PREPARATI ON OF AN ARTI CLE SURFACE HAVI NG A SURFACE
COVMPRESSI VE TEXTURE This invention relates to the
preparati on of the surface of an article, and nore
particularly to producing a beneficial surface
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a residual compressive state at the surface, thereby improving the airfoil's fatigue
performance, ‘may have its surface finish disrupted to such a degree that the
aerodynamic performance of the airfoil is degraded. The known approaches for
improving the surface finish in tum adversely affect the residual compressive
stress state. Consequently, achieving both a desirable residual compressive
stress state and the necessary high-quality surface finish has not been possibie

using existing techniques.

There is a need for an improved approach to the surface processing of airfoils

and other shapes that achieves both the desired mechanical residual



conpressive stress state and the desired

| ow-roughness surface finish. The present invention
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a face between a dovetail on a blade and the bl ade
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increases the surface compressive stress state.  Significantly, the second

proceséing step does. not utilize processing in which material is removed from the

'article surface. Such removal of material in'the second .processing step would

tend to hegaté the residual compressive stress state produced in the first
3



state produced in the first processing step, but
i nstead mai ntai ns and even increases the surface
conpressive stress state. Significantly, the second
: processing step doesnot utilize processing in mhich

rial enoved fron1t rticle urf
P Bartat D BER Ao SR e Hlictnged A heRGRL 1 n the
resivial domipestsivicostragadtatet étethéeﬁjnﬁbléﬂlorﬁﬁimi’eem'st M@c@&sﬁl@@ Step.

ocessi ng step

tate produced in the first r
In ?eé%v\}h%gs%ﬁ?ﬁg BroCcERgNg rﬁ"%lkrfé’ggc‘g? “Fn%ntfﬁ?@%ﬂlldﬁhaﬁ the‘s, Sufface

roughBesd @it fikalts Wfl’ﬁﬁﬁi"sﬁ/&'o%éésﬁﬁé s@balih&it refdving any of the
conpletion of the first processing step., Instead,

mafarial et dnin Hedesidyphepraprepsive giress sl Thg secenibpLessing
ste%hz?ctﬁé'l %?eas%gu@lgn%';éﬁiutah%{)nn{ﬁéég e sfré%‘nstteﬁg By Wotking the

rocessing ste out
surfestee mithbut hremovmgl matérialy edh Wuasbcmﬁrmremsmg stapessust be

t se [ ocessi ste ual | e
porfqried, ol iaE “TohyrBeSRrE” sEPe 280 he oy TRl Riace
wousidrfeaioe reugihduhe secand pocesding Iswp wdragesemad before the first

rocessing step nmust be perforned after the first
pmg?%‘%%§eﬁg step, because the resulting final surface
woul d be too rough if the second processing step were

Th SFdsRNBPpRRICATIE daheuldriySidvamtasRuslydpiibe ivhet8&he surface
present approach is particul arly advantageously

finighh i thecppierie at%!sgiﬂr lignein its sryige gprlieationr tIn @neexagple of
parBQisy %E:ﬁats't Ofhd %lr’f&ﬁ o &f \durFe RS %ﬁ‘ﬁsh_@n | Pre%?ora blade or

exanp par I cul ar |nterest e alr 0
corgpneseer \@a@ is gpbiagtedcyd désesiionatly @dent@d higlongindisiiow of gas

in %e?ﬂﬁ Srh%opltegggﬁl%dm% ot tﬂé ?r%ti %nﬁhbljé(ct&f *:ﬁ 'B‘i)ﬁwdhlé;h—frequency
andsiod\efreqmrfw fahglﬁeﬂl ITHeSpreakulreem@@I stdadzobhthe alrfozl is therefore

freque and | owfrequency fat| e
desipl i & bty i3 RS e HEWBier df b airol is
medeslical| YrdcBssed asi eieate FOMBSIAGSH ¥6mPFdBRR Slréds state, the

However, if the ajrfoil is nechanically processed to

assgrigigdoroxopeaing of| the sHifper tgrderes mithsthersmeoth as flow across
the a&é@&]@lé&% %mheﬁvm ofTHeBrexdhf apprdath %&gaé‘é thf ts%cond

t'he snooth gas [ ow across "the pressure-side alr
progegsings dolioprieg phe et pregassvgctiep.niol nedese thﬁesmrrdughness

and?ée et%s%tﬁ%’e tf‘lg {gﬁ\%%gﬁﬁa@ lfoﬁltghn §0Q' 3% Y bRl %Rgaa% ﬁle with

surface even to sh

the densiionaliy oeanﬁedcgﬁasrfmmgmresstimoala‘ell swfdne. conpat i bl e
wth the directionally oriented gas fl ow across the

Oth%ii: Egagwfas%%fe vaaﬁ,%ﬁrs]%ﬁ” t%eggée%rsgf g\?{?lqt'l adv rh?agp?psargrﬁt fFohm the

folldvﬁih@ omon@ detaited) ejesichiptbrd es Cthieptorerarrel érh@o@lﬁ&s‘r@rtae@n in

taken in
COHJUHC?OD wntn the accompanying drawings, which illustrate, by way of example,

the principies of the invention. The scope of the invention is not, however, limited

to this preferred embodiment.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1_ is a block flow diagram of a method for preparing a surface;

Figure 2 is a perspective view of a gas turbine blade;



conjunction wth the acconpanyi ng draw ngs, which
illustrate, by way of exanple, the principles of the
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In the illustrated enbodi nent, the article 30 is a
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40. The gas turbine blade 34 further includes a downwardly extending shank 42,
and an integral attachment in the form of a dovetail 44, which attaches the gas
turbine blade 34 to a gas turbine disk (not shown) of the gas turbine engine. A
platform 46 extends transversely outwardily at a location between the airfoil 36
and the shank 42 and dovetail 44.

The article 30 may be made of any operable material. Examples include nickel;
base alloys such as nickel-base superalloys strengthened by the precipitation of
gamma-prime or a related phase, cobalt-base alloys, and titanium-base alioys.
The article made of such materials may be provided in cast, cast-and-worked, or

powder-metallurgy forms.



and the shank 42 and dovetail 44. The article 30 may
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suffidierityhgrest that it may interfere with the smooth directionaliy oriented gas
flow across the article surface 32, particularly where the article surface 32 is the
pressure side 38 of the airfoil 36 that is intentionally subjected to a high-velocity
directionally oriented gas flow impingement in service. The rippled article surface
32 of surface roughness R1 can introduce gas flow perturbations into the gas
flow, which interfere with the aerodynamic performance of the airfoil 36. Similar
disruptions may occur in other components of the gas turbine engine over which
gas rapidly flows in service, or components of other types of apparatus. Such
interference with the smooth gas flow may lead to flow separation. The greater

the surface roughness of the article surface 32, the greater is the risk of flow
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sufficiently great that it may interfere with the
snooth directionally oriented gas flow across the
article surface 32, particularly where the article
surface 32 is the pressure side 38 of the airfoil 36
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requirenent and advantage of the present approach.

ek RHSbaER Bl e A ST Py Bt
the caohrqbe eudhcee 381 ard snestatreferdifly dysddepi mlienbbm:sjmegathe article
surfagg.unFn %feep roller burnishing, a cyiindrical, tapered, or spherical rolier
element rolls over the article surface 32, reducing the heights of the surface
asperities 48 (i.e.,, bumps or ridges) and introducing additional residual
compressive stresses in the article surface 32. Substantially no material is
removed from the article surface 32, as required for the step of second
processing 24 of the present approach. Operable rolier burnishing processes are
described in U.S. Patents 4,047,668 and 4,922,739, whose disclosures are

incorporated by reference.



material were renoved in the step of second
processing 24, there m ght be little or none of the
material left that was in the first residual stress
state after the step of first processing 22. The

in Eé roﬂ%: Lﬁrﬁ%ﬂ&g o%?%fﬂsﬁ&g @#{ [ﬁgag%ec{abl E‘I%fﬂétlde surface in

a mefsaxfepa@ies avith eadt ppsetiephiby Ibigralgefom ahd @receding pass.
burnj t he a ticle surface.

ThedeRralle mehas bEiant besiPs it SEEbiY by Sevenl capsiderations,

includirigtihe dthRBRMtanbokidt ovle BUMisBiG Bli&, Y hra88urdZa E;)phed to
reduci ng the heights of the surface asperities 4

they h)uréfshmurr%@r &ndr thggeaterighal i adiglecdthg Tagasmalsidhe actual
ovdrpl gua oug‘ﬁ%lmi’% &9 rdRutitly’ ﬁlﬁﬁssdrﬂacteh@ aFfleC él%aféfrtﬁé‘ca%tual

. 32. Subst ant no materi a renmoved fromth
 overlap; tedinguig &@e‘esaiiln@ertm&qsmrfam 32)and the glegr @ the residual

str%‘;s‘égqg héeparrg gt t?ez}o Of’shet Q%F'%rs Sgp H’—Fo?'gsggnéer a%oéigations,

urnls I'ng OCESSE

thei avetia®is Mrabty&ameM'BDEiﬁBce&nd 4,922, 739, whose
di scl osures are |ncorporated by reference. 7 In deep
rol l.er, burnis bur.ni,shing roll IS ssed
Mafapdly 2950 shpd ety At B, Gahwobbe s 3eB T8 Fig stap of
. secdadh pmesﬂgs RUacestdust ety intehddhdlipe réhees dinaterial  using
e desirable overlap between passes is

ab'%éle’awr Beteridresmeval gaefigerzen expmple; aewagfn@apwemg,
gritdi RESHHRY, quﬁkbmgﬂt hm%hérheab%afsﬁmbngche.ln'.c%r dohehm% '

pressure appl I ed burni shing rol and
elegigachemigal glolistiag aﬂt} mt eumle Tereusenial the rsetched Qraagsking step

32, B5RalReat 8 o R hnlafch RaR M KMo Ris hlkRal, (' P12

resulting article surface 32 and the hi gher are the
The edenl il seandepsmmssingt At mayi optiondly | hfStUdel mNetstaé)hsh a

airdbhyCordied S y5Rrer S RER hE RUIRES avmmgi g g e
artideedirfaue B3ac " Pexawes ssngeti dehein qufess aa tirectienal 9eenta@on of
secon%@ r ocess

sursi6 aRPF R P9T DT aISREGNE Ae: nane SiHPod T gpessing 22

* pro@ldy tHERLOAS 1ERRY ¥F dik@ica. aéﬁé’nh%al@lﬁ?at er!apgamgmthout
machining, _grit blastin t unbl i n% nmechani cal
a

* dirqgBonal Kyie atieRdRitoaane ois therrgticlasyriaes 82t ridenalap afisecond
proBsirl 'Zﬁgm%gebé‘%eﬁufot 8ReA he' s ol BshdHRieS C4 arallel to a

processi ng Step , because eac ese tec ques
parligitlamsaiesiad Idreciomhing mather artitie sIm@cst:’é.’p bft@e«;amdof using

oS80 RN bRt 2 g B AT f
rolhsgrtha(bﬂrrashnaglwm&Ss 48 rollers lxgainst the artlcle surface 32 parallel io
the selected direction that lies in the article surface 32. The burnishing wheeis or
rollers are not rolled in a cross rolling direction that is not parallet to the selected
direction. Such orienting of the surface asperities 48 is useful where there is a
flow of gas impinging upon the article surface 32 in service, and it is desired that
the surface asperities 48 (after the step of second processing 24) have a selected

orientation relative to the direction of impingement.

in the example of Figure 7, gas impingement direction arrows 50 are a vector

indication of impingement of the directionally oriented gas flow against the airfoil
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article surface 32. ("Texture" as used herein refers
to a directional orientation of surface asperities, -
not to crystallographic texture.) The step of first
processing 22 produces the surface texture of
| I t
36311208 AIPRE fiad? st uicithel dos GG Sl BEM p sy The
besefit$ at ee@cing Hiee somr@fsssdcthaoburfmecmmrmgs 28 Wh@n be

the surfacg asperities,48 paralle
rorlfF sohfndd B7 wanBerlh Sl Fuirier a5 o el (o
witBUsdraeecther ddledtbe @ua@ﬁoﬁél luélaﬁ@nsrﬁwrtay She Ngad Nmiphyement
second processing, step the orienting is achieved

dirggfiograows P ﬁwq'?@eﬁm rFl%aln?g FRENSE taarp erasgivpys &0 the gas
im;ﬂggérﬁéﬁt difeRtieh hirehg sRUrTiRCiftcIriphBh aF iRl srﬁ@othtﬂlaﬁ/ of the high-

ected direction that lies in the article surface
velgeity dirgetipnalivi erfenied ape 8py aver the Brislessefacend of biel abdoil 36

of iﬂ%e@ag Mfrind %lialé:lengéldi%rlggéégf#gihbg%ls wéb‘?l'bn?@{)ﬁérlrtg ot Of the

sel ected I'Tection
surﬁanef soduras pairteml of tis8 as)euheé 8. whEne Shlapeeoﬁ $hea directional

ori oﬁ%rgéf %gn':‘:alll'{rgle %dw%sq£t?§gn %)E eaér!%ql,?gll{lgﬁ gr i acge ?near or, as

shcﬂrﬁ'pfnr Figues7 Aforfinbacto folew e phade seBenthifes @Qﬂé@é B8 and the
have a selected orientation relative to the

ga%n RIBISBANHISCHYR Afenent . In the exanpl e of Figure 7,
gas inpingenent direction arrows 50 are a vector

Thé RebERd pajbegémP NRER PATRRG ﬂfnowﬁledﬁrrseg.rrdcﬁaah@ )étep 22 The
oriented gas flow against the airfoil

ordgn of the §teﬁ§ q3nagk bszreméﬁd tsheh dhat &h@rsﬁem @f tﬁlr%d@owsm 22
foll%\Ps 15 \é{e‘be?f J0endPsBeLdding gg rl?%%&%ﬂ“ﬁ@re o Eg,f’vﬁnth the

he 'surface asperifies
proeediiaras o thyystebiaj rinrstg:rodmsmg Zawomnhetpresedi&s of the step

ra ar ald el r seI ct e
of ST MiokRIhE 26 pharedt ool e BEE Bh My 3R sBfce 1o
unardjﬁepiabiyom@hr ofsr ﬂi{bhseaSmbndn_rmmt@dw whidH gtdu&ac?onai@t trédnted
an 0SS t he nge nt ectl.o
surtatR REtuS PARRE Phtls PUTEce ASBETHEROIE b BLHACREvI dhe (step of
sedah@ prooespigl 24/ sébn acditcRfighally sHerest @@H&%&eﬁﬂu @tv&h would

the article surface 32 of the airfoil 36 of t gas
be {ogt Hithe nspeaskires of $q st PRAPSBIItHER 2a|weér@ttpd:reaused on the

aﬁ:&é's‘é%%bﬁ@r@@ deli6ng I-Hcfe§§| Eéé} ge pattern of the

asperities 4 The s ape o I rectional
orientation of the surface texture pattern of the
TheaggeartagassoliBernrpsent anpreash oray besrealinedwvithra Ridguvasiety of

artigles ng@l ' g}ggﬁlcﬁ 8{1f ggé\géggé%u%h?g&@f a&@r e&{ éve%ll S:Bth ﬁﬁécies

surface ngenent
subgasteh do pa amesﬁmngiysbwtéd ga,sslﬂoﬁvolabmmtthewfsmtes when in
orde of t

e E58 ARGl Anf sl clfes Shaigting in g Por\TBRuEBR AR W, such

as the web of a turbine disk.

The present ‘approach was tested on a curved airfoil surface. The surface was
first tumbled and then peened with glass beads. A first portion of the airfoil
surface was thereafter rolier burnished in a single rolier direction, and a second
portion of the airfoil surface was left in the as-peened state. Five surface
roughness measurements were made in each portion. The average surface

roughness Ra of the first (unidirectionally burnished) portion was 5.0 microinches
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follows the step of second brocessing 24. If the
~steps were reversed, with the procedures of the step
of first processing 22 follow ng the procedures of
the step of second processing 24, the result would o
medSufedRpdBSndidutdl 87 WE! Burbldhin QieSiort NA OB bRk
roﬂgh. pFo‘?&% rlmse errb_od{msn_t S [rﬁ a%iecﬁ%"d; [ r:%tbi (%é'l-olwilmes
megsi@st paralieluoftheburaishingedipestioer nThef avérags wufface roughness
a Lt 8 /i d_j he st of . n
RanBP bk bEr (B RGS abBoh o8 ) P PlrierBHeREY mgasures
petpexticular patHeehburnisbingddirdatioh @ast! 44 trhaoipthes cheaesredf parallel

~the . first. pracessing step 22 re to be used on the _ .
to 1% urSiinf 605 albRaudted i T Gossulally wheppm within
norhi afpé@theges wiratibes Pr TN, aRRire&halMByuriBhing following

realized wwth a wide variety of articles 30

wnibling; @faPeynigay EeRUligeols F@Ylicand mrrowemeslv&f e rpurface
rm@hhé@. BSth SR &b efhdt orBei mﬂsﬂi tPi! Bl}fni@,ﬁ?ngfﬁir%‘étiﬁﬁsbut the
| ow across their surtaces en In serviceé, such as
smallest surfece Eughsess (e sewolirst sulfage)i wasabhighed phadeltp the
18.$.: ch e f @b Uk DI i sk Th o
o Bteete 2 QRTUEETIE Byfistihd BLES 1 3 ppitfel to e
progaotiba of thel Hizetionbly eriepied dadsrfkiw tinediioacbram thd berved surface
. peened with gl ass, beads. first portjion of the . . |
s BRPRGrY "o, dpHiste 1S lieshuidfos SRLEP SR e e impinging
diredtioghify srinted gak AeW réQilingintmBressThclast gagdicw.on of the
‘ airfoil surface was left 1n the as-peened state. Five
: surface roughness, neasurenents were nade in each )
Althosioh; %ﬁ.aﬁwggm?%@egh P_F e NVERiRThiRS Sern depchited in detail
for fdurpdsdsuBt divsgstioNArogsPoRIRRARSHs BAE tdPBn¥eReRrtsOmay be
~mcroinches 9 neasured perpendicular to the
mage withent Agpanting dtond thexpeiriband sreps ohtiseieventisgs uAeeprdingly,
r il el | Shi ' g rage
thelflciioRls hoh 2 MY SYRPRE TR aifbngRIS: 05,
portion was 15.5 m croi nches nmeasured perpendicul ar
to the burnishing direction and 14.4 m croi nches
neasured parallel to the burnishing direction,
val ues judged to be essentially the same within
normal experinmental variations. Thus, unidirectional
burni shing following tunbling and peening resulted
in significant inprovenent of the surface roughness
both parallel to and perpendicular to the burnishing
direction, but the smallest surface roughness (i.e.
snoot hest surface) was achieved parallel to the
burni shing direction. Oienting the burnishing
direction to be parallel to the projection of the
directionally oriented gas flow direction onto the
curved surface

10



I S .expected to achieve the small est surface roughness
for the inpinging directionally oriented gas fl ow
resulting in nore efficient gas flow. Although a
particul ar enmbodi ment of the invention has been
ribed in detail for purposes of illustration,
various nodifications and enhancenents may be nade
wi t hout departing fromthe spirit and scope, of the
1. i nvanétbad fexquepalingh purface eomprieimgitbe stepsmét t o be
limted except as by the appended clains. 10 CLAI M5
: - - ' u conprising the
pro;v{dér&g@%aﬂ%%r %%[{éé)éggﬁ}d@arg&'ﬁ?%qsee%e%ﬁ% an article
surface; thereafter first processing the article

firs§ profcassing theeariialel sustaca td esteblistes fidd edsideipompsesstre stress
in.the

tress. state and first,surface roughness in
stall o7 ar sPiaeg Oughaer B BR AT Swikia 2P Jiedifly t he
article surface by surface conpressive texturing to
se@ntiqiibcassing the aolicke sasachiay swtater @BRIressied texaaingitat e
and a second surface roughness in the article
estafi e eCodP R Al iR EB e S Sale AL RRRAY uface
rougHASEd ihaké ¥Ricke S@sdcel WABrdiM the ddcdhd SUFHEE PougPHEENRSS,
wherein substantially no material is renoved from
quariiatiyetyi lesethanthe dest sHrasrroygbpess. Wheten gupslapialline,
e o B e Fa R SiprPofeni Boek b and
whejiely thersechied ptageseing ig diffeding froamtharfirstgirecassirioudes
the step of providing the article as a conponent of a
gas . od of . [ "
2. DpeTh R4 GUAEY, dhes RO TEeandt bviind fMarudie fleades
thetdtep et ep of providing the article having the article
surface that is contacted by a directionally

I s flow when the article is in service. 4.
proflrthERpS pb aXinial 869 858 hibBaishgirh o1 e,
wherein the step of first processing includes the
3. st ephemetriodsdf qrineessi Hgvtidreinaht istipeofyitodiding dpyarticie

. enj.ng., 5. . The nethod of any one of the preceding
'”Clggﬁ?hjse?st%g ein the step of second processing

i ncludes the step of deep roller burnishing the
progitiingcthe asiitid B&dng the articie surface that is contacted by a directionally

oriented gas flow when the article is in service.

4. The method of any one of the preceding claims, wherein the step of first

processing includes the step of
first processing the article surface-by.peening.

5. The method of any one of the preceding claims, wherein the step of

second processing includes the step of
deep roller burnishing the article surface.

©. The method of any one of the preceding claims, wherein the step of

second processing inciudes the step of
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6. The nethod of any one of the preceding clains,
wherein the step of second processing includes the
step of 11 establishing a directionally oriented
surface texture pattern of surface asperities in the
s ® . N
esBbiora SR RLY orplied TRbRE ety PR Lg ShgbC Boverives
in the arids sudadencl udes the step of establishing a
nonl i near directionally oriented surface texture
7 bat face erlt the arti.cle
- Sor TEE et 8 e ARG P i el pREreis ik sien gt
secfdndlﬂfﬁces\&iﬁy’lﬁtindéélmesétépoﬂf providing an article
i ncludes the step of providing the article havi ng t he

article surface that i§ contagte a directionall
sl R AR P iBRTY RGSHER 0acd (v Bafeinad suifice
aspii—.@i&rbﬁm heGitclé kOMaddpi ngenment  direction on the :
. article surface, and wherein the step of second

processing . includes the step of establlshln

8. di r Ee Mskd oF ap ¥ Fdhe precasing dximsy wheegin menstep of

pro%iamga&%aﬂ@@%aha%théﬁeﬁee article surface, wherein
directionally oriented surface texture pattern of

surface asperities bears a selected relation to the

proyigling theariiclp hayeetin adicleesutriass thatds cmﬁacﬁétuy@dlmct@ngﬂy
I r

orict B N wleR iR e <A TR ! Refle o s ningemen
dirgdbien antthe Iaetrclfawrfeg:eaanammecemtim stbplolf sea;mqunreceaéwtg is
inclcﬁné g_i:t a directionally oriented gas fl ow when

the® gy 9?8 isin service to define a gas flow

I mpi ngenent direction on the article surface, and

estalfishiigna tirectishally oferted sodacepteates patigmiofslitfdes asfeities
f establjshin a di rectjonall ented surface
in 158 SRicT s FH-R opht BisrdiRcboaa Rt Saes gust patfirg of

surfidblaperiticdRIRs B dehrtél Ffidnadahd ¥aofibehphgemchasifection.
texture pattern of surface asperities bears a -
sel ected reI t| on to the gas fl ow. i npi ngenent
dir mgihod qzany one of the preceding claims, wherein the step of

providing an articie includes the step of

providing the article héving an article airfoil surface that is contacted by a
directionally oriented gas flow when the article is in service to define a gas flow
impingement direction on the article surface, and wherein the step of second

processing includes the step of

establishing a directionally oriented surface texture pattern of surface asperities
in the article surface, wherein the directionally oriented surface texture pattern of

surface asperities bears a selected relation to the gas flow impingement direction.
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