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SHOT PEENING APPLICATIONS AM) TECHNIQUES I N  THE AIRCRAFT IM)u$l%Y 

by H. J. Noble 

(For presentation 10-1-53) 

Aeronautical Materials Specification 2430 covering shot peening was f i r s t  
issued i n  September 1943. The general requirements of this specification can be 
summarized briefly.  

When this specification appears on a draw-, the pa r t  is peened a l l  over 
except i n  small holes or  cavi t ies  uhich are inaccessible t o  the shot, unless epeci- 
f i c  areas are  indicated. The phrase upeening optional" mane t h a t  i n  the area where 
it applies, that area i f  peened must have the same peened appearance a s  the specified 
peened areas but the intensi ty requirements are  waived. Specified unpeened areas may 
be stopped 6ff by a mask or peened and subsequently machined t o  remove the ef fec ts  
of peening. 

Normally, parts  are finished t o  dimensional tolerances and surface f in i sh  
requirements before peening, including a l l  burring and blendinq operations. Mag- 
netic and Fluorescent penetrant inspection i s  performed also before peening. 

The procedure requires tha t  par t s  t o  be peened are suitably mounted aad 
masked. Test s t r i p s  sha l l  be included u i t h  every batch or  at intervals  of every 
four hours if there i s  a continuous run. Honing is permitted a f t e r  peening. Heat- 
ing t o  a temperature uhich would reduce the imposed s tresses  is prohibited. Tol- 
erance on arc height intensi ty i s  a .005" range between maximum and minimum, di-  
mensional tolerance on areas peened i s  -0 t o  +1/8n where specific areas are  indi- 
cated. Once a part  has gone in to  production, no changes i n  the peening procedure 
may be made without Engineering approval. 

Rocker arms were the f i r s t  part  t o  be shot peened on a production basis. 
After preliminary work was done on a converted sand blast  hand cabinet, a rotary 
track automatic piece of equipment was ordered. A so-called acreeper" or desludger 
gear of a thru-hardening s t ee l  was the second part. Fron then on peening began t o  
grow un t i l  a t  the present time there are  s l ight ly  over four hundred part numbers 
or assemblies t h a t  are peened according t o  AMS 2430, plus eighty-five additional 
parts  released fo r  experimental testing. These par ts  can be broken down in to  ap- 
proximately sixteen types of parts  as follows: 

Rocker arms /' 
Linkrods - 
Master rods and caps / 
Crankshafts 
Propeller shaf ts  / 

Crankcases / 

Cylinder barrels  (head attachment threade) ' 
Pistons ( aluminurn) ' 
Piston pins 
Tappet r o l l e r s  (Inside Diameter only) / 
Torquemeter pistons ( s tee l )  / 
w a r s  / 

Miscellaneous shafts u i t h  ani without gears ' 



W a r  cages and supports 
15. Compressor blades (roots only) 
16. Turbine shafts 

The equipmnt t o  handle this load has grown t o  twenty-eight different m- 
chines roughly classified as followst 

10 Hand cabinet - single nozzle 
10 Automatic - a i r  blast  

5 Multi-station wheel 
3 Miscellaneous including 1 combination wheel ard a i r  

1 endless be l t  
1 rotary track 

Practically a l l  of the gears that  are shot peened are af a carburising 
grade of steel,  and are peened t o  improve the fatigue strength of the teeth a t  the 
root f i l l e t s .  It is  generally agreed that  peercing contribute8 nothine t o  tha pi t -  
t ing or scuffing resistance of gear teeth, though it may givo a better  break-in ap- 
pearance. Host of the other p a d s  are of AM 6 U  (SAE 43h0) i n  the hardness range 
of Bockwell C 35-b0, Of cowse there are exceptions, a few of which wil l  be dis- , 
cussed. 

The peening of aluminum crankcases anl pistons usually evokes the most 
comment, The advantages, especially i f  operating temperatures are considered, are 
not too apparent. Laboratory data show that  the peening effect a t  the intensity 
used i n  production is  about .030-.035~ deep as determined by hardness gradient and 
by the removal of successive layers of the peened surface of a beam until  no fur- 
ther change in curvature was noted. The maximum compressive s t ress  a t  the surface 
f a  approximately 30,000 psi, Heating t o  300F (which may be considered the nominal 
operating temperature) fo r  one t o  two homer reduces this stress by nearly one-half. 
After $ix thouaand hours a t  30@, there i e  vesy l i t t l e  s tress l e f t ,  but it i s  still 
on the compression side,, &an average vallzee of fatigue t e s t s  on t e s t  s p e c h n e  
with the was-peenedn surface ehow a defjnite improvement over nas-machinedw sur- 
faces, However, the scatter on was-peeaxad# surfaces is quite large so that  if the 
comparison is based on m i n i m u m  valus~, the percent improvement is  not so great. 
I f ,  however, the peened surfaces are machined t o  remove a minimum amount af stock 
t o  ju s t  clean up the roughened swface, the scattar in results is again reduued 
and a significant improvement i s  a t t ab&.  

One source of trouble on the aluminum crankcase was galling and small fa- 
tigue cracks on the pad on which the cylinder barrels are mounted. This surface i s  
machined a f te r  peening with .005fl maximum stock being removed which is  sufficient 
t o  remove a l l  peening impressions, but s t i l l  leaving the surface compressively 
stressed and thus more fatigue-resistant, 

Stress analyses by Alcoa on allsminum alloys i n  the solution treated and 
aged condition indicate residual s t ress  of high magnitude which may be either ten- 
s i l e  or compressive. Queochillg: speed and geometry are the most important factors 
which influence residual s tress? but unfortunately they can not be controlled t o  
give uniform resalts. Peening offers the advantage of putting a l l  surfaces in ta 
uniform compressively stressed condition. Service records show that  there is a 
definite benefit i n  peening aluminum, 

Peening of magnesium has nemr been done on a prodwtion part. When this 
was investigated, laboratory fatigue t e s t s  showed that unless the peened swfaues 
were machined smooth again, the possibility af doing damage was aluiat  as great rr 



producing impmvement, Cast i ron shot a l so  contaminated the surfaae t o  such an ex- 
t en t  that sat isfactory corrosion resistance presented a very dFffic6l.t problem. 
Non-metallic shot (plast ic)  and lead caused no corrosion problems, but the peening 
ef fec t  was too small t o  be at t ract ive,  Dow Chemical Compaay, Magnesium Department, 
has made considerable progress in peening magnesiumg and very substantial  benefits 
are  reported on such parts  a5 lamiing wheels. It i s  reported tha t  it is  very sen- 
s i t i v e  t o  temperature such tha t  the ef fec ts  are pract ical ly eliminated a t  2 W  t o  
25OF, 

Peening of titanium is  a comparatively new application, and so f a r  as we 
haw had only limited production experience with it, though considerable laboratory 
and experimental work i s  going on, A l l  of o w  work has shown that an improvement i n  
fatigue properties can be expected, which is  contrary t o  the results obtained by 
Hamink of Wright Aeronautical. We have shown improvements from 1@ t o  over 40% 
i n  endurance l imi t  on compressor blade root attachments, T h i s  wide range appears 
t o  be associated with the i n i t i a l  proceasbg or  mans by which the root was gemr- 
at&, grinding, milling or broaching, though this has not been proved yet. It does 
appear tha t  f a i r l y  high and consistent resul t s  a re  obtained on shot peened com- 
pressor blade roots where the resul t s  on uaapeened blades are  apt t o  show a wide 
variation, especially between l o t s  involving different  manufacturing techniques. 
We do know that damage by grinding is  a serious hazard in processing titanium. 
Minor burns are d i f f i c u l t  t o  detect even by metallographic mans but r e v o n  g r M i n g  
u i l l  produce burns which are detectable by metallographic etching and may also pro- 
duce cracks. It seems logical  t o  aesuune a t  this point tha t  undesirable residual 
s t resses  due t o  machining or poor grimling practice can be neutralised by shot peen- 
ing. Laboratory t e a t s  on Westinghouse High Temperature Fatigue equipment show that 
on one a l loy  tested, where peening showed an improvement of 308 over smooth speci- 
mens a t  room temperature, there was sti l l  an improvement of 22% when tested a t  4OOF 
and 17% a t  6OCiF', 

A s  prgviously stated, rocker arms were the f i r s t  par t s  t o  be peened. 
These parts  now are both dkr ided  ad paened, which may souxi l i k e  a complicated 
processing procedure aaad a duplicakfon of effort. i n  t h a t  ni t r iding may be considered 
the ultimate in pres t reashg the surface in compression. Actually the bore f o r  the 
rocker shaft, is  the only area tha t  i s  ~ i t z i d e d .  Service experience shows tha t  in 
tihie case a ni t r ided surface oeeillating on a s i lve r  plated shaft  gives much greater 
l i f e  than r o l l e r  bearings, b a l l  bearhga or bronze bushing inserts.  Ball  and ro l l e r  
bearings tend t o  wbrinellq* and bronze busuhings tend t o  pound out or  loosen. The 
surface of the forging is not macMnsd gsld as  such i a  not suitablefbr ni t r iding be- 
cause of the p a r t i a l  decarburixatfon. Cansequsntly, the bore must be stopped off 
a s  well a s  the valve adjllurtfng screw thread am3 the socket end, during the peening 
operation. Inadequate c1eanLn.g prior  to p l a t h g  er imbedded scale resulting from 
the b las t  cleaning operation a t  the f o r g % ~ g  s o m e  may cause occasionel poor bond 
of the tin pla te  used fo r  n i t r id ing  stop off and allow small pin points of n i t r id-  
ing t o  take place which are read* disclosed in the peening operation. These spots 
are  objectionable from an appearance standpoint only since the residual s t r e s s  from 
both operations ore in the same 3imction and probably are of the aame order of 
magnitude. 

The valve tappet r o l l e r  of AM a 0  (SdE 52100) is one of two parts  where 
peening i s  employed on a finished part, f o r  reasons other than stmngthening it by 
prestressing it, It has been found t h a t  peening the bore of the tappet r o l l e r  i s  a 
very effective method of producing a multidirectional surface f i n i s h  which i s  ade- 
quate f o r  holding i n  place a press-fitted bronze bushing, 



Another use of shot peening which is not associated with produc.fng com- 
pressive s t ress  is i n  bond tes t ing  of s i lve r  plate. Peening is wed quite exten- 
sively on s i lve r  plated parts  where bord i s  considered extremely important, and 
where heating is prohibited, a s  on carburiaed parts. The difference between the 
coefficient of expanelon of s i l v e r  and s t e e l  causes the s i lver ,  upon heating, t o  
r a i se  up or b l i s t e r  where the bond i a  poor; this is more pronounced with inclaase 
i n  temperature. The temperatuse frequently used f o r  this t e s t  is 9SW. Similar 
b l i s t e r s  are  produced by peening the s i lve r  where poor bond i s  present. A chart  
has been worked out a t  Pra t t  &WMtney Aircraft  from which the necesrarg intensi ty 
or arc height can be detenained i n  re la t ion  t o  the thickness of the plate. A com- 
panion chart  has a lso  been worked out t o  rhou the amount of s i lve r  which m u s t  be 
removed f o r  clean-up a f t e r  penbig. 

What may be the gseatast difference in pepeeng procedures between the a i r -  
c r a f t  M u t r y  end automotive o r  other M u s t r i e s  is the amount of masking tha t  is 
done on the individual parts,  Peening i s  wually done on finicsh machined parts  where 
design and weight consideratiosa~ d ic ta te  close dimensional tolerances. Journd sur- 
faces, tapped holes and other c r i t i c a l  areas must be stopped off, Sonen typical 
parts  before and a f t e r  masking f o r  p e e n i . ~  are  shown i n  the  i l lu r t r a t ions t  

No. 1 
No. 2 
NO. 3 
No. 4 
No. 5 
NO, 6 
NO. 7 
NO. 8 
NO, 9 
No. 10 
No. 11 
No* 12 
No. 13 
No, u 

Rocker arm with a&. without mask 
Master rod and cap 
Master rod and cap clad mask 
Cylinder bar re l  
Cylinder barrel  and mask 
Propeller shaft 
Propeller shaft  and mask 
Propeller shaft 
Propeller shaft and mrrk 
Crankshaft 
Crankahaft 
Cradtoascs 
Crankcase ssd mask 
Compressor blade without and with mask 

About two years ago a rather  serious problem arose i n  production when a 
new batch of Ahen t e s t  s t r i p s  were put in%o use. It was reported that the new 
s t r i p s  showed .002-,003W l e s s  arc  height than the old ones under identioal maohine 
settings. Investigation showed that tMo was true in those machines which were w- 
ing malleable cas t  i ron shot; but where ckrllled iron shot war wed, the duference 
was negligible. Laboratory examina'tion showed that on the old s t r i p r  there was al- 
most .015m par t i a l  deoarburiaa.tion while the new s t r i p s  had pract ical ly none. 
Rackwell C hardness readings rhowed both l o t s  t o  be running i n  the 46-50 range with 
the decarburized ones averaging about one point lower. However, l i g h t  load Vickers 
hardness readings showed a Rocbe l l  C conversion hardness of eight  or nine points 
lower. It became apparent that the sof ter  malleable shot aould not work t h e  harder 
surface t o  t h e  same extent a s  the sof ter  decarburized surface, thus resul t ing i n  a 
lower arc height, It was found that by reibempering t e s t  s t r i p s  of the new l o t  t o  
the low side of the specified hardness t o  Roche l l  CU-46, the difference i n  arc  
height between the old s t r i p s  aaad the new retempered r t r i p s  was h i g n i f i c a n t  when 
subjected t o  the slam0 peening condition, T h i s  l ed  t o  the practice of retempering 
a l l  Almen s t r i p s  before they were released f o r  production use and l a t e r  t o  purchas- 
ing s t r i p s  t o  this special range. T h e  reason f o r  t h i s  procedure is this. Engineer- 
ing wished t o  maintain the same shot peentng intensi ty tha t  had been i n  ef fec t  on 
experimenhl and service tes ts .  1% appeared tha t  since the so-called standard t e s t  
s t r i p  allowed tha t  much variation, an engineering change or correction fac tor  could 



be only a temporarg expedient, art they were loath t o  take action un t i l  th% 
situation had been stabilized. It is hoped that  the nev specification f o r  Alaen 
s t r ips  now under consideration wi l l  soon be available and can be considered a 
standard . 

Cast s t ee l  shot has been i n  prodwtion use fo r  pee- steel parts  f o r  
some time and has proved t o  be equally effective and mom ecomndcal due t o  i t s  
longer l i fe  i n  spi te  of its higher ini t ial  cost. When pe&g of alrmdnma was 
first considered, it was recommended that  malleable shot be wed; and it became a 
drawing requirement. Greater durability of cast  steel shot imiicated it would be 
desirable t o  use it on aluminum also. I n  order t o  evaluate the relat ive affeuts 
of peening aluminum with malleable iron and cast s teal ,  test s t r i p s  m e  made of 
the aluminin crankcase alloy t o  the Almen C s t r i p  d imens io~ .  A h a d  cabinet was 
*used in this t es t ,  first f i l l i n g  the cabinet with the malleable iron shot a d  ad- 
justing it t o  give .01$11 arc height on an Almen t e s t  s t r ip ,  thsn with the condi- 
t ions maintained the a l d n u m  s t r i p  was peened. The machine was cleaned out and 
f i l l ed  with cast s t ee l  and the procedure repeated with both types of strips.  The 
resul ts  were rather startl ing. The aluminum specimens peened with malleable shot 
showed an arc height of about .03011 and appeared to  be severely overpeened com- 
pared t o  those done with cast  s t ee l  which had an arc height of only .010*. The 
answer is simple i n  tha t  the sof t  iron shot i s  softer  than the s t ee l  t a s t  s t r i p  
so tha t  part  of the energy i s  absorbed in  deforming the shok i t s e l f  and part  i n  
acting on the test str ip.  Approximately for ty  ps i  preS8lPre was required t o  pro- 
duce the .015" A2 reading with malleable iron shot, The cast s t ee l  is  harder thm 
the t e s t  s t r i p  and a greater proportion of i t s  energy i s  acting; on the steel  t e s t  
s tr ip.  About twenty psi  pressure was required t o  produce the same A2 reading with 
C,S, shot. The aluminum i s  ao much softer  than e i ther  tm of rhot tha t  it ac- 
cepts practically the f u l l  energy from each. 

During this investigation, some of the arc height8 produced in aluminum 
s t r ips  were so great tha t  the use of thicker specimens was indicated. Comeqwntly, 
the experiment was repeated using one-inch thick rspecimens which could be used fo r  
determining s t ress  gradient and hardness gradient fo r  a be t ter  evaluation. For a 
quick check the drilled-hole method was wed where three SR-4 s t r a h  gages are 
placed 1200 apart in a circle. Stress  is  calculated from the difference i n  s t ra in  
gage readings taken before and after dr i l l ing  a small hole a t  the center of the 
circle. I n  t h i s  case .005fl was milled off the surface to  get a smooth enough sur- 
face t o  apply the s t ra in  gages fo r  the first determination. T h i s  procedure was 
repeated in .005n increments unti l  no s t ress  was indicated, Although these data 
were not considered very conclusive9 it did  give a consistent trend and indicated 
stress  gradients extending t o  depths of approximately .02@ and .02Sfl. It also 
indicated tha t  the difference between the two types of shot was not as great as 
indicated by the first tes t .  

About this time the laboratory was experimenting with a new method of de- 
termining s t ress  and/or s t ress  gradients, u N e ~  i s  used here i n  the sense of new 
application of existing tools aIld methods. It i s  an adaptation of Letnerls work 
on stresses due to  grindi 91Application of Optical Interference t o  the Study of 
Residual Surface Stresses*Rj, and R. I. Hattsonts nMethod of Calculating Residual 
Stress i n  a Simple Beam of Rectangular Cross Section From Measurements of Its 
Longitudinal Curvature as Layers of the Material Are ~emoved.n(a) 

The method involves the use of an optical f l a t  i n  msasuring extremely 
small changes i n  curvature of a beam when amall increments of stock have been re- 
moved from the stressed surface which is  opposite t o  the optically f lat  aide. I n  
t h i s  case, blocks three-fourths inch square by four inches long were machined, and 



one side of each was polished t o  a high degree of specular reflectivity. By w e  
of mercury monochromatic l lght ,  the polished surface was photographed through the 
optical f l a t ,  and the deviation from true flatness was determined by plotting the 
in te j f  erence f singes (height or distance between the surf ace and the optical f l a t )  
against the distance between the fringes. These points are then transposed against 
a new base l ine  which represents the actual surface contour of the part. After the 
ini t ial  reading has been taken, the side opposite the specially prepared f l a t  was 
shot peened, a l l  other sides having been stopped-off. 

For this determination blocks were prepared i n  duplicate for  peening with 
both types of shot according t o  the schedule mentioned previously. After peening, 
the prepared f l a t  surface was again photographed, following which .OOP stock war 
removed from the peened side by milling, Photographing arrl stock removed i n  in- 
crements of .002n was repeated unti l  a total of .0101' had been removed, and then 
continued i n  increments of .OOSu. Plots from this series of photographs showed 
the arc height of the beam caused by peening, and the change in arc height as suc- 
cessive layers of stressed material was removed. 

Another se t  af specimens was prepared a t  the Same time f o r  rtock removal 
by electrolytic etching instead of macMningj but because of the large amount of 
stock t o  be removed, it became increasingly di f f ioul t  t o  remm a uniform amount, 
plus the diff iculty of maintaining a highly reflective surfaee during the numeroue 
maskings and imnarsions i n  the etahing solution. 

(I) Prooeedings of the Society fo r  Experimental Stress Analysis, Vol. 10, No. 2 

(2) General Motors Research Laboratory, Divleion of Qeneral Motors Corporation 



POLISHED 
SURFACE 

I I TEST SURFACE 

VIEW OF INTERFERENCE PATTERN 

DISTANCE ALONG AB 

d 
LL 
0 lh2 lh, 4 I 

DISTANCE ALONG AB 

METHOD OF OBTAINING SPECIMEN CURVATURE 
FROM INTERFERENCE PATTERN 



RESIDUAL STRESS OlSTRlBUTlON IN A M  4125 A W M W  PEENED 
WITH .ARC HEIGHT INTENSITY OF .015" A- 2 





The f o l l a r i ~  i s  rn l i s t  o f  .hot pmening prrotloes that  have bmen 
auooeas l l l ly  used or ere o u r n n t l y  be- ueed. I t  art n o t  bm 
oonltrumd h a t  a q  of these r s p n a a t  tho opt* trma-ent tor 
the p r t l a t l a r  p u t .  Exoept ln l few in.t .nwa.    oh rn omolu- 
aion i s  n o t  j u s t l f i s d .  

G - c w  ~ o d  

Conneoting Bdl 

W c t i n g  Elod 

5140 

1141 

1035 modified 

cxz ~ 3 9 5  

tia.W. 

H & D 

-liza 

212-251 r0~~ i . g  
Brim Barged 
32-4-2 

UO-ZZB B# ~og- 

- - - - 
Po20-22 

- - - - 

C.W. 

C.L 

GW. 

cw-41 

CW-41 

ID-41 

- - - - - - - 
- - - - - - - 
- - - - - - - 

- - - - - 
- - - - - 
- - - - - 

- - - 
Tima1 

- - - 
2 wil&ld 1s) 2000 

2320 

2000 

wheal 

2 whoelm, 

G r i n d i a  20 

19) 











Univerral Joint Yoke 

mt ~ o l b d  N B dr F Be 45-50 O r d  230 .ox0 1nspec:d 
-014 Al h r  Wheal 19i 2250 4 5 0 ~ ~  

1 

Eeat Trsatnmnt: 
E & T - Hardened and Tampered 
B E& T - Nonmlized, Hardened end Tempered 
C B - Carburized and Hardened 
El & D - Bardened aDd I t a m  
A or N - Annealed or Normalized 

- Caat Steal  - Chilled Camt lron - Crushed Steal - Round Steel  Shot - Malleable 





























A L U f l l  N U M  

" A "  S T R I P  "C "  S T R I P  
. 0 1 5 A 2  . 0 3 0 C 2  

R L "  L R  A L U M 1  N U M  

"A "  S T R I P  "Ctl S T R I P  
.01  5 A 2  .o 1 o C 2  

P E E N E D  W I T H  M A L L E A B L E  I R O N  S H O T  P E E N E D  W I T H  C A S T  S T E E L  S H O T  
S - 3 9 0  ( A P P R O X .  40 P S I  P R E S S U R E )  S-390 ( A P P R O X .  20 P S I  A I R  P R E S S U R E )  






