues. Therefore, at any one time 
with a known material cost, the relationship of function to cost is readily 
determinable. 

At all times, when material cost has changed enough to affect the 
decisions made, it is only necessary to  mod^ the cost factor to have 
accurate data again. At the present time. each manufacturer, who pre- 
pares this data for his specific jobs, understandably considers it propri- 
etary, with the result that, as yet, each must prepare his own. 

Some of the types of functions that can be evaluated by published 
data are: 

Insulate voltage. ( How much voltage? What area? ) 
Transmit torque. 
Conduct current. 
Conduct flux. 

Case Stzcdy 
PLIBLISHED D.\TA USED TO EVALUATE 
THE FUSCTION 

A switchblade was used in a safety-switch assembly enclosed in a space 
about 2 X 2 x 2 feet. The general type of assembly is shown. 

Switchblade. Made 
by sand-casting and xnilling the 
body, then brazing strip of brass 
% x ?/.52 inch thick and 4 inches 
long into body; overall length, 7 
inches; 600 per year; $3 each. 
Mounted in enclosed electric 
switch gear. 

FRICTION GRIP / 
BLADE PIVOTS 

CONTACT CONDUCTOR BRAZED 

CONDUCTOR, 

INSULATING BASE 1 

Safety switchblade in use. 



The switch was used a few times each year whenever it was neces- 
scary to make adjustments in the switch-gear equipment or in the electrical 
equipment that \ras controlled by the switch gear. At such times, the 
electrician would open a circuit breaker in the circuit preceding the switch- 
gear equipment, open the equipment, manually open the safety switch, 
and then, if desired, reclose the preceding circuit breaker. Work could 
then proceed in 100 per cent safety. 

The following functions of the switchblade were named: 

I. Conduct current: 50 amperes, 4 inches. 
2. Accommodate circuit opening (manually under conditions of no 

voltage). 

It was noted that the first function would lend itself to evaluation from 
published data while the second must be evaluated by creative searches 
and comparisons. 

Evaluation of fut~ction Yo. 1: 
The amount of copper in standard commercial form 
required to conduct the 50 amperes: 4 inches $0.10 

Evaluation of function ?To. 2: 
Several comparisorls were creatively made. 
The construction for the basis of this evaluation was: 

Use bar, not round copper 
Add an inch to its length 
Flatten a portion still more a t  the pivot end 
Drill or pierce a hole for the pivot 

The combined value of the two functions then became 

1. Conduct current $0.10 
2. Accommodate opening 0.15 

Total $0.25 

The arithmetic sum of the two function values became the valid value of 
the combined functions because they were evaluated according to the sys- 
tem for handling interacting functions previously explained. 

Xow, with a value of 25 cents on the 
functions that were costing $3, the men 
working on the project were motivated 
and guided to take some actions. One 
member of this study team was a purchas- 
ing man. He obtained quotations on a 
switchblade made as a one-piece brass 
forging. IVith a moderate die cost, its cost 
became 40 cents. Although more extensive 
change could probably have developed a 
good construction at nearer the evaluated 
cost of 25 cents, the men responsible 
elected to make the change to the forged 
switchblade at once since it saved $2.60 
each, provided a totally interchangeable 

$ 3.00 $ 0.40 part that could be used in maintenance 
of ecluipn~ent already installed, and al- 

Switchblades pro- 
ducing identical f~mction but lowed them to me their time on other 

&ffering in cost by more than areas of the equipment. 
7 to 1. 



Evaluate All Functions 

by Comparison 

Value being a relative rather than an absolute measure, the comparison 
approach must be used in evaluating functions. The basic question, "Is 
the function accomplished reliably at the best cost?" can be answered 
only by comparison. 

The larger and more complicated the object undergoing analysis, the 
greater the number of comparisons necessary to make the analysis suf- 
ficiently comprehensive to establish the best value for each included 
function. This means analyzing a series of basic functions, each diu- 
covered by breaking the assembly down into its subunits, components, 
and parts. In this way the problem becomes, perhaps one of comparing 
the use of one material with that of another, the style of one part with 
that of an equivalent, the application of one process of manufacture with 
that of another, and so on. It may be a matter of comparing metal with 
plastics, screw-machined parts with lathe-machined equivalents, or stamp- 
ing with spinning to deternine how the needed function can be obtained 
reliably at the lowest cost. 

It  can be said almost without fear of contradiction that, if there is no 
comparison, there is no evaluation. All evaluation results from comparison 
of some kind: in some instances, comparison with standards; in other 
instances, comparison with similar items; and in still others, comparison 
with partially similar items. If, in the pursuit of better value, functions 

have not been identified and these functions have not been eval~~ated by 
comparison, then the process has not been value analysis but merely cost 
analysis. 

This vitally important step, "evaluate the function by comparison," is 
perhaps best recognized by looking at  a few illustrative examples. 

EXAMPLE 1: Knowing value of function promotes and guides effort 

The step of identifying the function is the value analyst's initial 
tool. In some cases, just the clear use of this step prompts ideas and 
information which result in better value. For example, a round 
bronze casting 3 inches in diameter and % inch thick, with a center- 
drilled and splined hole, was found to cost $16. What was its func- 
tion? It fitted on a valve stem, and its function was to facilitate open- 
ing and closing a valve by hand. In other words, $16 was expended on 
providing a handle to open and close a valve1 

BY 
just this step, a similar valve handle of equal effectiveness, readily 
available, was produced for a cost of 60 cents. 

- 
SUMMARY 

Establishing a "\~tlue" of a function is one of the neu7 techniques offered 
.. by the value analysis system. In this contest "value" means the lowest 

cost that would provide a function \vith the qualities and specifications 
with which the customer wants it to operate. This \ d u e  in dollars and 
cents then becomes a guide and measure. In indicates the approximate 
maximum cost that should be accepted for the function in decision 
makin?. 

Function values are t l s ~ ~ a l l ~  prepared from con~parisons. They must not 
be prepared from past practices. Sometimes they may he prepared from 
engineering data. 

'CVhen interacting f~mctions are evaluated. the!- must be arranged in ap- 
propriate orclcr and the solution to each must be considered as a part of 
the situation in evaluating succeeding fmctions. 

In the preliminary evaluation of functions, do not stlive for technical 
exactness. That ndl follow. Instead, provide a reasonable guide and ap- 
proximate measnrrmmt that is based upon new current information and 
intense, objective, basic, new thinking. 

.o .Lr!v. 0 .  



"A problem solvably stated is half solved." 
The request "Remove one-fourth of the cost of this refrigeratm without 
reducing any of its quality" is of the same nature as the statement "Im- 
prove this stew without decreasing its nutriment." Both staternem help to 
choose the problem, but neither helps to solve it. They tell us & ~ t :  the  
cost is to be removed from the refrigerator, not the dishwasher, ad. im- 
provement made in the stew, not the coffee. When the request %rnr.smes 
"Improve the texture, color, and spicing of the stew," a first csen t ia l  
step has been taken toward improvement. By following proceb~r t s  de- 
scribed in this chapter, problems in products and services likewise, may 
be stated in more solvable forms. 

S t e p  1 :  Identify Fzcnctionv 

Precisely what function or functions does the customer need or  w a r t  to  
pay for? Precisely what function does each element or group of e h + z n t s  
accomplish? Precisely what degree of this function is  wanted by the 
customer? Precisely what degree is being accomplished? Name & boric- 
tions. Study the limits under which each function must operate. 

Every problem must be solved on the basis of its facts and assmnptions. 
There are always assumptions. Creat effort has often been made &rough 
tests and study of experience to minimize assumptiorls. Often 3 z h  that 
are used as facts are in some part, small or large, assnw~ptions. By incisive 
questioning and penetrating analysis, separate assumptions f r m  facts. 
Determine, if possible, some cases in which more information or  dzta can 
be found that will change some assumptions to the appropriate &a 5 and 
that will modify some of the remaining assumptions to be mom it-) har- 
mony with the  real situation. 

S t e p  2:  Separccte Functions 

Start with the total function that the customer wants and is willing t o  
pay for. l k k e  the total function precisely clear and undergood, with 
critically reliable assumptions clear and sharp, and then divide it into the 
major groups of subfunctions, that is, functions that must be x c o m p -  
lished in order to achieve the total, or main, function. Proceed to identify 
each of these subfunctions with the same precision and clarity used in 
identifying the overall function. Next subdivide these subfunctions into 
functions that are necessary to accomplish each subfunction. Identify 
each of these sharply, question each, identify its real task, and improve its 
information and assr~mptions. Further divide, continuing the process until 
it reaches individual parts. 

This process has not, as yet, established, or "set," the problem in a form 
that will most readily yield n good solution, but  it provides information 
and thinking essential to good problem setting. 



EXAMPLE: Consider the function for which a customer pays cer- 
tain initial costs and then a stipulated monthly or annual amount. 
A customer wants and is willing to pay for electric lighting and 
power service. The hmctions might be named: 

Use: Provide light. 
Provide power or energy. 

Aesthetic : Provide suitable appearance. 
Provide convenience ( of use). 
Provide absence of noise. 

Several subfunctions are required: 

1. Provide energy. 
2. Distribute current. 
3. Control current. 

Each function and subfunction must be performed within its estab- 
lished limits and constraints. 

Further examining subfunction No. 3, "control current," it is found 
that the customer's wants are for 

Something to turn the lights off and on ( a  "use" function) 
Acceptable "feel," appearance, and sound ("aesthetic" functions) 

The use function might be named open circuit or close circuit. To 
accomplish this customer-wanted function, several more subfunctions 
are required: 

1. Accept wires (of electric circuit). 
2. Conduct current. 
3. Resist disintegration ( caused by sparking). 
4. Provide movement ( to open contacts). 
5. Transmit suitable movement (from the thumb). 
6. Mount parts. 

Dividing subfunction No. 1, "accept wires," further would mean 
essentially naming materials and parts that perform it by the means 
we now have in mind: "screws," or "terminal," or "spring." Dividing 
subfunction No. 2, "conduct current," further would essentially mean 
supplying material, part, and operation names, not function names: 
"conductor material," "contact material," '%raze," or "weld." Thus, 
customer-wanted functions have now been so effectively divided that 
names of parts or materials are being designated. 

It is at once seen that this depth penetration of function sub- 
division in itself has not "set" the problem. It has prepared the way 
for the problem to be set by suitable grouping. When considering 
function grozcping on the wall switch, it would he helpful for the 
reader to group the functions and name the function groups in a 
manner that will cause other good solutions to come into view, such 
as the mercury bubble switch. 

Step 3: Grorcp Functions 

Of course, some benefits may come from suitable study of parts and 
materials but do not study individual parts and totally separate functions 
too long, but rather group them into functional groups, or assemblies, 
each with a specific, well-defined, and well-understood purpose. Group 
in different ways to provide the necessary supporting functions and finally 
the total function required. Get the whole task into "mind-sized" pieces. 
The individual must have the "pieces" that are "his size," that he can 
solve one at a time, and that will take him to his objective. Each step 
must be made on the basis of basic, objective material. 



By now €he overall problem has been broken into a number of specific 
problems. It is becoming apparent precisely which prohlem must be 
solved in order to unlock large opportunities in the larger problem. Fur- 

. themlore. thc information and essentials have been tightly screened and 
improved so that the next stage of the work will be on the "right" problem. 

PROBLEM SEITINC 

The refrigerator is a well-developed, highquality product that is in the 
"mature" part of the nonnal industrial cycle. To maintain its high quality, 
keep or even add customer features, sell it competitively and provide 
sufficient earnings to assure the continuity of the business are requirements 
that make it a useful example for the application of value engineering 
approaches. In this case study, with only enough changes to avoid dis- 
closing confidential data of the manufacturer, management assigned the 
task of designing a refrigerator at a cost of $100 for use in the line to re- 
place one 'costing $125. 

The team assigned to this task were the design engineer, the manufactur- 
ing engineer, the buyer, and the value analyst. Their first task was to pool 
their knowledge and decide what would make the most solvnble problem. 
The steps in "making the problem solvable" were detern~inect as follows: 

Functions that must be performed* Present cost Required cost 
--- 

1. Contain.. .............................. S 23 S 19 
2. Cool.. ................................ 65 50 
3. Insulate.. ............................. 8 5 
4. Control. ...................... .. ...... 9 6 
5. Please.. .............................. 20 20 

Total cost. .......................... $1 2.5 5100 
--- - 

* Note that in this study (1) all cost is assigned to functions and none to 
'tpsrts" and (2)  function names are abbreviated, consisting of verbs only rather than 
nouns and verbs as in previous studies. 

The team determined that if the task were set up as sho\m above, each of 
the steps would be of about the same difficulty of achievement and when 
they were all achieved the task would be sriccessfully completed. 

Thus the first step of putting the proldem in solvable form has been 
completed. For the purpose of this case study, we will report as the next 
step the investigations of function No. 4, "control." 

The control system, which keeps the refrigerator within predetermined 
limits of temperature, costs $9. Considering the advancements in the art 
since its design, the complete function that the customer wants it to ac- 



complish, and the skiIls that either are in the group or can be called in, 
this problem was nlade solvable as follows: 

Furlctions that must be performed Present cost Required cost 

1. Smse temperature. ................... $1.00 S0.60 
2. Actuate contacts. .................... 1.50 0. SO 
3. Interrupt circuit.. .................... 1.00 0.50 
4. Provide adjustment. .................. 1.00 1-00 
5. Mount and protect. .................. 4.00 2.00 
6. Please custorner ...................... 0. 50 0.10 

Total cost.. $9.00 8.5. OO* . ....................... 

* In  this case, while making the control futlction "solvable," the preliminary 
exanination of t.he six functions i~idicatecl. that it would be reawnable to expect to 
accomplish a cost of $5 rather than the S6 assigned while examining the overall 
product. 

Note that the expected achievable cost, or "value," tentatively assigned 
to each function is determined by the precise situations surrounding that 
particular function, not by general rules or application of "bIanket9' per- 
centages to all functions. 

With this problem now in solvable form, the problem-solving system 
and other techniques were used, uith the following results: 

1. A gas was used to sense tenzperntilre. Its property of contraction 
when cooler was used. A modified gas, which had the property of conden- 
sation and therefore a much greater change in volume at a given pressure 
right at  the needed control temperature, was used. The sensing bulb was 
not needed. The tubing was changed to capillary tubing only. 

2. The belIows, which reacted to the change in volume and/or pressure 
of' the gas, was made much smaller, thus increasing its sensitivity and 
decreasing its cost. 

3. The contacts were made differently, halving their cost, with the same 
functioning properties. 

4. The system of mounting and protecting was made much simpler and 
smaller but still performed the functions with the same effectiveness. 

5. Some cost in aesthetics was ended. It became well understood that 
the only contact the customer had with the control was the knob. Its ap- 
pearance and ease and convenience of operation were the sole reason for 
aesthetic cost. Customer aesthetics on the knob pointer were improved 
somewhat but other so-called "aesthetic" costs in the mount and support 
assembly were ended. 

The overall result was that tlie control function was accomplished for a 
little less than the $5, and a $4 contribution wa.; made to the overall $25 
task from only a $9 item. Similar procedures produced suitable results on 
the total project. 



Problem-setting and 
Problenz-solving Overlap 

The final problem setting is acco~nplished during the problem-solving 
work, described in the next chapter. In the analysis step, of the problem- 
solving System, after much information has been secured, the precise 
problems to be solved and the order in which to solve them are "set." 
This frequently means a recycling back into infornuztion searclzing on the 
real problems as finally set for solution. Very often, after the information 
searching and during the analysis thinking, the real problem is clarified, 
narrowed, divided into tm7o or more separate problems or changed 
altogether. Thereafter the disciplined thinking of the creative problem- 
solving system is utilized on precisely the right problems. 

When a problem is properly set, it is organized into a group of func- 
tions (or a single function), which are often interrelated but which ac- 
complish one significant purpose-they permit common infornmtion 
search, analysis, creativity, and judgment. If a group of functions is 
formed, it should not be so involved that incisive thinking becomes im- 
possible or so separated that "pieces and parts" instead of "functions" are 
being studied. 

SUMMARY 

Before investing important resources of time and energy in the task of 
solving a problem only to find later that either it was not quite the right 
problem or that it was so inclusive, exclusivc, or mixed that good solu- 
tions did not result, penetrating thought shonld be given to dividing or 
grouping the problem right and stating it right. 

All costs are associated with thc functions or sul~functions they accom- 
plish. Manageable function groups or individual functions are then made 
into specific problen~s, which are stated in function terms that are in 
similar parameters and lend themselves to comparisons and alternatives. 

The final work of establishing the exact problems to be solved is done 
in the analysis step of the problem-solving System. At that time the 
initial problem will often be made more solvable. 





of the first four steps is a different type of mental activity. Each is 
exclusively followed and thoroughly completed before any of the other 
steps are begun. 

I. Informtion Step  ' 

The foundation for effectiveness is built in the infornlation step. What 
are the facts? \ f i a t  are the truths? \%at have been thought to be 
truths? Only when thorough and complete knowledge of the situation is 
obtained, can valuable new thinking be done. Often, when complete 
information is in view, good solutions grow rapidly. Carefully separate 
out the assumptions. Review each. Detem~ine if facts can be substituted 
for parts of the assumptions. Seriously question assumptions of long 
standing. 

What is to be accomplished? What is it that the customer really needs or 
wants? What are the desirable characteristics with respect to size, weight, 
appearance, durability, etc.? Secure all pertinent information: costs, quan- 
tities, vendors, drawings, specifications, planning cards, and manufactur- 
ing methods data as well as actual samples of parts and assemblies where 
practicable. In the case of new products, secure all information that is 
available: all design concepts, preliminary sketches and drawings, pre- 
liminary cost estimates, etc. 

Examine the basic engineering with the engineer-ask questions, listen, 
and develop through him a .thorough understanding of the experience 
with the product to date. Examine the basic manufacturing with the 
manufacturing experts-ask questions, listen, and study manufacturing 
methods that have been adapted for the operation in question. 

Make three lists: (1) facts, (2 )  assumptions (beliefs), and ( 3 )  in- 
formation needed but not h o w n .  Allow no interpretation, analysis, or 
idea generation. What is \Yhat is believed? What is done? 
Where? By whom? When? At what cost? What are the service factors? 
What are the maintenance factors? What are other customer factors? 
Why was it done this way? When? What changes? 'I%7hy changed? Why 
not other changes? etc. What are marketing, engineering, manufacturing, 
purchasing, inventory, and all other factors? 

Write everything down. Surround the situation with more facts than 
one person has yet viewed in one picture. This work may be done by 
individuals or by groups of any number of persons, providing each 
person present has some information or knowledge or assumptions used, 
and further, that the leader manages the meeting so that there is deep 
udredging" for pertinent information, with positively no wandering half- 
thoughts of analysis or possible solutions. 

2. Analysis Step 

In the analysis step, extensive essential "function" thinking is developed. 
Functions are "evaluated," and problem setting is made precise. Func- 
tions are separated for single study and then are grouped as needed 
for best solution. Moreover, it is readily discerned that, in effect, the 
preceding information step is an essential prerequisite to precise and final 
problem setting, 



1Vhat are the meanings? What are the total problems? The individual 
problems? The reasonable goals and plans? What are the key problems 
to be solved first? What solutions seem reasonable? What end result is 
reasonable? !\'hat steps-first, second, third, etc.-are indicated? \?'hat 
additional information is required? What unlisted assumptions are being 
made? Are the asst~niptions now valid? \Vllat solutions does it make 
sense to search for? Approxin~ately what savings or benefits might each 
of the best approaches bring? Exactly what parts of the problem or 
overall problems should we seek out better solutions for first? \Vhat 
specific needs,  hen well met by better solutions, would "unlock" very 
beneficial solutions for the project? 

Norn~ally, there \rill be one or more specific problen~s in each of the 
follo\ving classes. 

Class-1 Problems 

Seemingly very dfficult, with large benefits if solved. 

Require penetrating thought and creativity, with substantial benefits 
when solved. 

Small need for new search and/or creativity and small but probably 
worth\vhile benefits to profits. 

In performing the analysis step, two people are the optimum number 
unless a third individual has special technologies that are constantly 
needed for that project and the mental skills required to "pull" in mental 
harmony with the other two at each instant of their joint work. Of course, 
,others should be consulted as required. 

EVA1,UATING FIlNCTION IN  ANALYSIS STEP 
RESULTS IIS HEDIICINC MANCrFACTUHING COSTS 
7 5  PER CEST 

A few hundred fiber washers, % inch thick arid 1% inches in diameter, 
were needed. They were made by purchasing fiber rod 1% inches in 
diameter, drilling the center hole, and cutting them off like wafers. This 
required no special tooling and was easy to accomplish in any machine 
shop. The cost was 16 cents each. As the product involved lwcame suc- 
cessful and the quantities increased to many thousands per year, the 
washers continued to be made by the same process. The function was 
evaluated at much less than 16 cents. As a result, the washers were made 
from sheet at a total cost of 3% cents. 

3. Crecitivity S tep  

Einstein said that when there is a problem to be solved, "Creativity is 
more important than kno~ledge." Having acqtlired understanding and 
information, we have laid the foundation for the application of various 
techniques to generate every possible solution to the overall problems 
involved, to the parts of problems, and to the individual problems. TO 
derive the fullest benefit from our creative power, we must now en- 
courage free use of the imagination. 



It is useful to consider the human mind as containing certain 
edge bits, or pieces, and an ability to bring these diverse knowledge bits, 
whicll have never before appeared in thc "same mental picture," together 
into one focus long enough to consider "\Vhat benefits on my present 
project might result if 1 combined them in the solution?' In this concept 
good useful creativity is maximized if the individual is in possession of 
two factors: (1) the knowledge bits required to deal with the task at  
hand and (2)  the mental ability to readily join diverse, unrelated bits of 
knowledge into one temporary picture. 

To meet real-life situations, the strategy of value engineering must: 

a. Provide logic. 
b. Communicate emotionally in credible terms. 
c. Identify new types of knowledge needed. 
d. Provide research techniques that will find that knowledge efficiently. 
e. Cause creativity that will usefully combinc the knowledge from 

diverse sources. 

A cl~emical not yet compor~nded does not exist, and a metal not yet 
developed does not exist-not becausc they are not possible, but because 
the required coinbination of creativity and knowledge have not yet been 
associated. 

To accompiish the functions that the customer \vants for half or a 
third of the historical or expected cost and at  less than the competitor's 
cost, a situation must be created in which the necessary creative ideation 
and essential knowledge are blended extensively and intensively. 

Three to ten peoplc are optimum. 
Defer all judging. This will be much more di6cut than expected. 
Use thc various methods to accelerate creative activities from the mind. 

These were originated by the latc Alex 0sboi-n and are extended and 
taught by the Creative Problem Solving Institute of the University of 
Buffalo and elsewhere.) Since creativity is joining bits of knowledge in 
new combinations, it may be desirable to include people in this step who 
have some knowledge related to the subject; however, they iizrrst accept 
the discipline of deferred judgment, or they must not 7)c there. 

Penetrate each of the problenls in classes 1 to 3 thoroughly, listing all 
suggested approaches. 

Encourage free association of ideas. 
Use preliminaly judgment. 
Select the approaches that sho\v so much promise that it is believed 

they should be thoroughly studied, extended, and judged. 

Case Study 
C R E A T I V I T Y  S T E P  REDIKES C O S T  OF 
SHlFT.LEVER RRACKE'r 80 P E R  CENT 

A shift-lever bracket on an appliance was used in quantity 
and made of %-inch-thick-steel 3 inches wide. A die the size and shape of 
the required part was used. It blanked each item as required from the 
material, leaving a slight amount of trim all around. The part cost 11 cents. 
Its function was evaluated at between 2 and 3 cents. 

In the creative phase of study, dozens of possible approaches were 
listed; for example: 

h4ake of wire form 
Plastic 
Standard angle 
Flattened tubing 

Eliminate it 
Conilhe with the handle 



One phase of the creative study developed suggested changes for the 
tooling used in making it. One suggestion was to cut off the piece instead 

Normal stamping op- f------- 
eration with one piece fonned at 
each stroke of ~nachine and 
waste around edges. 

of stamping it out. It was then discovered that the part had an unusual 
symmetry in that its edges were parallel and its top and its bottom could 
be identical. A new punch was made which would provide identical tops 
and bottoms to the part and which was itself the size of the required 
stamping. A slightly narrower steel material was ordered so that there 
woilld be no waste on the sides, and the stamping operation would change 
to a cutoff operation. Since the stamping die was then exactly the size of 
the part required and either the bottom or the top \vould cut the shape 
required, the material was moved the length of two parts at each stroke 
and the punch acted to shear off one part with its leading edge and 
another with its following edge. The result, as shown , was 
that instead of one part with each stroke and waste all arollnd, two parts 
were secured with each stroke and no waste whatsoever was made. Cost 
became 2 cents each. 

I----- ----_ -- -- Impro\~ed stamping I 
k 7 operation with huo pieces 

1 fonned at each stroke of ma- 
r /  I I chine and no waste material. 
I 

4. Jrdgment Step 

This step is performed by one person, consulting others as required. 
What approaches show the greatest promise of yield and accomplish- 
ment? Do not discard ideas. Develop and improve the better ones. Study 
intensely ideas with high dollar value, determine their limitations with 
great objectivity, and then seek to eliminate, overcome, or minimize the 
objections. 

Which approaches are now ready for the development planning step? 
Which should be referred back through another cycle of information, 
analysis, and/or creativity step? What solution has so many advantages 
that the minimizing of its specific disadvantage becomes the new prin- 
cipal problem? 



5. Development Phnning Step  

One person performs this step, consulting others as required and assign- 
ing specific actions to others as appropriate for development. 

Select the best specialists for consultation. 
Select the best vendors for co~?sultation. 
Establish a program of investigation that will provide the latest in- 

formation on, and the latest capabilities of, each of the approaches that 
show promise, such as the casting approach, the fabrication approach, 
the plastics approach, the wire-form approach, etc. 

Supply all needed information to the specialists and to the vendors in 
order to stimulate new, applicable, and effective solutions. 

Pursue constantly, regularly, thoroughly, and intensively each of the 
avenues set up in the program-planning step until all the suggestions 
have been appraised and evaluated. 

Periodically provide more information and encouragenlent to the spe- 
cialists and the vendors, and help them to overcome problems they find in 
applying their materials or processes. 

Work with specialists and vendors until they come up with alternatives 
or otherwise terminate their efforts. 



AZZ Cost Is for Function 

L *  D. ?4ILES CVS 1983 

Customer Wants Use and 
Aesthetic Functions 

The heart of the situation is "the customer wants a function." He wants 
something done. He wants someone, perhaps himself, pleased. He wants 
something enclosed, held, moved, separated, cleaned, heated, cooled, or 
whatever under certain conditions and within certain limits; and/or he 
wants a shape, a color, an aroma, a texture, a sound, a "precious" (costly) 
material, or whatever to bring pleasure to himself or others he wishes to 
please. That is all he wants. That is all he cares about. 

Thus, the language of function is the language of the heart of the 
problem. The customer wants two and only two types of functions in 
varying degrees in different products or services. Use functions and 
aesthetic functions -- - serve his needs. Use functions perform some action 

--  

that he wants performed, and aesthetic functions please him or someone 
he wants to have pleased. 

Many products and services require both use and aesthetic functions. 
Some require only use while some require only aesthetic functions. The 
refrigerator, automobile, dress, shoe, pipe, and flower vase all require 
both use and aesthetic functions in varying ratios. The nail within the 
walls of the building, the concealed wire in the motor, and the oil in the 
automobile require only use functions. The "Rembrandt," the diamond, 
and perfume have only aesthetic functions. 

Intense concentration, even what appears to be overconcentration of 
mental work on these functions, forms the basis for unexpected steps of 
advancement of value in the product or service. 

-- 

Identify, Clarify, and Name Functions 

The process includes : 

* Identifying 
Clarifying 
Naming 

What, really, is the function that the customer or user wants? 

Case Study 
$50,000 FOR CONCRETE-WHAT IS THE FUNCTION? 

A new laboratory under installation was to contain very powerful X-ray 
equipment for deeply searching large forgings and castings for hidden de- 
fects. Providing for the protection of adjacent areas from radiation was 
required. For this, the drawings included a concrete wall, 7 feet thick and 
14 feet high, in the shape of a horseshoe outside of the building. The best 
bid on this wall was approximately $50,000 



- The construction ensneer, who had 
notworked withproblems of radiation, was astonished to see in the plans 
an enormous amount of concrete, seemingly idle and carrying no load. 
Inquiring into the function of the concrete, he was advised that it was to 
stop radiation. 

Having studied value analysis function-based techniques, he thought in 
terms of "what else would stop radiation." He asked whether dirt would 
stop it and was advised that it would if it was provided in sufficient 

quantity, which was found to be a mound 14 feet high and 14 feet thick. 
Bids on it showed that it could be installed for $5,000; of course, the 
works manager immediately approved. The use, at the proper time, of the 
function-based value analysis techniques resulted in a superior product, 
namely, a grassed-over earth mound, at one-tenth of the cost of a solid 
concrete wall. 

State the function in exact sentences. Examine the sentences. 

Is that exactly what it does for the customer? 
Is that exactly what the customer wants it to do? 
Is that exactly what the customer believes he's paying for? 

Improve and clarify the sentences until they say exactly what the func- 
tion really is. Describe what the function does and name it with a verb 
and a noun, for example, support contact, enclose housing, control cur- 
rent, radiate heat, etc. 

Some verbs 
Contain 
Move 
Shorten 
Support 
Protect 
Prevent 
Actuate 
Time (as a verb) 
Control 
Reduce 
Modulate 

Secure 
Locate 
Space 
Rotate 
Fasten 
Close 
Insulate 
Ignite 
Filter 
Mount 
Limit 

Some nouns 
Piston Vibration 
Contacts Volume 
Torque 
Switch 
Volume 
Current 
Dust 
Panel 
Paint 
Rust 
Noise 

While the naming of functions may appear simple, the exact opposite is 
the rule. In fact, naming them articulately is so difficult and requires such 
precision in thinking that real care must be taken to prevent the abandon- 
ment of the task before it is accomplished. 

Quantify Functions When Practicable 

To provide more benefits, functions are named whenever possible using a 
. "  verb and noun that have measurable parameters. For example support 

timer may also be defined as support weight, and interrupt circuit may be 
defined as interrupt current. This approach, in many cases, allows and 
promotes measurement of the appropriate cost for a specified function in 
more specific terms. Some examples follow: 

Conduct current Conduct heat 
Transmit torque Transmit flux 
Enclose volume Communicate intelligence 
Insulate voltage Amplify voltage 
Dampen vibration 



When this naming system is used, the next essential step stands out 
clearly. How much current? Under what conditions? How much torque? 
Under what conditions? How much volume? Under what conditions? 

Unify the Function and 
Its Specifications 

Thus is evolved the function and its specification, or the function and its 
constraints, as it is sometimes called, which open wide possibilities for 
predetermining the approximate worth, or appropriate cost, of any func- 
tion under any specific constraints or specifications. 

The framework has been established in which the worth, or appro- 
priate cost, of a specified function under specified conditions can be com- 
pared to the worth, or appropriate cost, of the same function under dif- 
ferent specified conditions. Likewise the conditions can be held constant 
and the worth of varying amounts of the specified function can be com- 
pared. 

Analyze Aesthetic Functions 

Naming of the aesthetic functions follows different patterns because the 
values placed by the customer on aesthetic functions are almost completely 
subjective. The realistic name that seems to apply to all aesthetic func- 
tions is please customer. Spelling out just what will please the customer 
is much more difficult than spelling out what use functions the customer 
wants and is willing to pay for. However, often, in the difficult lies the 
largest opportunity. The task is to solve the problems a little better and 
to get better answers than the best competitor (who, of course, has the 
same difficult problems ) . 

More specific function names in the aesthetic area often promote some 
better solutions. Some typical names are: 

Provide appearance Reduce noise 
Provide shape Reduce size 
Provide color Reduce thickness 
Provide features Reduce time required 
Provide convenience Reduce skill required 

The aesthetic functions are fully identified and clarified, as are the use 
functions. Each must then be similarly provided with its exact specifica- 
tions or constraints. 

Cost accepted in use functions is not more wisely used than cost in 
aesthetic function areas. Sometimes costs accepted in the aesthetic area 

" 
bring the best return. It  depends entirely upon what the customer wants 
and is willing to pay for and what the product or service now lacks that 
is desired. 

-- -- 

- -  - 
-- Classify Functions As Either 

Basic or Secondary 

After functions are identified, clarified, understood and named, the think- 
ing surrounding them is further deepened by classifying them as either 
basic or secondary functions. Basic functions are those functions for 
which the customer buys the device or service. The basic function of a 
refrigerator is to preserve food, that of a lawn mower to cut grass, and 
that of a bicycle to "move weight," etc. 



~econde& functions are thosefunctions required to cause or allow the 
designer's choice of means for accomplishing the basic functions to do 
so effectively. If a refrigerator has electric contacts that open and close to 
regulate its cycle of operation, then the function of mounting and protect- 
ing the contacts is required. If the refrigerator has solid-state control 
equipment with no moving parts to control its operating cycle, then a 
very different function-different in design and different in cost-may be 
needed to cause or allow it to accomplish its task. 

It  is often startling, when this information is developed, to learn what 
high percentages of the cost are consumed by secondary functions. This 
pinpoints for the designer areas relatively unrelated to the basic function 
where his different choices may have large effects upon costs. 

SUMMARY 

Function 

The basic purpose of each expenditure, whether it be for hardware, the 
work of a group of men, a procedure, or whatever, is to accomplish a 
function. It is necessary to establish the language of function and stay 
within this language. 

Types of Functions 

In the search for basic objective thinking, functions are divided into two 
types. Either or both may cause the buyer or the user to buy the product. 
One type is the use function, and the other is the aesthetic function. 
Each is important. Any costs other than those that provide the amount 
of each of these two functions that the user or buyer wants are unnecess- 
ary costs. 

Use Function 

The cost that is expended to cause the product to perform a use that 
the buyer wants and is willing to pay for is called the use function cost. 

--- 

Aesthetic Function 

The cost that is expended for the purpose of pleasing the buyer through 
color or shape or feature, causing him to buy, is typed as the aesthetic 
function cost. 

Basic Function 

The basic function is that function for which the user or buyer buys the 
product. 

Secondary 'Functions 

Secondary functions are those functions that become necessary in order 
to allow the designer's choice for means of accomplishing the basic func- 
tion to do so effectively. As is readily seen, the customer is extremely 
interested in the basic function, but he does not care about the second- 
ary functions. Large amounts of cost are contained in secondary functions 
and become the immediate target for high-grade value engineering work. 


