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Effect of Shot Type
On Spring Fatigue Life

HIS investigation was undertaken to find out how

various shot hardness will affect the endurance
life. As a matter of interest, attempts were made
to determine the possibility of overpeening springs
even using shot known to be large for the wire size
in the spring.

On all tests Almen strips were included with the
springs. If correlation of the Almen arc height and
spring life were possible, the tests run would estab-
lish this fact.

Six different lots of shot were used. These in-
cluded one lot of P-46, one of P-28, and four of P-16.
Of the P-16, one was steel, two were heat treated
white cast iron, and one was white cast iron as were
the P-46 and P-28. Physical and chemical tests
were run on all of these types of shot.

The springs were all from one coil of oil tempered
valve spring wire. They were coiled, heated, ground
and processed at the same time so as to insure a
consistently uniform test specimen.

From the test results we drew the following con-
clusions:

1. Throughout the range of hardness tested in the
shot there was no significant effect on the ultimate
endurance limit of the springs.

2. The size of shot did not affect the endurance
limits within certain limitations; for instance, P~16
or P-28 shot gave comparable results. Shot P-46 on

SHOY

These articles are
papers presented by ;ais,:d on
and Straub at a recent Mmeet;
of the Shot Peening Divisiq,
the SAE Iron and Stel Tog!
nical Committee. The testc
sults here interpreted are he;..
ing the SAE group in its
for knowledge to get more oy

the 0.148 in. wire employed In the springs lowereq
the endurance limit.

3. These springs can be overpeened with
coarse P-46 shot. This was impossible under the
same conditions with P-16 shot.

4. There is no relationship between arc height
and endurance limit.

5. From breakdown tests it appears that shot life
is inversely proportional to the hardness of the shot.

6. The smooth nonpeened appearance of samples
using steel or soft shot will cause a departure from
the usual inspection methods for peening.

Fatigue Tests

After shot peening all fatigue machine spring
were heated to 450 F for one-half hour. Then
they were placed in the fatigue machine in sets of
eight at such stress ranges that we could determine
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Table 1—Endurance Limits of Springs for Various Periods of Shot Peening

Time of Shot Peening
Shot Material Hardness 15 min 15 min 30 min 120 min
P-46 White Cast Iron Rockwell 65 C less than
20,000-115,000 16,750-106,200 11,700-110,500 11,700-110.500
P-28 White Cast Iron Rockwell 63 C 14,200-123,600 3,300-110,000 12,600-120,000 10,930-113»7"
P-16 Lot 100 Steel Rockwell 34 C 13,500-116,000 10,750-118,200 16,000-115,000 over 12,750-120,500
P-16 Lot 101 Heat-treated 29
White Cast Iron Rockwell 62 C 11,500-122,500 10,000-117,500 10,000-127,500 11,100-120
P-16 Lot 102 Heat-treated 20
White Cast Iron Rockwell 48 C 12,300-123,750 10,750-125,800  13,000-120,500 11,000-119
P-16 Lot 103 Heat-treated 1,000
White Cast Iron Rockwell 26 C 16,000-122,500 12,200-120,000 10,750-118,000 11,000-121
Note: Endurance limit not shot peened 20,000-95,000.
/
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PEENING

f shot peening.
pased on his test results,
Zimme'“ sees variation in shot
rdness influencing very little
endurance life of a peened
t. Straub strongly urges uni-
jomity of shot size and weight
shows how it makes for more
sconomical production peening.

pave long been enthusiastic about the impor-

tance of uniformity of shot size in a peening op-
eration, particularly from the standpoint of remov-
mng broken shot from a peening machine as quickly

ble. '

| “mf the most striking fatigue test comparisons
- i that in which specimens were peened with and
- without a high percentage of broken shot in the
| g machine. This series of tests was run for
- the purpose of simulating the conditions which ex-
- gted in a production peening machine. The pro-
duction machine involved contained approximately
#9, broken shot in the working material.

The following fatigue tests were made on flat
gpecimens of 9260 steel, 40-45 RC with a thickness
o % in. and a width of 1143 in. in the region of maxi-
mum stress. The tests were in simple bending, with
astress range of substantially zero to a maximum of
137,000 psi. The surface of the specimens was as-
nlled on the side subected to tension stress.

One group of 10 fatigue specimens was peened to
:.Lesry scant coverage as measured on a quantitative

A second group of ten specimens was peened
Mentically to the first group and was then peened
inder the same conditions with respect to wheel
Meed and conveyor speed, but with a blast which
tnsisted of broken shot to the same size analysis
¥that found in the production machine. Since the
Wurking shot in the production machine consisted
% one part whole shot and five parts broken shot,

fatigue specimens which had been peened with

shot were then peened with flve times as
broken shot.

hThe results of these tests are shown in Fig. 1,

Which the fatigue life of each specimen is shown.
heme first group of specimens shown on the ex-

€ left, represents non-peened specimens. The
group to the right represents those specimens
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Why Peening Calls
For Uniform Shot

peened with whole shot only, and the third group
represents those specimens peened with whole and
broken shot. Note that the fatigue life is practic-
ally unchanged by the addition of the blast with
broken shot, despite the fact that the blast of

280

40

22

Avercge |
200

180

[ ] b

p
) 4

“e ¥ Average

L_Average

120

100 $ ;

LIFE- 1000 CYCLES

g Average

"4 1 4 4

Nonpeened
ARG HEIGHT.... .Ol1A2 014A2 014A2
COVERAGE...... 30% 100% 98%
PEENED WITH... Shot Shot § Grit Shot

Fig. 1—Influence of broken shot on fatigue life




broken shot had increased the arc height from 0.011
A-2 to 0.014 A-2 and had increased the coverage
from only 309 to well over 100%.

This work was done after an extensive series of
tests had indicated that under similar conditions,
with respect to blast uniformity, the fatigue life
increases with increasing arc height up to 0.014 A-2
or greater. It had also been shown, previous to
these tests, that under the same conditions with
respect to blast uniformity, increased coverage re-
sulted in increased life up to 100%.

Another group of specimens was then peened with
whole shot to an arc height of 0.014 A-2 and 98%
coverage. Note that the arc height and coverage
in the last mentioned group are the same as those
obtained with the mixture of whole and broken
shot. The results of this group are plottz=d in Fig. 1,
at the extreme right. Note that in this case, the
fatigue life is definitely greater than that of the
group peened with whole and broken shot, even
though the arc height and coverage are the same.

Referring again to groups 2 and 3 in Fig. 1, it is
apparent that the broken shot adds nothing to the
fatigue life which was obtained with a relatively
small quantity of whole shot.

For example, assume that the production peening
machine, containing five parts of broken shot and
one part whole shot, is operated with a flow rate of
300 1b per min to the wheel. Now assume that the
broken shot is removed from the machine and that
the flow rate to the wheel is decreased so that the
amount of whole shot flowing through the wheel is
the same as it was with the mixture, all other con-
ditions being the same. This would mean that flow
rate would be one-sixth of 300 1b per min, or 50 1b
per min.

Under these conditions, the parts passing through
the machine would represent an ideal case for re-
jection because of the fact that the coverage is only
309, and the arc height is less than 809 of the
specified requirements. But in actual fact, those
parts are just as good as those which were peened
with the mixture, in spite of the vast differences in
coverage and arc height. It requires very little
imagination to realize the difference in cost between
flowing 50 1b per min of whole shot versus 300 1b
per min of whole and broken shot through the wheel.

I believe that these results show rather conclu-
sively that broken shot in a peening machine is of
utterly no value relative to the whole shot, even
though the cost of the operation with a large pro-
portion of broken shot is decidedly higher.

This does not imply that grit or broken shot of
itself cannot be used to increase fatigue life. In-
creased fatigue life can be obtained by blasting with
grit or broken shot. It does imply, however, that
the broken shot is totally ineffective relative to

the full-sized shot by virture of its reduced weight.

In other words, the effect of broken shot is definitely
not additive to the effect of whole shot in its re-
lation to increased fatigue life.

Unfortunately, the influence of these factors on
fatigue life and cost cannot be recognized without
a comprehensive series of fatigue tests. It is a
foregone conclusion that the end goal of shot peen-
ing is increased fatigue life at low cost. No matter
how effective peening may be in increasing fatigue

‘that of the original pellet. This half would b
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of the operation is sufficiently low that g the Cosg
than pay its own way. win

I am more confident now than I eyer W
peening can far more than pay its owy was they
vided the requirements of low cost are recay' bro.
To my knowledze, the largest single factgr%"
trolling the ultimate costs of peening i unif,
of the intensity of the blast. ‘_ o

In analysis of what constitutes inteng;
blast, there are three major elements anOIVed~

1—Velocity of the shot. This does not repr,
a serious problem from a uniformity sesem
point. It is unlikely that in g peemntand.
eration the shot velocity, in a given blag; vg, -
be subject to much more than 10%var1a't10
2—Hardness of the shot. Uniformity in ty;g .
is not a serious problem. If the shot i5 e
than the work, any variation in shot hardne
would have no more than a slight influence
any, on results; if the elastic limit {5 no4 o1t
ceeded in peening, it makes little gife oy
how nearly the elastic limit is approacheg
3—S'ze and weight of the individual partig,
Uniformity in this case, appears to pe
greatest problem of the three. Actually
present specifications for peening shot g
a variation in size of almost 20%. This
not inc'ude the allowance for oversizeq ané
undersized shot relative to the nominal size

For equivalent fatigue life, peening with whole
shot of uniform size is unquestionably more econom,
ical than peening with shot having a wide range o
size. As mentioned, this is not always easy i
demonstrate without comprehensive fatigue test.
ing; but in cases where such tests can be made, the
result is always the same.

To stabilize a peening machine, (to obtain a hi
percentage of whole shot in continuous operation
it is necessary to remove the broken shot cone
tinuously. If, in replacing the broken shot, the
new shot which is added has a wide range of size
then in removing broken shot, the smaller size ¢/
the new shot will be removed from the maching
without actually having been used in the peening
operation.

Approaching the problem from another stand-
point, assume that a shot is broken in half. The
weight of each broken particle will then be half of

equivalent in weight to a whole pellet whose d-
ameter is the cub2 root of 0.5, or approximately

of the diameter of the original pellet. Therefort
it follows that whole shot, whose diameter is les8
than 809% of that of the large pellets, would ¥
equivalent to broken shot and, would be of no val
relative to the larger size.

On this basis, it appears that for peening,
range of shot size should be as close as practimlf‘?
a range of from 100% to 80%. It is interesting ¥
note that this tolerance is quite close to the pr
SAE specifications for peening shot. o

Since uniformity of shot size appears t0 be suf nh
a vital factor in blast uniformity, I believe th&
every effort should be made to obtain peening
with the minimum practicable variation in sizé-
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hest range that the springs would withstand
jon loadings.
machine consists of a double throw crank-
t £0 which, by means of connecting rods, a walk-
di"fbeam is attached. Upright rods to a header
vé mit the motion to springs mounted on a heavy
ol which forms the top of the machine. The
Jle i driven by a variable speed electric motor.
o etic relays stop the machine, should a spring
:ﬁ_ A counter reduced 100 to 1 automatically
rds the number of spring compressions while
machine is running. The motor speed range of
5’;0 to 3300 rpm was carefully tested by means of a
chronized neon light to be sure no surge or
y or loading in the machine parts was present to
snge the calculated stress. For these tests a speed
o 2000 rpM Was used.
our results to date are given in Table 1:
The stress ranges given as endurance limits are
on 10,000,000 cycles and have been corrected
w allow for the set occurring in the springs during

e B

test.
m:; will be noted that in one place we could only
gisblish an endurance limit of less than a given
while in another place we have given it as
mera figure. In these instances we had insuficient
gs to complete our tests.

The first thing to notice in Table 1 is that in every
ase the shot peening treatment has increased the
mdurance limit of the springs. For the lowest fig-
wes given we have increased the safe stress range
#3%. For the highest endurance limit the in-
wease in safe stress range is 56.7%.

It is at once apparent that the P-46 shot is too
warse for these springs. While it has increased the
mdurance limit over the springs which have not
en shot peened, the values in the table are in al-
aost every case lower than for any of the other
tot. There would appear to be a tendency to over
ot peen with this shot for long times of peening,
Wt the differences are hardly more than the experi-
2ental error in our testing.

In the case of the P-28 shot we have a value for
®r 15 min run which appears low. Actually, for
e reason we have not been able to determine,

was caused by the springs setting more than
®Wal during the tests. The stress range is com-
Rnable to the other runs with the exception of the
gS peened for two hours. The fact that this
Rt is somewhat lower does not necessarily indicate
because we have a = 3000 psi possible ma-
Sine and setup error. However, it might be well
::’lmtthe springs are shot peened to the prac-

J{Om our data on the various lots of P-16
y it does apear that we are obtaining endurance
vy with it that are strictly comparable to P-28
ay It would also indicate that there is practi-

No difference as far as the endurance limits
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obtained are concerned whether, within the limits
of the hardness used, we use hard or soft shot.

If we refer to the arc heights (which we obtained
during the various shot peening operations) and
compare them with the endurance limits deter-
mined for the springs which were peened with the
Almen strips, it is readily apparent that in an in-
vestigation of this type there is absolutely no corre-
lation between arc height and endurance limit.

From our data there does not appear to be any
tendency to over shot peen using the P-16 shot.

The depth of cold working with different size shot
has not been completely worked out. If the larger
shot does go deeper, then standards of shot size for
various wire sizes should be considered. Also, peen-
ing hot wound springs with some ferrite the heavier
shot then might be an advantage. It is hoped that
this data by X-ray (or any other method) can be
soon made available to all interested parties.

We know that the softer shot gives us lower main-
tenance of our equipment. Our tests here in 1939
and 1940, and reported to A.S.M. in 1941, showed
equal fatigue life. These tests confirm the previous
runs in that soft shot from an endurance point of
view will produce results comparable with the hard
shot. Itisevident that an economy can be achieved
using steel or a heat-treated cast-iron shot.

At present this will be hard to accomplish because
(1) inspection departments and some metallurgists
use visual means to say whether or not a part is
properly shot peened, and (2) government and some
company prints often carry an arc height as part of
the peening outline. This will have no beneficial
effect on the quality that will be received by these
agencies but may well determine the kind of shot
to be used.

Actually, such a specification could lower the
quality of the peening. By adding a little oversize
shot to the machine it is possible to raise the are
height quickly, but not the spring endurance limit
which might go less than that anticipated.

After 60 days continuous running using soft shots
on valve springs, we have some production figures
which indicate to us:

(2) One 1b of steel shot will equal 6 1b of white
cast-iron shot.
(b) The steel shot cuts repairs to equipment by
509 minimum.
(c) Steel shot will not remove small burrs or
similar grinding imperfections from springs.
Springs appear bright and unpeened.
So-called malleablized white cast iron carries
enough white iron shot that breaks into grit
to remove burrs in the samples tested.
Routine fatigue tests on test springs run with
valve springs over this period of time aver-
aged slightly higher stress range with steel
than when white cast iron shot was used on
production work. Such springs were peened
with P-28 shot 30 min with a 115-1b charge
of automotive valve springs in the machine.
This is average production data and should
not be confused with the smaller number of
springs in the machine when the experi-
mental tests were run. It is simply given to
show a trend.

(d)

(e)



