




















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