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crmmew wde e ATNMTE Part 971,
iavtie effect on fatyy;u strength  (wm the Conliary, st wou!' +
be detrimentsl 1o Surface topogrephy and decreating the .1,
sue limat. If Uhe contributions of Jurface Lopoyrahy aend micie
sleess relicl to The fatigue Lirmit ace not Proparly cvaluate *,
the cffect of resadusl strgs: mould te eveatly sseprerated
Assuming 4 line ss dvawn in £
and peered peCidsin. one would find thal its =

slope Zhoule o
VoIS The clope could be larger Af Ahe swrlace

residual ziry:
value 16 vied. Mowever, It i3 an approach of phenvmenelo, ic !
view Initcad of ielrsasic correlation.

CONCLUS B,

V.o In Migh carbon hardencd tleel, compresii e recadual
wiress in the surface layer of & smoeth speciacn ptoles
Lrunsgranular crack depth ond reduces the Pervion of imtex
svanular fracture It occurs within the range of O luan. Thae

in en engineerling sense cesidual Siress com wffect on falip e
crack nitistion

2. Avesvage reusdusl stress in low Crack growth rate we-

cron bears an aspect ag mcan styess, the slepe 1w about 9 10
in Cosdman relationshap .

J. Patigeue crack indthates at the botilom of srimding
wcralch or pecning dent aad then grows inwards. Shet Pening
Teswens the zuwrface detriment due to erinding and reduces
microstocss as well. Normally. these twe factors are sore
slgnificant than residual stress in high carbon stee).
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F-ray veshaual steess aasurements aad precision Curvelure - pruwreeaty
were mode om rectangular cleel Siripn What had been petn- formed and then
subjecied 10 ditferent tsochronal dancal trestments. The faltigl
sovface restdudld strets and cwwatwe lovels were swbstantially greater
for the tsramiverse than for the lomgitudinal dlrection. Relbef of Both
Curvature ond resloual strest oComived DMl incressed with teeperaturg
wp te S00%C. Mo further relief was sbserved sbove thit Lemperature.
The rellcf of curvature resched 521 for the tramsverse direcifon and
ST for the longitudina)l direction as compared 1o more Thae 957 oF the
residal stress.  Am sscmebovt effect was found for aanealiag at 4259

fay words : Peen-forming. Reshdun) Stress, Isechromel Amncaling, Stress
Reltef.

LIl TRl ]
Petm forming 15 well-cstablished (Jobuton. 1968) 5 » commereial swocess

Tor maemfoctonring curved compoments fo shect matertals.  The shape
sitaciated with pecn-forming sre e to Do Facters
') wous plastic deformation and (11) & bemding moment Casied by
Lc |} resfdeal stress patleve. lehimegenccns plastic deformstioe

wowld be tapecled to lalrodece 8 permmecnl shape Change whereds the
Contribution due to reslduml siress sheuld be affecied by sny Subsequent
stress-reliev tesatwents. The cbject of his reseorcd was Lo
Sctarmine the affoct of Isochremal anncaling oa the swriace residad
$lreis and Uhe cnrvotlure of peen—formed stael stirips.

EXPERDENT AL M THOSS
The material selected for this tavestigation wis & et of 12 standord

Almea “A° test stefps that had beon shot-perned wsleg ldontical conditions .

The reiultfng curvateore was seaswred wiing 3 precision nicremeter ssvaled
o 0o “Laglacers Staad”.  Cach strip was meved under the wicromgler

bebucen tlags set Lo glve triversas of 70.00 aad 15 SPmntor \:‘“‘ul
nd trpmsverie sadlus calewlations ruspectioely. The corves ny vadid
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. SrmssanEe ewer W AT MV E
“Telyrurt’ cquipment we: vied to ¢enfirs thetl the rad)
wmitors Tiw both traverse:

Luspu ey - BLL it ted
| were rencensbly

Restdval micio streisgs were measored For coch strlp 1o term of the
“half pesk Lecadth’ of the 210 Xoray diffvaciion Hae appearing it sbout
152 25 wilng (r redlation Reziduol macru slresses were measured vilng
» slandard tus capoiure K ray olffractometer techalgue 3gata savoluing
e 210 profile and (¢ vadlation e peccistion of cach Ltress

e eemenl was tstablished (Kt and Cauificle. 197)) Sl surface
tlress meatwremest rquived ualform layes removel from one s1dh oaly

150s was accomplished «ith » chemical poliining techalgue with cach layer
removal beiog cbtalaed from the corresponding weight loss.  Measured

resbdual stresses were convecled for the tloess In he removed lager:
(Moore and [evans, 1998)

Isochional soncaling was carried ont Ia 3o aVr Clrculatory funace with
ipeclocn lomperatures belng e ld to -8 %X

RUSAR TS ARD DISCUSS N

e resulis of Ihe radies svasurements on both 8: peened and smncaled
strips sec glwen Bn Yable | and the changes are pretented as Fig |} The
ei prened sirlgs hed & much greater cwrvature (e the tramiwerse
dlrection (mean radlus Mo mm] thea ia the loagtiudingl #leectlon (meon
radles B/ wm) Tats f3 & geveral cherdctertstic of peew forming with
e type of restralal lapused by the Alma Gavge Acncaling has glven
s gemerally progressitve reduction In curvature with lecrease ia anncaling
lomperature (see Fig V) (urvatwre relicf resches about 5275 for the
traniverse dlrection o5 compared 1o sbowt 5 for the longltudinal
direction Ihe residual curvatere Bs sUI1) | howewer . much grestey for
the tramivgrie divection A second featune Vs the smomalous efiect ot
4259 whicn giwes Jess cusvature relicf butl wai Tound 16 be reproducible
It 03 Belicwed that s phenomencn 15 asieclated wIth precipitation
Further itady will be weeded fn ovder 1o ehucidate the shtuation

Flg l shoms Ihe retelts of K-vay resioval MICr e STiest mesiurvment, on an
o1 peened fTormed ipecliomn The stress profile has the characlerisiic
features generally sisociated with geen formiag Ihe prencd turface has
s high level of compersslive stress. shoul 450003, Aich extends 1o »
Gepth of @ 10w and then glves way 10 Baloncing sub-surface tensile
steesses Concove bending of The suvface Ouptsfte 1o the peencd swrface
has Induced » serface stress of - 10, This Serding 15 also the
souwnce of the lincar reglon of stress variation that calends from the
vapeengd urface 10 owt O W below the poemed surface Ihe presance
of residnal (ompresslve stvesses on both sejor surfaces 15 the
sdvealageons sitvatien that mormally cxfili 1o 2:-peened formed compoments

Table 11 giwes the sezults of ¥ ray restdua! macre stvess measurements
made on the tpeciamei whose Curvature sellef was seasered (see Flg ) )
These reiults show seweral tatevesting features For the ai-peew formed
Condition there 13 & subitantia) range of stress levels for aominslly
Voemtical specinmens In the Tongitudinal glrection e ronge for the
peeoed survface 15 feom -1 0 -SI2Waand from -55) to - 10800, ta Ing
tramswerse dlveciton Toe mean value 1o the longltudine! direction §:
ek lower . 2t AR, [hpe the 51 for the tramwer.e dlrectiion
Ia the case of the wnporsed 3w Face the mean valeoes wre much (loser ot
~180 anad 221Ms swspectively for lomgltudinn]l and tramcwgrse divections .

—— —

\ FALEEY WAIWES, 30B0E LHEY IEPREIENL JLoTRMEs Limmmay Wy e g
l:?ltou thot the Corvesponding (urwature thould be grester i the
transeerse dlvection.  This ageves with the flading of » - wgen .
radlus for the traagetrse dlrection 36l ouly 6/0mm for LN 'o-.uu“qn'
divectiion. Slace, bawever, this bending slse (aduces stress velted :
the permed surface I meand that Uhe o0 C ped salues of vestonal suvface
secre tivess would have showa aa even greater disparity bebwen
lomglivdinsl and Lransverie $trectlons . lsecheona) samesling of the
pcen-farmed strips hos lead e » progressive Fall Ta sw face stress wp Lo
about 4000C where the maximm stress relied §s sdowt L. 1t shevid N
soled that complete stress raitet can enly be achieved by wifng wery Mgh
Lemperatures Inducing either & phose trens formatbon o recrystatiisation
The obscrved stress selfef fallows & wery stailar trend Lo Lhe Covvalure
reltef with stabiiisation st abowt 460°C.

of Ve breadth as affected by Siochromal
:r-::l::-;,"'::c.:t:::r:umuiq of the diffraction Viag with incruese
tn smncaling tempevature Is compbstenst with both the welief of cwrvature
and of macro-stress.  Tis s te e capecicd 35 anncsling baduies L
wigration and aenthtlation of dizlecations which ave Uhe major source ¢
Vise brosdening In peemed saterinl.

In practicad stusations pevn- fermed sheets are normally held In posities
as Integral parts of larger Compoments I sech m:. n;tvc “u L
become heated thea curvalure celief womid be resivalegd his restend
weuld, hongwer, iavolve temile stresies belag el wp 3t The relaial
polats which would become potentinl spurces of stress corvosion. A Noss
of protectiive compressive surface restdel sacvo stress ia the shest
surfaces (onld a0t be svolided.

COMOLWS J0rE

luded from this werk Uhat:

" “,1.01 (IJ:WI smecaling of peen formed steel strie siwes 2
portial selied of furvature repching saxine of sbowt 527
for the trasswerse #lrection and & for the Tong i tudinal
directios

{11) The partia) celief of Cwrvature oo Viachronsl sancaling
15 due 1o the remeval of resldual streises Yhe corvplwry
et vemsins (5 the t12dle component of bonding intuced by
Sahamogeseous plastic sefermation.

(111) Rastdual swueface mucro-slreises ore auch higher in the
ransverse dlrection of the vectaagelor steips beim on
avarage of -651003 as cospeved with AW, for the
loagitadtas) direction.  This 15 ta spile of the graater
Cwrsatury 1a the Lrangvarse #ireciion (48 sm cF hT8ma),
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