OVERLAY FOR REPAIRING SPLINE AND SEAL TEETH OF A MATED
COMPONENT RELATED APPLICATIONS This Application is related to
U.S. Application No. 11/104,170 (attorney docket number
128801(07783-0176)) entitled "Method of Repairing Spline and Seal Teeth
of a Mated Component” and to U.S. Application No. 11/104,171 (attorney
ddeketRadimber ROBEG 83 T8} emtitie dEREpEIFEHISpING ahd B
Teeth on Mated Components'tl@ﬁ@fp@m% are assigned to the Assignee
of the present invention and which were also filed April 12, 2005 the

Rigbitehts 6P WhichdrEhereby incorporated by reference in their entirety.
FIELD OF THE INVENTION The present invention relates generally to

THRPaIFSimated:comprrenisuMoreg Hpatticarlyiothis invention isdirestethciet
to the repair of spline and sea teqtﬁ,for an aircraft engine shaft.
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W&.owering an aircraft in flight. Typically, a hollow shaft is axially located

il tedgsitlibingrtb! cofiedbfhe sbiisrab sdrishartring forcranatiaigd by
refperewith dlhesiafiymay be interconnected to rotary components of the
engine by a series of radially spaced spline teeth or "splines.” The shaft is

_typicall actu ith a forging, machining and hardening process.

f%%ﬁﬁ%r%ﬁ%ﬁﬁ%ﬁm@%es in a single direction. during operation and is a
delicately balanced machine. As the engine is operated normally, the
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pﬁ@&l%}fﬁg ch;léy Pr{%gﬂﬁtzﬁ P lc@f?i%é?&@ hiﬁ ml%er?rJP %}aﬁlnr}g r&&% eésngi%ge?h for an
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aircraft engine shaft.

BACKGROUND OF THE INVENTION

A gas turbine engine includes a compressor that provides pressurized air to a
combustor wherein the air i1s mixed with fuel and burned 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
nterconnected 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
transmit loads and experience wear, generally on a single face. Typically, a spline is a

thin member that interfaces with a mating spline on an adjacent part. The face of each



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. )
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mount of wear on various contacting surfaces, including the spline and
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erhiadt is the lack of adequate repair methods for the worn spline teeth.
Typically, the wear experienced by the splines is only a few thousandths
of.an inch on the pressure face of. the splines, with negligible wear on the
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Fatigue cracking on the pressure face of splines are a known cause of
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the spline'teeth of a power transmission shaft of & gas turbine engine that
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re'é}'éé&h'ﬂ@%%e 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



One aspect of the present invention provides an apparatus for use in
repairing one or more equally and radially spaced splines of an aircraft
turbine engine shaft, the apparatus comprising: a tubular overlay
comprising a nickel-based superalloy, the tubular overlay having an outer
surface and a substantially cylindrical inner surface, the substantially
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radially- spaced spline-receiving grooves being substantially parallel to the
major axis of the substantially cylindrical inner surface, thtg outer surface
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spaced spline-receiving grooves being substantially parallel to the %/najor axis of the

substantially cylindrical inner surface, the outer surface having scribe lines.

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. 1 is a 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 illustrating a series of the splines of

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



3 FIG. 4 is 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 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
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according to, another embodiment of the invention. DETAILED

FRESCRIRTIONARJ HENVENTION Wpile exsmplaty epbodiments of

the invention will be discussed primarily with respect to a power turbine
CSHARBY S YLt HRie eRgmE R berippraciatsddirscthathinuemtionibamt of
tHeeésest withHiespect to any mated component having splines or seal
teeth that matingly engage a corresponding, complementary mated
-Ff@ onent. FIG. 1 illustrates a power turbine shaft 10 of an aircraft engine
n
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to the axis of shaft 10 and radially spaced about shaft 10. With reference
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oyfsktio ArR4icdWeen thertit mS2-is: define cb by @ lphanteatline 38 amd &Wan.
surface 36. Before use within an aircraft engine, spline 20 was

pmarufaciuned togimeRsians qigfyﬁ\d\%\hﬁli@%om line 38 and exterior
n

surface 30. During use, worn portio as been lost by spline 20, so
“g%ﬁlt exterior surface 30 includes worn surface 36. As the exterior surface

QIPRERAR 7RSS skiighf dRgdpEentanotilobeplineyotd primarily with
resproplementasy device fnat shawn) (Iprgyenas rapsigirgd %%%’8%{%& N the

. shaft 10 and the complementary device, resulting in wear and the loss o
In\)\f,%mo&ﬁ%ﬁ}%?{_s%g VE@gfespect To any mated component having splines or seal

teeth that matingly engage a corresponding, complementary mated component,

FIG. 1 illustrates a power turbine shaft 10 of an aircraft engine (not shown) to include
a splined portion 12 and a seal portion 14. Splined portion 12 inchudes a plurality of
spiines 20 aligned substantially parailel to the axis of shaft 10 and radially spaced

about shaft 10.

With 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,
Wom portion 32 is defined by a phantom line 38 and a worn surface 36. Before use
within an aircraft engine, spline 20 was manufactured to dimensions defined by
phantom line 38 and exterior surface 30. During use, worn portion 32 has been lost
by spline 20, so that exterior surface 30 includes worn surface 36. As the exterior
surface 30 at phantom line 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
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4 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
INfHES SEEFBFHEGY PSEToRPHER, IRt ovaldihgpibeasssEvenmaretprefrablifl of
spifgeweld mdb?dgsgﬁ&e%&% %@pg&%%@aj@'ys%%ﬁ&%s &lom)n diameter, ..
Exemplary welding processes are pulsed plasma arc. micro If)lfasma arc.
Cmédcar&%é?; and pulsed electron beam. The micro plasma arc is
preferably applied at welding currents between about 0.1 and 15 amps. In

Flifissmannerapajr dataral B0eapibawelded tosthesping 20witha, repair
minj #@ of heat input into spline 20 to reduce the HAZ. If a wire feed Is
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udtwill lhe-appresiated thabweldingirgpaicmaterialal-antospling 20 coutd. v
be accomplished with a manual or automated process, or a combination
DR 5 AEPLLSH FEPRRISEA Sl Wl Reiivelding propessrs
wigdirpicalycaccamphished withha oltage af #paut100-140.KY and an, 4 puised

amperage of apout S to 10 mA. The pass rate is typically about 10-20

2l FER8s B mintts. VP b %3Pt tratis PRERI ARy téBRRRsuElorvelding currents

baorpinatian®t teehnkues cambeibsashRe, longasiheNaaldnRUtiSwelded o
on;r,olled to prevent excessive rain growth in the HAZ. Excessive grain
&

ﬂ%r a8 UdEuThBYSIIY R R i d889h §rainriize tatamiisepaifesls If a

wihe featerialpropertesief the,apling|preventing resuse of the,spline; Thys i,
.provided, repair material SO Is bonded to spline 20 while reducing the
RS L afadh PreRpersiaiTtHE B M SHIe erR prowHEHALRE MpE gkl Sigeould

beanchawithint aviesired fanger chless-tban AIM Numbet 1088, of the two.
v\&etermined by AETM El 12-96e2, Standard Test Methods for Determining

(GRrabd & rainP8se” GraT el elfifgel fithn Bdesrdingapeers genaraligaly

acasaguiated wilh promating the Aropagation of falioue .61acks . Whigh,6a8 « 10
lead to component failure. Splines 20 are thin, narrow prOJIectl.ons on shaft
migo dgha RESEIRA Lt TRy }?éﬁ Q4 10-20 inches per minute. It will be appreciated

that any technique or combination of techniques can be used, so long as the heat input
is controlled to prevent excessive grain growth in the HAZ. Excessive grain growth
as used herein is an increase in grain size that adversely affects the material properties

of the spline, preventing re-use of the spline.

Thus provided, repair material 50 is bonded to spline 20 while reducing the HAZ
adjacent the weld. In the embodiment provided, the HAZ grain size can be within a
desired range of less than ASTM Number 10, as determined by ASTM EI 12-96e2,
Standard Test Methods for Determining Average Grain Size. Grain sizes larger than a
desired value are generally associated with promoting the propagation of fatigue

cracks, which can lead to component failure.

Splines 20 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
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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 5 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
angt ireigrstemtmayoestandHiclowiteatinpusimitstediftctsigf the g0 to

o the. non- e 4 ich typic is.not in coptact with any other
O oLant g Tl CherAUSh e e Ine oA ST orog e
thekspe Hyme oEres! | aepaitel Iirnitecttathehndnvpressureracemswitenotibesaof the
reRcaRt RGIOr IR (RlON®. 45 RESLASSIINIIG. 4 CRALMAIEIAISOLS he;

attached to the spline in a manner that “results in a build-up of repair -
CHHERRII B0BRHETAEA pressive fadetdp. BIGTIAfurthérzilistratesiinf properly
cRfiantam-ine;contaur af 2 repaired spling 2Q'which include %1%1{}%%%‘1[;? % ctor in
_pressure face 40" and a repaired non-pressure face 42" As'will be
faéhﬁk}?eciated. after the addition of repair material 50, shaft 10 is

remachined, or cut, creating a repaired §pline_20'._ Ina preferreql _
Aembodikeent, e method ohihepresentinygpion ﬂ@?ﬂédﬁﬁﬂgee,ﬂlt'y%gg%er that

repair area 45 on pressure face 40 of spline 20, welding repair material 50

ey o sk flcssun e Mathminbeshar no s préece replfired further
ispline:20) Feapait aLeaA5 iy definaddy Hherares AfiSelnE AR B8 epaired

machined to provide a repaired pressure face 40'. As will be appreciated,
P HRh Yy ifetr) BHECH IR0 Tatig 6 etdtionsalliSpinesizocitiehattier

thtQudikiypisalpreamineAdouild upof renairmalerialsS0,anto the ;. , regaired
on-pressure faces 42 to provide repaired splines 20'. The pressure fac
SP'oF8ach spline 20 is machined to the contour of repaired pressure face

40'. The non-pressure face 42 is preferably also machined to remove

IrexcestmegaiminateniatShetmproslice fepaiseenon -MessURIREE AR nifving a
reThl%S&ptarg \Qg %qq 0% saireedfs ”rl'?)s O alr_(? S?I!g htly 1reiclopkegc% OQ'S"haiaft} %% o non-
Ren compared 1o tHe ortginal radil 1o8ation BFEpIisad & 4th
potierwisedhéXepairedcsphingssAaithayediroensions iat afe;theosamenehepair
ar%%gé{% IIP QS8RE %\S t[tﬂg o e S }HQS 8280&? nb% v&ggégigéaugotgg}r%ggeg ‘repaired
pressure face 40" As will be appreciated, to maintain symmetry and balance during
operation, all splines 20 of shaft 10 will typically require a build up of repair material
50 onto the non-pressure faces 42 to provide repaired splines 20'. The pressure face
40 of each spline 20 is machined to the contour of repaired pressure face 40", The
non-pressure face 42 is preferably also machined to remove excess repair material 50
to produce repaired non-pressure face 42'. Thus provided, repaired splines 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. 3

illustrates a repaired spiine 20" after completion of machining ODErations.

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

S



illustrates a repaired spline 20" after completion of machining operaﬁons.
Thus provided, remachined pressure face 40' of spline 20' is comprlsed of
original forged shaft material and not of repair material 50. In t.hI.S manner,
shaft 10 is provided with a wear surface that comprises th_e original shaft
materials. This original 6 material retains the desired physical properties
IRSFSPITRAZEO ek sined sy sikel miethod csléscritied:h2beind hasumpichemethod
asignificanty.gltered by, the welding-process, In_contrast, a repair s,
kel DR AR S T
CEHEIto Drighadl dimensions iventdprevideepshathwithztontasting portion and
[ . ' ' iated that
-SHifaces that aye Hndegirable: propertie .It_wulbeq preciated that .
I theg%?(??emsf %Hggr%e%ﬁﬁer%inaw%ﬁ% p?gef‘e%roaef@ %ﬁ?géggdato%%%a“m#g contacting
SughliFresz0 thiat hiaveibderirsbderptye tocnommalilise, gouldialso bausedirocess
axample,to ir.sphn 04ths not conform t reql,l,iéedD (
d%g%rances%é%’wgﬁg%vgrg ?é]ags%%. dl%pe%té%r?r%oatléﬁg’flgb’iss l%?/lf)llecsaﬁ_ Bufit G Snbees
VRGh Bressurs et e Q@Uédthl@kr’c@sssoﬂlés_s etiranpaboutrdfamilslipesfenably do
nle e ihamabout 45 mils..The.apaly materialmay be applied in a plurality
of passes, in order to minimize heat input on any one pass. It WI||. be
appreciated that the build-up of repair material 50 is at least as thick as

R BRI B HiF e et res e thievispaire dasplife 126! thithesamiless

tdimensions asidhe-spling 20 prigfto yss.and Piﬁl%.‘ibﬁl‘?@&’%l%"{%%{eﬁ YRay be
rior to the build-up of repair material, the thickness of the worn portion
a@%}%@ AL REhKRRseSSo i des paitmiraa BF theapieBsU e face @, fsiss. Tt

wiypieallydeternmines: nRemalite thewarp.surfacs. 36;Alsq preferied, repair .
b

material 50 is of identical material as shaft 10, which materials are

VRIS ERTY Cperoy s Edcart g tRBAIGLENEDASIStiy tbE nickeldbasedons as

thoshl based peebalhasadi ardigembinations,thergof, Eyen Q%O{ﬁe build-up of
preferably, shaft 10 and repair material 50 areﬂINCON L R(r) 718,

RRHOMGH GthellS UikbiReHiat iR BTNdBE vepiretnduging the friekmoss of the

reglecEibed hareiReJNCONE D isafedarsllysegistered radem %EI' r%(;’élxrlhes(élz'féc e

. by Huntington Alloys Corporation of Huntington, West Virginia.
“'Composition of INCONEL(r) 718 is well known in the art and is a
designation for
Also preferred. repair material 50 is of identical material as shaft 10, which materials

are typically superalloys selected from the group consisting of nickel-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 he
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
welght 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 1 weight percent cobalt, a maximum of about 0.33 weight percent
manganese, a maximum of about 0.35 weight percent silicon. 2 maximum of about
0.1 weight percent copper, and the balance nickel.
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a nickel-based superalloy comprising about 18 weight percent chromium,
about 19 weight percent iron., about 5 weight percent niobium +.tan.talum,
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 1 weight percent
Brobelldize axisnemiodiabelt 0135hweightpercentamany aneseliad IaxHRLImA 7
b S.wejght percent silicon, a maximum of about 0. 1 weight
Oggﬁéé{%}l‘%ﬁfgﬁ r%gh%%( eb%éaéﬁ%%l}?}% kel T B WEIHIRG the Tepsi Ar‘r%qf@cr}ﬁlj aired
sE0itoe nbreresswedaceldf diia $plife:20y the HAZ: ohiherepaiiadsize of
pli il jJacent the repaired non-pressure face 42' of repaired s
o R R A REE (Jertnbieie oot «
spinofyihehshafe10:magabadjiacgnlipressureriade: 405 F arpppplicationsand o
involving. ine that encounters a single rotation Irdire tion, anq
n(lt)ﬂeisr]lle%éogr%%\ fr?r%ss%lre%ggesau A %Beﬁ?éifglss%i?e%?gcg 5 18%&#?@6% S such as
hareratioméfeherpbizsicatiproperties psushras fhardnessapsbgrain siz@igth and

' ay impact the.strength and service life of the
gt e Dl

PisFesEUiedaceandyhave deghibleimpact ahdherstrahgihdnersprvicg:life the

m . Further heat treatment to alter the physical properties .
N T Lot oy A AL AR & SRR fohcof G
deipiécmizk éntionioread ardatmentse tygically garriddieutat eciemparaturecat

ahout 31150F qut 14Q0F for up to about 16 hours ysing ._
O e o ot 1 aloh SR JoeH (8 et o oo
1 48mpratureloThe sk dfowise: feed sweldint methads: maythensed106epai o

Spli in rd: ith exemplary embodiments of the _invention. _
Tc\%‘\%ﬁgi{éﬁ%ﬁ%ﬁgﬁfﬁﬁéfe achieved with wire feed welding, to achieve

a level of consistency and repeatability in a production'environment,. yet
Thpdtiverlevéimprar) wribisaimehoss tidinvention fs previdedinAcioreing donce

waRothenempbediment:efdhe inyention, a.method f\%l[%p%g {%QBH[‘SNS plF:ens% s are
involves the use of a sheath or overlay that fits over the splines of the gas

ac(hi&}iﬁzé with wire feed welding, to achieve a level of consistency and repeatability in

a production environment, vet another exemplary embodiment of the invention is

provided.

According to another embodiment of the invention, 2 method for repairing the splines
invelves 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
020 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
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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,
2and preférmbhlisin CONELH 78 Phen@HanGa0tikedh outer sutfaceh the

: i -  that defines an aperture 630 through which
A S 5 e oo T
6 FaatEthevgeantdtfy and dimensions of the splines 20 so that when the

overlay 600 is placed over the splines 8 20 of the shaft 10, the overlay

TEOGissubstantially immobilized by @ a'éel fitwith the 3plines 20.which

o

L . S 3 'é%% ?E{farea.
received by matching recesses formed along the inner surface of the

FoveraypoorHysnRrRGHAeS 670 dfaksivetiby 80reHbY bedefimediny arca

A ANYSKOSIrSEetional area: E@o%@@ri@’atﬁgtﬂége&%%%q%g&é%?ﬁ%%g% of the

. defined by a circular cross sectional area as shown in FI¢ .
TYERHHInG T8kt tEERSIR sy emBY b et e tireF TRvéntiorsda As illustrated

ircoo&ie-cutter styla Qverlay,400, a&%@ﬁ\‘}’t@al@': lﬁi?o.fﬁ]uﬁﬁgluﬁaéﬁsi,l ! lﬁ%glaetaesgnﬁin the

FIG. 7. the overlay 700 has a substantially uniform thickness, decreasing

A HEURE ST H abS A hdR FERTBHSO SR LRY e 0VidKlay 7 00} vitoith doiuiter
s@mouterosurtace 1a0-angd.aninner swfage 7259 thgPvsrlay, 70

v match the
substantially match the contour of the splines 20. Referring agaln'tonll—ié.
CHUHE BV B rthy have a series of parallel scribes lines 640 running
along the length of the overlay 600. The scribe lines 640 can be made

Rasingrameaethod @newmdm%a@r%@@%&éﬁ ?@@&@?‘A%{%mg 955%‘7@1%%?&%@3 lines
0 of the overl 00 such that the scribe lines _define alternating _
G%r%elgg%\r}%r 8%)?%/% ere el d Hooat HoRUre st Fibe Mnchite wplinegnade

u@g Usinghatpsecisionwieldingdevice a1@ seaes afveld Nasses ale-madef the
in ﬁhe area between two s,%ébe lines 640, which area is over a
overiay

ot pressirs Tac8 dPa $hinfe Bt Prfeiabie EsThalts afsamate ifha pressure
fdirectioniparalietioutoeseridedtings sphecweld causes ReMiON QLR device,
a ggggs? ¥f6 \ggéopasses are made 1n 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
direction parallel to the scribe lines. The weld causes a portion of the overiay 600 to

be metallurgically bonded as repair material 1o the non-pressure face 42 of the splines
20,

Once the ayea between the scribe lines 640 has been completely welded, the process is
repeated with respect to the next set of scribe lines 640 that define an arez 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 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 o control the depth of
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be metallurgically bonded as repair material to the non-pressure face 42

of the splines 20. Once the area between the scribe lines 640 has been

completely welded, the process is 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,
hvRRA HEfiHE AP RESS phasSUrs RIcRDB0 bp BAsife o8 tBiclmich it ilow

heBOtralgsikedhigpitapkamy rapaismatesiak WiandheLverinn6R as alkuls in
outer surface  defined by a circular cross-sectional area as shown in FIG.

the dHRE TKIAAEEROMIALT GRS ErPale BP0 15t hon Présstivétace 42 of
the spline 20, and the depth of the weld, changes with each pass. Using
Tlpresision wlding toals as areddiown to phaseadfy skilkinthe g as the splines
adjust s,¢an be easily made after each pass to control the depth of 9.
O Y S A G o Ay B 8 1t Sl permi
sithieknessdoumteivphieat frontheneidddahentstiminper Buifac® 62 ehihen in

F]%\(eila%gg\(?eﬁnd eftgult in.the tgepo ition frz air material on th

non-préssure face ﬁ%sro s sPliie aﬁﬂ;l&%r?r y 600 e@@@?ﬁ%‘fgﬂ&h?ﬁ

lelghispréferallyat ieastas [BHgsasdhe Sphinebr aﬂz@bﬁ%}g.@ﬂ’laft}s]tﬁhm)@\ﬂmﬂ are
n&p&rﬁpeer?geg? use more th%n one overlay 600, and to permit a single,

unifterrup eodlpaethS a%%a 'tf'%]ee e\ﬁeé f of each spline 20. Preferably, as

shown in FIG. 7, the overlay 700 is longer than the splines 20. It will be
Agpplideiaert thiatafichdeigyttys ohdhoolibelay:showm v KiGsBranddaretfpoints

Pumposss fdlustration.and,arennat dependant o the shaps o e . ;. ..
© overﬁ;.l,&s Wllilhi)e applrlecia{%ed, lheat surgeeqagn%% t%ﬁ?%egérseig% joe\(lgvr%? rgmy over
thgsmetimiéstorer atapsints aofireld dhitiatony anterncinationth¥ hudditewetd in
1ol FRHed 0L %%%RS%HH%%% ‘é&%é@ﬁ%@.‘!”?ﬂ%%%%%ﬂ fapaied, varations: o,
of quality may occur in the weld reSulting in localized areas having
stoprissivablepropernbscHYWevernifitheniveld is daitimeddicstopped the entire
IAEONELRR SRIES A P EOTRIN I AILLGAN.08 ACUPYPA QYRS S Sor i
length of the splines 20 and any heat surge occurs at an area ot the
capvestayzobmeriincedntact with the splines 20. However, because the
overlay 700 extends beyond the splines 20, the splines 20

However, because the overlay 700 extends bevond the splines 20, the splines 20
cannot be seen during the welding process. Accordingly, start and stop tabs 760, 770
may be provided that serve as markers on the outer surface 720 of points before and
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 1o 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 mayv be unnecessary
when using an overlay 700 having a substantially constant thickness as illustrated 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 controlled so that the weld does not result in repair
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cannot be seen during the welding process. Accordingly. start and stop
tabs 760, 770 may be provided that serve as markers on the outer
surface 720 of points before and after the splines 20. The tabs 760, 770
indicate that welding can be initiated or stopped with little risk of heat
surge ar other damage to the splines 20. It will be appreciated that the
R Brof S G0, 70 B todd i EorEaon i o8 e
Fuiehdefioe an areddenwelding. althglagh:seribelinesspiyibe unnesessarys fier
“when using an overlay 70Q having a substantially constant thickness as
W@rifggﬁ-é%éa’} %%F?ﬁsﬁm%ﬁfé?ﬂstﬁg%%@ %%II@WWC{%\’ é%%%‘ﬂf’ed%u*t% se
postisiaceof2-pegfam thessamedunctiomhassstiibe, lines Rieeisienoveldinging
tools, as are known in the art may be used to accomplish the various. .
THBIBIRG ProcEKEEs STV BEING Hn BYEREY B YrarmisiHee the

prividih and depthspfiaewelstsunicanbeaaniiefied sedthatstieowelthdoesntad
result innrelpai 10 material from the.overlay being applied to the pressure .
shif SPGIRHY splie. PERHSIBrE:S doniteRUAMBth O FEPAIF MR SRR
mapfliedtethesplisgsy Afterwaetding iscomapletelthnsecpartionsafdhensions
Foverlaly not attached by the weld, i.e., those portions contacting the
oL §PSSEIRE face of the splines, are easily removed during machining
operations. As previously discussed, machining involves machining the
It prébsarepface ot dhasplihe daprovideyacshodiin sufadelcompeiseth dfave been
as-manufactured shaft material. The non-pressure face.is also machined .
e e o R SIS, T R et e
inpeovitdeahsdesirel contaliratidaditrensitns ofthespline’ 4t wwilthebine engine
nSRRLeciated ihat while.exemplany empodiments of the invention have been
eseribed with re‘sﬁ)ec 0 splines of a gas fitbine engine shaft, the
principles of the invention apply equally to seal teeth and any other
Wevlapshentsfargses thepnecssighee \walirdsplipess tests spréckabsdonent, it
wiimilar featires. Whilssthe inventianas heen described,with reference 4o, g

a preferred embodiment, it will be understood by those skilled in the art
eqhafﬁmu@hﬁaﬁ@éétmégﬂﬁét‘m&@@_aﬁdh@mméhwmy%“é%ﬁgﬂmi@dscope
oif%éalﬁ%‘?\ﬂ%mﬁr%’cﬁiww,%ﬁg§%ﬁﬂgcg@6ﬁsﬂ}ﬁa§c9@%ade 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 appended claims.
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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

bedtiiodESdohtehiviialdd for carrying out this invention, but that the

invention will include all embodiments falling within the scope of the
appended clairns. 11 WHAT IS CLAIMED IS: 1. An apparatus for use in
repairing londmorametates uallyuandtaksisdlyingpavedsplings etiarlairendftradially

tu%@@i&%& nesshalt, £ﬂ%ﬁﬂ€§f&%§e&%‘fﬂ@@ﬁm5tﬁé%ﬁ L@&tﬁé’%ﬂﬂ?{arisino-

comprising a nickel-based superalloy; the tubular overlay having an outer

surface am_aibué@rb@mﬁﬁalr;n@iﬁﬁﬁml W@i%ﬂ%ﬁt@m@lkl}bﬁmﬁﬂéﬂﬂf overlay
cylindrical ngr.surfagehaving:a plutlity of eauallyand Jadipllys SRAGEE  the

spline-receiving grooves conforming to a plurality 6f equally and radially

spﬁd@éﬁsﬁﬁﬂﬁ§bﬁ@#&%ﬁaﬁ% oifece ﬁ?@rﬁégmap&t@@iéh @ﬁ” theuatiy and aadially-
radiallya Spaced SRIpEFeGsivag wmysgr@e{aga%tafgﬂw'm@ggﬁv%@ D&ty

major axis of the substantially cylindrical ifiner strface, the tubular overlay

furthicRainee & PluraRiycrefitapsiasergingstrath taehovitehsofatly, adrreally-
apﬂﬁ'&%‘&'éﬁ%‘é@%ﬂvﬂ %E%QS\/HE%éﬁ%&%&&ﬁﬂ%@aﬁﬁé@%ﬂﬂj& axis of the

constant thickness. 3. The apparatus of claim 1,'wherein the ' .
crogbssutidiyat diedroptHarsu e fan rctopwhy aisoley BueHayn® wigcuprality

4. Jm@%ﬂ%gqfrggmeloﬁégg&rf&%mprising scribe lines on the outer

surface of the tubular overlay. 5. The apparatus of claim 4, wherein the
scribe lines are substantially parallel to the major axis of the substantially

cylindricad infer siifages 6r IRGAPPARIAHOLEIAM, Ly WhERIN IR IUPW B tially

overlay comprises a nickel-based superalloy comprising about 18 weight
petéafashfoslingisabout 19 weight percent iron, about 5 weight percent
niobium+tantalum, about 3 weight

3. The apparatus of claim 1, wherein the cross-sectional area of the outer

surface of the tubular overlay s circular.

4, The apparatus of claim i, further comprising scribe lines on the outer

surface of the tubular overlay.

5. The apparatus of claim 4, wherein the scribe lines are substantially

parallel to the major axis of the substantially cylindrical inner surface.

6. The apparatus of claim 1, wherein the tubular overlay comprises a
nickel-based superalloy comprising about 18 weight percent chromium, about 19
weight percent iron, about 5 weight percent niobium-ttantalum, about 3 weight
percent molybdenum, about (.9 weight percent {itanium, about 0.5 weight percent
aluminum, about 0.05 weight percent carbon, about 0.009 weight percent boron, a
maximum of about T 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 mickel.



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 | 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 bal I . or.use. | iri e.or AT
more eqﬁl%ﬁﬁ%ﬁﬁiﬁ%ﬁ%ﬁ%ﬁ%@ % a%Hgi r%&?a t tu%b%ﬁgag gflr?lg radially
shetfectidepipparaias eompfigingine miginarsbeédy comprisingoaprising:

nickel bagadh stpcraliay, DRUIAY OYRIRY-DeVNg A0 AHIE SUTAEAA L eriay
a substantially cylindrical inner surface, the substantially cylindrical inner
subfadeghavinguieplusatiacof aedially aubdiratially- spedicsplinmeecaiving. the
aragues caniomminguin.A RiyRl by pl.eauall andiadialy Gageh SRnes.aluy-
an aircraft turbine engine shatft, eac% of the'equally and radially- 'spaced
spliprsséceiving grovues beirgsubeiarmally waraleraithe hegiotaxmdradially
InSpatRelBnHay eYinGRaan ANSLRUIRGR. MaOUahoUraRe0MNYAIAGialy-
lines. 8. The apparatus of claim 7, wherein the Scribe lines are
substeitistynparatéting teaveydbemdsafthetaibsraraiilyciingrdel wirep! the
Su(aee, A AIQVERIAY.F R REBAIR NG SRL N AND SRALTRETHOF
A MATED COMPONENT ABSTRACT OF THE DISCLOSURE An

overlay (600) for repairing spline and seal teeth (20) of a mated

compoRgnt (1 0}i%, Jigclesady THGMaraY (600 KaLube cRusHHERAA Al
weld repair material (50), the tube having an outer surface (620) and an
inribe sufaicE (B25 b RebmBrslfadade2b) nedimelsioned to define an
aperture (630) sized to receive a plurality of radially spaced splines (20)

of the component (10), the splines (20) of the component (10) arranged to
matingly engage a complementary component. Fig. 2



