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1982 Awards

The National Association of Relay Manufactures and the School of
Electrical and Computer Engineerng, in recognition of the outstanding work of
the following authors in preparing and presenting their papers, bestowed to
them the honorary award, "Fellow in the College of Relay Engineers" at the
1982 Conference.

D. Scott Sink*
School of Industrial Engineering
Oklahoma State University

"THE PRODUCTIVITY ACTION TEAM PROCESS:
AN AMERICAN INVOLVEMENT STRATEGY"

James R. Morton™* Carl Knox***
Elec-Trol, Inc. Babcock Electro-Mechanical, Inc.
Saugus, CA Costa Mesa, CA
HIGH STABILITY CONTACT Harry Sauter
RESISTANCE MONITORING CIRCUITS" Potter & Brumfield Div.
AMF, Inc.
Princeton, IN
Jan Kafka THE STATISTICAL APPROACH TO
Standard Telephone and Radio QUALITY -- WHAT? WHY? AND
ITT Associate SHOULD WE?

Zurich, Switzerland
George Neff

A PLASTIC-ENCAPSULATED, ELECTRO- Jimmie K. Neff
MECHANICAL SUBMINIATURE RELAY FOR Isovac
APPLICATION IN TELEPHONY" Glendale, Ca

"EVALUATION OF HERMETICITY
PROBLEMS IN ALL TYPES
OF RELAYS"

*The Charles Schneider Best Paper Award of $1000 was awarded to D. Scott
Sink.

**The $500 Charles Schneider Award was awarded to James R. Morton.

***The $200 Charles Schneider Award was awarded to Carl Knox and Harry

Sauter.



PREFACE

This publication is a compilation of the papers presented at the
31st Annual National Relay Conference held at Oklahoma State University
April 26 and 27, 1983. This conference is co-sponsored by the National
Association of Relay Manufacturers and the Oklahoma State University
School of Electrical and Computer Engineering.

This conference endeavors to provide a forum for the open exchange
of information between relay manufacturers and users and for the frank
discussion of their mutual problems. The objective being that of im-
proving the manufacturer's ability to supply reliable relays to meet the
user's requirements and to help the user properly apply relays.

Papers presented at the conference are screened by a Paper Selec-
tion Committee composed of members from relay users, manufacturers, and
educators. An expanded abstract of each paper is evaluated by the
committee, and those meeting certain standards of quality and technical
excellence and possessing the most potential benefit to the relay indus-
try are selected for the program. The author and his affiliation remain
anonymous in the selection of the papers.

Special recognition is hereby made to the authors, for without
their effort in preparing and presenting their papers, this publication
would not be possible. Our appreciation is also expressed to the staff
of the Office of Engineering Extension for their work in arranging for
the facilities and for supervising the development and sending of the
conference publicity. We also express our appreciation to Professor Dan
Lingelbach and the School of Electrical and Computer Engineering for
their devoted untiring efforts toward conducting increasingly beneficial
conferences each year.

The 32nd Annual National Relay Conference is scheduled for April

16, 17, and 18, 1984, at Oklahoma State University.
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Relay Standardization Committee and the 1981 Relay Conference
Coordinating Committee.

Earl Olsen is Relay Sales Manager for Cornell-Dubilier Electronics.
Prior to joining Cornell-Dubilier in 1969 he spent 6 years with
Magnecraft Electric Company, another 3 years with Cornell-Dubilier
and 8 years with C. P. Clare and Company.

Mr. Olsen graduated from the Illinois Institute of Technology in 1960
with a BSEE after having spent several years in the U.S. Army.

He is a Registered Professional Engineer in North Carolina and a
Licensed Real Estate Broker in North Carolina.

He has been active in NARM since 1957 serving a term as Vice Presi-
dent of Marketing and a year as Relay Conference Coordinator.

Ed Sutherland

Wayne Wielebski

Ed Sutherland is President of Relay Testing Services, Inc. He
graduated from Cornell University in 1955 with a Bachelor of Science
degree in Electrical Engineering. After 19 years in various marketing
and technical positions with General Radio (now GenRad) and
Teradyne, Mr. Sutherland founded Relay Testing Services in 1975. He
is the author of five papers on relay testing, is a Fellow in the College of
Relay Engineers (1977 and 1981) and a winner of the NARM Charles
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the Allen-Bradley Company, Milwaukee, Wisconsin in 1974 where his
present position is Manager of the Control Device Development
Department. His previous position was that of Manager for Solid State
Product Development. He has made a career in development and
design of products and components for the Industrial Control market
that includes electromechanical, solid state, and sealed switch
technologies.

THE INFLUENCE OF CRITICAL MANUFACTURING
VARIABLES UPON FATIGUE LIFE OF SPRINGS

By J. C. Warner, Manager, Metallurgy & Physical Test Laboratories,
Allen-Bradley Company, Milwaukee, WI 53204.

J. Warner directs the Department of Metallurgy and Physical Testing
at Allen-Bradley, developing applications for improved materials and
instituting new processing technology for metals applications, in-
cluding machining, forming, joining, and plating. His previous ex-
perience includes materials research on heat exchangers, and develop-
ment of alloys and processing for vacuum brazing aluminum.

He produced an animated film on metallurgical applications of ther-
modynamics while at Carnegie-Mellon University, and holds a Ph.D.
in metallurgy from Iowa State University. His favorite hobby is
operating his Apple computer.

AUTOMATED MANUFACTURING OF RELAY COIL AS-
SEMBLIES

By Jon M. Miller, Senior Engineer, Western Electric Company, Col-
umbus, Ohio 43213.

Jon. M. Miller is a Senior Engineer in the Apparatus Manufacturing
Department at the Western Electric Company, Columbus, Ohio. His
current assignments include LR Relay Assembly and Test, LR Relay
Coil Winding and Finishing, and Miniature Wire Spring Relay Metal
Piece Part Secondary Operations. Mr. Miller joined Western Electric in
1969 after receiving a Bachelor of Science Degree in Industrial
Technology from Ohio University. His past assignments have included
G.P. and Miniature Relay Coil Winding and Finishing along with Relay
Final Assembly and Adjusting. He is a member of the Society of
Manufacturing Engineers and the International Coil Winding Associa-
tion.

Jon. M. Miller
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AUTOMATED MANUFACTURING OF RELAY COIL
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By Forrest G. Sheeler, Development Engineer, Western Electric
Company, Columbus, Ohio 43213

Forrest G. Sheeler is a Development Engineer in the Circuit Pack and
Apparatus Test Department at the Western Electric Company, Colum-
bus, Ohio. After attending Ohio State University and receiving an
Associate Degree in Electrical Engineering from Ohio Technical Col-
lege in 1966, he joined Western Electric at the Columbus Works. His
current assignments include the development of test programs and test
systems for circuit pack and LR low-profile relay. Mr. Sheeler has
worked on testing apparatus for ferreed switches, ferrod sensors, lad-
der transformers, computer-controlled functional testing of the
remreed switch and remreed grid, inductors and dry reed relays.

THE ADVANTAGES OF USING RELAYS IN THE
EVER CHANGING MARKET PLACE

by Don Krause, Relay Marketing Manager, Guardian Electric
Manufacturing Company, Chicago, Illinois 60607.

Don Krause graduated from College of DuPage in 1974, with an
Associate Degree in Business Management. He has been involved in
the electronics markete for the last seven years. In 1979 he joined
Guardian's Sales/Marketing team, and presently holds the position of
Relay Marketing Manager.

THE BOUNCLESS ELECTROMAGNETIC RELAY

By Kunio Mano, Professor and Doctor, Graduate School of Engineer-
ing, Meijyo University, Nagoya, 468 Japan.

Professor Kunio Mano was born in Aichi Prefecture, Japan on
September 29th, 1910. He received the B.S. and Ph.D. degrees in Elec-
trical Engineering from Tohoku University, Sendai, Japan, in 1937 and
1960 respectively.

In 1948, he became an Assistant Professor, and in 1954 he became a
professor in the Department of Electrical Communication Engineer-
ing, Tohoku University. In 1974, he was made a Professor Emereitus
of Tohoku University, now he is a Professor in the Department of Elec-
trical Engineering and the Graduate School of Engineering of Meijyo
University.

Dr. Mano is IEEE fellow, the Institute of Electronics and Communica-
tion Engineers of Japan, the Society of Instrument and Control
Engineers, and so on.

Dr. Mano has been active academically in the Electronics and Elec-
trical Engineering field. He was awarded a Violet Ribbon Medal from
his Majesty the Emperor for his work and also received the Ranger
Holm Scientific Achievement Award.

Kunio Mano

Don Krause

Forrest G. Sheeler

By Toshiaki Eguchi, Student, Graduate School of Engineering, Mei-
jyo University, Nagoya, 468 Japan.

Toshiaki Eguchi was born in Aichi Prefecture, Japan on November 2,
1957. He received the B.S. degree in Engineering from Meijyo Univer-
sity, Nagoya, Japan, in 1981, and he advanced the Graduate School of
Engineering in Meijyo University in 1981.

He is studying the life reliability of electromagnetic relay with and
without electrical bounceless circuit in Mano Laboratory.

Mr. Eguchi is a student member of IEEE, an associate member of the
Institute of Electronics and Communication Engineeres of Japan, and a
member of the Institute of television engineers of Japan.

THE RELATIONSHIP BETWEEN COIL ENERGIZATION IN A
RELAY AND REED CONTACT PERFORMANCE

By B. M. Tieman, Drs., Nederlandse Philips Bedrijven B.V., 6416 SG
Heerlen, The Netherlands.

Ben M. Tieman has been with Philips since his graduation in
chemistry from the University of Leiden in 1979. From then until 1981
he worked on the development and application of reed contact units.
He presently holds the position of Chief Engineer concerned with the
development and production engineering of reed contact units.

GETTERS IN RELAYS—A USEFUL TOOL TO INCREASE
RELIABILITY

By Ernst Weber, Dr. rer. nat., SDS-Elektro GmbH, 8024 Deisenhofen,
FRG. 004989 /6 13 20 61

-Ernst Weber was born in Berchtesgaden, West Germany, on
September 25th, 1947.

-After school and military service study of physics at the ''Technische
Universitat Munchen'' 1968 through 1974; thesis in solid state
physics.

-1975 through 1978, work on doctoral thesis in the field of solid state
physics, especially in biophysics.

-Meanwhile, since 1974 to mid 1980, assistant at the Max Planck In-
stitute of Biochemistry.

-Since mid 1980, member of the research and development laboratory
of SDS-Elektro GmbH in Deisenhofen near Munch and mainly engag-
ed in quality and basic relay problems.

- Toshiaki Eguchi B. M. Tieman

Ernst Weber
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A MISCONCEPTION CONCERNING NORMAL AND
INTRINSIC CURVES OF PERMANENT MAGNETS
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PERMANENT MAGNET MATERIALS AVAILABLE FOR USE IN
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By Dan C. Sloss, Design & Applications Engineer, Colt Industries,
Crucible Magnetics Div., Elizabethtown, Kentucky 42701

B.S. Industrial Education, Western Kentucky University, 1970.
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SUMMARY

Allen-Bradley Company manufactures numerous
devices for use in a corrosive environment
that incorporate springs of various shapes and
sizes. These springs, with their expected
reliability, are often made of stainless
steel. This report discusses the relationship
of surface texture of stainless steel springs
to fatigue life and shows that rough surface
texture is a deciding factor in premature
fatigue failures.

INTRODUCTION

Allen-Bradley has been monitoring the
performance of different lots of stainless
steel springs in the laboratory for some time
to help assure quality. A standard laboratcry
test subjects the springs to high fatigue
loading, i.e., the combination of maximum
stress and required cycle life places the
spring near the fatigue limit curve, Figure 1.
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FIGURE 1 S-N Diagram for 0.022" dia. music

wire, from Ref. 1.

A dramatic increase in failures in the
standard laboratory test in recent years led
to significantly increased inspection costs
and production delays.
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To help assure acceptable springs, an
additional program was established to evaluate
by fatigue testing all lots of certain springs
prior to acceptance. The choice of springs to
be tested was made on the basis of the above
mentioned test data. As the percentage of
rejected lots increased to over 20%, -it became
clear that some lots of springs had very low
quality. Quality did not suffer a general
decline. Rather, certain lots failed utterly
while others passed easily. This result is
consistent with a dec}ine in spring quality
over the past decade. In Reference 1 it is
noted that spring fatigue performance, while
previously good, has become "variable".

The present study was undertaken to (a)
determine the apparent differences between
excellent and poor stainless springs, (b)
establish the source of these differences, and
(c) determine acceptable operating limits.

ANALYSIS

A specific spring which a quality vendor could
supply was selected for initial study. The
spring, made from 0.012" diameter type UNS
%0200 stainless steel wire, is 0.145" mean
coil dia., 0.645" free height, with nominal
12-1/2 coils and unground closed ends. Wide
variations in fatigue life had been found on
shipments of this spring. Detailed study of
the actual spring operation suggested that it
could go down to near solid height of 0.150"
in use, so laboratory fatigue tests used a
range of 0.420 to 0.150" at 6 Hz.

In the case of one lot of these springs, this
test was terminated at 495,000 operations,
when 4 springs failed out of 25 tested. Had
these springs been used to build operating
devices, the same proportion of failures would
be anticipated, in a somewhat larger number of
cycles.

In Figure 2 are scanning electron micrographs
at 100X and 700X illustrating the surface
condition of a spring that was tested to 20.1
x 10" operations with no fracture in a
laboratory device test. Figure 3 illustrates
the surface condition and the fracture mode of



a spring that failed at 197,000 cycles in the
same laboratorv test. Figure 4 showas a anring
that fractured during the fatigue test. The
fracture modes in both the device tests and
fatigue tests are the same. Fatigue fractures
nucleate on the I.D. of the spring, at a
groove in the surface. The fatigue fracture
surface from both device tests and fatigue
tests occupy 30% to 50% of the total fracture
surface. B

Figures 2 through 4 indicate that the rough
surface condition is a major factor in fatigue
failures. Notches or small surface cracks are
natural stress risers, so this result is not
unexpected.

A fatigue test of this same lot of springs was
performed to determine whether shot peening
could improve the fatigue properties
significantly. Although the shot peened
springs performed better, thLzy were still
susceptible to early fatigue failures.
Paralleling this fatigue test result was a
failure of a shot peened spring in a
laboratory device test at 544,000 operations.
The surface conditions and fracture modes of
shot peened springs that failed during life
testing are illustrated in Figure 5. The
fracture surfaces are similar to those in
Figures 2-4. The shot peened surface is
noticeably smoother than the untreated springs
but not ag smooth as the spring which exceeded
20.1 x 10 operations. The fractures still
initiate at small surface grooves. This
result indicates that once the rough surface
has been created, subsequent treatment after
coiling to a spring is not likely to improve
fatigue properties significantly.

Obviously, different drawing practices in the
final stages of wire size reduction have a
marked effect on the wire surface. A
lubricating coating is applied to the wire
before drawing to reduce friction and heat.
Figure 6 illustrates the surface of wire
fabricated by dipping in sulfuric acid, then
hot lead, then drawn through tungsten carbide
dies. The lead acts as a drawing lubricant.
After passivation the etch pits from the
sulfuric acid etch are revealed. In the past,
the lead coat was applied with the aid of a
flouride bearing flux, but environmental and
cost restraints promoted a switch. On the
other hand, nonmetallic coatings and diamond
dies can form a near perfect surface, Figure
7. Unfortunately, diamond dies wear unevenly,
producing out-of-round wire which reportedly
results in large amounts of out-of-spec
springs during coiling.

Figure 8 illustrates a surface that has
performed acceptably in fatigue tests. This is
a type 302 stainless steel spring, 0.012"
diameter, drawn through tungsten carbide dies
using a non-hydroscopic phosphate coating
developed by a wire fabricator. It reportedly
does not flake during the drawing process,
coils well, and is removed in hot tap water.
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In addition to the springs needing a high
quelity surface condition, a1l type 302
stainless steel springs received by A-B must
be passivated. In wire manufacturing, the
coatings used as lubricants during the drawing
process may inhibit the formation of a
protective oxide, which is to say, the
"stainless" benefit of stainless steel. When
they do, corrosive attack begins and surfaces
decompose rapidly. The solution is
passivation, which hastens the formation of
protective oxide films and cleans other
foreign matter. Passivation also takes the
coating off of the wire, revealing the true
surface. Figure 9 illustrates a spring drawn
with a copper coating and passivated.

A series of fatigue tests were performed
comparing springs from various wire
manufacturers using different manufacturing
processes. All springs were made from 0.012"
diameter stainless steel type 302 wire. Three
identical tests were run, each of which
contained five springs with wire drawn as
described in Table I.

Based on the observed surface of these springs
we estimated that the wire of Types 1, 4, and
5 would perform acceptably on fatigue tests.
Type 2 was considered to have a undesirable
surface and was predicted to perform
unacceptably on fatigue tests. Type 3 was
between the extremes.

There was a significant difference in surface
quality between wire type 2 and 4, even though
both used nominally the same drawing process.
This observation suggests that specification
of wire fabrication methods would not be
adequate to ensure product quality.

High speed photography of the spring during
its real life motion revealed that a
considerable amount of surging and coil
clashing may occur. Because of this condition
it was decided to use the severe displacement
limits of 0.170" and 0.580", so the springs
were cycled to very near solid height and free
length. A sine wave at 10 cycles per second
was the fastest the fatigue machine could
cycle under this displacement. Five of each
of the five types described above were tested,
in each of three fatigue trials, for a total
of 15 springs of each type.

Each of the 5 types of springs were measured
for wire diameter and spring diameter. The
spring rates of the springs were determined
using the laboratory Universal Testing
Machine. Using these measurements the maximum
and minimum stress levels at the lower and
upper displacement limits of the fatigue tests
were calculated, Table II.

The total results of the 3 fatigue tests
showed that 15 out of 15 springs of wire type
2 failed before 235,000 ops. All of6the other
four types of springs endured 6 x 10 ops.
with no fatigue failures. Table III tabulates
the resulits of the fatigue tests. Even though



PSI IN THOUSANDS

all failed the fatigue tests, the springs of
wire type 2 were subjected to the lowest
stress levels.

Figure 1Q, from the Spring Designers

Handbook , illustrates the recommended design
stresses for stainless steel type 302 springs
with various diameter wires. The severe
service curve is_applied fgr springs that are
subjected to over 1.0 X 10  deflections. The
severe service curve for 0.012" diameter wire
shows that the recommended design stress limit
is 120,000 psi.
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FIGURE 10 Recommended design stresses for UNS
30200 compression springs, from
Ref. 2.

Figure 11, from Ref. 3,.illustrates the
endurance limits for 10 deflections for
various diameter type 302 stainless steel
springs. As expected from the severity of the
test, the applied stress levels are above the
published endurance limits.
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Many other factors besides rough surface
condition can contribute to early fatigue
failures. Springs made from unsound wire will
fail even with a smooth surface. However,
such wire usually fails to coil properly also,
and so does not reach our initial inspection.
In addition, other inspections of springs
subject to high fatigue loads are performed.

CONCLUSIONS

Stainless steel 18-8 type springs manufactured
with rough surface wire are subject to low
fatigue life under load, while the sound wire
tested with a smooth surface met published
fatigue lives. All springs of sound wire
tested which passed the surface quality
inspection surpassed the maximum expected
number of cycles in standard laboratory tests
and fatigue tests. The surface condition is a
direct consequence of wire drawing practice,
and can be observed by a trained inspector at
30X magnification. Use of such inspection
techniques can allow rapid selection of
quality springs, with potential reduction in
inspection costs and production delays.
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TABLE I

MANUFACTURING METHOD FOR TESTED SPRING WIRE

SPRING
WIRE DRAWING
TYPE WIRE MANUFACTURER LUBRICANT
1 U.S. Mfg. "A" Copper
2 U.S. Mfg. "B" Lead
3 U.S. Mfg. "B" Organic
4 Foreign Mfg. "A" Lead
5 Foreign Mfg. "B" Nickel
Note: All of the above wire samples were

coiled by one spring maker on one
set-up to the dimensions given in the report.



TABLE II

STRESS LOADING ON SPRINGS MADE FROM
5 WIRE SOURCES

WIRE AT 0.170" AT 0.580"
TYPE DISPLACEMENT DISPLACEMENT
¥ .

i | 98,500 psi 12,200 psi
2 92,900 13,500

3 97,400 14,500

4 105,300 10,900

5 100,800 14,200

Note: Stresses computed from measured
spring rates.
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TABLE III
FATIGUE TEST RESULTS

5 springg of each type per test
6 x 10 operations per test

TEST #1 TEST #2 TEST #3
TYPE MTS 302A MTS 302B MTS 302C
1 No failures No failures No failures
2 5 of 5 5 of 5 5 of 5
failed failed failed
<218,000 ops <100,000 ops <235,000 ops
3 No failures No failures No failures
4 No failures No failures No failures
5 No failures No failures No failures



