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,

damage ang .deterj.oration of |eading and trailing edges and tip of the
conpr essot - DI A8 I%E%?tgs E?u%asttBr_%(Wﬁ g‘ﬁ‘ﬁ‘%?ﬂml?rﬁ%? }aﬁf %Wﬁﬁfép K and
met al er oeidomh pARHUARI chYin@ BIASINARA ARG, £R'WAFHNY &8 nidferid b Bﬁj?d%@gi
stream During periodic engine overhauls, the blades are Inspected for

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 mxture

of a bi nddicumirtertiatigtdidpostd myvinghdastes whil statiomary vageat iThieaows bh stages of

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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6 April 2006 the substrate alloy. U S. Patent No. 4,878,953 provides an
excel l ent source of background information related to netlgogh bede
ref urbi shing cast gas turbine engi ne conponents and particularly for
conponents made wi th nickel -base and cobalt-base superalloys for use in
the hot sections of gas turbine engines and, nore particularly, for
conponents exposed to high tenperature operating conditions. U S. Patent
No: 4, 726hd Gdbstet iatlbed UNet Paeis Nor AR8(D5Beprividen ganHekdedlont Aburcead] ed

Tur bi Bl d_.Va I t t hods f | d f
a1 cool ol GRORROMEBOD B (CEPH |0 DS, (8t ESoREDBASTERE bl ne.
5, port 1 aamgpacts e pENcALAyIEFRGRAR ki Ml AEIIAN By oBBRLBL oD

limts t hesup@allk@ge“omsemﬂielm seidink 6T w&ﬂ)mdkdghﬁsaﬁd ahorUp@iitdodla!f@Cfdron
Wiile the seals are usually nore abradabl e than are the blade tips (so
that duri F§UOERHLY §RPOSCAL tor Bighi Wwperaturg: epsyatings cenditionst o .Be Pateat No.t he

acounul af o o a RACMGtod 5y BRI 5ok DR B o

event ual | yind Vagesfdidctdsenpniondrt imdehollh fdtvald eepaia bf &y 86618d tirbine dudedipand
cracks may ap ear in the blades especially at the blade tips such that t he

bl ades nedecleding puealeptipted or repl aced. Repairing i s nuch cheaper and nore
desirable. The tips of worn bl ades can be repaired, and the |l ength of the

%?geaingfos?ﬁ%egraggﬁbﬁgg&%rﬁga%% ¥ S en a di ngux%gg%ﬁ ?{%/Itﬂétl rr%]-"npg ﬁ%m? het P?p

to build wperatien,tthy tippoaticte st tiedraditiigisladys rub$ beitidhdryQlealS6V Edsalg, wad | known
wel di ng timrlnl ques (typically are_wel ding techniques) known to those

skilled i Hoifethg deaka W\eﬁ“@ﬁlﬂe&@l%wmamﬁemh@elawl fl%‘hﬁﬁé@m Pitdlgehe are
ei ther replaced Eﬁ; . Llﬁagéﬂﬁ‘é ! Ere"tﬁ?ayblgdépﬁgs"’e kSR rg]:ggglg‘glm(:h

is clearly nore a CoSt sav e ac eve

met hods hénterabgmis, degtoaeedls ot inhy e @ahpti@d blaveiipa\do sfeﬁiemalthecﬂﬂézﬁés
sprayi ng gr wel ding nmetal netallic filler onto a substrate to formor

di mensi on2FFAMG %@F@f eAgthe b aql%m@ne%terﬁer‘e@ﬂmes@e totpl| tipjwear increases to
the point that eventually, the efficiency of the blade and seal system is reduced and

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.lle‘r 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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airfoils.and nore particularly the bl ade tip. Damage and/or wear of the

|l eading and trailing edges and tip of conpressor blades tgpi ‘ﬁfiﬁé% reqw res
repl acenent of the blade and, therefore, a conprehensive repair 6 April

2006 process that can repair and dinensionally restore the edges and tip is
hi ghly desirable. The present invention is directed at a nethod for

cdge and BreE PebbarRPRERN oRRRaIN fonitreee it PR HRCR HSPUTAETFRIENTI O
The preserfhei ﬁl“é%ﬁlllﬁﬂ:ﬂtiﬁnaﬁsr@i&% of ar@PRbA | 38 r8p sz LUKBISr Hafla E

conpressor blade airfoil, The method includes machining away air

material &Poptpstasdiadedading leadnig anddraglitgpsizganad blade tipliweht andbortdamape.p of t he
airfoil to formleading edge, trailing edge, and tip cut-backs having

cut -back depths of the leading and trailing edges and radially outer tip.
Then beads of welding material are welded onto the | eading edge, trailing
edge, and tip cut-backs. Then sone of weld material of weld bead is

machi ned BRIERDESURIPTIONCOFEREINVENELON mensi ons of the | eading and
trailing edges and radially outer tip. In the exenplary enbodi ment of the

present invention, blade material along only radially outernpbst portions
of the leading and trailing edges extending fromthe tip towards a base of

the airfo ounded corngr na fornme t he
| eading olsbrEsePRPRAE A o d R A SR Bl PR T S o SREIBRL ¢ he

I eadi ng 'ﬁhuinethal inclngeseniagbmlﬂgeivm?ehfdﬂhﬁatmal alofi® &adipg ahd @4ifin®édgebgnd £adi ng
and trailing edges and_ the base of the airfoil. In a nore particular

embodi mentadiallyoutes finiefitheorepil ite form iradingridgetrailing odgs; ahﬂémprtglt-@mlar e and

radi us of her icular out er nost
port i on op it etk PGP ndcndiRe Snd Baiing Bt i aRRLTENRL Spu TR £
span of tli&dﬁlolffmﬂdimQthteﬁﬂ 4rBewdlddy . bﬁea/aﬂheaeédae%]b&g%e t@flideN&dgd] bAPkp- I N the
exenpl ary enbodi nent, weld bead nateri al machi ned away to obtain the

desired -Citibarkshedhen semeiofrieldmatersl ofewehdn@adne ‘machined ryvaydgesbtaind
22 S e ol S50 8 b ot oo
- In the exemplary embodiment of the present invention, blade maferial 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
o and then final blendmg of the weld beads. Desired finished dimensions of the leading
) edge may be obtained by contouring of the leading edge In another more part1cu1ar
_ embodlment, 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
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edge may be obtai ned by contouring of the |eading edge. In another nore
particular enbodinent, the leading and trailing edgées areguii Rk by
about.08 to .12 inch (2 - 3 mm fromnew part di nensions of 'the |eading
and trailing edges. Wl ding paraneters and cut-back depths nay be
controlled to prevent airfoil deformation that would require 3 6 April 2006

further co rocessing. t ugld .y the airfoil, The ld b -he
manuf act u_r%’&h i ‘ioﬁf cesgl&ggcﬁagaggjyr B%ﬁ&%‘lgt}@ Wt Beﬁ%%mggmﬂlgﬁ%u{gﬁé”@uﬁ back
| eadi ng angutbmatel iph@nRcdEe wvelhprocéss Aol the ButIRNck NédAing DRGSR E4RE angar of
the | eading and trailing edges and tip of conpressor blades " may be

repaired \/\Iaﬂmllﬁ’lﬁéfepﬁé-sent invention instead of nore expensive repl acenent
of the bl ades. Enbodi nents of the present invention provide conprehensive

repair prag e p}a% m cally .r.epai,r and di nensional ly.restore
t he edges g%&% psi/ B F%@ﬁé%%ﬁﬁm@{lﬁﬁdﬁﬁ#ﬂﬁ%&ﬁ%@@?s&gﬁlﬁs aspects
and ot her ieabeigmired withahe PrRBitiiRTendbe itRdaMBskeiRpétifre plabRMénd @f
-description, taken-in connection wi.th the acconpanyi ng draw ngs where: FIG
| is.a pergpeslhdes® RMBMirhéd! et @b i LS ERl ki 988, f;ur bi ne
engi ne conpressor bl adcl'-: iII.ustratQ%%&\ENelg{r;engi)ég/ P élérr(gdén ] 3%1%{%%5%’%9 and
trailing epfgesssestbiat can peasbmidedly pépireand miimetsimntly ogsedre tesddgedndaipsand repai r
- paraneters used in an exenplary enbodi nrent of the present invention. FIG
d i I nmbodi f th [ [

2 is a cross-sectional view illustration of the blade through 2-2 in FIG
1l. FIG 3 is aside viewillustration of the blade in FIG | after
cut - backs have been machined. FIG 4 is a side viewillustration of

rounded cdtREHEDESURIRHION QFEHEDRANINGS FIG 3. FIG 5 is a side view

i I!'ustrati on of the blade in FIG 3 after welding of material to form
PULIC U, O R e AR BBy PUERERSE bt o0 o
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. |




blade in FIG 1. 6 April 2006 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
IlTustrated in FIGS. | and 2 is a conpressor blade 8 circugst Besk by a
conpressor casing 17 (or seal) against which the bl ades seal. The
conpressor blade 8 includes an airfoil 34 extending radially outward from
-an airfoil base 32 located at a blade platform 36 to a blade or airfoil
tip 38. The conpressor blade 8 includes a root section 40 extending
radially ¥ NviEnEaghal |y inward end 37 of the

r oot sec??g%ﬁ%gygﬁgpggﬁ?ggegﬁ%%}et ar | i s connected by a bl ade 'shank
44 to the platform36 at the radially inward end 37 of the root section
40. Ref erlllustiptedinFFIGS. 2, aml 2 dheradnprestort bledaB rdwimns@ibedsbyt heomipressdret ween

the | eading edge LE and trai]li e TE t each cross, sectiqgn of the

bl ade. THESiaE 1 oy éess ag%%fnw@cgﬁhqﬂgg%wsﬁdaﬁ@@mm%w Bade géﬁe % | eading
edge. LE 46 34 bk@hdibf thfffoulfvalirdrll i BirfoliHabe STIRBRINE Bladb Yaesbinf 1 he
airfoil 3 aces 1 n 'the genera irection of rotation as indicated by the

arrow andtato & bbddecan ifcid tH838.s The dohgpraxsbrebladé @eincfuded e raot §eotibn @0d a
mean-line M |s gg{gl rally di sPosed m dwa% bet ween the two faces in the

chor dwi se&EXndmerpdially eyvvasd fogpthgplatfirm 36tlp aradipllyaaward ¢ndst? olHbe &f a chord
| B k ‘ B . t ' . B i
Gofi ned SEbEE4S] TS Rof ol Woltalfl 421 AfinblBa B o FE BK MaMOIME O 15

11, Cccagilatfiati 36 athihe radizfigdhwildyend BTefdenibesaeon B0a ke f@ring bsFIt 2, he
conpressor casing 17 respectively and shroud. 19 causing tiF danmage 52,
I

i ncl udi nghoplieof theiepld 344 the ling ketwemn the irading edgs LadBand/seiling sdertD danage
al so res ' gadi [ 1 apag 3 " Bb .on eadi ng
and trai %ttﬁaé}g%faes fﬁg%ﬂga%éﬁ@éﬁeggggﬁﬁg@g an(?llg %@%Qﬂﬂ%@aﬁd %%Pls}, ni cks,
and t ear setwdeh adestiantdder e atd 9 trallig@dpePEIof theediffod. A pikageside 4arofgas

turbi ne engi ne, conﬁr essor blade airfoils 34 with worn and/ or danmaged

| eadi ng -dhei2iekod; 34 fagesan dle sensarl dirsctiomel rofasignias indicaiedi by thesareamprdRensi ve
process fQr.: Skl | eadi 1 L-ad bi BT tip of. t.he bl ade.
The pr ocesgéml{nsgi%)é:sggloﬁlgﬁ Broeced%% ggﬁ}fn&?fﬁg p%%tigglge%%fln}%@ailsr%e%ﬂahy '
‘ 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. Occasionélly, 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.




34 to deternmine repairability. Referring to FIG 2, typical repairability
limts include a mninumblade thickness T and a maxi mum ghgylofgduct i on
which is for the exenplary enbodi nent is about 5 percent of the chord C
After the blade 8 is found to have net repairability requirenments the

bl ade i s cleaned and prepped for repair. 6 April 2006 Referring to FIG .1,
the repair nethod includes machining away airfoil material 50 al ong

| eadi ng an@efbfrio! 4 s _ : adiih t g t he

airfoil 34 Senty o?mrﬂﬁggﬁﬁ%k’:"ége, efgirgglilﬁ‘flﬁ%éerége, a%@ypﬁﬁt‘%@ -“Eaééci%é%fé’z, 63,

64 havi ng dlexglieading duydtrailingaidpesigh eddE aadd madiallg otiteb dip 3 8 phdsir68,3468, 69,

respectively, of the leading andg trailing edges and radially outer tip as

i || ust r at 49 PR &qa@ngfdg?h@?@&ﬁggf’g a@@é‘@,"“?‘bé&‘isi% 63 o0t Baving dading edge- back

dept hs 66, r £d.f e n ed

| eadi ng antéé??gai@%%gaﬁg%g?%g&gnw gﬁ’dggf’a |’gll% %%&g%g’r Gf@% Egﬁ’%@%

i || ustrat edchilingedgeSand fadkally Giterfiyeasilloliraed| iy, 3ai ThelehdiA@ k@gd, Qﬂailﬁ% g
' 2, an

~includes ':?ge portions of tége airfoil 34 containing the tip damage
the | eadi f§E&rdiirtrhagk slegibs dnfidcoSare mepsuns fromrthe prigigal voworg and,  af t er

mteri ol fRERRE B ol iR BB TN BRCTIEMRY radiah AR (F 18 ifus i,
cut backs Ga FIGS, 1 Gdd 3THer mashenedlavidyeinfbil ehateriab 50 dhclddesithe PEGidhaBLtANAY t O

obtain desinfg finished or restored dinmensions of the |eading and trailing
“edges - and AHRI df cyntamingsthey timdaagesS3, japd dhe leadingiand tragingsed asy

airfoil rdzal : I el .718. 832 or..l nconel 718
wel d wﬁrgq%gfgh %%@%% a?@ﬁgéﬁgz%% g%?%ﬁggfhmﬁé%%ﬂﬁygﬁgg%lﬁ@gﬂnﬁf?W@%Oth of
these ai rfoeads ThoLweRligs mhteriah @2 axewpldad ¥nMhe dediiy ede, HRnREE& Hnd

i nvention,, blade material along onclufy radi al |y outernost portions 80 of the
| eadi ng ari® wuEbecks ¢ 6daebsThen some oftheweldaataal #2ris machiaed ppaB® otdsiar ds t he

base of t Al E Qi [N i .l ade terial .al.ong only
2y adi al 1 yEsnChitiod o BRSO RERABK: of W8 IRk o nRhe (TR M aaT, her

i |1 ust r at edter nipF3&Gas Mustafed! iheFIGO16, I BREABArC A maRrikis Joosaed.J8stagen the

| eading edge and trailing edge cut-backs 62 and 63 and unimachi ned portions
74 of airfefonelAi8. 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 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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bét_ween the outernost portions 80 of the |eading and trailing edges LE and
TE and the base 32 of the airfoil 34. In the exenplary emgogdiipfds the
rounded corner is a sem-circular corner having an arc 76 and radi us of
curvature R The outernost 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 exenplary enbodi nent, weld bead material is
machi ned [@fNg b@zORMiAindd 18y oSS S heiisith & nW'eﬁﬁﬁg atnB@rd &fdi ng and
trailing ed egsbggnd radi al Isyouter tl% by rougﬁdgégﬁd t hen ﬁ?lirna f)l endi ng of
t he wel d Q)légdtsk ddpdlss are goitirolledite gratientemisfoid defoomatidrethét GowldrreduiO@fihéreadi ng
edge is obtained by contaurjng.af. the | eading ge,. Vel di.ng paraneters and
cut - back @i‘ﬁ?@%ﬂ% Behly thedine) fﬂ*é%nt aiweé(ggFaddéwﬁac%sﬁf Pitawoul d
require faudhRtd pheind-4E QR plons t%@u@éi o lihd Qi e weld
bead i s manuf act Br ed wth anﬁﬂoautsc?rrate gpagéncgﬁg@éﬁ%\gﬁl%ﬁ%@%%%ggesa%@ng t he
cut - back radialy ngtentip. #r hiburdi §.aed 66 webding catlemnis loye suitable dpparatus foi ther di  Laws
500 wel ding center is one suitable apparatus for the process. Wile there
have bee®'d®s%ri bed herein what are considered to be preferred and
exenpl ary embodi nents of the present invention, other nodifications of the
- i nventi onypaBahére DEvRPRRNCHschibld ﬂa%g; %Jﬁa{)h?edc&{bi&e?@d 2 by ‘;;Srgféhfeﬁgﬂmgeach! ngs

herein and, it is therefore, desired to be secured in R appended cl ai s
al I such exeuiplare ambodisieats d¢fahé pwisédtiinvantion t other mpdifications df sieopeemfont he
i'nvention cordingly, what j. esired tq be secured hy Letters Patent of
t he Un!té&a@t. Py tttﬂg&?f’ﬁ/ IF‘gr’rnaFQed’éﬁ‘ &qghﬂ%épac]aqngsf i a8del n the
fol | OW NGhébfRhdRiesied B bd s ih! i afiPeniEd BN MR OUH MR %
~conpressor blade 11, engine center e ‘

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.




17. conpressor casing 19. shroud 28. outer half 30. fillet or rounded
corner 32. airfoil base 34. airfoil 36. blade platform 3§ ad.i¥esgd end 38.
bl ade or airfoil tip 40. root section 42. dovetail 44. blank shank 46.
pressure side 48. suction side 50. airfoil material 52. tip danage 53.

| eadi ng edge damage 55. trailing edge damage 62. | eading edge cut-backs

~ 63. trailing edge cut-backs 64. tip cut-backs 66. |eading edge cut-back

di mensi on . b sback di nensions or depths 69.
tip cut-bggg%éﬁﬁgﬁgﬁgégﬁ%$S@@%Fﬁggéﬁggﬁggﬂﬁ%Z. wel di ng materi al 72.
unmachi ned_portions
: 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 cui-backs :
66. leading edge cut-back dimensions or depths
68. frailing 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




76. arc 80. outernost portions B - chord angle C - chord R - radius of :
curvature S - span T - thickness LE - leading edge TE - gkl 2018 edge M
- mean-line 6 April 2006 CLAIMS: 1. A nmethod.of repairing a gas turbine
engi ne conpressor blade airfoil, said method conprising the steps of:

machi ni nwsal rfoil material along leading and trailing edges and a
radially tip of the airfoil to formleading edge, trailing edge, and
tip cut- tback Qﬁfgk : fr{g‘éﬁﬁ: (g?gg | edges and
radial ly 1out e% lﬁ?élﬂ?o&g\(/)vgi’l% |ang aa% ag'ﬁg?&m% in e%ﬂri{?ﬁh&%@bilhgﬁ?eadl ng
edge, tr andthodcadpesing tnstepspoicut - backs, and ITB.ChI ni ng avvay sone of the

wel d bead material .to obtain eS| red fﬂ'h ni s{leg, diﬁgnslons he | eadi ng
and trailing 1%(?"?3&’&1550 ymétﬁl@} Qng, leading fradingse eél d2in clai m

1, wher ei, | @l _and

tra| l'ing gdélgsgo ncl L}{c}gg%ﬁﬁ@ﬁ%ﬂa{& Rt leag%édg% ter| af:&% ghga[gin y radially
out er nos bapley hiaving c@ﬁ-badkeddpﬂ@cbﬁ@e a&ﬂillﬁg and itmadiredgles aad radidilyguferom t he
tip towards a base of the airfoil. 3. A nmethod as clained in claim2,

wher ei n e nachi ni ng away bl ade
welding a bead of welding material onto the leading edge, trailing edge,

and tip cut-backs, 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 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.




mat erial along the leading and trailing edges includes fornming a rounded
corner between the |eading edge and trailing edge cut-backamanshgsnmachi ned
portions of the airfoil between the outernost portions of the |eading and
trailing edges and the base of the airfoil. 4. A method as clained in

claim2, gwherehmméthed Qélbl%hﬁ&ﬂn 8t 60ﬂ'h@1fe1ﬁﬂﬁleécﬁﬁ§|hﬂcﬂtrﬁﬂﬂlgterd§é§ hieg edges
has a Iength of about half a span of the airfoil bétween the tip towards

and the basdack bylabom(}(ﬁibtd()Iglnchemﬁphonbmpaﬂldalnnmﬂonsmfdhfalaadmg anderei n t he
out er nost 1ortlgn of the leading and trailing edges has a | ength of about
hal f as&é‘ﬁ §& ai rfoil between thetiptowards and the base of the

airfoil. &. A&%&Hﬁd %Cﬁhﬁé(ﬂﬁldclhl?? gl @h@i‘ o man é}ahfé balpgraway wel d

bead materlal to obtalin desired ni s ns o t he | eadi ng and
trail i ng degtssare aonkroliad fal gryventitefoil dgformatiancthat woulghrequict funier €oldal

bl endi ng of the vel dg@éalq" 7, A method as clainmed in claim®6, wherein the
machi ni ndPragGesyingLe qualatyd etk ial to obtain desired fini shed di rrensi ons of

t he |ead|01 8“&%&%& g@rclzh el Y& 1m0@$ﬂwei%glem%efdhﬁead e ‘Ilﬁﬂla i ng and

Apri | a|rre I'n erernt

trailing widges aﬁifoﬁaat@iaqblakmﬁ-lar(bwdﬂt}ﬁu&esﬁ alfhgtthe QutlBackredisg fudtmiliey par t
di nensi ons of the | Ing and trailing edges. 9. A nethod as clained in

cl ai m 6, efges andragdeally; et anet ers and cut - back dept hs are controlled to

Gual 1Ty e ai pathod Ebafiled AR 0O WEERM IR bR SR B RSEC U2,
bead is mAiAGh BN dekikdl Milsied diRhSiAnD bARRAALiAg BBESIRRINGE BfttuddkONg t he

cut-back leading and trailing edges and radially outer tip.
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




11. A met hod as clainmed in claim 10, wherein the machining away wel d bead
material to obtain desired finished dimensions of the |eadgng,f: further
i ncludes contouring of the |eading edge. 12. .A nethod as clained in claim
11, wherein the leading and trailing edges are cut-back by about 0.08 to
0.12 inchexs frAamethvd parclaigieden sladmsl 6 fwlidiein! tha diedd beatlistmanfhetgreddges. 13.
A nethod as clainmed in claim 11, wherein_ welding Baramet ers and_cut- back

dept hs arwith gp@ptomated plasm@v@meldaprpﬁ@ﬁsmlw ewnt-bark lerding apdiailingqui r e
further &Vﬁggaﬁ’cﬁ?at%ﬁaﬁ@&% qual ify the airfoil. 14. A nmethod as clained in

claim 3, rern corner is a sem- circular corner havi ng an

arc and rzgli usAGhetaod ‘ﬂ@‘blh'ilﬁed 1P clabn TSt k@@relf the siadB@ingnavayweldlBeadnher ei n
t he outerm)stggortlon of the leading and trailing edges has a | ength of

about hal matgri hisintdesired fifished dimensions of itlee laaémg@dae fythendnelndesbase of
the airfoil gn@ttgei ﬁd as, claimed in Caim15, wherein the machining
away wel Oc%%‘m F 19 0es B‘t ain desired finished di nensions of the

| eadi ng ayd trﬁ'xhétﬁ@d%@&%ﬁmeﬁ’]ﬁ Jadi Qd)|Mhé}*éh{efhetleﬁmh@%ﬁ%llﬂ%)éﬂﬁbsand t hen
final blending of the weld bead. 17. A nethod as clarnmed in claim1

wher ei n tdre cu’abdrulﬂinnqbcam/ﬁ;ﬂ&/wlwlzomhes framendvapart diménsiins ofélsé leadingi ni shed
di nensi ons of ﬁ%q&eadl ng edge further includes contouring of the |eading
edge. 18. ang &S - claimed in claim17, wherein the |eading and trailing
edges are cut-back by about 0.08 to 0.12 inches from new part di nensions
of the leading and trailing edges. 10 6 April 2006 19. A nethod as cl ai ned
in claim16, wherein the weld bead is manufactured wth an autonmated

pl asma-arc wel d process along the cut-back | eading and trailing

11




edges and radially outer tip. 20. A nethod’as clainmed in claim19, wherein
the machi ning away weld bead material to obtain desired f| &@ﬁ?ﬁ

di mensi ons of the | eading edge further includes contouring e | eadi ng
edge. 21. A nethod as clainmed in claim20, wherein the |eading and trailing
edges "are cut-back by about 0.08 to 0.12 inches from new part di nensions
of the leading and trailing edges. 11 6 April 2006 GAS TURBI NE ENG NE

COVMPRESSCOR BLA @Eﬁﬁgﬁﬁ@ 186 rI&pSa\f gas turbine
engi ne conpr es?gr bl ade al r@?lr I nmlggs Cﬂﬁl ni ng a\/va%ﬂg][@m | materi al

(50) along | eading and tralllng edges and a radially outer tip of the
airfoil to formleading edge, trailing edge, ‘and tip cut-backs (66, 68,
69). Then beads of welding material (72) are welded onto the |eadi ng edge,
trailing edge %ﬂg tip cut-backs (62, 62, 64). Then sone of the weld
material PoHRA T ed away fromthe weld bead (70) to obtain desired
~finished dinensions of the leading and trailing edges and radially outer
tip (66, 68:m&fdd J2 éﬁ@inﬂ@ﬂ?@a@lmﬂlﬁ@% %ﬂ{eyc&ﬁ Je@lok Yola@ dIESﬁ E' ons
(80) of the leading and trail E, ext endi ng romt tip

t owar ds ansebisingf awayeawforlfmatbnﬂa(zp) abngﬂedcdm@dnmm;lmgkdgem ankkd zadmallﬁr (30)

f d t he.l.ead] dt | d t Kk 62 63
and unmacAPRENP Gant ABRL ErATdracie caie Foi ins Sikp, BeL UBEH-BIHGS § a5
portions 8f) TR én B@a?ls o?aﬁ'lﬂlﬂg Mifferidl (7 ér@gyéiﬁ'élﬁént()ltﬁe 1ehBng e @ﬁhﬂ@se of

the airfoil” (32). 12
- edge, and t1p cut backs (62, 62, 64). Then some of the weld material is machined away
from the weld bead (70} to obtain desired finished dimensions of the feading and

trailing edges and radially outer tip (66, 68, 69). 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) is machined away. A rounded corner (30) is
formed 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).

"FIG. 6
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