STRESS

- PEENING

-

By JOHN C. STRAUB

Chief Research Engineer,
and

DON MAY, JR.

Researck Engineer,
Americam Wheelabrator & Equipment Corp.,
Mishawaha, Ind.

N HOT peening has been used extensively for
8 increasing fatigue strength of machine
parts. Since the beginning of the applica-

tion of this process in production, a great deal

of investigation has been devoted to determining’

the influence of factors responsible for the in-
crease in fatigue strength.. Some of these in-
vestigations have led to the development of meth-
ods of shot peening that further increase the ef-
fectiveness of the process.

The method of shot peening with which this
discussion deals is oneé in which the increase in
fatigue strength is striking even when compared
with -the fatigue strength of conventionally
peened parts. Investigations at- -the American

N

e Schematic illustration of application of. siress o spring

while Wheelapéening,

Wheelabrator & Equipment Corp. have verified
the results of initial tests that demonstrated that
this particular process of shot peening goes far
beyond- the results obtained by eonventiona!
peening.

This process has been referved to as Stress
Peening becauge it consists gf wshot peening while
the part is statically stressed in the same direc-
tion as the stiress to be sustained in service. The
same technique is used as in conventional peen-
ing, except for the application of static streas
during the process. Fig. 1 shows the method of
application of the static load during the peening
of specimens for tests described herein. A coil
spring would be subjected to a load to compress

® Fig. |—Fatigue specimen statically ¥ogdéd~ for sivess

peening.
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it during peening. The release of the external
ioad after peening adds further residual stresses
to those already imparted by the impact of the
shot.

Stress peening is applicable to any part that
is subjected to repeated stresses of high magni-
tude in simple bending or torsion, provided the
part can be stressed during peening in the same
sense as the stress to be sustained in service.
Simple bending or torsion involves repeated
stresses not completely reversed. Such parts
might include leaf springs, coil springa, torsion
bars, propeller shafts and belleville springs.

Stress peening can be used as a means for
further reducing the size of parts that are being
conventionally peened. .In cases where shot peen-
ing is not being applied to production parts, a

Stress peening, a process of shot peening while
the part is statically stressed in the same direc-
tion as the stress fo be sustained in service,
gives some subsfantial improvement in faligue
strength. Results of investigations of stress
peening, as well as the theory of the process,

are discussed by the authors.

very. substantial reduction in size could be ac-
complished by stress peening.

An example of the increase in fatigue strength
by stress peening is illustrated by a comparison
of the fatigue life of specimens shown in table 1.
The material was SAE 9260 steel, quenched and
drawn to 40 to 456 RC. The surface on the tension
aide where failure occurred was as-rolled, for
the purpose of simulating many production parta.
These tests were run in simple bending on a
Krouse fatigue machine. It will be observed in
the fatigue data in table I that there is a wide
spread in life in some cases for presumably the
same conditions. This is probably the result of
the as-rolled condition in which surface imper-
fections can be expected. These imperfections
would be expected to produce a wider spread in
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® Fig. 2—Fatigue specimen reported in table i.

*

TABLE |

Specimens Wheelapeened at 0.014 A-2 Arc Height*
Test Stress 0 to 137,000 Psi

Cycles to Faiiure
S Numbar
Minimum Averago of
of Group of Group | Specimens
Not Peoned . .. e 27,000 53,000 9
Peoned Conventionally. .. .. . 95,000 162,000 ! 9
Strass Poened, Static Stress, 1
WHLo P&, . ... . 201,000 | 4,000,000t . 10

t Two specimens of this group were run to 10,000,000 cycles withoy!
{ailures.

® Rofars to test made on Mo, 2 Aimen Specimen Gags for nupssuring
arc height of Aimen test spacimens
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TABLE 1

Specimens Wheelapeened ot 0.014 A2 Arc Haight
Test Stress 0 to 137,000 Psi

Cycles to Fallwre

Miaimum Average L
of Group of Group | Specimens

NetPeoned.................. 38,000 £5,000 18
Poenod Gonvenifonally. .. .. ... 131,006 §1,18.000 8
Siraes Pasned, Static Slrose,

W Pe. .. ... 923,000 § 7.284,0007 8

1 Five specimens of this group were run to 10,000,000 eycles without
fallure.

tests approaching the endurance Hmit stress for
indefinite life. All tests were run in simple bend-
ing, that is, from substantially zero to a maxi-
mum stress during each cycle.

Table 1 is a brief summary of one of the earlier
series of fatigue tests on laboratory specimens
shown in fig. 2.

In these tests the stress peened specimens were
subjected to the same peening conditions as those
specimens peened conventionally, except for the

spplied stress during peening. That is, the peen-

ing was done with P-23 chilled iron shot at 1775
rpm using a 15 in. dian wheel; a conveyer gpesd
of 12 fpm; and a shot flow vate of 150 Ib per min.
This produced an arc height of 0.014, A-2 on the
standard Almen gage.l

From these data it will be seen that with cop-
ventional peening the average life of these speci-
mens was increased better than 300 pet at a
stiess that resulted in a very short life on non-
peened specimens. With conventional peening all
specimeny ¢howed a finite life. A comparison of
life shows a marked increase for stress peened
speeimena, but this comparison is somewhat in-
determinate because of the fact that some of the
stress peened specimens appear to have indefinite
life. A comparison of the minimum life of the
specimens in table T shows an increase of 860 pet
for the conventionally peened group and almost
750 pet for the stress peened group. An éxami-
nation of the stress peened specimens that failed
suggested that the failure started 1/64 to 3/64
in. below the surface.

A second series of tests was made on apecimens
that had been chamfered on the edges as shown
in fig. 8, which would be more representative of
actual machine parts. Tt should be mentioned
that the chamfered specimen shown in fig. 8 was
adopted for all subsequent fatigue testing. The
results of this second series of tests are shown

TABLE 1t

Specimens Wheelapsened at 0.010 A2 Arc Helght
Test Stress & to 137,000 Psi

! HMurmber
t Minimum | Average
‘ of Groun af Geoup | Speclmens
Peaned Convertionally . ... g 151,000 | 28,000 1
Stross Pesned, Static Stress,
VTO00PE. .. ) 137, 000* ] 7.800,0001 s

fai 4 Sik specimens of this group were vun to 10,000,000 eycles without
e,
© *Next lowest life 738,000 cycles
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in table II. The peening conditions were the

same as used in the tests reported in table L
The minimum life of stress peened specimens

in table II was more than seven times as great

. a8 that for the conventionally peened specimens.

The average life of the conventionally peened
group was very strongly influenced by one speci-
men that failed at an exceptionally long life of
8,700,000 cycles, compared with the other speci-
mens of that group. The next longest life was
257,000 cycles, or less than one-third of the
shortest }ife obtained in the stress peened group.
Subsequent testing under the same conditions has
indicated that the average life of identical speci-
mens conventionally peened is on the order of
275,000 cycles. The static atress used in stress
peening the specimens reported in tables I and I1
was the same as the applied stress in the fatigue
tests, namely, 137,000 psi.

Table III repres:nts tests in which the peening
was done at a reduced wheel speed, thus resalting
in & réduced are height of 0.010, A2. Other in-
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* & Fig. 3~Fatigue specimen reported in tables I,
1, IV and V.

vestigations on the same type of specimens have
indicated that for conventional peening, 0.014,
A-2 is the optimum-for this thickness. :

The minimum life of the stress peened group
was exceptionally short as compared to the others
of that group, which would suggest that there
may have been an invisible defect in the steel.
The only other failure in this group occurred at
789,000 cycles, which is considerably greater than
the maximum life of the conventionally peened
group (484,000 cycles).

Additional tests have been run with a mate-
rially decreased static stress during stress peen-
ing with similar results. The lowest static gtress
used to date is 90,000 psi. Inasmuch as the speci-
mens peened while subjected to this stress indi-
cate an endurance limit stress substantially the
same as those with a greater static stress during
peening, it is reaaonable to believe that a sub-
stantial increase in fatigue strength could be ob-
tained with even lower static siress; but would
approach that of conventional peening ss the
static stress approaches zero.

Another series of tests was made at an applied
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stress of 157,000 pai. lin this case, the stress
peened specimens were subjected to z statie
stress of 137,000 psi during peening. The re-
sults are shown in table IV,

It should be mentioned that only one stress
peened specimen indicated in table IV had a
shorter life than the maximum life of conven-
tionally peened specimens. Stress peening should
be distinguizshed from the process commouly
known as presetting, scragging, or bulldozing.
Presetting consists of loading a machine part in
the same direction as the applied service load to
a sufficient stress to exceed the yield streas
thereby causing permanent deformation or set.
When the external load is released, the surface
fibers in which the yield stress was exceeded (in
torsion or bending) will be in 2 state of stress
in the opposite sense to that applied on those par-
tieulsr fibers during the presetting operation:

It has been found' that presetting after shot
peening is more effective in increasing fatigue
strength than presetting alone or presetting fol-
lowed by shot peening. Although the increasze
in fatigue strength by shot peening can be aug-
mented by presetting, the results do not approach
those obtained by stress peening.

In order to investigate the relative fatigue
strength in a siress peened part in coemparison
with one which has been shot peened and preset,
a group of test specimens, identical to those

1 Tension 0

T

Compression
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p

® Fig. 4—Distribution of stress in o beam with
external bending load only.

shown in fig 3, was tested after having been
shot peened and preset. The results of this com-
parison are shown in table V. The data of table
II are repedted in table V for ease of comparison.
The firat row of preset figures in table V shows
the results of tests en specimens which, after
peening, had been preset to the extent that the
permanent deformation was %% in. at a distance
of 11 7/64 in. from the critical section. The sec-
ond row of figures of table V shows the results
of one test in which an excessive preset of 14 in.
was accidentally obtained, at the same distance
from the critical section. The presetting was
performed on the fixture shown in fig. 1.

It will be observed by comparing the results of
presetting with those of stress peening in table
V that a substantisl improvement in fatigue
strength can be obiained by presetting after
peening, but even these results do not approach
those obtained by stress peening. It appears that
ancther advantage in stress peening les in the
fact that the magnitiide of the static stress dor-

TABLE W

Specimens Wheelapeensd ot 0.014 A2 Arc Haight
Test Stress O %o 157,000 Pei

Cyctes 8o Fallure
_,_m_wm,,i .............. Nuibor
Finlmem | Average of
of Group [ of Croup | Specimens

Not Peoned. ... ... . . ..... I 28,000 2

22,000
Paoned Conventionally. .. 94,600 117,000 10
Siress Paoned, Static Stress,
WP ... 118.000" | 4,286,000

* One specimen in this group failed at 72,000 cycles bt showed a
very deep pit at the origin ef failure, and, therefore, the specimen was
considered defactive.

ing the peening operation is not a critical factor,
whereas in a presetting operation the applied load
in presetting must be carefully controlled.

It has been known that shot peening, when
properly applied, greatly increazes the fatigue
strength of machine parts provided the impact
of the shot is not excessive for the particular
¢roas-section involved. It has also been known
that over<-peening, or peening to an excessive de-
gree of impact, can be responsible in extreme
cages for an -actual decrease in fatigue strength,
Further, In cases where such excessive peening
oceurs, the failure is subsurface because of the
excessive tension stresses that necessarily exist
in order to balance the forces within the part.

To illustrate this, fig. 4 represents the stress
distribution in an externally loaded beam, assum-
ing no residual stresses in the beam, according
to the conventional formula. Fig. 5 represents
the residual stress in a similar beam that was
shot peened on the upper surface; no external
load. It should be mentioned that fig. 5 is shown
for the purpose of illustration, and the depth of
the compressively stressed layer at the peened
surface is greatly exagpgerated for that purpose.
Actually in conventional peening the depth of this
layer is relatively shallow in relation to the thick-
ness of the part.

Since such a beam is in equilibrium with no
external forces, the shape of the residual stress
curve must be such that the forces resulting
from tension stresses are equal to those resulting

TABLE V

Specimens Wheelapeenad to 0.014 A-2 Are Height
Test Stress 0 to 137,000 Psi

Cycles ‘o Failure

Number
W inimum Average
of Group of Croug | Specimens

Not Peensd.................. 38,000 85, 000 10
Pesnad Conventlonally. .. . .| 131,000 | 1,123,000 9
Prosot, ig in, Set. ... ... 232,000 | 2,288 000 9
Proset, Vit Ser. ... ] 70,000 78,000 1
Stross Peonad, Static Stress,

SRR, o3.000 | 7,284 0004 ]

* One of this group ran te 10,000,000 cycles without fallure.
¢ Five of this group van tu 10,000,000 cycles without faifure,
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area T in fig. b must be equal to th
Further, the summation of the moments of forces
represented by these areas must be equal to zero.

‘When a bending moment is applied to the beam
of fig. 5, the resultant stresses at any depth will
be the algebraic sum of the bending stress in fig.
4 and the residual siress of fig. 5, as shown in
fig. 6 (solid line).
show .the individual stresses of figs. 4 and 6.

Peened surface, ¥
Tenston 0 Compression /

-$""‘“"W
T( -

® Fig. 5—Distiibution of stress in o shot peensd
beam with ne externul load.

Almen ’ has stated that the surfaces of repeatedly
siressed specimens are much more vulnerable to
fatigue than the deeper layers.

It can be seen from fig. 6 that the resultant
tengion stress at fhe surface is materially re-
duced by the residual stresses caused by peen-
ing, and, therefore, a substential ingrease in
fatigue strength would be expected. ¥ lowever,
if the part ie peened to an excessive degree, in
relation to its thickness, the area of the compres-
sive strefis curve ad}acent to the peened surface
increases, thereby increasing the ten«uon stresses

The dotted lines of fig. 6

*“Shot Paening” American thclabmtm
ment Gorp., 1947,

“Report om the Effect of Shot Rlasting on tlm Mechan-
ical Properties of Steel” by R. L. Mattson and 'J. 0.
Ailmen, Part Il, p. 23, War Metallurgy Div., of the Na-
tional: Defense Research Committee of !he OSRD

' Umproving Fatigue Strengih of Machine Parts” by
4. 0. Alomen, Tue Iron Ace, June 10, 1943,5. 65,

& E quipe

in the region 7. Thua, as peening becomes ex~
cegsive, the resultant tensmn stress below the
surface becomes greater until, in extreme cases,
it may exceed the maximum stress caused by éx-
tefnal load, even considering the surface wval-
nerability.

Referring again to fig. 6, it will be noted that
even in the residual stress curve, which hag been
exaggerated for the purpose of illustration, the
residual compressive stress is rapidly decreasing
with depth, crossing over into the tension stress
region at point A. For convenience, the point
A has been referred to as the crossing point. .

Since the resultant stress is the algebraic sum
of the residual and bending moment stresses, the
resultant stress at the depth of the crossing point
is equal to the bending stress at that depth. Be-
yond that depth, the residual stress is additive to
the bending stress, and it is expected that the
maximum resultant tension stress is somewhat
deeper than the erossing point. If this erossing
point could be placed at a greater depth, then the
two stresses (residusl and bending wmoment)
would become additive at a greater depth, where
the bending stress is smaller. However, if, at

L
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that point, the rate of increase in residual ten-
sion stress is excessive, the maximum resultant
tension stress may still be relatively high.

With convenlional peening, increased impact
of the blast tends to increase the depth of the
crossing point, but it alse tends to produce a
more rapidly increasing residual tension stress in
the region adjacent to the croasing point. The
final effect may be an actual increase in the maxi-
mum resultant tension stress, as evidenced by
overpeening that, when carried to extremes, can
actually reduce the fatigue strength.

Stress peening, on the other hand, increases
the depth of the crossing point and produces a
more moderately increasing tension stress in the
region adjacent to the crossing point. This is
accomplished by the release of the external bend-
ing moment after peening, which is equivalent to
adding a bending stress in the opposite direction.
Since this bending stress adds compressive
stresses, increasing linearly from the center of
the beam toward the peened surface, the result
ig‘a definite increase in the depth of the crossing
point, ‘as well as a more gradual increase in the
residual tension stress adjacent to the crossing
point.

The fact that those siress peened specimens

Tension 0 Compression

e S i i T S

® Fig. &~Resultant distribution of stress in o shot
peened beam with external load applied. [Selid
line is the resuMant.)

that did fail indicated subsurface failures sup-
ports the theory that the maximum stress is
placed at a greater depth by stress peening.

These sub-surface failures are contrasted to
those resulting from overpeening in that the life
of the siress peened specimens was so much
greater than that of conventionally peened speci-
mens, that it indicates a distinctly different char-
acter of residual stresses.

As the test results appear to agree with this
theory, it has been concluded that the superior
results obtained by stress peéning are due to the
increased depth of the crossing point and & more
desirable slope of the residual stress curve ad-
jacent to that point. The results obtained to date
on stress peening indicate that the potentialities
of shot peening are much grealer than has been
realized.
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