METHOD OF REPAI RI NG SPLI NE AND SEAL TEETH OF A MATED COVPONENT RELATED
APPLI CATI ONS 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 of a Mated Conponent” and to U. S '
Application No. 11/104,171 (attorney docket nunmber 128803(07783-0178))
entitled "Repaired Spline and Seal Teeth on Mated Conponents' both of

whi ch are asgi Iéfiid; APANDEr R §88MH OPwehiTem and which were
also filed Eir—:?ﬁ%%ép%ggl t egggntents of which are hereby incorporated:
by reference in their entirety.COVBONEDE THE | NVENTI ON The present

invention relates generally to repair of mated conponents. Nbre

parti cul N1 Sprl ;@n is directed to the repair of spline and seal
teeth foﬁﬁ%’rgbr@alfl{mg%lﬁﬁe shaft. BACKGROUND OF THE | NVENTI ON A gas

turbi ne engine includes a conpressor that provi deslﬁr essuri chg air to a
conbust oThishepdicatidnhs @lated © B Scedpmicaior 36t 13AG4 B A8&PTPOT dféRer ati ng hot

conmbusti on ga ses. fl. I I £t ur bi nes

hat ot PR R T RED b RS e L e p e st
for powesi AOAAR! @ofpbdht” il fd UdghtAppTiygionalNby] 1/ W45 ewemtiatecke’s axi al |y
| ocated within the gas turbine.to connec e COMpI. bi ne for
rotati onmﬁfﬁ‘é‘?’fe\/agfg@ﬂ(%ﬁﬁé'ﬁéﬁg# o b eﬁaﬁf’%l’gt(?g]ﬁ%%ﬁaﬁ tslts)e%ﬁho g%&%a(’)ﬁponents

of the e@g{nggn&ysw%ﬁqyfiv@@h%e hathnal koy/ths pasigtkesillia@edenieintention ispl i nes. "
IS typ

The shaft ically manufactured with a forglilglg‘,here chi nin acpd

har deni nghphoesss glso filed April 12, 2005, the contents of whi ¥ 1ncorporate

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 “splines.” The shaft is typically manufactured with 2 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 rotates in a single direction during operation and is
a delicately bal anced nachine. As the engine is operated normally, the
splines on the shaft transmt |oads and experience wear, generally on a
single face. Typically, a spline is a thin nmenber that interfaces with a
mati ng spline on an adjacent pan. The face of each spline that transmts
the torque fromthe turbine to the conpressor typically wears in a

predi ctable pattern. This wear , R aTe ressure, face
of the siﬂl’i“?\g?t ‘Eﬁﬁmé%—é;g Orﬁg%go%gg err%élf%z?‘li %ﬁg%%%n?ﬁﬁg%lﬁg#g% }éa‘?ti{a(r)% of a stress
riser onpthigmplessime Thsewandor tduotd annofittegr vi pesiid. dfagf of Be part,

event ual?y_ necessitati ng% an engi nfr{%ebpi' I.d.%tExcessi.v§osQ1[lé é}%ss‘ﬁ?&ar coul d
resul t i #obimay famr@ustlopgtimateed! SOk 8% SRR He? BT RET °BUrS Rg an engi ne
rebui | d, cfhe, shakicibs ofRaRReted dromeetser mvagudihencasmiuningodn wegre on vari ous
contacting surfaces, including the spline and isga&lc}g]eet h. Thg Shaft

di mensi orebuid.e Foosspiar splineoweer proalfetea i &4Iuge T BPth dhereEed ALS 41

tol erances. A shaft that is not within acceptabl e tol erances of the

pr edet er %0 di mensions is typically scrapped and a new shaft is inserted
into the rebuilt engine. One reason for scrapping the shaft is the |ack of
adequat eDudpain engthobsild, dhe 138 igispecss) ﬁﬂn‘@tetf@é’te%he FPHE A P52 The wear
experienced by the splines.is 3 Iths @hft andniehs on the
pressur evﬂ%"%ﬁ‘fe{w 5%1'6 |%é$s°?u@m£%%m§%%r%%§d%ig&égﬁggrﬂo§nﬁt he opposite faces
and t ops afcotrparedmd i pedetedafih@r tesof dmeppansant hejenanres Aball 8t 5A8Ft spl i nes

by welding a filler terial .to the wor.n «f : o T i his face
have res®{EYaeRPAPYE Qgﬁ?@a of ﬁ% pregRGIKnes ﬁ%ﬁe@?%%glsa wg]’s%ga gd, but have
i nadequat,gq NRLR Al is RELRET folctBe adbullhengitee Bierreasha ée sabippihg tephifhe. One of

t hese i nadequate properties is_an undesirabl e change i.n.gai,n .size within
the beat imfbdeked adeate cenan pythegs (ORI Salflbea‘:?ea#hgﬂﬁﬁ%g" ?‘etvﬁw

e region(s)

sur roundicig. 8.0l hd\Qhd € oM A A Hardh QT o8 thoin Ukgrusliditang ofr 0Cess. |
sufficient~heat is transferred into a wel ded subsuate, mcrostructure
grain si zke géines, mith eegigiblawkarogahe gprerile Sreent ©OraeEbesaiEd with | over
fatigue life and results in a material mcrostructure that is nore

suscept | lﬁﬁo k Qo S KNG R R W L}#aﬁv\é GRSt ANRIESS § MXEmberigtt @sSworkrat i gue
cracki ng PR |§’r essure face of splines are a _known cause of premature
failure. fAecaddenghne thivdae hayve geméied if prcrairerotBE PV IvEe ABFASPPHYCt he spli ne
teeth of a power transm ssion f 8. 92Smi WRLAE £RRGE AR iiat. overcomes
. - b Tt . DL .

the i nadé&ﬂ%@%ﬁg@ig}?\'ﬁ ngheﬁ}l?t rmf"ﬁ‘lgr%"‘ltpf(%Ie s ¥ R Stp

One of these inadequate properties is an undesirable change in grain size within the

heat affected zone (HAZ) of the weld area. The HAZ is the region(s) surrounding a

weld that are measurably affected by the welding process. If sufficient heat is

transferred into a welded substrate, microstructure grain size can increase. A larger

orain size is associated with lower fatigue life and results in a 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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art. SUMVARY OF THE I NVENTI ON According to one aspect of the present

i nvention, there is provided a nethod of reconditioning a splined
conponent to yield a reconditioned splined conponent having slightly
recl ocked splines, the nethod conprising: providing a splined conponent
having a plurality of radially spaced splines, each of the splines
conprising a nickel -based superall oy and having a surface conprising a
pr essur éctardmgatdose rspechof ghe peestricavepjses ithese tin orgiideds armethad ©f t he

pressure face being substantially wor.n,. th - Pr.es f jyng

subst anf§qP O’EﬂﬂﬁogﬁPH?‘?idteﬁ?WW 9 Hggi %er C(\)r/%}(élﬂg% g?e%&%%d ég{éﬁog‘fg{tt he

non- pr egsHhe JiRhAS; reBlotiedisPine, tHO Uhaho Venisingo nprovigingg aasplinellel - based
superal I oy, "the tubul ar overlay having an outer surface and a .

subst antombénent yhavingr iac aluralifiepf Jediale espagade sBlimsst £ath Af) PecyPiNGdr i cal

i nner surface havi Lural i f ' . I ne: [¥i ng

gr ooves C%Bg?g%ginéq@?bg%s%%fs to er%‘nél?](é' %(()fl %qgﬂgﬁér Aa‘%‘ﬁa?@@‘g?&?%’% %Pﬁ?&g%g‘{ggd spl i nes
of an aiqrgrafjontpeRune fenrgioppostattic peasireofacthehe gutesliey fapabeidg
spline-receiving grooves being substantiallngar?llel to.the ng%or axi s of
the subsebstaniially yvasy, the drNCRIESSUF Bice DgigasubStapiially; pmwerns ifenIRanE, 8i ng

confi gur 0 b [ Y, tact §ﬁ§p -l MoGaa 2fuble gesiaved wel d
ar eas uggﬁmlhn‘ggllrdt‘%%%%%f%che(ﬁgﬁlgrlgﬁ ‘%"'3 0 ?dgg%’al?ﬂﬂloy g%aced spli nes[yi nto the
t ubul ar comefisiay a nickebbided gupdrallqy, theaubtlpr oferiag dinwing ynopter surfagsiandes int o

t he tubul ar over]ay such that the inner surf substanti al | ont acts
essenti &l ﬂ‘?s@&%ﬂlyo?ylﬂqgcﬁe@?%a%dﬂ% Si’é{ﬂ“ﬁ@fyd FﬁbnélgglegwgB%%%aﬁei ons of
the tub?{hﬁﬁ%ﬁ\éer}g@éliﬁpr6tesl%ﬁf&ﬂiy%9aéeg_ tdpBndesiiag Wabevar eabsthltidignd a

ni cke

| ayer o ased superal l oy derived fromthe tubular overlay to
essent i abhfprmgtto afplerabtydegadiety wericad splings of gn airerefi guibingiengig shefh- pressur e

faces, th di n emperatuyre being sel ected toqlim: i hin a
heat af F’%@t %\"2 ?lfyé%“?fg%ﬂi]inﬁfﬁcgew g PERSH® genrl)‘%?lﬁsgl@l%l})gé%?ge I’ll?(lg %\é'lt y each
of the pressukie drageSsiblamialyd cyenmehi nefr puassribe fimsessurfaberbelg yi el di ng

a recondi tioned splined conponent having slightly reclocked splines.
Var i ous cenfigutdninsebstansially rcemaeﬁemntraélﬁafraﬁhﬁ% thoydesieed weldpreds WPHat ed

conmponent . _One odi nent r evj 3 f MR M.z Wsefideer ation
of physil%sgftloﬁ’r%fgtg? tp?lgglﬁgdifﬁcglﬁjthqgg%ﬁi SBJ 1éﬁe}%grlnrg Py ea, 3%/)"] %?a é'?‘li\s ng &ég | ow heat
i nput  t IROYRRaING| i ragiaRy Fhadedrdpliaeime tof tubepaiaverist sudhathat theainsen f ace

t hat opposes the worn area, whil eiﬁgrovi di gﬁla dfesule!ﬁl g\%bal | urgi cal bond

bet ween stiecer phwiantiph PREPLS AN TS _ ¢ BiBart . the
present HIMERAR R AVhE $dalBIAAY Rirelfidinddiodht R WRldedica) td O a
surface “opposi‘ng a worn surface of “a spline and remachi ning the worn face
port i on toad ploddoénakeldmehiupethlloy dssvedkirbmake pbnki svérkay tofsssniiglynal
material. The methqod ,conprises providi ng.a, conponent havi aplurality of
radi al | yaghat dke %ﬁl‘ieﬂe‘é{éﬁﬁo"fm%tﬁﬂ%@ 18?1‘85‘@4 AR ESI g?reéh@%r ‘y)vefca(l)]fl onent ,
each Sp't&ﬂﬁer%%ﬁﬂ' SUESBE Qo CRART bt Gréwily 86 SUneat! A @hdoge; nank pressur e
face opposite the pressure face, welding a E(g_pair material to a desired
vel d ar emachiiimg aa laestta ipopinn olifessantiely qash cintheopregiugs fagss ot Kieldy a heat

affected zone, wherein the | d.area s at_| . p [.Qn

non- pr e§§‘BF“ngeéicé’r‘?§FurF hECES| PREDY ARd 874 {elglgetd gﬁlyggt?onp% ﬁtt he

pr essur g,{ Aca1iLRIPFRRIMRE] Slimegmachi ned pressure face. In a further

enbodi ment, "'t hée present invention provides a nethod of repairing a
conmponent of a gas_ turbine engine. The nethod conprises providing a first
conponer¥argfus @é@@mﬁmbiﬁlﬁed’é ehat FpgiTng %I@Bﬁ?eé]&tofé‘u?]ﬁ?gecoﬁmpf’@gn and a
non- cont.act surf.ace.p i I %BH%%’E]‘ e - ACtHES

porti on,(51 és}nteblOHH? é lirorr"lsdggc%e’ngg%lgélt(yﬂs a ap'lt’ﬁ d%o?ﬁﬁﬁ%ﬂf#ﬂ%}%ﬁ%ont act
wWith a seesudecaimenenivetf repaigaseal biy bicagngadiwbeat omp tlantgh welding 4 yi ng a
repair area on the contact surfﬁceé{)o‘g&i on, defined_.at least in ar t by a
wor n surpinsaaloanewe oipas mathdlded SHTIEMA RO e PR R erial to

the non- ty ST AGRPRAE DAY HEBLAS tBe ROAE nhAdH abdiHeisGbfite.t 0 contr ol
grain grpg%%ﬂll%naiglﬂheat a?%ect ed zone, and machining the contact surface
portion to a desired contour, thereby renoving at | east a portion of the
contact surface portion.
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According to yet another enbodi nent, a method of repairing a spline of a
gas turbine engine shaft conprises providing a conponent having a
plurality of radially spaced splines for matingly engagi ng a conpl enentary
conponent, wherein at | east one spline has a surface conprising a pressure
face and a non-pressure face, placing an overlay conprising repair

material over the plurality of splines, the over]a avi an _out er
sur f ace lmrme gmbodiyaents ther present (RYen{iAm (rod s %é’ée%ﬁ’%ﬂgé’?’%‘ﬁggl % BPdef i ne an

aper tur ?nz%t@rgzrl \?\i?&\ﬂﬁa&ehgpﬂ\%fg%aa! JNB%thrfaE? gf g‘r%glmé"@&fi%éﬁglchﬁﬁlg @Rakgrmmat eri al

toade_swe ar ea, ein the we a Is the non- pressure face of
t he spl ife, pdriien W& ipeidunge bheakemgelined preswde adehcomsistag of opginak ufafdriel.ent to

control grain growth of a heat affected zone, and chi ni.hg the pressure

f ?c e ht 0 Tg*?dﬁiﬂ‘}‘éd SOMBHEE rﬂr?ﬁ@gmﬁ rae%%ﬁl?qé‘e?‘éﬁ%v.m@ Wé?raﬁﬂa%yurrag@ﬁg ﬁaaca?ﬁv ant ages
of the RLESENE, | ' n@@&g&ﬁ,é&mkﬁ«&ﬁ@{kyﬂn g detailed
descri pt?pn 0 1't eﬁglije?gga\lé’glc? 3?1??0 I ment, " taken in’g(_)nj u%ctei %}ﬁﬁ%th t he
a;:cogpa_rsmfat@ abrpnisings: prbssole fabd arst @ noreprebsuroviage obpesia iyl rressurrelage.i nci pl es
of the inyention..BR EE DESCRI.PT] CF THE NGS, FlG.. i

per spect?’ n%fléw_a&ﬁmgeﬂ%}ﬁ&a E}Fe_lﬁji %dfﬁeﬁwl%%ﬁ glip%sr"g%wrétntai%ﬂ%dﬂ G 2is
an enl aged RRthiiAk Beciferalzont, Svherdinlianwaldane isheldakinepditidn of thel G 1,

wi th spline wear exaggerated for clarity. FIG 3 is a sectional view of a

power t mohipmesseraafiite of thesphing.i mechining gt tegsiof periensyd| the gresge facg to2 i n

whi ch t%?o&u%é%‘%@xﬁgc i]%%p\?/gslsgx%q.aée{apal r material is exaggerated for clarity.

In a further embodiment, the present invention provides a method of repairing a
component of a gas turbine engine. The method comprises providing a first
component of a gas turbine engine having a contact surface portion and a non-contact
surface portion generally opposing the contact surface portion, wherein the first
component is adapted for intermittent contact with a second component of a gas
turbine engine component, identifying a repair arca on the contact surface portion,
defined at least in part by a worn surface of the contact surface portion, welding a
repair material to the non-contact surface portion using a heat input sufficient to
control grain growth 1n a heat affected zone, and machining the contact surface
portion to a desired contour, thereby removing at least a portion of the contact surface

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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FIG 4 is an enlarged partial sectional viewsimlar to FIG 2, '
illustrating an exenplary contour of a spline to which repair material has
been attached in accordance with the present invention. FIG 5 is an

enl arged partial sectional viewsimilar to FIG 2, illustrating an

exenpl ary contour after remachining of a spline in accordance with an
enbodi nent of the present invention. FIG 6 is a perspective view of the

spline portion of .the shaft of. Fl 1 _havjn n overlay, appl.i ed over the
Sbl | nos. SUCHY dPRETEEE SRR BAASAEHEIT Ui PIEAL! Puramerdne O Ered Bevpg

per spect isuRr wirfavé &d dnhenes Rhrite, thOThbofrfale tiirnshatito aéfiklaGapdruftavi ng an
overlay applied over the splines according to another enpodjnent of the
i nvent i o recpiE A el SERplmes. OReldRE fErepRVENITeN O s ReE We it v

embodi menhs,of ﬂf?hﬁem}é@ams' 28 bl E_relé’ﬁlré“f%%isﬁlg PhibdTard btidiid Beihgspect to a
power turbine shaft of a gas turbine engine, it wll be appreciated that

t he i nvemeifomed ayithrehaasmguibuiviens speetrot gragrgrowitd d hegmspledzormavi ng
splines or,seal. teeth t i \ . di ng, conplenentary -
A e R T T T S e
aircraft engine (not shown) to include a splined portion 12 and a seal
portion DtherSphtirednpoxivindaged 2f ithec presked invepkion afill thg apbarsp fromsth20 al | gned

substant iald ¥ Pahal! Sl (0Bibs O APlerhla20Mnl AMLA! ' M GPROY abOUL
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.



Wth reference to FIG 2, a spline 20 is illustrated. Spline 20 has an
exterior surface 30 that defines a typical repair area, or worn portion,
32 and a non-worn portion 34. Wrn portion 32 is defined by a phantom i ne
38 and a worn surface 36. Before use within an aircraft engine, spline 20
was manufactured to di nensions defined by phantomline 38 and exterior
surface 30. During use mnrn portion 32 has been |l ost by spline 20, so

t hat exterjor surface | udes_worn_surface 36. As the exterior surface

30 at phg’ﬁt &%Eﬁ)%%lﬁﬁpﬁw@Ff@%g&ﬁ@HTQNooth or spline, of a

conpl ementary device (not shown), torque was transferred between the shaft
10 and t kenik OsRh @B bAbYdieRMis G, the Qﬁwn'hbﬂgmli%e\/\&@éus%&dpﬁﬁ%ﬂ?Q§§k1 of worn
portion 32. As used in_ this discussion, worn portion 32 is [ocated on the
pr essur erespiet Eohpaer frbie shafbolos gasppbie epgineThwiibbhenraciateddbel thf spline 20
is refery LLt R R 4 is a
portion o%%gmh éﬁ;}? 'ﬂg ?Lﬂgm\/\%?%ﬂﬁrcl @ua??g%tg&s) gag%%epiegﬁg?g %’I ni@ntga%s %b wth
repai r ntetirthalmas0giatehgagh edotrbrpordiog. mfeerea‘dkymaﬂeépanpemt erial 50 is

wel ded to the spline 20 using a focused energy, or |ow beat, input welding
process. I fdl.g imately
Bora i SRt N ELE! At sh 100 ol oMU oFRE B8LS0uh] LPHEREY 12

pl asma aasplinwﬂ@oﬂzopllam aaed pomdns]eqd Smmeal porging lbulhcﬁtekis elpbotlitpof beam The

0. 1 and SRR A TRE AN e PBpl e AT S U ED To e

spline 2@botk A OM ni num of heat input into spline 20 to reduce t he HAZ.
If a wre feed is used the wire is preferably |less than about 39.4 nmils

(--1 mm anet er ap reciated.that. welding re mat eri al
50 ont o S EERT6e ELIC b Mo hLiGtem SHISE AR S e, SO oq
process, 3@thad dSfED bRt QReRir &HE of wam WhE 8N B3 4 aanc@ru}v&ﬁ%oﬁhﬁciz{f on beam
wel d, the wel di ng _process is typical |y acconplished vvlth a vol tage of

‘about 108YCrB@orgn 34 ds aFfinafbz eataniom Bsoli ang & worpeuagk 36 HEEOASS rate s
typi cal | h a b R, L1 be

appr eci a%%é E%ta&%ﬁé ?gﬂlﬁ gﬁiur{g %ﬁr)%{:agég?%atcﬁg}]d of d%] g%:rﬁ}r??%udggﬁ%% be used,
so | ong aksant(h?e lineds an(hpﬁ@mfsﬁﬂd”@w ¥®| Padng gsepmevemrﬂ@xe%seﬂ begndesdi n growt h
in the h r L.C in grain
size t h;‘ﬁ%a \ll‘nearfsloz\li0 m g{{%\,\é 2??1%?6%%%%&8@%5 of F‘rhg és?ﬁ |0§e
prevent i mgface- B[Seitof)hatnlminshﬂa 8. rr‘ﬂmnglypmgﬁcd@da texhaidr ﬂfﬂhléj’l(ﬂl ab0 is

bonded to spline 20 while duci ng the HAZ ent the In the
obod: et B ARG R G ASOS afre T8 BTt F e 0 S8 1Pl ange of
| ess t hameASHMNRES dekhbe, ASuldRE B Widaad By IASTMwBHlZO6eR). & ardard Test
Met hods for Determi ning Average Grain Size. Gain sizes Iarger t han a

desi red VhMiredigtussione Yea Peioa ilogeted QR ¥R PRSTHOLI G RHe 1357 4Badat i on of
fatigue %iﬁﬁkﬁ} Wi %Bp&s?s@ flad’ea&k éﬁn@%@%ﬁ&mé%'a‘s‘%n mRkirbes A-are thin,
narrow projections on shaft 10, 'and as such, it Is dgrrab le to maintain
t he heat compbtiacest2l ow 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
controll g Y e face 42
t hr ough t e spI ine %g&?%gtsﬁi&)m ggg;%ruéﬁ %%5%4%{}%&? é;%r?e‘g%}ﬁ glrrt he

ef f ect i venesisl nﬁat&ch@ipéeneto ﬂrcfsrabbvmanmwghls@mgdeﬁm@sﬂmh 2fray occur,
the | ow heat Hn(? Limts the.e at ects of. th emreé)agVEB h ep Jpressure
face 42, “Wh? HOTRT STy O O 8E%G HPRbRENEE RICEH nofnl% PESHponent duri ng
nor mal operwadid @addd chehiddl i atpb&xhﬁ&e@rﬁd.mﬁs (\~1glhﬁi\)lﬁ1hdslalfneﬂ&f opeanhgza:gont rolled

and limted . to the non e re face 42 |1 not be signifi t factor

in fati gé’r@%%znﬁeefessaé% S P #C. %%%S]ﬁﬁe& pareCigsoad plEed Lo the
spline i BiegrdBASE. UhRt mh@8 Widsna Bredisbptbfesilp apflictienakéidiBt &kdeals 50 on the
non-pressure face 42. FIG further illustrates | %{ﬁhantomthe cont our of

a repai r bersp phret 04 andi1eeoinsc by dhis manpesrapaieaapsriakiipas Heakddwioo and a
repai redgnon:Rr 68SHE, LAGKAR0F S inhd e EriBRROSE AL e mAfkeT 1f



the addition of repair material 50, shaft 10 is remachi ned, or cut,
creating a repaired spline 20'. 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 machi ning shaft 10 to produce repaired spline 20'. The repair area 45
is defined by the area of spline 20 to be machined to provide a repaired

pressure fac be ap i ted to maintain symetry and

bal ance A aw@f %Wna ¥ Eﬂ%FﬂERB 8 e St o fortls B Cal 1y
‘require @mﬁi&édlﬂmﬂme ip%%iafedrfﬁ&%élﬁhg 2daanhRedNeonan- HriESSERL aces 42 to
provi de repalred splines 20'. The pressure face 40 of each spline 20 is

machi ned b¢ @waléléﬂflt‘wﬁ# a ganpely| EEaRderroarse. $raceoruipnatioripd tiFﬁ‘o‘h‘l@pr essure
face 42 gy fr ‘ﬁglgé Bl SQMRENHEEH §Qar %EQV&I%G egl%césgp@' rial 50 to

produce repaire -pressure face 42 I oVi rep re spl i nes
20' are sd:qogmhbl;edmtﬁ a)ezcklage of alshiafl 0-160 hﬁmd@omeege thatcaes er 1Qi nal

radial locations of sp es 2 e th |red spl i.nes 20
nave di niiei e i art ot AL’ Bonid R Bder At 262 EBRR R 10 el
splines 2@11 a»adpfdifechb}b@ tHalt Enjtlﬁ:ch;ﬁhﬁ(&ﬂﬁﬁﬁhmdﬁloﬁof&chﬁ&hh&td’aﬁﬁ}eisﬁl gepai r ed
spline 2 afégr conpl eti on of nachlnlng oper ati ans. t}El)rowded

remachi n & GFd 11“%&%5 geprealied §%P}eﬁ’6m2?3“‘eﬁsg’ec%%r5r% B nal for ged

- shaft mmaéseke%%@%wef sT @RI nerdMRiChd Acr@fe i RrdiflisSe rfﬁd@rhewzsapaft 10 is
provided with a wear surface that conprises the original shaft materials.

Thi s ori gffeds themagariabpropesties Ci'féhﬁt N gssvicBang eyt ehtbe pploserti es for splines
20 and, in using the nmethod described herein, has not been significantly

al tered B¥ud BRvIRK dfe?&r HRGRE S0 ik "Beﬁﬁ@tt[)aszﬁme a0 WRRRI kRS HAY Of
applying a repair erial to worn portio rernachlnlngashaft to

ori gi nal adnr&mhﬁxeomdwhu&ré eprbodinthat pzosﬁacﬁtthwﬂﬁkz gisin 85t dan Pestiffmgees - t hat
may have b r.oper, I r {&d 3. process
descri begg%%rgzjf]ﬂ%dﬁe tgﬁ‘ ?era PM) Wld afe e eg%g%’rl ng sg'%lg%léef 20 t hat
have beeftandsnd TdstMéthoatscfunDemﬁmnmgmﬂechoaIGEre)mlSezeu ﬁai;a sfzoy laecatph @, toO
repair s |InﬁS 0 that do,.not confor to requﬁjl red tol erancgg for what ever

reason. @Fi shpesly AP AT PIHRCTRS 8 BRPHBHOD PELLIES face 42

to a thi Q{gﬂﬁ&h@j’h ckne&gdw@m@aeﬂﬂfmﬂgem | s, preferably |ess than about 15
mls. The repair material nmay be applled in a pl urallty of passes, in

Che. bui | SPURPSCIC Fagamy “HERLETaF-iany 8 ‘aeHoaed sobh s SoPhE orn

portion 3hidthin At Ingutrze%@rag réag&abﬁfﬁﬁisﬁzﬁﬁ 16 PdduBethd Qi‘feét%f‘tﬂéq{,ﬁﬁﬁe
di rensions as the ngﬁl ne 20 prior to use and its subsequent wear. Thus,

prior toOonKke Baste-lag 4 ol s mligale lf the heatapyt peairs sentstled HdAfor n
por tion 3¢y gxﬁa?\quokw ma{) @x iR %Jéﬁhe% neﬁ-p;efgﬁné RRBI4H RhES e@ s{alﬂﬁ Rrgssure face

is typi det erm ned nor nal he worn surface
the pressure face 40, thereby negating Ehe eﬁ'ectzveness 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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Al'so preferred, repair material 50 is of identical material as shaft 10,
which materials are typically superalloys selected fromthe group

consi sting of nickel-based, iron-based, cobalt-based, and conbi nations
thereof . Even nore preferably, shaft 10 and repair material 50 are

| NCONEL(r) 718, although other suitable materials could be repaired using
the nmethod described herein. INCONEL(r) is a federally registered

trademark owned by Huntingt Al l .Cor i O d Vst

Vi r gi ni aé}f @8%%5%???6?%%%&6&%@@# mﬁ%@%&v\%ﬂg{ I%!r_{%%f’ ?n Phel art and is
a desi gngdiirenof or a nickel -based superall oy conprising about 18 weight
percent chrom um about 19 wei ght percent iron, about 5 weight percent

ni obium tantalum about 3 weight cent nol ybdenu bout. wei ght
percent % %BW?%WHL‘%%B foegt. %1‘%68%5?14 gtgté? RIERT érfv\érr‘ﬁmﬁluuﬁﬁ%%%gget%gg%ga wei ght
percent ¢aLhQRa ADOY brelsdd Sacwei0giTtsphy B NWelbiap eepairamamedl Mdnwafonabout 1
wei ght percent cobal

( , ~a maxi mum of about 0. 35 wei ght reent _manganese, a
mexi mum ofessio (et 3 goduetegHting eRee HY (SRR HESH ,epaérve\ﬁﬁglﬂﬁ?zfofhealﬁ%% 8 1
wei ght p%fgg%t is GRAREL by ahd alteg%ft%?iiﬁs!‘?@ 18ipe kRAchioBY Wekdinga rhrirkepai r
mat eri al to the non-pressure face 42 of a spline 20, the HAZ of the
repai r ed psphirnficnidd| Aewibpaermeciated to Bpiitie YRBRUD fad bunnce [dyEEE 421 of

repaired spline 20.. Th IR Si.Z:a -1 i Le: t han t he
B e
gppl i cat isonRstd Ay abMprgsute fobd 4td fratide mpeirat eniimen2®i AgE prasvraticonal
|r_ection nd therefqore a pressure face and a_non-pr reyf on each

spline, &pt‘%rea‘fh ng £ tlfl@aaﬁﬁ’%‘ff@a “§Po lérr‘t"]inlgg?ms 5ﬁselé§§%%carlg)ﬁe§§gand grain
si ze, adjgeeRkskdBicPuesspreRrivas gsiiyciingdaotehiie skt nelaly ranetial 50

to produce repaired non-pressure face 42'. Thus provided, repaired sphnes 20" are

slightly reclocked on shaft 10 when compared to the original radial locations of

splines 20, but otherwise the repaired splines 20" have dimensions that are the same or

nearly the same as the original splines 20 and within fit-up tolerances. FIG. 5

iltustrates a repaired spline 20' after completion of machining operations.

Thus provided, remachined pressure face 40" of spline 20' is comprised of original
forged shaft material and not of repair material 50. In this manner, shaft 10 is
provided with a wear surface that comprises the original shait materials. This original
material retains the desired physical properties for 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



service life of the conponent, while alteration of physical properties

~adj acent -the non- pressure face nmay have negligible inpact on the strength
and service |ife of the conponent. Further heat treatnment to alter the
physi cal properties of a shaft, if desired, may be perforned and is
envisioned as a part of the subject invention. Heat 8 treatnent is
typically carried out at a tenperature between about 1150F to about 1400F

for up to .ghout 16 hours using standard ranp. cates .for the terial
Sel cot ed il TPGRBROEHE i ik HORECR nsaPaEErER. 1he 4ER0F (okerrBed wel di ng
met hods "Ry, BErids 6d id GrabeRaktio®hhé RPGirddspliae 00 dafttsaietdimenctonplaar y

enbodi ments of the invention. Wile satisfactory results are achieved wth
wire feedheneline 29, prico taai avb ity spRsg@lenoedon st B 10aHe PREGER©CADbI ity in

a_productof SRICRIRAkmaKELS BRAVAR poRKAT, AhY RERALIBRIsOIr hbe

i nvention 1s provi
repair area of the pressure face 40, is typically determined normal to the worn surface

36.

Also preferred, repair material 50 is of identical material as shaft 10, which materials
are typically superalloys selected from the group consisting of mickel-based, iron-
based, cobalt-based, and combinations thereof. Even more preferably, shaft 10 and
repair material 50 are INCONEL® 718, although other suitable materials could be
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



Accordi ng to another enbodi nent of the invention, a nethod 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 wel ding.. Referring.to Fl [ t y device
conpris e*ae%?mgﬁ@ TRl 8 pée?ro‘grn???rﬁgrélf)?‘g%% %%tb%%/ne rgigfstihli v ! iﬁngl %%EL( r) 718.
The over 1 4y0°B @R Whas asunt dEherrs ssind siewdaBRGugrdica forithawetegalrselgeted 825 t hat
defines an aperture 630 through which the splines 20 fit. The inner
surface B26" 1€ TATHERIIFBREY 0 substantial |y match the geometry and

di rensions of the splines 20 so that when the overlay 600 is placed over
the spli mgs uR0nOkiré hed shadihy Rthotihenayvieray (6 Gdpair Sphres Sb antordantsy

i mmobi lized by a slip fit with_the spli.nes hich.are recejved by

mat chi ng %8 cesawkry Gmhedrntn §t ttﬂ"e LP}E).%P%W%‘%& esa%'ﬁ%ﬂgp { Sélﬁsovaggl ay 600.
The out ef 54l 368 WRGQf wiilegoMethidye HROcINE Y oledel anbpbyatality in _
cross-sectional area. For exanple, the outer surface.§20 nmay be defined by
a circul arprohetien swcronmae, Yo RothE SRBRITY AORPEDCB. OWHIE BYEEEB i ng to
anot her exegg&hary enbodi ment of the invention, a cookie-cutter style
overl ay Y00 &S shown in F1IG 7 is used. As illustrated in FIG 7, the
overlay 700 has a substantially uniformthickness, decreasing.the anount
of mat er iAakoring de dbather cohedimgnt oftthe inggriionag wethod fprepmiahihp 8IHICAn out er
surface 720, and _an_i nnhe r t et mtial ly
mat ch t h&"'CORE i uS(E):for%t geheé%lelfr%g’gﬂ%’éémg%}se{}%ir %e gélg?sngi?%e %d%%%ﬁ t he

overl ay 6Bk NEhe haviey aoveer ingscoofacisdhabiiakbs sl adiess 4 sandBcigamurca i ng al ong

the length of the qverlay 600. The_.scribe |ines 6 : usi ng any
met hod kASRRH THeH Ora?’?ﬁéﬁdoﬂ’reeusgﬁgc?gdﬂgﬁa% S O g%teggg?tgogeo gzgeof t he
over | ay @RRusUTHeRahatig apFliddne thd feimeS40] tef preidas betenatdingnterieas over
the pressure face 40 and non-pressure face 42 of the splines 20. Using a
preci si ofuries Weldgedevi ce, a series of veld passes are made in the area
bet ween two scribe lines 640, which area is over a non-pressure face of a
spline 2G.tRrgf /@bl %, af Kerwebds 94 abiReaeviee @ntlirserof ary pad atphel to the

scribe lines. The weld causes a portion af th 'Oé/{)ﬁrl ay 600_tofbe

met al | ur ghateridl.yang avefergblass IIEONELR T E8- AP ¥ 0dKS FP SV B ¥ %ce 42 of
the splingg a%{? gih%{f Lhe. 85 £8,DBLARE An LBSSE 6BO Burbi HESHi ehpEndreen

conpl etel'y-"we 3% , t he process is repeated with respect to the next set of
scri be | id9eft. 64O itrensurfied bicisaimenseancd erubsaply graidsiie ooty #8 of a
spl i ne 20,. skippi ng ever t he , fi : 3CL i . 640,

whi ch def et gl de's grérség;%@gﬁﬁé}ﬁg@%@?%@%ﬁ%ﬁe& %?)el :’}pg?%m ch it
is not dex)gaRe fmftallt eehvanyy 6epaisubaatielty ahmobifies the slavEr Wil 800 has an
outer surface defjned by a cjrcul ar.cross-secti onal in FIG
6, the diSHAHE FRGHAF C‘E}ﬁffdelir’y SHPHETESE %nflﬁcgglﬂ%ggh %?ienfsi% uS?lgg ace 42 of
t he splin@s2@smeandiddwodept h of the wel d, changes with each pass. Using
preci sion welding tools as are known to those of skill in the art,

adjustnents can be easily nmade afier each ss.to control .the depth of the
wel d for Fheeonss isudysnt %%é’."e%‘éé%@ﬁ’ g%/ dgtﬁa}t?aibéf Y cﬁ)si'ﬁ?cﬂ)%ﬁ?glﬁg "t hi ckness

to allow %ﬁ%&aﬁqﬁl@%& REeMBlrthct 28Ry YehRiih&NBY a slttdlaceofbcthalthea over | ay
600 and thus result in the deposition of repair material, on the

non- pr essasr ghoface FiC.of. white geeardiag. toTaotRy epemplapn smbadingat 8t Bhy | engt h,
but s prgf grably co%%iel-c%ﬁéxtst@% VY D LREowPld mes7 20isal Abanshatd 10 to
avoi d the 'need to use nore an one overlay 600, and to peinmt a single,
uni nt er r upt BEG. patthe averduy 70ie hhse pguhstaftiadschnifopni thiskoos. fcepepaghy, as
shown in FIG 7,. the.overlay 700 js | r t-ne. . kNes Lt will be
appr eci at ¥BOYH & THieral &5 ‘*ﬁs‘f‘)o‘fmﬁ%@“o‘@g%ﬁ%ﬁ}%ﬁ@b\m‘ﬂf‘ﬁﬁ% 52&631?%?&7 are for
‘purposes of illustration and are not dependent on the shape of the

overl ay.



As will be appreciated, heat surge and the |ike are known to sonetines
occur at points of weld initiation or termnation. Thus, if a weld is
started or stopped directly over the spline 20 being rePaired, variations
of quality may occur in the weld resulting in |localized areas having
undesirabl e properties. However, if the weld is initiated or stopped
beyond the splines 20, a consistent weld can be achi eved over the entire
| engt h of the | i nes .20 and. any,heat, s : f the
over| ay PRI P EarbRec i Ther U [heBy O iluBal) FUETIR, | oo
overl ay eyt @pdsideeyand the splines 20, the splines 20 cannot be seen
during the welding process. Accordingly, start and stop tabs 760, 770 may

be provided that ser mar ker s t he outer. 7 - poi nts

bef or e a?}%feﬁi“ﬁé‘ﬁa’flﬁ‘é%g%laqs’ﬁ}éesw g.ay ?ﬁé;mta‘ébsve?%g‘%m;%&%n ?gcsgl?o eegzhﬁgsf vel di ng
can be igid iahiad aRfne hoRBEH ofitidotelan@00.i The oéritedates $40 gan oy meécher damage
to the splines 20. igt wi || be appreciated tha‘{9 t he sér?rt @Qdfﬁit()p t abs
760, 770usvs/ayemged kp%w%ghﬁ]er?g{)ﬁ%arﬁ%ﬁféc% & PR W46 e e an area
for -vel di}&glar%bé hQUORSEE kifhel iHRE $4RYAREAANAGE SEAL YvihBO phtsduRg an
overlay 70 havi ng a substantially constant thickness as illustrated in
FIG 7, facdhaminakmepwakaceaianived nipes 5 Ve ¢ Biesoratrid &ViSur f ace 720
perfothi_the sane functi : i j - Rreci si | }i&akp0l S as are
known i n?tHE® gfwe%és%gea‘%g% 'tngﬁ%zc%%rr]%ﬁt‘?g% ﬁg@%@eﬁ%ﬁéﬂ@mﬁl ng processes
of the i pvenrt iaofondsiestgreaficove il ajine [28. t Piefersinnibe  waldreamsi wads @ndl dept h of
a weld run can be_controll.ed.so at e weld | 4nln repair
mat er i al HFHRE pf“ﬁgéi&?/g}ﬁl Sﬁﬁ}geb]él?'eﬁgtlg‘ﬁme@%ﬁ "0 %éei-ﬁ%?%g@%P g&?a gc{sr(emo any
spline. Bukih@rmi8y band@RS phie Mat@btnthe abn-pepaie famtzof @k spiseappl i ed to
the splines. After welding is conplete, those portions of the overlay not
attached2By the weld, i.e., those portions contacting the pressure face of
the splines, are easily renoved during nmachining operations. As previously
di scussegy, DBehiRivREdRYR! KES: IR BinhadktheonpleaBnadinde wocetdie spline to

provi de a snooth surface conprised of as-mn@g%{ured shaft material. The
non- pr es sepeated adth resped s bepaErhdderbs fsmdde TEE PEFFTREET i al where

the overl idBink R Ghd @ CRER Gy BRGcbIBASI Ons of
the spli ﬁe.su%?acwmkg?%éﬁg%%%\ékgggg t%ét wﬁi Iea exenpl ary grr,bodi ments of

t he i nventd,onhibiadefitzemnarcresor iamesswictface 46 pea tspiins Abior védéckof 190Yas t ur bi ne
engi ne shaft, the principles of. thasinvent] ldeY shi@acseal teeth
and any gfﬂ’@ld t&?%ﬁ%h@ﬁ'ft re% Hémg%réatl't'ﬁ%g%}lngge%vgﬂﬁ}z%?ggﬁaﬁ%?pl | nes. teeth,
sprocket Slefiid 15 Aiclranaf @akueamnalited es shvevi m8hk ibothehbganse dromiscr i bed

with reference to a preferred enbodi todt wll.b ' | by those
skilled ot ﬁ‘é‘f%ﬁt&pﬁﬁfhwfgﬁ%wi?ﬁgﬁggg OhiF Sggnﬁg%eglgﬁggg% \%g énts may be
substi t utyegl foRkndel QiBRE Jaberesd j?&&iﬁ@ﬂb«ﬂﬁiﬁ@f@bh&g aferloowhhetesogfe of the
invention. I'n addition, many rmdgl i

‘Tcatjons may be made toq adapt
part i cul skillsinttheatrt.divetmentscan barasly e a?@é%ﬁ%r?ﬁis thCO?‘FFg t@%&é’ﬁ’t (?fgn wi t hout
departin oMy ' 5C F @R is oF ReifBl@AGhickiest & dlBtvended t hat
the i nveg'}]%%%Wg%m%%%%%foﬁ?ﬁ)gkgﬁr ti cul ar enbodi r?gntesdi scl osed as the
best nodéeaidre it welddo et thednreyrisndaesui2Stdfitee pypvian PG AA Byt IEHAI t he

nventi on, wi L L0CLpd 2L L ARRRTLIRIEfelakl bROAHAL Ribbe Scope of the

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.

10



CLAIM5S 1. A nethod of reconditioning a splined conponent to yield a
recondi ti oned splined conponent having slightly reclocked splines, the
met hod conprising: providing a splined conponent having a plurality of
radi al |y spaced splines, each of the splines conprising a nickel-based
superal | oy and having a surface conprising a pressure face and a

non- pressure face opposite the pressure face, the pressure face being

substantjal Ly, worn,. non-pre f ' 2 hinnwor n;
dont 1yt iomer el P FROM B A€ Ep R DOoRUARL AR WA
provi di ner weill ihtRn @\teiiaationo ripuk,Sf agvad i chreld-dateded dipatisldvey, t he

tubul ar over| ay havi ng.an outer. su&jacg and a subs ant#&ﬂésﬁigyhjndrical
| F534F LR g a

i nner suihe splane Yonkeing B YHIATPRTYN TRAP B OFHhE 8T
plural i ty.9fcd afhahhyins RASEHaINO hdpRrieC aioidvgr, of devedd Substant bal | y
conformng to a plurality of radially spaced splines of an aircraft

turbi ne seryieddextral the splines o 1 erosiskdl #Rld) e aduTHRiNE. FECETA ng grooves
bei ng s_ufcgg %‘fith%lsbﬂn@g@b%h%%%ﬁ&t (Se BRI atdX lafea QF tHeRefabB00RM: inal | Y

cylindri i nner*surface, e 1nnér surface being configured to
subst ant takdcywith fteaptineegéent i al | y each of the desired weld areas upon

insertion of the plurality of radially spaced splines into the tubular

rtion of th ty of ¥ nto the tubl
over ! 2Y: 1 RRLL LG LNE RLUE) T cBlnd 2l O B 26PN Gni-nho L he

t ubul ar e 1nner surface substanti a contacts
essent i atdnvoeiRoRenfiutireheesidiratrosdssl Areadinlwedtalt sy Sont @bt &P. got ti ons of

t he tubul ar _over| orrespondi.ng to.,t i ond a
| ayer of“ﬁ?@ﬁ@pﬁﬁgéé@ﬁ§ﬁagﬁﬁp} %%ﬁP§2§“§%gﬁ%%ﬂg@§%%8®§$%%¥égﬁgy to
essenti alfy ©aGPHRE JoheTHE Sinsembonel@ iatieas thay veldingambdiifiigdd ron- pressur e

faces, the welding tenperature being selected to limt._.grain.gtowmh in a
heat affé@P@ﬁ*ﬁ@hgﬁkdgg‘ﬁﬁ@ﬁ?ﬁ?ﬁ@“ﬁgﬂFéa§P%§1Bdg?ﬁﬂﬁmﬁgge§£3ﬂ?%%IIy each

of the pﬁﬁﬁé&ﬁtﬁd fiaees Lo+ uhebdyremendl ned Ry assuee if a6@Binatidiewaby yi el di ng
a reconditioned splined conponent having slightly reclocked splines.

seribe lines to define an area for welding, although scribe lifes may be unnecessary

when using an overlay 700 having a substantially constant thickness as iHlustrated in

FIG. 7, in which the peaks and valleys of the contoured outer surface 720 perform the

same function as scribe lines.

Precision welding tools as are known in the art may be used to accomplish the various
welding processes of the invention using an overlay. In this manner, the width and
depth of a weld run can be confrolled so that the weld does not result in repair
material from the overlay being applied to the pressure face of any spline.
Furthermore, a consistent amount of repair material is applied to the splines. After
welding is complete, those portions of the overlay not attached by the weld, i.e., those
portions contacting the pressure face of the splines, are casily removed during
machining operations. As previously discussed, machining involves machining the
pressure face of the spline to provide a smooth surface comprised of as-manufactured
shaft material. The non-pressure face is also machined fo remove excess repair

material where the overlay was welded to provide the desired contour and dimensions

of the spline.
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2. The nethod of claim11, conprising heat treating the tubular overlay and
at | east one of the desired weld areas 3. The method of claim 2, .
wherein heat treating consists of heat treating at a tenperature between
about 1100 F. and about 1400 F. 4. The nmethod of claim1, conprising
machi ning the nodified non-pressure faces to yield nmachined nodified

non- pressure faces. 5. The nmethod of claim1l, wherein welding conprlses

feedi ng W\I}ﬁ hd 2 n}ﬂi{e@i V\EQ i v&hﬁ@%&erﬁﬁl@ryoefm&ﬁﬂnéi%bﬂ' 86 iBhithna£8%een 6. The

met hod o erein wel ding conprises welding wwth a pul sed pl asm
arc, a mia:scmqul \wﬁnmsm IO siings eCe rg%%@aﬁﬁﬁaﬂﬁomage@lelpa@é@esd’f ®nbi nat i ons

t her eof . gzv%{s)atapglé sgal et y OMAPL nteﬂteof'&' gleRasgdhsuperal | oy

conpri se percent chromum out 19 wei ght percent iron,
about 5 M@ix@ﬁphﬁ&c&emsp%@cbismnﬁixmimdéms about 3 wei ght percent
nol ybdenum about 0.9 wei ght percent titanium about 0.5 wei.ght percent

al um nuWo t.0.05 ercent . ‘g fQ-re%oe%m ik spercent
boron, a itﬁ%mvﬁrf“(’&\tljt%u ‘&?\é ? per cge(r% %e a rraxﬁllbﬁum Gf about 0.35
wei ght p%i@@@mmaﬁm@os@gmmu imtia of tlﬁb@miou@ zsﬂommghbe pedcemt silicon,
a maxi mum of about gH rg%r cent .co Fer‘t and the al é:s(?c ni ckel .
8. The nB4UHYEIEY may Q‘F ﬁL}me dPes ﬁn?fﬁ%t@ﬁﬂp' P%BO% A 1? Shaft of a
gas turbipgeeRdniEa. In addition, many modifications may be made to adapt 2 pamcular

situation or material to the teachings of the invention without departing from the

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.



METHOD OF REPAI RI NG SPLI NE AND SEAL TEETH OF A MATED COVPONENT ABSTRACT OF
THE DI SCLOSURE A nethod 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 spl i@EEMSZO) while mnimzing the HAZ grain size. The splined area
(12) of the <¢onponent (10) is then renmachined to the original spline
contour by renoving original material fromthe worn, pressure face (40) of

t he splines, (20) _.and excess. I I [ | al :
conponent (110% n)\}ﬁﬂ%qg ?fgﬁlg(gﬁ%ﬁ?nﬁg?‘c%pé'g%feg&g nfrg;gtg)y(lélg'al)%? (ﬂ’gft f%ﬁgdv ofg(?gi nal
conponent naigoneat havingtshightlyredsbedspliaseth¢ tgthpd ofmprisimet eet h (20'). Fig. 2

providing a splined component having a plurality of radially spaced splines, each of the
splines comprising a nickel-based superalloy and having a surface comprising a pressure
face and a non-pressure face opposite the pressure face, the pressure face being

substantially worn, the non-pressure face being substantially unworn;
identifying a desired weld area on each of the non-pressure faces;

providing a tubular overlay comprising a nickel-based superalioy, the tubular overlay
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.

13



3. The method of claim 2, wherein heat treating consists of heat treating at a temperature

between about 1100° F. and about 1400° F.

4. The method of claim 1, comprising machining the modified non-pressure faces to

yield machined modified non-pressure faces.

5. The method of claim 1, wherein welding comprises feeding a weld wire to at least

one of the desired weld areas.

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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