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Effect of Shot Type 

On Spring Fatigue Life 

T HIS investigation was undertaken to And 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 
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3. These springs can be overpeened with 
coarse P-46 shot. This was impossible under 
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 
is inversely proportional to the hardness of the st& 

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

, Fatigue Tests 

After shot peening all fatigue machine spr- 
were heated to 450 F for one-half hour. Thm 
they were placed in the fatigue machine in sets d 
eight at  such stress ranges that we could detemha 
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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 mln 30 min 120 min 
p- -- - 

P-46 White Cast Iron Rockwell 65 C less than 
20,000-115,000 16,750-106,200 11,700-110,500 11,700-llo5@@ 

P-28 White Cast Iron Rockwell 63 C 14,200-123,600 3,300-110,000 12,600-120,000 10,930-113.w 
P-16 Lot 100 Steel Rockwell 34 C 13.500-116,000 10,750-118,200 16,000-115,000 over 12,750-1205@@ 
P-16 Lot 101 Heat-treated 

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 

White Cast Iron Rockwell 48 C 12,300-123,750 10,750-125,800 13,000-120,500 11,000-ll@fac 
P-16 Lot 103 Heat-treated 

White cast Iron Rockwell 26 c 16,000-122,500 12,200-120,000 10,750-118,000 r i , o o o - l ~ l l ~  

Note: ~ n d w h c e  limit not shot peened 20,000-95,000. 
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I 
have long been enthusiastic about the impor- 
tance of uniformity of shot size in a peening op- 

d o n ,  particularly from the standpoint of remov- 
broken shot from a peening machine as quickly 

possible. 
One of the most striking fatigue test comparisons 

b that in which specimens were peened with and 
dwut a high percentage of broken shot in the 

chine. This series of tests was run for 
of simulating the conditions which ex- 

bted in a production peening machine. The pro- 
&tion machine involved contained approximately 
1696 broken shot in the working material. 

owing fatigue tests were made on flat 
of 9260 steel, 40-45 RC with a thickness 
d a width of 1% in. in the region of maxi- 

m stress. The tests were in simple bending, with 
r6tress range of substantially zero to a m ~ u m  of 
131,000 psi. The surface of the specimens was as- 
rolled on the side subected to tension stress. 
One group of 10 fatigue specimens was peened to 

8 Pery scant coverage as measured on a quantitative 
buls. 

A second group of ten specimens was peened 
htically to the first group and was then peened 
Qder the same conditions with respect to wheel 
'Deed and conveyor speed, but with a blast which 
m t e d  of broken shot to the same size analysis 
@that found in the production machine. Since the 
W b g  shot in the production machine consisted 

one part whole shot and flve parts broken shot, 
time specimens which had been peened with 
shot were then peened with flve times as 
broken shot. 

The R?Sults of these tests are shown in Mg. 1, 
' ~ h h  the fatigue life of each specimen is shown. 

first group of specimens shown on the ex- 
left, represents non-peened specimens. The 

group to the right represents those specimens 

ening 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 

Nonpeened 

ARC H E I G H T  .... . O l l A 2  . 014A2  0 1 4 A 2  

COVERAGE.  ..... 30% 1 0 0 %  98% 

P E E N E D  WITH ... She+ Shot 6 Gr i t  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 30% 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 plottld 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 flve parts of broken shot and 
one part whole shot, is operated with a flow rate of 
300 lb per min to the wheel. Now assume th i t  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 Ib per min, or 50 lb 
per min. 

Under these conditions, the parts parsing through 
the machine would represent an ideal case for re- 
jection because of the fact that the coverage is only 
30% and the arc height is less than 80% 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 lb per rnin of whole shot versus 300 3b 
per rnin 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 a t  low cost. No matter 
how effective peening may be in increasing fatigue 

life, it will not be generally accepted uaeN th 
of the operation is sufficiently low that, it tlWl 
than pay its own way. 

I am more confident now than I ever h, 
peening can far more than pay its o m  
vided the requirements of low cost are re 
To my knowledge, the largest single fa 
trolling the ultimate c ~ s t s  of peening 
of the intensity of the blast. 

In analysis of what constitutes intensib 
blast, there are three major elements hvolv 

1-Velocity of the shot. 
a serious problem from a 
point. It is unlikely t 
eration the shot velocity 
be subject to much mor 

%Hardness of the shot. Unifo 

would have no more than a sli 
any, on results; if the elastic 
ceedzd in peening, it mak 

Uniformity in this case, appears 
greatest problem of the three. Ac 
present specitlcations for peening 
a variation in size of almost 20%. 

For equivalent fatigue life, peening with 

size. As mentioned, t 
demonstrate without c 
ing; but in cases where 

Approaching the problem from anot 
point, assume that a shot is broken in 

equivalent to broken shot and, would be 0 

with the minimum 
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flghest range that the springs would withstand 
De d i o n  loadings. 
fl machine consists of a double throw crank- yo which, by means of connecting rods, a walk- ?Learn is attached. Upright rods to a header 

rnit the motion to springs mounted on a heavy 
@ which forms the top of the machine. The Te fi driven by a variable speed electric motor. 
rlro etic relays stop the machine, should a spring 

A counter reduced 100 to 1 automatically %s the nurhber of spring compressions while 
rlDB~hine is running. The motor speed range of 
)to 3300 rpm was carefully tested by means of a 
$ochronized neon light to be sure no surge or 
& loading in the machine parts was present to 
~ g e  the calculated stress. For these tests a speed 

rpm was used. 
our results to date are given in Table 1: 
ne  stress ranges given as endurance limits are 
fl on 10,000,000 cycles and have been corrected 
,dow for the set occurring in the springs during 
be test. 
rt all be noted that in one place we could only .. ..-- 

lfsh an endurance limit of less than a given 
while in another place we have given it as 

a flgure. In these instances we had insufacient 
~rfngs to complete our tests. 
me first thing to notice in Table 1 is that in every 

yle the shot peening treatment has increased the 
durance limit of the springs. For the lowest flg- 

given we have increased the safe stress range 
$396. For the highest endurance limit the in- 
me in safe stress range is 56.7%. 
1t is at once apparent that the P-46 shot is too 

m e  for these springs. While it has increased the 
durance limit over the springs which have not 
&en shot peened, the values in the table are in al- 
W every case lower than for any of the other 
hot. There would appear to be a tendency to over 
hot peen with this shot for long times of peening, 
athe differences are hardly more than the experi- 
mtal error in our testing. 
In the case of the P-28 shot we have a value for 

mr 15 min run which appears low. Actually, for 
reason we have not been able to determine, 

was caused by the springs setting more than 
during the tests. The stress range is com- 

mk to the other runs with the exception of the 
Prfags peened for two hours. The fact that this 
b somewhat lower does not necessarily indicate 

% because we have a + 3000 psi possible ma- 
he and setup error. However, it might be well 
*that the springs are shot peened to the prac- 
%'hit. 
h~ our data on the various lots of P-16 
"4 it does apear that we are obtaining endurance 
'k n t h  it that are strictly comparable to P-28 

It would also indicate that there is practi- * no difference as far as the endurance limits 

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. It is evident 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 o r  not a part is 
properly shot peened, and (2) gove and sorile 
company prints often carry an arc 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 arc 
height quickly, but not the spring endurance 
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: 

(a) One lb of steel shot will equal 6 lb of white 
cast-iron shot. 

(b) The steel shot cuts rep& to equipment by 
50% minimum. 

(c) Steel shot will not remove small burrs or 
similar grinding imperfections from springs. 
Springs appear bright and unpeened. 

(d) So-called malleablized white cast iron carries 
enough white iron shot that breaks into grit 
to remove burrs in the samples tested. 

(e) 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-lb 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. 


