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INTRODUCTION

The process ,6fs~ut peening has been used for nearly fifty years to increase
the resistance of surfaces to the formation and propagation of fatigue cra~ks.

The process involves th~ impingement of shot. upon the surface at s~fficiently
high ve loci ty to cali se permanen t 1oc ali zed deformat ion of the surface.' The
result 0f the deformation caused by a largR number of shot striking the surface
is the, introdu(~ion of, a layer of compressive residual stress. This layer of
compressive stress tends to keep closed any cracks which might be forming or
prop~gating. This tendency is refl~~ted i~ improved fatigue properties; i.e.,
longer life at a given cyclic stress condition or higher permissible cyclic
st~es$conditions for a given required life. The bibliographY lists a number of
papers which discuss the shot-peening process ard its ~enefits in greater detail.

The process of stress peenoing is similar to conventional' shot peening except
that the component heing peened is subjected to an applied stress during the
peen i ng opernt ion. Th is procedure can resu 1tin the· creat ion of hoi gher com­
pr~ssive ~esidu~l stresses than would be obtained ~ithout the'stressing. Thri
subsequent superimposed service stresses then result in a lower total str~ss and,
consequently, enhanced fatigue proper~i~s. ' .

A1T10 redeta i 1ed desCrip t ion 0 f the ef f eL t 0 f st res s peening i s given i nthe body
of this report. ,

The objective of the present study was the ~etermtnaticin of any benefits of
stress peening ali the .fatigue properties of helical compression springs. Any
improvement in fatigue strength could be translated int0 increased service life,
or into savi'ngs in spring weight, _size and, possibly., -cost in their use in
armament app', i cat ions. '

THE STRESS-PEE~~NG PROGESS
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The benefits of shot peening are depicted in Fi9ure 3. This is the cla~si­

cal ~ase of superposition of e~ternally-imposed bending stress and the residual
stres s ind~ced by shot peen ing. It is seen tha t the max imum surface tens ile stress is
lower as a result of the peening. Since most fatigue failures originate in
regions of tensile stress, this reduction of the stress proves to ~e beneficial.
The elevation of tensile stress in subsurface regiOns is not very detrimental in
most cases because, first, the elevation.is ~sually small and, second, subsurface
reg -j ons are no t as suscept ib1e to crack format i on as are surface reg ions.
Another'potential1ydetrimental aspect of the peening arises from the fact that
externally applied compressive stresses superimpose on the compressive peening
stresse~, res~lting in an increased maximum compressive stress. This increased
compressive str2ssis i10t generally of serious consequence since fai lures do not
common ly or ig i nate in ,reg ions of SUCh stress.. If the resu 1tant compress ive
stress is sufficiently ~igh, yielding will occur and the maximum value will be
1imited.

In the case of externally. applied torsional loads., the resultant of peening
~tresses and applied stress is, dependent on direction. Figure 4 shows this
relationship. It is seen that, fora qiven direction of applied torque, there
results a maximum principal (tensile) stress in one 450 direction and a minimum
nrincipal (compressive) stress in the other 45° direction. When equiax;al com­
pressive residual stresses are superi~posed at the surface, it is seen that the
resultant tensile stress is detreased and the resultant compressive stress is
Increased. The degree of reduction of tensile stress depends upon the relatlve
magnitude of the residual peening stress and the externally applied torsion
stress. The resu 1tant may be tens i 1e, zero or even compress ive. 1he. compres s i ve
stress in the orthogonal direction will always remain compressive under such
zero-to-maximum torq~e loading. If the' torque loading reverses in direction~· the
two orthogonal planes of principal, stress will be subjected to identical ranges
of stress with compression-tension superposition duringon~ portion of the cycle
and compression- compression superposition during the opposite portion of ,the
cycle. ' '

Stress Peening

The stress-pee~ing process differs from the conventional shot-peening
process in that the part is subjected to an externally-app i ied load during the
peening operation. In the case.of a flat plate (such as a leaf spring) this load
would be a bendinij load so that one face was in tension and the 6pposit~ face in
compression. If the tensile face is pe.ened, the resultant stress wtli le .under
load wi 11 be about the same as if the load had not been appl ied. When the load 'i s '
released,: however, the stress will go even more compressive. Thus, if the
sQrviee load is basically 'unidirectional, such as in. a vehicle' suspensi,on, the,
net stress on the tension side will cycle from a high compression when unloaded
'to a lower compres s; on when loaded. The mean stres s of the eye 1e i '$ more
eompress·ive than it would have been wi thout the stress while being peened.
Fatigue properties are thereby enhanced by the stress pe~ning.

2 '



The henf;fits of peen-ing tt1e sid~ which 'is pr'estressed in compression are not
as clear. 1:1 fact, the mean stress actually ends up in less compression than for
conven't iona 1 peen i ng and the sup'erpos i t ion of the app 1i ed s'tre ss and the peen i ng
stress does not represent an improv~ment as it does on the tension side. Thus,
str~ss peening of beams is usu~lly limited' to cases wherein the service lo~ds are
10n- reversing.

The situation in a torsio~ bar is somewhat analogous to that of a beam in
bending except that the conditions on the two opposite faces of a bending bar are

,found in the two orthogonal planes of principal stress in the torsion bar. If
the bar is subjected to torque while being shot peened, the resultant stress will
still be ot essentially uniform compression in all directiolls. Wh8n the external
iorque is released,'the original direction of applied tensile stress will 8xhibit
the sum of the peening stress and the release of tension for a net value of high
compression. The orthogonal plane will exhibit the sum of the peening str~ss and
th~ release of applied compressive stress for a net value of small magnitude,
compr>ession or tension depending on the exact values. When 'an externaluni­
directional cyclic service torque i5 applied, the stress will, cycle from high
compress ion to modera te compres si'on ' (depend i ng on exact load s) in the one
principal stress direction and will cycle from near zero to moderate compression
in the orthogonal direction. Thus, the direction which was,originallysubjected
to high tensile stress is riO\'I held to modest compression at the peak of the
cyc 1e. The orthogona 1, direct ion, wh ich was or ig i na lly subjected to high com­
pressive stress is now alternated around a less compressive, mean stress, being
near zero or even in tension when unloaded. '

Figure 5 shows, schematically, the above effects.

It should be noted that the preceding discussion assumes that stresses do
'not become suff'iciently high to result~jn yielding of the material (except for
the local y,i:elding caus8d by shot peening). If stresses do exceed the yield
strength, the resulting patterns will be modified to a degree dependent on the
degree of yielding. The most likely place for the yielrling to occur is at the

,point (or in the direction) where the applied load superimposes compressive
stress on the peening stress. This phenomenon represents a limitation to any
potential benefits of shot peening, whether conventional or str~ss peening.

It is seen that the net result of stress peening may be nearly the same as
for conventional, peen'ing for a unidirectionally-applied torsion cycle, except
that the roles of the two 450 planes are' reversed. Thus, the benefits of stress
peening of torsion bars are not easi)y Rredictable. They depend on the details
of the treatment and the response of the materi a1, to such treatment. Thus, it
becomes neces sary to conduc t actua 1 peen i ng' and fat i gue ,tests to determi ne the
benefits which might be attained with a particular set of variables.

3



The preceding discussion has been centered around a straight,torsion bar.
The present. study is centered arour,d he 1ical compres sion spr i ng s. Stres s
analysis shows that. the stress in a helical spring is predominantly torsion with

. only a small degree of superimposed bending and direct shearin most spl"ings.
Thus, any stress' effects. in a straight 'torsion bar are nearly the same in a
helical spring .

. One'other aspecc of stress in a torsion spring or a helical spring is that·
of setting. This term applies to the yielding or permanent set which results
from the application 'of a high load. Any such setting in service usually octurs
early in the life of the spring. In order that spri.ng dimensions be maintained,
it is somet imes the pract ice t~ impose th i s sett i ng pri or to inst a11 at ion (then
known as presetting). Presetting was not one of the variabJes of study in this

. project although, as discussed later, it may have played a part in the per­
formance cf some of the springs. It)s mentioned ,here since it do~s result in
some modification of the residual stress pattern and may, consequently, have some
effect on fatigue life. .

TEST PROGRAM .

Test Parameters

In planning a program to" assess the effects of stress peening on helical'
compress ion spri ngs it ;'s necessary to es tab 1i sh the var i ou s parameters and the ir
ranges in order to insure that the i r effects are maximized and are correctly
tested. The parameter values were selected on the basis of several factors. such
as the following:

Spring sizes' of interest in, armament applications.
,Spring materiAls of interest in arma~ent applications.
Shot sizes ~ Practical ranges for different part sizes.
Peentng tnte~sity- Experience from previous applications.
Peening coverage - Complete coverage in all r.ases.
'Prestress levels - Practical range.
Fatigue te~t loads - Desired f~ilure lives.
Fatigue test speeds - Available test equipment.

A test matrix' was developed around the several parameters. The matrix is
shown in Tab lp. 1. Detai l,s of various parameters in the matrix are di scussed in
s~ceeeding sections of this,report.

The study was based on the criterion of stress at a life of 100,000 cycles.
In order to achieve good estimates of stress for that life, three specimens were
te~ted far each set of parameter values. Test stresses were estimated with the
intent of bracketing the 100~000-cycle failure life ..
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Springs

The uas ic wi re sizes werp. se 1ec ted to be representat ive of the range of
spring~ inarmame~t applications. The detailed design 6f the springs was based
on various requirements of the test program. The various factors which were'
considered in the design of the springs are discussed in the following
p~ragraphs. '

Wire Size: The wire sizes were established as a contract reqijirement .. They
were selected a~ being representative of a reasonable range 6f sizes which are
found in armament applicatibns.

Wire Material: Although music wire was initially desired~ such wire is not
available in the larger sizes. Chrome-vanadium spring wire (ASTM A231) was used
for, the ~-in. size and chrome-silicon wir~ (ASTM A304, Grade 5160H) was used for
the I-in. size. The 1/8-inch diameter music wire was purchased to Federal
Specification QQ-W-470b. Analysis showed 0.83% C, O~49% Mn, 0.26% Si and other
elements ,within 'maximum limits. The chrome-vanadium wirev:as purchased to
ASTM A231. Analysis showed 0.50% C~ 0.85% Mn, O.~:%Cr, 0.18% Va, 0.21% 5i with
other element~ within maximum limits. Composition of the I-in. 5160 H wire was
0.60% C, 0.87% Mn, 0.018% ?, 0.016% S, 0.23% 5i and 0.73% Cr.

Stress: A high-stress des·ign was necessary in order that fatigue tests
could be planned ,for fai lure at well less than 100,000' cycles. In anticipation
ofh igh fat iguestreng th resu 1t ;'ng from the stress-'peen ing' process, allowance
had to be made for higher-than-csual stress levels, Thus the springs were
designed so that so 1id compression would give stresses well in excess of, the
yield strength. This design would then enable the development of high enough
eycl ic . stresses to cause failure without the springl going sol id; Stress
calculations were based on the corrected ~ahl formula.

Gap Between Coils: In order tnat space be available for shot to pass
between coils while the springs were compressed to the prestress levels, it was
necessary to design open-coiled sprihgs. This requirement was,consi~tent 'with
the high-stress requirement so 'it presented no problem.

Stiffness: The stiffness re~uirement was determined primarily, by the need
to keep test deflection low. The attairiabl~ cyclic rate of the fatigue testing
is inversely relate~ to the deflection required to achieve a given stress. The
effect of this requirement was to keep the spring index (ratio of coil diameter
to wire diameter) asldw as possible and to keep the overall spring length to a
minimum by limitin~the number df t~rns. ' ' ,

Fj~al Design: The result of these considerations' was a design of spring
which was nearly geometrically similar for the three wire sizes. Th'e nominal
design values are given as follows:

---_.'-------

1 A.M. Wahl, Mechanical Springs, Second edition, McGraw-Hill, New York, 1963,
pp 229-235.
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Wire diameter (in.)
, Spring index

Total coils
Active coils
Pitch (in.)
Freel ength (i n. ).
Outside diameter (in.)
Spring constant (lb/in.)
Solid stress (ksi)*
Load for 100 ksi (lb)

0.125
4
5
3

0.25
1.0
0.625
940
320
110

0.5
4
5
3

0.875
3.625
2.50
3750

240
1750

1.0
4
5
3

1.625
6.875'
5.0
7500

200.
7000'

The design allows o for the expectation that the failure stresses would vary
in an inverse relation to the wire size. -

All springs were ground to final length.

Manufacture: The spring manufacture was subcontracted to Hardware Products
Company, Inc.,' of Boston, MA. ~he smallest springs were cold wound on an
automatic machine. They were given a stress reli~f of 30 minutes at 375F. The
medium. springs (0.5-in. wire) were cold wound on a spring lathe. They were given
a stress relief of 550F. The large ,springs were hot-wound in the annealed
condition, then oil-quenched and tempered.

Thirty extra springs of each size were manuf~ctured.· The 99 springs,of each
size in the test program were se'lected from the total of 120 on the bas i s of
spring le~gth. The group of 99 which, represented the least spread in length was
used. The range of length was small enough that the springs could be cpnsidered
ideAtical with regard t~ load-deflection-stress characteristics.

Shot Peening

,General: The shot~peening operations w~re ~erformed by Metal Improvement
Company at the Carlstadt, NJ plant. Materials and procedures wer,e in compliance
with MIL-S-13165 except wher~ devi.ations 'were necessary in order to meet the
needs of this study. Control of shot size a~d quality, measurement of intensity
and measurement of coverage were performed accord i'n9 to the Standard • Shot size
and intensity were, in some cases, dutsideof standard rang~s in order that the
effects of these variables could be tested. '

Stress Peen~ng Fixtures: ,In ord~r t6achieve the proper prestress in the
springs, s~ecial fixtures were con$tructed. The fixtures were arranged as shown
in' Fi gure 6. Spacers were' sized so that the spri n,}s wou 1d be compressed to­
stress values of 25, 50 or 100 ksi and held at th~t degree of compression during
the peenihg operation~ 'One fixture, with its accompanying set of spacers, was
made for each spring size.



Peening Apparatus: A commercial peening cabinet with shot being
accelerated through air nozzles, was used. Each spring was rotated about its
axis so as to be eXt)osed uniformly to the shot stream. To ensure coverage of the
critical region on the inside surfaces of the coils, a separdte lance-type nozzle
~as made. This arrangement allows shot to pass through a tube down the center of
the s~ri~g until it strikes a 900 turn, whereupon it strikes the inner surfaces
in a direction perpendicular to the spring 'axis. The strips for measurement of
intensity are placed so that the shot strikes them normal to the surface.

Peening Contro": The peening intensity is measured 'by' Almen stri'ps 2 which
are thin steel strips which deform under the action of the '3hot. The peening
machine parflmeters a're adjusted at each setup to achieve the specifled Almen
strip deformation (arc height) pY'ior to peening the ·springs. Intensity is
checked periodically during the usage of each setup. The peening coverage is
checked for completeness by me~ns of observation of a fluorescent coating which
is removed by the peening (trade name - Peenscan).

Peening Conditions: The actual conditions of shot peening were given in
table·l. As mentioned earlier, these conditions were selected with the intent of
bracketing the optimum conditions of shot size, intensity and prestress insofar
as these optimum values could be estimated.

FATIGUE 'fESTS
Test Equipment

The cyclic tests were conducted in standard 'electro-hydraul ic materials
test machines. A schematic diagram of this type of test machine is given as

, figure -7. The test frame incorporates a hydraulic ,actudti'1g cylinder which
drives th~ lower test platen. Vertical posts hold.an upper crosshead to which
are attached a load ceJl and upper platen. The test springs are located between
the upper ~nd lower platens and are cyclically compressed to the desired.degree
by tile action of the actuating cYlinder. An electronic servo-contrel system
~llows a wide variety of test conditions wherein the load history or the di~­

placement history, as selected~ is constrained to f')l1ow an electrical input
command signal. The machines are equipped with appropriate control features as
well as with cycle counters, overload detectors, failure' detectOrs and automatic
shutoffs. Several machines ,were utilized during the course of this project, the
particular machine being selected primarily on the basis of load requirements of
the particular tests~ , .

Load i ng platens were buil t to suppo,rt· the spr i ngs and to transmi t' the
machine loads. Figure 8 shows the design of the platens. They consist of simple
plates with gUide bosses to· locate the ends of the sprinys. 'The guide bosses
we,re moveable so th'a,t each set of platens could 'be set up to give balanced
loadi~g for one, two or three springs at a time ..

Protective shields were located around the platen region ,in case of brittle
fracture and flying pieces of broken springs.

2-:- --_._- - ----- ~ -- - ----
See, for example, MIL-S-13165B Amendment2 i 1979.
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Fdti~ije Te~t Procedures

lhe first step in setting up each test was the calcu1ation of the test load
or the first deflect.icn. (Both modes were used, as discussed later.) These loads
were estimated as nearlY as possible to brack2t a failure life of 100,000 cvcles.
The target short, life was 50, 000 eye 1esand the' target long life was
200,000 cycles..Ideally, each group of three specimens of a set would span this
range in order to yield the best estimate of' stress for a life of 100,000 cycles.
S~rings from different set~ were often tested together, the test platens having
been designed for up to three springs.

The original plan 'to use the deflection-control mode of the test
machine. In this mode, :he calculated displacement which corresponds to the
d~sired spring lbad is programmed into the machine. The load is monitored by the
machine c6ntr6l system and, when the load begins to drop as a result of spring
failqre, the machine shutoff circuit is actuated. It turned out that, especially
with the smallest springs, the shutoff occurred without any evidence of fatigue
cracks.· Instead, the ,springs '/Jere yielding slightly or, in spring-industry
parlance, were setting. With constant deflection amplitude df the platens, this
setting resulted in a reduced load amplitude and, on occasion, in separation of
the spr ings from the platen surfaces. 1n order to avo id thi s situ at ion, the
rema in ing spr ings .were 'tested under load contro1. The load was programmed to
cycl~ between the maximum value for a particular test and a minimum value of 10%
of the- maximum. Failute was detected by an increase ;:1 the displacement
amplitude under the influence of this constant load amplitude. It was still
necessary to verify that actual fatigue cracking had occurred since setting of
the spr1ng would give a similar increase in d~flection. In any case, the use of
'the load control mode g~ve ass~r~ncethat the full amplitude was being applied to
each spring throughout the tests.

Data Analysis Procedures

The first step in the analysis of data was to ent~r the data for each set of
three spri ngs into a sma 11 computer prograln. 'Thi s program was set up to
establish by linear regression the best fit to the data ona stress vs. log­
cycles plot. A sample of ,the' results is given in Figure 9. Since many of the
aspeGts of the spring processing and t8sting are statistical in ndture (as is the
f.atigueprocess itsel,f) and since_there were only,threespecimens per condition,
the range of these curve fi t va lues was rather wi de. The most sens i t i ve
parameter was the slope of the curve. In cases where the three 'data poi nts were
grouped c,lose·ly together, small 'deviations in data produced large and'
unrealistic changes in slope. In· order to' enable comparison of the various
co~ditions at a l1fe of 100,000 cycles, a single ,slope value was established bj
averaging the slopes of a number of cases wherein the data were well distributed.
This slope was then fit to all the other ,sets of data and the stress at a life of
100,000 cycles was c.alculated. Figure'10 shows an example of·,this procedure •

.Data are presented in terms of the maximum nominal stress in the cycle, as
calcul'ated by the corrected Wahl formula.

, 8



TEST RESUL,TS

Data

Tables 2 through 6 show the results of the analysis. The stress to Dive
100,000 cycle life is given for each set of three specimens (one set of
conditions). The best fit of the data from the nine non-peened specimens ~f each
size is also included in Tables 2 through 4.

Effects of Variables

. Ave,rage Effects

Table 5 shows the overall e~fect of each of the variables. The values
shown in this table are 'obtained by averaging all data for each vari~ble. For
example, the effect of shot size on 1/8-in. springs is obtained by averaging all
data for 1/8-tn. springs for the smallest shot size, etc., ,for the other sizes.
It is seen from table 5 that the average effects of the variables are the
following: I .

o Regardless of peening variables, the shot-peened springs show
much higher fat igue strength than the non-peened spr i'ngs, the
improvement ra~ging from 25% to 52%.

o Conventional peening (zero prestress) gives increases in fatigue
strength varying from 18% to 48% over the non-peened condition,

o The stress peening operation, . as compared with conventional
, peening, gives average increases in fatigue strength ranging from

1% to 11%~ the increase being greatest in the smallest springs.

o The fatigue strength in terms of applied stress d~creases' with
increasing $pring wire size.

o For' the range of shot sizes u~ed,. the shot size was not a
strongly-effective variable for the smallest and largest springs.
The ~-in. s~rings did improve about 15% as shot size 1ncreased.
These resu 1ts can be interpreted as mean i ng that the se lected
shot sizes were' about optimum for the smallest and largest
spri~gs 'and that the largest size of shot used, on the ~-in.

springs approached the optimum size.

o In all cases, the average fatigue strength was greatest with the
highest peening intensity. The effect was small,' ranging from
about 3% to 8%. ,This degree of effect indicates that the selected
peening intensities were somewh~re near the· optimum values.
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Optimum Effect of Stress Peening

If the evaluation of stress peening is lil .. ited to those conditions
wlwn~ nthpt' v3riablc',) an' mon~, rwarly optimized, the stress-prening effect
appears 9r;2aU~r at least for the two smaller spring sizes. The trends are shown
in tables 2 through 6 ,and figure 12. For the two smaller spring sizes, the
optimum cOl1dition always occurred 'at ,the highest peening intensity. The optimum
shot size was 170 for the small springs and 460 for the medium sized springs. The
optimum peening conditions tor the, iarge springs were, less consistent, varying
with prestress condition~ Examination of the data in table 4 shows that the peak,
values of fatigue strength with 25 ksi arid 100 ksi prestress'occurred with 550
shot whi le the 50 ksi prestress gave the best, results using 460 shot size. The
lowest peening intensity was best with the 100 ksi prestress whereas the highest
intensity was, best \vith the other prestress levels.

Wir~ize-L~ 1/8 11? 1,

Intensity high high high
Shot size 170 460 460

Prestress (ksi,) 25 50 50

The optimum results are compared in table 7, us'ing theunpeened
condition as a reference. Bas~d' on these optimum values of fatig'ue results,
stress peening gives, significant improvement over conventional peening in the
two small~r spring ~izes hut gives relatively small improvement over
conventional peening in the I-inch size. 'If we use the conventionally peened
condition as a baseline, the optimum stres's peening gives 20%, 15% and 5%
additional irr.provement for the liS-in. liZ-in. and I-in. sizes, respectively.

'It shou 1d 'be ,noted tha t as a consequence of the s lope of 'the fat i'gue
curve (e.g., figure 9), a given 1,I1crease in fatigue strength corresponds to Much
larger increase in life. The data obtained during this program indicate about a
ten fold in~r8ase in life for a5S ksi increase in fatiguest~ength. Thus, what
may appear to he a relatively small improvement' in fa que strength can
correspond to a significant increase in service l~fe. EstimatEs of this increase
in life fo~ conventional peening arid for stres~ peeni~g are given in table 8.,

An ar. a1ys is of the cos t benefi 1: aspec ts of conv'ent iona 1. peen i ng and of
str~ss peening is mJd2 in the Appendjx. The results of this analysis show that
as ~xpected, the economic benefits of conventional peening are considerable but
that the economic benefits of stress peening are greater except in the smallest
spring size considered in this study. ~
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CONCLUSIONS

1. The 'fatigue strength under any of ,the peening conditions tested
was markedly gr~ater than that Df non-peened spri~gs.

?. The convent ional shot peen i ng treatment resu 1ted in increases in
fatigue strength of 18%, 22% and 51%, respectively, for springs having 1/3 in.,
1/2 in. and 1 in. diameter wire. These increases correspond to increases in
fatig~e life by factors of 3~8, 4.2 and 10.4, respectively.

3. The stress peening process produced additionalincreas,=s in
fatigue strength of 20%, 15% and 5% over the'conventionally peened conditions fer
the 1/8 in., 1/2 in. arid 1 in. sizes, respectively, (based on the conventionally
peened condition). These increases correspo~d to overall increases in fatigue
life (relative to the unpee'led condition) by factors of 22.2~ 14.0 and 14.6,
re~pecti ve ly.'

4., A prestress level of 50,000 psi during shot peening resulted in
increases in fatigue strength' at or near the optimum values.

RECOMMENDATIONS

1. The effect of 'presetting tLe springs before or after peening
should be investigated. Pre'setting would minimize dimensional changes during
high stress service. Any possible effects on the benefits of 'stress peening
should however be determined.

11
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Table 1. Test matrix

,Note: Three specimens per ,peening condi~io~. Nine non-peened specimens
pe~ s~ring size. Total number of spe~imens in program = 297.
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Tab1e 2. Test results - 1/8-in. wir~ springs

~hot_s~_~__,=-een i ng i ntens i ty Prest~-,ess ~si) Stress for 100,000 cycle 1i fe (ks i)

------,---".-"--- No peening ----- ~73

110 9N 25 223
50 225 '

100 . 223

4-6A 25 229
50 223

100 228

6-8P.· a 2~J3

25 227
50 218

100 223

170 4-6A· 25 219
50 223

100 223

6-8A 25 224
50 218

100 222

8-l0A a 205
25 247
50 241

100 242

230 6-8A 25 227
50 226

100 .. 222

8-10A . 25 233
50 235

100 239

10-12A a 204
25 225
50 237

100 227
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TableJ. Test results - l/2-in'. wire springs

-- --_.- - -- -~_._-- 156

25 164
50 158

100 161

25 174
50 184

100 ,183

0 IBO
25 1'81
50 19:5

,100 209

25 190
5.0 . 192

100 196

25 186
50 183

100, 197

0 190
25 187
50 192

100 192

25 202 '
50 201

100 '192

25 201
50 204

100 210

0 184
25 202
50 219

100 212

17

6-7C

16..:18A

12-14A

12-14A

12-14A

10-12A

10-12A

,16-18A

330

460

---.----------,..-.- No peening -----

230 8-10A



Table 4. Test results - I-in. wire springs

5.-~oJ": _s..i?.e.. ______Pe~_~i!l9._i~t_~~s_it.Y..__.1!~_s_tc~~s-lk-?Jl Stress for 100,000 ~le 1i fo (ks i)

:------------ -- -,-~ No peen i ng 110
460 16-18A 25 147

50 163
100 167

6-7C 25 159
,50 160

100 170

8-9C 0 161
25 157
50' 174

100 171

550 6-7C 25 159
50 155 ,

100 172

7-8C 25 154
50 155

100 165

8-9C ;0 166
25 163
50 161

100 168

660 7-8C 25 160
50 172

100 160

8-9C 25 ' 1'59
50 153

100 161

9-10C a i'62
25 151
50 166

100 166
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Table 5. Average effects of peening varia~les

a vs prestress (ks 1)°100------_._---------
Spring
size No

-U.Q.:l peening 0 2.5 50 100

1/8 173 204 228 '227 227
·1/2 156 185 188 192 195.

1 110 163 156 162 167

°100 c;pring . bvs Slze
-~._-----------

1/8 228
1/2 191
1 162

shot . b'
0100 vs, Slze

Small Medium Large---
1/8 224 229 230
1/2 179 191 205
1 16'3 161 160

°100 vs intensityb
---_._.-._-----

Low Medium High

1/8 223 228 232
1/2 184 191 199
1 162 160 164

.------------_._----
a Stress to give 100,000~cycle life (ksi)~

b Prestressed springs.

] g.



Table 6. Optimum effect of peening prestress

Maximum stress for 100,00O-cycle l"i fe

*Prestress level

Spring Wire Size ( in. ) 0 25 50 100

1/8 205 247 241 242
1/2 190 202 219 212
1 166 163 174 172

* Stresses in ksi.
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*Table 7. Fatigue strength improvement by conventional
peening and by' optimum'str~ss peening

Wire Size 1/8 1/2 1

No peening 173 ksi 156 ksi 110 k~i

Conventional peening 205 ksi 190 ksi 166 ksi
Improvement over unpeened 18% 22% 51%
Stress peening 2~'] ks i 219 ksi 174 ksi
improvement over unpeened 43% 40% 5.8%
Improvement over ~onventional 21% 15% 5%

* At 100,000 cycle life.
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Table 8. Estimated increases in fat)gue life

*Factor of increase in fatigue 1ife.

, Wire Conventional Stress Stress peen/
size (in.) peening peening convent. peen

1/8 3.8 22.2 5.8

1/2' 4.2 14.0 3.3

1 10.4 14.6 1.4

* Relativ~ to the, unpeened condition.
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Fiqure 1. Equiaxial surface stress

Compression~ Tension

Figure 2. Distribution of peening stress throunh a plate

stress

,Fiqure 3. Benefit of shot oeenino in 'a beam in bendinn
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·a. Peentnq stress

b. Torsional stress

C.' Sum of ~tresses

FiQure 4.' Superpo$ition of conventional peeninrJ stress
and torsional stress
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a. Torsional stress

x
""""""-"--------)

,b. Stress after peenin~ but still under torsional lbad

c. Torsional load released'

Fi~ure 5. ' Effect of stress-oeenin<1 a torsion bar
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Spacers for
different prestress
1eve1s '

Fiqure 6. Stress oeeninq fixture
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Fiaure 7. Fatioue test system



Screw ho 1es for'
other retainer
locations

Fi~ure 8. Fatiaue Loadin~ Platen (Typical)
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APPENDIX
COST OF STRESS PEENING
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The prim~ry effort in this project has been directed toward the technical
'aspects and benefits of the, stress peening process. In order to enable an
assessmeritof the cost effectiveness of the process, inquiries were made of
suppliers .of peening services and e~timated costs were assembled. These
estimates are based on the spring designs which were used in this test program.
Some variation could be anticipated if the designs were to differ appreciably.
The tabu 1ated costs do, however, ser'le .as gui de 1i nes for use i'n any cost benefi ~
study.

Table A-I gives the estimates of conventional peening costs and of stress
peen i ng costs for the vari OI:JS spr i ng sizes. The base ,pr ices of the, spri ngs are
also included. . .

It is seen in table A-I that the cost of stress peening is very much higher
than the'cost of conventional peening. This great difference arises from the
fact that stress peening requires individual handling and loading of each spring
whereas conventional peening can be performed in batches. It is conceivable that
mechanized loading equipment could be devised for some cost saving if very large
quantities of springs were to be processed. '

In t~ble A-2, the benefits of both conventional peening and stress peening~
as determined from the factors in table 8, are compared with the cost factors' in
table A-l. The resulting cost/life factors are a measure of the benef~ts to be
ga i ned from the proces ses. It is seen. that the· convent iona1 peen i ng, as
expected, exhibits very favorable cest benefit factors for. all spring sizes.
Comparing the cost benefit factors for'the stress peening versus the conventional
peenirlg, it is ,seen that the stress peening factors are better in the two larger
spring sizes but less in the case of the small springs.

Based on these values, the stress peening process' would be' economically
beneficial for the two larger spring sizes but not for the smallest size.
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*Table A-1. Estimated peening costs

Wire Basic Conventional Increase .Stress Increase
size spring peeni ng· over peening over
liTl.J_______c_o_~t__L~~~hJ___--.leach) basic (%) (each) basic (% )

l/~ $ 0.88 $0.045 5.1 $ 6.79 772

1/2 11.40 0.17 1.5 8.29 73

1 39.22 0.60 1.5 . 10.54 27

*-(orlo(s-r£es ofl000 ,to 5000. Slight variations of cost may occur 'Nithin this
range.
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Table A-2. Cost/Benefit Factors'

Wire Size ( in.) --lL?- 1/2 1

*Conventional peening
Cost factor 1.051 1.015 1.015
Life factor 3.8 4.2 10.4
Cost/life .28 .24 .10

*Stress peen~ng

Cost factor 8.72 1. 73 1.27
Life factor 22.2 14.0 14.6
Cost/life .39 ,.12 .09

*' Factors relati~e to non-peened condition.
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