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SHOT PEENING APPLICATIONS AND TECHNIQUES IN THE AIRCRAFT INDUSTRY
by H. J. Noble

(For presentation 10-1-53)

Aeronautical Materials Specification 2430 covering shot peening was first
issued in September 1943, The general requirements of this specification can be
summarized briefly.

When this specification appears on a drawing, the part is peened all over
except in small holes or cavities which are inaccessible to the shot, unless speci-
fic areas are indicated., The phrase %"peening optional® means that in the area where
it applies, that area if peened must have the same pesned appearance as the specified
peened areas but the intensity requirements are waived, Specified unpsened arsas may
be stopped off by a mask or peened and subsequently machined to remove the effects
of peening,

Normally, parts are finished to dimensional tolerances and surface finish
requirements before peening, including sll burring and blending opsrations, Mag-
netic and Fluorescent Penetirant inspection is performed also before pesening,

The procedure requires that parts to be peened are suitably mounted and
masked, Test strips shall be included with every batch or at intarvals of every
four hours if there is a continuous run, Honing is permitted after peening, Heat-
ing to a temperature which would reduce the imposed stresses is prohibited, Tol-
erance on arc height intensity is a ,005" range between maximum and minimum, di-
mensional tolerance on areas peened is -0 to +1/8% where specific areas are indi-
cated, Once & part has gone into preduction, no changes in the peening procedure
may be made without Engineering approval,

Rocker arms were the first part to 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 "creeper! or desludger
gear of a thru-hardening steel was the second part, Fron then on peening began to
grow until at the present time there are slightly over four hundred part numbers
or assemblies that are peened according to AMS 2430, plus eighty-five additional
parts released for experimental testing., Thess parts can be broken down into ap-
proximately sixteen types of parts as follows:
1. Rocker arms
2. Linkrods .
3. Master rods and caps’/
L, Crankshafts -
5. Propeller shafts =~
6. Crankcases -
7. Cylinder barrels (head attachment threads) ”
8. Pistons {(aluminum) -
9. Piston pins
10, Tappet rollers (Inside piameter only) .-
11, Torquemeter pistons (stesl)
12, Qears _
13. Miscellaneous shafts with and without gears ~
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1}, Qear cages and supports
15, Compressor blades (roots enly)
16, Turbine shafts

The equipment to handle this load has grown to twenty-eight different ma-
chines roughly classified as follows:

10 Hand cabinet - single nozzle
10 Automatic - air blast
5 Multi-station wheel
3 Miscellaneous including 1 combination wheel and air
1 endless belt
1 rotary track

Prsctically all of the gears that are shot peened are of a carburizing
grade of steel, and are peened to improve the fatigus strength of the teeth at the
root fillets, It is generally agreed that peening contributes nothing to the pit-
ting or scuffing resistance of gear teeth, though it may give a better break-in ap-
pearance, Most of the other parts are of AMS 615 (SAE L3L0) in the hardness range
of Bockwell C 35-40, Of course there are exceptions, a few of which will be dis-
cussed,

The peening of aluminum crankcases and pistons usually evokes the most
comment, The advantages, especially if operating temperatures are considered, are
not too apparent., Laboratory data show that the peening effect at the intensity
used in 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 changs in curvature was noted, The maximum compressive stress at the surface
is approximately 30,000 psi. Heating to 30CF (which may be considered the nominal
operating temperature) for one to two hours reduces this stress by nearly one-half,
After six thousand hours at 300F, there is very little stress left, but it is still
on the compression side, Mean average values of fatigue tests on test specimens
with the "as-peened" surface show a definite improvement over "as-machined¥ sur-
faces, However, the scatter on %as-peened" surfaces is quite large so that if the
comparison is based on minimum values, the percent improvement 1s not so great.

If, however, the peened surfaces are machined to remove a minimum amount of stock
to Jjust clean up the roughened surface, the scatter in results is again reduced
and a significant improvement is attained,

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 is
machined after peening with ,005" maximum stock being removed which is sufficient
to remove all peening impressions, but still leaving the surface compressively
gtressed and thus more fatigue.resistant,

Stress analyses by Alcoa on aluminum alloys in the solution treated and
aged condltion imdicate residusl stress of high magnitude which may be either ten-
sile or compressive, Quenching speed and geometry are the most important factors
which influence residual stress; but unfortunately they can not be controlled to
give uniform results, Peening offers the advantage of putting all surfaces in a
uniform compressively stiressed condition, Service records show that there is &
definite benefit in peening aluminum,

Peening of magnesium has never been done on a production part., When this
was investigated, laboratory fatigue tests showed that unless the peened surfaces
were machined smooth again, the poasibility of doing damage wee elmost as great as
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producing improvement., Cast iron shot also contaminated the surface to such an ex-
tent that satisfactory corrosion resistance presented a very difficult problem,
Non-metallic shot (plastic) and lead caused no corrosion problems; but the peening
effect was too small to be attractive, Dow Chemical Company, Magnesium Departiment,
has made considerable progress in peening magnesium; and very substantial benefits
are reported on such parts as landing wheels, It is reported that it is very sen-
sitive to temperature such that the effects are practically eliminated at 200F to
250F .,

Peening of titanium is a comparatively new application, and so far as we
have had only limited production experience with it, though considerable laboratory
and experimental work is going on., All of our work has shown that an improvement in
fatigue properties can be expected, which is contrary to the resulis obtained by
Hannink of Wright Aeronautical, We have ghown improvements from 108 to over LOF
in endurance limit on compressor blade root attachments, This wide range appears
to be associlated with the initial processing or means by which the root was gener-
ated, grinding, milling or broachirg, though this has not been proved yet. 1t does
appear that fairly high and consistent results are obtained on shot peened com-
pressor blade roots where the results on unpeened blades are apt to show a wide
variation, especially between lots invclving different manufacturing techniques,

We do know that damage by grinding is a serious hezard in processing titanium,

Minor burng are difficult to detect evem by metallographic means but severe grinding
will produce burns which are detectable by metallographic etching and may also pro-
duce cracks, It seems logical to assume at this point that undesirable residual
stresses due to machining or poor grinding practice can be neutralized by shot psen-
ing, Laboratory tests on Westinghouse High Temperature Fatigue equipment show that
on one alloy tested, where peening showed an improvement of 30% over smooth speci-
mens at room temperature, there was still an improvement of 224 when tested at LOOF
and 17% at 60CF.

As previously stated, rocker arms were the first parts to be peened,
These parts now are both nitrided amd psened; which may sound like a complicated
processing procedure and a duplicaticn of effert in that nitriding may be considered
the ultimate in prestressing the surface in compression, Actually the bore for the
rocker shaft is the only area that is nitrided, Service experience shows that in
this case a nitrided surface occillating on a silver plated shaft gives much greater
life than roller bearings, ball bearings or bronze bushing inserts., Ball and roller
bearings tend to "brinell¥ and bronze bushirgs tend to pound out or loosen, The
surface of the forging is not machined and as such is not suitable for nitriding be-
cause of the partial decarburization, Consequently, the bore must be stopped off
as well as the valve adjusting screw thread and the socket end, during the peening
operation., Inadequate cleaning prior to plating or imbedded scale resulting from
the blast cleaning operation at the forging source may cause occasional poor bond
of the tin plate used for nitriding stop off and allow small pin points of nitrid-
ing to take place which are readily disclosed in the peening operation., These spote
are objectlonable from an appearance standpoint only since the residusl stress from
both operations are in the same direction and probably are of the same order of
magnitude,

The valve tappet roller of AMS 6LLO (SAE 52100) is one of twe parts where
peening is employed on a finished part for reasons other than strengthening it by
prestressing i1t, It has been found that peening the bore of the tappet roller is a
very effective method of producing a multidirectional surface finish which is ade-
quate for holding in place a press-fitted bronze bushing,
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Another use of shot peening which is not assoclated with producing com-
pressive stress is in bond testing of silver plate, Peening is used quite exten-
sively on silver plated parts where bond is considered extremely important, and
where heating is prohibited, as on carburized parts, The difference between the
coefficient of expansion of silver and steel causes the silver, upon heating, to
raise up or blister where the bond is poor; this is more pronounced with increase
in temperature. Ths temperaturs frequently used for this test is 950F. Similar
blisters are produced by peening the silver where poor bond is presemt, A chart
has been worked out at Pratt & Whitney Aircreft from which the necessary intensity
or arc height can be determined in relation to the thickness of the plate, A com-
panion chart has also been worked out to show the amount of silver which must be
removed for clean-up after peening,

What may be the greatest difference in peening procedures between the air-
craft industry and automotive or other industries is the amount of masking that is
done on the individual parts, Peening is ususlly done on finigh machined parts where
design and weight considerations dictate close dimensional tolerances, Journal sur-
faces, tapped holes amd other critical areas must be stopped off, Soms typicel
parts before and after masking for peening are shown in the illustrations:

No, 1 Rocker arm with and without mask
No, 2 Master rod and cap

No, 3 Master rod and casp and mask

No, L Cylinder barrel

No. 5 Cylinder barrel and mask

No. 6 Propeller shaft

No. 7 Propsller shaft and mask

No. 8 Propeller shaft

No, 9 Propeller shaft and mask

No, 10 Crankshaft

No, 11 Crankshaft

No, 12 Crankcase

No, 13 Crankcase and mask

No, 14 Compressor blade without and with mask

About two years sage a rather serious problem arcse in production when a
new batch of Almen test strips were put into use, It was reported that the new
strips showed ,002-,003% less arc height than the old ones under identical machine
settings, Investigation showed that this was true in those machines which were uws-
ing malleable cast iron shot; but where chilled iron shot was used, the difference
was negligible., Laboratory examination showed that on the old atrips there was al-
most ,015% partial decarburization while the new strips had practically none,
Rockwell ¢ hardness readings showed both lots to be running in the 46-50 range with
the decarburized ones averaging about one point lower, However, light load Vickers
hardness readings showed a Rockwell C conversion hardness of eight or nine points
lower, It bhecame apparent that the softer mellsable shot could not work the harder
surface to the same extent as the softer decarburized surface, thus resulting in a
lower arc height, It was feound that by retempering test strips of the new lot to
the low side of the specified hardness to Rockwell CLL-L6, the difference in arc
height between the old strips ard the new retempered strips was insignificant when
subjected to the same peening condition, This led to the practice of retempering
all Almen strips before they were released for production use and later to purchas-
ing strips to this special range. The reason for this procedure is this. Engineer.
ing wished to maintain the same shot peening intensity that had been in effect on
experimental and service tests, It eppeared that since the so-called standard test
strip allowed that much variation, an engineering change or correction factor could
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be only a temporary expedlent, and they were loath to take anmy action until the
situation had been stabilized. It is hoped that the new specification for Almen
strips now under consideration will soon be available and can be considered a
standard,

Cast steel shot has been in production use for peening steel parts for
some time and has proved to be equally effective and more economical due to its
longer life in spite of its higher initial cost, When peening of alwminum was
first considered, it was recommended that malleable shot be used; and 1t became a
drawing requirement, Greater durability of cast steel shot indicated it would be
desirable to use it on aluminum also, In order to evaluate the relative effects
of peening aluminum with mallesble iron and cast steel, test strips were made of
the aluminum crankcase alloy to the Almen C strip dimensions, A hand cabinet was
used in this test, firast filling the cabinet with thes malleable iren shot and ad-
Justing it to give .015" arc height on an Almen test strip, then with the condi-
tions maintained the alwminum strip was peened, The machine was cleaned out and
filled with cast steel and the procedure repeated with both types of strips. The
results were rather startling, The aluminum specimens peened with malleabls shot
showed an arc height of about 030" and appsared to be ssverely overpeened com-
pared to those done with cast steel which had an arc height of only ,010", The
answer is simple in that the soft iron shot is softer than the steel test sirip
so that part of the energy is absorbed in deforming the shot itself and part in
acting on the test strip. Approximately forty psi pressure was required to pro-
duce the ,015" A2 reading with malleable iron shot, The cast steel i1s harder than
the test strip and a greater proportion of its energy is acting on the steel test
strip. About twenty psi pressure was required to produce the same A2 reading with
C.8. shot, The aluminum is 30 much softer than either type of shot that it ac-
cepts practically the full energy from each,

During this investigation, some of the arc heights produced in aluminum
strips were so great that the use of thicker specimens was indicated, Consequently,
the experiment was repeated using one-inch thick specimens which could be used for
determining stress gradient and hardness gradient for a better svaluation., For a
quick check the drilled-hole method was used where three SR-L strain gages are
placed 1200 apart in a circle, Stress is calculated from the difference in strain
gage readings taken before and after drilling a small hole at the center of the
circle, In this case 005" was milled off the surface to get a smooth enough sur-
face to apply the strain gages for the first determination, This procedure was
repeated in ,005" increments until no stress was indicated, Although these data
woere not considered very conclusive, it did give a consistent trend and indicated
stress gradients extending to depths of approximately ,020" and ,025", It also
indicated that the difference between the two types of shot was not as great as
indicated by the first test,

About this time the laboratory was expsrimenting with a new method of de-
termining stress and/or stress gradients, “New" is used here in the sense of new
application of existing tools and methods, It is an adaptation of Letner's work
on stressaes due to grindinf "Application of Optical Interference to the Study of
Residual Surface Stressest( 5, and R, L, Mattson's "Method of Calculating Residual
Stress in a Simple Beam of Rectangular Cross Section From Measurements of Its
Longitudinal Curvature as Layers of the Material Are Removed."(z)

The method involves the use of an optical flat in measuring extremely
small changes in curvature of a beam when small increments of stock have been re-
moved from the stressed surface which is opposite to the optically flat side, In
this case, blocks three-fourths inch square by four inches long were machined, and
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one side of each was polished to a high degree of specular reflectivity, By use

of mercury monochromatic light, the polished surface was photographed through the
optical flat, and the deviation from true flatness was determined by plotting the
interference fringes (height or distance between the surface and the optical flat)
against the distance between the fringes, These points are then transposed against
a new base line which represents the actual surface contour of the part, After the
initial reading has been taken, the side opposite the specially prepared flat was
shot peened, all other sides having been stopped-off,

For this determination blocks were prepared in duplicate for peening with
both types of shot according to the schedule mentioned previously, After peening,
the prepared flat surface was again photographed, following which ,002% stock was
removed from the peened side by milling, Photographing and stock removed in in-
crements of ,002" was repeated until a total of ,0LO" had been removed, and then
continued in increments of ,005%. Plots from this series of photographs showed
the arc helight of the beam caused by peening, and the change in arc height as suc-
cessive layers of stressed material was removed.

Another set of specimens was prepared at the same time for stock removal
by electrolytic etching instesd of machining; but becauss of the large amount of
stock to be removed, it became increasingly difficult to remove a uniform amount,
plus the difficulty of maintaining a highly reflective surface during the numerous
maskings and immersions in the etching solution,

(1) Proceedings of the Socisety for Experimental Stress Analysis, Vol, 10, No, 2

(2) General Motors Research Laboratory, Division of General Motors Corporation
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SUMMARY OF SHOT PEENING PRACTICE

The following is s list of shot peening practioces that have been

sucoessfully used or sre currently being used.

It oust not de

SHERT 1. construsd that any of thess represent the optimm trestment for
the particuler part. Exoept in a few instances, such a omolu-
sion is not justified.
Treat~
Surface Shot zent
Hoat Before Shot Shot Sige Shot Size Wheel or ( Wheel Wheel | ,ceer
Part Material Treatment Hardness Pesening Herdness | Type Kew in Machine Intensity |Coverage Alr Dis. |Epoed P""'igg
:===:—= - — —_———— — —
Crankshaft, Aircreft AB6415steel| H & T 33.-1-57; Polished | 6 Cele 370 = =====| o0L0 1
VPR «020 A2 | Visua) | Both 193 | var.
Crankcase, Aircraft AB4125A1ume [ = = - « « | = = = = -[Forged and [ 250-350( M 390 - -] W02
YEN 017 A2 | Visual | Woeel | 19}
PWAS56 Steel| H& T 285-381EEN | Machined | - - « [CuSe| 170 - - - == -- « 009
Gylinder Barrels,Aireft 5 "014 A2 | Viewal | Atr .
Gompressor Blades, Adrcft AMS 5615 H&T Re 32240 Machined | 625-850|C.I. | 170 - s a-e=| 4012
Stainlesa YR W017 A2 |Yigue) [ air® |. .
Shaft Gears, Aircraft AM362603teel| C Ee 81-84 Machined | 625-850|C.I. 170 - .- . «012
YeN 017 A2 | Yigual | Air --
Pistons, Alrcraft ANS4145A1um, | « = = @« = |= » = =« = | Forged 250-350} M 230 - nme =] 4007
| VPN 2012 A2 | Visual | Air - =
Piston Pins, Aircraft AMS63125tesl| E&T Re 47-50 Machined | 625-850(C.I. | 170 - e == «006 6 2
VPN +011 A2” | Visual | Air - -
Propeller Shaft. Aircraft| AMS64155teel | H & T - .- Machined | 625-850|C.I. | 170 - === =a=]| 4,010 "
YE 5015 ‘i - -
Tooksr ifms, Alreraft [ DEE3TStesl| HE T [T B0 [ Teresd & | — - 0S T 0 [ === —==<1 413
Machined 2019 A2 | Vigual | Air - -
Maater Rods, Alrcraft AMS64153tes)l| H& T 331375 Grouné 825-850{C.I. | 170 “ = o o s e =i o010
YEN 3015 A2 | Vigusl | Whee) | 19} | ¥ar,
Link Rods, Alrcraft AMB6415Steel| H& T 331=-375 Ground 625-850|Cele | 170 | = = = = = = = - o
YPN 013 A2 | Visum)l 193 Yo
Silver Bond Testing, - .- - == - -- - Silver 250-350] M P90;2303] = = = = = = «| According Wheel
| Adrcraft Plate YER 70 To Flate |Visual | or Air! « =
Turbine Shafts, Aircraft AMBS6415Stecl| H& T Bo 30-35 Machined | 625-850]|G.X. 170 | = = = = = = -~ | 010
VEN 2015 A2 |Viaual | Ad# P
Valve FRollers, Aircraft | AMB6440Stesl| H & T e = = = | Mochined | 625-850|Casle | 170 «me-e==t L010
e 20l5 A2 | Vimual | §heel | 193
Axle Shaft 1330 H& T Bo 36«41 Forged = = « =|CeWe | CW=dl - ==~ o014
_ «018 A2 ! Visual | Wheel [ 194 [ 2250
Axle Shaft - e = - - - = 3 2aded As Torged | = = = ~|C.We | CW=41 - - - e | === - - -
3000 kg 14 ¥heel | 194
Axle Shaft 1046 H&T Surf.514-6Q3 Ground | - - = =[C.JI. | 390 70% & 3903 «007
Care 250-3C0 308 - 460 _oBL] A2 | . Whoel | 15 2300
Axle Shaft.fmes., Sruck [ 8653 C&LE 3a2=3e4 BHY. Rolled & | = = « =|C,I. Alr stream. xee | 78-80 lb.off Visual| Alr - -
| and Gommercial Jorged 0.8, | 390 moves shot (3 | lipne air piess-
appe. size of ure;,Noaaje
naw mpiarial) | 7*
!r:nt Axle 3faft & Un.Jt, 6125 Carb,. Bo0min, | e« v oo [enea- N 550 or | 550 rough forgipg For clean- Wheel | 19% | 2250 (Grinding
u DL ing only
Breke Band Ancher for 5140 Ré&T 410 Machined |« - = =|C 1. | 250 - e e-e 012
Lnlu_ Alr
Brake Band for 1020 As rolled | B9O Ag 10l)ed (= = « «|[CulWe. [CWa3H | = « = = = =« = «008
| Automatic Transmission 2012 42 | Faxfilm| Wheel | 33} | 1400
Overrun Cam,Stator Reverse BRCA5120,C1045 Cerb | Bc 60ming = - - - « [ - - - =[ M [ 330 350 Approxe | For cleaning Wheel | 194 [ 2250 Grimding
nd & Isver| & coarse G q only
5140
Connecting Rod 1141 N0.GQeDe | 212.251 Forgimg { = = = = CoWe| CHedl | = = = = =+ = = (2w - == |« - - |2 whideld 194 (2000
Connesoting Rod 1035 modified H & P Brinall Forged Be20e22| ColWe| CWadl (= « =« = = v = | = =« = = =« | Yisual | wheel | 20 2320 Grinding
3.8-4.2 .
Gonnec ting Rod @ 1335 Normalize |1890-288 H Forging | = - = =| GeWef CWedl | = =« = = = = e |®#-eea |=-a [2 sheelg 19} |2000




Vrvas m ———

nd & q.uE
5140
Connscting Rod 1141 H.0.Qele | 212.251 Torging | - = - =| CoWe| CHedl| = == === = |==="" -« - |2 wbaels 19% | 2000
Connecting Rod 1035 modif H&D Brinmll} Forged Re20-22] CoWe| CW=l)l |oa v == === |=="="7 Yisual | wheel | 20 2320 Grinding
3.8e4.2 .
Connec¢ting Rod o 1335 Normalize |180-228 Forging | = = = =| CaWe CFadl| e r == a == |me==>~ - - = |2 whesls 194 | 2000
Connecting Hod and Cap 1340 N.0.QeDe |223-255 Forging | = = = =| GaWs CHodl |= == == == |= ==~ - - -~ |2 wheeld 194 |2000
Conpectiog Rod Cap 1035 modifief H. & T Brinell Porging | 15N=80 | C.W. CWe32 Worn down from |= = = = = Conplete | wheel 19 |- - chined
) 3.8=4.2 2030 -
Connecting Rod Cap 1035 modifi H&D Brinell FBorging | BcR0-22] G.We Ched) [= = = = === [===== Visual | whesl | 20 2320 | Nons
ol D
Gonnecting Bod Cap 3035 modift E&T BrinellX le(1ight]) 158=-80| C.W. CW-32 | Worn dows from |« = = = = Complete | whesl 194 | 2100
_BuBedal 2030 dige
Grankshaft 1045 NEXT 217-255 Ground - o = | GeIlel 230 «of P=281P=233 «018 4
: §=19, P=16a | 022 A2"Viaual | 193 12250
Connecting Bod and Caps X-4340 BH&T 302-332 Forged - = o | GoEe| 230 | m 2= =~ +010
2014 Al X 194 2250
Gesar, Drive = |+ ="~ ="~ e +060 Rs 58-65 Machined - e = | m=]| 230 | mm=m = «010 o
+075 2014 A2 1 {193 |ossal oo R
Gear, Drive Piniemn | = - - ~-*< ¢ +070 Be 58«65 Machined T e e | e | 230 | @ -==-~~= <010
80 a 7 |193 2250 a00®r
Gear, Final [rive St1.Forg.d617, &=e - B=02 | Ground 5% C.¥ep oD = - = = =~ =
pamo-b@uw.am +070 ca dia,. L018 A2 |90% min
Gear, Final Drive Pinion|3t1.Forg«4617s nloomo - | B= 58-62 Ground RO 46-53 GaWep0B5-a04P = = = = = = =
g 2 \pPF 'DF 9 'y
Gear, Final Drive F8 4620,13 - - - = |Bo 44=47 CoWe| CW-4l +041 appTOXe +018 A2 wheel |19 [2450/( Grindi
| Gaax, Final Drive Pinico 4812 or 4815
Gear, Bing 94817 c Bo 47-65 |Machined |- - = = Cals| 380 | === - """ «007 Visual | wheel | 193¢ |2250
A2
Gear, Tranmsmission. carburizing c Be 58-60 Wchined |- - - =| Cele 390 390 oan Try for | wheel 15 1550 | mona
rades 2020 A2 | BOK
Gear, Eua»g and |5140H,51508 NeAoQeDe |B70-207 Yorging |= - = =| Co¥s CHeSd | === ====| ==="" - e = | 2 whealp 19} |2100
KE - - H
1st Speed co-Zear 8820 C&R Re 59«6 Yachined | Be57=68 | CeSe 330 | = 2> v > - «014 Wheel |19¢ |2150 Ground
o015 A2
18t & Reverse Gear 8620 C&H Ba 59-68 Machined | Be 57-6§ Ce3e 330 | =2 === == «014 Wheel |194 |2150 Honed
20158 A
1




SUMMARY OF SHOT PEENING FPRACTICE

The following ig m 1
successfully used op

are

ist of shot peening prastio
osurrently being uased,

88 that huve been
It must not be
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Simet #2 construed that any of thess represent the optimum treatment for
the partiouler part, Exoept in a few instances, suoh a ocnolu=
sion is not Justified,
Surface Shot T::::-
Heat Before Shot Shot Sise Shot Size Wheel or | Wheel Wheel After
Part Muterial Treatment Hardness Poening Herdness | Type Now in Mschine Intensity Coverage Afr Dis. |Speed Feeni
Re 5863 Machined | . - . - -1 230 - eea «C10 - - - =« [ 29} 225 350=400 3
, «014 A wheel °
- - | 230 - - aa «010 194 | 22350 250-400 ]
| 014 A) | ¥4 . wheat |
-~ = | 230 .- »010 19% |[2250] 400%p
2014 A
C.34 330 - e wheal | 19§ | 1970
C.S4 330 - - md'lsi 1970
C.S4 330 - mu]ui 1970
C.54J 330 -.-ea wheel 19{]2250
Gar.. ﬂmin‘ G.S. 330 - 5 - 'h“l 19* 25D
——
Gears 5145 & 1035 CoWy Cwed) 0033=,044 Unlnown ¥isual | wheel , 194 1900] none
Gears and Shafia 8620,8640, % C&E |Re 2060 CeS4d 170 +016=,030 Unknown ¥isual | wheel 193 | 2200 nane
434049310 _ .
Hnion. nire, Irive & C.lJ{ 230 «0l6 4
_ _ «019 A2 1 w 1525
Genter Guide ana Cap Ananeal 179-210 BEN| Co¥, 8’-3* 2 wheel 194 | 2100
Tranmission Torus Huly 5140 H&T 5355 ERN] Forging Shot 4 390 390 wheel ] 15¢ | 2300
$h ] 40
Knuokles, Steering 3130 R § 230 . «0Ih
«018 &2 Alr 194 0
Xnuckles, Steering ' 3130 BE& T 285342 P23 <015
-2
Kouckleg, Steering 1340 Nu0,Q.D BHI, Sorging ,2 wheels 151 | 2100
Knuckles, Steering 1340 None 55-293 BEN| Borging —L 2 wheeld 29§ | 2100 !
Knuckle, Suppori B,0,Q.0 41-285 BrN Rorging 2 whe 19¢ | 2100
EKmuckle, Arm 1340 N,0,Q.D 1?-255 EHN] Forging 2 wheel 19% | 2100
Kouckle, Support Shatt 1024 ) § 9-192 EEE Torging 3%0 wheel| 154 | 2300
Motcr Frame, Cepnter and 10g5.1020. 1200 1 ki, Bo 42 [ C.W.| Cledl 708 brokex wheel] 19% | 1800
H&L\!ﬁ__am 5 Trelipf
Miscellansgus CJd.| 230 «008 wheel| 15 2250
| «010
Spring Clip Plate 20 None Forging Co¥e| CHa5¢ 2 whe 184 | 2100
Shaft 440 TN.0.D. 26932 ' Forging CN. | CHess | [ 2 wheeld 157 | 2305
Cl-
e |
Sheft 1242 B.¥.Q.D. [217-255 Torging Co¥. | CHa54. , 2 wheels 19f | 2100
Sbaft, Final Drive Gogr Stl.Forg, H&T  The =45 | Groma Tng 46-52/ C.W. [.030-.086 012 | 90tmin T
Shaft, Inner Generator 4150 H&T Re 36-41)



- — s i WG
' o= 2 mv—r 19: 2300
Shaft 4140 N.0. o | 269321 o Cole | Cl=54
ha B} Torging i 1
Shatt 1142 NV.Q.D, |217-25% Forging ColWe | CRaR4 2w 194 | 2100
Clied)
Shaft, Final Irive Geer stl,Forg. H &T Rc 42-45 Ground He 46-52 CoWs [4030-.046 012 90%min
4150H,4340H <015 A2
Shaft, Inner Gensrator 4150 H&T Re 36-41 230 « 010 Visual 194 | 2250 35001‘
2014 A1
Shaft,, Tack Transmissi 4340 H&T 40C Machined CoWs | CW=54 «010
o013 G2 | Yignsl Air
105 mu. Artillery Shell | W-55-6 1608"! 0Q | 170-207 As forged | Be 43-5p S=390 Adr Bonderi
1050 ateel |1100“Z draw| 217-269 As_forged zT
Shoek Absorber Cem: 1045 Iobe surfade Forged
: Be 59-68:
Inside 1.25 Rimx
dia.Be 25,
Shackle,, Spring 1028,1022, Nome Forging C.N. | C¥=54 2 wheelg 194 | 2100
1028 C¥=41
Spring, Coll, Small,. Le 1085 H&T Re 45-50 Dramn C.We | CW=20 Same 006 o
hd 009 A2 |visuai | wheel ; 15 | 2300| 450°r
3pring, Coil, Small, 1065 H&T Rc 42-48 Drawn CeWe | CHW Same . 012 o
L. . o« 036 4| visual | whead | 15 | 2300| 450°%
Spring, Coil, Small, 1065 H&T |He 4&2-48 | Irawmn CoWe [ CH Same «015 °
200% * Wire «020 A2] visual | wheel | 15 g%oo oF
Spring, Valve etempered| Hc 45  |Sowcth as | AV, [Ceols 25 B5% ol <UIZ [s007<0, vis wheel | I5F 0 { Low o
Drawn from Tulg —_¢ Anmsl_
Spring, Valve 01l Tempe Spdecial Smoath as A2 15 | 2250 424°F
97 Wire, Irawn 230 +008-,012
Spl.‘ing. Yalve Cele 250 +008 p
2012 1
Spring, Front Coil 5160 B &D 2.8e3.1 Ground befdre Go¥W, | CWH=35 85% above .02d 4017 isual & N
3000 kg 14, hardsning 45«5 2021 A2 [Faxfilm | Whesel | 19 1300
Spring . Pass.Car, Hot Co e - C.l.| 170 85% on o014 «01X P
* = 80" 4015 Yhael | 19} (2
Spring, Coil,Chassis 3085 or 9620 H & T 444~464 230 #015
2019 A2 Hheal| 194 | 2250
Spring, Bot Coil, Wire 444-461 C.l. | 230 85% an 4012 «015
- - 2019 42 Bheal | 194 | 2290
Spring, Fass, Gar, Bot Cbil 5160,9260| H & T 418-512 a1} 48 conve| Co.We | CW-4) | 85% om .033 °012 low Tempe
mlﬂ aQ)6 ID | Visual | £2000] Draw, |



SUMMARY OF SHOT PEENING PRACTICE

The following is a liet of shot peening practices that huve been
sucoessfully used or sre ourrently being used. It must not be

Sheet # 3 construed that any of these represent the optimm trestment for
the partioular part. BExoept in a few instances, such » oonolue
sion is not justified.

Surface Shot uM““M‘
Heat Before Shot Shot Size Shot Size Wheel or | Wheel |Wheel After
Part Material Treatment Hardness Feening Hardness | Type KNow in Machine Intensity |Coverage Alr Dis. |Speed Feening
Spring, Pront Coil 5160 H&D 248 « 3,10 | Ground Bo 45-50 C.¥.| C¥=35 | B0Z above 4028 4017 Visual Wheel | 19} (1800 | Kone
3000 k : _a08) A2 |Faxfitm
Spring, Coil 9260 BeT | B 51 CoFo| CW-35 ..osln a2 [Paxfidm| Wheed | 19} [1800
s )
Sprirg, Coil,sf*, 1-5/16f 415462 C.I.| 460 «00842 Insifle
wire 01242 Outside Whee} | 19% {1500
Spring, Gun IS 4140 Anneal Forging CuWe| CW=54 2 Wheelp 193 12100
c )}
Spring, Leaf Alloy H&T 418-461 Bolled & Ro48 . CW=41 85% on 033 «012
2016 42 | Visuall! Wheel | 19} [2000
Spring, leaf 5150 H &T 413«444 As Rolled 230 +010
204 AL 193 | 2250
Spring, leaf 416-444 GeZe | 230 «0k2 AL Wheel| 194 | 2250
Spring, Dise, Cluteh 1085 H&T Rk 40-45 Ground 15N C.3.| 230 Arc Hat 13-17 .
8§7=-89 «012/,017 Visua} Wheal| 194/ 18 =gt
Spring, Diac, Clytch 1080 b 4 Be 40-45 HaT. C.I.| 110 ,
15 1800
Spring, Dise, Clutch 1080 X Be 40=45 HeT. CJ.] 330
— Faxf{im) 51 1800
Eaxfilm! Wheel! 15 | 1800! Kone
Spring, Dise, Glutc h 3SAE 950 C-H & T 45¢ As Rolled C.J.{ 230 +010
20J4 A2 Yigual 193 | 1750
Torque Bar On Generator | 6150 H&T |Be 48-52 | Machined ¢S, 330 308 wroken
Yisual Alr
Torque HRod End 4145 Annea) Forging CoWe | CN=54
CW=41 2 wheels 194 2100
Torsion Ber, Suspension | 8653H,4150H, H&aT Re 47-51 |80 RS Mex{Bc 46-52| C.W. [,035- 012
] 92 - 1 ibbmp 015 A2
Torsion Bar, Daor 8750,6150, H&T Re 45-50 Ground CaW, [+018= «0
8650,8653 0024 2016 A2 | 90% min
Quill GGE350 4140 NH&T Be 41-44 Machined 230 «010
. +014 Visual 193] 2250
Universal Joint Yolke 1151 E&T 229-255 Forging Bhot & 390 390
$! 40 ¥hoel 15 | 2300
Universal Joint Yoke 8615,1016, 'or Clean
i 1115 Carb, Re 60 min, M 330 330 approx. only Wheel 194 ] 2250|Grinding
Trunnion Bearing.
Washers, Thrust Hot Rollsd NH&T Be 45+50 Ground 230 «0k0 Ingpectes
«014 Al |For Wheel | 19| 2250/ 450°r
Heat Treatment;
M & T - Hardensd and Teminpered




] | o014 ¥l ’ Y I | <=
Universal Joint Yoke 1151 H&T 229.255 BHY Forging Bhot & 390 390
> grit 40 T Yheel 15 2300
Universal Joint Yoke 8615,1018, ean
| Truppion Univ,Jt, Yoke | 1115 Carb. Re 60 min, M 330 330 approx. Only Wheel 193 | 2250|Grinding|
Trunnion Bearinge.
. Thrust Bot Rolled NB&T Be 45-50 Ground 230 +010 inspec<es
fashersy, Thrus «014 Al |For ¥heel | 193| 2350| 450°F

Heat Treaimenti
K & T - Hardened and Tempered

N H&T - Normalized, Hardensd and Tempered
H - Carburized and Hardened
& D - Eardened and Drawn

N « Annealed or Normalized
T & C - Hardened, Tempered &nd Carburized
C & E ~ Normalized, Carburized and Hardened

D

Zo»ma

i

Shot Types

T

CKN « Cut Wire
C3 - Cast 3teel

CI « Chilled Cast Ircn
CreS = Crushed Steel

BSS - Round Steel Shot
M = Malleable

1

Special Notes Qn Above:

I. Whesl used on QD surfaces; air used in bore or male journal

2, Peened ID only

3+ Foot attachment areas only

4, Mounted on fixture simulating part

5« Interval between. measurement varies between 4 and 8 hours

6¢ Inside diameter.
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PEENED WITH MALLEABLE IRON SHOT PEENED WITH CAST STEEL SHOT
S$-390 (APPROX. 4O PS| PRESSURE) $-390 (APPROX. 20 PSI AIR PRESSURE)

ALMEN
"A" stRriP
.015Aé

ALUMINUM ALMEN ALUMINUM
Ll - YA srRip Ll
.030C., .015A, .010C,

fe=r
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