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INTRODUCTION

The process .of shot peening has been used for nearly fifty years to increase
the resistance of surfaces to the formation and propagation of fatigue cracks.
The process involves the impingement of shot,upon the surface at sufficiently.
high velocity to cause permanent localized deformation of the surface. The
result of the deformation caused by a large number of shot striking the surface
is the, introduction of.a layer of compressive residual stress. This layer of
compressive stress tends to keep closed any cracks which might be forming or
propagating. This tendency is reflected in improved fatigue properties; i.e.,
longer life at a given cyc]1c stress condition or higher permissible cyclic
stress conditions for a given required life. The bibliography lists a number of
" papers which discuss the shot-peening process and its benef1ts in greater detail.

The process of stress peending is similar to convent1ona1 shot peenlng except
that the component being peened is subjected to an applied stress during the
peening operation. This procedure can result in the creation of higher com-
pressive residual stresses than would be obtained without the stressing. The .
subsequent superimposed service stresses then result in a lower total stress and,
,consequent]y, enhanced fatigue properties.

A more detailed descr1pt1on of the effect of stress peen1ng 1sngen nwthebody
of this report. ‘ )

“The objective of the present study was the determination of any benefits of
stress peening on the fatigue properties of helical compression springs. Any
improvement in fatigue strength could be translated inte increased service life
or into savings in spring we1ght size and, possibly, -cost in their use in
armament applications. o

THE STRESS-PEEMING PROCESS
Conventional: SHot Peening

The convent1ona] shot- peen1ng process involves the impingement of high--
velocity shot against a surface which is in a free stress state, except. for any
residual stresses which may be present. The resulting -surface stress is
biaxially uniform, as depicted in Figure 1. The, magnitude and depth of this
compressively stressed” layer is dependent upon several variables; as will be
discussed in the next section of this report. Immed1ate1y below the compressive
layer, there must be a region of tensile stre<s in order that the requirements of
force and moment balance be.met. The magnituas and distribution of this tensile
stress is dependent on the geometry of the part. The magnitude is generally
~small and is, therefore, not often of consequence with regard to the initiation
of fatique cracks. An example of a typical distribution of residual stress
through the th1ckness of a plate wh1ch has been peened on both face is- shown in
F1gure 2. . :



The benefits of shot peening are depicted in Figure 3. This is the classi-
cal case -of superposition of externally-imposed bending stress and the residual
stress induced by shot peening. It is seen that the maximum surface tensile stress is
lower as a result of the peening. Since most fatigue faiiures originate in
 regions of tensile stress, this reduction of the stress proves to be beneficial.
The elevation of tensile stress in subsurface regions is not very detrimental in
most cases because, first, the elevation.is usually small and, second, subsurface
regions are not as susceptible to crack formation as are surface regions.
Another ‘potentially detrimental aspect of the peening arises from the fact that
externally applied compressive stresses superimpose on the compressive peening
stressec, resulting in an increased maximum compressive stress. This increased.
compressive strass is not generally of serious consequence since failures do not
commonly originate in .regions of such .stress. If the resultant compressive
stress is sufficiently nigh, yielding 'will occur and the maximum value W111 be
Timited. .

In the case of externally. applied torsional loads, the resultant of peening
stresses and applied stress is. dependent on direction.. Figure 4 shows this
- relationship. It is seen that, for a given direction of applied torque, there
results a maximum principal (tens11e) stress 1n one 45° direction and a minimum
nrincipal (compressive) stress in the other 45° direction. When equiaxial com-
pressive residual stresses are superiaposed at the surface, it is seen that the
resultant tensile stress is. decreased. and the resultant compressive stress is
increased. The degree of reduetion of tensile stress depends upon the relative
magnitude of the residual peening stress and the externally applied torsion
stress. The resultant may be tensile, zero or even compressive. The compressive
- stress in the orthogonal direction w111 always remain compre551ve under such
zero-to-maximum torque 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 during one portion of the cycle
and compression- compress1on superp051t1on durwng the opposate port1on of - the
cycle.

Stress Peening

The stress-peening process differs from the conventional shot-peening
process in that the part is subjected to an externally-appiied load during the
peening operation. In the case. of a flat p]ate (such as a leaf spring) this load
‘would be a bending load so that one face was in tension and the opposite face in
compression. If the tensile face is peened, the resultant stress while under
load will be about the same as if the load had not been applied.  When the load 'is '
" released, however, the stress will go even more compressive. Thus, if the
scrvice 1oad is basically unidirectional, such as in a veh1c1e'suspension, the
net stress on the tension side will cycle from a high compression when unloaded
‘to a lower compression’ when loaded. The mean stress of the cycle is more
compressive than it would have been without the stress while being peened
Fatigue propert1es are thereby enhanced by the stress peening.



The hencfits of peening the side which'is prestres ed in compression are not
as clear. [ fact, the mean stress actually ends up in less compression than for
conventional peening and the superposition of the applied stress and the peening
stress does. not represent an improvément as it does on the tension side. Thus,
stress peen1ng of beams is usua]ly Timited to cases wherein the service ‘loads are
ﬂon- reversing. ‘

The situation in a torsion 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 directions. When the external
torque is released, the original direction of applied tensile stress will exhibit
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 stress and
the release of applied compressive stress for a net value of small magnitude,
compression or tension depending on the exact values. When 'an external uni-
directional cyclic service torque is applied, the stress will cycle from high
'compress1on to moderate compression (depending on exact loads) in the one
prwnc1pa1 stress direction and will cycle from near zero to moderate compression
in the orthogonal direction. Thus, the direction which was originally subjected
to high tensile stress is now held to modest compression at the peak of the
cycle. The orthogonal direction, which was originally 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, schematica]ly,‘the‘above»effetts.

It should be noted that the preceding discussion assumes that stresses do
not become sufficiently high to result_in yielding of the material (except for
the local yielding caused 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 yielding 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 stress peening.

- It is seen that the net result of stress peening may be nearly the same as
for conventional peening for a unidirectionally-applied torsion cycle, except
_ that ihe roles of the two 45~ planes are reversed. Thus, the benefits of stress
peening of torsion bars dare not easily predictable. They depend on the details
of the treatment and the response of the material to such treatment. Thus, it
becomes necessary to conduct actual peening and fatigue tests to determine -the
benefits which might be attained with a particular set of variables.



The preceding discussion has been centered around a straight torsion bar.
The present. study is centered around helical compression springs. Stress
~analysis shows that the stress in a helical spring is predominantly torsion with
only a small degree of superimposed bending and direct shear in most springs
Thus, any stress effects in a straight torsion bar are nearly the same in a
" helical spring.

" . One ‘other aspect 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 occurs

early in the life of the spring. In order that spring dimensions be maintained,
it is sometimes the practice to impose this setting prior to installation (then

known as presetting). Presetting was not one of the variables 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 is mentioned here since it does result in

some modification of the residual stress pattern and may, consequent1y, have some

effect on fatique life.

TEST PROGRAM . -
Test Parameters

In planning a program to assess the effects of stress peening on helical '
compression springs it is necessary to establish the various parameters and their -
- ranges in order to insure that their effects are maximized and are correctly

tested. The parameter va]ues were selected on the basis of several factors. such
as the following: .

Spring sizes of interest in:-armament applications.

. Spring materidls of interest in armament applications.
Shot sizes - Practical ranges for different part sizes.
Peening intensity - Experience from previous applications.
Peening coverage - Complete coverage in all rases.
Prestress levels - Practical range.

Fatigue test loads - Desired failure lives.
Fatigue test speeds - Available test equipment.

A test matrix was developed around the several parameters. The matrix is
shown in Tahle 1. Details of various parameters in the matrix are discussed in
succeeding sections of this report.

, The study was based on the criterion of stress at a life of 100,000 cycles.
' In order tc achieve good estimates of stress for that life, three specimens were
tested Tor each set of parameter values. Test stresses were estimated with the
intent of bracketing the 100,000-cycle failure 11fe



Sprwngs

The basic wire sizes were selected to be representative of the range of
springs in armament applications. The detailed design of 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
paragraphs. : . IR

Wire Size: The wire sizes were established as a contract requirement. They
were selected as being representative of a reasonab]e range of sizes which are
.found 1n armament applications. v

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 %-1in. size and chrome-silicon wire (ASTM A304, Grade 5160H) was used for
the 1-in. .size. . The 1/8-inch diameter music wire was purchased to Federal
Specification QQ- w 470b. Analysis showed 0.83% C, 0.49% Mn, 0.26% Si and other
elements within ‘maximum 1limits. The chrome-vanadium wire was purchased to
ASTM A231. Analysis showed 0.50% C, 0.85% Mn, 0.7:1% Cr, 0.18% Va, 0.21% Si with
other elements within maximum limits. Composition of the 1-in. 5160 H w1re was
0.60% C, 0. 87% Mn, 0.018% P 0.016% S, 0.23% Sw and 0.73% Cr :

Stress: A h]gh stress des1gn was necessary in order that fatigue tests
could be planned for failure at well less than 100,000 cycles In anticipation
of ‘high fatigue strength resulting from the stress- -peening process, allowance
~had to be made for higher-than-usual stress .levels. Thus the springs were
designed so that solid compression would give stresses well in excess of .the
yield strenath. This design would then enable the development of h1gh enough
tyclic stresses to cause failure without the spr1n% going sol1d Stress

ca]cu]at1ons were based on the corrected Wahl formula.

Gap Between C01ls. 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 springs. This requirement was conswstent ‘with
the hlgh -stress requirement so.'it presented no prob]em -

St1ffness. The stiffness requirement was determined primarily by the need
to keep test deflection low. The attainable cyclic rate of the fatigue testing
is inversely related 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) as ‘low as possible and to keep the overa11 spr1ng 1ength to a
- minimum by Timiting the number of turns.

anal Design: The result of these considerations was a de51gn of spr1ng
which was nearly geometr1ca11y similar for the three wire sizes. The nominal
design values are given as follows: »

1

A.M. Wahl, Mechanical Springs, Second ed1t10n, McGraw Hill, New York, 1963,
pp 229-235. ,



Wire diameter (in.) ~0.125 0.5 1.0

Spring index 4 4 4
Total coils 5 5 5
Active coils ' 3 3 3
Pitch (in.) 0.25 0.875 - 1.625
Free length (in.) - 1.0 3.625 6.875
Outside diameter (in.) 0.625 2.50 5.0
Spring constant (1b/in.) 940 ~ 3750 7500
Solid stress (ksi)* 320 240 - 200

Load for 100 ksi (1b) 110 1750 7000

* Corrected for'he1ix anglé

The design allows.for the expectat1on that the failure stresses wou1d vary
: 1n an inverse relaticn to the w1re size.

A1l springs were ground to final length.

Manufacture: The spring manufacture was subcontracted to Hardware Products
' Company, Inc.,' of Boston, MA. The smallest springs were cold wound on ar
automatic machine. They were given a stress relief 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 annea1ed
condition, then oil-quenched and tempered.

Thirty extra springs of each size were manufactured.. The 99 springs.of each
size in the test program were selected from the total of 120 on the basis of
spring length. 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 cons1dpred
identical with regard to load-deflection-stress chavacterwstwcs

Shot Peening

- General: The shot-peening operations were performed by Hetal Improvement
Company at the Carlstadt, NJ plant. Materials and preccduves were in compliance
. with MIL-S-13165 except where deviations were necessary in grder to meet the
needs of this study. Control of shot size and Guality, measurement of 1ntens1tj
and measurement of coverage were performed accovding ic the Standard. Shot size
and intensity were, in some cases, outside of standard ranges in order that the
effects of these variables could be tested. , o

Stress Peening Fixtures: ‘In order to0 . achieve the proper prestress in the
springs, special fixtures were constructed. The fixtures were arranged as shown
in Figure 6. Spacers were sized so that the springs would be compressed to
stress values of 25, 50 or 100 ksi and held at that degree of compression during
the peening operation. One fixture, with its accompdnywwa 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 exposed uniformly to the shot stream. To ensure coverage of the
critical region on the inside surfaces of the ccils, a separdte lance-type nozzle
‘was made. This arrangement: a]]ows shot to pass through a tube down the center of
the spring until it strikes a 90° 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 Control: The peening intensity is measured by Almen strips2 which
are thin steel strips which deform under the action of the shot. The peening
machine parameters are adjusted at each setup to achieve the specified Almen
strip deformation (arc height) prior to peening the springs. Intensity is
checked periodically during the usage of each setup. The peening coverage is
~ checked for completeness by means of observation of a fluorescent coating wh1ch
is removed by the peening (trade name - Peenscan)..

Peening Cond1t1ons: The actual conditions of shot peening were given in
table 1. As mentioned earlier, these conditions were selected with the intent nf
bracketing the optimum cond1t1ons of shot size, intensity and prestress 1ﬂsofar
as these optimum values could be estimated.

FATIGUE TESTS
Test Equipment

The cyclic tests were conducted in standard electro-hydraulic materials
test machines. A schematic diagram of this type of test machine is given as
, figure 7. The test frame incorporates a hydraulic actuating cylinder which
drives the lower test platen. Vertical posts hold an upper crosshead to which
are attached a load cell and upper platen. The test springs are located between
the upper and lower platens and are cyclically compressed to the desired.degree
by the action of the actuating cylinder. An electronic. servo~-contrcl system
allows a wide variety of test conditions wherein the lnad history or the dis-
placement history, as selected, is constrained to follow 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, ‘ ‘

Loading platens were built to support‘the springs and to transmit 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 sprinygs. The gu1de bosses
were moveable so that each set of platens could be set up to give ba]anced

‘1oad1ng for one, two or three springs at a time.

Protective shields were 1ocated around the p]aten region in case of brittle
fracture and flying pieces of broken springs.

2 See, for examp]e MIL S- 131658 Amendment 2, 1979,



Fetigue Test Procedures

The first step in setting up each test was the calculation of the test load
or the first deflecticn. (Both modes were used, as discucsed later.) These loads
were estimated as nearly as possible to bracket a failure life of 100,000 cvcles.
The target short. life was 50,000 cycles .and 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. .
Springs from different sets were often tested together, the test p1atens having
been designed for up to three spr1ngs

The - original plan " to use the deflection-controi mode of the test
machine. In this mode, the ¢alculated - displacement which corresponds to the
desired spring load is programmed into the machine. The load is monitored by the
machine control system and, when the load begins to drop as a result of spring
failure, 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 were yielding slightly or, in spring-industry
parlance, were setting. With constant deflection amplitude of the platens, this
setting resulted in a reduced load amplitude and, on occasion, in separation of
the springs from the platen surfaces. In order to avoid this situation, the
remaining springs were ‘tested under load control. The load was programmed to
cycle between the maximum value for a particular test and a minimum value of 10%
of the maximum. Failure was detected by an increase in 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 spring would give a similar increase in deflection. In any case, the use of
. the load control mode gave assurance that the fu]l amp 1itude was be1ng app11ed to

each spr1nq throughout the tests.

Data Ana]ys1s Procedures

The f1rst step in the analysis of data was to enter the data for each set of
three springs into a small computer program. This program was set up ‘to-
establish by linear regression the best fit to the data on a stress vs. log-
cycles plot. A sample of the results is given in Figure 9. Since many of the
aspects of the spring processing and testing are statistical in nature (as is the
fatigue process itself) and since there were only.three specimens per condition,

. the range of these curve fit values was rather wide. The most sensitive
parameter was the slope of the curve. 1In cases where the three data points were
grouped closely together, small deviations in data produced large and-
unrealistic changes in slope. In order to enable comparison of the various
conditions at a life of 100,000 cycles, a single slope value was established by
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 1ife of
100,000 cycles was calculated. Figure 10 shows an example of.-this. procedure.
.Data are presented in terms of -the maximum nom1na] stress in the cycle, as
calculated by the corrected Wah1 formula. ‘



TEST RESULTS
Data

Tab]es 2 through 6 show the results of the anaiysis. The stress to give
100,000 cycle life is given for each set of three specimens {one set of
cond1t1ons) The best fit of the data from the nine non- peened specimens of each
size is a1so included in Tables 2 through 4.

Effects of Variables
Average Effects

Table 5 shows the overall effect of each of the var1ab1es The values
shown in this table are obtained by averaging all data for each varijable. For
.example, the effect of shot size on 1/8-in. springs is obtained by averaging all
. data for 1/8-in. springs for the smallest shot size, etc., for the other sizes.
It is seen irom table 5 that the average effects of fhe variables are the
f0110w1ng ,

0 Regardless of peening variables, the shot- peéned sprlngs show
much higher fat1gue strength than the non- peened spr1ngs, the
1mprovement ranging from 25% to 52%

0 Conventional peening (zero prestress)'gives increases in fatique
strength varying from 18% to 48% over the .non-peened condition.

0 fThe stress peening operation, “as compared with conventional .
peening, gives average increases in fat1gue strength rang1ng from
1% to 11%, the increase being greatest in tne smallest springs.

0 The fatigue strength in terms of applied stress decreases with
increasing spring w1re size.

0 For the range of shot sizes used, . the shot size was not a
strongly-effective variable for the smallest and largest springs.
The %-in. springs did improve about 15% as shot size increased.
These results can be interpreted as meaning that the selected
‘shot sizes were about optimum for the smallest and largest
~ springs "and that the largest size of shot used on the b-in.
springs approached the optimum size. ,

0 In all cases, the average fatxgue strength was greatesL 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 somewheére near the-optimum values.



Optimum Effect of Stress Peening

[f the evaluation of stress peenipg is li.ited to those conditions
where other variables are more.nearly optimized, the stress-peening effect
appears greater 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
cptimum condition always occurred at the highest peening intensity. The optimum
shot size was 170 for the small springs and 460 for the medjum sized springs. The
optimum peening conditions for the.large 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 and 100 ksi prestress occurred with 550
shot while 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 with the other prestress levels.

. A prestress level of 50 ksi appears to be optimum for the two larger

spring sizes. For the smallest size, a prestress of 25 ksi gave very slightly.
higher results. As a rule of thumb, 50 ksi appears to be a reasonable value of
prestress regardless of spring size.

In summary, the conditions which give the abso]ute maximum benefit are
given in the following table. :

Wire size (in.) - 1/8 /2 L
_Intensity high high high
Shot size . 170 460 . 460
Prestress (ksi) 25 50 . ' 50

. The optimum resu]ts are compared in table 7, using the unpeened
condition as. a reference. ased on these optimum values of fat1que resu]ts,
" stress peening gives.signif1cant improvement over conventional peening in the
two smaller spring sizes but gives relatively small improvement over
conventional peening in the l-inch size. If we use the conventionally peened
condition as a baseline, the optimum stress peening gives 20%, 15% and 5%
additional improvement for the 1/8-in. 1/2-in. and 1-in. sizes, respectively.

It should be noted that as a consequence of the slope of the fatigue
curve (e.g., figure 9), a given increase in fatigue strength corresponds to much
larger increase in life. The data obtained dur1ng this program indicate about a
ten fold increase in 1ite for a 55 ksi increase in fatigue strength. Thus, what
may appear to he a relatively small improvement' in faffquev strength can
correspond to a significant increase in service life. Estimat:cs of this increase
in 11F@ for conventional peening and for stress peening are given in table &.

An aralysis of the cost bene¢1- aspects of conventional peening and of
stress peening is made in the Appendix. The results of this analysis show that
as expected, the economic benefits of coaventicnal peening are considerable but’
that the economic benefits of stress peening are greater eruept in the sma11est
spring size considered in thls study.
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CONCLUSIONS

- 1. The fatique strength under any of -the peening conditions tested
was markedly greater than that of non-pecned springs.

2. The conventionai shot peening treatment resulted in increases in
fatigue strength of 18%, 22% and 51%, respectively, for springs having 1/8 in.,
1/2 in. and 1 in. diameter wire. These increases correspond to increases. in
fatigue life by factors of 3.8, 4.2 and 10.4, respectively.

3.  The stress peening process produced additional ‘ipcreases in
fatique strength of 20%, 15% and 5% over the conventionally peened conditions fer
the 1/8 in., 1/2 in. and 1 in. sizes, respectively, (based on the conventionally
peened condition). These increases correspord to overall increases in fatigue
life (relative to the unpeened condition) by factors of 22.2, 14.0 and 14.6,
re§pective1y. :

4.. A prestress level of 5C,000 ési during shot peehing resulted in
increases in fatique strength at or near the optimum values.

RECOMMENDATIONS
} 1. The effect of bresetting the springs before or after peening
should be investigated. Presetting would minimize dimensional changes during

high stress service. Any possible effects on the benefits of stress peening
should however be determined.

11



12



10.
11

12.

13,

14,

BIBLIOGRAPHY

. AWM. wah1 Mechahica] Springs, Second edition, McGraw-Hi]] New York, 1963.

| Handbook of Spr1ng Des1q_, Spring Manufacturers Inst1tute, Inc., Oak Brook,

IL, 1981

Design and Application of Helical and Spiral Sgrwng§, SAE HS J795, SAE
Warrenda]e, PA, 1980

Metals Handbook, Cighth edition, ASM, Cleveland, OH, 1961, pp. 160-174.

Manual on Shot,Peening, SAE HS84, SAE, Warrendale, PA, 1978.

Shot Peening of Metal Parts, MIL-S-131658, Amendment 2, 1979.

Shot Peening Applications, Sixth edition, Metal Improvement Company, Inc.,
Paramus,»NJ, 1980. ‘ , ‘

Cast Steel Shot, SAE J827 SAE, Warrenda1e, PA, 1982.

Test Strip, Ho]der and Gage for Shot Peening, SAE J442 SAE, Warrendale, PA,
1979

J.0. A]men, Torsional Fatigue Failures," Product Engineering, v01 22, no. 9,
1951, p. 167 and vol. c3, no. 3, 1952 pp. 168 112.

F.P. Zimmerli, "Heat Treating, Setting and Shot-Peening of Mechanical

© Springs," Metal Progress, vol. 67, no. 6, 1952, pp. 97-106.

“John C. Straub and Don May,“Jr., "Stress Peening,“ The Iron Age, Apri] 1949,

H 0. Fuchs,."Forecast1ng Fatigue L1fe of Peened Parts," Meta] Progress, May,
1963

R.L. Mattson and W.S. Coleman, Jr., "Effect of Shot-Peening Variables and
Residual Stresses’ on the Fatigue Life . of Leaf-Spring  Elements," SAE

Transactions,. vol. 62 1954, p. 546.

13



14



Table 1. Test matrix

Spring - Shot " Peening
Size Size  Intensity Prestress (ksi)

25 50 100

jo

1/8-in. ‘ .
110 CoN + + 4
| 4-6A ‘ o
| 6-8A o+
170 . 4-6A |
" 6-8A
 B-10A -
230" . 6-8A
8-10A - | |
10-12A + v v \

None CNome No peening

[=]

1/2-in. . , S :
230 8-10A - + £ +
10-12A |
12-14A +
330 . 10-12A
o 12-14A ‘ _
A 16-18A +
460 12-14A ‘ :
16-18A ‘ -
6-7C B 1
None None ‘ _ No peening

o

B 01

(o]

460 16-18A + + +
6-7C , ‘ : : '
: . 8-9C +
550 6-7C .
- . 7-8C .
: 8-9C - +
660 . 7-8C o
) 8_9C : - .
9-10C + B ] f

‘Note: Three.specimené per peening condition. Nine non-peened specimens
per spring size. Total number of specimens in program = 297.
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Table 2. Test results - 1/8-in. wire springs

- Shot size Peening intensity _ Prestress (ksi) _ Stress for 100,000 cyé]e 1ife (ksi)

- No peening — . 173
110 . 9N . 25 , 223
' : 50 , 225
100 . 223
f 4-6A 25 229
: 50 | 223
100 228
€-8A. 0o 203
2 : 227
50 218
100 223
170 ' 4-6A 25 | 219
' : o 50 : 223
100 223
6-8A 25 . 224
.50 218
100 222
' 8-10A S0 ' 205
o 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 ‘ ) 0 204
, 25 - 225
50 : 237

100 - 227



Table 3. Test results - 1/2-in. wire springs

Shot size  Peening intensity Prestress -(ksi) _ Stress for 100,000 cycle life (ksi)

S 186

—— == No peening - ‘
230 : 8-10A 25 L 164
, . . 50 ‘ 158
100 161
10-12A 25 S 174
o S s0 . ' 184
w0 183
12-14A o0 1RO
| ‘ 25 18l
50 | 195
100 B 1
330 10-12A R e
L - 50 S 1
160 1%
12-18A 25 o 186
S 50 183
100 _ S99
16-18A 0 190
S | 25 . 17
50 | 192
100 192
460 C12-14A 5 | 202
» 50 | 201
100 | 192
16-18A 25 o 201
B 50 » 204
00 210
e-lc 0 s
25 : 202
50 | : 219

100 212



Table 4. Test results - 1-in. wire springs

s=mmrmm——=—---— NG peening . - 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 . an
550 - 6-7¢ 25 159
| 50 S 155
100 o 172
7-8C 25 ‘ o 1se
' 50 155
10 165
8-9C 0 o 166
25 o 163
.50 | o 161
100 | 168
660 - 7-8C 25 160
4 - 50 o
w0 . 160
8-9C 25 - 159
. s0 . 153
100 o 161
- 9-10C ‘ o 162
25 | 151
50 166
100 | 166



Table 5. Average effects of peening variables

dTOO {3_ prestress (ksi)

Spring

. size No . ’ . L ,
_(in.) peening = .= 0 25 ‘50 100
1/8 173 - 208 228 221 227
/2 156 185 188 192 195

1 110 163 156 162 167

U1p0 VS SPring size®

18 . 228

1/2 191
1 162

61090 VS " shot size®

~ Small Medium Large
1/8 224 229 . 230
1/2 © 179 191 205
I ‘ 163 161 160
O100 VS 1ntensityb

Lgﬂi Medium High

1/8 223 . 228 232
172 184 191 199

1 162 1160 164

3 Stress to giVe 100,000-cycle life (ksi).

b Prestressed springs.
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- Table 6. Optimum effect of peening prestress

Maximum stress for 100,000-cycle life

Prestress 1eve]*

Spring Wire Size (in.) O 25 50 100 .
1/8 205 247 241 242
172 190 202 29 212
1 166 163 174 172

Stresses in ksi.

20



Table 7. Fatigue strength improvement by conventional
- peening and by optimum stress peening

Wire Size

No peening

~ Conventional peening ,
Improvement over‘unpeened
Stress peening ‘
Improvement over unpeened
Improvement over conventional

At 100,000 cycle tife.

21

1/8 1/2. 1
173 ksi 156 ksi 110 kei
205 ks 190 ksi 166 ksi

18% 22% 51%
207 ksi 219 ksi 174 ksi-

435 40% 584

21% 15% 5%



Tablie 8. Estihatéd increases in fatique life

o . ' * »
__Factor of increasé in fatigue life.

‘Wire ~ Conventional Stress. Stress peen/

size (in.) . peening peening convent. peen
18 3.8 - 22.2 5.8
12 4.2 . .0 3.3

1 10.4 ' 14.6 1.4

Relative to the_uhpeened condition.
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~ Figure 1. Equiaxial surface stress

Compression -@——t+—3= Tension

-

Figure 2. Distribution of peening stress throuah a plate

N -\-———-——4—_

Bendina stress.

k&_ Resultant stress

L

| . Zl ' Peening stress
ey s o — .
0 L - -

. Fiqure 3 . Benefit of shot neeningo in a beam in bendina
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a. Peenina stress

-b. Torsional stress

c.- Sum of Stresses

Fiaure 4. Superpos1t1on of conventional peenwnn stress
and torsional stress
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a. Torsional stress

7 T

.b. Stress after peenina but still under torsional load

4 o
c. Torsional load released:

Figure 5. " Effect of stress-peening a tgrsion bar
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Fiqure 6. Stress peeninqg fixture
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~ Load. Cell"

" Test Spring

_' Displacement Cell
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— ||
\N

Load

Sianal
Conditioner

Cycle Counter
Failure Detector
Shut Off '
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t

Displacement
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Conditioner

T\

Mode
Selector

Hydraulic
Power
Supply-

Test

Frame

Servo
Valve
" Drive

Command
Sianal

Servo
Comparator
and Amplifier

S

Fiaure 7. Fatiaue test system
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Fiqure 8. Fatiaue Loadina Platen (Typical)
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Figure 11. Effect of prestress: average
of a]]'peening‘conditions.
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—
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len]
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No No 25 50 100
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. Figure 12. Effect of prestress: optimum
peening conditions
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APPENDIX
COST OF STRESS PEENING
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The primary effort in this project has been directed toward the technical
aspects and benefits of the stress peening process. In order to enable an
assessmenit of the cost effectiveness of the process, inquiries were made of
suppliers of peening services and estimated costs were assembled. These
estimates are based on the spring designs which were used in this test program.
‘Some varijation could be anticipated if the designs were to differ appreciably.

. The tabulated costs do, however, serve as guxde11nes for use in any cost benefit
study. .

. Table A-1 gives the estimates of conventional peening costs and of stress
peening cests for the various spring sizes. The base prices of the. springs are
also 1nc1uded

It is seen in table A-1 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 ]oading of each spring
whereas conventional peening can be performed in batches. It is conceivable that
mechanized loading equipment could be devised for some cost sav1ng if very large
quantities of springs were to be processed.

In table A-2, the'benef1ts of both conventional peening and stress peening,
as determined from the factors in table 8, are compared with the cost factors .in
table A-1. The resulting cost/Tife factors are a measure of the benefits to be
gained from the processes. It is seen. that the conventional peening, as
expected, exhibits very favorable cecst benefit factors for all spring sizes.
Compar1ng the cost benefit factors for the stress peening versus the conventional
peen1ng, it is seen that the stress peening factors are better in the two larger
spring sizes but less in the case of the sma11 springs.

Based on these values, the stress peening process‘wou]d be\economiéally
beneficial for the two larger spring sizes but not for the smallest size.

35



Table A-1. Estimated peeding costs

*

Wire Basic Conventional Increase - Stress Increase
Size spring peéning over peening over .
in.) _ cost (each) (each) basic (%) (each) basic (%)
178 $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

* For 1ot sizes of 1000 to 5000. Slight variations of cost may occur within this

range.
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Table A-2. Cost/Benefit Factors

Wire Size (in.) ] 1/8 R VY 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 peenjng* _ .
Cost factor ‘ '8.72 1.73 1.27

Life- factor L 22.2 14.0 14.6

Cost/life ‘ 39 .12 .09

* ..
Factors relative to non-peened condition.
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