; LMe3eFHpFE<X6Tp/ 3i GAS TURBI NE ENG NE COVPRESSOR BLADE RESTORATI ON
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Thi s i nvenjii

to gas turl3Nel4983i ne conpressor bl ade di nensi onal restorationmmmummmummmﬁ
particular, cutting out damaged area and welding in material to DWkohddhsUP
airfoil edges and tips. A gas turbine engine includes a conpressor section,
a conbustion section and a turbine section. Di sposed within the turbine
section are alt GARTURBINEENGINE CMPREKSOR BUADE RPSTORWIIONSposed novi ng
bl ades and stationary vanes. The rows or stages of vanes and bl ades are
concentrically | ocated about a centerline axis of the gas turbine engine.
The bl ades are typically nounted on a disk which rotates about its central
axis though integrally formed di sks and bl ades referred t in the
| ndustry TENCRIGQOURDHOP THICNPERTROK Dl ades are typi ca"ﬁmmﬂ"ﬁwmlfnﬂ
superal | oys such as a nickel-base alloy. In addition, the casfln

turbi ne vanes and bl ades is frequently perfornmed so as to prodﬁ% " a

di r ect i ondlIELDSOF THiH INNGENERION with grains aligned parallel to the axis of
the bl ade or a single crystal part, with no grain boundaries. In service,

damage and.deterioration of |eading and trailing, e s and tip of the
o s oIS e e ]k et GG ERE I, oS PSS diPasogt LSRR

metal er osh@Nin GG hrOYuA B d4tagPl dreh ORY ORINAS il Maldiel {d ANl jjSt ream
Duri ng pefdlno’cllln engi ne %v@% ﬁgﬂu S, gtg{ge e%l a?ies ar n} ngr?ect edlﬂwggq)pﬂgl?}lcal
damage ancdpesadrigsents are nmade to determi ne the degree of deterioration
and damage. |f the bl ades have | ost substantial material they are replaced.

Several nethods .exist .for ]E]lggsai ri ng t he worn or danmged t.urbi(ge b] ades and
vanes. Repaffs WiRGHRERGErlydes 2 ¢yppiessappicaon figmsaetiphapda terai ng,
pl asma spraicks deRpbdcReHithth ‘thed-tufBalceREctid: at, §1¥§n§hﬁ§ affitlat Reagts &fof @
tape or slurry material containing a mxture of a binder and a metal all oy
powder whicdieuméeremsiabiatdidposedmmbiing bladeg Bl #40@Bry ManesuTht rawe onbthges.ofU. S.

Pat ent No. 4,878, 953 provides an.excellent source . .of background information
ol ated ¢t FELERASTAT SpeaHERIN <ale ShouER CHREHITE RGP DC EBRHBHERT o and
part | cu’ alenkinke 0T SRR AR il mBhdtéll Bh & R DRSR 1AAs BRRAM LORRE axis
superal l oys for use I n the hot "sections of gas turbine engines and, nore
parti cul arthgyghfiotegadlyformett diskxpubbldd¢sarefiirghd to anBiI8KSria the ardastngmay
conditions, U S. Patent No. 4,726,104, entitled "Mthods for | d

Repai 11 ng H9 Poised -oayurser Pladss aee mpavaﬁg_ Fﬁfﬂ\ﬁawaswpaxaélem Bt Por art
met hods f gficupbske! ARF! M KiditRdr, 1ROOAsRAg ot libiR PriRdEnd ibBRiel @&'cffégﬁéﬁg
squeal er tips. Sonme gas turbine engl ne conpressor blades are de |gngd SO

t hat duri mgriermedso aper pbiamre, a dinectivhglypsridifoed mHt, twith grainatalipnedopaaldd r ubs a
stationary seal .or.casjng, and J]imts the | eakage of r.ki ng medi um gases
in the axitﬁl%hequﬂﬁ/\?f&ﬁ? E%Bg%?‘ SIHARI® &Y Sﬁaﬁé’a’ge‘éﬂﬂ% nglgga%g%\ﬁggesrmr e abradabl e
than are the blade tips (so that during such rub interactions, a groove is
cut Into tmeséﬁ@é,)dm?dge 4Hde@&efidrfor Of Vl’téﬁlén% and tlédti‘l?ngbk@éé%saxﬂeﬁﬁr@ forter.

As the bl ades accunul ate service tine, ot al p wear | ncreases to the
poi nt t hatcompegssorablade, odches difefto eixédatipnothenied fiti et ecrankthgsasll metpk ¢rosion s
reduced and cang% ng% %ggear i.n the bbades especial&y at the blade tips
such that PHEIGYARELYRE S8 COTBUVESdpAhs BAVHIE 428 SRy DURRS AP PEPFuch
cheaper anfeflRLR, M8 Hldd@PhR insPRtel fEtpHYbicHIQiathaBt 8HE hehdfleRbntt BRGhARG0 and
the length of the blade I ncréased, by mechanically renmoving, such as b

gri ndi ng distemninettbe dognee afidéterioitinnged dampgar Bahabthdehbaveddsti suhstaatial fil | er
metal to the tig to buihd yp the tip to a desired dinension using any of
several wePFeHdlSheY AR FPAEt echni ques (typical ly arc wel ding techni ques)
known to those skilled in the art. Wen an engine is overhaul ed, conpressor
bl ades ar esegbial &fetKdR! k52 FoPYepARMIgPBE tworn Wi dabhabsd Yibihe BIRRISInSyanes.

repaired, which is clearly nore desirable if a cost savings may be
achi eved. Fepairrméthods ingbidehfor exbmple, denventidnal rfusini oveldingeplasmaspray @ i s

deposi t ed i | di |lic fill t bstrate t
Form or cidpuraRar [ o gaTE R 78 ieyh of e ¥ty SRS 1 o1 1 o
and 1mor e Rhtaiditg a%i)ét&rélf%f*ahﬁﬁ&‘ertahﬂ-a HBER Ao PU @ WREE iCEorhPiRiblERfhng and

trailing edges and tip of conpressor blades typically requires replacenent
of the blade and, therefore, a conpreh%nsive repair



2 13DV 14083 process that can repair and dinensionally restore the edges
and tip is hi\ghl(&édesi rable. The present invention is directed at a net hod
for tepai ri¥VHORrn or damaged conpressor bl ade having |eadi ng and
frailing edge and blade tip wear and/or damage. BRI EF DESCRI PTI ON OF THE

| NVENTI ON The present invention is a repair process for gas turbine engine
conpressor blade airfoils with worn and/ or damaged | eading and trailing
edges and thé pubsitee raioh.odU.SicPateists Noach 878,953 pmydeai anf ekéellent goiraé ol ong

| eading and traili n% edég,es and a radially outer tip of the ajrfoil to form
| eadi ng edtfekeropnd inipgnatiogerelaadyta methods Toraraturbishingnepst ges Bubive fapIGs of

t he | eadi Lling. S i 8r tip.

wel di g mabaierA Al paREE95 o8 PR kP MHBLnickbaly BB d5BHRR G, ¢
cut - backs. sup&@noyssEusefin\Wed kbt¥edtink of g&f tuihdlenpd ahgd, MBePaneshlanayort 0
obtain desired finished dinensions of the |eading and trailing edges and
radi al | y c@mponenty exppsednto highnismpepateienopirating cedditions. pridSedtatanpNmt i on,
bl ade mat ey i I ni iall r t rtipon the, | eadi and
frailing cabds GhEBRRnMehBH B ot R BBTRRHAR AL Toplea Minrg Y, o
machi ned audyVanls'r disi16kRd peioF € mektfodk Borweld begane o airRBolee adtbing tisiaipand
trailing nge cut - backs, and unmachi ned portions of the |eading and trailing
edges bet vieelndingsqeasestipbst portions of the leading and trailing edges and
the base of the airfoil. In a nore particul ar enbodi nent, the rounded
corner is en_- Gj.Leul .corper_ hayj n . arc,.an adi f.curvature. In
anot her m)si?bé1§ epgraf ﬁg}lh?%r %Ié%ggaclo(?ﬂ ﬁ%]s,sm!t %gddg%tager r(riggitgg%{)rs ?itg]?\t g m([% & 'Feadi ng

and trail idperaidgethends pértiof tdtthe adtatdkpobladéldhibs & f@amadf sdah@r dhdihgidndbet ween
the tip towards the base of the airfoil. In the exenplary enbodi nent, weld

bead mat erliraits the kekage méaverking medive gases iththequdalr e rdinertioned Whikrethsi ons of
the |eadi ng,and. turs?l‘é]llé'l : e%g%gabggq ra%%eagl'eybl&‘fet o "G t}tl)% urim hsol*%ﬂfw hen

final blending of werd sired finish nensi on

| eadi ng edgrrdctiopd)taapitRie by cGPMiOURd BErRTthé bEade st AW wRdgeand! theasladdier nore
particul ar enbodi nent, the |eading and trailing edges are cut-back by about
.08 to . 12bccomp shorter. Asihy bladenaasamulte servicertimsi eJotel tip iveeal Bgeanes tand

trailing €S, |.di n r ters and t:back depths are. contrqglled to

or ovent ai r opint o RpRE, 1% el ot it BiRRE Snd S R0 8B nd col o

processi Neeridks @k dpb¥artih ehetilide@iekpeciblle andlebliRapsisacHatihe tlddes decd tbh an

automated plasma-arc wel g %rpoce.ss al ong the cut-back | eading and trailing
‘i

edges and heagpairadyor seplage paipagrisgaueneeaperwad mos¢ desirebleeadi ng and
trailing edges and tip of conpressor blades may be repaired with the

present | YEnkLoRe (1o 870 LalBL SoEIRANSAY fhe RRLACHTRGle iflldgs The

present | nvention provides a conpr ensrve repa process tha

econom cal thychagieally redislin}i, ¥8cts aObW bliyding db@hethe Meoradgasr dashagddosp aldal EF
DESCRI PTI ON OF THE DRAW NGS The foregoi ng aspects and other features of the
i nvent i on aaddheypddingavgld fHllerHaetploio) thatingo dpatld mpghe §a to aadesiied dimessionct i on

wth the al%?n%?’@fisg%rﬂr&éﬁ B%%vn"@%ﬁqg techniques (typically arc welding techniques)
known to those skilled in the art. When an engine is overhauled, compressor blades
are either replaced by new parts, which is very expensive, or repaired, which is clearly
more desirable if a cost savings may be achieved. Several methods have been devised
in which a metal overlay is deposited by spraying or welding metal metallic filler onto
a substrate to form or dimensionally restore gas turbine engine compressor blade

airfoils and more particularly the blade tip.

Damage and/or wear of the leading and trailing edges and tip of compressor blades

typically requires replacement of the blade and, therefore, a comprehensive repair



FIG.1 is a perspective viewillustration of an exenplary aircraft gas
turbine engine conpressor blade illustrating wear and/or damage al ong

| eadi ng an&ﬂ\zbﬁoﬂﬁng edges and tip of the blade and di mensional restoration
and repair paraneters used in an exenplary enbodi nent of the present
invention. FIG 2 is a cross-sectional viewillustration of the bl ade
through 2-2 in FIG 1. FIG 3 is a side viewillustration of the blade in
FIG 1 af tiocessithabsakeephiavad danemsichally nestbre BleCzdgds arsd ip $9 kighlyi dRwirable.
illustration of rounded corners of |eading edge cut-back in FIG 3. FIG 5
i s a side Theeresentymventionois diretek aplagmethod farqepairiagtavarp| ofi danaged

mat eri al tlve Vi ew
11 st at | GIBpp Rt Ring A5 Gllip 85 ung e B he BpBEE RRRE o 11 ©
13DVv14083 DETAI LED DESCRI PTI ON OF THE | NVENTI O\I Illustrated in FI GS. 1 and
2 is a conpressor blade 8 circunscribed by a conpressor casing 17 (or seal)
agai nst which the bl ades seal. The conpressor blade 8 includes an airfoil
34 extendl:%ﬂlradl al out war roman airfoil base 32 |ocated at a bl ade

pl atform (A%EW%QEEHEWﬁEwI%e conpressor blade 8 includes a

root section 40 extending radially inward fromthe platform36 to a

radi ally |ﬂ¥j¥a t i | &3¢ ail 42
i s connect ggsgﬂgﬁgdléﬂéhlgﬁre&%ﬂ R rﬁ TS f8f‘§t§$g}rﬁ%n gme ﬁ&ﬁgrgéso I(?)Fa?/fel nwar d
end 37 of aﬁﬂfellsraﬁxh want a:mlvbréldhmdgeﬂdeadmgamcbtﬁilﬁg edgesnamhadpd Theomethod
airfoil 34 is the |jne between the | eadi ng edge, LE and trailing edge TE at
each crossnelades Brebiningnaway adéoil reaterialrglong leuding pad deiling edgescast awi se

di rection I rfoil.

A pr ossur e HE Sic? tpBBSRADR, kP Rdaftg gl (EERGR, By B dbBals
rotation dmvinpddut-daeiddepthd bEtlﬁrleadmgmﬂ aaibing tedgen; anddadidBy losted tipt HEheat her
side of the airfoil and a npean-1li i s. general :z‘édl sposed. m dway, bet ween

the two faeads phwekling wenteripl e d*ferl@'@t pIA. theyleading pdgeqtiarlisg edge. and phas a
tw st wher ch r r f the 38.

The chord SRrasp Thch S B SE S RSBl T rielgd by 05k, =7,

t he engi nedesieed BnikhatedibnsioRCofthe Rading anh) thiling Regdsaibld Yadialiveowtergy. essor

bl ade 8 rubs on the conpressor casing 17 respectively and shroud 19 causing
tip damage 52, including burrs ks, and  tears, on a blad p 38. Wear
and FOD dd#ealge faqegw? <iphod Ifﬂel}te%fdﬁ‘ﬁgﬁ’rﬁf??at dRvenfipmgbladey H’i O%owﬁd 55 on
the | eadi I I | ude
bur s, i QRLats oYty ForfaESr ik Rtng and (GRRRCLINE F%*ea?l?@ fﬁ%fﬁﬁaéfa‘i

process faowgals a basbiofieheeaigfbil és amoined away. bha@andndrdomndrss Batmetd thetwemnn

and/ or da d |eadjng and trailin dges and tip, herepalr od is a
C]?WFL ehglnagﬁgi aﬂI‘Igc a[ng trailing ﬁaerfgﬂfﬁ& %ﬂ;‘i"m thogqus E%g“@gm&{]ﬂ tip
0 e Y e
airfoil 34 I(:aotr ld-let er %gét?’ee%‘z.t ra ‘Ifrﬂ;o tpo&fe?'rfsr ring dlﬂgl @&g%‘%fg?%ﬁ"d

repai r abi |thé ybake of tlse hipfoiludin a morei pamuﬂmadﬁbmdimkmeh@ rdundad carneRis mum

chord reduction which is for the exenpl.ary. enbodi nent is about 5 percent of
the chord SCMiAfEdar eoraefiaying @rg ang gardus %f Havausive tin ABEfAST Meye Rartjcular

requi renent s, I St 1ft| a[ﬁqﬂ f 083
Referring to &EF@:& i’}fé dé resg met 91%9}% ego&nzg%ﬁgnléﬁes }gd\?vfyl%g@{f%fﬁl

mat eri al Sdboat balgalspadoﬁ@eamﬂoﬂ betwleem theetily esvdrds thedaddofihd airfoibdimthey out er

tip 38 of the airfoil 34 to formleading edge,.trailing d.tip
cut - backs BEMP CHK’OFIW%WF@a‘EﬁaHdn@%g IStm%ﬁhmeﬁga“@ag@ eb& #a 'the Bew@ back

dept s, 00 Umeh3REFH HEEing fnd b8 AAIS ks PHORIAT
edge, and dndpheufindldténdiapdihthe teld béhds.6 Desiral firmisisddr dadleﬁmonis diﬂ'the tadipignal

unwor n and undarra%ed | eading and trail |%% edges LE and TE and radially
outer tip Sigeas ehtpiped byt eantoyying eSthy |1 ulgse thehhe?@mhﬁédncmagﬂﬂawlarou |

material 5 e f AN Lip
damage 52, qnw(gﬁl%lﬁﬂ Fne %1 Hddt?%]ﬁaé)%dég%e? bgéﬂni n -L@%CEZ?J“ ng to
FIG 5, athﬁn ﬁdﬁenawm&ﬂldhme@éi@fslalthéaacﬂiag ab@aallﬂig@hgaedwam phgaetsrs70 of
wel ding material 72 are welded onto the |eading edge, trailing edge, and
tip cutbacis @u-baggdemhs apheqntiolad to pravieat oy Mqr&ailan that welddeditted away
to obtain desired finished or restored (i nensi ons of the | eading and
trailing edges and radially outer tip as illustrated in FIG 6.
Exemplary airfoil materials 50 are A-286 and | nconel 718. AMS 5832 or

I nconel 718 weld wire is an exenplary weld material 72 which can be used
with both of these airfoil materials.




In the exenplary enbodi nent of the present invention, blade material along
only radially outernost portions 80 of the leading and trailing edges LE
and TE ext%%ﬁfh@m3r0n1the tip 38 towards the base of the airfoil is

machi ned away. Typically, blade naterial along only a radially outer half
28 of the airfoil 34 is machined away. As further illustrated in FIG 4, a
fillet or rounded corner 30 is fornmed between the | eading edge and trailing
edge cut - Hatkea @i prdeshgandpualifyethBiairésil. pOhd welisbead i9 nanufattiréd Bithaat ween

t he outernost portions 80 of the |leading and trailjing edges LE and TE and
the base 3Jptqspatedyplagmpagy weldsprogass @L@géﬁ@ﬁwwy leadingdandetaeiling kdgesudded
corner is Qj: 1 -circul ar corner having an arc 76 and radi us of curvature
R The oufg?%ngbu%%é'ions 80 of the leading and trailing edges are about
half a span S of the airfoil 34 between the tip 38 towards the base 32 of
the airfoiDamage dddéorexeirpfahy ledbpdanieniilingedgesoaridtipal @omdleské Baddsi ned
away to obtain the desired finished di nmensions of the |eading and trailing
edges and Patbargpgired, with the prasent iayRpkion Aesteadeef mprsaxppnstyedieptpcementf wel d
beads. Desj i ni ' 1.ons . : [ edge is
obt ai ned E%/lé ?gdg%%uﬁggﬂ%fq hﬁggﬁtg%d? rﬁg‘dtégge&“{%%%g%{éé g%?agrné{%g%g qgant cut - back
dept hs ar e:comdsthically f@air and didvesionally fegioke thefedgdxrind@ipst hat woul d require
further cold processing to qualify the airfoil for use. The weld bead is
manuf actured with an automated plasna-arc wel d process al ong the cut-back

| eading and trailing edges and radially outer tip. A Liburdi Laws 500

wel ding center is one suitable apparatus for the process. Wile there have
been descry } i 0 be preferred and exenpl ary
enbodinengg 0 ?ﬁ%ﬁ%ggﬁgﬁ?“?ﬂfgnﬁuoﬁgsgﬁﬁg§ nodi fications of the invention
shall be apparent to those skilled in the art fromthe teachings herein
and, it i sThehéoregaing,aspexss rmed dtherb &ateres rod dthe ninyvéreticap pen deplainkdiinsthall such
modi fi catiops as({all W thinthe true s irht and scgpe of .the jnvention
Accor di ngl 19} 1OWEdCPLIngER; Een inGOopRECHER Y ibdhp gcqomPrRYIaE SEAVERES WRCIPhe Uni t ed
States is the invention as defined and differentiated in the follow ng

clainms. 7 FIGl?:QY%Q&?pe’eiiv’?‘eTvQEv7ﬁﬁ§EBEﬁ{Cﬁ MMMy SINPA 328 turBRERING RO

bl ade 11. engi ne centerline 17. conpressor casing 19. shroud 28. outer half
30. fill etcompressomledt dlostrating3gear and/bodamagesadorBleading find {raibigg eBgesdmd

| atform 37. i.nyar nd 38.. blade or airfoil ti 0. root secti.o
P t17p of t\gg t()jlac?e ang dlmengional restoratgon ané Igpéllr parameters used Pn an

exemplary embodiment of the present invention.
FIG. 2 is a cross-sectional view illustration of the blade through 2-2 in FIG. 1.

FIG. 3 is a side view illustration of the blade in FIG. 1 after cut-backs have been

machined.
FIG. 4 is a side view illustration of rounded corners of leading edge cut-back in FIG. 3.

FIG. 5 is a side view illustration of the blade in FIG. 3 after welding of material to

form build up over the cut-backs.

FIG. 6 is a perspective view illustration of the repaired and dimensionally restored

blade in FIG. 1.



42. dovetail 44. blank shank 46. pressure side 48. suction side 50. airfoi
material 52. tip danage 53. | eading edge danage 55. trailing edge damage
62. [ eadi 1gDI¢#88%ut - backs 63. trailing edge cut-backs 64. tip cut-backs
66. | eadi ng edge cut-back di mensions or depths 68. trailing edge cut-back
di nrensions or depths 69. tip cut-back dinmensions or depths 70. bead 72.

wel ding material 74. unmachi ned portions 76. arc 80. outernost portions B

-chord an@ETAICED DBSCRIBTIONCOFAHEINVENTIGNanT -t hi ckness LE - | eading
edge TE - trailing edge M. - nean-line 8 13DV 14083 CLAI MS: A et hod of
repairing a gas t urbi ne engi ne conpressor,_ bl ade airfoil, said nmethod

conpr i si nd!lbHeated WHRIGS: 1 #gchiinp cgmpiReyorabladeo icinsamagtibet BysOFOmPISEHT| eadi ng
eadi ng. edaane 1715 R Zah A WReh WA il e colréleh Bads § Abndel shit T
dept hs of diffisil BeadtendingRdidllyajutwird fRMYeS aidfdil baseld2ldcite@dt £blatlé platfofm 68,
69), welding a bead (70) of welding material (72) onto the |eading edge,
trailing 36 to a blade or airfoil tip 38. The compressor blade 8 includes a root section 40

extending radially inward from the platform 36 to a radially inward end 37 of the root

section 40. A blade root or dovetail 42 is connected by a blade shank 44 to the

platform 36 at the radially inward end 37 of the root section 40. Referring to FIG. 2, a

chord C of the airfoil 34 is the line between the leading edge LE and trailing edge TE

at each cross section of the blade. The airfoil 34 extends in the chordwise direction

between a leading edge LE and a trailing edge TE of the airfoil. A pressure side 46 of

the airfoil 34 faces in the general direction of rotation as indicated by the arrow and a

suction side 48 is on the other side of the airfoil and a mean-line ML is generally

disposed midway between the two faces in the chordwise direction. Often the airfoil

34 also has a twist whereby a chord angle B varies from the platform 36 to the tip 38.

The chord angle B is defined as the angle of the chord C with respect to the engine

centerline 11. Occasionally, but repeatably, the compressor blade 8 rubs on the

compressor casing 17 respectively and shroud 19 causing tip damage 52, including

burrs, nicks, and tears, on a blade tip 38. Wear and FOD damage also result in leading

and trailing edge damage 53 and 55 on the leading and trailing edges LE and TE,

respectively, and also include burrs, nicks, and tears.

The present invention is a repair method or process for gas turbine engine compressor
blade airfoils 34 with worn and/or damaged leading and trailing edges and tip. The
repair method is a comprehensive process for restoring the leading and trailing edges
and tip of the blade. The process is typically preceded by an inspection of the airfoil
34 to determine repairability. Referring to FIG. 2, typical repairability limits include a
minimum blade thickness T and a maximum chord reduction which is for the
exemplary embodiment is about 5 percent of the chord C. After the blade 8 is found to

have met repairability requirements the blade is cleaned and prepped for repair.



edge, and tip cut-backs (62, 63, 64), and machi ning away sone of the weld
bead materjal to obtain desired finished dinensions of the |eading and
trailing 14984 1 adi ally outer tip. 2. Anethod as clainmed in claim1,
wherein the machining away airfoil material (50) along the |eading and
trailing edges (LE, TE) includes machi ning away bl ade material along only
radially outernost portions (80) of the leading and trailing edges (LE, TE)

ext endi ng Referrinighte HIGp 1t dvearepair andthsd nﬁsﬂudebenz&lhhﬁ@g' lawh3 2)rfoiBmaterizetsbod as
clained in_claim.2, erein the _nmachjning Ci/é# ade materi al alongéthe

| eadi ng ar?éortgrlsadm&@mbagbggeﬁ@s ﬁgnd%ae@iéga hPHEr up A8 ek thepitfod Adr  ( 30)

bet t

uﬁnﬁﬁ?neggg{)ﬁ??égﬁglgﬁé;% tﬁ?g?%wéaf r ﬁ %%3?&% 6? §ﬁ64§ lga%ﬂr%%fiézdlﬁg%fi gﬁort i ons
(80) of theiligpdigey anddig bau-baclagdspdge% (48, 69TE¢spaet®lvdlﬁeofbaﬁele@dmg h@adai r f oi |
(32). 4. Anethod as clained in cla rein the rounded corner (30) is

a seni ci r dtAling edgenand F?élﬁllﬁgJW tti’r%s 1@?%35“%’@ FlgeBusl f@flefadamg/adgfs galiRg. 5. A

met hod as [ 6Ckgl t. he oyt er mst
por 1 on' ( SOECCHR SRtk RBae gor b T e rhhglhed tRER AEohHBUNEGHGR of
about hal fundampgdd 1éa$1)mg>5nd tReliag edgeb LE(a%ﬂ)TBJ@{d/ﬁ@lTally betet tip 381d ilfzaafease of
the airfoil 13DV 14083 6. A nethod as clained in any one of the

gr ecedldn]g ig|E. gﬁﬁsl anghdr dihe mavkined awayiatrdoihmateriab PO inpdades e portigns tc)if)thégt a: In
. . t
outer 11 p TR 38 hBR RN EbdiE 2B Rifink ol ol e e JoBEs R Vel o

bead (70).and.55° Refehth ®SFIG.29, ME@r kit #APfsilangeil 5mﬁagob@éheﬂhaﬁnéa AW,
wher ei n the nmachi ni ng_away wel'd bead nmaterial to obtain desired finished

di mensi ondeads {hef weklingpiatetigh72 ew) welded pato thadeadingsedgentrailing wdgwfand he
| eadi ng eqﬂ)ecu%‘a@(s' 62, 63, 64. Then some of the weld material 72 is machined away to obtain

desired finished or restored dimensions of the leading and trailing edges and radially
outer tip 38 as illustrated in FIG. 6. Exemplary airfoil materials 50 are A-286 and
Inconel 718. AMS 5832 or Inconel 718 weld wire is an exemplary weld material 72

which can be used with both of these airfoil materials.

In the exemplary embodiment of the present invention, blade material along only
radially outermost portions 80 of the leading and trailing edges LE and TE extending
from the tip 38 towards the base of the airfoil is machined away. Typically, blade
material along only a radially outer half 28 of the airfoil 34 is machined away. As
further illustrated in FIG. 4, a fillet or rounded corner 30 is formed between the leading
edge and trailing edge cut-backs 62 and 63 and unmachined portions 74 of airfoil 34
between the outermost portions 80 of the leading and trailing edges LE and TE and the
base 32 of the airfoil 34. In the exemplary embodiment, the rounded comer is a
semi-circular corner having an arc 76 and radius of curvature R. The outermost
portions 80 of the leading and trailing edges are about half a span S of the airfoil 34
between the tip 38 towards the base 32 of the airfoil.

In the exemplary embodiment, weld bead material is machined away to obtain the
desired finished dimensions of the leading and trailing edges and radially outer tip by

rough and then final blending of the weld beads. Desired finished dimensions of the

6
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8. A-nethod as clained in any one of the preceding clains, wherein the

l eading and trailing edges (LE, TE) are cut-back by about .08 to .12 inches
f rom new b nsions of the leading and trailing edges (66, 68). 9. A
met hod as clained in any one of the preceding clains, wherein welding
parameters and cut-back depths are controlled to prevent airfoil
deformation that would require further cold processing to qualify the

ai rfoil (3égdingl@dgeAs wbtdivisd Bscakt@iringofi the dsadingnelgef Wéldingeatitag sadai s,
wherein the weld bead (70) i s manufactured with an automated plasma-arc

wel d pr ocesisbagkodrpthsiase eeritrablgd fo p@amtr@gf@héefpmtmnrtgatéﬂ@é@ regwire fadhe | y

outer ti 4 )

T nm} xsn:ocf(%)gro]c ﬁggf%a"l];i Q]tﬁe]éicg)jl@% (‘:15 ﬁl gﬁf?éégﬁcg%n ﬁ%ic:lélfecda g}é caJ ca] ca
] ca] Ca] Ca]a@ﬁitﬁa’i&d: ]aﬁlﬁa—]a!?@lvéﬁﬂ l‘éé§<’2\]cﬁ1 ahe cut-back leading and trailing edges and

MW!" "L) +++6145\ 5555w 999 &< wr mhc”™Y] ca] ca] C@LCG.] caJ caJ ca]ca]ca] ca
] ca] ca] ca]redipdupetal 6] Adupuuil Eave 2P¢ aletdipg eqnier]ic ape sijiehlecwpeajusdpriccal [ <<<
<<<<<@ ——>’\>v>>>6’7{ ?@ @BBBCpCCCCYDDDEI EE| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] cpé?cgi caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha]ca]ca] ca]calca
I EUFFF) A GGHCHFH>v>>>67?{ ?@ @BBBCpCCCCYDDDEI EE| w mhc”Y] ca] ca] ca] ca] ca] ca] ca
1 ca] ca] ca]wajle ah&a] 1Ak Citkefi adsaniied] Bébinalvbay ar] CaksiRidicr] 6alpretkaad %hca] cajc
a] cadPghf H*  10%0& 1 S109%0& () - ylO090& ()- ~1090& ()-Y 3z10%& () -

@ 10% O Q@xel}mlammgoquxen/fs the~pres¢r@<t11veng@l,m®r ;modifioatigns pf thg invention( ) (

10%& () - Ypi GA Ogi)p(a}ent 13 /{Qg‘se( AkinBd 30%6% & From the teachings herein and, it is
therefore, desired to be secured in the appended claims all such modifications as fall
within the true spirit and scope of the invention. Accordingly, what is desired to be
secured by Letters Patent of the United States is the invention as defined and

differentiated in the following claims.
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8. compressor blade

11. engine centerline

17. compressor casing

19. shroud

28. outer half

30. fillet or rounded corner
32. airfoil base

34. airfoil

36. blade platform

37. inward end

38. blade or airfoil tip

40. root section

42, dovetail

44. blank shank

46. pressure side

48. suction side

50. airfoil material

52. tip damage

53. leading edge damage
55. trailing edge damage
62. leading edge cut-backs
63. trailing edge cut-backs
64. tip cut-backs

66. leading edge cut-back dimensions or depths
68. trailing edge cut-back dimensions or depths
69. tip cut-back dimensions or depths
70.bead

72. welding material

74. unmachined portions
76. arc

80. outermost portions

B - chord angle

C - chord

R - radius of curvature
S - span

T - thickness

LE - leading edge
TE - trailing edge

ML - mean-line
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1. A method of repairing a gas turbine engine compressor blade airfoil, said

method comprising the steps of:

machining away airfoil material (50) along leading and trailing edges and a
radially outer tip of the airfoil (34) to form leading edge, trailing edge, and tip cut-
backs (62, 63, 64) having cut-back depths of the leading and trailing edges and radially
outer tip (66, 68, 69),

welding a bead (70) of welding material (72) onto the leading edge, trailing
edge, and tip cut-backs (62, 63, 64), and

machining away some of the weld bead material to obtain desired finished

dimensions of the leading and trailing edges and radially outer tip.

2. A method as claimed in claim 1, wherein the machining away airfoil material
(50) along the leading and trailing edges (LE, TE) includes machining away blade
material along only radially outermost portions (80) of the leading and trailing edges

(LE, TE) extending from the tip towards a base of the airfoil (32).

3. A method as claimed in claim 2, wherein the machining away blade material
along the leading and trailing edges (LE, TE) includes forming a rounded corner (30)
between the leading edge and trailing edge cut-backs (62, 63) and unmachined portions
(74) of the airfoil (34) between the outermost portions (80) of the leading and trailing
edges (LE, TE) and the base of the airfoil (32).

4. A method as claimed in claim 3, wherein the rounded corner (30) is a semi-

circular corner having an arc (76) and radius of curvature (R).

5. A method as claimed in any one of claims 2 to 4, wherein the outermost portion
(80) of the leading and trailing edges (LE, TE) has a length of about half a span (S) of
the airfoil (34) between the tip and the base of the airfoil (32).
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8. A method as claimed in any one of the preceding claims, wherein the leading
and trailing edges (LE, TE) are cut-back by about .08 to .12 inches from new part
dimensions of the leading and trailing edges (66, 68).

9. A method as claimed in any one of the preceding claims, wherein welding
parameters and cut-back depths are controlled to prevent airfoil deformation that

would require further cold processing to qualify the airfoil (34).

10. A method as claimed in any one of the preceding claims, wherein the weld bead
(70) is manufactured with an automated plasma-arc weld process along the cut-back

leading and trailing edges and radially outer tip.
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