















































































































































P = 2 SRR o TR

41

severe for a school shop, and thus, a way to prevent or decrease this corrosion was
now sought.

A technical paper entitled "Electrochemical Machining Electrolytes" by
Dr. Ralph J. Hatch seemed to provide an answer to the problem of corrosion. In his
report, Dr. Hatch states that the addition of soluble oil to the electrolyte tends to
make metals oil-wet rather than water-wet.20 Random etching and corrosion are
reduced because of an insulating oil film produced over the metal. The report also
states that the addition of this oil will cause almost no change in the machining
speed, due to the high pressure and velocity of the electrolyte which prevents pre=-
ferential oil wetting. It was concluded that this new information would be the
answer to the corrosion problem. However, the results from a test in which water-
soluble oil was added to the electrolyte did not suoport this conclusion. Instead of
acting as a corrosion inhibitor, the oil in the electrolyte increased the amount of
corrosion occuring on the surface of the workoiece. Furthermore, this corrosion
increased as the percentcge of cil in the electrolyte increased. This can be seen
in Figure 15 which shows that the aluminum block which was machined in a 100%
sodium chloride electrolyte was observed to have less corrosion than the aluminum
block which was machined in the same electrolyte with the addition of 5% soluble

oil.

2Qthlph J. Hatch, "Electrochemical Machining Electrolytes," Technical
Paper, MR69-136, March 1969, p. 10. e
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FIGURE 15

EFFECT OF WATER-SOLUBLE OIL ON THE
CORROSION RATE OF ALUMINUM

As the preceding figure illusirates, the addition of water-soluble oil into
the electrolyte increases rather than decreases the degree of corrosion occuring at
the aluminum workpiece. Having little knowledge in the field of electrochemistry,
further testing was necessary to help explain this rather confusing observation.

The following corrosion test was conducted under almost identical condi-
tions os the first. The only difference was that instead of using an aluminum test

piece, steel was substituted. Four test specimens were experimented with and the

.
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results were quite different. As Figure 16 shows, the addition of oil into the elec-
trolyte afforded protection from rust and corrosion to the steel where it had not for
aluminum. Therefore, it was concluded that the use of oil as a corrosion preventa-

tive was not an alternative when machining aluminum by means of the ECM process.

5 4
Voltage - 50 volts D.C.
Current - 100 amperes
449 Time - 35 seconds

Material - steel

Degree of corrosion
R

\J
0% 1% 5%

Percentage of oil by volume
FIGURE 16

EFFECT OF WATER-SOLUBLE OIL ON THE
CORROSION RATE OF STEEL

The remaining tests, which will be discussed in this chapter were conducted
out of interest on the part of the researcher, in more fully understanding the corrosion
problem. However, in the final analysis, they contribute little additional informa-

tion toward the solution of this problem.
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TEST SERIES #3

EFFECT OF OIL ON THE MACHINING RATE

While conducting tests to determine the effect of combining water-soluble

oil with the electrolyte to reduce the corrosion, it was observed that the machining

rate decreased slightly. A test was conducted to determine the extent of this effect.

This test was performed under conditions identical to the conditions of the corrosion
tests. The only difference was the purpose of the test and the type of data gathered.
Here, emphasis was on the effect of the oil in the electrolyte on machini 3 rates
when machining aluminum. As Figure 17 points out, the addition of oil olec-

trolyte did have a slight but measurable effect on the machining rate.
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FIGURE 17

EFFECT OF WATER-SOLUBLE OIL ON MACHINING RATES
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The above figure shows that the machining rate dropped as the percentage
of oil in the electrolyte was increased. Thus, the machining rate was inversely
proportional to the percentage of oil in the electrolyte. After an analysis of the
data, three possible explanations were identified. T most obvious was the insu-
lating effect produced by the oil film. This effect on the machining rate, although
evident, was not directly observable. It was possible, however, to observe the
effect of resistance on the temperature of the electrolyte.

A second possible explanation for this reduced machining rate was closely
related to the first. It is likely that the oil in the electrolyte would increase the
resistance of the electrolyte. An increased resistance can couse excessive electro-
lytic temperature, which in turn would cause the ¢lectrolyte between the tool and
the workpiece to vaporize. [f the electrolyte in the machining gap were to vapor=-
ize, current flow between the tool and the workpiece would be interrupted.

A third cause could be due to sluege. It was reasoned that the oil might
be helping to suspend the sludge in the work tank rather than allowing it to settle
to the bottom. If this wo the case, the sludge itself might be inhibiting the machin-
ing action

i arder to discover the actual cause of the reduced machining, the follow-

ing tests were conducted.
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TEST SERIES #4
EFFECT OF WATER-SOLUBLE OIL IN THE ELECTROLYTE

ON THE TEMPERATURE OF THE ELECTROLYTE

The conditions of this test were again identical to those of the preceding
tests, the only difference being the purpose of the test. In this test, several different
electrolyte compositions were used to machine an aluminum block. The results, as
Figure 18 indicates, were conclusive. Qil in the electrolyte does increase the tem-
perature of the electrolyte. This increase, however, is only moderate and should

cause no problems in the machining gop due to electrolytic vaporization.

120%
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Percentage of oil by volume
FIGURE 18

EFFECT OF WATER-SOLUBLE OIL ON
THE ELECTROLYTIC TEMPERATURE
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TEST SERIES #5
EFFECT OF WATER-SOLUBLE OIL IN THE ELECTROLYTE

ON THE SLUDCE SETTLING RATE

The observations reported in this section were made by taking specimens of
the various electrolytes used for machining purposes in the preceding tests. Again,
the oil had only a slight effect on the electrolyte. In this case, the sludge in the
specimen containing a high oil content was observed to settle slightly slower than
the specimen without oil. The settling rates, as Figure 19 shows, were not signifi-
cantly different; thus the oil was seen to have no measurable effect on the machining

process.
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FIGURE 19

EFFECT OF WATER-SOLUBLE OIL ON
SLUDGE SETTLING RATES FOR ALUMINUM
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As a result of these last three tests, it was concluded that the oil had only
a slight effect on the machining rate. The reason for this effect was attributed to
the insulating properties of the oil. A thin oil film was detected on the surface of
the specimens which had been machined in an electrolyte to which water-soluble
oil had been added. The effect of this oil film was observable because the percen-
tage of oil in the electrolyte, and the temperature of the electrolyte aofter machin-
ing, rose in direct proportion to each other. Thus, the oil acted as a resistance to
the current flowing between the tool and the workpiece. The temperature increase

was the evidence of this resistance.
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CHAPTER 5

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

During the course of this study, many interesting and unique problems were
encountered. In search of solutions to these problems, letters were written, field
trips were taken, and tests were conducted. In the pages which follew, discussion

will focus on the key problems which arose throughout the course of this study.

SUMMARY

From the start, procurement of the equipment necessary to conduct this
study was @ major concern. Initially, it was feared that the costs of the components
necessary for the electrolytic circulatory and electrical power sysrems would be pro-
hibitive. Soon, however, surplus outlets were located from which many of the com-
ponents, primarily electronic, could be purchased for less than one fifth of their
original costs. Components which were not available as surplus were in some cases
purchased from local hardwere stores. This equipment, although not identical to the
industrial counterpart, was suitable. One example of this was the electrolyte pump
used. [f industricl specifications had been followed, this pump clone would have
cost more than the eventual cost of the machine. Instead, a five dollar electric
drill pump was purchased. This pump was powered by o variable speed electric drill
so that the pressure could be regulated. The pump was constructed from neoprene

plastic, which made it highly resistant to abrasion and corrosion.
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The most severe procurement problem encountered, however, was the
search for a suitable power supply at a reasonable cost. As stated earlier, a direct
current of 50-200 amperes at a voltage ranging from 15-50 volts D. C. was required
for testing purposes. This need resulted in an extensive search for such a supply.
Among the options investigated were; electric or gasoline driven D. C. generators,
transformers, and D. C. electric arc welders. Finally, this problem was solved.
On a plant tour through Fairbanks Morse in Beloit, Wisconsin, a guide commented
that old equipment was sometimes sold os scrap metal. After contacting Mr. Dick
Posley in their personnel department, arrongements were made to obtain an obsolete
electric arc welder as a donation. The welder proved to be satisfactory. Currents
from 0 to 280 amperes were possible at a voltage rating of 50 volts. Although an
A. C. welder, it was easily converred to D. C. by means of surplus diodes and
capacitors.

Once all the necessary equipment was acquired, and the construction of
the machine was completed, a series of trial tests was conducted to discover any
problems which might occur during operation. The results of these tests indicated
that tool and fixture insulation would require greater attention than had originally
been anticipated. Several materials were tested as suitable insulators, however, it
soon became evident that no ordinary insulator would do.

Epoxy enamel was the first insulating material tested. Experimentation
verified the suspicion that this remedy was too simple. At the start of operation,
the paint began to flake off because of the extreme amount of current and chemical

activity necessary for the process. Two other insulators tried consisted of a
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plosticized dip coating and liquid clear cast potting resin. The insulation properties
of both materials were satisfactory, however, their machining characteristics were
far from adequate.

Often it was necessary to drill holes through the insulation in order to
mount either the tool or holding fixture within the work tank. Liquid plastisol did
not adhere to the surfaces of these components well enough to permit any machining
ofter the plastic had set. When machining was ottempted on a part coated with
plastisol, the electrolyte was able to seep between the layer of plastisol and the
metal, causing the insulation to eventually separate entirely from the metal fixture.

Although the adhesion problem was not a factor when liquid casting resin
was used, another yet equally significant problem was. Attempts were made to
insulate the tool, as described in Figure 11, with liquid resin. Although the har-
dened resin provided adequate insulation, it proved difficult to remove it from areas
of the tosl which were to become the machining edges. Instead of machining evenly,
it would sometimes chip off, leaving an undesirably large area uninsulated.

At this point, the decision was made to again consult industry to discover
the types of insulation used in production applications. Because absolutely no pub-
lished matericl could be located in this area, the IBM plant in Rochester, Minnesota
was contacted in hopes that they could be of some assistance. Here it was learned
that a fluidized bed coating seems to work best. It can be applied easily to any

shape, adheres to a metal surface well, and has good machining characteristics.
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CONCLUSIONS

After the tool and fixture insulation problem was under control, tests were
conducted to determine the practicality of using the ECM process for machining holes
in an aluminum chassis. It was determined, from the results reported in Chapter 4,
that ECM is not a practical process for use in a school lab. This conclusion was
reached not because of a too slow machining rate, indeed, the machining rate was
certainly adequate. Rather, the conclusion was arrived at, primarily because of the
problems created by the corrosive action inherent in the process itself. The problems
encountered with corrosion, for the most part, were not insurmountable. Many were
simply related to the necessity of cleaning the work tank daily and the application
of some form of corrosion protection to any metal parts or tools which are to be used
in the general proximity of the work tank. This requirement, along with the con-
tinual inspection and maintenance of tool and fixture insulation, however, would
require an unreasonable amount of custedial and maintenance time on the cart of the
instructor, This problem, although formideble, wes not the only corrosion relcted
problem. Another equally perplexing problem was the degree of corrosion occuring
on the aluminum workpiece. It was felt that the ECM process was not suitable as o
process for machining aluminum because of the resultant corrosion. Corrosion on
steel was less severe, especially after the addition of a water-soluble oil to the

electrolyte.
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RECOMMENDATIONS

It is the opinion of this researcher that much experimentation remains to be
done in the area of electrolytes and their effects on metals undergoing the ECM
process. A follow-up study is suggested in which an oil electrolyte would be sub-
stituted for the salt water electrolyte. This process is known as EDM (electrical
discharge machining), and requires a higher voltage at a much lower current. In
the process, the metal is chipped away by electrical sparks rather than eroded away
by chemical corrosion. The advantages of the EDM process for use in a school lab
seem to be twofold. First of all, much less electrical power is consumed, thus a
smaller power supply is required. Secondly, the process is non-corrosive, requiring

insulation only for purposes of controlling the machining voltages.
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CHAPTER 6

INSTRUCTIONAL UNIT

Although ECM does not appear to be a machining process adaptable for use
in a junior high school lab, electrical chemical machining does offer many teaching
possibilities . Most of these instructional ideas were realized through the problems
encountered in the construction and experimentation with this machine. A few of
these problems were ones concerning; electrical circuitry, machine design and
construction, machine tool and die making, electrolytic flow control, insulating
materials, and the chemical reaction occuring in the cutting gap.

The instructional unit which will be discussed here is planned as an inter-
disciplinary teaching approach, utilizing ECM as an interest arousing topic. It is
felt that industrial education, science, and social science could easily work
together using ECM as a "spring board" to discussion. Possibilities of including
other disciplines such as mathematics and science, however, have not been elimi-
nated.

The unit will be designed to take one week to complete. This time period,
however, could be adjusted to suit the individual needs of each teacher participa-

ting in the unit. i

ORGANIZATION

AR

Since ECM is an unconventional machining process and, therefore, is virtu-

ally unknown to most people, it is felt that watching the process would be an
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interesting experience for most junior high or high school students. Classes from
each participating discipline could arrange to view the process in the industrial
education laboratory. This could be followed up with a video tape on the subject
at their respective classrooms.

Eventually, several follow-up tapes could be prepared, each emphasizing
a different aspect of the machining process. An example of this would be a tape
for science emphasizing the chemical reaction occuring during operation. Another
tape could be prepared for social science students, with emphasis placed on the
advantages and disadvantages of the system in comparison to other machining
methods. At this point, the social science teacher could develop and discuss the
societal implications of the process, including ecological and energy considera=
tions. If the interest in the subject was great enough, further discussion could
center around the technological advancements which this discovery has already
brought about along with imzlicetions for the future. A third tape could be pre-
pared for the industrial education classes, drawing @ comperison between the ECM
process and other machining processes, conventional or unconventional. Discussion

could center around this comparison and the impact of ECM on mass production.

ACTIVITIES

Industrial Education
1. View the ECM process in action.

2. Perform tests on work samples with the ECM process.

3. View a video tape on the comparison of ECM with other machining methods.

e
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Discuss the difference between ECM and other machining methods.
Discuss advantages vs. disadvantages of ECM in comparison with other
machining methods.

Discuss the applications of the electron theory to ECM operation.

Discuss the application of basic electronic circuitry to the ECM system.

View the ECM process in action.

View a video tope explaining the electrochemical process occuring ot
the machining gop.

Discuss the electrochemical process occuring in the machining gap.
Discuss the chemical process of corrosion occuring on all uninsulated
metal surfaces.

Discuss the reasons why most metals are subject to corrosion while the
plostic insulation reveals no effects of corrosion.

Discuss the electron theory and its application in ECM,

Social Science

Jis

2'

View the ECM process in action.

View a video tape discussion of the advantages and disadvantages of ECM
in comparison to traditional methods of machining.

Discuss the ecological implication of the process with respect to conser=-

vation of water and energy.
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4. Discuss the technological advancements which have been made possible

through the use of the process with implications for the future.

The fore-mentioned activities are only a sample of what could develop in
the area of inter-disciplinary teaching. From such a simple beginning, it is con-
ceivable that industrial projects could also become science projects or that English
themes could become technical reports on the experiences encountered in the con-

struction of such projects.

D e R S )



-l O OGN - Tt e

BIBLIOGRAPHY
A. PERIODICALS

Cross, Jack A. "A Discussion of Electrochemical Deburring." Technical Paper
MR67-234, Ex-Cell-O Corporation, Detroit, Michigan, 1967.

Cross, Jack A. aond Faust, Dr. C. L., "Electrical Energy Utilized for Chemical
Machining." Technical Paper A-6208, Westinghouse Electric Corporation,
Pittsburg, Pennsylvania, 1962.

Cross, J. A. "Electronic Controls for Use with ECM Machining." Technical Paper
MR67-550, Ex-Cell-O Corporation, Detroit, Michigan, 1967.

Gethoefer, John E. "The ECM Machining Package. "Technical Paper MR70-512,
American Society of Tool and Manufacturing Engineers, Dearborn, Michi-
gan, 1970.

Hach, Dr. Ralph J. "Electrochemical Machining Electrolytes." Technical Paper
MRé69-136, American Society of Tool and Manufacturing Engineers, Dear-
born, Michigan, 1969.

Hoare, James P. and Laboda, Mitchell A. "Electrochemical Machining, " Scientific
America, pp. 30-37.

Kawafune, Kazuyoshi. "Studies of Electrochemical Machining." Technical Papers
621, 923. 7. 621. 357. 8, Hitachi, Ltd., Japan, 1966.

"ECM Electrochemical Machining, " American Machinists, October 23, 1967,
pp. 149-160.

"How to Cut Metal Without Actually Touching It," Business Week, April 22, 1967.
pp. 179-182.

Shulman, Dr. Yechiel. "A New Concept in ECM Protection.”" Technical Paper 304~
95N, Westinghouse Electric Corporation, Buffalo, New York, 1968.

"Who Will Profit from a New Machining Idea?" Business Week, April 22, 1967,
pp. 170-182 B

TR ———

———

e — s c—— .+
T e —————— = 4



SO

.y ag—

59
B. PUBLICATIONS OF THE GOVERNMENT,

LEARNED SOCIETIES AND OTHER ORGANIZATIONS

Chemform Special ECM, ECD AND ECG Machines for All Industries. Product Bul-

letin. Florida: Chemform, 1971.

Cinncinati Elektrokem Electrochemical Machines. Product Bulletin No. M-2784.

Ohio: Cincinnati Milling Machine Co., 1966.

ECM ECD ECG Simplified. Florida: Chemform, 1970.

EDM Teacher's Guide. A Guide for Teaching Electrical Discharge Machining Prin-

ciples and Applications Using Hansvedt EDM Equipment. Urbana, lllinois:
Hansvedt Engineering, Inc., 1973.

Electrochemical Deburring. Product Bulletin. New York: El-Chem Machinery,

Inc., 1969.

Government Specifications for Ex-Cell-O Vertical Electrochemical Machine Model

279. Specification Menual No. 279. Michigan: Ex-Cell-O Corpora-
tion, 1969.

Hansvedt Spark Eroder. Product Bulletin SE Series. Urbana, Illinois: Hansvedt

Engineering, Inc., 1972.

Operators and Tooling Manual. D. B. 101 Deburring Machine, New York: El-

Chem Machinery, Inc., 1969.

T e e s ——



-
t
|

!

:

PO & Sy SEES T SN U S T v v

i dededoe 3 2 L 1 L IlXTA L

.

APPENDIX A

SAMPLE CORRESPONDENCE
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Tainter Hall 308-=A

University of wWisconsin = Stout
Menomonie, Wwi. 54751

July 14, 1972

Cheaform, Division of K-S Industries, Inc.
1“10 5. e Bth Street

Ponpanc Eeach, Florida 33061

Attention: ir. william E, Gent

Dear ¥r. Gents

The purnose of this letter is to request your help.

-
n
i3

I axn presently a ~raduate student at the University of asisconsin-
Stoat zmajoriag in Industrial Lduczation. I aa involved in inde=
pendent rese.rcia concerninc Zlectrochealcul dachnining (&C..)e The
srovlea 1 az concerned wiin 1s to research, desisn, and construct
an i+ working mcdel for use in my scnool's lab,

Specifically, I would like information cn the oroblezs one algnt
encounter 1n this type of undertaking such as power suczply
circultry and o>roblezs, electrolyte makeun and charact°rlstlcs,

antezatlic :."::ff of the suprly to preveat shortias rive zech=-
znlisa aad fesd control fundazsentnls, the elec C‘U.Jvlc circulating
ssstes, sludre rezoval assaratus, and tool and worx su»asort fixe
VUl ES e

slease be assured that sucn inforzation as I nay be privilezed to
have wiil b2 uzed for educational pursoses and that any informa-
tion wnich may be proprietary will be fully respectede.

I will be awvaitine your response, Any assistance you may give
me wWill be a.creciated,

Sincerely yours,

we Thonas Minor
HNr address after august 11, 1972 will be
ilarshall Jr, iilgh

Jenesville, ul. 53545
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July 27, 1972

Mr. V. Thomas Minor

Tainter Hall 308-A

University of Wisconsin - Stout
Menomonie, Wisconsin 54751

Dear Mr. Minor:

Thank you for your letter of July 14, 1972

on the EC' process.
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PO BOX 368
1410S W BTH STREET
POMPANO BEACH, FLORIDA 33061
3059435110« TWX 510-956-9871

requesting information

We are enclosine the following brochures which we hope will

assist you with vour research, especially

Simplified ‘fanual:

o ECM, ECD, ECG Simplified

o Industrial ECM

o Laboratory & Model Shop ECM
o ECM Modular lead

o Chemform series '"{' ZC Machines

our ECM, ECD, ECGC

o Chemform Special ECM, ICD & ECG Machines for all iniustrie

o Technical Paper - Electrochemical Machining Electrnlvtes

1f you have any questions, or desire additional informaticn, please

let me know.

Sincerely,

w'!!. é\ 9{/{/\‘15
illiam E. Gent

Manager - Marketing

WEG :am

enc.
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408 S, Main Street
Janesville, wisconsin 53545
August 7, 1972

Mr. William E. Gent
rlarkxeting ianager

Chexfora

1410 S. #. 8th Street
fozpano Beacn, rlorida 33061

Lear ¥Mr. Gent;

Thank you for &he infecrnation ro-arding the toplc of slectro-
chenical aachinin~, It has teen extremely helpful t5 ae in ny

researcn.

T ———
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Mr. Terrance P. Lynch (electronics)

Mr. James A. Collier (power)

Mr. Glenn Gehring (metals)

Dr. Henry Lee Thomas (metals)

Dr. Arnold C. Piersall (plastics)

Dr. Lawrence S. Wright (director of major)

Mr. Wallace D. Phelan (physics)

Mr. Richard L. Neeve (producticn)

Mr. Kenneth C. Schroeder, Sr. (production)

Mr. Richard Posley (personnel)

Mr. James Larson (personnel)
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University of Wisconsin-=Stout
Menomonie, Wisconsin
University of Wisconsin=-Stout
Menomonie, Wisconsin
University of Wisconsin ==Stout
Menomonie, Wisconsin
University of Wisconsin-=Stout
Menomonie, Wisconsin
University of Wisconsin--Stout
Menomonie, Wisconsin
University of Wisconsin--Stout
Menomonie, Wisconsin
Honnenegah High School
Rocton, lllinois

Johnson Motors

Waukegan, lllinois

Johnson Motors

Waukegan, Illincis

Fairbanks Morse

Beloit, Wisconsin

IBM Corporation

Rochester, Minnesota
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Mr. William E. Gent ( marketing)

Mr. T. F. Hendrickson (sales, Lectra-Form)

Mr. Kenneth Carpenter (employment)

Mr. William F. Holmes (president)

Mr. C. R. Stroupe

Chemform

Pompano Beach, Florida
Ex-Cell-O Corporation
Detroit, Michigan

IBM Corporation
Rochester, Minnesota
El-Chem Machinery
Springwater, New York
Anocut, Inc.

Elk Grove Village
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