
II
blasting" is USUll!ly u880eiatt!d with
cleaning 01' desealing O{wl'l~tion5

whore control of thtl 0lWl'ution is lIny­
thing but criti('ul. ~l'he phraso "shot
IH)(,ming" has becn designatcd 118 tho
method employed for surface trent­
mentwhcn increased fntilt,lIo l'csiflt·
lUlCO is dcsircd, nlthoug'h the chmning
operation may btl ()bt!\il1(~d simultll"
Ilcously, Elquillmtmt in both O!\flea is
much the samc except: fol' rc\Jlnmncnts
which fl\cilitnttl definite control of
the pe.tming operl\tioll to meet ct!r­
tain spccitie.ntions, OM (iSfWntin! tlif..
fel'CllCO is that pecning cquiplmmt 1'(\­

quires the URO of lUI adequnto 801lll'

r~ltor for rl'UlOvillg' tht! hro!nm shot
liS too fine partit~lc8 lIrc detrimentnl
or do !lot contribute to incl'tlnsed
fll tigUQ l'csistll!lCO.

'I'wo principul types of nlllchines
lIrQ in gmlN'ul uso, nllllHlly, the nil'
blast nnd the mechnnical bluHt. A
third type, although used now pdn­
cipnlly for honing, is tho liquid hillst.

Instrulllcntation for mmulUring thl!

LEFT
FIG, 20-Effeet of heot on

s hot.b Ia sted sp ri n9 s.
(Zimmerli)

o

t1ngnlt' of lihot lHll'nill1f, bt'in).t Ki\'t'll
t.he work pilll'n wus II Ill'olllem to
which AlnwlI" llevotllt! llllWh IminMl.nk.
inle\' devdopmlmt wm'k. A V!,('j' in"
g'lmio\l8 UIlI! simplo IlWlIlIli Wt\!\ l'vo!\'l'd

lUI shown in l·'ig. 21 wlwl't.hj' l\ flat.
Htl'ip' or stl't:! hI IIltlldwd \'0 II Jii>\'
hlocl" ~rhi8 n!ilwmhlr iH fW\I.l'llt'd to
tllll eritklll 1I1't'1l of till! IIlU'tllll'lf4lng
ulldol' tJw Hhnt fllrl'lllll fHltJlIl.t. fUll! lihh\
tlf tho 811'i{1 is pt·('lwd. 'l'hl' IIttill ill
UWlI l'cl¥lovmlfrom tht' hll1tlk I1IHl Ill­
('little! on tlw dinl inclil'lIl11l' I~l\t(il l\hilWII

in l"ig, 22 to nu'aRm'l' thn dllllll'l'!' hi
IOtll4iturlhlltl t~Ul'vatlll't\1l1 tlf; t.htll-ltl'ip.
Bolng twIrl worlwll onmlt.' Iddt'!llll~..
tho strip UI1Hllli1I'f\ lUI IU'I' 1I.hll}\\l nlitl
tho height of thi!! 1I1'i~ hI II H\t'IUHll'('

of the dcgrNl (It Ilhnt lit\l~ninll:' It ill

1l(l('t!R!HIl'Y tn kllllW how 1.111' fil't~ lll'lftht
obt~litH!df:r(JJll tht· strip cnn't'lult'N
with l'ntiguu 1.'Cllislnlll'I', 'l'hi~ ('01'1'1'111"
tion can only ho dtlVl'lolHnl hy fnti~IlI"

tl~HIH llt'ing mllllt' 011 til\) !LetHal purls
until suflldtmt hlu'ltgtt\und or tlllill

mny Ill' n(~ctlmu!nled.

While thill inHtl'Ulllt'llllttlnn in itl1l
lll'(!stmt form 11'l\Vt'll mudl tn ht'lh'"
l'Ii1.'(\(1, it hs the h!:'llt, tlVtlilnbh., 'rlH'
!wllsitivlty of tho tOllt Iii low in tlmt,
:(Ol.' !l\l'gll vnl'intitml\ in 1)(I(minlt' I~OlHIi ..
tions the chllnt\'l'fl in IIl'C 1Iolght vllhll'!l
lllay only b(l nfllw thmlH!UHlthtl of JIll
inch and YIlt llll'ge rlitf('1'tmct'1l in £11­
tig'Ut· 1'(llliHhllWll mny l't'lluit. It !\hnultl
not he infl'l'l'et'! thnt nlllximUlll lin'
Iwighl: eonnotl'll oJ1timulll fill hnli' 1'1'"

llistnlll'e, Cclt!Il1d(lrahln t!ou"t I''\;bit~
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o
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By this time it is apparent that
some control must be exercised
over shot peening operations if

the surface layer of the design mem­
hers is to be uniformly and adequately
cold worked from the standpoint of
obtaining beneficial increase in fa­
tigue l'esistance, The exprcssion "shot

1 Tltis sfrip is %ill, wide by 3 ill, 10llg
l/IlIl Golltes ill two thickllosses designated
as tlte A .IMp wlliclt is O,(}51 III. tltick a"d
the C strip 0.0938 ill" RG::= 44.50.

III Cltallge i/l 10Ilgit"di//(l1 Cllrvatlll'OS /.1
meas/lrod 0 vcr a fixed gage /(!I/,~th of 1.3
i", alJd is desigllated as tlte IIrc heigltt.
1'wo types 0/ gages Nos. 1 a"d 2 arl! IISI1I/
altltolt!!11 the latler tJlpe is prc/crrl!d be­
callSC it mcaSllrl~S the ell/'vatllre from till'
Iwpeelled side of tile strip as SIIOWII i/l
Fig. 22. The No, 1 gage measures CllrVIl.
t''''e from the peel/cd ,~ide alld the .1111'­

face rOllglllless alld trllllsverso curvatllrl'
it/tor/eres Wit/, acourate arc Itelgllt 1/111/1.
SIlI'emot/ts, Arc Iteigllt I'eadillgs /11'11

des/gllated, /01' e,vamp/o, 0.008A2 wMch
mealls tltat the IlCiglit of at'c is 0,008 ;1/.
0" a O,51.i", tMcll strip IISilll! No, 2 type
of gage.

RIGHT
F'G. 22 - Calibration

strip In podtion on
dial indic<:ltor to mea.
sure the <:Ire height.

LEFT-
FIG. 21 - Shot in ten.

$ity c<:rllbr<:rting drip
being attached to jig
block which is paned
through blolt with parts

being peened,

oo
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By 0, J. HORGER
nt't/II 01 Rlliltt,tlJ' Ru!:iHt'r'ri"g alld

Rt''-t,tlI'd,
Tirtlkl,tI Roll,',. Jlr'IJ";lIg (,'Ii,.

(.'lIItlllIl. ohio

o o o

••• The second Ut.cNON of a two-part Qrtide appraising the tech~
Nlcal and economic uflllfy of compreuillg the .surface layer$ of
design members dS a medtls of greatly improving their fatigue re­
sbtance. Lad week the author covered the hldory of shot peening,
the peening of springs, and tempering after peening. Herein, atten­
tion is directed to control of shot peening, treatment of I1ght alloys.
shot slxe and time, 11quld bldst, and the peenIng of gears, tank parh

and crankshafts.

TABLE III
Il/fllIl'lIl't' (II 811I'1111'1' l'rt'/lIJratinn

UII "'(I/i~llIl Srr('r1Rth

lItll',(' of li~,rht lllJO~'N lint! hiH r(~!I\tlt!1

Ill'f' qllOtl't! in ',l'nhl(! IV, Ht·nttrib·
utl,1I thi- Ml'altt'!' ill :fltUgll\~ )'('IliHlnrlc(\'

IlhII\i!II·tl with I'll '1'1 1'1 III l'llNtlrllt,H lUI hi"

81.100

111 ,tOil

&0,:1&11

fft\ Grooml MId ~tllfQ"1lI1 00

(bl L~~nlltl.

Ie) HCltIUhll<1 wllk ~ml!fY (lulh
Nu. ~'l ," " .

(Ill 8alit,! blutell, 481h. p~r lilt.
Irl,ll,rtlll1\llro,:10 min,

I~i PI~I~hNI ~lId 11101 blilllflll,
75 Ih, pll( 1\(I.Il\,lfrMllI"~,
1\0 mht,

(Ii R~1I0h~dnlflle)hNlhh~t
hrnllt>t1161b, pll( *", In.
Plij.~lJU, :10 min",

~O,3 ftiW (f!Nf (,'. ;2 Cr. 11.3 Mo, IlIIIf Z
IlIlt' l'llIit Ni; IIltimrlfll .WI'HA'f" HHI,(l(){1
lb. IHlI' ,lIi' ill,; dillflilllitm I> fHIf' 1'/111/,

blui.( 10 ttfimUff ~/rt's,~ f/'(lI'·I',l'Illx.

W••i}flltHl'" nhm IltlUlil'tI tho inlhlC'llcl'
IIf IIhol hllHltill~f till tho fltt,i~rlll' l'j'l'!iMl"

(lltigUi' 1.1n'lIl1;th h; Kn'llt.'!' thun thlll
!'ihown lIy Illi Illlllt'tl'rlllilll'l! umount.

\Vh'lrllnd'" invN,tilrll\{lil lhe infhwlJi'('
II( dill'i'r,'nt mt'('IHluh-ul fillrrlll'{~ 111'(')111

l'ati(lllH un tht' ffltiV:\li' /'itl'i'll",th \If
plnill ~1!,I'viHH'm\ 1;' ill, in diullWtl·1'
fl'lllll It lwul,tl't'Htl'd hll{IH,tl'l'lIl1;lh al"
lil~' !'it twl", II il4 l'p/mltN art' I1hOWlI ill
Tnblt' ttl, lind fl'(llll thill lw ('tmc!ud(lc!
nm! Utl'l'P ill nn lIl't.d fnl' l'~pl'lIlli\'('

Jl"lbhiIlJ~ "Il('l"nlillJlH nil ~llIt'h II hbr.h",
~r.rlldt' /lln'\ IIlI wwtl in l'IlHinl' I'tm"
ci\rut'iinn Wllt'll 1'11\11\1 fnlij.:'ll!' l'I'ldl"
1lilli'", llIl\Y hI' nhIllilH..lll~· ~Ihnl hlmd illJr.
til!' l,@~th "II dn('11 ill (~,

IUllPIlj,t ,~I'\'t'l'l1l inVI'Htif~nti\I'I\ m' to
wlwtlH'1' Ow lin' llPi~~ht vn!lu'1'\ lIrt' ~,i~r"

!lilll'lI11t 1114 IIll Indt'" 1.( flit iVtlt'
lif." Likl'wi14t, iml'l"l\VI'ml'lI',~" ill Nh,,!
1t111IN'hd nnd qllalil),' lUI wl'll [If< IH"'fI'"
illl'~ t'qllillllWlll wmalll h,· Wi'h'IHl\l', 'I'll!'
pr"i't'~N llr 1H'f'nillfr iN 1\ lI'lll!i\'I'!j' lit'\\'

fll·11I IInct ~~i\'nlimlH'llli'i Ilil n rl':~t11t

IIf n'qllh"'llWllh; pi lh.· tll'llw,1 ~ll'l'\'ie(lll

1'1l t hnl tilt' inlllwtUlIh' whit' t!"IIWIH!
1"11' !!lb, I'qUiPllH'll! hl\l~ Hl'lIWll f:l,,',tl'r
thnn tll'Vt·h1111IWlll HI"I itnpl'llv"lI\t·nt:1

wOllhl IH·l'mil.

Puning Steols and Light Alloys
1''!ll'l'flllllWr !If ~,hll! lW"nil1}r \')l:III'ri'

IlIl'1ltl\ rt·11l1TtI·1\ ill Oil' Iih'l'll til n' w"r II
mall!. hy WI'ilt,,!,' IIIl II.~Wt'"jll. dialll\'!I'!'
'l'mpt'rIMI SWl'di!lh wirt" Hi- tmnhlNI
tht' wlr!' tl'lit piN'I'l'! 11lItlN' lUI Ilit:' hllUll
lin lh, flN' J1(J, itt. whit-II IIr flfhll'f"tI
11\'lll'lkhl! flltiittlt' fl'14ullt'llltl UiVl'll in
t-'i~r. 2:1. EVl'n tlli" tYIHl ilf IH'tmin~~

~~It\"\ 1111 I'IHhll'lIIl\' \. limit in r(l!llth\~r

h,'nllilll4; whit'll WUN :l;1 lIN' tWill to ~!'l

111'1' ('I'lIt, j.tl't·Il!I'l' Hum in Uw lUi"

l'I'N'I"'I'd I'nlltli t hilt, 1': IHhl1',Ul('j' limit
ill tnn,\tm (~,mltl lint h(ltlhtllirWri on th(!
pt'\'lll'll wir!' h\'NUllii' hili !ll'l'rimllHll
\;,h" Q'I'iplil, 'rill' 1\1:','nW.' 1m UI!' tN"IIifm
~\,I WII)'lI Ill'vj1h'lwrl Int ij.!IW,fni Itl tl' itl
VllhH'lt in t"i~r. :m lllllil'i\t!- that t1l1\
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Torsion Reversec:f flexure

/60 0 Nor peened
• Ad(~itionClI5Ir'('c,s

11/0 " pl:wmiHed by pe(~l1it1<J

4

1
2 cO 50

120 '. .".fI

100"

80 "

,F,
• IG, U-Effnd of ,ho~ pl!!l!!lIlng 011 ,,"durol\clI limit of VO/IOUI' dOllI,: (A) 0-0.85

por eon~ C spring wito (I); !B) SAE 1095 mUlic wiro 0): Ie) 18·8 ,loin Ion
wiro 11); ID) 13,2 ltolnlrm wiro (I): (E) pho$, bronxo. SAE at (I): (F) 18·8 Itoin.
t!!n (Wcthl 2"1); (G I N, E9410, carbllriIlld (2ot); (H) SAE 4032, tarbl/rixed {24};

IJ<' Ne 9420, corburllod (24): (l·) SAt: 1020 plolo (241; (M"') SAE 1050 pfeilo
2.. ; IN") SAl: 1046 olltloolotl (18): (P") Armeo Iron (18): (R"l KmO Q &: T
lal. Minimum ie/lional llrou 20,000 lb. pllr lq. in, Ixeopl for F. which WOI lora.

.Surfocn polilhnd prnvloUllo ponning-olhorl nol polhhod.,

.n!'\h'ttintl
lJO bNll:lII li'(

,s80
~.

'lp 70
('\

'"~ 60

ABOVE

F1(;, 23-Effoet of surlocll condl·
tions Cln rOlol1nq bMditlg tlnd rll,

vfrllld tOrslonol fatigull tlUilh:tnCif of
hlmrHlftld Swodilh wirll, IAIl pllOnin~
done on (lI.recelved wirl-Welbel,1
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ml\~' he mqlhLilll'd bJ' lInlil'nlHll'
ing 11nllllil,hllu~, 'u' lUI I "'*ll'J:llll~

h» till! ll1l fnltnrnbh, !llnfn
n.muinhllr (rom luout t.I'I\Rtl'lltmt.

It will 11(' noh·fl tlmt hUEU'I)VUn

in flltiguIJ l'1,'t,il:>\IIIIlt'I' lhw to 1Il1ml,
iug 111m lI:tHHlrllH)' hl"Nl tlltlll"t\l'J:Jill'd

in tlll'mll tlf Nldurllm~lj limit,
tlmt 1I11uwnh1l1 1"4Njl'\III):lil tnt IOIli'
lift' uf lOllY Hi million llt,I'('II!l l'l!\'l't'>tlll.n.

In l'Imm' tYIHm or !~!:luilm1t'nt

!lUdl Ill! IIuhHlluhlhI ~md IH'llnll,noo

!'quillmtmt. It. ill, \'omtfHIll til thia
imIH'II\'IHlu'nt ill Il'l"lIHI or 1!(Jltlillll'll.bllil
Ii fufnl' n "lll'vilil' !lnltiMl. a
IIl.\14ill inCl'!'!> .lJI, knnwh,d~l~ Ilf

Ntrt'llill'l> in (l1ll'l'll.thm.lmd wllihl
111'\) Hl'hllllll IUlUwn if II'> Nllilttl1rrllu'Y

tHllllhwt ul'i.'l'lilf'llh·d
l(ll'\tl'l. 111 tlnlt-I" to lU\rtl'i r_lllltiivlli[v
lltlM, II iltn'l'\11 I~ III/lId III Un! 11'1I!

310
476
900

1310
520
800
820

Lifo
Inwovornont

Pot Cont

FIG 2b-Effllet of shot sin and eHe hlli9111 olllhlJ
. llrenglh of lho! pllllnlld lhelfh wilh 1/4';11. Illlili.

1110q

Woldod lolnts
Stoorlnu knucklos" ... , ,
En\llno cronk shofts", ,
Ho Icol Sllrlnus, , . , . , ..
Tronsmlsslon moln shAfts. ,
HYIlOld uoors.".
U Joint crossos ,

TYI10 of Porl

TABLE V
Accc/eratcd 1'II.1'til/g ta Show l,ifc

Impl'lltHJlIIl'l/1

8

te\l11Wrml SAI~ HWi and mwo HllWlll,l1

not shown in l\'ig. 24. T1H!~' l'(![Hll'LI!U
Hlightly lower (mdm'nllco vn!uml lor
thoso plain spechnmHI gl'ound,polw
ished, and peened than for thmltl hav­
ing 1\ ground !lnd polishml IIUr!llCO,

'l'his reduction in flltigue l'(!!lilltnmm

2

9=/·25 ~;::O.l6/
--

~ ,fl?,
t t J~ L"t\ "

IWl D= I. 940'bliet.; )=1.554'C1ia.

Shof dia, O.OJ/SHShaff Q4J%C; 0.57% Mn;Norm.cmd emf).
~

10--

---
.--

"V
-

/
J

1/
I --

/
V

~ -'
ro--Polfshedl/S-2~micro,jn.

3 4 5 6 1
Number of pClsses

FIG. 25-Effect of number of passes under shot blast stream
on the fatigue strength of shot peened shafts with V4,in. fillet.

I'SAB 1045 steel !tad tdlilllate strclIgth
of 152,700 lb. pel' sq. ill., 17 PCI' cellt
e{ollgatioll; 56 pm' CCllt rcdllctioll ill
(//'M, Bl'illctI 311, SAE 9620 .~tcd fwd
/llIllllotc strengtll of 322,000 lb. pcr sq.
ill.• 7 to 14 pel' cellt I'Cill/clioll hI ar8/(,
RritwJl 548,570,

ing' 110 doubt due to irregularities in
the castings. His conclusions stated
that the endurance of aluminum and
magnesium alloys could be improved
HfI well as pl'oduction time reduced
for surface finish opel'utionsif fluch
parts were shot blasted,

I,'urther .evidence of the beneficial
influence of peening on fatigue re­
sis!;ance is shown in I~ig. 24 which
l'eprl\Sents the results· of several in­
vestigators. Also Lessolls and Mur­

'ray'" shot peened lit-in. diameter plain
fatigue specimens of q\Hmched and

• Shot peened
o Polished

....
,.....
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LEFT

FIG. 27 - Endur<lnclI
limit .vs. shot sito

for only OliO POlS of
filleted and plain (lh
In. di<lrnetar shafh lin­
dor shot stream. (AI
polished; (P) smooth
turn Clnd peened, 0.019
In. shot. elre ht. o.o03CIl
(C) srnoofltturn <lnd
peMed. 0,032 in. shot,
are ht. o.o06Cf: (0)
smooth turn and
peenod, 0,056 In. Ihot.

are, ht. Q.QICCI.

o

RIGHT
FIG. 28. Incrocull of fatiguo tlro.nglh.. lw sh'Ot b.·lln:tI..tl9

coni C, 1,0 por co~t Mn sl..I. qllonchodond !llmp.fslll!
(BlblaS+od With eoatSo dnl shoh (Cjbllltl.d with

, ,
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ARC Hi: .006SCI;.OI7S" AI ARC HT. .OOl'C1;.OIB" A t ARC HT. .00g" C1;.OI7" AI
I PASS 3 PASSES I0 PASSES

SURPACE OF SPECIMENS (x5) SHOT PE.ENED ON WHEElA6RATOR USING .0315" CIA. SHOT.

, .
ARC Hi: .0085"CI;,OI4' C2
SHOTDIA .055"- .060"

ARC HT. ,0105" C1;.017" C2
SHOT CIA.•080.....093"

SMOOTH TURNED SURFACe:
(XS)

SU~FACE OF SPECIMENS (x5) SHOT PEENED WITH
AIHalAS!.

CONDIT ION OF SPEC.
BEFORE SHOT PEENING.

fllil. 29··~,SIl.hll:<I I'ltlll!l IIIU''''' .l;«"''''\1 pUlIllIQ ttlildHiM\ QI\ SAl:: 1(}45.

TABLE tV
fll!1/wnn' ,,, .\'/lIIt lIIi1I,11I1!' 1m 1"ntllllll! R",\I,ltllllll' til UJ:lu ,of IlUI·.'

imr. lilll!' Ull \'udllruI1l'l' Vahll'il in Fi~.;'

(Ul' \'l\h'I' "lll'ill~(l" Flit. ;,m. h,)' th.·
/111111111''", Uill.. "IlJlllIlll"'1\ j·llihll'IIlW,'

\'lIlll\"l \'I'I'~1\h till' 1H1ll1lwl' lit llllilK\'ll

fin' Ill/·tn. dimlwh'I' lUh'lxnl KII,1t'11< HI'
RAt·; HUn ",u'\'1. IHWllllllh,:,'.l lIJ1I1

17.100

19 •..9tO

13.60'0

11.100

6700 foSll{)O

3500 to 9100

Afltlltlng BllI1dlng
Fallgua Slrongth.

L.b. Por Sq. In,SurrnclFlrlhlh

Fine Turnllu
Flml Turned tlml
Shot Bliilltild

Fino Turnlld
FinD 'fumllt! lIld
ShotBllIllled

Flna TUffllll:l

Fino 'furllot! Md
Shot ShUltllt!

Mlltllrlnl

3116.6 durnlumln . . '
119,7011lh. 11M aq. In. ulllnml6
38.0100 Ill, 11M till. In. Y. P.I.0.2l

Eloctron AZ. a1 , ••
4UlOO lb. por \tq, In. 1I11lmnlti
14.200 lb. par sq. In. Y.P.IO.21

Eillctron clultlng AZa,

19.200 to 32.700 lb. per llll.ln. ulll.
mll1" i1trongth

allfl,,, III fnt'!, mlll·1t fllli~nll' ,Jnln 111
11'lHly lIV'lIiI ulllt· 111,1\1' ;'111111' nl' Ihl'il'l,iM'
nHkluwl,1 hl'\~11 1!!1I1 !If till' 1l11!'ll'III'\' n(
"pN'WI'Htill1llil \'I\m'\'l'nill~~ ilw "'HuH·
timl1'\ IIf hlu!'llill~.

'ZlnlHwl'1i' ~tlH1WI< tht· I\lr\'l~l lIf hll\l1It<

Shot Sitft and Timll
't'"n lad"'!lj'11h'llllltft' dnl.!l Ndill n"

to till' illll\UI!Il't, tit I'III0t !)lilitH, till1n,ntJd
nthl'r flll!llll'!'l 1m Uw nltiil:UUft·lIiflt.,

·If. ttlhWt· ~lll' 1"lllllnltll~I'

limil \~lhll'. lh'!'\'IHimM' IIi'"II U",
·,tI"",~ ll'v'd ~,'hl1i',m. litl' l'IH1iflllrlflHtl

\'ulm.." Hh ,,!>IIIi''''ll fnml lillll)' (I' \HI

hllth In' lnlllllt)", A11m',," hli',a,l!lnWtl
nnw ''''\Wfilwn.ll'l'uH·dl.I'l'b Ii~WI' j.(IV.'l!

hU'l.\'I· lIiH"U"t'f( III Ii fl' Hm!lll~h !llln!
pl'I'lli'lll. l<~ "hHwn III 't'uhb' v,

II! all,V "'!t'ln )'(111'11 II lif,' lill1tll'l i",
.1(1t'1l jll~'t >l1t'I! "hll'.' n I~ lUI ilHUl'l1 c

film .d' h"w ,I'twt tWI·HI'II. IlINlIht'!:'llwlll

r'.'l'ht "t'rh"l<m~i1 hhth i'll n"~I'l\ ~rl',wr'

tilly hiilnll tll'j'14NII in Uw lllwfnlitlll
IIf IIII ,!" , .'IIIHlmwllt, It !ll plm\.!llhl~

t.llllt 1\ r,tflillil thll' hi tntrt'"
tlUl'II1 HVN'IIlIUI!l, Illitillb' Hil' r~ltlll:lh'

1"'III'hH"!' II' ~H'I'\rii~I' IIml th"l1 thl.' tlm'"
mill "'IINldil1l( l'IlrmMll'1I Ilf(llmjili'lth, th,,'
lllinnh' t'Ultk hi 1'lllnpl.It.I' (lliltl /1', A
knowh'd/il't. ut tlw NIt! II rlUlt'I' limit il'l
jl~~lmtilll, h"WI·Vl'l'. If lnul( IHIo l.n tilt'
IlIU·t i\'4 llxlw~'lmlill li!l,,!:''''l('l',
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I PASS ,007" Cl 10 PASSES .009~Cl

SURFACE CONTOUR (TOP X30) 8. MICROSTRUCTURE (BOTTOM x 100)
OF FATIGUE SPECIMENS SHOT PEENED BY WHEELABRATOR.
SHOT DIA, O,0315~'

7Q-THE IRON A~E, April 5. 1945

SURFACE CONTOUR (TOP x 30)
2. MICROSTRUCTURE:(OOTTOM
X 100) OF FATlOUE', SPECIMENS
SHOT PEENED Wl'fH AIR
BLAST.

tillllpll'l'ed, 'I'hill \'\1I'\'U ill tllt!wd 1111

p'liming filletll whi(!h WI(lt·(~ 11Illt lIH\olllh
ttt'l'lH1d Ilnd not lm\lllht'd, All \'IHllu'"

IlIlea limit hH~rt'fIl'\t\ of IH lHlt Nml:. Wll~

obtllhwd hy I!t'('l\inl( II'I ('lIl1ll'll!'",1 wit II
the llolislwd lillllt.

COIlH()IlIHltlel' nf Nhot.. Il.!i:l' b nhm l'\'­

vimv(\(P~ in Fig', :om, Hurl: tIm III','

hllight is eOrl'(l!lltl.'d with PlllhlrmH'\'

limit nhtuinedful' 1lI11'tt.'ll !llm'ftl'i.. It
rnuHt hl! obllervN! lhnt Hm anHIl!.'r
Ilhot IIh:t' ill lllOl'IJ bl'lwlldlll tlllln th!'
Inrgi)r Ili:r;(l!l but thil!!(\ !\lldinK~I\IlI~'

apply to the condition", h1Vlltltlf.!'l\tl~d.

li'urther dutl!. in Ii'iK, Wi l!how thnt it
tho filleted shllf:tll in 1i'i~. 2li IU'I~ ~iVNl
only oneplUllI und(~'l' thetlhot, IIlrillUn
thim thC! Inrgl.Jr 14il':(1 Ilhut III 1tI1!fl' b"III"

Ih:illl", In I"if.!'. 27 t,ht.l 1 'I~ ..in, IIi..
nnwh'l' plnin IIPt!\::ill\l1lH'l witht.mtIUlt.t~
!ltl'IlIlS i~l)nCentl'ntinll, htlwpyel'. lI;l'Wt'

llw bi'llt 1'1l<!llrUll<'l' with thn mt'i.lium
:;i7.o shol. OtlH'r lIllIHlhlii!!hm.l datil
l'xi:-;t whii'h indilll\ln l!\IH thtl!M'gcr
size ghot ill mort' bl!lWflilial wlwn
IllrWlH cl\llI'tmtrntinn dlW 10 Mhl\11~ at'
(,hi' lll(lmhl'l' ill IH'\'lIllnl" Thil.!!!:'! aD<wl'
l:urVIlIi ur(\ C!XIH'(Il'\lIiVlI, !l(lw\\\'cr. Itt the
fu('t tllilt ull IHWllillp; (:\m!lithllHI Ml

1I1t1ooth tUl'IWr! tUh!tCII or !lInin lihue!!'
faV!l improvedfl\tig'Il(\ l't.'tlill!.I\llCI\ (\VIII'

thol!e hllving' llllll~ht~d IIUrfllC<J!!, Ob.
taining, the optimum .llllllll:'!\l\l~l' rn.
quires f}ttiKuo t,lll\tll 01'1 tht\ !tlIltf,llri$lI,
dosign, sudQC(!, nnd hlll.nt.ing' c,mdi.
tiona CilnC(l:t'lliHi with Il!\ch p:t'mlut:tinn
part.

A IMnaure ot the dtlgrt\!!:} of ('old
work ncetlll\plin!led hy t10cning ill the

oo

(\ 0 0

LEFTFIG. 31 - S hot
peened gOOt and
pinion, (Simon l.

Cl

o 0 0

10 PASSES

ABOVE
FIG. 30-Structurc:l1 conditions

at surface of peeMd SA~
1045 shafts,

I 10 PASSES
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BELOW

F1<:,. 34,,,,,lnllllllnc:ll elf limn of biOI! on mloeo fini.h I'll caUl corbllrixod pcuh.
(Bc)(lull) (A I hotlQd: (B) Ihot pMlnod 90 lac,: (C) shol PllMlld 5 ~oc.; (D)

11101 IJtltlotld 15 ItlC. V'IrIiCtll moC)nificalion, 3000 X diamtltnrs: horixontol. 30 X
diamo!llrl; 0,023 ill, lhot li~n.

ABOVE

FIG. ]2.,...0 il1l 1:11 locornotivtl oll:lclric motor drivinq 9llCHS oro ~hol PII/lIIl'\d,
(Simon)

"ti
20 't\ <u

Itl r:
t \\)
!\) &!\)
t:t

10

0

an' hl·jKht hut it iH uppm',:nt frolll
FiKfl, 2G tlllli 27 that t1WI'P hi 1ill0l' 1'01'­

I'l'!a!ion of nrc lwil~ht with I'ndul'll1u'l',
AllditiollHl 1l11\luhliHhml data \'011111'111

thill lll\'k of corrl'!nti\lll hut fllrthpl'
datil liB thh-l qll\'H!iOU lin! dt':-;il'llhlt"

Lupft'l't"'ah\ll found llmllll"r Hizt' llhot
tn Kivl' J.tl'\\ul:or t'lldul'lIlH'P thun llll'jowl'
IIhot. IIH Khown in Fig. I,m.

ThaI:, II ImlOoth llul'fnct' dOl'fl B(lt

!Il\I'\':-;fIlII'iIJ, \~()llll\)tt' til(! llloHlf'avoruhl\'
\kndUl'UlIl'\\ is obvimlHfrmn I"ig-H. 2\1
lind ao. '{'hl'!!l! HtudilHi 1111 IH'rtnill hI
tl\ll H1U'Cllt'O comlitiolll'lfollllt! un till'
tilll't!·d lind plnin Hhllf!.fl l'\'plll'tmi in
1"il,~H, :om, :.!(l HTld 27.

FIG, . 33-1dl@r \loar lifo inerllallld
Oil M4 mlldillm tank Irom dyno.

mOmtllllr ttllh, (Col. J. H. FrYll.)

40

Peollin9 of Tank GOQrs
~inwll" ahot llUl'llod V;NU'!1 ill l"ig',

:31. whil'll IIl'll IHld. nf tIltl ('Jeddo ddv\:
:.,y,ill'II'1 (If l'llilrolld di()lll'1 Im\\mHltivl\ll
mu~trl\h'd in Fi/!. :m, Tiwile j.~(mr:i

so

'. Col. J, N. [<'rYII, OrdHall(JI! 1)/'/)/II'f­
'11t·llf. U. S, War l),/JartrllIlHf,

, H. E, Bodtlrl, ll'x/lIJ/·/ItII1//ffll EllclHler.
Timkell Rulltlr Bl1nrinl Co., (.'aHIIlII,
Ohio.

A P/'fJ/ilcllll'nph IV/IS 1I,1t'd to IIbflltll all
/iI/ish reclll'dli,

1\1'1' 11l.~I'Il\·lj II!> II lll~t. Vl'lllhll'tillll l.lpm'll­
timl ufh'l' till' tN'tll Wl·t'\~ 11l'l!villlllllJ'
tillhlhl.ld to dillltHllliIlIlU!IIl:I'Ul'UCY.

lilmlH.1 hi~~h duty !.t1)!H'!l hllYll thu
it'llth \luI Withll, 11l'utuhIH,'IUll'11 hob und,
IIfh.'I' MIHlt pt'lmin~. tllil tllllting !iur~

fal\t'N (Ill till! l1idt\l! C.t tltt! t(!(iltlt 1\1.'1\

M'l'llll11d. 'I'hia llH1thod InnVll1J tltl) root
l'utliUH ill It pemHJt! 111mdititm to hlltt.er
rn"illl :lnU"UII 'frndur\lll.

SOnlll dult, (111 irU,tl'tlll.l'Im! liflt oJ id1e1'
gt'IU'S for M4 tank ltY IIhnt J)c.ll'ning
Wl'l'6 prelllmted'" by' Fl"YO\ in Ii'lg. nit
Tlw ttlf\tll on the pelllll!d goan Wt1l.'l.l

I!iH('\mt;!mllld deer 4911a hr. without
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NO, PAA"'t'S t'E$T/l:P<
TEMPeR '"(it

STEEL

~;}-~
C-31

1060 ,

lmprovl!lment of Gun Parts
VUlt'lIthll" PI't'HI'llll'r1 tl t'I!'I\1' pj(~hl:

Ill' hoI\' Hhnt lH't'lllllg R'l'!'lltly intl1nlV!
tilt' imlll\\'! flltill:u!' r(!l\!Joltlll\t'" llf 1111.1\
llH'l'.'l u'~('d on llutnUIllOt' g'U II i<. Hill
HUItH g-iwll inViK, :Hl m't) t{unlti'd
tuhulal' dnt nY', T~nlit'lll lllllllllll'l'
tUl'1'1l dl'\lt'lol1t.'r1 in hlblll'ntnr~'

imlllu't t(~lltfl 11.1'0 ilhllllrM('t! Il\

:1'7, Chil1(!d iroll 111101 tUlZi:I itl.
o,mm in, !\i~l! \\lUll U.'lN! lltHhrr lOll
IH'I' flq. in. nil' pl't'RlI\Ul'I', 'I'll!'
imlll'(\V('llwtlt in t'lHhll'llnC(' of
hnmmtH'R h~· pcenillK Nfl: H620
I1lil1 {urlht'l' irtlprnvNI h~' ulliujt n

• II', II. l'trlrlltlHII, n••i.tmO
IUI'gisl, l'tmtit/c MoJnr Divhin.H,
MIllON Corp,

failln·t', Wllt'l'PHIo> lI\\lI·!wt\llt\d l(t::
f:dh'd II ftt'!' :la hr. !-illll! {,it,I' v
1nl~\ ill. with lilt inlt'llsily ..r n,tHi

llndl'II' "llIdit-d fl'U' irrl'j.{u!aritJI'l!',
!'lIrfl\(~1' lilli:;h iIIURtl'HtNI in ViKll,',
:lud :Ui oil t'a}\,' \~Hrhurbwtl pl\rt~j whl
Wt,I", >lhot pt'l'lwd 1lI11l!'r \'al'iuIlII i'j
<litiOIlH IIIl II Wlwt'1uhl'llfllj' Hriiult 1\

C('I't'lIl, Hizl'1' of dlillt'd Ir.m '1hllt l~

with dill'('I'plIt liml' nlldl-r thn blt1l
:-{OIlW t!t'Higll 1lI1'1lllll'l'H rt.\lluifIJ i'1,t'tll

(')Wl'ul'tt'I'il'til'H Ul' 1.11 lliuwrI!'inmll _
(,lIl'IH'~', luhl'iwtitm, frit·titlll, nnd nul
:->0 thut II kIIlIWh,t!P:I' of th!'l'lt! !1utt~

i !,J'(Ig'uIUl'it it'H ht,t'nnw n!!t't'HrilU·y. '

I
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BELOW

FIG. 36-lnfluenco of shot pMning on tho life of Cello carburilOd gun helmmors
subjected to repeated impact loading,

ABOVE

FIG. 35-lnfluence of differ!)"t shot ~ize on surface. finish of cose carburiz?d
parts. (Boden). IA) 0.020 in. shot SlIej IS) 0,033 In. shot Size: (e) 0.055 In.

shot size: (D) 0,094 in. shot size,

J,.
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Studs and Bolts
:-\t.\llb Hml lI,lth' tnthj"\'kd hI hi~th

/,1 \'I'mii''' llllll parlj;'\l!lll'l~' 1"·P'·:I!I·.1 1m
IHIl'! It'llll'illj.: HI'\' 1lt'l'lii'tl down in Ihl'
hlld~' 11I11'lllll!, Thl' \'l\ldlll.,'rill\X \'llllw
\If "Ill'h il\"<ll:1\ i., iIIm" l'llftol! n: FI~, ,1:1
Wh.'I'I· :-{\lu·dl'l" n'\I\ll'h'd Illn~I'in'

,'I'I'W'f'N ill 1'\'llI'nll-;\ iml'lIIlI fH" hf\II' re,
"h,! IIW'\. 1'I'li\l1l illJ.(' ffllUl 1'11111111\'1,,1

rlt'''\I,ilil y, OnUlIn 1'i1~' ,'>!HIIl/'lIl llull
Ih"'ir:mi il,·\'"I,,1' fnliHllI' fl'llf'llil'" Hi lit,·
tlln'lIlh'll 1I11llinll 111' IlI1O!n !il,' lWtlll

htll wlll'1l nllI ~illl\lll\ IlHlllWI "1I1IlH'il.~'

iIi "IilI\l\llit',1 ill n\l' hill! h;.: wwldHI;l'
t1I1Wll 1111'11 fllHUl't' HIllY' 1'111"" III till'
l'r,hh',',j ht't1~· 1'111'1 illil. '1\1 I','dlln' lilt'
d:lli~!l'r tl/' "Heh hlttl)." f;dllll',· ,hi". Pill"
linll i'" lihnl 111',·'111"1. Fill', ,1;\ ,'I\\lihib
"nll'l lIml ~f,l\lll" whit'h Simnn' IH!I'IlI',l
l",f'Il'\' Ih,' fhl'l'llib m'l' 1'111. l""'llil\~!

I. a1I"'i abllu! ltfl \lWI1 Illd,( lH ;;0 1',I',IIl.

um! till' flll'Wlll'l1 11'1\\,\'1 11lIl!"I'lI,,' ,.,hol
,'In'UIiI \!JI fl. lll'l' mill, AII inll'lhity
lIe ('01,1 wol'l, "Illtlll hi n,!l:!IlA:! iN lib
lnin,'tl lit' ml'lIsun·d \Ill lh., Altm'll
gll~n', 'I'lll' wh,,'\'ll1 l\lill~dll~~ ~ 1\" ",llill IIIi

Ih,' Wht'l·labmlill' \lid! Ill'" 1~l1i! ill. ill
llinm,,!,'\' lly' :1 1" ill, will" 1'1I1i\1 inl~ .11,
~~:!rlll 1',p,lII,

Ni')//lIW;'f7d
#' '!\;tm Itfi~ (If

klHY~sf It) ';~

FIG, 38-~M I rillll llttrudor iMrno,,~d
In !ifl;, (Col. J, H. Fryo),

Peoning of Crankshafts
llij.f\lly ~<II'I';;~I'II 1I1'l'm, IIf "I'lInk,

"Iml'tl" al'l' lilwl 11l'I'IlI't! 11>\ ilhllWll ill
Fi~f, ,HI, The "I'il !I'll I 1l1'l'WI Ill'" IW\'"

mllJly tIll' IHh'b" lItljllilllllJ!;' tI", ,'mb
IIf thl' III 'urlll}n< 1111 Ihl' nlHill nml

,'I'll Ilk jlllll'llItlN. tb "Ill'\ liP; pl'lIpl'\,

PI'I)llil\.~ l'nlHIitiulH4 ill till' Ih'l'ltTtl III
l'alll1l11" hl l\l'\'nll\pliNh\'llll~' Ihl'IHI'
l'Iulllh'lIl h:llllllillg ill'mnj.n'llwllt ill

l··i~r. ,11, Whill' l\ltlllltinlHl vlI1T it i,;
,'nlllllWlI tn 1I,'t' n,n:!!:1 tn lI,U;ll1i'ln,
ilillllwt.'l' ,;lHlI lIllIl tIll' l'll\tll'llhlll't l'll

011 till' lil'IIlM' 1Iim, Iw 1'\'IllIlI'K",l 1I1lI!
,'IWl'ldllj.(' hl'lll tl'l'lllllwnl :md ptlli~'hillJ.t

nll,'l I'alm \"'lHIH"t1 in Ill. illll1\'I1\"'IllI'lIl

hili 1!l'I'llill~~ with :.!:l llll'"h ",Iwi IJ,'IlVt'

Illl' ~~l't'llll~' imlll'pv".1 VUhWi" ill I"hr., :HI,

hath Illll'IWh III ,\1,0 dl'g', 1", fllllnw\'d
11;1' i4hlll lWl'llillK (nlll i41H1wO in Fi~~,

:un, Und,'" thl:., lall'r In'ulllll'llt 1:'
hll III llW I':" WPI'I' 11'~,tt'\1 IIf whil'h 1,1, WI'I','

lIll! (,'l'al'K"d Uft"l' ,W,tHln 111111111'1" anti
nlll' failt'll IIft!'r ~!.j,nllll illlPlll'\~, Thi"
1'/1"\' ill\l~'trllt"l', IlllIl 1111' 1"tl'lIl'lnl'l'
prl'vi'llI~' hI IH't'nilll,~ liIay ht' imlllll'lmll

IIl"'IIUI'\' Vall'lllllll' "II'H'I'\,,'t1 thal ham"
OWl''', fllililll~ at II IlIw lllllllh,'l' "I'
1';I'I'h', (Nt-: HB\,!t\; ~l\H halh qll\'l1l'h
41\0 d,,~~, 1",1 hll,1 1I lI1i>:\'I1 al'il'ulm' l\llll

hrilth,' 1\1l'1l\'IUfl' whill' Ihntll' Plll'l~

whh'h did nlll fnil Ilft\'I' :W,lIno 1m"
111\('1,<4. 111111 ~1I\ll\lllnHlUlI!~' IIf "ph"\'lIidlll
"l\rhidl'l\ III Ih,' !'ourfa,"', 'I'll\' ,ll-ill dl'~~'

F, l'uH hath qlwlwh Will' nlll n~l ('rHka!
IIml prn,hll'l'd I hI' llt'~lil'llhl(,' llpht'I',lhlu!
1'(lrhid\'I' IIml 1'1':,.ulll'd in tl\l' lil'i'l 1'1\,

'!UI'llIH'" va!lll'M,
Itil1l' l'xlrm'\III'·' from WIHi',U. "lm.'1

W"I',' 11ll1'l'U\'l'd hy ,hnl lH'I'l\IIIJ.:', H~4

fnlm,l IW t '"hillel 1"1')."1"" 1o'i~r.:ltl

NhnwN Ow ,muH' 1I't't n,,;ulti4 lIhlalill'd
111\ I'id l'lll'l'Il'N lIlith'l,' hnlh 1'lIl1tlitiHW, IIf

In) H,' nil ;(nl'fIH'I' llt'I'lII·,1 wilh lI,tlI:i
It' lUll'j HI. :"'H.I HHII Inll'lINity lit'
1l,(lIlHf,A I, lIwl Oil HI' ,III I'll d:H'I'
\H'I'III'1i wilh IUIl~1 hi IUI~!I"ill••,hllt
IIl1d 11l1l·1I,.ity' nf 1l,1I1:IHAl. III' llh,
}(I'nl'll Ihlll I,: lnw('l' Imnllw,,!, \'uhll',"
it H I'lli'll H'i! 1hal 11ll' I'lultll'l\ 111'1' Ii r"
illl'I't'llr.I,.1 wi I II i11i'1'I'lI.l"'( I tn II'lli' it il";,
hili III hi It..lwl' htll'llt"'i4i\ \'Hlm':;; Ih,'
}r.n'll\(·!' j ull'mdht,,; ft·wl lowil I'd ill'"

1'1'1'11,,,,11 lifl', Thl"'i'lIl1U' 1"lIlll1l1'nf Ill'''
plil'd 1\1 HllIl'!' purl" whil'h fry'\' In'
"pi'l i~w "'d,

l"ry\' 1',11\'1' furllll'r I'\;all\ph'!"\'" Ill'

illlltl'P\"\'!Hl'llh ill lif,' Ill' IHIII JllIl't"
.>!IIlWIl ill :W, Tht· "xl I'llt'f Uri'

Wl'l'I' fliliH'11 fl'lllll WIQ:\.1\1 1'1.\'1'1 nllll

iilll'fm'.' I1l1nhH''''~' nflN' Iwat ttt'utllWIlI
WlI),' Hl'l:I.,IH, All inh'n:dl~' IIf Il,m2.'\\!
\\'l\~' ,,!llaim'l! wi! h B,llllo,in, ,'hill..l!
irtlll 1411111. TIll' nVI'I'Il~.., Hf., "f I1hHI
l'lIl1lHh, 1111 all llinnllltll' lint IH.'I·lw,1 W1\~\

ilH'I'I'l!I'l'1l til I:.UIIHI l'HIIII.ll< hy IU'Nlillj.~,

RIGHi

F· IG, 39-·A""lll\l1!
lifo (llqyn !loth

incffitlH,d by ,hoI
1l1llMin\l: (A) 110'
fun 40 MM. Qun ,x'
Irt:l¢tOt. (lI) t05 Mm,
howilur. M3, firinll
pin holdOf, (Col. J,

H, FrYlI) ,

lEFT

FIG.40 - Crank•
.•• ,holt in pO.HiM

il1lhol 1I••l1iIl9 cob.
IMI,

2

o

Not
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FIG. 'II-Mechanical ar­
rangement for insuring

peening of all crankshaft jour.
nal filleh using two Wheela.

brator unih,

o

o

o

o

o

o

i,.; app!il)d di l'l'dly til II 1IIl\\'hilWi! Hur·
fUN' rather than ~rl'illllil\~r $llIm~,

Tank Track Pins
Tallk tl'lU~k pinK ai'l' i-Jhlll~ lW('l1\Hi in

lll'odlll'lion IW cllmwn in Fi~r, ,1,1. Fl'Yl'"
Klal:t'd l:hlll: lldinitl' lIud nlntl'rhll ill·
crOllK!' in fllti~tH\ liCI' hllH 1H'1l11 oh.
l:ailwd by 11etming', Solid lind hollow
pin;; of v~ll'iml!; llllnJ' i-Jt\~dB WI'!:,I) in.
vi~t\ti~!\h'd ulling' HIIlll:, Hiz!\ .£rom O,OlS
to 0,1:\0 in, lind imllroVl'llwnt I\1WllY8
l't'Hulh'd, Optimum l'OlHlitillllH, how.
OVI'!', Wel'O not revPlllctl. It. i~\ not lit
nIl Hlll'priHing to lind Hu<>h improve­
mont b(WIH1Hn !UIHIllllll'lll,lllly this
probll'lll illVolv(!!\ incrl"l\Hln~r the
tll!:iP;\H1 1'1'HiHtUlll'l' in lornl l'\'KiolHl of
fUlotil Hnd dl\mp\'d IHll'tillllK wlHml

F"IG. 42~·~trfiil!'ot of
body ditllMllilr of

bolt Gild bolt lIilOI
on thl! fllpoolod 1m.
pael faligull Ilrill1glh
of bolh, IBy Sloo-

dill),

HEPEAiEO IMPAcr FATIGUE liMIT

6.5151
ULTIMATE

3

1 200
%400
65300
QQ600 >68300

;\: Si"<.:dic ensile sfrength of GlctuGlI olt,deslgn 2,hl.lvinq '15/32
11 Iengl:h of free thrcCl

FIG, 43-Bolh and
$tuds ,hot I>lllilnlild

in reduced diameter
bod y p 0 r t ion,

(Simon).

o

1:01d \Vul'king tlf llUell !lUrfllCI~l\ hill!
lH'l\viou!\I~~ IlN'1I ftHUHl lllHWIll'i1l1.

Liquid Blast
Vl'ry little dl\tn uf ~\ hH:hnical

II Iltu l'\! have !leon nmtIu uvuilubtce 1'0:­

~tllt'llillg Uw HIlUM blll~l IlHlthud o!
1l1l1'fllCl\ Iillit!hing. Uy {)til' liquid billst
pt'UCUllll 1I11 l\bl'11111Vtl iii Hllxed with II

liquid lUll! /111 fl\tItlltUl' typt\ uf pump
furc!!\{ this mixt.Ul'(\ through gunll (Jt'

nuzzlel> in a ltltllo\t uguimtt thflplltf.
Gl'illdillg' murks ('1m ht' l'tmlUvedfrom
CURII cllrlHll'!Z(ld llUl'fIWJll bj' tho liqu14
bill!!! Ull lIhowtl bjo' B(ll!t!n ill I"ig, 45.
!-It:l'tl l\ gl'mmd nurt'IlCt' wall lll'upncred,
hy 1l1!¥(ll'1l1 grinding [lnl'\!Ulll to a finlll
linillh of 16-18 mit:ro-ill,
rending', A liquid blut
12fHl mesh abrasive ltwditied thill
grmmd surfllM lUI illustrAted in .Fir.
415. 'l'hu.t this method. lI\.ctulllly r ..
moves metal in t.ht~ matter o't seconw.
or (!XllCll\tlrt~ from tl surface ground
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tJ

.F. IG. 44 .. "" T (l n ~
track pinl rlHll

ptHlnlld,

nnt,!, 1:;1;",\' ('lll' ..

l:HlI'h:illll' i~; liUh

5tHnliHI!,t! by lll\'
11l"ilihl,\~l'IlJlh lit

t.lll' ~Hllfm'l\ Hnl:·h
ill V'If.,IIi, t hw
llurllnl1 "t )'4I1I,h
1\ w.:l'llllwl "'IIl'l'm'l'

WiI:' IIlU,·!.(\'!l dur',
lrlbt !In· litlHitl
hllll,l lIIHi I hI- !ll'1l.

lUo).rraph I r H ,'t'

Wtlll Imull,. fl'I.'I'

11 n I It Illlb,IH""
'I'hl' l\ll'll ill IIH~ Initl' illIlh'lIh"~ ! hilt
lHIl ml"l'u .. ill, Willi !"l'uln\'l'd fl'"m HII'
1~l'lJ\lfHl NillI' \'nl'!mrl:;I,I·.1 11Ill'(1ll'j< h~' IIII'
n'luitl hll\llt.

Ullllli!!!' Itt ! hI' l'ill'l'IlJtlll\'lIin~ illtlu,,,
NIt'!< nhlllllitli h~' l'l'lIli\\'ill!>:, J.tl'itilling
Imu'k!, 111111 illllll"Wllllf ,1IUl'fllt'll I'lmdi.
tltm!i it i!i not lmllwll wind mlditimm!
!',llnl,iIHllhm hi Intiltl1l' 1"'liillIHm:t\ if
nny, W'IHlh! n'lilllt. II~' !lit' p"j'lIilltt Ilf·
it'I't. Alnwll ~\Il'ilH' IHl\'!l "IWWIl NII'ViI­
llm' 'Ifh'!' hhll1tin", Imt 1m flltiglW
tllltH lIrn ;}N'l lwuihlhll', til lilt' lllt'llII ""
tlull' thh, J1mC!1~~~ if! IWI'villii!' ilt IH"HltW.

,linn lilli'll II" II mVIHl~ nr !'\IHflH'\' linll1h.
hIli Ii III! Wllrnlntllim"I',Ujitlltillll Illl tn

ihl inllu\'lIl'" nil l'nU,r,I.w rI'MiHtalll'I,<,

'rln'I'I' 1'1'I18111l/\ l'IulHniUl'l1 ill 1'1'\11111111"

film I'HI' HI!! hilpl'llvl'd fatif,('\ll' lIl'nlJ\n"
til'l'l ohllllm'd Ihl'!lIlM'h \flU'intH' r'\.Il'rl((~ll

'~llmlll'\'IH!i1l1l Illl'thntlH MIII.'h liS llhot
lH't'llillll.' m' Nurl'm'\1 I'llltillM' urH hl'it.tly:

(I) HI'Hifluul !'IHIl\II'\'HMIVI\ l'lln'HllN\

IIrt' nhtllitll'll in IIw 1111l'rl\t~!l luyul'fI
will'I'!' lJIt' IIpplit'll HII'!'Hi'lI'H 111'(1

1I111H11ly II llHlXim\ll1l IIlld ~<lh'h I'I'Hid-

F1<;1, 4S-mSurfoco condltion1 on eOlll

.' corburillld surloco bllforl! and 01.
lllf liquid blosting, ot 100 di(,mlltot!,
toll, multi·pou ground lurloco:
right. oHllr liquid bl(llting, (Bodon.)

\1111 l1tl'I'HNl'ri !'O\llltIH'IH'l. till.' tllln~(n'­

IIIH'! tnlllli\(' Hln'IlHt'H I\l'iHing' fl'mn op­
I'l'tlt!lm l

• ". '1'ho hYllllthl'liili,ufol' tho
('n\~I)tivm'l(Hltl uf \'l.!llidlllll comprNulivl1
Htl'lll1Ht'H III; till.' HudlH'1' 1M thnt (u)
til II ZI'l'IH,!HlUlll:inHlIll fntlJ.:uo ro­
MiflltwNI nf !'ltt!!'! is I!:nlllll'l' with
cumpl'l'!lHivl.! loud/nil; tllnn with Iml­
silu lunding, nnd (h) Ull\!t·\, Iho in­

Ummel} (If ('xlt'rlml flll'('!'!! IW\'U I'ing
in OIWl'lltion n nOlI-uniful'nl Illt'llllH

diHtl'ibu1.inll lll'ill\!H,

on PhYHh'lll II II d nwtalhtl'J,r,kul
pl'Ullortil'H of thl' HUrral'tl llldn Ul't1

nlt.l'l'lld hy whit'll tllll HHl'fIWl) Inyul'
may lit! dl'lIHi I\lld, ~r,l'llin !;ll'lwtUI'I.1
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changed, dnmping capacity influ­
enced, elastic limit and notch st'J\I\i­
tivity decreased', '3, ", U, '4,

(3) The free grain boundnrim;
protruding to thcI surface of It de­
sign member nrc morc vulnerable to
fatigue failure than grains below
thesurfnce, It is conceivable that
at and near the surface, wht!re
yielding nnd fracture by fatigue
will be initiated, the crystl\l grains
nrc less cOllstrained by grnin boun­
daries than those situated farther
nWflY". While crystal nggregates
nrc considered as isotropic, it is
probable that the prollerties nre not
uniform in all directions, Surface
compression lllay improve this non­
uniformity of properties and the
specific elastic shear strain energy
(critm'ion often considered for
mechanism of" fai1me) for the sur­
fuce gmins may approltc.h th(' high­
er valum, possibly chm'l\(',teristic of
the grains within tlH: body", Th!:>
is worth)' of note particularly on
docarbul'ized surfaces when there
is a hint of sub-microscopic loosen­
ing of the structure'''.
I t should IJe stntml at: the outset

that nil investigator has j·(~t }lUll­
mit.tl><! factual eviden(~(' whieh would
permit positivI! cnnelmdml5 1\5 til
which one of the three nbov(' reaHon~

is, rCHJ1()nsibl(~, In fact tJWl'l! i~ hel­
tel' (widl!nco to sug-gO!!t the possibility
01 at least th(~first two arglllmmts
acting jointly to give bellt\t1dal in­
creases in tntiguo r(>sistance, In sonIC
cai'WS all thr<~e arguments may nppl~'

or any combination of th(! thrl'(), It
should not he mistaken, hOWOVN', that
lln)' difference of opinion exists as to
the favorahle effect of cold working
on fatigu(\ resistnm!('. for th('1'(\ ill
none: hut tlHlr(' is no uniformitj' of
opinion as to why fatiguo stl'(mgth is
inermlsed. While this qm'sti,1l\ is of
IH~!ldemic inter,~st it' is ho!i,lved that
a bettm' knowh~dg(~ of sudaN' ('t1111­

pr(ISHOn would 1~IS() be of Ilrl1ttit'al im·
portan('.(1 in controHing, applying', Imd
obtaining optimum futig'UtI strllflgth
and life of ,\(H,ign nH~mh('rg, 'r}Wl'I!­

fore the l'NWm'('h l'eRultH bearing on
tllis qU('lilion will be })l'es(l11le(1.

1'hu1ll sinlW tlw early Ul;lO'H haK
.cl'edittHI the nl'Rt lhe01:~' I'llgnrl!ing'
residunl Stl'CRHOS for the imIH'OVI'l1WIl!:

in futig'llt1 l'csisl:anNI, Hill mOl't1 fOl'·

mal ill1plkntilllls mlul11 in W:lr; W\\l,(,n

lhat llli II n'sll!t of l\\lI'l'1I1'e cold work"
ing thl' I n I \'I',.ddulll l'IHll\1l'e1'lsin'

sln'ssu" l'\·dlll'l' lilt' tl~lI~ile Hl.t'p';l'leK
!ll'tHluel'd h~' an l:xtVl'lIal 101\(1, th)
:.<!t('lI\' ~Il'l"~~ b n't!lH'(,d alld fntiJ.l,'\Ic
fnilure i!4 nHulll1~' \H'pdiclttl'd on ROnle
form of Rhl'IH' thplll'y lUll! ((') Alres:'!
grndil'llt anI! mugnilmle of lll.re,~R I1Pl\k
lll'l! d\\('f('lllwd RO 11K tn l'('dUN' tho
clun~~l'l;" of !Wl'lntllH'nl t!eformatioll,
Thum madl' flltiglll' te1'\ts to in\'l'sti­
gate this q\l(lf\UOn llnd:fo\llld" thaI;
(1) fOl1r.f\fl:h~ of thn int't'N1ROd
fntigol\tl i'llrt'ngolh i n ri'wI'K(~d Iwntling
was dUll to rt'Kitlunl I\tt'llKi'lI'H 111\(\ Ollt...
fifth WIUl tim' til Hll'ain hlu·,!lmillg.
whih~ (2) iIH'!'('m,\'d t01':;ional fatiA'IHI
Rtl'l'lIg'th WitH nl! dlW 10 strain hnnli'fl­
ing. 'l'lwH(! ('ollrhlHiOlhl \WI',> hnHI.d on
t!tl' l'I'HUlti4 or 'fntigoll(' tl'i'lls madt' 011
tnrHion and lli'lUlillg' K\H','i11lPIIH of till'
tYP(1 goiV(lll in \"ig'. 47, R011lP of thpi'll'

'}llweillH'IIR \\'I'I''' 1.11·1·11111'I·d in a Rlll'I'inl
nHllmm' by Ih'i'll.. l'nllin;.:' th(~ O,Il:l(J.·in,
l'udiuR g'l'lmv\, IIftl''!' it WIlK 11lndli lwd
ill stllid hUl'K, 'I'lli'll thl'KI' IIn\'1'\ WI'I'I'
hOl'lHI null'o IIml llw rl'rnainin~~ l'I'Hid.
nul Htl'I'1'~('11 WI'1'I' lH'p;Iip;ihlt, ant! only

(CnN'f1 NI'I':" liN I'AGf: I·HI)

rillS 2J% increCls/':
due to sfrcrinYhClrdening only

R NR
\---v--'

Hollow

7/uj,; 120'~ increase in ratZqut:!
r(1Sf!rl'ancc doe 10 both
residua! .stresses (;'Inri
strain ht:ll'lieninlJ

R NR
'----v--'

Solid -

+
,ooot$()"

o

F·IG, 4S-Bonding fatigue rluhloncll influencod by
surface rolling: hollow spocimen wos borod out
aHor rolling. R rolled and NR not rolled,

.40
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g3S
jg,
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- 30§
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FIG, 46-Profilograph record of case carburiled surface indicating removal of ISO micro·in, of motal by liquid blalt, Verticol mag­
nification 3000 diameters, horhontal 30 diometers, (Boden,)

FIG, 47-Fatigue specimen used to determine influence of strain hardening
and residual stresses. (A) bending specimen, (B) torsion specimen,

r-- --.---. -;/~--------- -- -- --.18;~,---- -------,-------,j,~" ,.. "1.
[------Sg------t-- -.--- ---0'-- --,.-: -- -t------ 50--.,-" '1
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A ,' I ..... "l2aJOR. ~,' :• l::i "-' l:i ''''l

~ t5~'~ ~'lJ ,~
~"'::-.. ~'ti,' ~"I5i
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---FEATURE CONTINUATION-~.-4>

Shot Peening
(CON'rINUED F'ROM PAGE 76)

the effects of strain hardening r&­
mained. Fatigue results from such
solid and hollow bars, which were in~

vestig'ated in both the rolled and
not rolled condition, are shown in Fi~,

48 for bending' and in Fig'. 49 for
torsion. The basis for his conclusions
above is apparent from fatigue results.

Moore and Komtnel's" also de·
veloped data on 0.18 per cent C steel
and the author'" on 0.48 per cent. C
steel, as shown in Fig. 50, which indi­
cated that the presence of strain
hardening without residual stresses
produced large increases in fatigue
resistance. In these tests on two plain
carbon steels by independentinvesti.
gators, steel bars were cold stretched
in .tension to obtain two degl'ees .of
elongation. Then R. R. Moore plain
fatigue specimells were machined
from these bars. It is apparent that
only strain hardening remained in the
specimens and residual stresses· were
negligible so that the latter had no
influence on the improved fatigue
values shown in Fig. 50.

Again further tests were made
which indic!\ted that strain hal'dening
alone without residual stresses gave
increased fatigue resistance. Fatigue
specimens 0.080 in. diameter were ma­
chined from the sul'face layers of 2
in. diameter shafts, 'Some of which
shafts were surface rolled and others
not rolled. In this manner practically.
all residual stresses were removed
from the small specimens by machin­
ing them fl'om the l'olled shafts and
only the effect of strain hardening
remained. The results" from bending
fatigue tests on these specimens are
given in the table portion of Fig~ 51.
Here it is shown that the specimens

FIG.. 49-Torsional fatigue re­
• sistonce influenced by su~fdce

rolling1 hollow specimen was bored
out aft&r rolling. R . rolled and

NR =:not rolled.

25

R NR
'------y----'

Hollow
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from the first layer of the rolled shaft
gave 12 per cent greater fatigue resis­
tance than for similarly located speci-'
mens from the unrolled shaft. The
specimens from the second layer
showed an increase of 7 pel' cent. '1'he
table and curve in Fig'. 51 also incH­
cate the general relationship between
increased .hardness and fatigue
strength of 1 in. and 2 in. shafts
which have been sllrfnce rolled. It
should be noted that the points plotted
for the 0.080 in. specimens fall on the
same curve as the 1 in. and 2 in.
specimens thereby indicating that
strain hardening' and not residual
stresses may be· associated with in­
creased fatigue resistance. Results
from the tension strain hardening'
tests in Fig. 50 are also plotted in a
curve in Fig. 51 showing that strain
hardening by cold stretching· leads to
smaller increases in fatigue strength
than obtained by surface rolling.

'1'he above examples, and others not
mentioned serve to confirm the justi­
fication for a more conservative
opinion and appraisal of reasons fo~'

the favorable fatigue resistance ob­
tained by various methods of surface
compression.

60

o
'---v----' '---y---J

0.487 C .0.187 C

FIG. 50 -Influences of cold
stretching on fatigue resistance:

(A) no stretch: (B) 8 per cent reo
duction in area: (e) 17!-18 per

cent reduction in area.
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