Y thig time it is apparent that
some control must be exercised
over shot peening operations if

the surface layer of the design mem-
bers ig to be uniformly and adequately
cold worked from the standpoint of
obtaining beneficial incresse in fa-
tigue resistance, The expression “shot

YThis sfrip is 3 in, wide by 3 in. loug
and comes in two thicknesses designated
as the A strip which is 0.051 in, thick and
the C strip 00938 in.,, Re = 44-50,

" Change in longitudinal curvatures is
measured over a fixed guge length of 1.3
in. and is designated as the are height.
Two ¢ypes of gages Nos. 1 and 2 are used
although the latter type is preferved be-
cause it measures the curvature from the
unpeened side of the sirip as shown in
Tiig, 22, The No. 1 gage measures enrvas
ture from the peened side and the sur-
face roughuness and transverse curvature
interferes with accurate arc height mea-
surements.  drc  height readings are
designated, for example, 0.008A2 which
means that the height of arc is 0,008 in,
on a 0.51-in. thick strip using No, 2 type
of gage.

blasting” is usually ussociated with
cleaning  or descaling operations
where control of the operation is any-
thing but eritical. The phrase “shot
peening” has been designated ag the
method employed for surface treat-
ment when inereased fatigue resist-
anee is desived, although the cleaning
operation may be obtained simulta.
neously, Dquipment in both cases is
much the same except for refinements
which facilitate definite control of
the peening operation to meect cer-
tain specifications, Oune esscntinl dif-
Terence is that peening equipment re-
quires the use of an adequate sepa-
rator for vemoving the broken shot
ag too fine particles are detrimental
or do not contribute to incrensed
fatipue resistance,

Two principal types of machines
are in peneral use, namely, the air
blagt and the mechanieal Dblast, A
third type, although used now prin.
cipally for honing, is the liguid blast.

Instrumentation for measuring the
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o o o
LEFT
FIG, 20—Effect of heat on
shot-blasted springs.
{Zimmaerli) «
o ° o
900
LEFT

FIG. 2] ~~ Shot inten-
sity calibrating strip
heing attached to ji
hlock which s pamg
through blast with parts
beoing peened.

RIGHT
16, 22w Calibration
strip In position on
dial indicator to mea-
sure the arc height,

riven
the work piece was a problem to
which Almen® devoted mueh prinstak-

degree of shot peening being

ing development work, A very in-
genious and gimple means wag evolved
uy shown in Fieo 31 whereby o flat
strip! of steel is attovhed to B jig
block, "This assembly is fastened to
tha eritical area of the part passing
under the shot streant so that one side
of the stiip s peencd. The strip s
then yemoved from the hloek and o
ented on the dial indicator page shown
in Fig. 22 to measure the change in
longitudinal coyvatupaw of the strip.
Being cold worked on one side only,
the strip axstmes an are shape and
the height of this are is & raeasure
of the degree of shol peening. It is
necessary to know how the are height
obtained from the strip corrvelutes
with fatipuoe resistance, This correla-
tion can only be developed by fatigpue
tosts being made on the aetual parts
until suffieient backpround of duta
may be aceumulated,

While this instrumentation in its
presont form leaves mich to be e
sived, it ig the best available, The
sengitivity of the tost is low in fhat
for large variations in peening condi-
tions the changes in are helght values
may only be a fow thousandthys of mn
inch and yot large differences in fa-
tigue resistance may result, It should
not be inferred that maximum are
height connotes optimum fatigue re-
sistanee,  Considerable doubt exiusts
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L i RART T80
/ AMERICAN FOUNDRY. HQUIRMEN

WRAREAR N



vestigalors as 1o

several
whither the are height valaes ace sig

wnIONE

nittennt  wx o oan iwdex of  fatigne
Hfe Likewixe improvements in shoet
matevinl and quality as well as peens
g equipment would he welvome. The
provesn of peening s o telatively now
fledd und piven dmpetas as oo result
of requirements of the arnead nerviees
iy that the fmmedinte wide demand
for this squipment han peewn faster
thun developoent amd huprovesents
wonkl permil,

Peoning Stesls and Light Alloys

Forerunner of shot peening experi-
meads reported in the literntare wore
wvde by Weihel™ an 0,000 30, ddiimeter
tempered Swedish wire.  He tumbled
the wire test pieces under an air blost
40 b, per mg. in, which producsd
henefieial fatigue resultn an given in
Pyeo 23, FKven this fype of peening
gave an emdersnes it in votating
bendinge which wan 24 per cent to 327
per cent preater than in the s
recelved condition,  BEnduvanee Hmit
b Boraion eould not be obtained on the
prened  wire heesuse hig o specimens
the grips.  The arrows on the torsion
always developed  futigue failure in
values in Fig, 28 indieate that the

[CHeversed

B Rotating
- torsion

bendine

v s
sl Wt Yo

pay s i
As Grdd Peen
recd.

Peen
FH00°F,

ABOVE

1&, 23~Effect of surface condi.
tions on rotating bending and ra.
versed torslanal fatigue resistance of
tamperad Swadith wire. {All pesning
done on ppreceived wiree-YWelbal,

W@ my;«w i ; 3

- - v A
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By O. J. HORGER

Head of Roilway Engineering and

Research

Timhern Rolley Rearing o,

Ganton, Ohio

[ 0 0

. . . The second section of a two-part article appralsing the tech-
nical and economic utllity of compressing the surface layers of
design members as a means of greatly improving thelr fatigue re-
sistance. Last week the author covered the history of shot peening,
the peening of springs, and tempering after peening. Herein, atten-
tion Is directed to control of shot peening, treatment of light alloys,
shot slxe and fime, liquid blast, and the peening of gears, tank parts
and crankshafts,

fatipue strength is grenter than that
shown by an undetermined amount,

Wisgennd” inveatigatisd the influence
of different mechnnical suefuen prepas
rations o the fatigue strength of
phitin specimens Y i in dinmeter
fram o heabbeented high-strength ule
loy steel”, His resalts are shown in
Tuble 111, and from this he concluded
thut (here i3 ne need for expoeusive
polishing operations on sueh a high.
prade steel as used In engine cons
steaefing when eiqual fatigue resixe
tanee maye be obiained by shol blasting
the vongh surfnes in O,

03 por cent O, 2 Cry 03 Mo, and 2
per cent Vi wltimate strength 160,000
1, per s ing elongation & per cent,
basis 10 wmitlion stresy repersals,

Weignnd™® also studied the inflaenee
uf what hlasting on the fatipue resinte

ance of light alloys snd his results
are quoted in Table IV, He attrib-
uted the seatter in falipue resistance
ohinined with eleetron eantings as be-

TABLE Ul

Influence of Karfuee  Preparation
an Fatigue Streajgth

} Hetating Bending
i Futigua Strength,
i Surlacy Finlah Lb, Per 8, I
[ imy Growd and noltatied 00 74,860
L (b Lapned. . B0, 480
i
I o) Roughed witl ormpey ¢lolh
I gn'( 'Man? ‘ .80
i (e Sand bianted, 48 b, por ot
5 Iri, prossure, 20 min, 2.800
‘ e Pc»;lghﬁu! anit nt}m trtasted,
1, et B, I BTasAT o,

‘ 0 sl 81,180
P Rc:ulnh:ul!n;&h';tfm mndm}m

ilaeded . pee s, In,

propsurs, 30 miln. M.k

[ 1e. 24-Effect of shot pesning on enduronce limit of various steels: (A} 0-0.85

U por cont © spring wire {1); [B] SAE 1095 music wire (1):
{32 stainlasy wire {1): {E) phos, bronxe, SAE 81 {1}: (F} 188 stain.
&) NEM70, carburized {24} (H)

wire {1} (D}
loss [Wahl 24}

{C) 18.8 stainless
SAE 4012, carhurizad {24);

24); (N¥] SAE 1045 annealed (18): (P*] Armee fron [18): [R*] X4340 @ & T

ta).

;K) E 9420, carburliad {24): {L*) SAE 1020 plate {24); (M*] SAE 1050 plote

Minlmum torsional steass 20,000 b, par sq. in. except for B, which was zpro.

*Surfacn polished provious fo pasning-—others not polished.

. 1601 (] Not peened
; B Additionn! stress

52 50

53~ Percent gain

g | ) in fotigue
@ MO permitted by peening f;;,«mqﬁ, by
) 4 50 50 peening
bl
100
I8
45 2 ’
2 1
|t
0 L
A B C D E F 6 H KL MNP R,

Torsion

) "
Reversed flexure
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FIG. 25—FEffect of number of passes under shot blast stream
on the fatigue strength of shot peened shafts with '4-in. fillet,

ing no doubt due to irregularities in
the castings. His conclusions stated
that the endurance of aluminum and
magnesium alloys could be improved
as well as production time reduced
for surface finish operations if such
parts were shot blasted.

Turther cvidence of the beneficial
influence of peening on fatipue re-
sistance is shown in Fig. 24 which
represents the results of several in-
vestigators. Also Legsells and Mur-
ray® shot peened % -in. diameter plain
fatipue specimens of quenched and

YSAE 1045 steel had wltimate strength
of 182,700 lb. per sq. in, 17 per cent
elongation; 56 per cent reduction in
area, Brinell 311, SAE 9620 steel had
ultimate strength of 322,000 b, per sq.
in, 7 to 14 per cent reduction in .aren,
Brinell 548-570,

£ . 160 e

g |G, 27 — Endurance 8 T ]

840 @l Shot peened limit vs, shot  slze 40t Q236 e } :

8 [JPalished for only one pass of @, W T — "

§35“ filletod and plaln 114 &.120 L y= ﬁ >

=} In, diameter shafts upe Py ‘

Sk - deri shot straam. (A éi(}{} : j%.. 2

"% tpcahshta(i]: 8} dsnao&fq 60 ke

urn and peened, 0.

2251 ] in shat, are bt 0003CH B j A

E {C) smooth turn and 60 o

£ 20+ peened, 0,032 in. shot, i
£ 5 ars . 0006GH; (D) 40 by

— u imoo urn on

E peened, 0,055 in. shot, %ZU Ireatey! .

= ok are. ht, 0.010C1. 0 % b« Heal reated 5E
£ o & o 100 120 140 160 180 200 220 240 260 280
5 5F ' Tensile strength, 1000 Ib. per sq,in.

& RIGHT u

A B C D A B C D IG. 28. Increase of fatigue stirength by shot bloxting {by Lupfertly 045 per

F |G, 26--Effsct of

y
i

TABLE V ;

Adecelerated Testing to Show Life

Tmprovement
Lo
tmptovemont
Tyno of Part Por Gont

Woldod jolmts. .. ........a k)]
Stooring knuekles. .o, ... A78
En?lno crank shafts. . s 900
Holleal springs. . ...... 1370
Transmisslon main shofts, ... .. 890
Hynold goats. ... .......oooven 800
(/Joint crosses, . ....... ... 520

tempered SAR 1045 and 0260 stuelsy
not shown in Fig, 24, They reported
slightly lower endurance values for
those plain specimens ground, pol-
ighed, and peened than for those hay-
ing a ground and polished surface.
This reduetion in fatigue resistanes

LEFT

~ Filles Plain
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strength of shot poanad shafts with Yarin, fillst,

cent C, 1.0 por cont Mn stael, quenche
(B) blusted with coarse stasl shat: (€} blostsd with fins steal thot,

shot size and arc haight on the faliguy

may be explained by improper blug
ing conditions, or us Lesaells repor
Ly the unfaverable surface stress
yeraining from heat treatment.
It will e uoted that tmprovement
in fatigie resistimive dup to ahot pecns
ing has wenerally been expressed hers
fn terms of ercdurance Hmit values;
that is, allowable slresses for long
life of suy 0 million atvess veversals,
I mone types of equipment paris,
sueh s astomobile. wnd ordnance
mpuipment, it is convmon to relate this
improvennt i termns of eomparable
life for s apecifte stress,  Using a life
bmwis  infers w  hnowledge of the
strenses in operation, and while these
pte acldom koiown it ix eastomary to
vonduct wevelorated Lypes of Ditigue
tosts,  In osrder to fail parts relatively
aooh, % wtress 6 ueed iy the test which |

and fempered; (A} not shot blasted:




ARC HT L0065'CH, .01 75" At ARC HT..007'C1,.018" At ARC HT. ,008" C1,.017" At
I PASS 3 PASSES 10 PASSES

SURFACE OF SPECIMENS (Xﬁ)‘ SHOT PEENED ON WHEELABRATOR USING Q315" DIA, SHOT.

ARC HT. .0085°C1,,014" C2 ARC HT.0I05" C1;.017" C 2 SMOOTH TURNED SURFACE
SHOT DIA..055™.,060" SHOT DIA..080™,093" (x5)
SURFACE OF SPECIMENS (X5) SHOT PEENED WITH CONDITION OF SPEC.
AR BLAST. BEFORE SHOT PEENING.

tig, 2%-Sutluce Rnish under diffazant penning conditions on SAE 1045,

o emeaderably  above the endursrne e, T fuel, moeh fatigae dida ol iy bie o endinoers values i Pige &
Honkt  wudwe.  Pwgpenudione apem the  vesdy availuble lose sonte of their sy fur valve springga, P 26, by the
strvsn dpve] echosen, HBfe vomparon nifesses beenimo of the ubaenes of  sathor™  also cuepares enduranee
values ure ebtatsed Trom anity to ws  specifications  eonverning Lhe vondi valbws versus the number of  poaswes
Wigh we infuaty.  Abmen’ has shown  tions of hluating for [yobn, diwmetere flleted shafts of
hsw saeh pecelerated tosts hnve given Dimnert? shows the nffeel of buat-  SAK W0 steel,  wormnbized  and
Tavge snereases i Life through shot

pretiinege, s shewen i Table V.

In nny event auel w HHfe haais s ,
often justitied sioee 1 ta an idicne ) . . TA?LE v L )
tion of hew shiot peened aembors will Inflavnve ol Nhot Blusting va Fatigwe Besistawce of Livhi A Hnoyx
resint weensionad higgh streses goer V ' T o
ahly found present i e speration ?x{a‘g"gﬂs?&‘:‘m&ﬂ
of et eguripmient, 18 ds plausilile ‘ ‘ iy xp
that  w hph stress due o mfres MMMWW SRR SR S Surlnm Finlah » Lb. Puf S4. ,n‘
quent  wverlowde tnitinke the {atigue : ) :
fravture o werviee and then the nors mwabg%gﬁwmm ot alimaie - ,”;Eng ?Wﬂ@fiﬁ . ' 17,100
mal onprat ok FenaEh 1 e thes . 1 fiae 68 0 ultima Fing Yurned and
“.t;:{‘:;::‘é?;:f;k,ﬁt:i:f;i;f;vg “?:fzﬁf:,l: ﬂ:& 38,400 (b, por sq. I, Y. P 0.2 Shat Blastad I 19,900
knowiedpe of the endavunes Hmit i :E.mct;?ré GAUZI.[GI o T ultlon . };%na $umm;; a 13,600
enaentind, however, I fong life o the , b per . e ultimats ng Turped and @
part is expeeted in Mwici 14,200 th, por s6, In, Y. B, (0.2 Shat Blasted 17,100
Shot Sixe and Time Elogtron casting AZG.. . | Fine Tursed 5700 1o 8500
Taen little sysbematic dats exist ax 16,200 to 32,700 [bi aer sq. in. Uf”ti Fina Turl\ﬂd any *’ | B500 to 9100
to the bufluenes of shot nige, time, snd mate strongth | Shot Blasted :
other fuetors on e fabipue  resist. .
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SURFACE

3 PASSES 007" C1 10 PASSES . 009"

SURFACE CONTOUR (TOP x30) & MICROSTRUCTURE (BOT TOM x 100)
OF FATIGUE SPECIMENS SHOT PEENED BY WHEELABRATOR,
SHOT DIA. 0.03I5"

SURFACE

SURFACE CONTOUR (TOP x 30)
& MICROSTRUCTURE (BOTTOM
x100) OF FATIGUE SPECIMENS
SHOT PEENED WITH AIR
BLAST

tompered,  This curve is based on
peening fllets which were unly smoath
turned and not polished, An endur
ance limil, inerease of 54 per cont wus
obtained by peening as compared with
the polighed fillut,

Consequence of shot sive i alao res

i @ e viewed™ in Fig. 26, Here the are
: height s corveluted with enduranee
, ABOVE limit obtained for Mleted shafts, 1t

F'?- 30'{*"5*'““;“" COFQd“S“X‘E must be observed that the smaler
at sur o haf® shot size i more heneficial than the
larger sizes but these findings only
apply to the conditions investipatial.
Purther data in Fig, 7 show that if
the filleted shafts in Fig. 26 are given
only one pass under the shet stresin
then the larger size shot is more bene.
fielal®. In Fig. 27 the 1Mdn. di
ameter plain specimens without, fillets
slress  coneentrntion, however, gave
the best enduranes with the medium
size sholt.  Other unpublished data
exisl which indieate thut the luygeer
size  shot is more benefivial when |
LEFT stress eoncentration due to vhape of
F'G' 31 ~ Shot the memboer in present, Thess shove

s peenad gear and e
pinion, (Siman),  CHTVES are expressive, however, of the
fact that all peening conditions on
smooth turned flleted or plain shafte
o 6. o gave improved fatigee resiatanee over
thoge having polished surfaves. Ol-
taining. the optimum enduranee re-
quires fatigue tests on the meterial,
design, surface, and blasting eondi-
tions conecerned with oach production

1] [¢] [\

part.
. . A mensure of the degres of cold
. work aceomplished by peening is the
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are hetght but it s apparent from
Figa, 26 and 27 that there is poor cor-
relation of are height with enduranee,
Additiona]l unpublished doata contimm
this laek of corrvelation but further
dutn on this guestion ave desivable,

Lapfert” also found smallee size shat
to give greater endurance than lnrger
shot, as shown in Fig, 8,

Thut o smooth surface does oot
nocessarily eonvote the most favorable
andiranes is obvious from Bigs, 84
and 30, These studies all pertain to
the surfece conditions found un the
filloted and plain shafis reported in
Fiwa, 86, 26 and 27,

Peening of Tank Gears
Kimon™ ghot pucned gears in Fig
81, which arve part of the eleetrie drive
syrtem of raileoad diesel locomotives
illusteated in Fig, 32, Thede goars

S0
No filure
A0} ABOVE
. FlG 12-Dinsel locomolive aloctric mofor driving gears are shot prenad,
Farlwd (Simen}
. "
3 30f-
- BELOW
o 1&, Mowinfluence of time of blost on surfuce nish of case carburized purts,
s {Boden] {A) honed; (B} shot pesned 90 sec.; {C) shot poened 5 sec (D)
90 '8 shot peened 15 sec. Vertical magnification, 3000 X diameters; harizental, 30X
ar ¢ diamaters; 0021 in, shot size.
D &"
n\. Z s : : N : : ?
- i i o ; : RS - H

0

FIC& Jdetdler gwar life increcsed
on M4 medium tank fram dyno-

momster tests, {Qol. J. M. Frya.)

are peetnad os & Jast production vperas
tion after the teeth were previously
tinished to dimensional seeuraey.

HBome high duty pesrs have the
teeth eul with o protubersnee hob and,
after shot peening, the mating sur-
facex on the sides of the festh arve
ground,  This method leaves the root
radiug in s peened condition to buetter
resint fatigue fractures,

Some duty on inereased life of idler
wears for Md tank by shot peening
wers presented™ by Frye' in Fig, 88,
The tests on the peened goars werg
discontinued after 49% hr. without

Yabo J. H. Frye, Ordnance Departe
ment, I, 8. War Department.

B, K. Baden, Expevimental Engineer,
Timken Roller Bearing Co., Canton,
€ hio,

A profilagrapk wes used to obtain all
finish records,

[«
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foilure, whereas  nonspeened o

: failed after 33 heo  Shot aize v

o N P/ i with an infensity of 0106
‘ Boden' studied the frregularities

surface tinish illusteated in Pigs,

C o and 85 on ease carburized parts whi
! were shot peened under various o
ditions on a Wheelnhrator using «]
SR v o [ forent sizes of chitlad jron shot «
w% R NN Tt NP N with different time amder the hia
Same design members pegquire certy
charaetoristivs as to dunensional 3
curacy, lubrication, frietion, and nol
wo thut ot knowledge of these surefy
irregularitivs hecome  necessary. !

LH00876"

A ~w~“\w~f“~v~ww”w‘”"”"”

Loolda0”

Improvement of Gun Parts

Valentine® presented s elear pletw
: of how shol pecning greatly inprov]
_003000" the impaet fatigue resistanes of hay

: ‘ mers used on sutomatie guns, His o
D i ' A v o N sty given in Figs 36 nre quoted froj
e o . s tabular data® Typical kammer Trai

tures developed in lnhoratory repeatd
impuet tests are illustrated in Fij
ABOVE B, Chilled iron shot 0083 in o

16. 35—Influence of differant shot size on surface finish of case catburized 0,083 in, size wag used under 100 11
parts, {Boden). {A) 0.020 ‘in. shot size; (B) 0,033 in. shot size; {C) 0.085 in. per ag. in. air pressure. The decide
shot size: (D} 0.094 in. shot size, improvement. in endursnee of th

hammers by peening NE Ha20 ws
atill further improved by using a xml

BELOW K. II Valentine, assistany chief mﬂnl'
" ]

FIG. 36—influence of shot pacning on the life of case carburized gun hammars I:‘,’ ‘;’g" I('}’:""“ Motor Division, (3 enere

subjected to repeated impact loading, olors Corp

y
|

i

BATA BY |
K.B. VALENTINE. :
~{30
%
9
; s

KEY
30 b §SHOT
PEENED

DNOT
PEENED
ARROWS

INDICATE NO
FAILURE

25

P
tn
N LOO0.

20

v
o

&

10 PARTS NOT BROKEN JE RN

i

4 PARTS NOT BROKEN Ji e >
6 PARTS NOT BROKEN JGunpee o

)

- NG OF DMPACT BLOWS ON GUN HAMUER

f-3

&

[T™MIN
AV 1
i MAX
| NN 5 FARTS NOT BROREN
AV o
MAX
MIN

0 . J [ J Kk
T T = T 0
5 6 1o 1 6 7 10 5 5 5 NO. PARTS TESTED
. 1450 450 1450 450, 1450 450 1450 700 B7S 1080 | - TEMPER °f
- ' ‘ ]
NE 8620 SAE 4620 , NE 94 T22 SAE I462! STEEL
c~58 Cc-57 c~59 C-58 C~d47 C~43  C-37
C~40 C~39 c—42 mﬁ HARDNESS
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bath guench at AR0 deg, ¥ folloved
by shot peening (nol shown in Wi,
ant. Under this Inter treatment 15
hummers were tested of which T4 were
ot eraekemd aftor 40,000 jmpocts and
one Tailed wftor 24,000 impacts, This
etse dlustrates that the steaeture
previeus tn peening may he importand
heeattse Valentine vhaprved that hames
mers  failimg at n low number of
eyelin (NF X820 sl hath unench
A50 dege 101 had oo mixed acicalae and
hrittle  structure  while (hose  parts
whivh did net fail after 30000 i
pacts had small amounts of spheraidal
carbides at the surfaee, The 450 dege,
I, sadt buth quench wase not as eritiend
andd produeed the desiesble spheraidal
enrbides und resulted in the besd ene
duranee values,

Rifle extraetors from WHRVH stid
were pmproved by shiot peenngg, s
found by Colonel  Free™  Fie O
shows the sume fest resudts obibsined
wn extruelors guder loth conditions of
(o) Re B0 osurfuee premsd with 00138
fe T =hel sand nbesdty of
OsRAT, wnd (b He 4 surfuee
prems wiath 18 fa M an, shit
wind dutensaty of  00RIRAL S He obe
served thut ol Joswer haedoeas valooes
it appeaved that the enduranes life

invremaad with foereased infensitios,
bt af bigher hardoes valoes  the
grenter intewsibien fewd Towsod e

ereped Ffe, This ssime coniment ape
plivd to sther purts which Frye ine
vestipnted

Frye gave further synpiples™  of
snprevements b Lfe of  gan parts
shows  in Fig, G8 The extruelors
wore forped fromn WAL sleel and
surfaer havdness sfter heat treatoent
win Re S0hAR. An btensity of 00T2AY
wae ehtained  with 00 hiin, chilled
iron shot, The averaygs life of 1A8H

rovnds on B9 wamplos ool peened wis
intrensed to TLOU0 roumds by peening,

fig. 3T--Typical fatique fractures of qun hemmers, (Yulonting.}

On the Heing pines he cemarked that
vheeking heat treatment and polishinge
filled padii resalted in me improvement
It peening with 22 wesh shot give
the pereatly improved vidues in Figoih

Peening of Crankshafts

Hiphly  stevssed nvens of  evanke-
st nre shut peened as shown in
Figeo 40, The epitieal arsas ave nors
mally the filldds adjuinime the ends
of the hearings oo the main ald
evank  Journads Assuring proper
poeninge vonditions i the desieed Jos
wdtong i nevomplished by the mee

chandenl  haudling  arrdogement in
Fig, 41, While situatbons vary it is
vomimnn (o bee (LLED fa i i,

dignreter shot and the vrankshaft e
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Peprped
Mt irfe of

A ; swesid 108
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£ 300}
1,4 y v
b Averoage e
g Jpeened
i #
[ha
o

0ot Noot poeredd

« N life of
lowest K%

0

Fl@.

JBeeM 1 rille eatracior impravad
in 1ife. {Col, J. H. Frye).

16,
lifs

incravised by
peaning:  {A)

thes nboul its own axis pr 30 epan,
aadd the Porwand travel under e shot
stream D fLoper ming An infensity
of vold work equal to 002AL s wle
tnined ne o mensured  on o the Aen
wipre, The wheels slinging the shot on
the Wheehthrator unit nee 180 w0 in
dinmetor by % jne wide potudime at
RPHTURIRTRTIN

Studs and Bolts

Stdic and bells subjected e high
shyeasen il paetiealaely repeated ing-
paet Joding e necked dows in the
Body portion The enginervige valoae
of siteh design is iHastestiol sn Pig, L
where Staedel” reported farge ine
erensen in repeated impaed fatlsie ves
statanee  resulting from snbanecd
fexibility,  Ovdinarvily  eommnens holt
designn develop Patigue fravture s the
Uaremdiad pertion sr wder e hewld
b when maxinunn iniet capaeity
s mbandiod i the el by sevking
down then failuee may phave du the
redured oady portion, To peduee the
ditigerr of sueh nady filure this poys
tiog e shiot peeneds Fag, 48 exhibits
Bl nnd studs which Bhmen™ peened
befire the theeads see ent, Doendng

Feenpd »

RIGHT
FmemAvarege
of qun parts
shot
Bas

fors 40 mm. gun #x

teastor, {B) 105 mm.

howiiter, M3, firing

pin holder, {Cel. )
M. Frya).

LEFT
FIG'». AQ o Cranks
shaft in position
in shot peening cobs
inat.
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o o o ix applied divectly to o machined sur.
fuee vather than prinding ssane,

|&. 4l—Meachanicol ar- .

rangement for insuring Tank Track Ping

paening of all crankshaft jour-

nal fillets using two Whaela-
brator units.

Tank travk pins ave shot pecned in
production ss shown in Pig, 44, Feye?
stated that definite and material in.
erease in fotigus life has besn ohe
tained by peening.  Solid and hollow
ping of various alloy steels wore ine
vistignted uaing shot aize from (.018
to 0130 in, amd improvement always
resulted,  Optimum conditions, hows
over, were not revealed., It s not at
all warprising to find sueh improve
ment  beenuse  fundamentally  this
problom  involves  inereasing  the
fabigue resistance in Joeal regions of
fillots and elmmped  portions where

VARBLCTION OF TreNgy,

BOLT BODY REPEATED MPACT FATIGUE LIMIT
. BOLT BOOY | AREA IN O - ,
BOLT DESIGN AREA IN % — T

DIA, IN. [AREA,SQ.IN. | ROOTQF THREAD

o 4

g | 0415 230 N LT BT L)
s | 0122 160 260 | 150 W0 | ~201 |00

Fl(&. 42--Effget of
body diameler of
bolt and bolt el
o the repeated im.

5¢" 0.076 100 4.34 250 208 160 "‘3“” “3“ pact fﬂﬁg\w ;iwngﬁt
of bolts, {By Stos
del),
93" 0060 18 521 1300 | 245 | 10 | 82 | w4
¥ €3
15/64" 0044 57 651 | 315 3.65 | 20 -
ToP | %S | oSl [[ULTIMATE(PSIT] YIELD (PSI) | o ELONG. | %o RED AREA | ROLT ULT. ¥
STEEL A 0.15 10.65 [0.095]Q.1861 0.04 18200 2.8 56.0 24900
STEEL B 0.2510.775 (0,019 0.024| 0.25 96400 12.8 4.0 Hannn
STEEL C 0.33 1 0.70 ;0.039] 0.027] 0.18 85300
99600 > 68300 16-10 18000
# Stotic, fensile strength of actual bolt,design 2, having Sz length of free threads under nut

cold working of aueh surfaces bas
previously been Tound beneficial,

Liquid Blast

Very Jittle date of o technicsl
natwe have been made available re
gording the lguid blast methed of

0w 2 surface finishing, Hy one liguid blast
process an sbrasive in mixed with »
Houid snd an apitetor type of pump
16, 43—Bolts and  fupees this mixture through wung o
studs shot peenad e ] o
in reduced diometer nozzles in & blast against the part. .
body portian, Grinding marcks ean be vemoved from =
{Simon], ease carburized surefaces by the Hquid =
blast ns shown by Boden in Fig. 46
Heve n ground surface was prepoved
by several grinding passes to a final ©
finish of 16-18 micro-in. profilograph
reading. A liguid blast containing
1260 wmesh sbrasive modified this
ground surface as illustrated in Fig.
45.  That this wmethod sctually re
moves metal in the mattex of seconds
of exposure from a surface ground




FIG-. A4 o Tank
track pins shot
peoned,

after  vuse  cups
busisinge i s
stantinted by the
profilograph of
the surfaee Hineh
in Faye A6 One
portion of sl
n ronied s face
wirs masked durs
ing e dagusd
Tlisst wmd the proe
filopruph traee
Wi samde over
hoth  finishes,
The step i the traee indientes that
B0 mieriebn, was removed from the
serodirnd cune eurbiried suefuee by the
Thpirid blant,

Outuisde »f the strengthening infus
enee obtained by vemoving prinding
marks and impreving surface condis
toms Bt s noet known whst sdditional
contribuation to fadigue vesistance, if
any, wonld result hy the peening ef-
Lot Almen atrips have shown cupvas
ture after blanting but ne fatigue
date are yet available, I the means
time this proeess is serving in produes
Lion Tines an uomeads of surfaee finighe
I aned warrants Investigation aa to

it intluenee on fatirue resistanes,
Three rensons submitbed in explanas
tion for the mproved fatipue propor-
tiva obitnined through varions surface
vompression  methods sneh s shot
prening ar surfuee rolling ure bricfly:
{1} Residunl compressive stronses
are uhinined inthe surface lnyers
where  the applied  slrevaes  are
wanadly a maximwon aud sueh resids

(4 L} &

;1 G. 45~Surfaca conditions on case

carburized surfoew before and afs
tar liquid blasting, ot 100 diometers.
Left, mullipass  ground  surfoce;
right, after liquid blusting. (Boden,)

vl atresses counternet the dunger-
oin tensile stresses srining from ope
erstion® %, The hypethesis® for tho
elfeetivenvas of vesidusl comprossive
strosses ab the surfaee is that {a)
the zero-to-maximum  fatigue re-
slutanes of ated i greater with
compressive loading than with ten-
sile londing, snd (1) under the ine
fluence of external forces ocenring
in operation a non-uniform stress
distribution arises,

{2) Physienl and moetallurgiend
proporties of the surface gkin are
alteved hy which the surface layer
may be densitled, prain stroeturs
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changed, damping capacity influ.
enced, elastic limit and noteh senai-
tivity decreased’s @ #. .4

(8) The free grain houndaries
protruding to the surface of a de- -
sign member are more vulnerable to
fatigue failure than grains below
the surface. Tt is conceivable that
at and near the surface, where
yielding and fracture by fLatigue
will be initiated, the crystal grains
are less constrained by grain houn-
daries than those situated farther
away’. While crystal aggregates
are considered as Isoiropie, it is
probable that the properties are not
uniform in all directions. Surface
compression may improve this non-
uniformity of properties and the
specific elastic shear strain energy
(eriterion often considered for
mechanism of failure) for the sur-
face graing may approsch the high-
er values possibly characteristic of
the grains within the body", This
is worthy of note particularly on
decarburized surfaces when there
is a hint of sub-mieroscopic loosen-
ing of the structure™.
It should be stated at the outset

ORIGYNAL,

that no investigator has yet sub-
mitted factual evidence which would
permit positive conclusions ax  tu
which one of the three above reasouns
is, vesponsible. In fact there is bet-
ter evidence to sugpest the possibility
of at least the first two arguments
acting jointly to give beneficial in-
creases in fatipue resistance. In some
cases all three arguments may apply
or any combination of the three, It
should not be mistaken, however, that
any difference of opinion exists as to
the favorable effeet of cold working
on fatigue resistance for there is
none; but there is no uniformity of
opinion as to why fatipue strength ix
inereased. While this guestion is of
academic interest it is believed that
a better knowledge of surface com-
presson would also he of practical im«
portance in controlling, applying, and
obtaining optimum fatigue strength
and life of design members,  There-
fore the researvch results hearing on
this question will be presented,
Thum sinee the early 1930's has
eredited the first theory regarding
residual stregses for the improvement
in fatigue vesistance. His more for.

GRAND

vy i ; 2
5 oA Y e Y g
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FIG.

47—Fatigue specimen used to determine influence of strain hardening

1945003

mal fmplivations made in 1035 were"
that ns a vesult of surface cold work-

ing the () wesidunl  compressive
slresses reduee the tensile  strosses
produced by an external lond, (b)

shear stress B redueced and fatigue
failure is usunlly predicated on rome
form of shear theory and (¢) stress
gradient and mognitude of stress poak
are decreased #o as to reduce the
danger of permaenent  deformation.
Thum made Tatigue tests to investi-
gate this question and found® that
(1) four-fifthe  of the inereased
fatipue stronpeth in reversed bending
was due fo residual stresses and ones
fifth wax due to strain hardening,
while (2) inereased torsional fatigue
strongth was all due Lo strain havden-
inge,  These eonelusions were based on
the results of fatipae tests wade on
torsion and hending speeinmens of tho
type given in Pig, 47, Boe of these

spocimens weve prepared in o speeinl

manner by first rolling the 003040,
radiug groove after it was machined
in solid bars.  Thoen these hars were
bored oub so that the remaining vesids
ual stresses woere negligible and only
{CONTINVED oN PAGE 1)

PEENCD SURFALE

FIG. 46—Profilograph record of case corburized surface indicating removal of 180 micro-in, of metal by liquid blast, Vertical mag-
nification 3000 diameters, horizontal 30 diameters. (Boden,}

FIG. 48~Bonding fatigue resistance influenced by
surface rolling: hollow spaecimen was bored out

after rolling, R

and residual stresses. (A) bending specimen, (B} torsion specimen. g 40
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rolled and NR = not rollad.

Thus 120% imcrease in fatigue
resistance due fo both
residual stresses and
strain hardenirig

%

This B3% mcrease
J quve o stratn
™ }/ Hardening only
R NR R~ NR
A\ - s \, g
Solid - Hollow

s
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(CONTINUED FROM PAGE 76)

the effects of strain hardening re .
mained. Fatigue vesults from -such-
solid and hollow bars, which were in- .

vestigated in both the rolled and
not rolled condition, are shown in Fig,
48 for bending and in Fig, 49 for
torsion. The basig for his conclusions
above is apparent from fatigue results,

Moore and ZXommers* 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 thesetests on two plain-

carbon steels by independent investi-
gators, steel bars were cold stretched
in tension to obtain two degrees .of

elongation. Then R. R. Moore plain. - :

fatigue specimens 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

valueg shown in Fig. B5O.

Again further tests were made
which indicated that strain hardening
alone without residual stresses gave
inereased fatigue resistance. Fatigue
specimensg 0,080 in, diameter were ma-
chined from the surface 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 from the rolled shafts and
only the effect of strain hardening

remained. The results™ from bending
fatigue tests on these specimens arve
given in the table portion of Fig. 51.

Here it is shown that the specimens

16, 49—Torsional  fatigue re-

sistance “influenced. by surface

rélling; hollow specimen was bored

out after rolling, R = rolled and
NR' == not rolled.

2B~ This increase due fo
strain hardening.
s’ }
inc. 55%
.

& 8

S,

L* )

‘Reversed forsion éndur‘ance limit,
1000 Ib.persq.in

Ny

(SR AN
Solid~ | Hollow




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 per cent. The
table and curve in Fig. 51 also indi-
cate the general relationship between
increased -hardness and fatigue
strength of 1 in. and 2 in, shafts
which have been surface rolled. It
should be noted that the points plotted
for the 0,080 in. specimens fall on the
game curve as the 1 in. and 2 in.
specimeng thereby indicating that
strain hardening and not residual
stresses may be associated with in-
creased fatigue resistance. Results
from the tension strain havdening
tests in Fig., b0 are also plotted in a

curve in Fig. 51 showing that strain

hardening by cold stretching leads to
smaller inecreases in fatigue strength
than obtained by surface rolling.

The above examples, and others not
mentioned serve to confirm the justi-
fieation for a movre conservative
opinion and appraisal of reasons for
the favorable fatigue vesistance ob-
tained by various methods of surface
compression.

[=3]
o

1945003
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<3
5 8
T |

Rotating bending endurance limit,
1000 1b.persa.in.
Crd
o
T

.

0481C 0.187C

6. 50— Influences of cold
stretching on fatigue resistance:
(A} no stretch: (B) 8 per cent re-
duction in area; (C) 17/18 per
cent reduction in area.
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