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cletern~ining the effect of shot size, shot velocity, and duration of 
peening on the depth to which the cold work penetrates, and (6) 
present results of tests run to determine the effect of these variables 
on the depth of penetration of the cold work. 

Metallurgists are fandiar with the coarse grain structures in 
low carhon sheets which are insuffkiently cold-reduced prior to 
commercial annealing. Sprankle and Hughes (4)  have shown that 
5 to 15% cold reduction of a 0.17%) carbon steel results in a coarse 
grain structure after annealing at 1320 O F  (71 5 OC) . Sauveur (5)  
presents photomicrographs showing that 40,000 psi on low carbon 
steel tensile bars produced a coarse grain structure upon subcritical 
anneaIing, whereas 42,000 and 38,000 psi did not. 

The method herein described for determining the effect of shot 
size, shot velocity, and duration of peening on the depth of cold 
work penetration was based on these phenomena of recrystallization 
and grain growth of critically strained, low carbon steel at sub- 
critical temperatures. Low carbon steel test pieces were subjected 
to shot peening under controlled conditions and, after subcritically 
annealing, were n-~icroscopically examined, measuring the depth of 
recrystallization and grain growth. 

Test strips 1% x 6 x 0.1 17 inch were cut from a hot-rolled, low 
carbon steel sheet. The chemical and physical prolmties of the steel 
from which they were cut are as follows : 

C M 11 P S Si Ni Mo 
0.06 0.33 0.013 0.033 0.02 0.05 0.03 

TJltimate Strength . . . . . . . . . . . . . . . . . . .  46,800 psi 
Yield Strength . . . . . . . . . . . . . . . . . . . . . .  35,400 psi 
Elongation in 8 Inches . . . . . . . . . . . . . .  30.3% 
Hardness . . . . . . . . . . . . . . . . . . . . . .  Rockwell B-74 

These test strips were subjected to shot peening, utilizing con- 
ventional, manually-operated air blast equipment. Air pressures of 
25, 35, 50, 70, and 90 psi and shot sizes of 0.023-0.033 and 0.047- 
0.055 inch were used. The shot was screened through U. S. standard 
sieves before tests wem run to insurr accurate sizes. Test strips 
were peened J/z minute. 1 minute, and 2 minutes with the air 
pressures and shot sizes mentioned. The shot peening nozzle was 
held 3% inches from the test piece and perpendicular to the surface 
p~ened.  

These peened test pieces were annealed at 1250 O F  ((675 OC) 
for 2% hours in a neutral salt bath. Under these conditions the cold- 
worked metal was subjected to recrystallization and grain growth. 
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Fig. 1-Photomicrograph Taken Perpendicular to the Surface of the Test Strip I 

Shot-Peened f / 3  Minute at 25-psi Air Pressure. Shot size 0.023-0.03.3 inch. X 100, 
3% nital etch. 

Pig. 2 --Photomicrcxgrayh Taken Perpendicular to the Surface of the Teat Sti ig 
Shot-Peened 2 Minutes at 90-psi Air Pressure. Shot size 0.047-0.055 inch. X 100. 
3% nital etch. 

Fig. 3 -Phototiiicrograph of an Unpernrd Section of the Surface of the Test Strip 
That Had Received a Subcritical Anneal. X ?00. 3% nital etch. 

and the structural difference from the original was distinctly dis- 
cernihle hy microscopic examination. Measuretnent of the layer of 
changed structure aflorded a method of determining the depth of 
critical strain. (An annealing temperature of 1050 O F  (565 "C) 
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above. This photm&rograph shows a layer of coarse grains 0.005 
inch deep, illustrating that the cold work resulting from these par- 
ticular shot peening conditions penetrated at least to this depth. 
Since small amounts of cold work do not cause grain coarsening 
upon subcritical annealing, it may he assmnkd that the shot peening 

a r e  shown in Fig. 4. Each curve represents a single peening period 
and shot size. 

These data show : 

(a)  that: cold work introduced by shot peening for 2 minutes 
with 0.047-0.055-inch shot and 90-psi air pressure pew- 
trated to a depth of 0.022 inch 

(h)  that in all tests run the larger shot size (other factors re- 
{ maitling constant) caused a deeper penetration of strained 

metal t l~an the smaller shot size 
(c) that as the air pressure (velocity of shot) was increased, 

the depth of strained metal increased 
(d)  that, in general, the depth of penetration of the cold work 

was increasetl with increased peening time. 

Another series of tests was run to determine the effect of es- 
tentled peerling tiine on the depth of cold-worked layer. Using 70- 
psi aii pressure and 0.023-0.033-inch shot, test pieces were peened 
1, 2, 5, and 10 minntes. The thickness o f  these specimens was ineas- 
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ured before and after peening and found to remain constant for 
1, 2, and 5 minutes of peening time ; but after 10 minutes of peening 
0.004 inch had been removed from the surface of the test piece. 
Consequently, the depth of penetration for the 10-minute peening 
time test was not considered entirely valid. These test pieces were 

3 4 5 6 7 8 9 1 0  
Peening f ime in Minutes 

Fig. 5-Air Pressure Versus Depth of Recrystallizd Metal. Air presstrre 
70 psi. Shot size 0.023-0.033 inch. 

annealed a 
I 



were carburized at 1650 O F  (900 "C) ,  pot-cooled, reheated to 1425 "I? 
(775 O C )  and quenched in water. Mict-oscopic examination slmwed 
0.007-0.010 inch total case depth, 0.005 inch hardened case depth, 
and a core of cquiaxed polyhedral grains. These test strips  ere 
shot-peened under the following conditions: air pressure-90 psi; 
shot size--4.047-0.055 inch; peening times-2, 5, and 10 minutes. 
Measurements taken before and after peening showed no decrease 
in thickness of the lest piece. After sulrcritical annealing, cross 

Fig. &Photomicrograph Taken Per en- 
dicular to the Surface of a Carhurized f e s t  
Strip Shot-Peened 5 Minutes at 90-psi Air 
Pressure. X 100. 3% nital etch. 

sections of the test pieces were microscopically examined to deter- 
mine the depth of recrystallized metal. Fig. 6 is a photomicrograph 
taken perpendicular to the surface of a test piece which had been I 

shot-peened with 0.047-0.055-inch shot for 5 minutes at 90-psi air 
pressure. This photomicrograph shwvs that the cold work of peening 
penetrated to a depth of at least 0.023 inch. Results of this series 
of tests are plotted in Fig. 7. These data show that for this set of 
peening conditions the depth of penetration of the cold work in- 
creased with peening times up to 10 minutes. 

The expeclient of measuring the arc height of a hard, high 
carbon test strip as a control means for shot peening may not always 
be applicable, Conceivably, for exatnpfe, on heat treated parts of 
medium hartlness it might lrtt desirahle to use a peening intensity 
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insufficient' to affect such a strip. A low carlwn test specimen treated 
and examined acco 

low carhon steel test 

peened in such fea shape characteristics 

Fig. 7-Air Pressu Metal. Air Pressure 
90 psi. Shot size 0.047 

as may affect the peening operation. These could Ehen be advan- 
tageously used to determine satisfactory shot size, nozzle positioning, 
and angle of shot impingement, and as control pieces for maintaining 
the optimum shot peening conditions thus determined. 

The shot peening of coil springs (such as valve springs) offers 
an illustration of where these could be helpful. A flat, hard test 
piece cannot give an indication of the efficacy of shot peening on the 
inside of the coils. However, a coil identical in dimensions to the 
springs to be shot-peened, made of low carhon. wire and normalized 
to remove coiling stresses, can be put through the actual shot peening 
operation. Subsequent examination, in accordance with the method 
herein described, would then indicate the effectiveness of shot 
peening in any surface locations in the coil. 
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