0. 074 9'1'8. Descr i ptlon The presént i nvention concerns a nethod of surface
& eating a vvorkpl ece,’ to provi de. re&@% ressive stresses
024 G1E

. st 0.1 mnNandas@
shot

orrespondl ng to a peening intensity
£ ni sh 5 snoedchimiont han 40 AA by inpacting the workpiece with spher
Fiarticles havi ng a hardnessp%eater t han t he wor kpi ece. Shot peem\@& s a

anuf act urin et “T‘eenm°fmu';1f§_| orkpiece, dual
e i O I T R R st

orr@.essweﬂﬁhm&smmme@ur ace o a netal workpiece, to-l rov
esi st ance. THthet pelemwls a me@fmasprMess ehreséih the s.triaesﬁa wpdhﬁ&ﬁ .stmhameﬁw ﬁaﬁdlearas

®.0 nuchine an%f LR |mr¢) ﬁJeenl lsgo g rﬁ%r eﬁgscjat:alagqﬁpp[emyelqu‘gs in @atp;pcbfgf a metal
Hl ended apd,eEbait VA ,{j’g $§ r sfoggpations,
oints. S Oﬂnagealsfags%sggg.qwt.bm @mgl |£sés ﬁ %f’? emg Andffadive b&'ﬁ‘agateq from
sed in the aiShormbtingaton .urebsme nd3gofiea w‘thglaels He@dsﬁlh@amhl bRt RIRGGnET
sks, vanefeld &?rﬁ!'hmcad@@eﬁmmweaf disksuynes; end bades ghich ateisgbject &1 Higt@AtRue stresses.

i'ar acterjs j'xaﬁ‘l;f ! '°a'§Vh8;}°ch€%'ﬂ$ 1s8vep @ dareiedsutfaseoping de e slightheroonded geitfeﬁs'bhﬁeeach

ro

“glightly Po nqﬁgge djaa ,p@§§ 4eASprE EHJ‘ No) f; roduce centl ,

é"has been appirRed ﬁtpa@hea Redhprk 'gi M?@@égéétéé F(:gggszg& %ér'%érggf%e@%‘\ Eﬁ y

: gaki ng the H0Pfieabe2.6f107H meduad: ie PNSI BaI—+1F-07) B butedr reSdeBiesdh Hodevé‘rlﬁ ?a.rﬂ, Is
he order ofYPi !l'AAa i"‘P urfecem@vageéhfﬂwtm edsily potigh)withoB Ir[celrnng unacgepe b alfany @

A in ANSP RAECCE % ?Lé wf gt.i;i NG, a’ Do e Bpierion piap. has heen

ypioal Iy haaeaed:éama&wy r6cseck ind 0% ges Sl é%?ﬁl' '}Zﬁ@l& atlled for

8t hout i ncalrsrmpmg uttﬂawembo%ka e change 20 di nmensi on rasive

ol i shing usi ng@nme bhettsmn umﬁsschnemaa;orcﬁmtb mansiagoftﬂquﬂemmﬁgﬂaklwesuhﬂshere

Fcen prefér 'éd‘a" 1 '°e&ﬁﬂ"‘ ectﬁvﬁ'@rspsq}rcﬁméf\ﬁémwpcltn oicfwitomotiye Erigineers). .

of L noﬁ'& eé flil'léllvﬁ% %ﬁﬁﬁ e?quare als "co:?f nhs/teesAef:i” onmﬁlal Glass

@ ocesses t eafaclefzed By b telFBveRONELBErILD dis b thel %&m%ﬂhf ot &

npl er i npteossett fpagmeasutunng GsepREdIng 16, the b&&en‘ﬁé aesmafueﬂssgg%h f.ygrﬁ AR adeduft

o the sise ePQ?ng Ht!e%ﬁe% & ewsfagafihishiand the suréase fimish caif ey eve? Gmamith agivgn shot mass

i fferent choifioe msen%éﬂ_' Efvér 'é a P W ff“fsbé'ﬁ"cﬁﬁ‘aEAE’td‘&Man 381919

g utonot i-ve gﬁ% siderab o ugrgra is 1us n |m E‘ oh m -

&M and typb&ﬁildx)éhb;i‘ed @afsstwr&t all@ritenhélQBntBar %nh&? n-l% aaﬁ ‘é, ﬁﬂ‘é

;| 1.4 t @5 0stOBBeamingnthaismaller ghatriepefer@d.e al so commnl y used Oom*rer cl al ot

“1:s char act er| e dﬁy"éf"ﬁ‘él%tq fmugreamecep\amtiomefmrmmrqmspmvama@museumahmn

r n om n aI vnde qc& nis g:egvﬁﬂ?l&f Tﬁg m%g % @ method of
ise smooth s

i Shling e e T SRR ARy

] een ng ga vtaamag bl@l(ésblrf@dor&bu’rif'@ﬁlﬂmfriuﬂis‘ﬁEbtWﬁQh Is etauaa‘aas&a brWe§ |Ua’ﬂ i the

Jiver ti rre wranme ef dizimeter fal by graviy fjom Mdgmpﬂ dn inotinedl sudacg) um@aoﬁn@ﬂﬁ@kﬁb@

ur f ace e§ ??“eg‘ %bWWfé’ﬁe“o'BIan% fransiatadwin éms Simtrefn@tt
e i azrg m‘a °1§4§§.§,§ i Kot b o o
panels nalrcra [o] Uﬁl pr cess Is
eened sug RNEw ingAdsfig alleraﬁ i% E B requaslte
Goviered. Al srﬁforrhaesglaalsmeis fba&tlélJen?eilﬁd'rcbl.tl lity on many corrp ‘ex shaped parts’

7 %‘1 ere smal | q'@zﬂ't?é‘lOd cbthe pigsent invention lsméa er ed inyhat Mpechnngmedfoorwnh shot

¥ 3

jr oducti on -—- Qﬁ%m msta\ritwﬁa glﬁl?orm gﬁ'n at Z%st%_o 9 léraeterp fyingdeitteirdnge eb
rfpr oved  f ati g’lﬁ%bfe&%‘f tht AD&Rion K& r@g |ch' Psﬁrf&gé?espggtga&ﬁsed
En t he past srattpEwisidl @niskarl | OUS surface f| n| s es on wor p| eces. For exa |

BiS- A- 937 180 dhe miethge ef tize inmbiitmds mbedoivttiae discogneot mtcalllme}dafeﬁmtlesmatvﬁbiﬂ%’tl\tnﬁﬁ
fnoot h shee efero g.f??"ﬁ B igpneity e%ﬂdr Hpgedinish- eAcenféqu)@dhq anrqgr'm semfl@gceyrs sm#mlogslv
nt 0 an lspcg find esélfg T\Kgﬁ %?%A?g}l% gggtl |t th s al?’:I:z !7:'1 ps‘? ﬁ"t{, g;rm

§ow penetr aa.a.aae:ba nﬁ Bring) pkok: lAf 4 aﬂst The
ich is stshotohste nafrarrgtb&: B itadntEns l’dlsﬁhen e:abse,badl ﬁa&eaﬁurﬂa&be“nrsaagﬂrtﬂ n38A0, BYM

Bi ameter f af‘ibS‘B iafly ﬁw@mqm@n& eheoflotémdw witt bé wmrisﬂamf mles havpmdame rs

, he expos d :ae IO , the sh tiiol ce RS 'r;l Bedoks

M ans at ed 1Ak EEngo @S b mdre b Q‘LW ﬁ\eeH ?ﬁ?‘-ufg l§ i&"ug g:cai:g
lef or m.t he ®hisedesitawiseringtintersitardars dladter ot he St Goed,Mih highs Q,eing b&ociated

‘ g:. itehighegintensity and smalieridisenetir. Theinppe velodty willde umfdhemtlus stibut -54% WhenGhe: i -

on, aﬁfgf ,g? “p;hl:q‘l\)@f Hoplyeian by en@wdﬁ@s@-wigs 4§ Bshitant unibimpact coergien il

el Pt #pth Wxé%op 1%’8°0b’fal n the requisite

Al
and ‘surface

|nterdependen0|es betmeen shot S|ze energy, peenlng |nten5|ty,

b R I 1



t"'i.;:pr,mwithi n about +25% in-the range of 0.2x[err] to .12 X [err] .d..
918 ‘The final surface finish depends on the initial finish. If g\

tif.ani um wor kpi ece surface has an ini 0|074f918 sh of I ess than about

the process is ca 6} oS WAGL D%nd ihi38 ind A”f'% %?’ ke REL] fli b E‘
(ke vor i oee TS AR ol SRR ] b A
dgwn to ofkpReelst ;ﬂtb\nﬁb vth a kriiae @GisH, IflﬁtIS‘hlshé‘s apen a&natfa ble.
pdeni ng | Nt ensTHeywoskpibcelfimsnds éqpenﬂenedmobe peﬁmng atvysx wénla@bfetofsMeFor #iycgiven shot
pgening i At emhph@@e?ﬂ"@ "&3’%‘6‘% qdpyi rer '" fm%@v '"‘ 'f“/e'is ftt:;
9 ven.int eni}%%‘at%%% mng % ﬁ t650
ekanpl e, hd) Nay, at .n§tﬂt rRREthl If.msnsn.u nérn&ranala;g\ér

pEeni ng nmuslexdwpld, &8 Sorhdnarity m:ﬂeréh @enifgintensitids inge dange m—gmotnmnadnbmgnupamo

out 0. 5@ msmmelir thag 1anm wilbhdt he padeo oa:ﬁnnseneq@eémrngath surfeeesdf 1y Aﬁheherqansw

e e R e i S chi e

| I er thaproble® .wcbrltronmg ubﬁ:rﬁnﬁ\p thélifungp @m@m od .ﬁsmwaaiu; eonsdim _
rface ofs 15 When thiaetic? dsSacsdimited)iyegranity oivdrairopheight ofi 0/iess ra, the osifofm nelsdnt;es bfithe
i t hout advinyeatige Wilcre Ftajngd.staerther yjtht shop whish Aragelpneiong ansestentially neotisated| Ratly
en hi gh pﬁefﬁ FE;{"F'Y@ BWE'F'P? glshat Reepingyand séﬁace Apishing e e gPatredbieh Fﬁ?‘{j‘@?"csaﬁ'ﬂt
nd especi al't eJlsozlmléroqm tAé srok)%& J?%%Hao gthlﬁ@st Michtak Qmsmglwgﬁﬁ' d%ﬂ&ltloﬂw
impact vemem @5d P3G arel sPial Qb Sig R Forkkarme, 013 MR tRIBBMCHAIYORVDIah@blbdnikoatings are
nmfornty meehed Mtun-ﬁﬁ ﬁ nyghiotto pe mtelns-w obNi3+08 maeN praichubreqotint lwartseateﬂa‘lot onlyfiren
tihe shot | s '996%-’ emérde@rpweﬁer %ﬂﬁé}b‘w&h the mwfgn Efﬁﬂ?'tﬁ m

sh are:

tings
lel oci ties as ’é{éﬁl Q‘Z@E u "v atin 6
t'ravel s al, m %n essen AﬁQ:P’" %atﬁé aft nseq uen ct‘ﬁ)ngf'|I;)§§eC| sl on o‘f00

shot peen| ng awderstie ine@ioh israpﬂiau mhmaagelaevoa&pteaesrsedm aeﬁgas:dnrbire aB1R0$) EHEiviorigiede i .s
her et of ore mmﬂnrmmd with @spwgmemhmae@bon n@snaniirs which pMoids #mageto the/tbinledge

R S
coatings. Fq it il eg idod,
peened wi fh rg% % Db fgi’oﬁeﬂsnderhh@fh%ﬂaih)éc:ﬂx theQiddms/y raade&uh&eﬁmn' ®
eat treat edWheheschaidkis pme'\técﬁadﬂnﬂﬂl magrdanvmosztslauow rothgonabait im!gmnhaaéi oxls todhmeby
gegree gr eatfigish bathref 3bes aproping wiiged: t he Frl or. art ai réﬂﬁro pel | ed %ﬁass bead
peeni ng, but | t'r'?é“f?bﬁ‘f’“i hglavention mapSt U UPLArTRPILABIsR B dt M de O eGSO MR EY ngriraingaA
f" nish are i ”pﬁlet)"@q éerh?cﬁﬂyS&oﬁé‘thglﬂe‘a@orgll\ @%@H/egrpégttﬁrgt% thhd ghdmorﬁ'ﬁslfdt Qiaﬁgter
are i mproved t pigire DyRabiRcaliPéholve &8 rdidtidRshib@idtwaen fyenindMeRsity AR dafvatidh tiafor Gifferent

appl i ed to tshetni g wor kpi eces such as gas turbine airfoils, the

wor kpi ecer 4: Sﬁ' gﬁﬂ‘%‘ %9@?‘@’&?”%@'{5 the sypsienshipdeteen e finop helghs ancsieeninadptersityior different

rranner wh t | r

k\\mjdem red gh&Sdi uaI géc&sﬁé@vssﬁ} ggrﬁ%&t% Wgwad@etr eh@ﬁrg??agﬁesh}u m% h%%m:a%%

i‘n ves caref aburéetgm‘ph;eauyeﬁoutshme wﬂemheﬂaeeamaom awesm@a:teabdyealfotzmmhhefor
' edge so thatdifwnil sfzpt Gﬁlon of the 30 edge is presented to the collinmated

shot stre#&m ed 'P%’E eg Q}; ccor dmg to WF%}?"I"?Wés”BFmE“HEe Y8 geditfarent siRAsh e diffprgpt

gas turbi ne BFREES TRl ARC S mﬁ%ehﬁnhubﬁes%.mq;eemgdﬁn@for tifBroft dhbOlides.

is presented tagwee gRabRitail NiLQREs thékdidepandinsy otlurface fialsk Si&f Pelrfing ilensit; fok BiFfbretS

given an oscizkd et goy- rotation about | ts longitudinal axis to thereby

fini sh both of F'EW@ 9 ?‘Hgmefdﬁ%%s peening iplepsity. urizme finisl and biasticiepsroviafithgehot, for

fully under &t 'ebs f %?u | SRS Rhsrk ¢ GRPENYLRYdr awi ngs 35 wherei n:
Figure 1 graphr @bhY g y&ﬁa%s&ecﬁangeéba FR1alRSHEMIE BBt M skurbkibiPiind, LFFB hBIBRY, and
uni f or m shotsudacarmiser as zFfuguroa of sistaphli cal |y shows the rel ationship between

peeni ng i Bt ens F@yreahdhomtwamr@w h‘vmwmedqu St perninglydhile béingmotatiorelly Picijeted

3 ar aphl cal l y € 4 |sﬁ‘ée l%wll n wor ﬁﬁt&ucﬁaglwaélhzjgpgﬁﬁf ratﬁéor%es n :-h%ires
intensity fop §8lhenagine ‘“hatpio ieﬁ s aHiSIE Quing a I

shot peenl Ng ened Byentibrafdé i#fs d2ba nbé‘d i6 Reeiis YPthé BSisHMgldl a mm. uogh’a eIV 5Rdight)
siize.- Fi gus dolﬁiegesithdtpahde thti@vprdshre sati fhea tltrbme\msTan vérgioniohiae desaribed in

peeni ng i nt A} oya ""@"‘2‘8‘0'%'%0*’?6 fresap Pt FH er§h a@afei'f“ﬁ!‘gl]‘ﬂ’@s%"e

griaphi cal |y ¥ smea@%-mmn% ik i ﬁmr S e

si.ze shot aty dRRER 1ot@r dridrialkubH dsBheretREQUHE Tish th .and the

finish, FIGQUﬁGnSTtygﬁ@p'bmghaﬁeEvyEGh|0l108-'uOaﬂ.es how surface fini sh var| es W th

peening time for different shot sizes. Figure 8 graphically illustrates the
- iny-er.dependency  of “sur face .f.'-i-ni‘sh.'.and_‘-p.eee.i ng intensity: for different sizes
'of shot. 50 Figure 9 graphically interrelates peening intensity,

,face f|n|sh ~and kinetic energy of the shot, for different sizes of
: = ra hlcaLLy_shoms_the dependency of.. fini'sh on shot si-ze
HRs R e C g hg 1nterrelatr@ns*'p betmeen S8

si e_. 55 | F| gure 12 shows M gas turbl ne bl adep05|t| oned for shot R

. a = N 1 o AN



of attaini ng the fol | ow ng objectives: a surface finish of better
efhan 15 AA and a resi‘dual conpressive stress intensity of 0.25-0.30. N, (i
I'l'imeters according to the AI nen t60510)74 Bd8h par ameters are descrl bed 9/

‘;.i- detail bel QWY (UL-AVA= . t i qq st(‘gt tib i nvent i f

Be- usef ul 1 9hod L3nBlcaiNnB0sdeh s nﬁﬁé’ﬁa‘é‘m@iﬁ i %"’i"'“ %ﬂﬁ%’éﬁé“f’@&ﬁ!ﬁﬂéé&h
s wher e t hgregéitianaies HardiessTof 18 YhetaPiRGR) ﬂd&weﬂ&ofh@u ré\hat t&élﬂmi i8 RotllefotriddaN find Bse.RRLY
§ ange-.bet V\emr#e(b@dlrﬁate_naﬂfor\beemng Ui-6AT-4V Shbing mhaydness efsbout Bc 40h i3 ashrbon pal@reeingicass.

gbr ackiced | ﬂs %ﬂ‘ iy hag peen "Fgé’ e?fp‘%@@ﬂ:g“f"g” é!ﬁt"i' @ng % 's‘peqf?reg ‘“Z‘,,’é’,ﬁ ms&::
Eedr T e
ki) r a

atgﬁ 25 f‘o ﬁiﬁ Q:?éa?uoﬁ’ f'
& he netal bﬁubﬁgadmemed,durﬁng pedfing; thé ey |s| |ﬁd| during use.

N\ prefer r'ed nMOe'rqueslﬂqws gethwr ra'rtpe@mmg nasb élaelect naadce:nddﬂbsp;c:béatuabm&—dw
§0) is a caf F'ca% ot 9r glasg B?ad 5] 43\'" xﬁﬁﬁf‘cw?ﬁﬁ%ﬁ tiome mrafentaﬂve

Table:1 for:th
e R e A R s R R )
e of a relwms bl‘é n&’m ingbhn. Gf@ﬁ Momtﬁ‘“aﬁl . Wil e@e%n Hatthb pn %ﬁotrg%h y
De used z.bublaﬁ\waldseastﬁbdtionImvelamletgradhiﬁﬁb Sontdinsi diPhetens stvedn 3118 GhdDY mhi g 94’
Wiensity harl?fa?'rﬂtaéﬁ |G@P% "&?Fd'nl%@teefbfewen Oéwo fnml Ih gewrastcths tshetrrd theogvesent -

Rllensity mat BY§" 'ss : in. & foler P My &y theyBAR iH"Idr PER o
o e i i e e

hl S IS ipdéoneistdh d&!\/of &used in MRShvenRtion] fEified 13 {thd I8 V10D bérdnt Sthe shot :
geening hasentebnwithih e@wedmaammamevmth speci ficati.on SAE-J827 for iron or

Eteel, and AE‘ Mlpr@tlfeo?f g;f g\q ?this Ghat hesspbhsrpal. By s 's meant anv
i cpresentat] B e}l v@ gl gﬁrr’%’ Kl emen
§ for theg ngHt fFleb@ Mot

rSsha WHBvididindp feater
ypes of Shﬁfens:&lhha’kﬂthélB sphafichl @quivaleRDaRdaby Wok. pﬁovide&hﬁ@docheﬁllm ean entol&ed in
= he present invention. Referring nowto the table, it wll be seen that the
®brior art shot is characterized by éﬁ r dPBLE ?/el({ wi de distribution. For
®xanpl e, grade S550 contairis di amet 8F% FWERT™18 and 2 nm gl'ass bead.

$ur ade GBi' ranges in-di.aneter: bet Ve @mdlathve S RA00f SRt AIBweP Bk [ ast ;. the shat
iof the present, invention i's seen to dHpartiduiat ecrsenbdehing iramirol erance of a -
IusormnusOOSmnIntheSA—and—M-hSPE&gT-ades—of—simHtls
gxpec_t ed that there is a@RiBFRE" di Stri b@i on *hi cH®i ncl¥lides'® certain -
shunmber of fine shot partigpeasgy Thisgg S £y denced by thgsd ack of a screen
.specification for the 991 00% cunut ati ve percentage. |In-.20 contrast, the
fr ades of shot used in trﬁe\Ei'SW@ntiZ)% typ fied by the NIO grades, have 100
gper cent of the shot entirely wthipn a specified narrow range In the
’ractlce %f the inventi o5 ¥ s i#fort i that the shbl® be spherical. By
® his is nmeant. any charactgaei@dzbC shey particlgosheyd d have a radi us which
oé‘s./not vary by nore than about 2 percent. The sphericity requirenments
#M || be understood within the context of the size uniformty requirenents,
?25 el abof&ted upon furt hdfit$838%i n. 1% r egul ar dhaped shot can provi de
npacts which are of |oway @eedr €33 gr i ntensidy than their spherical -
’equi val ent and may not provide the good results of the invention. TABLE 1.
Shot size distributions 30 Cunulative percent of shot allowed on a
"art i cul & screen openind®t"® nm Spe¥ fication 0 85 102 90 95

D7 100 35 SAE S780 .80 | 1. 70, SAE S660
®. 36 1.70 ‘ 1. 4@ o p7§AE S550
.00 1.40 - NL-25 1. 18s5S5AE GB20 .30 . 245 .180 .125
I 5286~ 49 — 566 2.81

.67 50

02 NL-18 As lndlt?otegéierem the ml\\r"e‘ntl%rq provides a smoo%h surface finish o thzgvagm bemg peened,
better than and as low as 6 AA. To attaln this, it is negess ry that-t icles’have at least a

. 55 commensurate surface finish to that sough?, Pfbfe a':_bS/ & sHofsHoGIR have aRiEILHFB AAlORBetter. But,
§ nvent i oro pwben lebe@naflraswehlresimmatfppmsihomrfadeeni\sms kay be:usabialungp POBIBOAA.

Wetter than?{f‘%fﬁ Ihgieches Abepy asmwlaﬁAequremmttfar i $hot pyrface ME e A wﬁg uarggggt
it he shot pa Wecivct 5{] ‘Eﬁéﬁ ﬁ% 8‘1;
%ﬁsought PreEa;n@asy, the shot s oul'd have |s 5 f§ 9§ lifing
B0 when leess fshnepartichs stust iBvaladstamidly mﬁammtgypa@ﬁ efey sﬂnﬁt:t tmdrm@e Emrrabés hres
S8y be usabl e, up to about 30 AA Heretofore there h been no partlcul ar
' ' s < Somewhat: R
een .accept abI e
‘R




3

preferred way to achieve this is to di scharge' the uniform sized shot fro \é\
di scharge gate (perforated plate) posit eg gbove t he workpi ece, with '®)
very |low uni formvelocity. The shot i 0 bﬁ@ 1 lowed to fall by the forc
gravity. Thigsefdttedwal foRakibvelils igtd drs&%ethé WFoinidiR8 shobfrors b dicharde Yéié fperidhited plate)
accel er at i orpositighei Bjxve thewadripizics, with Blvery ey ardfotry veldcity.|Tde shatis tigh all b fallibly lthe
depend on t Herchefis h-swﬂlemgqtfe a&Meeaamiﬁs rsiepyiagpiformmeeelesaiion 'GPa‘BV%IOC'tY
unj t ~shot 5p§rhft"ﬂ c?g‘y ,g

dét

AR 5”1:@? Yo
ke A e R I T T
vell oCl ty W |the bﬁgtdeér&ﬁemiﬁﬁ e strddar tHeedlﬁ*\br@élﬁhlepn&’ﬂreZWg iecefand @ lhtHeSgri\henonal

hdgi ght, or tchestait.ghes)te shegyneforshbtyartitiest Hartige 'tseheaﬁmkmqtteWtAkﬁe 'peeenmtptg
id the gravit Nhemaph<§BMQ'amv'nsrhﬁeentﬂﬂ "éﬁ ﬁ'g Pagf'sgt) Er é: cayse pgatic
rn

tifme it h"f’S"e il °§%“ {f"‘ﬁ' Hl'itiﬁo?éﬁ?ro" Iv e ale
havi ng SUff'cGh&medXt‘%qQ&hu JoiRésssity, TRALsred anyrm Qdﬁﬁ;?(SAED hd ANMSDER). In
astic to dnikmemod, Ia@ﬁtp&ﬂSiAE"lﬂzlﬂtéel prodactivedfiadesding ChpAle®s i'N trasdel i@ subjectbli @ shot

asti c def qeenitd Whilewjamiped 'O@Eﬂat 'P‘Q?hé\»'lﬂ renmaléremtmwol@r ttten@'dydrcﬁfaeressme strépses

art . The 7efime e§‘%fh5§%‘ Pe tq N 18megsHEef the
< concer it i i e e e

Lrip (SAE- % Gttips, aﬁth’MsSmEu Adm ﬁa(ﬁﬁrl p of SAE 1071 steel,
r oducti ve of Jhe mtedsuwgmshottdeenw ivewes' rﬁéasurramgsing the atmnéjp@oered Atlroere#tem strip. The.
eeni ng who |serfede Sinigleef theitapiymsyesimepsisgd usin re EZ}E’F‘ pfeas a
rpSidual corﬁ?ﬂ%’éw QE‘E‘ %ﬁ% 5?"'23“*%15‘8:‘“{'&’8 gl Peﬂ'ia°°é‘ﬂ‘8't‘3ﬁlé‘8‘r{’&?"?ﬂ?'t Ygaspeements

t e strip to tront r%ommﬁﬁd’ pakatnefer WRRA Kla@nddburd Heneifle@bhi peBning of the -
curvature ofsutftrtra iS Hidered td)Bé. Eonipldtd) af is etBIdERed \Bith 186 @&d” &Fchn tAIMénstip. [Shiuratibe tide is

s et f orz hdefifel dsitivat time,ofhichtvehen dudhted; causes lewm thian Pl 10 B ltnyeaeé lntreeasged/\remsrwmw

g A nen sgtu P" &H’Gs PNB*SA'QPEQO{ fqo ?ﬁ’ tio BAL- 4
2o D e R t%‘ i a&?ﬁﬁ% BB
e

u
4
the af oremendpy sH?ano‘Wee@r w rh rat Ere QvMafr&ﬁ%n &tlp rs'ﬁ 6und to provide
t
S
(

~ T T U) QJ'O'G'D

t ani uns zy\ase ﬂmwnsduajednngaaaorsb a:reduﬁshra‘namembneﬁnnerstmasurl ng system
ch as a. Bendeumﬁowa@Htlmr’;g% saratfonct PP%M tfefrvaawd: wmgrne'tcem SPeatt@t@wns et _
e 3 n n S
elngl )a(_ éﬁgﬁeﬁi éé%ﬁgf &ea?)e |n eter Tr m gpr:ﬁtdqg n%i% ra?e(] gtqlﬁ[' Hz:ref:egsaithe é(‘uv\t?c_FZn time by
peeni ng ofy; tﬁte F@urefzmatesthdeemsstdam i alh@laCsonbthntinfasekRive At Highed, tb fifhe 8MBps
use of an Al awesidesdbiy. Phis @atbaata'tbutamqthweatw eﬁ&ctld@fessrpédvgm ebdng@tor highe velmyehpt in
en doubl edranefau'gwntre\s? thh ArPrRIeeR 0, | ncr ea ﬁg‘ ured i.ntensi t

Sturatlon RAICRIEIE ;*};%E;t&“@ﬂtft@a.t%%t el

results of V\m Bé’hdaf\ﬁttlﬁﬁ@éd%ﬁ\bedud’geftﬁg CE:! ttiag situatiorVihdokar bereﬁdiﬁnstrfekb‘édﬁeéthﬁt e matal
variously suggestp irhsopembdrred use of snall and Iarge shot si zes; Hovvever

V\béw nt egr at edp Figure 3 herg/is A ?‘ lo tg for the 2. 5
oo 58 (o e e S S e
stress. Uﬂh@t t in {thdRn @be'i@éédrﬁ ddOi\s N, for various

di anet er un| fonﬁVesigMnshe’ecérhmMun t&iereq;va‘lansfe’raESIolhamae&dtﬂdreﬂuBsIﬂlwatetsigelh@nt
i S a consi dedifitsprses hrtwespdhe shoy S'F?sr’?é‘e\f\ﬁst' W'hb?%&%kﬁ%s‘y’ﬁ fredgng gngrelal dgv'th the datain
five-fald i “?Ft#%ﬁ%ed ﬂSEﬁnﬁ “{%"a'ﬁ}é T ivied oK v, 702y Sho0 289 k. aghﬁ%%%ié‘gn‘.‘y
the satur0i o kelehddort Fd' G

i ndi cates the tramac @Bwsasnuuatpar@me@isrmeambm fok , thraé smrsebsar»tnonasraa ctdtaoure phkning
hi gher 1, t histensityel(Nir ops hegndi; detpativntimel i otabengrdyeE. dthe pnom efcbn’eﬂ)alf the total mass
greater eff et!qu H@s%rewvent E»ranetteg BT UK sq?n P%‘re&emt’ E& W Eff, which is the

(ransterr oSS IR AU SR, SRR A

bet ween dropp &gcgb ¥ ENand 3l the RQA4He F@ish, penS| . |s seen -
ddsired | 'ncreﬁfﬁash&b@m@aﬁsﬁé@%bﬁ@gt RSgSH a;eat,harm a%@p%@hntraﬁaemshot
e

greater mMASSdiaf @rger sl ze s 40 preferred for higher intensity

peeni ng. Bre Fi GEQP % ?h% fat;tS' SPAL&Re b.hak sélhﬁrpaﬁ QB‘ﬁQ Eéh%og%}‘gLchulla§f ACade G%Fn%f% Stivt
in h are nee |£} Hor ldiantkd GRSt i\ §Piocthe -
as| réesi-dual.. %rkeisa; e)‘éfmdne/fan offl3Rarpi ivhén drﬁsﬁelghtféllspbeaaweb&ﬂneeﬁaﬁﬁb 1—|-ns mm shot;

Fi ‘gur es 2 ant) 8 qbtein ecdrginpe¢ringkintefsitg direse istnesdcigr mere shasgicto be transfered,tBarveen sibing-
sizes. ThesdR® #M the 2.5 nmshot are limted, but believed valid. It is
_thught that the changes in slopes reflect energy transfer 45 phenorrena and
ivekott: ty ‘ef f-ect's which- vary i-n. conpl.ex-f.as¥i on as.a .functi.on. of J- and shot.
) and that there |s a peakr ng in the range between 1 and 2. 5 mm

Trpact”, J. A Pope and A 50K_ I\/bharredJournaI oflron and St-eel

e S A N\ A NN P N ] I Y .




J

0 074 918 TABLE 2. Energy paranet ers -usi ng uni form shot |

S [err] Eff. [err] SF 5

sec. ) -(J) (9 (J . OAP4 o4gm shot 0. 17

p. 7 49. 2 4. 25 10 10 0.24 L 1.22. 120

Lo Pan P % ekl ey wiordd 538

8. 05 ~~ - 38 . 1043N)  66.5 T 6.9, &0 0. 3&, 3566

10.9\/ (68.5) . 7.m® (mlg 20sec) W) . (%)>0739)) (&

0.4 (71.0) 738 ZoArT TR }ot — 20 T0. 8

. 83 .21 25 : : B . . 1..8 nm shot.

). 61 . 184 12. a7 062 180 8. 7% 499 0.3Q25 0. 74

3.2 w74 976 . 9:30.>0.38 - 1.22 = 113 .9

R7 . 11.47 11 0246 ' 1.233 = 120 Be 5726 6 748 7812 . 12.95 .
g2 35 53 . 2. 44 S 77 19:5 .79, 115,41 ;-
40 0.56  3.05 .~ oz 183,50, 80 gg 1297 %555 7 %5 nmshot o
"0 0.25 ,; 0.25 7331 24432. 4 55 118 636 ~ 7.55 G50: 35
Y. 61 300 - 33.0 45 - 0. 46 1. 22 165"
i26. 3 90+ 032 3082 A £ di ¥eissi §HSof tfﬁ?ohypoﬂﬁeses and

amfl cations ' rel ati ngotse t hg gor egokng obwvatk gg yond 180 t he
hr sent djscussion. In summary, it can be concl u that "(a) rmre

genexgyw |1 be consunedosben ussng | aege shwm4. antr1ob) | avesdr op 2inei ghts not
2onl y |nvolve t he di sadvant ages nenti oned el sewhere herein, but have
$ssociated with theni| 8f'enefd) trandter et¥ ci eHefbs. B®h t hé'f or egoi ng
#uggest the desirability of using small ;ghet- shbd gure S illustrates the :
elati onsﬁl p between drop height and the shot size at | of. 0.25 N. The drop
ahei ght 55 decreases' geoenet rietal | y 186 shot2.di ametzer i na&mases. 8From Fi gure
® it may be seen that when the shot dianeter reaches 2.53 mnthe .
&crmissabl e h becones &l | #7%about'®. 25. B¢ m Shch sm@H® drop®hei ghts are
be avdPded;. since. 29%0CH atd. Wi t hyg hem #e very | ow {ygact- vel ociti es,

# ess than about 3 nisec; these make fluctuations in initial vel ocity more
#ritical. Al so, a.cont @uﬁed WcBrSkpl ec® suchi&&s an @irf oi 1295and parti cul ar | y

ne which is rotated or__inclin with respect to the shot streamline, may
ary in H&ight in spacé’sﬁy ag‘ﬁuch 2'50 n‘ﬁqéThl s || %’lnge 3ﬂe effective
rop hei ght accordingl ysgnd Gagse unggcept g e vagg ati ofsgl N t Bg i npact

elocity, with the result that |1 and finish will vary from point to point
Hn the work piece At the other extrene \2& ymsshet| shot, such as is common
& n ot her 48hot peeni ng, o3ECO 51 npr al%l cal 3J om the. standpoint 6of

& equiring infeasible veirtical "hei ghtS (and™ulti mately encountering -

; egbdynamc drag at hi gfzsvel agg1t | es)zgo Subsgzmnti al drop hei ghts are
Fimpractical sinply because of the vertical height required in a building,
and al so4because any edpnerit?2i n wifth i s3&bnt enffifat ed the usd2of 0 074
AP18 different size shot nust have the TTexibiTTty T0 provide varyrng drop
ghei ghts. Wien the usable range of drop height nust be great, equipnment cost
& ncreases subsAanitdisalssiyn ofthgypeth@ses bridushifiedions relaingsalthk seeyofng bbehvatidrais tegond
$0bt ai ned sat teresenttdisgyssion- #@ummavm'éwntbpﬁqniumthat [ad omn«wve&ecscoaw\edwb ré@msd
RS O e .Z%ﬂ*’—?@“%} L et
3 th5|n|t|u§, EF P gt T R P FGE=th I ane
#shot, the snoo b.ﬁé5nibara&umﬁw@oﬁshmb@hvepmmduwgiuadaamesamaﬁp&teofoasthzarouhaght
£1.8 mm srygt dpgredsepgepahatiealiy asahtftaiwefqr mc@hse@fFrabcﬁwvreEB nAmav Meqeealsat avhen ﬂmshot
:, | amet er %FE rreatg?eﬁ '?CE qea'erésaplie sgpﬂ)?ov?t: act vel ltes ss%sg'@llg
& romt he Fi E §t§ﬂ §at%£§g'§ﬁr§faﬁ§ éty "laéaﬁgﬁAlsJ bn or‘t&ﬁ’bﬁiv ! iecre%U
3pf the wor kmrﬁmeanb%ﬁ@ﬂﬁﬁ%ne h isl rotatell ErnelldeSWRﬁ)GHsﬁé'ct Blthd SHotstiebmlirelma
@ooth and J, aeightlin Spaverbylad much BRi5e mins This sl dhiaagedbdéfectve danpdeight agtordingle argi dauaes
®have associ anaetemtptiqvaristions m@hagmewmlocrtwctweamltgxa@anéﬂmﬂ*egv s fresm pejotté pejet
idef or mat i ons°"(5tf°‘”{ 'é?'e\ﬁbr‘\k s 2 shof; syg as | If?j;\;[?g’sl; d?ﬁ?"tf’f’eﬁ‘i‘@h"

©h
& ro st n qu ring infea 1 tely encoun _
s pr oduced a‘a&, 290 Qm b@éd tléé) : ér\ 5fd4ﬁ: hts1 $re im I c¥u§: o:rthe
i inferior 1,0 vbhiemiqe.ams&uum if BbGiRMgM deda& Bdcanrd amaqn.be.e:prranmuﬂecdafentph&dmea&eaﬁ
nventl on. F| gure aI so shows how 1 and 1 8 mn shot - )




are effective in reducing the surface finish of a previously rough surface: ™
Foy example, a G820 finished panel at 42 AAis provided with a surface of {.
about 15 AA using 1.8 mmshot at 0.25 gNoZ4p oiiggure 7 further illustrates kb
t he snoot hi n@ effect Referrln tQ curves A and B, there is initially a

[-]

. : bilit ovi sabje r
r ougheni ng o jhﬂﬂnfufg g" eépgosl }’rrgn:g o S{,@?@ggﬁpﬁﬁ'g%‘ﬁwm*f‘fg able range gfrop
sti:ll further A Js t B fikish ?s %&d a%ggtuf'amirf {ll‘ﬂl} lTywthrlJ nium ailoy
panel 5, t herﬁorkﬁieoﬁs pre Ggbjedal MQ!leéFEﬂObd%hiﬂﬁ mtéHstttIs whth @iffpre3R8d 8ok IFe EteY! pidcBEwith
smpot i ng whtnmhi finish @é%Nb ftes *whadeﬂargﬂytmldm er st®t, h@ismeotheritielsuddce Briighproduced.
Cufve D il | ftngw 0&% Pf"d?h Qiﬁ*tou a%,svhbfemt diamgter

prpvi des, 'g';plﬁfgeéx ol \2 e& | Q‘at?f v dy
of regul ar CBRQ %eﬁd Yata: hﬂsqgurVU eks nﬂae&eé'!?ecgéegfﬁ:lﬂl qs E@g §"ers&:: atce wﬁ%‘thse?::

cgrtain quangredtyr forcestand yeatebdpetas ofG0rtice AeFoGnAiEE uf ﬂg vidrH’;lSBcU\Mlsb sWadh 6 FigQre is -
cHange in fithp§hish whichdyeroduced b rglabs BQ%AEQEQLE'G 4$ Mrlgs sonsidereltyeidierigritaths finish

bdad bjch gap he | iy ﬁ't'“‘t?f"'%‘u uge Ralsq showgh
O'F a38 i'ro\e :st re’effe ve In rec?ﬁ}?wﬁe surfa e lms %EWAAX ; ﬁgﬁh P?é%f lﬁ%onfg‘hﬁ@d

pé¢ssi ble t@ I rrmgmee7 tuitBerf illudtrstes e shdbintng diB&. Référathg. td &Uneb A0 e Y4 thial
d¢pendent onrougienipd of mlttallxakmomir kgEcigas, ffollowed by SmoathingianT, fanﬂlsﬂlhﬁﬁthérfsn%t
of better, V\P‘te ing ispomin ﬁg 't§f'|\tft°09*f Rangly thegadasa prag ssfvsrsmt’q'fe'nw m'f rﬂeelpreponderence

- ot eep Pbiained tes
Wpr kpl ece fi ?& n(f:@ vrm%g p tcﬁ s%qg?g t-ig:nmrowdes%v ] saturatl N tlme i g:ért@é:?vre
consi der abj,e ﬂ fo bl 1gla gﬁce vatkeh tﬂfl@ bikal BB30TRass E{;? rquantity
wh I\Qb/ nor nal f}brokﬁfﬁ beaaﬂ @&tﬁhﬁ’df p%ﬁr&ng‘ tirkd Wil pPﬁEl&GdHoﬁiﬂErQ;bSn firldREMdviRgery 5d eclglﬂrtselected
affect such rrme@n@?eﬂ)@dﬁtssbead'm wedtierecan bg ey impoaehem pishrfas fivighnte ritesarige bESOAA,

bfer to sur g s| W°@v§¢?ﬂ§o’érﬂ"§g§4§e m%?e%"'t;'gg%l an u“eir,tceespp'(g)(}c ttheth
oss def g tﬁ' r% ?‘? ent on the
ipdied) hﬁt:.am A s il “‘gfrftf%ﬁﬁm‘tf

he desired chegirdy infarkshavapiaess) RRd |<ﬂhaagrb¢sedﬁasza whh actrm m,a$rtﬂu& 8. surface finish
ht ur at i on  t nggsurefentsfPeening Wil nottaffeqt euchgress defentsa Bindrefore nerantface dnislostatro@schedsin
not whi ch. gf racteJ‘f'é’cdé%ng'@ds £ i seplleinsgele, Whent the infiuercesph the geosa defeqth bave been

went i on ﬁer e'FPon‘l {h\éQJr égﬁtg lh?lngh§§£hﬁ Xen‘ff‘fc vrtn Far gJ éztblsﬁlemlI%%k%LE& %rsﬁlo\'\{ft"\fn po the'-' '
ovi de thesgespsd. HeGHEd iDthe [PBEMYEE @Erfied bUitG b IseLati@Stich Bre is an
it @, showi nepohdreic impoivé Andhosselasshbtoshiaif givels masdtsvudtfhnspeedu iA Ghel MU ﬁrye arldtthe
$ seen tg?t g@%’g‘e@mme&es tbheil%weraeeﬂfer Fﬂt'sﬁ na'mme@ﬂresvhwhtpro\sdesmse bibtatum
he S110 e an%&& e EB el vi de tn &1{‘1
8 correlatgs the {oregoin show the |m el t is th peening intensi

gsults. Onl k’rslsa%rgﬁ& as re‘é\ée " gaéé(flr fisht | soﬁg%étﬁ {] ﬂ LsEota 3the GBtZYO

mul t aneousgiysspkit \Hotl praGide tf@ﬁieﬁri‘ﬁ&@&ult& Only1 Qir PYodldeNvéN sb&th Hindk! infile
ndi cat es t hemdimieousty pfqudlrmhlgamdanﬂmpaemmadgmx hiecansthd Figge fnditatés thaddsiien finish and
rfoils. 4ghpqenqnp| quqéltr WQ{ |§rlmﬁhgﬁrath9,r@ga§-a-g)p gam mms usahble. But, itie egen thatfior a

' Iss 1 se f t
boud o e el R R R Tl

subst antial | ;odrmsrserghhamslngmn bahpw aI o130 Mrldlless Ean DR AN SRS Rigure ﬂtgwneu d by
correl at egst fst fft!ﬁf@ Gt r'r dda'tealmrtsw 038 N urng tntee gight, fhe 1vrhnn®hrva$s !me-eei:ted

m 9 =0 = f-*—"o.'c —0nun—~—aQ

out was propgiYs! dg;?sfﬁ%ﬁf’"g; ;’t%‘f'f"‘” i argvaﬂrr “@' é‘c oar °bB’"'Gbe
Niand | ess tgm ‘“h o shl U Btesbebild, U § a'?l’d t%i'é‘?éﬁﬁ

the desired kd’ifa&’l'ﬁilshy)f atﬂu MR ¥ebnk ﬂhethﬁd §Hoﬂh’l£met& fre in e%WpH@rrﬁt@rl fbrrtﬁé
I nt er sect eal. safwead/39 N.rogt fvnlomﬁtrﬂtesmqntdemecshm tmmtqherajnttyhdcemwredgl ot MBx107%J is
energy per uh’iqt"“%‘,’3 aFtbieE‘ffguﬁ@ed@tﬁh t°68cfd’t a{;{;Pet%r'f@fésﬂ:gtggd i i Stgl %dr cated
ag [err] J. ilizing the,

vert i cal | y ugtgur%gmﬁgﬂt i QHéFe¥§ re?ftert an asglo&?énrms%& cha hereds umectedly

oridi nat e Isecat mtgmratsmahed/ot{mebwdtada anmmshatamﬁmacaw EHe@EPeriet B oS £1zeOik .sabautat
15 AA Wil | r beyween 2f25mm hlemﬂeaﬂdfa@rfmtshdpemetleprova’maﬁtaam tibintm oa t:psubstantla"v

imilarly folng Yfee digpdy ’°"B ellogeryplupfoand dia wswy
RS tOEjaatt{ffh"s RN R bR e b?ra?ﬁ?ﬁgma%a*

'S u#’ face figgi sh S}fﬁallgho%\zééd lbsk tHa@ 1 MR, Rdve Bbocidte DIMEHRNSHS) pSEFNYkploBBinlsRbshi ﬁﬁﬁ‘eli\béé of
bet ween s hot high kexceasde enqp heigres. Thusj tbdishoudize Islnduldtg nb legs thamemiel 2ina prdferably grdaguthars

nd .9. 1§"$‘Een that when-a shot- SIZ gr eat er than about 2-nmis .
re Ched ther gbt%t%igﬂi%% gig?' @Blﬁms‘%vsv t]o e%‘m ‘:,sfl]:)er:‘c‘it mb na IrEce $FF:F§3§}
fi i Sh. 55, comprédsgblsfosd, od araueumgmeﬁiorﬁ Aat
I ngli cates the preferred shot size. ‘It is seen that Betvveen 2
-di gmet-er - surface finj sh does. not.. |nprove “whi-| e :sat-ur at.i.on . tt ne goes up
.'_sustantrally The t| me drsadvant age is rrore pronounced for the Iower I

drop he| ghts Thus the shot srze should be no less than 1 mm - and - S

Y o . o o S 1 o o



;ercent ege bei ng associ ated w th the iarger shot size. 10  The range of
8/ el,ocity which is usable in the mverﬁe \Rﬁ dependent both on the size of
§ he ‘shot (necessary to achieve the e Pg@ rch produces ;?ge de5| red |

peeni ng i nt enguds/df 0B ébnEdiRErdi€ Rds tebrivitiGpeih@nten tnetsoyf ore%tertt veever, 18SSer
fhceel er at edinteW¥tidsevillie anmmaeowteumf usemlheqwmeamt o N, %I’s‘%ﬂ”‘t EP rig, gﬂj'c}jhe p@ﬁl g of

Bravity acc@bmvattroons enae to Ep Qb:' dqbi rédWeﬂ:@ esmand drop
gronsi-st enCys“i° g u,, t: ﬁp ’,ﬂie. nedtd? eQdlllof heasdigecal |imts

g e el at "y {E °°'§e avtic .rarueeﬁaasedtd hed a Jiametehtolpratmeiofhd.05yhm ahdi
Pbe 15 nore j baifidgrbvitRof ‘dlﬁ:qu alrratnemaldiawe r was eniformhyithin£25%, Tha aﬁ_ "'C‘e mass

breferably rangéduetvveam 18- gmypndhemass @tY?S‘r:F‘arﬁ'eﬁ“’ij"eﬂgﬁtdﬁ%‘s g smalter
3 ar | ations pq:fcetnrp@ F'ﬁ? ﬁfteq%f"'tt;sé u af@ 1 Ve Qtde&fndénlf'eotﬁ'oﬁftﬁé &rzenaythe shot
k7! ani fi cafft t%c At élar i pYoduéds .reebeéntnbe:tqaﬁne:carﬂlpamwalﬂmweamnng
f equired t Omaﬁiu '11 w». le tdaeometwemf pthar. mpégis hta@eibreyrmnﬁtlmﬁ oply ;gravity-
% onsi der ed baeeru&naroamaremeemy\ze hawcotmy a‘e,ettv eed c°"a'P T h 't“ l:'e:ﬁg'tge _
¥ easi bl e. Fdiherezgt@ o[g; r&’aﬂ@c&m"mt 6@{&? rE ’ﬁig%&é T A7 eer i 3808 mOWiRbn the
. 4- 12 m se&0r§ 8" efleht or sercme @irfoil may
§iravity accdl® .E'Eiﬁhbﬁ?cbﬁes b i ,éﬂﬁha ﬁgi e elnmgtdnecreded sriomgobiect of

drop
ced

B.1-0.6 N i méaeiblei Roy the@rie-6smurop heights, trmvceelom wil FAnggoven hir—

& hot Fi gur eelociivlide 27 §riv/secdm graviyy {1 ﬁﬁ(thw 5P g éé’p?rams PRt oxX] et el
‘] t o 22! i g¢ Féﬂvﬁg um fﬂﬁ’n BOAR GiRieN, RAd t:surtgamwrmm shot,

rfO' I's tO SEH% SoRy |&Bn roMpforonmtely a2xa0 o 226 WK efipr thavegeof .

i85 will be g Eth&:l ﬁ)pk@rrrg]tutdrmnsai&@léjoOw—mmndr\%? than a%1AL frishe e piE Snerquyrange

ppli cati ONghe ihvERESHL HAI tﬁféV&dd@S‘m sve eahsidered U,runtv\IPQ ¢aqc¢$sm%ndwmfﬂeﬁb Eﬁ:m '
eﬁe

& he peeni ngpjmlbara'e@ter@xom"ttméxt%‘slul obt ai ned. The Gl Wrvasd T
B ciherant ) v e et R R R e
he mass and’e OQetMZ rg?nérﬁ adr H&rdynarfdhﬁeﬁmgéfni@stty O'hle eererrlgrple
nd peeni ng tbl@rﬁd &Stk dhe e Dﬁérm.ﬂm ren ¢ bipdseT depeadsfaprthe Irﬁé;atlewmp e desired

FWithin a §$’|qhteﬁéitr/eﬁdﬂ|rd®pﬂﬁnﬂstaeheeh}p@sgr@#ddterqmgm E‘Z@ﬁ% nﬁbou %‘?J g Qpr‘»}*@am&

rl ntensity arﬁierrbuarlulsrrn%hmphcah%{? R ‘ above
iof the partife Ita,an %&e{f ratl vx- %), dtl@@-tndi@ﬂ& énbrglv $o|erance is.

referred th °°f‘h aegmtg;hl n about” 15 percent for best th :
esul ts angd- depefd @tofeadnwsamtmmm benaksn awa!bdqmmcatb‘e!(/%eﬁrﬂ@!‘@ﬁ‘ on the

ol erances oéxidnsitd ot renentirely ooiigte workewhigichas keen dope ﬁﬁ %"ffﬁ%
&U ze

iStatistical eanmeteri eablpndiowar B Rl el . patartall hsfcla,as
CRIES o e bﬁt@tﬁaﬁiﬁﬁ%@w Mo 0 A e
s absol ute § Y R EndRRPbERGNTTRId OIS tHeas@tlartaal ambflted(aceeig'am tmte fﬁetgreat
ntirely CO”WriQﬁcﬁxs\M)Kr&odMﬂlaehvehaédmbsewefﬂ@ﬁeo s@b\meor@et' t egergy Fet'
n one par anet etheeraetl@beeouamvmmca!'¥31°e?”&ﬁé'é'a| ’g“r"e ‘g@”’ g%' ef'éﬁ Sha ﬁg‘a J’{

\cont ext  @fainep usipg grayity agepleration, Hpwsy I‘im@’ fgieu O Special drchekdGos,

ven may 45 %{t?%e éﬁ&'}:‘%ﬁre me a@t‘g?eéeq Sthamérivitd n)énttl’lklfcﬁl’amm Reifdarce vepors.

he speci fTcati gife tehve tprdwﬁiedformenkbeafmbrsﬂntuaavumwm $1ze§h@ww¢téﬁtatt"ﬁeap§%ﬁh;t

articl e massrusy af ok muncdifferam sizeshefrshet Wayliorrosgo I;F"\ﬂg C,J‘f fL'(lf that the
iiﬁcte size tve a

gechani cal ampr:-rdaradceaaié'eq BPHMET R syphtante s ¢ a;f?g‘ L rderd e e

3‘55“ well . eride Wi ¢ qea Ho%wr O¥e pREINESofiémR sialied .shdtie

) actice O‘Pnrg%l ot Wﬁ%{%{féﬁ@imammmh e |stﬁa‘t‘:nmhshotma)reﬂ>eoeqsw%f°r
B ini form vel OQéJoh&‘jy Pirpodas oflstwithoedspasficngyropseTheyreasenied behind; thif is pH{E%Y | any
. f pde of propel | {{AGinteiEsatltRion EaYe A& sts 6imeSPor WIlEh tAGddsingl resrdualetresaa@ﬁmtﬂh@s This
@hvention ar e, @Riis a ditedtundtibreoflresiumberd inipavte ndemenge efeeiy mpw ‘d‘r y‘ the purfageeceives.
.f‘}o eci al ci 5sc Umettarc decyeasiy tﬂqenarsnf}@'htqtﬁbwl" g "’6 wraa A R it °§ﬁ1é‘§

Vi r onment s changefromthe gata p bl HelP Ehok é?ti’dréi%ﬁd the
P the use ﬂ;x rg‘guﬁfgﬁgf ex'orﬁﬁ\}arl @_/Ieglg;:ls &’dﬁ IQLit cahtbew tldat ﬁthefshdt%i‘zg appeaed, for
B hat the use QimsidMe18and e sHbiivies Bikkd Bhaes, tbé tisdnotsatamtiordvith be longsnhen the fime for
$he invent saarb.mértofms.nasneademmmtstzlaesmepmureeraaﬁw@nwwﬂh@ cgpientledRpby byjhe larger shot
Bibst ant i al | ysizanthé orass How ofwhighs weplddy efipdively Geddesdact i vel y practice the
vention. And.Tna| s pesencd ofamaliesistotiviill menelv aqutelydmesst '°'W‘i“9cWh ¢ the smag
bst ant i al 1"yshbtait elrelvﬁbwqm@w@at%feggv b AR 1’%%@,@@%‘;‘ anted
11 not bes i 7o 8RR BYE: ot PRFEG RIS nEHY *BP'ee 8W'é ettemgorre ¢l S

tenplated as |ying within the scope of -the invention Wnen such i-ncl usion
be: desi: rable. for secondary purposes or.8is wthout -specific pur pose..
reasonl ng behr nd this is as foll ows. The time to saturatlon i's the

: 'sure of time: upon whi ch the desr red- resr dual

j

vrty accel

ctls and energy of “each. -

ru—orr—m—t rto T he chande

'stress aCCUI’TU| ates. Thi S I n

flow"' -

WErSe Dropo
od that usr ng gravrty

be"Unders

'From the datapresent ed |t WI| I

T 1 1




5 substantially infrangible, that is, significant amounts cannot fragnent A

during inpact with the workpiece or beces of the apparatus. The good /(

results we obtained are based on the 94 WA&ni ps between energy and

di amet er. TéMdsssieherdyp) ds WheHHISRE sHod Blives b GalEshddamst the WENpidte, Rl lofalyRERES Apoor

| mrpel | ed at swafag firdsh anell axcdss yntergpy. pr oduce t he sane results as a hi gher .

density naterr‘?i'l‘efﬁh"‘tt;mafene'é%@rfbe erbpipy faﬁh‘ﬁefaqumtm%#‘r}@ﬂi hesrhm mist phg @a;fat;:

tr'ue’qual I t%b I Fr ,&%:?Fgﬁ?%g r?ouggT%\Wr 'Ef‘r%m‘i E Wh&,’s or rece or

present | y° f ‘Lfex riﬁ édaﬁ & ThabEbd S balthorelMHinb i Hefved

emergy nay ase.tnetprm Gtovdmraaaéaa tha€ for exadipleS a lodensi nlaterialadapalibdiita giah 0£ld;ditymay

I vel i s i nplodeatheabme rﬂsullsas sitvanhtdyigl withahesatna enangyRathh lowEr, velgbitynWhile this
npari ng 1'sa'r‘1'&qt13"9“ is PW&‘?FB oRihEe @g”héﬂhé"ed’F‘Efg °F§‘\bet' '?%e‘afﬁ and low

Sonddl

h |ght t’Refiy) 2
npar e theg\;i}?lg:r QiEes Fgﬂr@ﬁp z%nérbéln tf:g}o Ltﬁ%ﬁf ymwe'dﬁ a8e finish Qout '

tlhhe 1 mm shot—12naAdcapechhé ammﬁ 8& 460.24 N apd 0.6 tees 633D Oilid Tdbleen. wasrethe N nanshiot iy
s 1.8 mm sﬁoppeﬁdnomﬂ 832n marodsees appuythesarge itpdsity3s T&mnesl@t for—b%evrerSeechereIi anth

hot undef me8 lmbv ds natur e'w ?cfll'q?vg S%CI%P I?rflgwp vde‘f g{l asu i@ﬁmgy have
ensi ty nediidbidits aitihiivier rréra 4, oa rr%q Brodis dinéfy eare?fﬁ-;ff

hi's data sUQgRShdicatdddhe billk GTRMr WA tvab HoRelvAth diel teet sYeciridhd, ala@arue/sarwrmetnerm &lo§
i th equal weorkgieeatettesspesivieys. Tie reduteheran efiqr B eatedals usdd butrvgibelidve that dnaodmuk k
f our wowkreaglts vith he obtpined an ether rnateyialsdigwing fierpsopedisel I thisoeel ingyder generaiiv ttpnium

1 hy wor kpplRyeendrepus alloys. apweiaraicee! alipks ancealhy materielf iR o4t hage peepiga by prior art

aterial's USCtneRivbntdh iddd ¥R ih B AnRRRL SBUSuLAGhds 5 Mafings Whd burls ABbAIREds
n ot her natiGstiatdSoynaviMOgY £deBndd 60 AHIdkél iperlafioyt §his Tuibie iblaaé. \Fieergii) @eadokting is.
i tani umal Heppsltearm ph\esrcalousordbrb 1gn (PYB) mlalsmasprawrcmelprﬁa\r ¢0@yr!qs aeprtigsagibérbin U.S.

aterials \Aﬁ?‘?{ns 1319 ° r sses . The in i on

i 50 usef ul | gh 13 it e e S
eposi ti oNSs the@tuitl |H% Jo ¥ns5Wh| erﬁgét éd?)gtlr@jnAﬁ'pﬂél g\WB@Eboa .BY¥nm
as tur bijgetiidkadeit mﬂrmf/eﬁamhhgny tHecsa®e adrfabgfiriish ad thechapudratet ladcdoyd athytaé d@dntiviapor

eposi tion ¢(RYM) isprefand basn?anesl F'a ilﬂ mﬂ@nﬂe'\ha&saﬁtdangg'cetrseelde@elﬁlnmwsiramau@e

bat ents 3,5 '“c E E ‘%?g%‘ "twqi_;‘l ﬁg@f

- nte ge o zl impart ic
gqre deposr téﬁ ?ﬁg %:é)ﬁ%l%a Xth@!& ‘ﬁi\é%\ aGJ? r&ﬁo‘?\s & TFhe coating

har act erg; Z @4l ragerd »ﬂ SHichral eldla@ERochbnoal/lesLes Kd tosurgavat etsfnaBtSV/fﬂ’eSQrot $eehiR§the
urface of tdutingishedteddte teragetange bh94Qk 1AECH ammemfatntolamera.sluth ?Ialvecutu yn. Bfter this the
ol umar grarrrssvwﬁPehuwabadme$|1%0ftn@e0%mt¢lM ue gnd ﬁv@ar indehatiiy twgnftbreprdebé
bout 0.13 ce fin

s the sy stercref?s(‘"?‘f’:t Hind %?35 é'e}ﬁet Sém &f&ﬁtr e?rf;% g 'tgm% eﬁ'@f&‘i”%&’ré’s@b ace

eened USI ngf $A er é W GEe €06l2-SeH &irh G@ et QRIng %&Q/Entléﬁélrbg' propulsion, the

ubst anti al Ipyentdgentezanmlprbaeﬁqucw Na§s wdlie\feund ek tha moakifiy delferts baatblearccidsbetosater
efNacity wi Prpti: theg ",‘L@“ ttrq@:tfpet @ngthe Aurtaceﬁoshrﬁéﬁercsa GW"B@U&?@“a'detthebOSh&—jo

eenl ng I nt C‘ fd}%EJN h‘ré:resu{u ress {1@% rs ee mefe inve an exten(I ::pe?

npar t pI strhgﬂg e coa ﬁ

i scont i nuous tmaﬂehtndnegam uemséMurCﬂaetmmrayEbamgoamra@eraﬁcaw thbseltQatingé have

with resi duabroetvamce MRAE hraln!rsomiforstl\r @md &neughies eating. ﬁ MOrAlY cbrting mijohtave a

After shot genet a;ﬁ; ale R © tttham tisphslapsify rdq'ezrd et"r horfrt'e
hert i SRR el p L DAL T BT e
fo

A

ute

mn<r—_"

—_

Q. St 0

<U)T5Q)Olﬁ(nﬁﬂ\'ﬂﬁlﬁﬁ

.20

an inert %t ég,a ﬁ,ge" ﬁ

to be al rmskoalﬁg)%uce,ts.t_, ficaf) ¢ ot B fiiieh ueban Héal a&an

of the ordethogs lrﬂfvdaﬁerwr vaginaill admiwhaa furtiigri ioatoveBie @ensiypofahe tdaemgcmasuragwents

bef ore peens ad%s‘ oié ? OE ? R?dccrqfrgstlhef t'l‘@reé'%@isﬁ igvabinrd he igpyiyis ggptrasted with
h

cont r ast e \&lA %@‘“e;{g) ﬁgCﬁ tf'tefié::ﬁ-’s AT e fteh eHRbO 1P 150
o fevenden rriw oegroT it oy

art. For exanp In g ene accor mg}lto?g% prior art vmth
gl ass beads ttsr)e tralling edge | much a ro lem com a wh| or s %5! g
convent I onalpediidg. BES F ﬁg 4gr,qﬁ ﬁgﬁ‘.{ HoNY f ' in ea
Com oD onapasts Bl ed Ui gl it i Yol [l g;aﬁtgés@r ok
than with the. F&%&Eérﬁ’!&dﬁ%r& atridh bidfnGraf dublidfls Qe htdmom%alt{?\g IY%IL%S(RQ&[X b?&

i proved:- t O aadndtsker dMyreat] IpFefdrably . EnideR —BI5tnkn BRAMbre PrERIIbT, 1 €.5—2 mm.
r ési dual coere et shogldde ueiamofithini £008i narm Fal the yyplealdt 13mam efick célaﬁmgreseﬂgn)gasrtagbme

diff f r act i en 2Pl theghotgesningdntensityshopld be gfester thand.3 Mhlipde 0. §Nee‘l begiseful. Whentdnavity is

igvention w |l ext end deeper into the workpiece surface..- The invention nmay
.al§so -be-used. w:th pkasma. spray -coat:i ngs.- &haracteristi cal b y t-hese coatings
‘have. osrty def ects nore or 'l ess. uni forn1y di spersed through t he coati ng.

Atk NEX ’-coatl ng~ Wi 11 have a- densr ty of - about 6. 77 grams per -cc, about 94% - '
g Ly.Qf. . I h h .of the 5

-rrechanl cal cI osure of rrany of t he def ects The surface of t he coati ng wr II

. . 1 . o r - I ~NN NN A A a2 . a=



13

between 0.5 and 2.0 m Special care has to be given in peening workpieces

with thin edges, as exenplified by gas turbine airfoils. A desired resi dual \
conpressive stress |layer is desired @to7t4h %dge but there nust not be 1‘
gross s deformation of the edge. As shovvn |n Figure 12 a gas turbine bl ade ‘

20 has a I EOtamﬂer?a?thaifiost'@@lr@ﬁelgatsemw@eseeetemnn tdmrbut legsghanigen, and rsefaﬂablvh

"S201 clpne ACaD et Al 8 S el A o8 e

wor kpl ece de'fo:'lnSnd’r\ilbﬂiehE g&ée]ﬁtsﬁov‘i‘l’ﬂs}? @dire ay Eséi)ﬁ;%t 20 ﬂésaﬁ&:;lttﬁdlrﬁ Péxista0 b dsacro::

| ongi t udi rsabtloamosnal he ms is awhizhdwes uhetnedaaertstn&/bMekeel shixe df@ngirtoildThectladaasai S

hel d nomi %? aP(e' gﬁ#@qee!fa'hrgxﬁﬁw4 sTorRgemsuch hworBgjeqefit iy euniadieaimidg

shot 34. @f’ Lﬁ?e'f’%“éq 23 %@é’ﬁﬁ% Kﬁf‘é@éﬁﬁ‘é f??x %E.’? e ahoiE

nmean posp tvhemoha.eae .s at:an tbg'e'éha Emir obifdGe sHgko

for each Efdlgaaclasigsmr\ﬁwmiﬂFEu@us Qm&&hsﬂielﬁ&mﬁ\él chérd bftRe siddn andlts pblam-dndaiﬁwantt

ai rfoil arsiioystrampiingi36 is@meferencanbsitiop fqrh@atmdt!nesﬂtmﬁﬂfparaee Bécednter mestn‘r(mmueg

position fBf "P’Br%‘fqgﬁﬁ RefE"'ﬂ%‘é’ t'ZFl'e?"‘cﬁr‘F doeRs gﬁ u Q‘E“ iansie §f’P€9r“sf‘=ﬁ%§e"°e
pﬁ‘{% ali)

sition fo, secon cep ﬁ.ﬁg ﬂ &
e ve to

| eadi ng ,9rﬁ§si e .@aeﬁ anh gie
rot at ed 't MieShighe uig helf & thd 28. b PednhE6tREIGRe BOHb bR Nind i HIS ARG b GF der
position Tabdma'emtdmelomtfahloh | Streilafiy athe Gaithray svigk 24 & debreed Dl ditst sicrllem-rﬁ nt ﬂh&)ugh

From 15 9 |+<9na")d1hqnttur iag the a1t oyerand osdilatigjtiheetieh angleCC'. Ag shpulsiibe pidentitiahe
t hen back fﬁﬁ ﬂ?g% 'EQ, SR{J‘," é‘}?ﬁﬁfﬁhﬂi s :)%gréﬁez oA & thp pRat stea apihe teekpigeRyE .
W §

To \p-een he @t nSh BGurlha lifds's @4' 56lisSthiidHalRH tdVEhe \QQrkﬂnLc% shgdcder
and noved 268 aboblijuegayis: F @3k targentsls 106 thesdnter lifeAd b i cbigdW2d BGGRVeL Aits orRARNHE

by first dardent Gempressive strdssesilighbtr veheis@dﬂmﬁwdtettetmwmmp 8t theseps aessesoarethe
and osci | ISIRgYS offes WF%@EFFSE @51 . 154 gee indivigeal ghat
S

B RN N

and trafl i fioeofe dbith

as the wordppbéicLaitisit aﬁesfszSiSdr tat ed to position then tate

posi ti on 72. Thsapptoximmstd amglélogmraﬁori@foshoztmctulaaweikpmga eabongaldulaeranhe ige ra'afﬁusl S

t hus causdtthestepip of stigesingd) depired @bthe eantea tine of B¢ edge, i thedepthaund bteessify wigeht theds®

t angent 3‘537"9'@ 8%11 REETIPEAAUTeIihiBe WaikPlgRe matpriakiy@ refserepiapatingush ap phapointiainFioyre

the tangent. ressive stresses illustyatgedehyd he siadl ng 50d extends to

a depth 58; these stresses are tdlelsmng ative pf])pp'r of the stress: patterns

152, 154 created by individual shot inpacts 22(R5%, et The angle C 25 is

al ways f%ess }ﬁ(g ,% and |s sel ect ed so t hat the de h of eem ng D al ong
SI

the centerg ﬁ? e%‘?ﬁf’gz Z‘E 5d) ﬁg aphe
tr. 1 inte n
50-100 perté?r%@htl ﬁ@@%@ t@éss:ﬁ& i858 F@rd?:[?ﬁ% g ecurv ges?i;‘éé totgé?N
airfoil siadeshe2Bpth 0281@1 strebbigg QPPN 1BRinG Lmn@hgaheforrhm azsdv@ﬁhecsn G rotdtion C will be
par t i cufoarfoungrti he 83¥. Hegeeférmdcate olsailidtion i work tHue fa tigeeberadd cislefAninufeaviciepthi

of stressiPEENTY HBE'T &od AinY%e center |ine of the edge, and the depth q of
st hessi ng gfli,ch the [err] 30 angle shot inpacts produce in the workpiece
material at a reference |ocation, such as at a point 54 in Figure 14.

Nanel y,« | &I‘A( inethed of sutdee (rbbtiny adorkpRca o @uadEedual &blfnpaesﬁ\%’ dtre¥ded borakpondige
radi us of '®a¥8 '"?P%@Iof stHeqst &f min § antre durdave fi elsh @thec $wn 40 44 bg drepacting the

i nt ensi ty “éé*ﬁf%ﬁ”kg%sﬁi ‘gfz:k.s?“ oSt e g:‘f‘m“°'.°'f;*~§§:ﬁ’awf'%
Curved ed%d%u %%YI ﬁé |ra nt\ mén E nor ﬁ%tb?;&t
stressifg i S20rhédnemod aEmrd.@ elélfr]1d:H3’fbat@hzeH|ﬂezhbtﬁﬁ£§h51 ﬁa)‘tchrhassJ%Qr 5 N
and t he deptfp-of the Stl’eSSI n will be 0.13 mm Wilizing the forrrula
above, the @_ﬁglh et s°8'ﬁ’:£ I g;‘l“ 5 a’ﬂ 'ﬁﬂiﬁﬁ‘af He Pt pastiqigs havprfvelgripfiethe aange
rate of oSETLIAkIihdabeltn {G in 5 Bhar 1rdaSE hallle 6 FB UGN bR I205 B

peeni NQst | WESJ'ﬁ\e'&rea'\@aBd& o) ma tenzedl thatdh d|§'h'é't r@-gﬁ it fhe n'gQg
a wor kpi ecleg—2 mnpr ovi de reS| dual corrpreSS| ve stresses corresponding to a

peeni ng int eﬁsThF %E%’éﬁ;:é%‘? eétgl:g"? 3>J4an€icf&r@t9rlteacrethﬁli the Beenipgirgenisior is irhthe
40 AA by i cl es havin
har dnesg, g?gcﬁfm gﬁ? & I?alm%lv‘b?'ara %'rz%d’i e(rgglL tzhgahotﬁggﬂesthav%\?ﬂt RIS gf'] bils

Is carried OGITh\MrﬁdﬂwoﬁhGﬁord&@rtb bl@ﬂnﬁ&cthﬁﬁcﬂé@zeﬂﬂ‘fﬂf‘l&ngd MoEparthtity bRGicdkiePdisd B Sravity
finish betqvefratdimncewmrrand diameters lying in the range of 1-2.5 mm which

are substant Pal ‘%F W1 By fugther ehaeactezedopy thgshot pargiclesThayingest proging
accor di ng | " nﬁ,*ez ,gg Jﬂ"%ﬁ% ?#’\"g Qe‘i:tf‘fgg;"aﬁhé )Fﬁ at.'parin LteniyrR dloy avogtpigce.
unlformvmt In 1 3 acc rdlngto im1l characterized in .
that the shot particles have a veI omtydén the range 1.4-12 neters per

second, uniformw thin 4% 4. The nethod according to claim3 characterized

in that the velocity is in the range 2.5-7.8 m'sec.. 55 - 5. The net hod
according to claim11 characterized in that the shot particle dianmeters are
|ntherangél‘52nm 6 The et hod accordlngto clains 1, 2 3 4or 5

as rreasured by the rret hod | ' “ rrethodaccordl ng' c al'm

I 1 " o " - ~~



B 074 918 used to accelerate the shot, the drop heights should be greater

aghan 0.3 mbut less than 6 m and preferably between 0.5 and 2.0 m Speci al

are has to be given in peening workgy evasgmth t hin edges, as exerrpl ified

#0y gas turbine airfoils. A desired residual ngr essive stress | ayer IS

Besi'r oa at Yemtosmslerst i shon B grop e toUEe gregielng QA Bytiatt PERe By "Pﬁé"‘feéﬂtﬁ/e

s sh k)

s shown i N FiQUEL cahe sk HES ol N JaEniktl RERpiddds VAR thih bdBY)lal M%edm

§) cross seCtlﬁan A QésiFad robiQudl Beinpadesive WHis€ layd) ASddsifddl o Rl cagd, BUA thérb en Bé

% hape of  andeformbidnlof thd bdgeAsabiovriaBgwe | 2xauds tuepi emaamdmgituu ylaaasd dacross

g hi nner t r agectiangp oen do the axip \‘}{g sﬁE@hafaCtWﬁ*k t@d jshape of ﬁ'b ' P'éd'h age has a
lo

ili 2 hold
ol der 32 }}7 T@j%ﬁ ;?E kot g "gitg;pg {‘{iﬁ d.n"a:,s?s'
Bprescribed ggign ahe rma& trmme%b re hepwm adt

f_‘:_;; aral |l el ;bOTﬂehﬁJrléiﬁebéllb rbtdwaameﬁn n pbéifon2b b EEInGlaxBludt obBdue abhleto thamchﬁarh S
5 ur f ace. 28. fol @cérge axshkyn nEiguied3.Live dtisthe fwmlmlahmkafnh lltambts ppetm noamdl Wwithe

¥ e mum obl shatrean 9@6 G"!f?fé""g t1°§tf‘t' °P Lfft?sf@ra" [F"ou i Eﬁ °°PF"1‘(‘=2_
hfafibdrma Lt ot BL GBI

| gur e 13 %a% '" Qgr":ﬂ: _
a itid @fltﬁ Heﬁ dn§|ea-c|" ﬁ‘Jsﬁ'Bﬁ% mfﬂhén%@él &antk@?ﬁtép@ﬂwely to

o nes 41a amknaﬂa;paéraatt bfehmgé @b pbdnnisothed sidk of theadde g airfoll istturaed evegorciig@dRier
s [Ref erri ng t andtrhevel ipatialago te lOQZSImi*ﬁelvahGF frajlirlg qdge %tsazee@dbhﬂeu I"@trm I!tethlBugh
re(r)]{ne:, t |SI rng?erg % an%"‘}}@\t‘f ﬁadaﬁtré :I’?:éslf e |sEEre;%rJ1 e ?:E?ns stre m ast W? p(::::éh:
‘ firStfotat e
& henmovéd T hixeighman Blogre + hotﬁavpm@atdn@nneZSz a6 idine caaektotmtmrtﬁ.aas%ce
epet i ti vel 36dtabolpiqerenylaeP topictandaat! 5B tathe ¢enter akgidd of Bo efigee@d blieevet hismogialle ttnsf
3t he edge t hiangant: Pe‘PPfe$sQ/eFtﬁsPﬁéd'U8tﬂéqd by thei st\sd"mﬁoeerte@ %ﬂ??’éés tPPsaﬁ‘éﬂs e:
foor s G e e T T
% hrough dfglider i iioth DY orb) Hoh
":_3ang| e -C . osh@udrrd eesezad mt ot h the ead| ng and tra| I | ng edge are
:joeened when_orfbe sppaeximae bsaemaednt:twra hetus:hotvoep'eceadse 1asalct1helemn iedgeerafiigs
420 first rofd pthef%@sﬁ"tq T8 abhelcantré finerdb tha eeag. ang g& Agfstre '"%g SRR
8 n Figureolfl tinpagerqdhes 2 BW&"P PieQAtasial at g ipterange loeationh Biueh 23718 BT 24 Hi'guTe
2t he wor kpi ece sur?ace 26d at' oblique angIEs F{?+tglpt;zhgzta]ngent 53 to the
hi+t-s—horral—tQ

enter |ine 41d of.an edge 22d but=4se\64* t he tangent: -
=Conpr essi ve stresses |IIustrat ed by the shadi 8% (50 extlends to a depth 58

it hese strigésses, are th ive ef fect o; e stre terns 1t52
frestes D L R S e el

2l ess than. 9@nguacis 036 R @ﬂa&eabusastr hgtshesdap asmthe%t&as. \mnee daetozsn
gcent er | i neandshd depth o @istreding Gpaviieredll 13ynrh. hkilidegthéfobnulh hdové) ehesibyte Rdtatiod Clwdll be
' 50 100 pep cloned tofbe3RE". Brairéfertd refp obescilation ingwerk Hiue {as dasoreen Ptcydpyoisiivagvhere the
Fai [foi | side¥npedmeIBd—3THE"Hpr oxi mate angle of rotation Cfor a

'_ﬁpa Veul ar wamlspi ece edge is calculable fromthe edge radius R,- the depth
of stressing D desired at the center line of the edge, and the depth g of
§st ressi ngs whi c:lhAtrrhehO[i efsurfac&(ireat lagvosipizte, tmmaﬂdesreml@dmmrasﬂvetsltressm pagding

“material at top IP"@F'éﬁt %'??sb |c1 b‘h‘" 4 sa't‘acaf tﬂt‘ Pe*mmtlngt;hi
Nanel y, [erfi févl f@éw r}ﬁté %gun té? %‘f&a@ﬁ o AP U 30 An
£ adi us of Oaré& ors Big & hs i mﬂegtam B 18 Wi Cb e 0,59,

Ji ntensityo conczemerraéthmcémﬁg)ub ctafm 1ch@EacteEma |rDtG§lﬁh€Bleol garteRIhdsyes lareQmifodrewithin
gcurved edge*é‘i%face at 90 to t he tan ent is 36 N and the depth of
#stressing i ding ta el i9 aﬂt"'zf%’é “Iah‘lhéﬁ?it ?i’t"i}ﬁslhf"’eti‘é’e'aﬂ?lu't thg rasge |\

- ? ers r second unifo

and the dept ﬁ_@ h.& g.»cﬂ!ld“’t&c arg?engedjn?’tmm %Ibdn Q:Q%e rgl'%efzg—wlrﬁlsec
gabove, thg ang. Ehd’rﬁétﬁ&d aaébrangmo claind € cibibactenbaGn thet theshdBpanticie d'@n@&resrerﬁmdrarnate
$0of oscillat n&+r2|nnmwork thus far has been 20 cycles/m nute wher e the peeni ng

ftime is 2-3 ﬁethg 3ePqiding 1 clalms 2, 3 49pP phrsipcterized iy thalthe peeping fq&@suy is in the

| tag9 g Yo
R S M e S,

40 AA by 1 npacd. Thgméthe asedrdipg RERIE tharaphdichbt thdsiot mﬁctesedee&eh&«ddng gdavity.
.,_hardntess grewe\rdltt?t‘Ggoghé m»orkt pi: gce characterized in that said’i rrpactl ng
§is carried g RO PC g1c Y P(g ening -
®:inish be}tﬂ{e?ﬁ m[r&ba 0 ‘&f%ﬁng ac('e??ﬁ‘:f @dltﬂg ﬂ%\gna ariur%{:{ YH‘R{ ?eCh
gare substantlally unlformto Wthin at® east /0 - 2. The net hod
Yiaccor ding:to-ciaiml characterized. int hg the shot part Icle nmasses are-

I'n

fiuniformiwithin +16% 3. The. method.according to cl sare
that the shot partlcles ‘have ‘a- vel oci'ty in-the ra mﬂll ’I mlm mlllzper Lo
Kisecond...uni.Corm.within 4% 4. The.nethod a CCOfd_'.,ng*tocc al m 3 char acteri zed

'|n t he rangel 5 2rrm 6Therrethod accordlng toclalms 1, 2, 3, 4 or 5

I N " D N o Y ~ oA a ~ AN




3

t he shot being hardened steel. 11. The nethod according to claim1l furthe

0074918 10. The met hod accor di ng to claim9 further characterized bygr/
f ‘\ )

characterized by finishi ng t he vvorkpi dl:@'MonlSsurface finish of less than

40 AA prior to, ﬁ%n' ”e%oa ”’Vlo cTait) SSHrn&ear Gatablh 2 pP theAnot Eér\?t &%Qﬁ :]egr
after peening. 4 A T Bl ity Lihrdeteasedbo i (HA ved kefo2 il k38 Fiish
.the workpi eQﬂlé&ﬁ&aaﬂDWAQﬁhoifb pebnify) tOprovilay sirfae® BiishNgf,at GBALBAT @5 I\Aeftetbening.
[ rrpa,ctr ng the WbiThpmethed e@ardingdp daimficeberagtprizid mhat theanorkpipcahasaeplied tp it an overlay

| Nt epsi ty: DFEORiNg: haBCtagaedoy irpactin the NerHISEP 9etngruFTarg With shof gV ppeening intensity of -

ch racteri ze
acting thg -§~H££ a&gﬁﬁk R FOR B8 AGRYSlp e g oo e e
i m 13 char ag4.emezféthddnadctiding tt.heramoam ichgactesizeafl inttha tMCedbhiNg ﬁsyﬁfeth&(MCrAlY type

chiar act eruze@arb era!eﬁdmta 'teatemamm a'aaboabm&9°c[ err] .15. The. net hod accor di ng
claimi c °FP"' fo ¢laj@ 1s é\f@ °'a“§’ﬁ'5§f°ﬁﬁo g'ar:z

cqil'i mated x., ’ﬁa'b: %ﬁ{’ Sﬂé%ﬁéﬁ‘tﬁsnraef Ohihd Bhersl s irxeti.\eed by

pdgrallel to rata mbw ab\S@tﬁ ﬁ\ir@ﬁtﬁjuﬁxb&th tddgn adgaiehatiag :ap,eedateborhw@f the

annd a sur faceigsé ange rﬁhomrearalbut imsufiidient ta beus@ tbm@ets hecindbyo sabd thgeng t he

rkpi ece aboufléi Tt'%mptb?rgacm@wwalclam%war@b?ﬁorwcah@mo SQWF'P%¢°@PR°h?@°tef'ZGd by
present a potFIYRFYJPtatafetos2hegeigl PrESeRt PTORY Pf &ach &99A Bute P SFF et to
cause i npact pulRkdiBlacie® Sai d tangent. 16. The nethod according to claim15
erei'n thg workpi ece has two opposing edges characterized by oscillatory
alsi on to al tleVerfahehpurnOledgtritenpabaidiung Sine$ Werkstickesl mme@tdtthlespmghgen zu schaffen,
stireani i ne. d'F’&t"é’rﬁ“& 'E" ﬁéltéﬁﬁoqwew@aﬁﬂ@m ipd ﬂ@’P r‘r)eF; ?eau? %ﬂgrftdae':
eilnes \Wr kStmh(aé%cke ié Qlerz i«fﬁfen, ro Werkst cks

Kugel st rahji gt egwi bt0SdaRN aa aéaumsm 4N i€ 150k Bie B | ke Do
das gl atter ur&brbaelcsncssmd ama dimoBdrilzeodnanisHyWelkitas bassbivey din mmnelusa@r Mmeﬁréﬁwkﬂ)vpn

ent spr echen, 0.4 B0BSAish ynhPugereseekabys Mebbmmlde@ Bateich kergetZ fommiliggan, die innerhalb

S¢hr ot t ei | ch¥y, W é -é’r 'ﬂa‘?"tsé"t!'f;& gleichm
28 i st dadunqﬁyj@ o gien § ST G R EL T G S S Taen  Delven
agsgef uhr t™w r &, véHafired mmrdm&mm 1, 84ufch ke EickHet) dsrbaé SdrediRidhbméifdIGesiRlifdifSit
besser al s einndear Berhiokevors tAe2 Metet eror Seltinwe rtabero gle@hidRigl imnéBalb Ady). H4s%k, und -

rchmesser habeeffaéhr@P@P@ Angpriely P, grsipesh gpkennzpichinep da M?qc@fgechgkemnedemﬁ?eqrqhapb
X gp\l‘l\ﬁgi‘lgit eg?v %f%ea#r:égw&ep}uhﬂ dgdr.trer%e}«lrgzerch gh?’agtdtl o cfxro gelrllz?rﬁ%rdurcﬁ;messer in dem
nerhal b von C'K)Vérﬁh%[nﬁdhl’ nsgridhd, 2,3, 4 0der 4, aifuRA gBiRBRkeit HACdle RugelsB@tliiefdiat in
ggdkennzei chndéem B;amh 01d'|'169 lﬁmth chemtegdmﬂaan recin dermemniiethddegkei t in dem
Ber ei ch voﬁr‘} é?f" f@g@ ;,Zﬁfr‘r g;é 6351 g‘gg PP"ZT ighney dafndie Pehagtisiichem Einhejtsengrgien in
vgr f ahren fia r

schwi ndi gk@ihﬁr oA, d @%&#ﬂ@f&as Jreeécgl.)ottglcﬁengurcve c?vz\s‘%llc’raefh auf
n (N:L/Anspr uch 1a. (dathhreo ngekeqmsﬂretrc rmetiadu[-aar rgekedhaichnet, daR die Schrotteilchen eine
Sahr ot t ei | ch&vapiptratiintegsitdt inj wm@w@emq:a&—p 58 mm Nnynd| direg bmﬂacmenfmié‘r fdahwenigstens

ingm arithm trsc n iei Ti ungswerkstuck :
ndCh AnSprﬁCﬁ bih \?rrtbeghhe mi ere rote n gr‘grwW%gelc ,é:le %ﬂi .

Kugel strahl i it sl s Tha m Rl o¢ Eai@m LR, saﬁsreaeﬁmf’éq e

Al‘'men- Met hode. 14, vevRhied Ric Angpagch Mohn & durdin ElMigbBarBeeR BEsARrKsIaRYs bis|26 Eihdm
di‘e Schr ot t eObefiherfinishelat sramea hreﬂnsq:henwﬁttedeanh\Bm\@nmnmemlsO,UzmrmmAMestsnncht
12x10-4 J -‘f?ab‘e; de"8 K“%?"F‘B‘H'F r‘fa‘cﬂbeﬂrﬁt ﬂ’éﬁeﬁl‘ g4 s iﬁbe‘??ﬁ“zé%el'ﬁ‘fé‘n'e" einem
[err] die ScA? ol S g i b Fs T e
beschl euni gt atWé‘élﬁ'f‘cﬂt Qé’t ErftReichlatC @%fs'em en berzugsoberﬂache mit -

gekennzer chneéthrot] @&« éme dmgelstrSmhtreﬁmmtevolnodmms ey Héugel str ahI intensitat in
den Ber ei c#s von13OV€Bh@" se}hqunﬁa gekemn@;é'reﬂ HerethWaimehehahdelmides Uhermggyn ansshiyg
ei hem ari t hréf |d1§%69r'ﬁhren %'ﬁ Heil

h
e nem Ti t anl %g!eﬁﬁiéﬂ%m{ﬂgc P%eﬁﬁéﬂé )&62?\% ;-bgerchtl fij er%terszrpgr vé:m tMCan'Typ ist,

Schr ot ei nhei t'sersenNgHghrén neBNARBFEH ah dvmmcrﬂgaaéa&e.&mbt sraBXsicm dasJsdntRHui ek@r im |

Ver‘fahr en sacdesotispaikoliimBrterd@edin bewegy Mdeia&.da\mrkmtck eif@rdGhnenabgeBoldpet Rand hat, der
geharteter Seamlel |23temetrwerkve?kfaasﬁa er'rast,t W{?ﬁigﬁ ?;Ler'“;te r@e’h'rrzen‘é:ﬁwetdaﬂumwa'e

. t, t
Fejti gbear bei 5& ﬁ Jr,rérzrgmrgmrfds: A
aflthWEtlSCh&.ﬂfs %F@AIQW%IT%@ Entd\REW G EUruf ) ent S rrcn
50 {vor demgKugelestVesirem, nathmaaspiucbbes, fuwabeh asd wmnstmcrz uwe‘.céraée‘gerrgesm RaAdn hat,

derp Kugel strahl en ei nem ari t hnmeti schen M t't enrauhwert von weni gstens etvva
-0, 38 - pm (46 Ay ‘ent'spri-cht. 12 ~Ver.f-ahteh gach-, ‘Anspreich-:1;, ~dadurch - : =

.'.ge ennzer chnet, [err] auf. das \Ner kstuck ein Deckuberzug auf gebracht vvorden |

| giekennzgr“chnet. dl_J__r.?rI__Fan s.chtl agen der \gegkgt gcﬁ% ﬂlﬂlﬂﬂﬂml ||||‘ Ml e

.-'»"-?r'rebe%ar%del n des®

- r—¥i—-anhn -

aeér'ﬁ fc";%sr% Fgﬁiﬂ '

:J|.-:

"S”rc_i“iwlmchen 14 Verfahren nach Anspruch 13 dadurch gekennzer chnet

R AN Al \7



j- Oberflachentangente hat, gekennzeichnet - durch Drehen des Werkstuckes um f\
fei.ne Langsachse um ei nen Wnkel der ausreicht, urn einen Tell des Rarides:
fidem Schr ot st rom dar zubi et en, aber ni 9h07&u%1%| cht um Auf schl age normal zu?

Bder  Tangent g ARLWRA& Wakth &h- uR@ Herdrehd -um .|fea}éue@rﬁamg laerﬁébwsﬁem.&é,abmheamd
gdas \\er kst E@m ent gegengeset zt e Rand er * 0 074
MO18 gekennzei chnet durch Hin- und Herdrehen, um Teil e Jedes_ Randes der
Schrotstrorﬂevmdea%aechsel nd dar zubi eten. ‘Revendi cations 5 1. Proc6d6 de

r aLIJEITEI‘lf de | (r:a?temen"{ Q,S ‘apsmt%ce o u% pa\é%e e(qj guer cfaarkélécﬁ gﬁg&%&ﬁ%& Ecﬁﬂd?és@'%es
lconpr essi veggl fict %ﬁmw drs JBE d'4if fRBI4 6, EmAIEN 61 A8 BnkibrRaLsuiadil

gmoins 0, 1 nmé\h@tndarbea ho V-\Atdaﬂﬁh;ﬂ&s sun%emee bBe particutss piergrenaille sphéhQueAA ypadurété
®i npact s sursubériepiecomlidide lp@itcs, carn@gisden gy aueded nrm»a@pmr iobg H’atmé!e@aft'ewles de

superl eur’a@ gier@élp |u§ragg;bl?sa? F@@@t “’@aﬂ:!i'el’ purface-sy ans %?%3 ‘Aé%et doﬁi)g-'l-ou tr ls't”am
gobtenus A I°HEdel 4 B A1 CRL SR IR 18, ﬂéﬁi%irl b 1 2L At B fvcults 95612 Rhifi soine
nition deg, y;n{egggn§MQ{n+,@yag+ao 01 di anetr.es se situant-.entre :

et 2,5 nm  quB. B&BEs BRA T rbleRdtdtibn umar'é@dsrrseew @ansledwlwleﬂdetmgwadleam un@vém%a

£-0,5% 2. rsmtgmpeetrqs@n@nu a\etf@vmtqndg@a‘i |Vg?ﬁsiq'~"c<1§?&'& EPq Q@Sé'ﬁs '@'t -4%

T

TR R S e

part i cul es es%@d&@é oﬁlé}mena&mowelzzma bes,&era&&asuﬁ l:b&méllﬁﬁbd'tedé.grénaﬂtagé.éb situe

="3rret res pap aeemidst M tn&su,emqsmre effettuél iparf Iarmmhqdardsﬁhders limtes de + ou -4%
a4 \Brocede sel7ol?f°¢eetté Zeéq;elmve@mqamn 8 caragi &é’%ﬁj '%Srpaaﬁulqﬁfée granajjleprisentent des

r 1tagr:

b éSI tue entre®n? g!gsgfedgge ﬁrfr‘g@ ation éféé u(e@yeeﬂ?g{afﬁﬁgdng)&célérées par

gicaracteri se rquté(i (ﬁgq,rgafg parti cu renail e se situent

;_ent re 1, 55e % médﬁseld?f I@Ee@éiﬁncSt&inGﬂcaﬁ’ﬁteh%l’iﬂtreai d:eo:rtle le,sBanguMes de grebaille ont une

E’acar act er i seinensigde queeaildgk pd Sngit brrecdR0 gt GFPanh INety unesfinitish deaurface dqyraingls

£1,0 MmN, mw%,ce@f'fa&'esm@e fane: I'énersin mexsane et Ao lagrengigee JiagtnyA OPx 10 2

Al evendi cat i B 19 lgrgc%gléage‘io%rlé S oftitafich £YSadi&ss Q:QEJt}e%lc@%ug aiakdt! eﬁ acier durci.
5 des; 16564584 ERnYiieldibicRBn 9 Scasbtsligdh oBtRs dntte Qud ¥dridist aatnir 12piddd-adecdine
ﬁeﬁdhmelsaﬁéoemdu@ataom dDant-genaittdge afis ¢ olgenice dinition- eessupfacet @ murlness
grenai I I ﬁ»ﬁﬁéﬁl’u’wrac@erléeneeg" 398 et raylcét&? sur %Q% d‘lr‘fs'fga{ce de 5 J %
i49. Procede sel'dn “5‘
o t ue rface ouc el lé ts u %'e s par des
o i1 B R R G i

b&Hs bdiéh | |r6Ueﬁd|&ﬂordﬁ Sé)ﬁ &€ pst Urditernéis tkﬂeﬁn% Gdila cdiivBe ppn@ﬁ:e
;en al l'i age l’haﬂslduamlsﬁe Esenmgive lmeyréoe deslimpaets de perticdles dgrareraillel eose sit uant
‘entre -0, 6x10- 44dtrogséiploy layevengicatipp b%%g’tés'éé BYFe e |p EHsPRASEI Y RMEAIY caractérisée

h 1

gicar act eri seP¥ARAREECR ﬁ?ﬁ%ﬁﬁéﬁtﬂm %‘ff@? Hiin S5 00T BEGLs 141 it Aot bl

g.Procéde sl QdhsibRmehtYIRM El?l’é efla B oR bri@Hdis@teRnt Sarslidleent & un axe

gconsi ste a fongitudinkiied FI6R, 13%61@ awﬂwuﬁelr@hé rlnéxnandet @srshidaze tangdne nodrasiement & OellaAi,
.,:_-av“a-ﬁt’ gr enabdréceigied arf semuil codsisery frirataenérilnpitde@nider deiser anedongtedinahdmanglesufiisant

E; ‘envi ron apr eeurgreéwéﬂfpﬂ ion fig bordiay equipnt deagisuipsdergsenalie ptdnspfisapt pour provoquer des

....car acteri®e néq?l teé-‘o " a a‘m' égqglcg Jxagrjaﬁs IQEU%I B%‘é@?&es@ﬁterdgw\ld’s%g&tés caractérisé
R ¥.caracter | S€@arkite Fb@atlgh‘é'sc &oﬂaﬂo e8périieHz a8 cHagud R rd¥nRREnASé 2 1S DGHE dB Cowrtant

Q‘des | mpact sdparensits 35 particules de grenaille d une intensite de
Borenaillage entre 0,3 et 0,6 nmN. 13. Procede selon |la revendication 13,
@caracteri®e par un traitenent therm que de | a couche apres |'etape qui
@consiste a sounetrre |a surface des inpacts de particules de grenaille. 14.
@lProc6d6 selon la revendication 13, caracterise en ce que |a couche est du
$it ype MCrAlY caracteris6e par un traitenment thernique.d environ 1040C. 40
#15. Procede selon la revendication 1, caracterise en ce que |les particules
®de grenaille suivent un trajet sensiblenent collimte et en ce que |a piece
@ipr esente un bord arrondi s'etendant parallelement A un axe |ongitudinal de
® a piece, |le bord ayant une |igne nedi'ane et une surface tangente

Wnormal emesst A celle-ci, caracterise en ce qu'il consiste A faire tourner la
Bpi ece autour de son axe longitudinal d' un angle suffisant pour presenter
®une.porti-on du. bgrd. au-courant . de particul es: de - -grenaild e et. i-nsuffisant
#pour provoguer des 45 inpacts- nortnaux a ladite tangente. 16. Procede sel on’
égla revendgcation 15, dans |equel- |a pi ece presente deux bords opposes,

_;g;‘ act er| se par une rot at | on oscillatoire pour presenter—des—portions de

e e A e e e munmmumﬁi: R




