6 April 2006 GAS TURBINE ENG NE COVPRESSOR BLADE RESTORATI ON BACKGROUND OF
THE | NVENTI ON FI ELD OF THE | NVENTI ON This invention rel ates Agril@ag6 t ur bi ne
engi ne conpressor bl ade di nensional restoration and, in particular, .
cutting out danaged area and welding in material to build up airfoil edges
and tips. A gas turbine engine includes a conpressor section, a conbustion
section and a turbine section. Disposed within the turbine section are

al ternati ng anrGASTURBRESENGINE COMPRESSOR BUADE RESTEORATION 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 forned di sks and bl ades referred to as BLISKS in

t he.i ndu KYOUNTS bﬁ_rgﬁqghbs essor blades are typically forged from
superal | g?/émsuchoas aanl ckel - };‘?gﬁgﬁ oy. In addition, the casting of
turbi ne vanes and bl ades is frequently perfornmed so as to produce a

di rect i ondBLY OBITHE AVEENFHN, with grains aligned parallel to the axis of
the bl ade or a single crystal part, with no grain boundaries. In service,

danmage ang .deterj.orati.on of |eading and trailing edges and tip of . the
corrp?esso B8 I%E%?tgs E?u%asttBr_%(Wﬁ g‘ﬁ‘ﬁ‘%?ﬂml?rﬁ%? }aﬁf %Wﬁﬁfép %mr?ﬂjmand-
metal  er Geldomh p#aHRdcRYing BEASINASd ARG, aﬁﬁrwaéfng%ﬁnia%ﬁah‘?o Bﬁjmp@git e,

stream During periodic engine overhauls, the blades are ins
physi cal edgesaultipsd neasurements are made to determne the degree of
deterioration and damage. |f the bl ades have | ost substantial material

they are | aced. Several nmethods exist for repairing the rn ot damaged
urbi ne. i SR8 cHEleRluddE ARreSits Stesiofr . peRBistipd Sedudt A a ubine

convent i Gaafiorf, USDRPoal Witheh (Ré A8FBIn REGIonA3re ARSGEAHRE nhiilal): sBigelalent No.
4,878,953, and the use of a tape or slurry material containing a m xture

of a bi nddicumirtertiathgtdispos¢d myvinghdastes whi statiomary vageat iThieaows bh sageypofi | 2006

vanes and blades are concentrically located about a centerline axis of the gas turbine

engine. The blades are typically mounted on a disk which rotates about its central axis
though integrally formed disks and blades referred to as BLISKS in the industry may
also be used. Compressor blades are typically forgéd from superalloys such as a

- nickel-base alioy. In addition, the casting of turbine vanes and blades is frequently
performed so as to produce a directionally solidified part, with grains aligned paralle]
to the axis of the blade or a single crystal part, with no grain boundaries.

In service, damage and deterioration of leading and trailing edges and tip of the
.coﬁ:{pressor blade occurs due to oxidation, thermal fatigue cracking and metal erosion
caused by -abrasives and ;:orrosives in the flowing gas stream. During periodic engine
overhauls, the blades are inspected for physical damage and measurements are made to
determine the degree of deterioration and damage. If the blades have lost substantial

material they are replaced.

Several methods exist for repairing the worn or damaged turbine blades and vanes.
Repair methods include, for example, conventional fusion welding, plasma Spray as
described in U.S. Patent No. 4,878,953, and the use of a tape or slurry material
containing a mixture of a binder and a metal alloy powder which is compatible with
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the substrate alloy. U S Patent No. 4,878,953 provides an excellent source
of background information related to nethods for refurbis@”gg"gggi gas

t urbi ne engi ne conponents and particularly for conponents nmade wth

ni ckel - base and cobal t-base superalloys for use in the hot sections of gas
turbi ne engines and, nore particularly, for conponents exposed to high
tenperature operating conditions. U S. Patent No: 4,726,104, entitled

“Met hods ftbe subdtciteRaPay.r i U. HdtbrwNoAid 8 783 e proTidebi ane eXdtedidnis sowng ofanes”

di scl oses ,pri or t methods for, weld repairs of.ajr cooled turbine bl ade
tips i ncIhﬂﬂ'f%@“@(rqﬁ’éwmpirﬁg’mdme@ﬁgs Qfr B"iﬁﬁ-ﬁlsgwgi GRet sdnprlaise sREBPades
~are desig J | i : ' ' 1 Lhe

ot at g b amaRerc hd QHlcDBE 18k Bmp ORGSR A i ckeibaR? bhd Sflodsd e
of wor Ki nguperdilaymfgamsesn the lidi@edingbf fdsaurtilid @gides and, \Hhdre attitalarlyehs are
usual Iy nore abradable than are the blade tips (so that during such rub

i nt er act i GAEIPORCTHY SEpesefl stoc high; ivmperatere sepergting; pendifionse U-Ps Pasntvde-, and

t he bl ade M - L [ L t he
toral i p an o EREhRnodol Wtk KBRS, BUF CPSlet ibe Bty o
the bl ade and Vasegtldisystepribsart £dthods farrvebld espaiik 5 MR ¥osled Aabink BlddBeiph! ades
especially at_the blade tips such that the bl ades need to be repaired or
rept aced. mdyhing sqigalestipfich cheaper and nore desirable. The tips of worn
bl ades can be repaired, and the length of the blade increased, by

mechani cal r ' 0 I gl own.,. e nd/ or maged
tip area. Slgirélg gﬁ)ﬁhg%gl %%?gmﬁ[eﬁ?fg’r B%g%gfa&t \ge 1%'(%3'21,[ ?%q{l%{ g'ﬂr% eﬁ%l%? he tip
to a desi operatioiahs itiprportion bf tieotaifngSHydysatubyelstatichaysewebdtaithgl @sini ques
(typically are welding techniques) known to those skilled in_the art. Wen
an” engi ne lipdtsothe depkageal woskipg é%%%’ﬂﬂlﬂaé@e@ thg ragiad iflore direatisma c Behilsythe ew
parts, whi i NSl repai .ch 1 s.:clear.l re

desi r abl e.S&JlI? age }:{%Isa yglg{)/)%n%ﬂsrxgn%);/eo%heanac i@ggjée}d@;{elﬁse A thr?itat u})’{;}é Sﬁgﬁ\;éue%een
devised iimenabiiais, a greowd isomerinay theSsedBp @ blde hips o a¥am) Gnadrihyelieng net al
metallic filler onto a substrate to form_or dinensionally restore gas

tur bi ne eRgtamee thowisrcAs the hlpdasaccumylnpts servien dimpathe tofalr tn waasinprpasendo bl ade

tip. Damagg S0 B takuafl, Hi%mERALNGr HIbibdrdd B §I96R i€ Mol af

conpresso

cracks may appear in the blades especially at the blade tips such that the blades need to

*be repaired or replaced. Repairing is much cheaper and more desirable.

The tips of ‘worn blades can be repaired, and the Iength of the blade increased, by
mechanically removing, such as by grinding do@, the worn and/or damaged tip area
and then adding weld filler metal to the tip to build up the tip to a desired dimension
lising any of several well known welding 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 ﬁ.llér onto
-a substrate to form or dimensionally restore gas furbine 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
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typically requires replacenent of the bl ade and, therefore, a conprehensive
repair 6 April 2006 process that can repair and dinensionabu%”Tgﬁﬁpre t he
edges and tip is highly desirable. The present invention is dlrected at a
nmet hod for repairing a worn or danmaged  conpressor bl ade having | eadi ng and
trailing edge and bl ade tip wear and/or damage. BRI EF DESCRI PTI ON OF THE

| NVENTI ON nt. inventi.on i.s met hod_.of .repai,ring.,a.gas turbine -
engi ne co%&%@%@r%%ng&gm’éﬁﬁ dimensiogglly 1esofmthe e S@&éé]ﬂﬁ&l&% aﬁf

ai rfoil naterpebentibRaribfam difecRadat hahbhbg BHIERIMYE adwolAdl alnk &tt er tip
of the airfoil to formleading edge, trailing edge, and tip cut-bgc S

havi ng cutcomprissatdiadehavingt¢tadingomditraglingxlge aad bladetip sgesamifut dancpal | y out er
tip. Then beads of welding naterial are wel ded onto the | eadi ng edge,
trailing edge, and tip cut-backs. Then sone of weld material of weld bead
I's machined away to obtain desired finished dinensions of the |eading and
trailing edges and radially outer tip. In the exenplary enbodi nent of the

present | BRIEF DESCRIRIEONRORTHE INVGNOTEoNy radial |y outernost portions
of the leading and trailing edges extending fromthe tip towards a base of

the airfoil is nmachined away. A rounded corner may be forned between the
| eadi ng edge and trailing edge cut-backs and unmachi ned portions of the

| eadi ng - e e en.the outernost .portions qf 1he_.l.eading
and traili ng”é%g‘!el!'sﬂ/%ﬁgg ijst%h%’tgﬁf);{fe:oe o gﬁ"&‘f’é’i"? enguie %OW?SQO%:H iabrEﬂlgr

enbodi menThe méibod imcindsdnachimbiny dway airfoslanateridl alody dadiag ARd triiflvg edges¥ndad € and
radi us of curvature. In another nore particular enbodi nent, the outernost

portion ofdialy quédimel thecrirfeiite forp leading ddgs, tmiliem gdge, ehd tiphobrbatksl f a

f ot . ai il t .p t ds the b th irfQil. In th
Span of Uiy 1l MR LNE Pl PUBAAS d0S BEESAEl IR RTTALL 11 e
desired -bdadnios vesddidp TRMEHANGe Olelddi onto e 18R dde] HallindleddIGRd #R

radiall'y outer tip by rough and then final blending of the weld beads.
Desired f¢uibsplesd dhereaemepf wild thatetial aofi wold emddds meachined civeayi toechtiin

contourin di ng ed n.anot her. nor articular enbodi ment, the
| eadi ng a%:gﬁ{x% §$1%P%f§ ngnsa%ﬂlﬁ méﬁg%ﬂﬁl&?ﬁ%gwd%ﬂ?@ovtw-( 2 - 3 m
fromnew part dinmensions of the |eading and trailing edges. Wl ding

par anet erk the exemplary embodiment of the present invention, blade material along only —

radially outermost portions of the leading and trailing edges extending from the tip
towards a base of the airfoil is machined away. A rounded coﬁler may be formed between
the leading edge and trailing edge cut-backs and unmachined portions of the leading
and trailing edges between the outermost portions of the leading and trailing edges and
the base of the airfoil. In a more particular embodiment, the rounded corner is a
semi-circular corner having an arc and radius of curvature. In another more particular
embodiment, tﬁe outermost portion of the leading and trailing edges has a length of
about half a span of the airfoil between the tip towards the base 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
7 and then final blending of the weld beads. .Desire,d finished dimensions of the leading
) nge may be obtained by contouring of the leading édge. In another more particular
_ embodiment, the leading and trailing edges are cut-back by about .08 to .12 inch @2-3
~ mm) from new part dimensjons of the leading and trailing edges. Welding parameters

and cut-back depths may be controlled to prevent airfoil deformation that would require

3




and cut - back depths may be controlled to prevent airfoil deformation that
would require 3 6 April 2006 further cold processing to quglddiyoddee
airfoil. The weld bead nay be manufactured with an autonated plasma-arc
wel d process along the cut-back |leading and trailing edges and radially
outer tip. Damage and/or wear of the leading and trailing edges and tip of

conpressor . bl ade may be repaisyed widt. he present inventi i . of
mor e - ex pe_n@‘ftb%r_ Cfoz%?lggéﬁ’élﬁtto ?ﬁﬂ{’ﬁg’ %ﬁfﬁlgge "Eﬁ%gﬁq%p@ﬂ’f Ee E‘mef%e}u%e?g%e n
invention aitemb@e plRMared SRE MecéssRRINE thd ERACREE Sadidpddndc@dili giagal | y
repair and dinensionally restore the edges and tips. BRI EF DESCRI PTI ON OF

THE DRAW l\@éiﬂfﬂﬁ@uf%ﬁégoi ng aspects and other features of the invention are
explained in the follow ng description, taken in connection with the

i ' . E | i . t] Lew illustrati f
i oxorp! apsabe IREwHICS e afipe o nERE BRI B SifabreritE il g
viear and/ oiayl BEp€Rirad St the petiseet iAvGhtibh RidtdadbfaaEe expithivel lepla@imddd @bl ade

-and di nensional restoration and repair paraneters used in an exenplary
enbodi ment thefblhdt. FEnRsAI el i 4' SS- ional_ vi.ew
illustration of thgir bl aggm%tﬁr(g{]%%o@?%ﬂ %E%&Oﬁlﬁogd% % ;Iaergﬁeg 1svlg &P ew

i | | ustrat i Acessestthas cat eehmoimically Gpair aufltdémensidnalin edssorb dheaedgesand e hi ned.

" FIG 4 is aside viewillustration of rounded corners of |eading edge
cut-back in FIG 3. FIG 5 is a side viewillustration of the blade in FIG
3 after welding of material to formbuild up over the cut-backs. FIG 6 is

a perspective view illustration of the repaired and dinensionally restored
bl ade i n MRIERDESCRIPTIONOF TEEAJREWIDE&R PTI ON OF THE | NVENTI ON

Illustrated in FIGS. | and 2 is a conpressor blade 8 circunscribed by a
CONMPr €SSOIThe foregoing aspects and other features of the invention are explained in the

following description, taken in connection with the accompanying drawings where:

FIG. 1 is a perspective view illustration of an exemplary aircraft gas turbine engine
compressor blade illustrating wear and/or damage along leading and trailing edges and
tip of the blade and dimensional restoration and repair parameters used in 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. |




casing 17 (or seal) against which the bl ades seal. The conpressor blade 8
includes an airfoil 34 extending radially outward from angadsf 9hde base 32

| ocated at a blade platform 36 to a blade or -airfoil tip 38. The
conpressor blade 8 includes a root section 40 ‘extending radially inward
fromthe platform36 to a radially inward end 37 of the root section 40. A
bl ade root or dovetail 42 is connected by a blade shank 44 to the platform

36 at th i ' t ti 40. Ref i to FIG
S PR DESCRIPTION G PR EREIOR 0" fe | cath ng. odge

2, a chor i's the lIine tween the | eadi ng edge LE and
trailing edge TE at each cross section of the blade. The airfoil 34
ext ends iIHustiated inoFIifl. Sleandl 2 € b comprdzstividede 8 direantiscripeddgyea chinpeassbra

trailing edge of the airfoil. pressure _side 46 of he . airfoil 34
faces in gdgﬁﬁ? %?P})&g?’é‘ﬁttwg‘ﬁllél?e%lééﬁtsfaén QOHEHI‘ES&P%HE‘%%/E ipcdudes @By and a
suction Sd'iﬂﬁl | [ ' ' 4 M is
general ly | gggié%lgﬂﬂn% }m;%Mn t gﬁ?ﬁ\/\%ﬂf%g%?)lwﬁ a%ﬁgt %R@g&}gggﬂﬁ

di recti or3i6 &F & éindbhe adfoil dipl 38.34'hel ®@mphasombladé St insludeLhyrost sdotonl 4ongl e B

varies fromthe platform36,to the tip 38. The chord angle B is defined as
e angl exAMESRARLY fHGrdiom eartar 35 torradinghyavasEander piibe saot

Cccasi on t t o) e e b

_conpr essiéf J:t:(izlcf';{lsigﬁg ‘ﬁgj?%%s%g’%:# V%Pgwgn?[sshﬁ?%%d%%ga%g}#é %?%Qétg%gtge&,

i ncl udi neplatfutny 36 atrthetoadiallgridwidand 3701 the Bbastetibh B03 Refdiéag taRIG. POR damagé
al so result jn |eadin Hﬁgnd trailing edge_ damage 53 and 55 on the | eading
3 ;ggo .

and trai IShall eofde 1y the lipechgtwesn the lspdingrrdgg Idbandhnilige eden TE, ni cks,
and tear : i ' ' - FeDay I r ss: for gas
by e 31 cRLeBLERSHn LPWRRARL The kAR R AR BERHE L 0]

| eadi ng drtvéenai leadige edigdsE andla tialing Bige TE&ahd aiffdiin Qd pieSsie gido@GRITENS] Ve
process for restoring the |eadi gg‘_ and trailing edges and tip of the bl ade.
The pr ocdBgairiiliidhecs iphe genced chirepijoraef rotrtigndsiiadicaied brigheaarawiand a34 to
det er m neéu&t?cﬂlaéiﬁé%-liFt -m@eétﬁe{{réi&‘eg ofr%aeF%iFfoﬂZand.té’ %e%ﬁllinregﬁi'f by limts
I nclude a m nimum bl ade thickness End & raxi mumchord reduetron’ which i s

for the aligpopddanidverytintiventhe itgodhaytin Shepeics@mise direétivh. cOaes te. aifbiler t he
blade 8 is found to, have net re ability requirenents the blade is

air
cl eaned Ly kaspdavist syherehyas ehorg apgle B vapigy drom the platiorm 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 présent 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 fﬁe
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.




Referring to FIG 1, the repair nethod includes machining away airf oi
material 50 along leading and trailing edges LE and TE. agdhg b6l al | y
outer tip 38 of the airfoil 34 to formleading edge, trailing edge, and
“tip cut-backs 62, 63, 64 having | eading edge, trailing edge, and tip
cut - back depths 66, 68, 69, respectively, of the leading and trailing
edges and radially outer tip as illustrated in FIG 3. The | eadi ng edge,

trailing ReERIngABIFIG. N, G H”gg I t he
original unworn and und amag%?& g@] %gﬁgﬁ% tlrﬁ%l3 | né%ﬁégﬁﬁ?@ﬁﬂﬁ#gﬁa
radial ly cnlomleadlpgaﬁdHmlmgledgesrlaﬁenﬂTEmnEIaGSdiamy aotdr 8p 3B thegiffollessd away

airfoil t al Iude the p lons of the airfoil 34 containing the
tip damagéd® ? é‘ﬁ‘g gP!etél%} g%?d P uh§ada - §anedyBaving leadingowge,

Referring ¢ f a e | ned away,
beads 70 ofEH11 456%65 9 ﬁ f{}%& H%ﬁt% k?’ggéd é)gﬁtaﬂgs%%tlb‘%lg ijﬁ{g% [eégge %al ling
edge, and trdiligge erlgebamkmcﬁélly &der tifas ThstratedEFIY. 3 MEheRhdingelgy, idlling2 1S
- machi ned aﬁ\ga% to obtain _desired finished or restored di nensions of the

o

| eading a and) U gutdngk slepthg 66a 88009 gre raeasared; frpm3be xigingl P@W@@t@d in
. 2
or 1 nconet 06 1BAIALAAd FRYRE LA 1P A burek 95 M5 il D %

used with ih@&Sof ahdhesd“lrﬁlmimﬂedrmﬁ@ralﬁbﬂsmakdhall 50 ifol6daR!thé yomﬁh@dfﬂﬁnt of
the present i nvent ion, blade material along only radially outernbpst

portions Serfei 3¢ sentewing Hig tindamags 12, rﬁ'gdé'éfgbngDE aad draflingesdgerdinage 5Br om t he

tip 38 to t Hﬂﬁfo chingg . bl ade
material a og’g' o%]gf adFIa Pf/’a(;ﬂ& fél?é %i‘a#ﬁ'w %lf(ﬂga%\%%{%#ﬂg c*'ﬁ%ﬂ’éc’hi ned
away. As beads Toeof wlelcmg iategidl 7P afd Geldéd odtof thell@idigy edgRU e GaE8Id30 i S
formed between the | eading edge and trailing edge cut- backs 62 and 63 and

unmachi nedPEitackn@2, P4, ¢4 Bherr soime ofthe weldapatarial is machimod awppia otsais 80 of
the | ead | f t foil
(e a7 00 P T 0o S e ©

corner hawityg tipn3 e itkGtard 1ﬁ81€i(3.1$ OEx&HpMB1 siE®ilRnatbhigls Dot &6 IR QT tions
80 of the_leading and traili ng.1 es are about half a span'S of the airfoil
cp

34 bet wedbroprk’ ks pAMES 58iket B8 sweeld winy istaneexgrpfasy (weld matdrial @2enpl ary
enbodi mentyp; weld !:Q%gd m%ro'tl?&fthgser%(f&i &%%rf%f‘s’?y to obtain the:

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 onljr 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 aiffoil 34
betwéen 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 corner 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
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desired finished dinensions of the leading and trailing edges and radially
outer tip by rough and then final blending of the weld begdgyril Pesy 1 ed
finished dinmensions of the 6 6 April 2006 | eading edge is obtained by
contouring of the | eading edge. Wl ding paraneters and cut-back depths are
controlled to prevent airfoil deformation that would require further cold
processing to qualify the airfoil for use. The weld bead is manufactured
with an RadigseledisRivasnt t jgng and
trailing edges a%gl radi al F{/e%ﬂt}t&heﬂrﬂl%%%%&ﬂ%%e hWe %ﬁﬁﬁ‘k‘eﬂéﬁﬂ% center
is one suiu-btledeptipoaraicontrélied to peevept arfeld defthmhm ﬁnlaieweulkiae@.umethrﬂmescrl bed

(. pr st PIROEHEH SBLet AGRIT REASF-of1be S head FRmI oL i
appar ent gigorhited glﬁ}ﬁ'alalr@%eld" %saa'i(;n e QL BR 13%{1%, 3 g‘@?ﬁ eﬁ%%nﬂrd it is

t herefore, desir be sec in t e appen

modi fi catnadmaﬁy astef tip] AnLiblidi I_Iam 500 we:ldipg cértterain dns saipabloippatend fov dit | on.
Accor di ng)g what is desired to be secured by Letters Patent of the United
States i $&5i nvention as defined and differentiated in the follow ng 7
clains. 6 April 2006 LI ST OF REFERENCE NUMERALS/ SYMBOLS 8. conpressor bl ade

Fii1 ot Cor THAE THAEIRAS bbh (SPARCRSRIn FREL UG cdall R e ekl SR
exemplary embodiments of the present invention, other modifications of the invention
shall be apparent to those skilled in the art from the teachings herein and, it is
fherefore, desired to be secured in the appended claims all such modifications as fall
within the true spirit and scope of the invention. Acbordingly, what is desired to be
secured by Letters Patent of the United States is the invention as defined and -

differentiated in the following claims.




37. inward end 38. blade or airfoil tip 40. root section 42. dovetail 44.

bl ank shank 46. pressure side 48. suction side 50. airf |A ﬁ@ﬁ ial 52.

tip danage 53. | eading edge danage 55. trailing edge danage Ieadlng

edge cut-backs 63. trailing edge cut-backs 64. tip cut-backs 66 | eadi ng

~ edge cut-back dinmensions or depths 68. trailing edge cut-back di nensions
or depths 69. tip cut-back di mensions or depths 70.bead 72. welding

material 7% out ernost portions B - chord
angle C jﬁsgg?gﬁgﬁb éﬁg@ﬁgA%§§¥ﬁ%§b§§ span T - tﬁickness LE -
| ead| ng edg. 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 cui-backs
66. leading edge cut-back dunensmns or depths
68. frailing edge cut-back dimensions or depths
69. tip cut-back dimensions or depths
70.bead
- 72. welding material
74. mmwdmwdpmﬂmm
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




TE - trailing edge ML - nean-line 6 April 2006 CLAIMS: 1. A nethod of
repairing a gas turbine engine conpressor blade airfoil, sgiagh swighod
conprising the steps of: nmachining away airfoil material along |eading and
trailing edges and a radially outer tip of the airfoil to forml eading
edge,'trzﬁ%&ﬁa edge, and tip cut- backs having cut-back depths of the

| eadi ng §i|ing edges and radially outer tip, welding a bead of

wel di ng mat er i Rln@RiPof liégyfair?ﬁggé \%g? ﬁﬂ'gﬁl’e éﬂ%&eﬁ}g?ﬁgﬁﬁ bladribilPs£gt - backs,

and machi ni ng away somne ead to obtain desired
fi ni shed methodosnpnsingthd stepdafadi ng and trailing edges and radially outer

tip. 2. Anmethod as clained jn claim1, wherejn th chining a airfoil
mat eri al al oné‘wtqli‘@m%é'd‘{aﬂgaléft?g ?nta%ﬁr{;} ﬁbo%ff‘égmign%? I%E‘%{ﬂf’%i# %vvay bl ade
mat eri al : e [ e L ONS . ead] d trailing
edges eg?r!(laln r(l)g[gfrrt1 ma?rt\]g‘l’ %?f%)?g{é)mgdr@giegagfgg% f n?&é g?t:é(} eo?‘ﬂwg’. l::“l&dmet hod as
cl ai med ibacks kdving cumbackedaptlishef tiededding gndwvailiny eddes ardtradially oatebng t he

| eadi ng and trailing edges includes form ng a rounded corner between the
| eadi ng #®ge and trailing edge cut-backs and unmachined portions of the

and Che base BHOPR” AR BF MeidiRE hiialcomd e | ERMOCIRT Sl 500, 03

t he out enAB%H debhél@Natd the leading and trailing edges has a | ength of
about half a span of the airfoil between the tip towards and the base of
~ the airfoil. Hachinieg hody asmeldditheweldbeddainpicgial tthebtainrdesived Snisbedrost

portion gf L Ak 19,300, WAL G RY98R BRIl Ggg Of about half 2
2 A method as claimed in claim 1, wherein the machining away airfoil
material along the leading and trailing edges includes machining away blade
material along only radially outermost portions of the leading and trailing edges
extending from the tip towards a base of the airfoil.

3. A method as claimed in claim 2, wherein the machining away blade
- material along the leading and trailing edges includes forming a rounded corner
between the leading edge and trailing edge cut-backs and unmachined portions of
the airfoil between the outermost portions of the leading and trailing edges and the
base of the airfoil.
4. A method as claimed in claim 2, wherein the outermost portion of the
leading and trailing edges has a length of about half a span of the airfoil between
the tip towards and the base of the airfoil.
5. A method as claimed in claim 3, wherein the outermost portion of the
leading and trailing edges has a length of about half a span of the airfoil between
~ the tip towards and the base of the airfoil,
l6. A method as claimed in claim 4, wherein the machining away weld bead
‘material to obtain desired finished dimensions of the leading and trailing edges
“and radially outer tip includes rough and then final blending of the weld bead.
7. A method as claimed in claim 6, wherein the machining away weld bead
material to obtain desired finished dimensions of the leading edge further includes

contouring of the leading edge.




the tip towards and the base of the airfoil. 6. A nethod as clained in
claim4, wherein the machining away weld bead material togoiippdpedesired
finished dinmensions of the leading and trailing edges and radially outer
tip includes rough and then final blending of the weld bead. 7. A nethod as

clained i@ cl ahmhé&hodBsERIMed HEclBme B WhaRipiRY cXRhé ahe adilindRldged ale t O
obtain desired finished di mensions of the |eading edge further includes
cont our i myt-dack hy abesid). 0%y telld2 indhes frapr néw pad aliBenstonsenilibelleadinglanidned i n

cl aim 6, whﬁr ein the leading and trailing edges are cut-back by about 0.08
to 0.12 iTAHBECHESm new part dinensions of the Ieading and trailing edges.

O o et 1 3SAGhGhR s bRk Rin/Uin BD@hEeh WRldihe faATRRAI Byt ul - Dack

depths are contro d to prevent airfoi r on that would require
further alepths goe oortsclladfotprevmabirfojl ddfermatidnahbt waeld réquisd fusihensoldl ai med i n
claim6, wherejn the v\glg-b_e d is manufactured wth an automated

pl asma- arRIOGEsFe S qually the aikpik he cut - back | eading and trailing edges and

diall X . _ | ai . : . h
rach; ni g ey aaftod bs sfhiflBy 30, 6 Ghlfeth e SRR ol MIBIRIETS, n o
t he | eadiwigh eﬂg@toinutém?lasmm@fm}elﬁ pro6dst alonigithe ofit-bdvk leshod oyl eolitieg 12. A

nmethod as clained in claim1ll, wherein the leading and trailing edges are
cut - back aggespsikadmllysutes th- 12 i nches from new part di nensions of the

o o AR e AT MeR BB St 10
def or fm_t_ir@d’teﬁilaeb obRdth desifsUiiShdddifdeRsions of theleRG8S %ﬂ%@ﬁirﬂleﬂ uRlidey the
airfoil. 14. A nethod as clainmed in claim3, wherein the rounded corner is
a sem - contouring of the leading edge.
12, A method as claimed in claim 11, wherein the leading and trailing edges
‘are cut-back by about 0.08 to 0.12 inches from new part dimensions of the leading
and trailing edges. |
13. A method as claimed in claim 11, wherein welding parameters and cut-
- back depths are controlled to prevent airfoil deformation that would require further
cold processing to qualify the airfoil.
14. A méthod as claimed in claim 3, wherein the rounded corner is a semi-
_circular corner having an arc and radius of curvature.
15. A method as claimed in claim 14, wherein the outermost portion of the
leading and trailing edges has a length of about half a span of the airfoil between
‘the tip towards and the base of the airfoil.
16. A method as claimed in Claim 15, wherein the machining away weld bead
- material to obtain desired finished dimensions of the leading and trailing edges
and radially outer tip includes rough and then final blending of the weld bead.
17. A method as claimed in claim 16, wherein the machining away weld bead
material to obtain desired finished dimensions of the leading edge further includes
- contouring of the leading edge.
18. A method as claimed in claim 17, wherein the leading and {railing edges

are cut-back by about 0.08 to 0.12 inches from new part dimensions of the leading
and trailing edges.

10




circul ar corner having an arc and radius of curvature. 15. A nmethod as
claimed in claim 14, wherein the outernost portion of the gl gﬁfiﬁ@gﬁ and
trailing edges has a |l ength of about half a span of the ai I‘#\I et ween
the tip towards and the base of the airfoil. 16. A method as clained in

C ai m 15, 1%her Aimethbé asrtdimed g chivayl 6)editréiaate wal beadds manufbitated desired
finished dinensions of the leading and trailing edges and radially outer
tip i ncl uvih apgutpmatedplepaa-are weld prosersiatepsihecntbagk laadingand frailing et hod

as clai m&ée?gﬁ#?&cﬁ@lﬁ@@t%ﬁéei n the machi ning away weld bead material to

obt-ain desrre rnishe nsions of the |eading edge further includes
contouri ngp,of Ahfethedds RhiRE@en cThén 18, MRlehaf the nikRiniRtaway weRl baall’,

wherein the | eading and trailing edges are cut-back by about 0.08 to 0.12
i nches f rmaterialopehtaindlesmsed finisbed dimansians aditheylcading edgefurihey incledes. 10 6
April 2006 19..A hod .as clainmed in claim16, wherein the weld bead is
manuf act u?oé]éouqﬂgt?}%ﬁ%%ﬂﬂ%?@gg‘d pl asma-arc weld process along the cut-back
leading apd trRihiRed a8 ¥ameaNt A 20| Whérdleihe! leRding Gnd ArdiBidededs cl ai med
in claim19, wherein the machining away wel d bead naterial to obtain

desi r ed faraicstibatkdisngbusit 6108 tof0. I hmchesafiiomonerd gart dimernsémsiaf¢hailtading

cont ouri ng of 'éﬁéa eadi ng edge. 21. A nethod as clainmed in claim 20,

wher ei n tH ®nd trailing edges ‘are cut-back by about 0.08 to 0.12
i nches from new part dinensions of the leading and trailing edges. 11
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