METHOD OF REPAI RI NG SPLI NE AND SEAL TEETH OF A MATED COWP

APPLI CATI ONS This Application is related to U. S. ApplicatfyﬁNLoBELATED
11/104, 214 (attorney docket nunmber 128802(07783-0177)) entitled "Overlay
for Repairing Spline and Seal Teeth of a Mated Conponent” and to U.S. '
Application No. 11/104,171 (attorney docket number 128803(07783-0178))
entitled "Repaired Spline and Seal Teeth on Mated Conponents' both of

which are a 'g g &P i ¥ ety d ' i
; H@ﬁi@ PEAPANDIEERY 88T dPwenhitem and whi ch wer
also filed i%?lﬁ ?53 ngg; t egcontents of which are hereby incorporatedre
by reference in their entirety.COVBONEDE THE | NVENTI ON The present

I nvention relates generally to repair of mated conponents. Mre

parti cul N1 Sprl ;gn is directed to the repair of spline and
t eet h foﬁﬁtr%@h’%fpalfl?@%*ﬁe shaf t. BACKGROUND OF THE | NVENTI ON seal

This Application is related to U.S. Application No. 11/104,214 (attorney docket
number 128802(07783-0177)) entitled “Overlay for Repairing Spline and Seal Teeth
cf a Mated Component” and to U.S. Application No. 11/104,171 (aitorney docket
number 128803(07783-0178)) entitled “Repaired Spline and Seal Teeth on Mated
Components™ both of which are assigned to the Assignee of the present invention and
which were also filed April 12, 2005, the contents of which are hereby incorporated

by reference in their entirety.
FIELD OF THE INVENTION

The present invention relates generally to repair of mated components. More
particularly, this invention is direcied to the repair of spline and seal teeth for an

atrcraft engine shaft.
BACKGROUND OF THE INVENTION

A gas turbine engine includes a compressor that provides pressurized air to a
combustor wherein the air is mixed with fuel and burned for generating hot
combustion gasses. These gasses flow downstream 1o one Or more turbines that
extract energy therefrom to power the compressor and provide thrust for powering an
aircraft in ﬁight. Typically, a hollow shaft is axially Jocated within the gas turbine to
connect the compressor and turbine for rotation therewith. The shaft may be
intercormected to rotary components of the engine by a series of radially spaced spline
teeth or “spiines.": The shaft is typically manufactured with a forging, machining and

hardening process.

A gas turbine engine rotates in a single direction during operation and is a delicately
walanced machine. As the engine is operated normally, the splines on the shatt
transmit loads and experience wear, generally on a single face. Typically, 2 spline 1s a

thin member that interfaces with a mating spline on an adjacent part. The face of each
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A gas turbine engine includes a conpressor that provides pressurized air
to a conbustor wherein the air is mxed wth fuel and burned for
generating hot conbustion gasses. These gasses flow downstreamto one or
nore turbines that extract energy therefromto power the conpressor and
provide thrust for powering an aircraft in flight. Typically, a holl ow
shaft is axially located within the gas turbine to connect the conpressor

and turbine for rotati.on therew.th, .The , ‘] Rected to
rotary cHWPHHEAEES fis fhrdoTdRG IR %@h%b%eﬁoﬁggz%?&%ﬁgwﬁfﬁﬁgﬁd spl i ne
teeth orpregRlabRegatternl NEhishadat dnsthie)ipad akhymittiigubactessed Sabe hf #ef or gi ng,
machi ni ng and hardeni ng process. @atgas_t'urbi e engi.negor %eaérﬁs%u}en a single
di r ect i ofpbagy $aBaBIsSPER AL SRAEIIY STOEXANY SRR ¥ 3 SBAT B &4 hellhine. As the
engi ne i §,.0RGH ALAR P I BLAYe KBEISHREIRES comtidle mbakiatiigansmdnd oads and
experience wear, generally on a single face. T gﬁi}fg%ﬁ}\é@.a S %i.ne is athin
member t tebtild. ntferésaive sphivet weaa aemtd 19595 B if%ﬂ?:“f‘oﬁg Bt a‘g A€ The face
of each spline that transmts the torque fromthe turbine to the

conpr essof 1IEeypi cally wears in a predictable pattern. This wear on the | oad

transmtting, or pressure, face of the splines can cause |.oss of nmaterial
stock, t beriog emeigne whuid, she $wf i inspecieshtor defermine 483, 7BOYN OF WSHPY educt i on

of service.life of. the part, . L Sdokiat THIGhAM dBRGkiaes ebui | d.
Excessi vga‘%(ﬁllsicﬁlga?%arsu%%ﬁ?’dﬁe’ri%&é%]?lg?hﬁ%a@&?% of both the sp_Ili nes and the

engi ne. R dofpara t€hgicdaemehai detof dimengdraf and tgjeranespe dtsbaft thyt §E@Okr i ne t he
amount of wear on various contacti surf 1 NC i ne and
seal t eefHOTARSCRIARF tt‘}lﬁria’i’r‘?ﬁé’? G‘s%ﬁ%%’&%ﬁ%@?%? 1§18&aisg?}gg%1t‘vtegr?%{p§§j set of
di lrrensi oBsq Q?@wtﬁﬂifﬁi@ ii’dé},@ﬁ@;i infd @g @efjbhili iginel SOmQtasnh fdriSﬁaamngﬁteabm .
tol erances of the predeterm ne imensions is t cal l.y ;scra and a new
shaft i s i$ thsdecked aflpmateppraieilipdst I0B Higi a2 SBHE t%%%‘sgﬁp%%’ ggg%ging t he
shaft is e&gﬁ%ﬁk&%ﬁe @%E&H%ﬁvraq@@iﬂ&%@ﬁﬁmaﬁgfchbhamvmsmmdme t eet h.

e we

Typical | y751 r experiencéd by the splines is gnly a few thousandths
of an i nake piintsheithnegdwiiewkase thi opnesitsigresiad orgt Reid§isSqi bl e wear on
the opposite faces and tops of the splines. Efforts to repair the worn

face of shatl, SPLLDRS h: YEb A aasfinld8rwiBgintl: hetleo verom ace and

remachin S I'n a repaired shaft whose dinensions are
r est or ed,fatdndhamechimvatisdfact wvrataittdin prengied el WiIpst HENPFERSHFe face of

the spline. One of these inade riies. i siler @lthe change in
gain sizd® IFTirietfP?thﬁ\ée %ietqu%f’ f%%%@%%@ﬁg&ﬁ#Aﬁéf}%%@ﬁ%g%gl d g?gea. The HAZ
I's the reGhOsK HiseShideguindprogeraiesisl «ch driatirablcechangesinrgatin ysizaffitén ¢ by t he
wel di ng process. If sufficient heat is Ir erred i subsuat e,
ni cr ost r UseLEECH R éf‘%@ %fgtge i"‘f‘?@f@%@eﬁ"‘%ﬁ}g 1gseﬂ!;le %Fg)?lﬁs)g%éé@%ggssoci at ed
Wi th | oweg.ifiahiOme thideaBR sl b thewaldimd process. nifcsudfidierudteatr & t hat s
more susceptible to cr ackl%rlg and will wthstand |ess. cycl iC Sit ress.

Fati gue draskimg in arraidasr BB tAte TGRSTHIVE FHR L SFLITRifowh ‘Talse of

premat ur eczrfal%i sﬁgéﬁ? associated with lower fatigue life and results in @ material microstructure
that is more susceptible to cracking and will withstand less cyclic stress. Fatigue

cracking o the pressure face of splines are a known cause of premature failure.

Accordingly, there is a need for a method of repairing the spline tecth of a power

transmission shaft of a gas turbine engine that overcomes the inadequacies of the prior

art.

SUMMARY OF THE INVENTION
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Accordingly, there is a need for a nethod of repairing the spline teeth of
a power transm ssion shaft of a gas turbine engine that overcones the

i nadequaci es of the prior art. SUMVARY OF THE | NVENTI ON According to one
aspect of the present invention, there is provided a nmethod of
reconditioning a splined conponent to yield a reconditioned splined
conponent having slightly recl ocked splines, the nmethod conprisin

splir - g
provi di Agearda tonenk espeoboéribe pasenigingepions dhare yis providet almgthed led

splines, each of the | i nes conpr.i Si. ni.ckel - has and
havi ng &°SH Flﬁlélé‘gc%r?ﬁﬁ{‘)%d ﬁBmBOIbﬁrlTlggg u’lﬂgﬁf gcrgc%{lﬁ 1051Q§05§3ﬁ6§€§ gg@éh‘?gce
Opposi t gatihe B8 UFeBlobREE splifd, RE@Saethed f @eepriBaigh gprevidirigant bglired wor n,
the non-pressure tace being substantially unworn; identi fﬁl@gg a desired
vel d ar eemponestcliavisie whelwdity ppbJadinlly rspaead sphvssi gefy of PESover | ay

Cur T ace CaRARnS fERKRPRE RRTI arPhey i iRl SR FRARKL BRI 211D

surface ndrica e substantially
cylindriagdl a | iREpresurd d6@ ayosig @heplpuesalret Yacof thediredsine- Spac bding

spline-receiving grooves substantially conform, to a plurality of
radi al | yubspasialy spirinbs nem-RESSHG &Cﬁf@ll}&?ﬁ?ﬁ@“@g{g%‘@"?hé‘f“ﬂl}%é%%H of the

ol 2| GeARACEHaPRLL N6 LEASMIBRLARKER: BREAGBURMAR Rl oRATg! [ 10

the major axis of t ubstanti a yl'indrical inner surface, the inner
sur f ace comprigng amlidkglibasdd tsapaallxst, st fubilay ovasiay deving ssemter siifgcceadh of t he

desired wel d areas on insertion of .the .ality.of. radi ally.spaced
spl : nes 2 sybstaptpally; Eﬁﬁ&d&Féﬂog’é‘Fﬁ Ié facen they f‘fbﬁjﬁg{‘ﬂy ﬁ%b[}%é CF'I[a&P'“S‘F S%zgal ally
spaced ﬁm;bge% ioﬁl{u%ﬁheoﬁ %Hiaﬁ&-s?é{(%ﬁl %E)Iiﬁél%ei devdsnnabstantidigce

y con

substanti a tact's essentially each of the desired weld areas; welding
sel ect edoploringrts agflutlity afirbdinty spaged bplincs of pe sisgatiitwginesnging Bl r ed wel d

areas to hond. a | r of nickel -based superal.l o [l t ubul ar
overl ay @ @‘ %@@%Fﬁ‘ﬁé&'ipagqﬁw(i@?'rf%év%goro & m%?%gugg%gg%ﬁg&%?%%{}%odi fied
non- pr e$sHEE a$id CEiSihet AbsiBlidliyn@yliRifRal aindf Guliéd)ghs dheet edfato beingi t grai n

gromh in"a heat affected zone; and machinjng at | east %gporti on of
essent | abhfjguread o shbstansialy eontaceerartiallyt epchiod|the devsdnvald A FA ¥ e f aces,

t hereby .yi el di a recondid | N \WB9as ihGRidoy
r ecl ock 8B %gtg? p{}g frg r%cﬁg@ﬂf%ﬁélgﬁ%egq%@?fg%ﬁt Fegairing Sspline
teeth ofihaph@dlRg oFaEPANE Rpace@linadinis nigntubplas\wiveidasy sudiethabtheoinneri ni i zi ng
the alteration of physical propertijies adjacent a | d. yepai r_area, by
creati nguﬁaqeowhﬁtﬂatm?{mﬁﬂmaﬂﬁr%ﬁ@’ﬁmhﬁl%E%Q?éﬁﬁqqﬁﬁwg S’o'fvglldgﬁai r
materi alg C Sy LB YRRl Bthe MRkl ReRVAghg a full
met al | ursallegt§$ @%@%bﬁt%g&bﬁﬁg%pgi r v télr F%I and the substrate,
bond a layer of nickel-based superalloy derived from the tubular overlay to essentially
each of the desired weld areas, yielding modified non-pressure faces, the welding
{emperature being selected to limit grain growth in a heat affected zone; and
machining at least a portion of essentially each of the pressure faces to yield

remachined pressure faces, thereby yielding a reconditioned splined component

having slightly reclocked splines.

Various embodiments are directed at repairing spline teeth of a mated component.
One embodiment provides a method of minimizing the alteration of physical
properties adjacent a weld repair area, by creating a low heat input through welding a
minimal amount of repair material to a surface that opposes the worn area, while

providing a full metallurgical bond between the repair material and the substrate.



I n one enbodi nent, the present invention provides a nethod of welding a
repair material to a surface opposing a worn surface of a spline and
remachi ning the worn face portion to produce a remachi ned pressure face
consisting of original material. The nmethod conprises providing a
conmponent having a plurality of radially spaced splines for matingly

engagi ng a conpl enentary conponent,. each spline hayi .surface.

conpri si(lJ Png gebosimend. fhigcRressd 1BYSREAL rﬂ%‘é@‘iﬁ & mﬁ@&ﬁ%@ﬁ‘l{% % H&%Pr essure
f ace, ' repa A 0 FLefiNehi AmSRANMSI edndigal | nput
suffi c}AEljﬁat%r O@gﬂsﬁﬁ%@g@%ﬁggﬁ& s@%@i%ﬁé%ﬁ afrected zoneg,@l\f/:\he.r ein the
wel d ar égcel goridn e psdduae paetiackinad ptehaire daveproasisting of avginef matesiabpl i ne,

machi ni ng at | east a,portiqg‘ of the pressure face %o oﬁu e a remachi ned
pr essur & begeghod gomprss Ry HER ot %Vén%f‘é’ilérﬁ v ‘ﬁ{/r@ ]taﬁ?ﬁr?p?)cregvi des a
met hod %@ﬁﬁé‘é%& "hdifhey g&gﬁgﬂi@egtcoﬁpﬁn&ﬁéﬂwmﬁm@n@ REEH 8plinEhBavi@t ROd

I ng ITSt C

conpri ses provi onmponent of “a gas turbine engine having a
cont act satfadeameppisii aopresnct Acnant coom-pressuse face oppesife theopresfareiage.| v

opposi n e contact surfac ortign, wherein the fir . n IS

adapt ed%’f%‘;r]mg AR peterel @ Bﬁtegﬁfﬁd ngaﬁmél WHEsh aggl%{oiﬁ%%?lg%gg gogtg&sl t ur bi ne
engi ne GRAR h.in hORR dfftedGofe, VAR Ry RBldaRed Ret kantagdrticnbf dee
portion, defined at least in part by a worn surface of the contact surface
por t i onnowgireiswg face epiersphing.anachinipg at frastin RoiGAtAdhe PLRSFHE daG5dPt i on
using a he%& in%Jt suffici ent. to control grain growmh in a heat affected
zone, akHEEAIHAT C&Weﬁ@r%sgﬁﬁea%? "surface portion to a desired contour,

t hereby renoving at |east a portion of the contact surface portion.

Accor di ng 4 anitet caihotihemtetieogtesmntinveatioretiroddef armeghod iofigepaisp iane of a
gas turbine engine shaft conprises providi a conponent . havi ng.

pl ur al i Cymppnem defapl gass pabEE %’tﬂlliler'nesﬂ?"orm‘?ﬁ‘?q PP BTG & %8“%1 ement ary
component, WSk 80 oAl oh6iASbnORE AL Beohide: Srbkd bEn GAIRkbRLONA, pressure
face and a“non-pressure face; pPaC| g an overlay conprising repair

mat er i alsucfuer potieon pgancallyt ypposingpihie nesitact serfasee phdipnh axlierggn ghe duster
surface and an i.nner s(gr ace, the inner surface driﬁ{rensi oneE k0 déasfi ne an
aper t ur €OPBOReRt d5 \AGaptRd 1pF iptgmpitont oniast (WIBL & SREPYS RYRPHET &pdi P mat eri al
to a degfgf é'}%li& %ﬁﬁon&ﬁﬁqaﬁiﬁi@iﬁe% Wahiel L8 itlfe tRRadIGNrfagy poBbRE face of
the spline, the welding being perforned with a heat input sufficient to
cont rol dgfinechagleasttin maft by hewarmn siffaet efithecrpatach aeriargarieh gvalHidg gr essur e

face to produce a.rermachi ned pressure face e e vant ages
of the 6?%%%%&% %,HOWCPW%B%S‘%%&& rpeo%ﬁm% s ongt%ggﬁgﬁﬁ%w&r%agn%% det ai | ed
descri pfcbﬁﬂolograhh%rmf BY 5 aaeatfodidenhe, drak anchifingotheusmitdco surthdch t he

acconmpanyi n rawi ngs which illustrate, by way of ex | e, the principles
of t Hg ip)gwtgl?ﬂ m@rdesirgd contour, thereby removing at féast aypornon ofa tgg contact surfgce P

portion.

According to yet another embodiment, a method of repairing a spline of a gas turbine
engine shaft comprises providing a component having a plurality of radially spaced
splines for matingly engaging a complementary component, wherein at least one

spline has a surface comprising a pressure face and a non-pressure face, placing an
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a power
turbine shaft of an aircraft engine. FIG 2 is an enlarged parti al
sectional view, taken along the line 2-2 of FIG 1, with spline wear
exaggerated for clarity. FIG 3 is a sectional view of a power turbine
shaft illustrating a series of the splines of FIG 2 in which the

t hi ckness of welded repair material is exaggerated for clarity. FIG 4:-is

an enlarged. partial. sectional. view.simlar to FIG .2, illustrating an
exenpl ar 3"%45‘3 (COmPrIYRe Fppain piafEial %V%}eﬁmﬁg%aqf@%ﬁeq’? gYer}ﬁ%lﬁa‘ﬂ%%ﬁﬂ a? t ached
I N accor dafe ks hd Renikr ee@itt, thogst dueBce Hidensibneldso agfirerhapgede parti al

sectional viewsimlar tog FIG 2, illustrating an exenpl ary contour after
r emachi nithEeeive tegprphiy of gpiies.ordding dhsfepplt &"f?geé‘ﬁ]-o@cﬁ ‘?Féﬁ?daWFldtqii% present

| nvent i oRyp o fekSiheOubid eﬁeapﬁr BRGLHI ¥ResUi& R of 18 s‘?ﬁﬁé MR- RRIGALOBeRE the shaft
of FIG 1 having an overlay applied over the splinés according to an
enbodi memerfoinet véthi abeanimpotsullicient to control grain growth of a heat affected zone,

and machining the pressure face to produce a remachined pressure face.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings which illustrate, by way of example, the

principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is 2 perspective view of a power turbine shaft of an aircraft engine.

FIG. 2 is an enlarged partial sectional view, taken along the line 2-2 of FIG. 1, with

spline wear exaggerated for clarity.

FIG. 3 is a sectional view of a power turbine shaft ilustrating a series of the sphines of

FIG. 2 in which the thickness of welded repair material is exaggerated for clarity.

FIG. 4 is an enlarged partial sectional view similar to FIG. 2, illustrating an
exemplary contour of a spline to which repair materizl has been atfached in

accordance with the present invention.

FIG. 5 is an enlarged partial sectional view similar to FIG. 2, illustrating an
- exemplary contour after remachining of a spline in accordance with an embodiment of

the present invention.

FIG. 6 is a perspective view of the spline portion of the shaft of F1(. 1 having an

overlay applied over the splines according to an emboediment of the mvention.

FIG. 7 is a perspective view of the spline portion of the shait of FIG. 1 having an

overlay applied over the splines according to another embodiment of the invention.



FIG 7 is a perspective view of the spline portion of the shaft of FIG 1
havi ng an overlay applied over the splines according to another enbodi nent
of the invention. DETAILED DESCRI PTION OF THE | NVENTI ON Wi | e exenpl ary
enbodi ments of the invention will be discussed primarily with respect to a
power turbine shaft of a gas turbine engine, it wll be appreciated that
the invention can be used with respect to any nmated conponent havi ng
splines gr _seal teeth that matingly eng e a correspondi ng, conpl enentary

mat ed coﬁﬁgﬁéwﬁ3Qﬁ3§RWTKﬁf9ﬁ ESVEN r turbine shaft 10 of an

aircraft engine (not shown) to include a splined portion 12 and a seal

portion hileSRlenpRE, PALLAIRRND 2 MEliHeesoR Wk Usalistsf peRbkiipesi20 aligned
substantially parallel to the axis of shaft 10 and radp

| y spaced about
shaft 10Tespyct i & fvey dnbiae sbalipia e nuingsnpme ipwil] ke anpr%w%tb@dhe Spline 20
has an e tio%rcaﬁ%refﬁe&“ﬁ& Ifegié& B%%gﬁﬁe@ ch¥BhEA iy %%&Eﬂ @%g)?seapr wor n

portion, 3 a non-worn portion ortion I'ned by a
phant om tdeﬂnehaalmﬁyangmem csutdpan@@@pmaéﬂmmmted\mmpweam aircraft
engi ne, spline 20 was manufactured to dinensions defined by phantomline

38 and egfc@ Iyl lﬂ?%tz%ws L}%@eﬁﬁublﬁé’%ﬂ L@%ﬂ alie) Iaﬂ 5885%1%931%%&1 ?051119%%? !A\gsi hle)y

spl i ne 20, terior sur rn surface
ext eri or aspiired pertid@ latanp hantlgartianng. 3Blmed pogiby 12 nghgesa ahtday bf or

spline, of.a | ement ary. devi c sho r s,.transferred

bet ween ﬁﬁELEEQEBng%§h§m¥WgV@ Féﬁ%&? m@%@ﬁégqu§§%$?P% qﬁ&mear and

t he | ossafut R oporti on 32. As used in thls di scussi on, worn portion 32
is located on the pressure, contact, face 40 of spline 20. The opposite

face of l.Line 20 is ferred t.0. as, non- pr non-.contact, face 42.
G 3 i M EGEcsl Eﬁﬁhasglﬁ&f%% ROIHPER FPItST] HPER XUTEr MEEDT spl | nes
20 with nepak defiRt afiftal 26baatdrac Bedobhsdabe. Jz%ﬁfae:&@h}«&n ;foﬁ[b%l 4. materi al
50 is welded to the spline 20 using a focused ener | ow beat, i nput

‘el ding Pfee eggion évéffwd%ﬁﬂeé b egthariapl jne 18mndgetvern aéeéﬁcr%@’édlsii s
appr oxi n@vﬁtﬁin] Y ard Yirdafl dogirke; %pifﬂg) 20 Ryadl ﬁéfﬁsz&?\freﬁ@ @Bhé}fs%nw::ﬁhéhgbpr ocesses

are pul sed asma arc, mcro plasma arc, pulsed laser, and pul sed el ectron
beam Th ehanttun ding B&smh extemor sripeeedbr Bbting bp Wordpartiome? éiawgeea dostent s

wel dod t 87 oL oA &b ek gt oD iR Hn SRS o TR Sl 20" co”
reduce t htﬁ{dclé\ZSO |t ghantom line 38 matingly engaged a toofh or spime of a
complementary device (not shown), torque was fransferred between the shaft 10 and
the complementary device, resulting in wear and the loss of worn portion 32. As used
in this discussion, worn portion 32 is located on the pressure, or contact, face 40 of
spline 20. The opposite face of spline 20 is referred to as non-pressure, or non-

contact, face 42,

FIG. 3 is a portion of the shaft 10 which illustrates a series of splines 20 with repair
material 50 attached thereto. Preferably, repair material 50 is welded to the spline 20
using a focused energy, or low heat, input welding process. Even more preferably,
the weld puddle created is approximately 39.4 mils (~1 mm) in diameter. Exemplary
welding processes are pulsed plasma arc, micro plasma arc, pulsed laser, and pulsed
electron beam. The micro plasma arc 1s preferably applied at welding currents
between about 0.1 and 15 amps. In this manner, repair material 30 can be welded to

the spline 20 with 2 minimum of heat input into spline 20 to reduce the HAZ. If a



wire feed is used, the wire is preferably |less than about 39.4 mls (--1
mm in diameter. It wll be appreciated that welding repair material 50
onto spline 20 could be acconplished with a manual or autonated process,
or a _conbination of the two. Wen using a pul sed el ectron beamweld, the-
wel di ng process is typically acconplished with a voltage of about 100-140
kV and an anperage of about 5 to 10 rnA. . The pass rate is typically about
10- 20 i nches hout 25-51 c e jnute. It will be appreciated that any
t echni guéﬂr&rf%@%i% i%“%‘ifnzse@ﬁ{’ﬁ%h’e_ St &P EP W £d;* _SNaﬁgﬂ%% R he heat
input i s qe@d-Old ©lh BeOapPFRMeRAt hAXGEER)E Y al RALHHB0Wh dplind PE i
Excessive grain growh as used herein is an increase in grain size that

adver sel ye afqoapiishadruithra megnpal] orpubpentad BIOCEs, hecwptipgieon obtkov@et i ng re- use

of the spisne,.. [ r L ro ot efl ol ded i ne 20
whil e remeignamtagélﬁ%ggdﬁg%gﬁt %tQ%!é ‘\Xeaﬁ'd%% ?\‘k’%lﬁlge)l"eﬁ%)g%lgrrlgn?&%?o i ded, the
HAZ gr ai acenpéshednvibea woltage of abae d DE-¢60 k¥ g sofanipesige bhamuASTM Nunber 10,
as determ hed, by ASTM.E112-96 dar.d St aods _for. Determ ning
Aver age G anepus e Svara geou: I3RS HERb e 86 pi he Rt o Gener ot 1y
Fts S gci at edll bk Tabpzﬁd&i]iﬂfﬁ@}tﬂalﬂ gni tbellnxﬁq&p@g@hi tﬁxliatiaﬁ off adchgfiy@esClaf Gk IisedMBd ch can
ead to conponen ailure. Splines 20 are thjn, narrow projections on

shaf t 10,?0 r?&fg’éﬁ“%dﬂ?milf conraligd ity REVETY BRI VRIETR FHEPHBAE PAgut as | ow
- as reasomablsyivP Qs %M%sr&?&%rehh% &af 1:26tasOfin hen EAL B abgsdiy essure

face 40 of each spline 20. If the heat input were not controlled, HAZ and
grai n gr 6teds Waynasxiebprapdrtionefttheesnhon -NprEs8Lg E-Ysaektba splinér ough t he spline
20 to the pressure face 40, thereby negating the effectiveness of a

repair. TS orRuRl, OP&H%’:&%F%O% %ﬁheﬁrtg‘r’%ﬂn@ﬁ WEeUYeduddiemk gy peat i nput

limts the effects the repair to the -pressure face 42, which

t ypi cal | pdipeenptie weid.c bnthgcmbailitenipipvidedhethe grabniizedunibsgvidhar aal -
operatio s A n i i.f: g & ed and
R S R e e R G b
f ati gue. SAsdiveStestddethodsifoFD&ermdiningepatage MhtieSial Glniskzeaihtgacthedat o t he

spline in a nner that results.in a. build-u f repair. material 50 on the
non- pr esgﬁﬁu@g?‘é?g‘? ?fﬁ.geﬁ?‘éﬁy ﬁ%ﬁﬁ%ﬁfﬁﬁ%‘fﬂ‘ﬁﬂfﬁ@f’?’% gge Pfﬁgﬁg?ﬁ (S’h&? H°cont our of
a repair eeheBPkIhD 2P IeabkChonebitdgsre repaired pressure face 40° and a
repaired non-pressure face 42'. As wll be appreciated, after the

?ggla} Ir gg Sg i f%’sﬁ,é)a%fré-tfﬁzalf gg;r(?'vlv p?cgéctisoplg fo;[1 sgia(.)ft II%, zl;.r? ascgul.c ,e 1Ctl’is 3{25&%&%%@“ eating a
maintain the heat input as low as reasonably possible to reduce the effect of the HAZ
on the pressure face 40 of each spline 20. If the heat input were not controlled, HAZ
and grain growth may extend from the non-pressure face 42 through the spline 20 to
the pressure face 40, thereby negating the effectiveness of a repair. Thus, even
though some grain growth may occur, the low heat input limits the effects of the
repair to the non-pressure face 42, which typically is not in contact with any other
component during normal operation and thus the HAZ and grain growth if properly

controlied and limited to the non-pressure face 42 will not be a significant factor in

fatigue,

As best seen in FIG. 4, repair material 50 is attached to the spline in a manner that
results in a build-up of repair material 50 on the non-pressure face 42. FIG. 4 further
itlustrates in phantom the contour of a repaired spline 20' which includes a repaired

pressure face 40' and a repaired non-pressure face 42'. As will be appreciated, after
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In a preferred enbodi nent, the nethod of the present invention includes
identifying a repair area 45 on pressure face 40 of spline 20, welding
repair material 50 to non-pressure faces 42, and nmachi ning shaft 10 to
produce repaired spline 20'. The repair area 45 is defined by the area of
spline 20 to be nmachined to provide a repaired pressure face 40'. As w |
be appreciated, to nmaintain symmetry and bal ance during operation, al

i 0 af. shaft 10 will typicall | j | i
it or ol BSoHoR o et sttt SR R pE T Bl Ll Bl BT,

20" . Thegpressure face 40 of each spline 20 is nmachined to the contour of
repaired pressure face 40'. The non-pressure face 42 is preferably al so

hi ned t exc. i ial 50 to.pr. . i
o br oS 41 BETEES capo R SprHop e PR PR PRt R, | o

recl oc kesﬂe(?% 8184 orl Brewhien fee npasfagliho20, heclding gtpdl maadiladd toawat | ons  of
splines 20, but otherw se the repaired splines,zg' ha&@,dbgensLons t hat
are the swerofaceieids kyd prehisRasbat 19 HPraricgiTRRared SPFHEY - 2608 i t hi n
fit-up tOLETANCaRAN G (R blch UFshle3 fo HERAAMG W IpHVRIL0 repaliber
conpl eti on of machining operations. Thus provided, renachined pressure
face 40' poksispfacad0’20As Wil boapnrécaied. &6 mebiten SHRMEGY ged bapkeduFag eri al and

not of repair erial 4600 1@ thi: r f it Qnl F 1R Asdi W th a
hoar sur PRaaiq &y § h&ﬁ%??%’%%“@h@%‘?ﬁ%% repd R uiltidpich e gi nal
mat eri al soehai (s nbhpredasd fzecs ghiysproalic pipejret srlimes 2Wr Toplpraswge Qe and, in
usi ng the t hod descgribed herein, has not.been significantly tered by

t he me|dﬁﬁg§ﬁﬁ‘bagg?anSEBﬁ@Pﬁgkimﬁ“?@ﬁﬁi?f%%ﬁgﬁ-T%ﬁﬁeé%%a%%|§?%g a repair
material ;ho WakRe RRE b QP prafehblesbRshthdddodedbnal dxcis rarirghaalal 40 mensi ons
woul d provide a shaft with contacting surfaceﬁﬁihat.ggy havg undesi rabl e
prppertié@Iﬂmhmwwq$w%bm§bﬁﬁéﬁﬁh§§ﬂ4§hépﬁFH§0ﬁ' seairgd seireh el Herein

whil e prefigf@pl.tiient Sthd 90T GRA EdrinaPld RRSoRnd Nakiahrv@idsan vorn due
to noun' "use,” coul'd al'so be used, for exanple, to repair splines 20 that
do not copfimsiit o pthquiisethe refasedsrdiass 3O havedimpersigns teed §6ihe REBTr naterial
50 is typically built on_.nan- reqf A2 10BN CKRggSs0f | ess

t han abo ar%bi%i pane %greeeP%%lfly ?pzlégss?ﬁéﬁda ou?d% rr%o sr The repair

mat eri al il@yralee 2 applréesbiing 28 afkueabrldtionof npalsisieg opémti@sder to nini i ze
heat input on any one pass. It wll be appreciated that the buil d-up of

FeStor e (" PRpARFl BN PRE a0eit Sl SRS el O pddar?, 200
prior to fesedans inkSertliaequent regar mafhials 50.princthist mamive daftl d wp of
Py cknes OO hEIn SpsrT S ERE B TR B B BB Eras oy e
det er m negd;:Bo41 hBhint GieldRQrHIHYsisA HEARRIed€or splines 20 and, in using the method
described herein, has not been significantly altered by the welding process. In
contrast, a repair consisting of applying a repair material to wormn portion and
remachining a shaft o original dimensions would provide a shaft with contacting
surfaces that may have undesirable properties. It will be appreciated that the process
described herein, while preferably directed to repairing splines 20 that have been
worn due to normat use, could also be used, for example, to repair splines 20 that do

not conform to required tolerances for whatever reason.

Repair material 50 is typically built up on non-pressure face 42 to a thickness of less
than about 40 mils, preferably less than about 15 mils. The repair material may be

applied in a plurality of passes, in order to minimize heat input on any one pass. It

7



Al'so preferred, repair material 50 is of identical material as shaft 10,
-which materials are typically superall oys selected fromthe group

consi sting of nickel-based, iron-based, cobalt-based, and conbi nations

t hereof. Even nore preferably, shaft 10 and repair nmaterial 50 are

| NCONEL(r) 718, although other suitable materials could be repaired using
t he nmet hod descri bed herein. INCONEL(r) is a federally registered

trademar k owned by Huntington Al loys Corporation aof Huntjngto West

Vi r gi ni a“?ﬁ@eéﬁﬁxﬁﬁéﬁeg{&@ﬁ%b‘f‘}@@\f%ﬁeﬁ“ 7 ”1?’1;3% El(‘% I%geﬁhhﬁ“’% Pre€art and is
a desi gnaid:PBotioh 32 iNbekelo RAsRALS Hipekal Ipdie QONPiicdaft@ diBentiont 8s wei ght
percent chrom um about 19 weight percent iron, ahout 5 jght er cent

ni obi um feeasaliae A Prigp G LS3 ange 1y Kebsp@lcEe Heatno | §H5d BRI %gg%l BP $twei ght
percent t] ' : . | t ~-al Ui wei ght

Per cont oo g e oo e e bout 1

wei ght peemérireacaihizd iressarerfaod 40um typicdbolsterpirds namna) e hpereemrfasanganese, a
naxinunlgf about 0.35 weight percent silicon, a maxi num of about 0.1

wei ght percent copper, and the bal ance nickel. By welding the repair
material 50 to the non-pressure face 42 of a spline 20, the HAZ of the
repai r ed sipd pratersail,| tepdiemateiidcdnst of entiepwmiategel aschaip i @syictempgrals42'  of

repaired spline .20. T rai i.ze within this HAZ_.ma L.ar.ger than the
o n o 28 GPVGHT grRR Y AT Eed et die AP Rbohe o rike bRt 8 40 ror
appl i cat iagsl, tébelbatidagamtl SphbiRRicnk aerMC @Bt @iose preSiratg).eshatl@tandnal

direction, and therefore a press face .and a non-pressyre face on each
spline, &FRat HeeEH W g4y @ﬁlgpﬁﬂglﬁggli pet SlgT@Blﬁ materals Could e

repaired using the method described herein. INCONEL® is a federally registered
trademark owned by Huntington Alloys Corporation of Huntington, West Virginia.
The composition of INCONEL® 718 is well known in the art and is a designation for
a nickel-based superalloy comprising about 18 weight percent chromium, about 19
weight percent iron, about 5 weight percent niobium + tantalum, about 3 weight
percent molybdenum, about 0.9 weight percent titanium, about 0.5 weight percent
aluminum, about 0.05 weight percent carbon, about 0.00% weight percent boron, a
maximum of about 1 weight percent cobalt, a maximum of about (.35 weight percent
manganese, a maximum of about 0.35 weight percent silicon, a maximum of about

0.1 weight percent copper, and the balance nickel.

By welding the repair material 50 to the non-pressure face 42 of a spline 20, the HAZ
of the repaired spline will be adjacent the repaired non-pressure face 42" of repaired
spline 20%. The grain size within this HAZ may be larger than the grain size of
originat shaft 10 material adjacent pressure face 40", For applications involving a
spline that encounters a singie rotational direction, and therefore a pressure face and a
non-pressure face on each spline, alteration of the physical properties, such as
hardness and grain size, adijacent the pressure face may impact the strength and
service life of the component, while alteration of physical properties adjacent the non-
pressure face may have negligible impact on the strength and service life of the
component. Further heat treatment to alter the physical properties of a shaft, if
desired, may be performed and is envisioned as a part of the subject invention. Heat
8



har dness and grain size, adjacent the pressure face may inpact the
strength and service life of the conponent, while al teration of physical
properties adjacent the non- pressure face may have negligi ble inpact on
the strength and service life of the component. Further heat treatnent to

alter the physical properties of a shaft, if desired, may be performed and
is envisioned as a part of the subject invention. Heat 8

treatment is typically carried out at a temperature between about 1150°F to about
1400°F for up to about 16 hours using standard ramyp rates for the material selected 1o

reach the treatment temperature.

The use of wire feed welding methods may be used to repair splines in accordance
with exemplary embodiments of the inveption. While satisfactory results are
achicved with wire feed welding, to achieve a level of consistency and repeatability in
a production environment, yet another exempiary embodiment of the invention is

provided.

According to another embodiment of the invention, a method for repairing the splines
involves the use of a sheath or overlay that fits over the splines of the gas turbine
shaft. The overlay covers and contacts the splines and acts as a sacrificial source of
repair material for welding. The use of an overlay provides better control over the
amount of repair material applied to the splines and thus provides better heat control

during welding.

Referring to FIG. 6, an overlay 600 is a tubular device comprised of any weld repair
material, and preferably is INCONEL® 718. The overlay 600 has an outer surface
620 and an inner surface 625 that defines an aperture 630 through which the splines
20 fit. The inner surface 625 is dimensioned to substantially match the geometry and
dimensions of the splines 20 so that when the overlay 600 is placed over the splines
20 of the shaft 10, the overlay 600 is substantially immobilized by a slip fit with the
“splines 20 which are received by matching recesses formed along the inner surface

625 of the overlay 600.

The outer surface 620 of the overlay 600 may be defined by any cross-sectional area.
For example, the outer surface 620 may be defined by a circular cross sectional arca
as shown in FIG. 6, while according to another exemplary embodiment of the
invention, a cookie~cutter style overlay 700 as shown in FIG.7 is used. As illustrated
in FIG. 7, the overlay 700 has a substantially uniform thickness, decreasing the

amount of material needed to construct the overlay 700, in which both an outer



treatnment is typically carried out at a tenperature between about 1150F to
about 1400F for up to about 16 hours using standard ranp rates for the
material selected to reach the treatnent tenperature. The use of wire feed
wel di ng nmet hods may be used to repair splines in accordance with exenplary
enbodi nents of the invention. Wile satisfactory results are achieved with
wre feed welding, to achieve a |l evel of consistency and repeatability in

a production i_r onment { _angt her, e lmenhaof ahe

i nventi o?‘lldig%e g?%\??‘géﬁ.m}f@c%%ﬁengﬁ 8?%305%6}%5/?%0 i ment  of gtlﬁe Invention, a
met hod f@fduepBibe kplghet D& splines involves the use of a sheath or overlay
that fits over the splines of the gas turbine shaft The overlay covers and

contacts_the splines_and acts as acrificial. f..F i L. material
for wel o fpﬁé‘g@géo(‘i?@-a%%&/%“ﬁfa%g%‘f%&? 8s® g‘% e%?’ @%ﬁltiéraosfﬁ%\%ﬂrn&t he anount
of repai gs0RhEIE alonaRRY Jegthtof thevesipy i0@s Tamdcritelimepbéy catele inedd er heat
control during welding. Referring to FI

J s G 6, an over‘lé‘z?%C g@ﬁ if%i a tubul ar
devi ce covns ieaedpd kpgwndt Berah g araPardn e R4ehs tEF bty i"s" | NCONEL(r)
718. The,aver gy 880nRa%e 3RRUIRE 630 uERGLaEE AR dran obNgeE prutace 625
that defines an aperture 630 through which the splines 20 fit, The inner

surface BR540 sudiareprsisordacetdd of ihssTanes H)- | Ysinge pIcERe WrebnetsiFeand
di mensi ons_of

he, ol j . Beyrand
the spli ?1&?1358%‘6’%“1??%85"”2%%‘%"%53‘?*@6@%3W A0 VRS hRY 660 Quiisn Rbaced over

he overlay 600 Is substantially
i Mobi | i gesveby Borspregufei facaviof la tphiee 9P1 | Prsder@dy.vii obeldy ererpedsi et by

mat chi ng _recesses_f or ned ong t inner surface 6 f | ay 600.
The out efr&HPE BERUEIH %sc%%ﬂ%;e FII%SW egcgf)auﬁ%syg goerﬁ%ﬁi?trl%g V%:% §§'§ g W

Cr0ss- segt h2RALrodaB3 bofkRA a8¥daP heweriah® e hefi-peuntatec 620f tmyples def i ned by
a circular cross sectional area as shown in FIG 6, while according to

anot her éX%enpl ary enbodi ment of the invention, a cookie-cutter style
overlay 700 as shown in F1G 7 is used. As illustrated in FIG 7, the

over|l ay 'Z}Q.]Qe hased peHist aRtdabd s Bif BidBhicakplens, wedal easirmgstine amount
of material needed to construct the overlay,k 700, whi ch both an outer

surface Vaeatahwithmespadiey ths pe¥iasolaotbegknes (g0 ak%ﬂéfi?fl&}r% 2 FFAAsT i al |y
mat ch t h%re%&% oL 49%ot ta@ﬁln?epid, @Eﬁpgg-every other area defined by the scribe lines
640, which define an area over a pressure face 40 of a spline 20 for which it is not
desired to attach any repair material. . When the overlay 600 has an outer surface
defiped by a circular cross-sectional area as shown in FiG. 6, the di'&}tance from the _
outer surface 620 to the non-pressure face 42 of the spline 20, and the depth of the
weld, changes with each pass. Using precision welding tools as are known 10 those of
skill in the art, adjustments can be easily made after cach pass to control the depth of
the weld fof the subsequent pass. The overlay 600 is of a sufficient thickness to allow
heat from the weld to heat the inner surface 625 of the overlay 600 and thus result in

the deposition of repair material on the non-pressure face 42 of the splines.

The overlay 600 can be of any length, but is preferably at least as long as the splines
20 of the shaft 10 to avoid the need to use more than one overlay 600, and to permit &
single, uninterrupted path along the length of each spline 20. Preferably, as shown in
FIG. 7, the overlay 700 is longer than the splines 20. It will be appreciated that the
lengths of the overlay shown in FIGs 6 and 7 are for purposes of illustration and are

not dependent on the shape of the overlay.
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Referring again to FIG 6, the overlay 600 nmay have a series of parallel
scribes lines 640 running along the Il ength of the overlay 600. The scribe
| i nes 640 can be made using any method known in the art and are spaced on
the outer surface 620 of the overlay 600 such that the scribe |ines 640
define alternating areas over the pressure face 40 and non-pressure face
42 of the splines 20. Using a precision welding device, a series of weld

passes afe npde in t rea_bet . ' ] LGh area is
over a n%%‘-”ﬁﬁ%esa?me@‘a?egc eag?ur%e asn\ﬁiﬁ%]e&e\é\%? Eﬁé@@rsé’gﬂ@@‘,%ef e}lﬁ/\éle@,l%ds are nmade in
a di lrect(iéfgge;@alﬁgéﬂgal ortt'ainﬁimi_oac :‘Ill‘m bif iageazd isTha'tedej_rdto@a@ﬁsé{seclﬁ}-’ Puel ihon of the
overl ay to be netallurgical n as repair,material..to. the

non- pr es$@saligedebeas @meaﬂe‘%rﬁ‘i“f’%%%fo%ﬁtycﬁ%o? Tres’ eg({e{e%élg%” the scribe

l'ines 64Q.h854 BRGH LFAAPLBIGIbIveLaRE es t TRovveg 68 thei Beld épaatiae wi t h respect
to the next set of scribe |lines 640 that defineeéﬂrj\ area oyer

, a
non- pr essoppsd fependathe gbliaess ). ianeonpigient Riclsh Fig Pe 08 SY °0 WEY 14r B Hef i ned by
the scri i Wb RodRlk B8 @R RFER AR AR IRIFESM Bf e @ 40 of a
spline ZEE%P?%%S%%SF%&H%T desi F’edcto attach any rep%irr mat erial . Wen
t he over t@yact@ih Hespammesdit er surface defined by a circul ar cross-sectional
area as shown in FIG 6, the distance fromthe outer surface 620 to the
non- pressyre face 42 SBhd  basla the sslgpt hoOfnet Hanvedd, changes
with eacﬁggsg%’. g%%?sﬁgt%%roé'gﬁ?i ?ﬁ? \%g[leétlgng@{aqol S 31551 are kngv\% to those of
skil |l i ncdnae: Wrdeen adingshereridingoancdse sasirfipsiyadat afd wep @htfPhdds to

control the depth of the weld for the s toy : ay 600 is
of a suf FP&P8 ﬁfo‘ﬁ?ﬁé&fﬁé@g’etﬁﬁn }f%wlhglgt&?efr%%%%g _%?go;[no Eggtg%{l e inner
surface 625 @E shigsoner Thy BR076aNA7¢ hutcate shak twelding hen Hepusittd on of repair
material on the non-pressure face 42 of .the %gghne . T?S ﬁ %ﬁkﬁg 600 can
be of angtopredgigh Liglet risksofpheat aFgb Py ohEr AUGRREE G0t FHTCaSYt HE™EPPT nes 20 of
the shaf byd:ili0: P &lte ARESp iblia®, MDD Gudy @G Qu@BASOHAM and o
peinmt a single, uninterrupted path along the |ength of each %ftine 20.

Pr ef er abkgribedines hodafineranpira, foy weldies, Gltboyghyscribpling myhBrelReREs ™Y he spl i nes
20. It will be appreciat t heslheng Sl heaRves| aysshewn in FIG 6
and 7 aréﬂ?%Pﬁﬁ%P§8§%§$6?%ﬁFpﬁf?%?fon aggﬁgre not depeﬁdent on the shape
of the oVer| Ayn whids th pdakbendapiiesoildbeehnithest outrsydacendl padony 8 are known
to sonetines.occur at .points of weld initiation or termnation. Thus, if a
vel d is ST8F BRI asSERSESdi rect |y over the spline 20 being rePaired,
variations of quality may occur in the weld resulting in |localized areas
havi ng umgdesdisablding anesd dre knovoinaliear miaf bt heedve bebopplisnibe ivai@d or
stopped beyond the splines 20, a consistent wel an_he LeV over the
entire | A8 BIocEHe %gpﬁ%f’ AESTHG WHYE ﬁlhycfveﬁgaét Vfgl}l% a%lag%%htrhgc‘%td ﬁla"%ﬁar ea of

t he overl@ym790; Rld hih eanbachnivillch dohtbais flei weld d@Bs nbovesvlenn rpeeause the
overlay 700 extends beyond the splines 20, the s I%nes 0 cannot be seen
during t heatewsl dftory eopealey Ped radPhel yO GeaPEsEfd fFof’ (HbsPHRD, 770 may
be proviqgg(i e RS 68 rMirt et S hpiNa ia@R HBAeOf ApEI Nt's
before and a e&gt %%g%%?%es 20? %%gﬂtabs 760%m%70 i ndicate that wel ding
can be i nididiag ectoomplast, simpe gomionhof the peetiay g1t Fiackrslhy ek b §P¥er danage
to the splines 20 Lt wll . eci hat L the, 8t g oadashep tabs
760, 770 WEYHe™ %%%m%ﬁ&%8ﬁ%§ﬁgﬁﬁ%hgﬁﬁ%fq%%$$be | Thes to define an area
for wel difighinahd Bsegions.crasgrelionss disayssbib mavhindesparlyewmerhivisg fiy an

overlay 700 havi ng substantial.ly constant thick S ted in
FIG 7,iRF%WFﬁﬁmﬁﬁgmb%gﬁguﬁﬁﬁ“QS%ngg&ﬁ q%ﬁ@x@3ﬁ§%§§3§%%%%%%a%%ﬁface 720
perfothi &he [5a88.1f ungd LeRpRSSE Fidaeis | dife maclRhel i ko vaedxdésagepgol s as are
known in the art may be used to acconplish %ge.v I usaﬁﬁldin . processes
of the i nwenidovhersingveygvasrTaged 1 Bravfesth ??Hsﬁ? E’OD?‘P%E &Phhe“g‘ﬁ depth of
a weld rq$%§@%ﬂ$§ controlled so that the weld does not result in repair
material Tron e overlay being applied to the pressure face of any
spline. Furthernore, a consistent anount of repair naterial is applied to
- the splines. After welding is conplete, those portions of the overlay not -
attached by the weld, i.e., those portions contacting the pressure face of
the splines, are easily renoved duri b machi ni ng operations. As previously
di scussed, machining invol ves machining the pressure face of the spline to
provi de a snooth surface conprised of as-manufactured shaft material. The
non- pressure face is also machined to renove excess repair material where
the overlay was wel ded to provide the desired contour and di nensi ons of

t he spline.



It wll be appreciated that while exenplary enbodi nents of the invention
have been described wth respect to splines of a gas turbine engine shaft,
the principles of the invention apply equally to seal teeth and any ot her
conponent of a gas turbine engine having splines, teeth, sprockets, or
simlar features. Wiile the invention has been described with reference to
a preferred embodinent, it will be understood by those skilled in the art
that varj 18 8*&?{3&%@1& AR REIIRLENARE SEHALRNS IR R SRS bkdit ed for

el enent s ereo out departing fromthe scope of the invention. In
addi t i ondesmmiiryl withliskpesatd emwesel/a iges teliee eegippiapll. HePaeiPkS|% S| t uat i on

or material to the teachi depas takhg: from the
essentlaFW9§BBé@$W gﬁgq %Er%&ﬁ%@%mb%ﬁﬁgk?ﬁ e%%&g%%%%t t he ihvention not
be |'i m t Belideosplihes, Ratht ipodiats, emndboidirfemgredi scl osed as the best node

contenpl ated for carrying out this i nvention, but that the i.nvention wll

A e e A R e o P

reCOﬂdlthﬂnsguﬁﬂkﬁ@ﬂdnm@mﬁamﬁhﬂ1haMamgﬂmtwghn$yhmgmdm@kédngﬁbﬁmbs the
met hod conpr|5|ng rovi din ined co ent, havin |urality of
radi al | yedperdads B Smé‘éf‘ghforoﬁlﬁgf‘ g‘ﬁﬁoﬁg?g%%ﬁﬁﬁ’ﬂ‘?% Y& ﬂﬁ i ERBT - based

superal | gy th@m?veﬂﬁé(ﬁ NH 2B RS BOREIDhO &had LBMeSS U6 addpaaganindian
non-pressure face opposite the pressure face, the gressure face being
Vi

subst ant sialakign mnm‘ﬁemah 6o il 1ogetiBES P T T ABECTHER 1 hOUb dEP2HNZaTPY Hfwor n:

essential scope thereof. Therefore, it is intended that the invention not be limited to

the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.



identifying a desired weld area on each of the non-pressure faces;

provi ding a tubul ar overlay conprising a nickel -based superal |l oy, the
tubul ar overlay having an outer surface and a substantially cylindrical

i nner surface, the substantially cylindrical inner surface having a
plurality oljjﬁgally-spaced spline-receiving grooves substantially
conform ng lurality of radially spaced splines of an aircraft
turbi ne engine shaft, each of the radially-spaced spline-receiving grooves

bei ng substangi al | rallel t he. m] X : e '
cyIindricaIﬁr%ﬁ%#“%d@ﬁggg@ﬁ§ﬂ%gfhsg?gghgﬁ%%%hagﬁéaaEbﬁ?#gﬁ%ggf?gagy

subst ant i al doyeponut beyingeghelytreddokyd eiinds, bhé methed deirsagd: wel d areas upon
insertion of the plurality of radially spaced splines into the tubul ar

overlay; inserting the plurality of radially s ed splines int he

Cubul ar ovePegmE et apprsnd tavde eyt sHREE SreeRr oS shitdl e

essenti al | yspiaghtopibridiftea dkdlbedd wepethliay and havivyl diunfcsangeivieg aposturons  of

t he tubul ar over%ay corresgo ding to tge desire%%mehd areas 4 o Qond a

| ayer of ni@RerihdsBePRGHE aEF%y§B%Wth8 RS ¢ A ¢ Op ISP "oVt &Y% o
essent i al | ysubagtiallf whinethe aai-predunaticd baing abstaptiadly dhwgnnodi f i ed non- pressure

faces, the welding tenperature being selected to limt grain growh in a
heat affected zane; and nmachining at_|east a @grtion of essentially each

of the presi€eftdyingzdesiredvsid ateyon Gagh ehinnBYP FSWE RS aces, thereby yi el ding
a reconditioned splined component having slightly reclocked splines. 2

The met hod QBviﬁihgiamuﬂmlchJma; ShAgrideah nidkeriabdadsuphiandw i abulavevekiay and at
| east one of the desired weld areas )
having an outer surface and a substantially cylindrical inner surface, the substantially
cylindrical inner surface having a plurality of radially-spaced spline-receiving grooves
substantially conforming to a plurality of radially spaced splines of an aircraft turbine
engine shaft, each of the radially-spaced spline-receiving grooves being substantially
parallel to the major axis of the substantially cylindrical inner surface, the inner surface
being configured to substantially contact essentially each of the desired weld areas upon

insertion of the plurality of radially spaced splines into the tubular overlay;

inserting the plurality of radially spaced splines into the tubular overlay such that the inner
surface substantially contacts essentially each of the desired weld areas;

welding selected portions of the tubular overlay corresponding to the desired weld areas to
bond a layer of nickel-based superalloy derived from the tubular overlay to essentially
cach of the desired weld areas, yielding modified non-pressure faces, the welding

temperature being selected to limit grain growth in a heat affected zone; and

machining at least a portion of essentially each of the pressure faces to yield remachined
pressure faces, thereby yielding a reconditioned splined component having slightly

reclocked splines.

2. The method of claim 1, comprising heat freating the tubular overlay and at least one

of the desired weld areas.
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3. The method of claim2, wherein heat treating consists of heat treating
at a tenperature between about 1100 F. and about 1400 F. 4. The net hod
of claim1, conprising nmachining the nodified non-pressure faces to yield
machi ned nodi fi ed non-pressure faces. 5. The method of claim1, wherein
wel di ng conprises feeding a weld wire to at |east one of the desired weld
ar eas. 6. The nethod of claim1, wherein welding conprises welding with
a pul sed pl asirdhamethodofivaim @, phasmheanreating norglseof hantrésiagyt ageppdraed | aser,

or conbi nat s ther op hod of claim1l, wherein the
ni ckel - basehequvﬁeﬁlear%a tﬁgélo co%rﬁbglétg(i% out 18 wei ght percent chrom um about

19 wei ght percent iron, about 5 wei ght percent ni obi umtt ant al um about 3

wei ght perce I about 0. rcent titaniu t 0.5
Wel oht ber cont ANt Tt e eet Bt SRR e B, AP 000
wei ght percezaldxhnnhmedmadlﬁm«ommmsmfre&bwt 1 wei ght percent cobalt, a

maxi mum of about 0. 35 wei ght percent manganese, a maxi num of about 0. 35
wei ght percent silicon, a nmaxi nrum of about 0.1 wei ght percent copper, and
t he bal ance . dkelmethod o8claihhé, mﬁmwemngédes,feedhgrmadtvhe ispt leaed

conponent is a Of%]ha(feme(a wefy 983 tur bi ne engi ne.

6. The method of claim 1, wherein welding comprises welding with a pulsed plasma

arc, a micro plasma arc, an clectron beam, a pulsed laser, or combinations thereof.

7. The method of claim 1, wherein the nickel-based superalloy comprises about 18
weight percent chromium, about 19 weight percent iron, about 5 weight percent
niobium-+tantalum, about 3 weight percent molybdenum, about 0.9 weight percent
titanium, about 0.5 weight percent aluminum, about 0.05 weight percent carbon, about
0.009 weight percent boron, a maximum of about I weight percent cobalt, a maximum of
about 0.35 weight percent manganese, a maximum of about 0.35 weight percent silicon, a

maximum of about 0.1 weight percent copper, and the balance nickel

8. The method of claim 1, wherein the splined component is a shaft of a gas turbine

engine.
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METHOD OF REPAI RI NG SPLI NE AND SEAL TEETH OF A MATED COVPONENT ABSTRACT OF
THE DI SCLOSURE A net hod of repairing spline and seal teeth (20) of a mated
conponent (10) is disclosed. The nmethod includes a | ow energy input weld
to deposit a repair material (50) on the non-worn, non-pressure face (34)
of the splines (20) while mnimzing the HAZ grain size. The splined area
(12) of the conponent (10) is then renmachined to the original spline
contour by rbﬁrﬁ‘ﬂQ@W%&PMRﬂﬁﬁtS@rm%lﬁA‘PANQrﬁEfHeT\E@rTﬁEOErPe teDf ace (40) of
the splines (20) and excess repaj M T (50) to produce a nated
conmponent (10) with radially re?gpbckégé§g:ines (20') that have original

conponent material on the pressure face (40') of the teeth (20'). Fig. 2
ABSTRACT OF THE DISCLOSURE

A method of repairing spline and seal teeth (20) of a mated component (10) is
disclosed. The method includes a low energy input weld to deposit a repair material
(50) on the non-worn, non-pressure face (34) of the splines (20) while minimizing the
HAZ grain size. The splined area (12) of the component (10) is then remachined to
the original spiine contour by removing original material from the worn, pressure face
(40) of the splines (20} and excess repair material (50) to produce a mated compohent
flO) with radially re-clocked splines (20”) that have original component material on

the pressure face (407) of the teeth (207).

Fig. 2



