METHOD OF REPAIRING SPLINE AND SEAL TEETH OF A MATED
COMPONENT RELATED APPLICATIONS 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 Component” and to U.S. Application No. 11/104,171

(atterpeyideskat runiRTG2880B(NT/ 380 B\ entittad1’ Benaixed Spfine
and Seal Teeth on Mated Corﬁgﬁnents both of which are assigned to the

Assignee of the present inven Nvhidh were also filed April 12,

2005. the contents of which are hereby incorporated by reference in their
RIEntrEty) RIEDOQETENESINVENTION The present invention relates

generally to repair of mated components. More particularly, this invention
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cate within the gas turbine to conne tt e compressor z_an
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b}f%@?&&%@fﬁﬁ&ﬁé ine by a series of radially spaced spline teeth or
splines tis yplcally manufactured with a forging, machining

and hardenlnﬁ% rocess A gas turbine engine rotates in a single direction
FIEW@%&?& gﬁ&Tg}é\dellcately balanced machine. As the engine is

operated normally, the splines on the shaft transmit loads and experience
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aireraft 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 burmed for generating hot
combustion gasses. These gasses flow downstream to one or more turbines that
extract energy therefrom to power the compressor and provide thrust for powering an
aircraft in flight. Typically, a hollow shaft is axially located within the gas turbine to
connect the compressor and turbine for rotation therewith. The shaft may be
interconnected to rotary components of the engine by a series of radially spaced spline
teeth or “splines.” 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
balanced machine. As the engine is operated normally, the splines on the shaft
fransmit loads and experience wear, generally on a single face. Typically, a spline 1s a

thin member that interfaces with a mating spline on an adjacent part. The face of each
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1 spline that transmits the torque from the turbine to the compressor

typically wears in a predictable pattern. This wear on the load

transmitting, or pressure, face of the splines can cause loss of material

stock, the creation of a stress riser on the pressure face and reduction of

service life of the part, eventually necessitating an engine rebuild.
splxcessivensplinevasreeuid reauwtindailuie ok kothinesplingsandibes in a

engine. During an englne rebuild, the shaft is mspected to determine th
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premature failure. Accordingly, there is a need for a method of repairing
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restored, but have inadequate material properties on the pressure face of the spline.
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
grain 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 on the pressure face of splines are a known cause of premature failure,

Accordingly, there is a need for a method of repairing the spline teeth 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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SUMMARY OF THE INVENTION The present invention is directed to

repairing spline teeth of a mated component. The present invention

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
TrRreRsvhilavaiayidingiafulnetafurgical handibstwgenihe deRaihmateriathe

and the substrate. In one embodiment, the present invention provides a
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prépatapling Reg: renahining Heawarm taee PeTONHLPIRHHGRBugh welding a
remachined pressure face consisting of original material. The method
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pr&plings {anmalinglenansing aSamplenepaly campansnteaghspliee
having a surface comprising a pressure face and a non-pressure face

opposite the pressure face, welding a repair, material to a desired weld )
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mponent.is adapted for.intermittent contact with a second component of

e B S rLACR g Fosh VAR o bl
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surface 1%0 tion%yvglding.a repair material to ﬁhe non-con aﬁt surface
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pradfectedaonsgiantpmachiniacgthe contact surface portion to a desired
contour, thereby removing at least a portion of the contact surface

In PP HRMHACGAEING LY Ghantel cPime T Aime ot 0P NG Biring o
spline of a gas turbine _
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 area 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 in 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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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 overlay comprising
repair material over the plurality of splines, the overlay having an outer

oveHHREEARG: A IRNBISHHRGR tRedmnepRrkiacedipeRsionrd, iR 4afingatk an
aperture to receive the plurality of splines, welding the repair material to a
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grain %rowth of a heat affected zone, and machining the pressure face to.
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petheBrasentinveatianwilire cpratest fremdhe. falowing mate detailed zone,
description of the preferred embodiment, taken in conjunction with the
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principles of the invention. BRIEF DESCRIPTION OF THE DRAWINGS
Oth fdaisraspaigpattieagenwcdf ddpevwesiuibineishaltof an alrgratire nge. the
FIG. 2 is an enlarged partial sectional.view, taken alpng the line 2-2 o .
ol T o e LI FoPSIabT SRR, ST SB el iy I
copfiapaweritirinacbaibihistatngangerds of thessplines ofaF B eRaifiple, the
ﬂ.vvhic{w the trlpicknests of welded repair material is exaggerated for clarity.
PHEEY T8 aneelﬁl\éer%écalpartial sectional view similar to FIG. 2, illustrating an
exemplary contour of a spline to which repair material has been attached
BRAEGdeBrAREEIWIN (HE prEsém invant{on. FIG. 5 is an enlarged partial
sectional view similar to FIG. 2, illustrating an exemplary contour after
Fitgmachining,of & sRIpg I aceordance it an smhodimant.of; ihe present
invention. FIG. 6 is a perspective view of the spline portion of the shaft of
FIG. 1 having an  overlay applied over the splines acco_rdin7q to an .
G St S BERePVENTEH! Bt V£ 1% A PERSHEBRVE VN of it ddfingt - With
spRastioraot thgehalofdra:lthaving an

FiG. 3 is a sectional view of a power turbine shaft illustrating a series of the splines of

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

FIG. 4 1s an enlarged partial sectional view similar to FIG. 2, illustrating an
exemplary contour of a spline to which repair material has been attached in

accordance with the present invention.

FIG. 5 1s 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 FIG. 1 having an

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

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

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



overlay applied over the splines according to another embodiment of the

invention. 4 DETAILED DESCRIPTION OF THE INVENTION While

exemplary embodiments of the invention will be discussed primarily with

respect to a power turbine shaft of a gas turbine engine, it will be

appreciated that the invention can be used with respect to any mated
DEPRRGNS MHRving sRiines prsaaintgstiythanmatingly engage a

corresponding, complementary mated component. FIG. | illustrates a

wer turbjne shaft 10 of an ajrcraft engine (not shown) to include a .

WE € BliEh 15 4R EBaP hdRol 1SRG i e HoRideaHy with

reflevality olosplinesia0 sligned substartialiy-panallet toitheeayisrelishaltdf the
._and.radially spaced about shaft 10. With reference to FIG. 2, a sEhne 20
SIS R Shifie S S haR MY r SaE R Y duiiies W iisiear seal

tedphin ateandr woradeardon.Shadd @ fanpherRReian 4. cNgmpertion
32 is defined by a phantom line 38 and a worn surface 36. Before use

ithi ircraft engine, spli ecﬁ as manufactured to dimensions .
e B A T R S g e dpnetuce
a portichp8ikas! Bead lostabpsplinel 20, oithat gxtésion 3unfdade3Q ipeludies of
I rface 36. As th terior face 30 at nt éine 8 a%'ngl
e R SR R SR e h ey e
abgoriciieWHS transferred between the shaft 10 and. the complementary
device, resulting in wear and the loss of worn portion. 32. As used in this

wHiseUssIan, Worportion 3z, isJacated on the REsESUrS, reontagt, face 48 .

of spline 20. The opposite face of spline 20 is referred to as .
OribA grdssre, TpiRphnteetita-fatevam FIGIBisia pottionof thesinaftivo 34.
wahisRHlystsates A ARMES 0L ARG WiHy repalr &%%egﬁ?%a%g afaghed,. e

thereto. Preferably, repair material 50 is welded to the spline 20 using a
WitBBLSBdaigrey EreinewshEaE, Mputweltinyfheoveds Evenansres defined by

phRRSBTakly 3 ghaweldpuddle creaigd Eﬁﬂ% QRIMAELY ?grﬁ(m i I?‘Z(h]asr%@ca)ni Nost

diameter. Exemplary welding processes are pulsed plasma arc, micro
byp‘ié@ﬁ?a%reﬁ%lh%b%@é’ﬁ S %%@dncmdes worn surface 36. As the exterior

surface 30 at phantom fine 38 matingly engaged a tooth, or spline, of a
complementary device (not shown), torque was transferred between the shaft 10 and
the complementary device, resulting in wear and the loss of worn portion 32. As used
in this.discussion, wotn 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 1s a portion of the shaft 1¢ 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
clectron beam. The micro plasma arc is preferably applied at welding currents
between about 0.1 and 15 amps. In this manner, repair material 50 can be welded to

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



electron beam. The micro plasma are is preferably applied at welding

currents between about 0.1 and 1.5 amps. In this manner, repair material

50 can be welded to the spline 20 with a minimum of heat input into

spline 20 to reduce the HAZ. If a 5 wire feed is used, the wire is

preferably less than about 39.4 mils (-1 mm) in diameter. It will be
wisppregiatedsthat welding repaitmateiiaksd oo sphine 0copid P8 mm) in

accomplished with a manual or automated process, or a combination of

digms o IWHERUSIRSCE PSS S e Bie Bers welg e (erimepprscedssald

betypicallyii arecomiphishecwiih & lase:ef aboutsd 00- LAkb@aad Aot the two.
mperage of about 5 to 10 mA. The pass rate is typically about 10-20

Whighdi bt B8589 cfFBaR nhRie. el B appletisterf thatsary typically

acteehniguel erigombinaiienotpehniguescaw hadsadseerongdostoeeal 10
input is controlled to prevent excessive grain growth in t

he HAZ.
M cBASREYFAIN Growtaly GSeH dralh IoRRSHaPeRSe tirgraiiy dige thapte. It
witldve egehe caffects tharnpaterialquope tiesmaitherspling:Hrguenting 5e-UsR!, so
of the spline. Thus provided, repair material 50 is bonded to spline 20
o For B g TR AP e e tREVSEIIS T e S B RiSTaR provited 1A Z-
ExbediAZgiainsiaalean heavithinea desiiericange af lessithanABEMdversely
umber 10, as determjned by ASTM E112-96e2, Stan(%agd T?,st Methods
Al DSRPHIRIRG ROBFEGE BTaiR SRe EralUEs Talger tin R d8sired
value are generally associated with promoting the propagation of fatigue
TheragkeyMbdchapair leadettat aihporrent!tdiltrespSpkings 20idre¢tin;mathew A7
rojections gn shaft 10, and,as such, it is desirgble.to _maintain the heat .
o I D R o B T e S g i o
detinepresgeret face dRuofAeHcH Iplinéd@0] ¢f thedveatinpdt wereSAD E112-96e2,

controlled [ in_growth may extend fram the non-pressure face
S U R R T e RS e
desffettivdnessofamepiir. Fhosaevewithopghnsame dgraiprgperttiomay fatigue
ogcur, th ut limits %I%g}effects of the repair to the

he low heat.ing
cracks, Whlc% can Pea% E&Bonﬁla(%ﬁin 1

non-pressure face 42, w yplcaH§/eis not in contact with any other

component during normal operation and thus the HAZ and grain growth if
Spbvessedly are thin, narrow projections on shaft 10, and as such, it is desirable to

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
controlled 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 1o the spline in a manner that
results in a build-up of repair material 50 on the non-pressure face 42. FIG. 4 further
illustrates 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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controlled 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 illustrates in phantom the contour
of a repaired spline 20" which includes a repaired pressure face 40" and a
thd'@pairRe RER-prassureface® 2hAs Wil beapprecaled, aitesrHdhe a repaired
addition of repair material 50, shaft 10 is remachined, or cut, creating a
sPi8paited spline 20'. In a preferred embodiment, the method of the present
invention includes identifying a repair area 45 on pressure face 40 of
In spiieéR0d weldidirepaihmatehad 56 to:noesqutessoré dacesid@;sadentifying a
_machining shaft 10 to produce repaired spline 20'. The repair_ar IS
FIGARA By s of 4ot S B 2 E oo g eyt on-
propressiinecfaée. 408 Amtilhbe appitetiate dred maintainaslsphaetifOandhe repair

bal ' ti Il.spli f shaft 10.wil icall '
a2 8409 gporation. aloplines 20 of Saf AR VPG IEAUIR A

o0 thé non-pressure faces 42 to Sro
prespairéctspiine A 2041 The pressciredice #0iofseashspline 20dsbalachinkuling
to the contour of ajred pressure face 40'. The non-pressure face 42 js .
o e e B SR P
SOrepairde nomprassurdafacetd 20 Phusderosndedd rapaired8plihbs 2@'sanes face

slightly reclocked on shaft 10 whgn compared ta the qgriginal radial. ,
e S S L e o SR TR O ER, wor ine
. nodimessionSithatlaretréesaeabre meatyntivetoammecas thewrigimal rsplitesal 50

o FSAAIRIN [irup folerances, FIGHS Wystrajes puapaited spiing.2Q 3l

ompletiornt of machining operations. Thus provided, remachined pressure
slifdtly 4@cbfcpliner2Ghidicdinprised ehgrigidalofoigedratiafl matedidbastcbnotolf
spfLERAMMAterial 20. 0. this.mannay, shak 10,2 PIOUIRAN AER e or
surface that comprises the original shaft materials. This original materia
nepetpinsctivendesisethphysigadiproperiesfomshlinglsi@ Oang, inlesimgethe FIG. 5

111§ %tg da geezglréges%]?r?er%W’a%% &9%18@?181?@{%%%%%@%E?&BXsthe

h
S
welding process. In

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 shaft 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 worn portion and
remachining a shaft to 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 normal 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
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contrast, a repair consisting of applying a repair material to worn portion
and remachining a shaft to 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 normal use, could also

w1?%@%}*@@1’&?@@%@Qh&okﬁﬁﬂlﬁlﬁﬁlém%ﬁa?pﬁﬁ@éﬁj& ptconforsm 49 (BRNiR L.
tolerances for whatever reason. Repair material 50 is typically built up on
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of passes, In order to minimize heat input on any onge pass. It 7 will be

repihiagigkEd dhar IHENBGIR Lo BF repHI RAHIERal SO diisaticabirldrsisof the

repAB MQIBMALinR3inferdantagesinigihe-repsined sping 201k hesameice
. dimensions as the spline 20 prior to use and its subsequent wear. Thus,

36prior to the build-up of repair material, the thickness of the worn portion
32, and thus the thickness of the repair area of the pressure face 40, is
Alacpjﬁaflgtﬂéteﬂgﬁﬁhedmma‘ladsthé MeatticaliateridGsAlsatpréeferiech repaitals

materl 50 is of entlcl erial as, shaft 10, which. mat? ‘ie?kg q
Ty BRI S ErAROIL s STEEET ST thE Grouis CSHSISHRE Sf s hatesd, ron-
bairat)- d@asedme@adaﬁahas&ﬁiblaadmn&hnmﬁon&themofe Evefaratoye shaft 10 and

referabl sh ft 10 CON 8, althou
St e St RS
re]bmrec[huislhh@(ﬂNEhénh&siadﬁed&kalﬂyltagmterﬁd(ﬂﬂéh@riﬁ awed-hlyy registered

untl ton AC{ or tlon fHu |n to inia. h\%
Tras ema wne Rl 1'17 OVS Ora IOB 11‘101 11 est Vlrmma
comp03| ion of C} is Weé nown in

I‘Memgnmmfoofam&eia@éﬂ &wpa@llhymmm&mgmmmsm&mgkmon for
ntc omium, about 19. weig top?ri:fnt iron, about 5 weight cbent

n|o mr%aie attaTLm AbOU d WeigHE Parcent olybaenum: About 8o o0 17
wagig htepence nbtitasiom, ab@ugﬁﬁpmetghtmetﬁem -altmiaum, abount 0. ®5<:ioht

o et%h pRIgent carhon t&b QL0009 weiaht %me”t boé ANAmM Ol
Phbout T weight e’rcen alt, afax |mumo weight' p P\? N
diummum, about O 05 weight percent carbon, about 0.009 weight pcwem boron, a
maximum of about 1 weight percent cobalt, 2 maximum of about 0.35 weight percent
manganese, a maximum of about .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
original shaft 10 material adjacent pressure face 40". For applications involving a
spline that encounters a single 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, adjacent 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
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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
refig@an sizecaflouginad shaftd @ matpsakadjasertpiesssie fase40toRaout
applications inyolving a spline that encounters a single rotational
148ﬁe%ﬁ%?laﬁ%%%%igrﬁ%ﬁr@e&rétﬁ%@‘iﬁw R pedanraatelon e ©

respling, adterationeiibedhysical properties, such as hardness and grain
size, adjacent the pressure face may impact the strength and service life

i e component. while alteration of physical properties adiacent the no:.
pressure face may have negligible |mB/ac on the strength*and service life
widi theciophporemofurtnes heatlieatmentoto. altévlife phyisfealoproperties are

acﬁ’fega%h%ﬁh"ivﬂg%é'éfqdw%?@(ﬁg%gﬁﬁr@‘eed18% 'c?f%BM's?ége%%q o Bt A in
subject invention. Hea eatment Is typically carried out at a

a feniperaturenbetweentaheutahd5GF toabplatryl 4006 donap o gbeuniéation is
rh&ﬂrﬁ using standard ramp rates for the material selected to reach the
Prireatmient temperature. The use of wire feed welding methods may be

used to repair splines in accordance with exemplary embodiments of the
Ajpvehitisio Whilecs atidfediospied s drensonicyatrthith Wirechsddngydhdginplines

m{gRehigyeadeyel %‘in%%s!ﬁt%%)/l%?%%Eﬁé@@@#ﬂ!@ Sﬁiﬂ{&dHPFﬂIQ@_gas turbine

environment, yet another exemplary embodiment of the invention is
shiFovitled o setorditie 1o ditbthatsth bkt oftHeghventonct sethefer of

refGRAKNG thersPings:dnv Oﬂ@&@dﬁ&%@ﬁ@?%@d@é’ eHAY AR AL QVEF the

he splines of the gas turbine shaft. The overlay covers and contacts the
anspiliteaf apRPHciv s al SRerifdiay sobrsdints mpalbmarariales baedir Thatro!
du&‘ﬁf’f% gj@&_rgé{erlay provides better control over the amount of repair

material applied to the splines and thus provides better heat control

during welding. ) ) . i
Referring to FIGT 6, an overlay 600 1s 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 623 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 area
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
it FIG. 7. the overlay 700 has a substantially uniform thickness, decreasing the

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



Referring to FIG. 6, an overlay 600 is a tubular device comprised of any
weld repair material, and preferably is INCONEL (r) 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

suglipes 8050 thatyheniheverayhofdsplaged ouerdhasnings 20w@h the
the shaft 10, the overlay 600 is substantially immobilized by a slip fit with

COfH%"‘%?ﬁlH&SEb‘%?& are received by matching recesses formed along the
inner surface 625 of the overlay 600. The outer surface 620 of the overlay
Reﬁfa@ingaygb‘m def'ﬁied @Mmy\@immﬁmhw@a sE@éceo,(ﬁmpéﬂetmrﬂweﬁnes

urface 62 aci secti Iare ssh
4 ERETS WRTe TSR 16 Bh e s Sty B BET BN g D e
usmg@rmomaahcdd&@mttﬁn‘ﬁtymmmﬂa;e@ac&ssi showie mf:'ek(.?aﬂrfscus@m ASithe
|nF 7 the ve lay 7 asu stantlally uniform thickness,
ke

|II str
Vg %F %asm%uﬁ?e BB ?nélt &tFté Eéﬁ%‘i‘r‘%ﬂﬁ%so({}eeﬁé 7B e
fawmomlb@tmammtere 9asu nztac;ﬂ“ #ROsphekanin riemsgriqaecz%mmmg device,
erl%¥ %substantlal atch the ¢ nttoyr of the s g%gfergnﬁ
4 {4dinto HG FBT e BVerTay &b 1%1%% Ve LelTEs % ﬂ%ﬁ & fifiele?
is M@rrunnmgpa&@mgdhﬁdengm ofpihve: o¥erlayr6Q0adlhe tﬁ@rlhelﬁlas'eﬁﬁﬁhdann a
i d kno n in t art and are s ac on th
A Al ST 00 AL ta B TS R aRagey 000 t
beattetmlating aligds ovet aheqpeasswtenﬁaae 42 and-panspresscyel fackeid? splines
20the splines 20. Using a precision welding device, a series of weld passes
are made in the area between two scribe lines 640, which area is over a

non-pressure face of a spline 20. Preferably, the welds are made in a
Onfirelbtioncpdreiited o tressehibdilivrest Thes et catgdsielportidedofithgrocess is

re QYRR 0019, e metallurgicall: Qan&eﬂnéﬁ a“ia'{n H@'a%@ over a non-

non-pressure face 42 of the splines 20. nce e area etween e scribe
Priffsc640has Peentamplatelyrnilded cthieodrocerss idefined 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
defined by a circular cross-sectional area as shown in FIG. 6, the distance 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 to those of
skill in the art, adjustments can be easily made after each pass to control the depth of
the weld for the subsequent pass. The overlay 600 is of a sufficient thickness to allow
heat from the weld to heat the mmner 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 a
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. [t 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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repeated with respect to the next set of scribe lines 640 that define an
area over a non- pressure face 42 of a spline 20, skipping 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 defined by a

AsGHEUIRY gressisedtional area asisheWRdak mdvithe distaneedinithe points
.outer surface 620 to the non-pressure facid42 of the spline 20, and the

of NS Eh ORI S ONRAGER witbSathfpdsy! siHg bledisioRRad difgs ooty er

thea.fspﬁf@ &r@r%m@z&igﬁ%@fr@#ﬂﬁd EEthffa;ﬁaﬁ@j uﬁtlargi ?atsman the eagilysniade: in
ater eac p SS_tO control t ept of the we or the subs uent pass,
locpliged Ay BOOTE SPacslimtoR Tk feed (O MR HORETBt WhiAT o

stoppad theyinnensuddce:-62% of thenoneray.e00 and thuscresudtlinthethe entire
deposition of repair material on the non-pressure face 42 of the splines. .

TR BARY D L CF S OB By ABIS e B IO g

cothe-splinese 28 aidhershaft 10 to avoid the need to use more than one

overlay 600, and to permit a single, uninterrupted path along the length of

each spline 20. Preferably, as.shown in . FIG. 7, the oyerlay, 700 is longer
e SR B0 b e et R T ol 5 Y 20
cashovbe kedel Gs B add Falddgroporposes abittlisghticmanddasematbs 760, 770
degendent on h% shape of the overlay. 10 As will.be a}QBrefciate e]at_
may E:epEO\a%% thil SEIve as marKers on e OUley suriact /LU O 6’) 111? CIOTe and
surge and the like ‘are known to Sometimes occur at points  of we
aftimitibtiorponderdlinalibn. @At olf, aie  this startddiomstdpredadirectiyiowed or
the splir heing repaired, variations of uﬁlgit Yy OCCUr in I?v
SR b e o G L B S e o e
appretdaisdnitiateteoststopped deyond e Splinesi2heawensistemtiveldicanvith
be achieved.over the entite length of lines . nd.any h r ,
SRR i R e R
widowever abecadse (HE dvetlay 7 80extendy beyondithe dpines 20 usieted in
lines 20. cannot be seen durir welding process, Agcordi start 4
S e A I A e
sapgtémstiface #2botipeints before and

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 controlled 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 compiete, those portions of the overlay not attached by the weld, i.e., those
portions contacting the pressure face of the splines, are easily 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 to remove excess repair
material where the overiay was welded to provide the desired contour and dimensions

of the spline.
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after the splines 20. The tabs 760, 770 indicate that welding can be
initiated or stopped with little risk of heat surge or other damage to the
splines 20. It will be appreciated that the start and stop tabs 760, 770 may
be used in combination with scribe lines to define an area for welding,
although scribe lines may be unnecessary when using an overlay 700

It Raving Ssrbsiautialy comstantihickiessisiiustratetir Flestodmwhiaken

the peaks and valleys of the contoured outer surface 720§erform the
t

de%fém%dfem@t.atﬁa% fitseiites0 P easiBh M dthg 5018t St RABARA'H tHebe

in@HIHAYRE LegehIn accempiah the vatiousweldingpioeesses afithige engine
invention using an overlay. In this manner, the width and depth of a weld

hayine SRHISS: ABTHIOIIG L5 that HERSIFBES not result in repair material
from the overlay being applied to the pressure face of any spline.
Wﬁfwﬂtﬁrm@eetiamhmssiﬁemtdamﬁbm @titepafematerdalaiea&;ﬁaﬁedi tmth:etiment, it
ines. After eId let tho rtions of the overla
R B B e TR T e RO B MO B dnatgpend
eqtiteakplinesyabe etatsqtytmemhémedejmmg timasaatfi mngcmpetr@tam% Asm the scope
pREgvIoUSly d'sfr‘f% d‘a ifnaghinin OQVP'V%% fpachining the. W e Oliar
t e sp e to provide a smooth surfaceé comprise 6F Ramahtrachited
sitsiiadtnoatermatribhecndre preskues fatalis atsentiachiriéthto repotiageXcessthe
o< SRR material where (he veday was weldsd (o prowide the desired. . ¢4
‘contour a Imensions “of the spllne Tt will be appreciate hat W
thepemplday @rftbmtuinmenthmfdtﬁet |m/étmbnshauedbe:entedeiﬁetddefbwmt ying out
e SREEL (0. DG O1R SA AHbing Sl S el e RHnEeR A S hin e
Inventi y equa {o seal any ot Rer comporient o
sod:pebi:ﬁehermgimeldlad\u}mgtsplmes, teeth, sprockets, or similar features. Whlle
the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the invention. In addition,
many modifications may be made to adapt a particular



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
wapperwed glaras 12 WHAT IS CLAIMED IS: 1. A method of repairing a
spline of a mated component, comprising: providing a component having
1. @ Plucaiy o fasialy spaced sRIngs, (L nelngl, £00aG% Asing.
complementary ¢ mpoﬁ%eni each sphne having a surface ompE?|S|ng a
pressure face and a non-pressure face opposite the pressure face;
proyéfiiepacrspainaTatEAETS & GESREE wéldediebiushige HdkipRiplir matingly
en@&ﬁf@%%‘iﬂqﬁﬂ%@ht&rﬁ“Bcﬁﬁﬁéﬂﬂ@ql{‘ @a@ﬁ%ﬁﬁ%%ﬁ%ﬁf&rﬁestzf‘J@'&'bmﬁri%’ﬂQ a
area’is at least a portion of the non-pressure face of the spline; and
Prevrachibipad l st pofich s e pnasstire e e pretluce a remachined
pressure face. 2. The method of claim 1, further comprising machining

wdhiewrepaipmaterialkto (proguse aweachinedsien-ieaskieifacei deding control
method of claim 1., wherein welding the repair material further comprise

LHEENYR Wetd TRt S ST RRiler SYRCH PREYPIBALE GF YA RIFHER oF the

noﬁq;mgi@;i@gabgaftf@?@iﬂg@bgﬂ@pair material and weld area. 5. The method
of claim 4, wherein the repair material and weld area are heat treated at a

tegn erat%Jre Qgtween.abo%tt%.looF and _Iabo%lt 1400F. 6. 'I_'hrgaC et@gd of e re

maGRIIE WHEFEIR WSTHRY the Fepai Hiateral inchidee Walding Whitra Presst

faqulsed plasma are, a micro plasma arc, an electron beam, a pulsed laser,
or combinations thereof. 7. The method of claim 1, wherein welding the

2. repaif‘l@%%ﬁ%&”&%uggﬁnwﬁlq{[}gler comprising machining the repair material to

produce a machined non-pressure face.

e

3. The method of claim 1, wherein welding the repair material further comprises

feeding a weld wire to the weld area.

4, The method of claim 1, further comprising heat treating the repair material and
weld area.
5. The method of claim 4, wherein the repair material and weld area are heat

treated at a temperature between about 1100°F and about 1400°F.

6. The method of claim 1, wherein welding the repair material includes welding
with a pulsed plasma arc, a micro plasma arc, an electron beam, a pulsed laser, or

combinations thereof.

7. The method of claim 1, wherein welding the repair material includes welding
a superalloy selected from the group of nickel-based. cobalt-based, iron-based and

combinations thereof to a desired weld area.



a superalloy selected from the group of nickel-based, cobalt-based,
iron-based and combinations thereof to a desired weld area. 13 S. The
method of claim 1, wherein welding the repair material includes welding a
nickel-based superalloy comprising about 18 weight percent chromium,
about 19 weight percent iron, about 5 weight percent niobium + tantalum,

8. aboul'gweighid pEr@eih Molkdenuiws] dlaeuhe. &peightRerga Rt idRI WBiding
t 0.5 weight percent aluminum, about 0.05 weight percent carbon,
. %géf*ba@fobw S P FEBHRIBBRSEE P b NGO PEBSH £ WRighTpercant 19

waghali-amaxioimiefaboudbd weight peseenth MaRganese, a@cma@l ML ht
of about 0,35 weight percent SI|IC n, a maximum of about 0.1 wejg

PSR Lopise Bnd 8 WAl HEL R RIS SR BRI LR, @elﬁhbpemm
ahmethed abelaimds whereimhthe:eompenenttisa shedtofa gasdehineboron, a
engine. 10. The methqd of claim rther comprising.the step of, placing
miaﬂ%%‘r%‘?f‘bé%br‘fﬁ *Pé’ﬁé‘i?‘?hﬁ?]&ﬁgl BV HHB B A ﬂ%%%hayefcem
mAaMNGaMm aUtenSufase aaogk @Bﬂn Resiguriagectneiiaer, sufatanum of about
dlmerﬁloned to define an 2{? re tore e ve the slgeréaces of the plurality

pgb% te%egﬂﬁé:%@?ﬁb&ﬁg ance nic to a destred weld area.
9. The method of claim 1, wherein the component is a shaft of a gas turbine

engine.

10.  The method of claim 1, further comprising the step of: placing an overlay
comprising repair material over the component, the overlay having an outer surface
and an inner surface, the inner surface dimensioned to define an aperture to receive

the surfaces of the plurality of splines of the component.
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