
rlJ LJ) 
OCTOBER 1984 Volume 23 Number 2 ~ 
OFFICIAL PUBLICATION OF THE SPRING MANUFACTURERS INSTITUTE 

THE MAGAZINE OF SPRING TECHNOLOGY 

Technical 
Articles 

lIBRA·RV 
'OCT 1 ~ \984 

G lVl 1 

Features 

Departments 

SPRINGS !\1AGAZI:-.IE COMMITTEE 
A. H. P.'trson lit 

Ch0l1man 
Edw,...d Gar<, 
~ .... h.1I ~. Jackson 

Chlrl •• G. Whitchurch 
P".Ii,"" 
;>/ol1Ttln (lonky 
Arne-ncon Sprin~ & \Vin: 

~r:,;;~:.~{ ~~'ivjJ(IT 

G. o.,nald Jacob.",n. Jr. 
R. J. lIul(Cn 
Jom ... ( .. W.hl. 

Pllrld. W IUI.m, 
ElliltlT 

JoAnn Wc/,unrtld 
£dulI"al ,h.1;~/Qm 

()scu .-\ndt:l'S()n 

~:r:l,~,,~~~rkcun~. rn~. 

Octoht:!r \984 SPRl:"GS 

OCT 19 '99 13:37 

19 Special Report: Testing 
"The Correct Procedures for Testing Compression. Extension, and 
Torsion Springs" by Derek Saynor. Sprillg Research & Mmlll!ac/ur­
ers' Association,' "Testing Helical Compression Springs by the Con­
tinuous Method" by H. D. Schlecht, Georg Reicherrer GmbH & 
Company KG: "The Maintenance and Calibration of Testing Equip­
ment"; "Criterion for the Selection of u Spring Tester" by Roy Link 
and Craig Groat. Lillk Engimering Company,' und "List of Testing 
Equipment." . 

51 Designing Disk Springs with a Personal Computer 
Dr. William C. Orthwein, Southern Illinois UniversilY 

61 Shot Peening Techniques for Greater Fatigue Life 
Robert A. Bell. Precision Spring Corporation 

69 Testing and Development of Spring Characteristics 
Henry Bucciero, Peterson-American Corporation 

73 ELOC Springs: A New Concept In Materials and Design 
Finn Hannover and D. R. Kuespert. £. I. DuPont de Nemours, Inc. 

77 Research and Technical Development At SRAMA In 1983 

84 A Hard Look At Health Care Insurance 
Michael S. Proffitt, Peterson-American Corporation 

91 Kan-Ban-The Just-In-Time Japanese Inventory System 
Small Business Report 

97 An Introduction to Strategic Market Planning-Meeting 
Report 

lOt Springmakers Report On Safety 

103 All Springs Technical Meeting and Product Show-1984 

107 SMI Annual Market Summary for the United States and 
Canada 

11 President's Message 112 
14 Inside SMI 113 
15 A Note from the Publisher 115 

109 Names In the News 12S 
110 SMJ and Government 128 

Ct)ver photograph by Jack B. Grus~nlan. Il11agt)~ 
Spril1g unu t~st~r furnishcu by John Evans' So:ms. In.:. 

Plant News 
Regional News 
New Products 
Cut-OtTs 
Advertisers Index 

SPHJN(j~ CllOt"jn~ mJv"ury inrprmltlh)n ~)nly-amJ lh~, n"ll cun",luh! U( c..'unll.lin nny lIltla M lnutJ'ilrV 'l,tn,lanh ..Il.,h)pll!ll •• lrpnwe...J. 
~t}\lR:~~~~.l)r nl.linlilin~u hy SMI ~tnu SM( di\\!I:tim .. any HabUit)· ttlr th~ U\f!, aprhC~linn ,n ,ld.lpliIIIlJn tit' the ';llntcnt'i U( lh.:'Io 

SI'RIMIS ,ISSI'; II~K~"'l>Ol) 
I'tlhlbhl!u 'I!mhlOnuully by Srmng ~tunu(aclurc~ In'lnul~. rnc .• JHI) W~:-'I P;alallnc: Rl);h.l. Wtll.·t!ling. IL nOtJ'li)' Tcll·phllnl!.11 ~~2(k':90. 
Addre\-\ ;111 c\)rrc\ptlmh~n,,"t! >Jnu l,.'duuriul nliilcriuh hl1hi' .nldrc\~. 'rh~ cllihlr, and r.Uhlt,h,,''''' "I" SI"RI!'tGS U,\UIII,,' 0\1 rc .. pun\ihdity rM 
the! \)plI~lt~ns tlt 'lilt:t~ '" ',gncll atlll,'le!!. ~,(CI!PI tn Ihe' ~'(h~nl nl c:.prC::'I,mg ChI.' '"!\\-.' ly the' 1:11.:1 Iii I'uhlh.""hlfl. th.lt (he \UbJC:l.:l tn:al~d J!­
,Inc ....... hlc..'h mc::rm. th~ :l1It:nlivn I1t $rrin~ ~fanurna.:tutc:rs rn~(lIUI~. tn..:. MlIlt!riul\ m.lY nut hi.' rt'produ~cli wlthoUI \YnHl:~n I')('rmi'-\hln. 
(\~I"yn~hl \' ,II.,lX.a hy Spring MtI"ufu~lureN In!tifUlt. 'n~, 

7 

810 762 9744 PAGE.013 



Technical Article 

SHOT PEENING TECHNIQUES 
FOR GREATER FATIGUE 
LIFE IN SPRINGS 

A long-accepted practice for extending the fatigue 
life of high duty springs is shot peening. According to 
historians, this process was discovered by accident at 
a time when improving the performance of automotive 
valve springs was of paramount importance to the 
rapidly expanding. automotive industry. The story 
goes that some engmeers felt that clean springs might 
give better fatigue life and, to that end, parts were 
tumbled in sand to remove all of the extraneous 
matter from the surface of the wire. While this 
procedure produced some small improvement, it left 
much to be desired in the final evaluation but, since 
clean componen:ts did perform better than dirty 
part~,. the. operatlon was added to the manufacturing 
speclflcatlOns for valve and other types of hioh-
performance springs. I:> 

It was not until a shop hand ran out of sand one 
.day a~d substitut~d . s;nall ~ravel in the tumbling 
operatIon that a slgmflcant Improvement irt perfor­
mance was attained, and someone finally realized 
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that it was the impact of the media on the surface of 
the wire, and not cleanliness that was beneficial to 
extended fatigue life. 

From this relatively crude beginning, a whole new. 
world of shot-peening technology opened up for the 
m~nufac.ture~ of h~gh performance springs, and this 
sCience IS sull bemg expanded to keep pace with 
ever-increasing demands for higher stresses and 
more restricted operating parameters in the indus­
try. In the October 1982 issue of SPRINGS Maga­
zine the ~rticle "S~ot Peening Springs" was pre­
sented. Since that time, some further information 
pertaining to state-of-the-art in peening hus deve.l­
oped, and this article is intended as a supplement 
and update to the 1982 presentation . 

. "Shot p~enjng" and "shot cleaning," are some­
tlmes used Interchangeably, but definitely should not 
be confused as being even remotely related. Shot 
cleaning (often referred to as "shot blasting") is 
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exactly what the name implies .. The proc~ss consists 
of subjecting parts to a tumblJng ?peratlO~ f~r the 
purpose of cleaning the surface pnor to pawtlng or 
some other secondary operation, and is intended to 
have no predictable results on the fatigue life of the 
springs. Old and/or split shot is often used, and 
Gertainly is sufficient for the purpose intended. 

In contrast, shot peening is a carefully monitored 
process in which the media is frequently screened to 
remove split shot, and time and intensity are closely 
controlled to obtain the desired benefits of this 
operation. Broken or split shot can frequently negate 
the beneficial effects of peening, as the sharp edges 
may actually cause minute stress risers on the surface 
of the wire, thereby creating a nucleus from which a 
fracture can spread. This condition was not nearly so 
serious when springs were subjected to relatively 
reasonable stress levels, but with current definitions 
of "high duty" components in certain industries, any 
imperfection in the surface of the wire is a potential 
source of stress risers that will be detrimental to 
fatigue life. 

A quotation attributed to the late Dr. Zimmerli of 
Associated Spring Corporation is "You cannot make 
good springs out of bad wire by shot-peening," and 
while this operation may well improve the life of 
parts fabricated of seamy or pitted wire by rounding 
the edges of the imperfection and making the defects 
more shallow, the results are totally unpredictable 
and cannot be translated into a finite percentage of 
improved life span for the defective unit. 

With the advent of smaller cars, space and weight 
parameters were reduced accordingly, and the neces­
sity for power train and clutch springs to operate at 
higher stresses in these confined areas became a 
matter of paramount importance. Significant im­
provements in the quality of carbon and alloy valve 
spring wires permitted designing to high stresses and 
justified the premium material costs, but the drive 
for smaller and more highly stressed parts continued. 

Until recently, the amount of compressive stresses 
remaining in the surface of the wire after peening 
was largely a matter of conjecture, but, with the 
development of x-ray diffraction, the measurement 
of residual stresses and their magnitude have become 
a much more exact science. Without going into a 
technical explanation of the process, it is sufficient to 
say that x-ray diffraction has made it feasible for 
engineers to measure residual stresses both on the 
surface and sub-surface of the wire, and enables 
~hem to evaluate the effects of various processes 
Im~lemented to improve peening results in the effort 
t? increase fatigue life. While this method of evalua­
!lon still. has ~oI?e shortcomings in supplying finite 
mformatlon, 1t 1S presently far and away the best 

currently available procedure for comparing results 
to known data to determine the effects of changes in 
peening processes. 

At the present time, the effects of double shot 
peening operations are being studied, and the results 
to date seem to indicate that a significant improve­
ment in fatigue life can be realized by the utilization 
of this program. Although the added peening repre­
sents an extra operation and thereby increases costs, 
some customers are finding that this is of secondary 
importance in view of the high stresses and greater 
fatigue life obtainable in the finished product. 

In double she.t p~t;;ring1 tl1~fir~t P~~I1tggoper.~tion 
is performed in the convehtional fashidn(1'2'JTiih. 
using SAE J 827 cast steel shot to attain an arc height 
of ;012".018.in. on Almen A strip #2 gage) with a 
subsequent heat treatment of425A50°F (220-260°C)' 
for30 min. The specifics of this operation may be 
varied slightly to attain desired results for various 
tY,P.~~ __ 2\tm~1~tti~1§,!Hi'S~FtJliq.applic~H?ns,.~nd ,sh()~ld 

. fue>~~detet'mmed"" by' actual fatiguet'ests' to'obtain 
< opti'iIlum ·properties. 

This treatment is then follo~~d,.b)' ~second. peening 
operation with smaller shot at lower' intehsity(exa7npl'e: 
S-170 shot si~~ peening to .006-.012 in. on Almen A strip 
#2 g similar heat ' .. on'r~o.,' {':H"::'I~O» 

to that this com-
on produces a marked improvement over a single 

treatment procedure. Reversing the procedure (small 
shot-low intensity first, larger shot-higher intensity se­
cond) proves to have very few, if any beneficial effects 
over the single peening system. and. therefore. seems to 
merit no further investigation at this time as an additive 
to fatigue life. 

It may also be significant that, under high magnifi­
cation, the single shot peened surface tends to show 
di~tinct peaks and valley.s, ~fiT~R.U£f!.m'pgr~~ 

~':'£'f'cJ.~B:~hS:S~PS·f~~~lgk~~E!§J~g~921!Y:~!n!lJ]' 
,g ... (mte~ntla.nlr~ss.;;~m~r~A The fact that, under 

high magnification, fatigue breaks appear to start at 
these high points would seem to indicate thut this 
theory has some validity and the double peening may 
be expected to add materially to fatigue life of 
springs stressed above that which is now considered 
to be safe levels. 

With the advent of alloy steels into the valve spring 
arena, further investigation was conducted into the 
feasibility of employing harder shot in the peening 
operation. While cast steel shot at 42-50 "C" Rock­
well may have been sufficient for carbon valve 
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springs, there is always some question as to how 
much benefit is bdng obtained by peening parts with 
a material that is no harder (and in some cases 
softer) than the wire being processed. Investigation 
discloses that shot in the 55-60 'Re range added 
substantially to the fatigue life of chrome silicon 
springs when compared to those processed in a softer 
media, but also broke down faster, necessitating 
more frequent screening and adding of new shot, 
thereby increasing the cost of the operation. 

At this point, however, the combination of better 
material, double shot peening, and the necessity of 
increased surveillance of harder shot materials has 
resulted in costs which certain se(!ments of the 

. industry have accepted as the price 'Which must be 
paid to obtain high performance parts that will 
operate in the confined spaces being allocated for 
springs in the "Smaller is Better" philosophy that is 
the keynote of today's technologies. . 

One problem that has yet to be satisfactorily 
solved is the tendency of some springs to tangle in 
peening. If the wire size of the spring is less than the 
opening between coils, tangling tends to occur, and 
this situation is aggravated by the rotary tumbling 
action employed in most batch-type shot peening 
machines. Aside from the fact that tangled parts 
complicate any subsequent operations (assembly, 
testing, identifying, etc.), there is some question as 
to whether or not the inside diameter (I.D.) of 
tangled springs is receiving full benefit from the 
peening process. To date, no significant comparison 
figures are available to the industry, but with the 
continuing efforts to impose high stresses on existing 
spring materials, such studies will soon be underway, 
as the results may have a very marked effect on the 
design of future high performance parts. 

At least three remedies for the tangling problem have 
been tried by various springmakers. but all results seem 
to leave something to be desired. ~ln-Line~ peening is being 
used in Europe and, to some extent. in this country as well. 
This method consists of utilizing a belt to carry the parts 
through a chamber wht.!rc they are individually exposed 
to various streams of shot. Some systems rotate the parts 
as they pass through the chamber. thereby insuring better 
exposure to the peening media. While no published data 
is readily available, there is some question, however, as 
to how much shot penetrates the 1. D. of the spring ends, 
and this may result in insu fticient coverage of the last ac­
tive coil(s) ()f the part. 

While this system may have some advantage over batch 
peening, it does not seem suitable for high-production im­
plementation as it appears to be far slower than conven-
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II~na1 methods and would add considerably to the ~ost of 
the parts. This procedure may prove to be benefi~lal for 
smaller lots of high-l?erforma~c~ parts, such as are 
employed in racing engines. but In lts pre,sent state. w~uld 
probably be much too costl~ fa: automotIve valve springs 
or other high-volume apphcatlons. 

Another remedy for tangled parts due to tumbling 
in a shotpeen machine is to design th.e sprin~s with 
additional dead coils on the ends. ThIs practIce has 
proven to be an asset in preve~ting the meshing, of 
coils that produce tangling, but IS counter-productIve 
in the effort to reduce the envelope in which the 
parts must operate, in that it incre~s~s the s?lid 
height of the springs, It also adds addltlOnal weight 
to the parts, and, thereby, is a questionable solution 
at best. 

Some springmakers have attempted to sort out the 
tangled parts, separate them, and re-peen those that 
may have received insufficient co.v~rage as a,resuI.t of 
being meshed together. In addItiOn to bemg time 
consuming, however, this method calls for a judg­
ment decision as to how much peening the tangled 
parts have received, and therefore is impractical for 
large production jobs, 

At the present time, shot peening is certainly a 
very vital asset to increasing the fatigue life of 

high-performance springs, but we may have only 
scratched the surface of the potentials of this treat­
ment. With more research being performed on dou­
ble peening, shot size and type, and in-line or 
directional exposure, it is possible that, with new and 
improved raw materials and production methods, 
stress levels and endurance life that seem impossible 
today may well be commonly accepted practices in 
the very near future. 

At this time, under carefully controlled manufac­
turing conditions, wire quality surveillance, and 
monitored shot peening, springs have run in excess' 
of 20-million cycles stressscd up to:r:l\S'5,OOO psi and 
working through a stress range of 100,000 psi. Five 
years ago such life would have seemed to be as 
remote as manned space flight once was, Of course, 
to attain these levels, the raw materials must b~ free 
of any imperfections, manufacturing must impart no 
tool marks, and peening must be done to insure full 
coverage of all parts. However, the fact that these 
levels were reached with equipment available to the 
industry over 20 years ago indicates that we were 
unaware of the potential that was already in our 
hands. 

A COMPUTER MICROGAUGE ON YOUR COlLER? 
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