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

dagieirnuwrben R28BRI(RTVE3IPL 18)) enttledE REpailen Sping and1$asl
Teeth on Mated Components” both of which are assigned to the Assignee
of the present invention and WA RISo filed April 12, 2005 the

RIContents abwhichaneykegreby incorporated by reference in their entirety.
FIELD OF THE INVENTION The present invention relates generally to

THfgPal fmated components, More, particulorly, this inyention s directefl .,
0 thé'repair of spline and seal teetn‘for an aircraft engine shatt.
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therewith..The spafjf' may be interconnected to rotary components of the
referénce 11 their entire

engine by a series 0¥'radially spaced spline teeth or "splines." The shaft is
typically manufactured with a forging, machining and hardening process.

FIplda$raarbiHe iehgineldstates in a single direction during operation and is a

delicately balanced machine. As the engine is operated normally, the

TIPIResen the-shaft transmitdoads and exparienceweas, anssaliyien aviore
single face. Typically, a spline is a thin member that interfaces with a
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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 is 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
interconnected to rotary components of the engine by a series of radially spaced spline
teeth or “sphines.” 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 sphines on the shaft
transmit loads and experience wear, generally on a single face. Typically, a splineisa

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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engine. During an engine rebuild, the shaft is inspected to determine the
Prefigtiie StANER ol Vanbt hileilgSUrrseEiRGuamg Mesplifam the

spRaad tepthadda shalt dimensiansiar@ coraparadioapeedaternined setafure
dimensions and tolerances. A shaft that is not within acceptable

fagp| afh Eed6F e PraBtsimite P HiRE BN TR SmppRe diid gine
re@w sheficisdnsedsiehintodhedtabyit-engine fAngd easesfomhsCEARRIEGhtehe
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of an inch on the pressure face of the splines, with negligible wear on the
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Igue’ crackirg on the pressure face ot splines are a known cause of
premature failure. Accordingly, there is a need for a method of repairing
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f2QVEICeRgs e dnateaiagies.alheariar aalrépaired shaft whose dimensions are
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 fess 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



SUMMARY OF THE INVENTION 2 The present invention is directed to an

overlay for use in 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
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turbine engine shaft. Other features and advantages of the present
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spline wear exaggerated for clarity.
overlay comprises a tube comprising at least one material selected from the group

consisting of nickel, iron and chromium, the tube having an outer surface and an inner
surface, wherein the inner surface defines an aperture dimensioned to receive and

contact radially spaced splines of an aircraft turbine engine shaft.

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 iftustrate, 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.
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FIG. 3 is a sectional view of a power turbine shatft 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
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overlay applied over the splines according to an embodiment of the

invention. FIG. 7 is a perspective view of the spline portion of the shaft of
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INVENTION While exemplary embodiments of the invention will be

e RSN SNl with respect to a power turbine shaft of a gas turbine
engine, it will be appreciated that the invention can be used with respect
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ngage a. correspondi complementary mated.component, FIG.
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include a splined portion 12 and a seal portion 14. Splined portion 12 _
Flfacilides aphisiitycofieplinb e oulionedrsobstdrtialkhparafldlie. thenaxisg an
adially out shaft 10. With.reference to FIG,.2, a
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typical repair area, or worn portion, 32 and a non-worn portion 34. Worn
D%M@ﬁ?%@ﬁﬁ%@@a ARtBANIMENSBIERY a worn surface 36. Before

use within an aircraft engine, spline 20 was manufactured to dimensions

Wiigtinedylphantomdine 38 andiexiarigiruiface 30 BYFARGMSS WAy with
ortion 32 has been lost hy spline 20, so that exterior surface 30 includes
respechiQ & aocxgeﬁél}%gi&g% tg?i?)rgas turbine engine, it will be appreciated that the
invention can be used with respect 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 includes a plurality of
splines 20 aligned substantially parallel 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,
Worn 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, wom 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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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 4 in this discussion, worn portion 32 is located

on the pressure, or contact, face 40 of spline 20. The opposite face of _
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a portion of the shaft'10 which illustrates a series of splines 20 with repair
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cdiesptine 20 using a focused energy, or low heat, input welding process.

Even more preferably, the weld puddle created is approximately 39.4 mils

-l mm) in diameter, Ex lary welding processes are pulsed plasma )
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in) in_diameter. It will he appreciated, that welding repair material 50
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adversely affects .the materjal properties of the spline, preventing re-use
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mA. The pass rate is typically about 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 E112-96¢2,
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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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
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the heat input were not controlled, HAZ 5 and grain growth may extend
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grain growth if properly controlled and limited to the non-pressure face 42

coPHGY 585 SHE BB T TaHREAY best SBenth e sepalfetor i
fatidaterial 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 ntom the contour of a repaired spline 20" which jncIUdesa
Asre%g{r%%?nplﬁes‘sg}r'e%algg Ao KHE %?Iré é?;l‘i? t?\gﬁ-% ngtgﬁr% B2 REWA that
repeiappresigibdpafferpiie mddiionsof se pairmoaterist@, fabaft 2L0HsG. 4 further
...remachined, or cut,.creating a repaired spline 20 In g preferred y
BN e 6 SRt phdSERE P ACILGS sty spaired
preepair faeaddSaon pregsiiredface-4e:ofispline-20 welding repaippratriial, 50er

to non- pressure faces 42, dmlcwnin shaft.10 to produce repaired
e i i o Tt By R e S 30 biepered
sphmachihed to provide a repaired pressure face 40'. As will be appreciated,

to maintain symmetry and balance during operation, all splines 20 of shaft

In %Op%%}yéﬂ%lxlyorcﬁ%? a0 %gtlk{pd%cﬁﬁigjﬂée Reirill%lfilgpﬂ.fl) thl%{[}%ees identifying a
non-pressure faces 42 to provide repaired splines 20". The pressure face
repporofieach splineesois fecHihead twline 2ontoaidofgepaitediaressurd faceon-
pré@hrzhgces 42, and machining shaft 10 to produce repaired spline 20'. The repair
area 45 1s defined by the area of spline 20 to be machined to provide a repaired
pressure face 40" As will be appreciated, to maintain symmetry and balance during
operatior, 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
spiines 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

iHustrates 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 shaft materials. This ori ginal
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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 com.pared 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

marginakentines20.and WR fityB Jalgrances Q- ) MESHAILS 2 (e method
# us

repaired spline 20' after completion of machining operations. T
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shaft 10 is provided with a wear surface that comprises the origin
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significantly altered by the welding process. In contrast, a repair
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surfaces that may have undesirable properties. It will be app C|a_1tea that
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splines 20 that have been worn due to normal use, could also be used,
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f in order to.minimize heat input on any one pass. It will be
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di i th line 20 prigr to use and its subsequent wear. Thus,
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icall ermined narmal to.the worn surface, 36. Also preferred, repair-
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36.

Also preferred, repair material 50 is of identical material as shaft 10, which materials
are typically superalioys 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 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 weilght
percent molybdenum, about 0.9 weight percent titanium, about 0.5 weight percent
aluminum, about 0.05 weight percent carbon, about 4.009 weight percent boron, a
maximum of about 1 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.
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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(c) 718,
although other suitable materials could be- repaired using the method
described herein. INCONELCI(r) is a federally registered trademark
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The composition of INCONEL(r) 718 is well known in the art'and is & .
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about 1 weight percent cobalt, a maximum of about 0.35 weight percent
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the repair material 50 to the non-pressure face 42 of a spline 20, t
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the grain size of originaTs aft 10 material adjacent pressure face 40'. For
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spline, alteration of the physical properties, such as hardness qnd grain
regipATE R CHCHE 578888 Yade isRsEEE thes Stiesgtberid! BEIicedlitbout
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ressure face may have negligible impact on the strength and service _I
re%fhtﬂée CEMPEHEREBGAMET heat treatment to alter the physical properties
of a shaft, if desired, may be performed and is envisioned as a part of the
Theubjectfinvieation] Meatirireatmedsismbpisalikcatredut ?ﬁlﬁ}é@ MPeEatEnce
.between about 1150F to about 1400F for up to about 16 hours using
Wl@%aﬁégp ?%%pi’%%g '1B¥the ﬂ%jafé?iainsvé‘l%t&?@d to "YBHEhsiisEamhaRpults are

ackempeéraitreire feed welding, to achieve a level of consistency and repeatability in

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

provided.

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

during welding.

Referring to FIG. 6, an overlay 600 is a tubular device comprised of any weld repair
material, and preferably is INCONEL® 718. The overlay 600 has an outer surface
620 and an inner surface 625 that defines an aperture 630 through which the splines
20 fit. The inner surface 625 is dimensioned to substantially match the geometry and

dimensions of the splines 20 so that when the overlay 600 is placed over the splines
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The use of wire feed welding methods may be used to repair splines in
accordance with exemplary embodiments of the invention. While
satisfactory results are achieved with wire feed welding, to achieve a level
of consistency and repeatability in a production environment, yet another
exemplary embodiment of the invention is provided. According to another

2ep7hRdimentof the inentiom@imathad o Ieraiingiine sRINeS INKONES, e

the use of a sheath or overlay that fits over the splines of the gas turbine
sPLRSH “PheticRiay tsarang ekbiag meespintyand denrgabde isacrifioritce
62506 g8 Qfvd4gpaikgnaterial 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,
TR i 12 B A e R el i FhAaHArrea

anh ove
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620 and.an inner surface 625 that defines an aperture through whic
oS RE B 0O TR i SiRAe 8288 B STORER - SUBSaMI! h

inveatcinthecgelametryeand 1 dimensionmokthecsalines RO 5a; tﬁb’?\ﬁWb@ilmﬁtrated

. lay, 6Q0 is placed_gver the splines 8 20 of the shaft 10, the overlay

0 Bie Sub eIy oo BB e W ARBR DO FRCH e the

anieceivef] hyeraiching e cessessiaimetalongthe mnens uxﬂ@ﬁ@ﬁd@ftﬁ %fnlt)hﬁner
overlay,800. .The outer surface 620 of the overlay 600 may be defined

Sug%geciﬁgss-as%dct%ng}%}eg.ﬂ oF eférﬁ}ﬂég?hgv@ﬁ et Ean Ly B@w})‘/ the

codefined thy apdirenlan cross sectional area as shown in FIG. 6, while
according to another exemplary embodiment of the invention, a

| ie-cutter t*l 0 r,kﬁé/ 700 as wn i FI_G.? is.used. As CLL strated .in |
R(%?ghllf %I’%E%\}%er af;(/3 7%%1 agvae%a stagjr? & ?yqlljarﬁ?oar’rﬁeﬁlﬁ%l?r? saé?f gc?gé fig nes
Satheuzimsunirogastdeizitheddbd tootmstiiet tAdoveilay 70, daonhisthbetiade |
usﬁ%%%e@ﬁ éﬁcﬁné%% qﬂqh%nalll%rﬁqrdséégascgge%sé)%f %Qg gt}/t%y%sza%% 620 of the
substantially match the contour of the sp[flnes .

overlay 600 such that the scribe lines 640 define alternating areas over the pressure
face 40 and non-pressure face 42 of the splines 20. Using a precision welding device,
a series of weld passes are made in the area between two scribe lines 640, which area
1s 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 overlay 600 to

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 compietely 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, 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

G



Referring again to FIG. 6, the overlay 600 may have a series of parallel

scribes lines 640 running along the length of the overlay 600. The scribe

lines 640 can be made using any method known in the art and are

spaced on the outer surface 620 of the overlay 600 such that the scribe

lines 640 define alternating areas over the pressure face 40 and
theoskpresshysfacedchopibe Silines:20y Using: ahusaidiorweldihgedewcdjow

a series, of wel sses are made in the area between t cribe lines .
e R G e B s MO SIESG: e B Sp RS SO Arehpyeuts i
thdepweldsrare myadeniatarislirectienpaipitsk todiiecsadbe tines!Tike. weld

causes a portion of the overlay 600 to be metallurgically bonded as repair

al t - f ' .0 :
T e e 1 B S N P R IR splines
20repdatelh ittt tespet tbahecdextsetopscive ines 84dathaf efivel@permit a

. are face f ine. 20, skipping.eveny of :
AR B S PR W
Flpressihredfecdes 070 assptiger 204 ttwriphnitss2fot [desitdg wppteashicdripat the

161@?5%565@?1 @%%%eﬁ) \fﬁﬂ%y%%%% Hazﬁ@@o?%?rﬁ%ga&e ilﬂl H%lﬁg 1er13 are
rcular cross-sectional area as shown in FIG. 6, tI§1e distance from the
nopdeprsigface 620sterhelibn predsure face 42 of the spline 20, and the

depth of the weld, changes with each pass. Using precision welding tools

AGFRS itﬁé@,%@u%éi i the @b Adivabngnts SALR CASMMAMRints
after each pass to control the depth of 9 the weld for the subsequent

of yyald BB My BOBIIS e ddftieht thitkhissEaglIstvsTRBRtGr8lFeHE over
thV§ld 10 heatthe iBnarsuass 845 of thainvesiay 809.and dusLepMltining in

the deposition of repair material on the non-pressure face 42 of the
logghizsdsare At gy ot sa HeTePahiFfenGBIR s hréferaply &t iakitied or
stdppaias:the niines, 2R obthe,shaftilRte avpiddhe negeriewe JnareHhantire

one overlay 600, and to permit a single, uninterrupted Eath along the _
lengHiytd Breathephf @bt bfstabkEcRCeHsh IR i o thpauENalffant in

colftdenganthanthasplines 20. It will be appreciated that the lengths of the
overlay shown in FIGs 6 and 7 are for purposes of illustration and are

However, because the overlay 700 extends beyond 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 mitiated or
stopped with litile 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 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 accompiish 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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not dependent on the shape of the overlay. As will be appreciated, heat

surge and the like are known to sometimes occur at points of weld

initiation or termination. 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 undesirable properties. However, if the
madeldl istinifiatad arvatappedibeyanditie splines gisaueonsistentweld agiline.

be achieved over the entire length of the splines 20 Erigl any heat surge
FUGGELRO: drF RS GPHHERGVBHAY 08 hOEHF EBritdeRith fhetSpiRUSSso, At

wdiioMienaroRekasisadhevaday ofQRextends heyandibe splines2Q, IRe those
splines 20 cannot be seen during the welding process. Accordingly, start.
PO R SR8 T HEBr ULt PRI EBvE SecARAdFON Hhesiring
mARulelsusiaeent2l. ofpopirs heltvedandsafiethelsplinemh 20vihentabm#G0the
770 ing ica%ﬁ tFat elding can be initiated or topéped with litfle risk of heat q
Pr&iiRgR 6P e SRIRG T IRE SpiitBY 95 SHHAT HEC BpPrEe Qe AR e ture
shatarhad StopTiabs: ISR dsérindycba L1ste imaohbidationewithe sexieslingsir
to define an area for welding, although scribe lines. may be unnecessary .
4 WERG G BVETEY VB0 T g A LI A ARG SO AR La A eions
of ihsstpaied in FIG. 7, in which the peaks and valleys of the contoured outer
surface 720 perform the same function as scribe lines. Precision welding

1¢ I 'gpé"‘sa are. snpwnn he;artmay, be. ‘4%%%%1%%1‘%91 f%’i‘ tﬂ%&ﬁ{%%“ﬁmﬁe been
welding processes of the invention u%mg an overlay. In this manner, the
dewvidtiechmdthdeptivof a waldaunicagsetatmiolbediso thafitiboneldadoes ndbthe
inyERLin repalr 1 ﬂiﬁt? %?'té%%%ﬁ*aeaﬁ;y]’ el %Slgﬁo%@ﬁl'gﬁ égé%??u%ﬁ%s‘%{'igine
ace o r%)sp?lne. urthermore, a consistent anmount of repair material |
hagppligditethesplinescidteroneldilag fsaconmplete, those portions of the
overlay not attached by the weld, i.e., those portions contacting the

whIRSsIr e, {ace f 1he selnessaieLoginn RRoved during.FRachiRRG diment, it
operations. As previously discussed, machining involves machining the
wipréssuidersiee dbthersptinki Hs b ivvitie 2l SO Ot SUF 468 ESMPAS RS grade and
e@RMARUTACIUER dubstituted 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 {ailing within the

scope of the appended claims.
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shaft material. The non-pressure face is also machined to remove excess
repair material where the overlay was welded to provide the desired
contour and dimensions of the spline. It will be appreciated that while
exemplary embodiments of the invention have been described with
respect to splines of a gas turbine engine shaft, the principles of the

wiHwenson applirenislly to seal teeth and any other component of a gas
turbine engine having splines, teeth, sprockets, or similar features. While
the invention has been descri with refe 1o, e :

b embodif%gn%ﬁﬁg\f\sfilf e Und § rlst%ggiclj% %?gsé?%ﬁédi%%{@agrﬁ%ﬁ \S/%Ir]fé%SsOf e

mathdngegmay benmadmand equivalents may be substituted for elements
thereof without departing from the scope of the invention. In addition,

a Y mpddications.maybe.madeda adantaPatelal SIHRIAR@Lce and an

~ material'to the teachings of the invention without departing from the
innegseptisk stdisectAdbeonIrR srafere Lt daisnsined tieadehBanpetisrsotipul o

redimited t9,,the pasticulan embodicnent disclosed astheRest MO8 lines of the

contemplated for carrying out this invention, but that the invention will
COTARUIGBL AT angBe diniHits Sh TGRS ame B pRIBTIRB RYISEhded claims.
11 WHAT IS CLAIMED IS: 1. An overlay for use in repairing one or more

2. rapiadyesRaced spinesafpimaiedisomponamseomansingsadubeckness.
comprising a weld repair material, the tube having an outer surface and an

. inner sur[ace,_w ereiln the inner. surface is dimensioned to define an
3. The overlay of % atm 1. wherel thﬁi.fros]smse fianal area of the outer surtace of the
aperture srzed T0 receéive a plurality of radially spaced splines of a

tulsompioogat, the splines of the component arranged to matingly engage a
complementary component. 2. The overlay of claim 1, wherein the tube

4, h?i’?ea()%glk?g}tw '8%’? qn ?@m%méglﬁmn ]?fsgll?geqygé lay,afg! @H{%]lSLWﬂ% Eeél‘? the

the cross-sectional area of the outer surface of the tube is circular. 4. The

tulsverlay of claim 1, further comprising scribe lines on the outer surface of
the

5. The overlay of claim 4, wherein the scribe lines are substantially parallel with the

longitudinal direction of the tube.

6. The overlay of claim 1, further comprising a plurality of tabs extending from the

outer surface of the tube.

7. The overlay of claim 1, wherein the tube comprises a superalioy selected from the

group consisting of nickel-based, cobalt-based, iron-based and combinations thereof.

8. The overlay of claim 1, wherein the tube comprises 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 0.009 weight percent boron, a maximum of about 1 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 m’ckél.
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tube. 5. The overlay of claim 4, wherein the scribe lines are substantially
parallel with the longitudinal direction of the tube. 6. The overlay of claim
1, further comprising a plurality of tabs extending from the outer surface
of the tube. 7. The overlay of claim 1, wherein the tube comprises a
superalloy selected from the group consisting of nickel-based,

. CQhhalt-basedf tambasetland dambinptions thardofft 8 4 hes overay @fzine.
claim 1, wherein the tube comprises 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 0.009 weight percent boron, a
maximum of about 1 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. 12 9. The overlay of claim 1, wherein the component is a shaft of a
gas turbine engine. 13



