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

mpa&gaﬁm@adg@om&@emsa,ﬂx@orﬁﬁeaaawﬁrmothﬁ imuention isdirecteth cket
to the repair of spline and sea] teeth for an aircraft engine shaft.
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Cengraythersfiamta PRWerdhe compre srOMant RIoVIde kst fol nvention and

&owering an aircraft in flight. Typically, a hollow shaft is axially located
W,

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

Thplirrsscon thechaft trdasmittoads!ant experiende wead, gemeralbyon aMore

pﬁ@gl?axfﬁgethg_sy PA%QJ‘MU% 0 lc@f?i%é?&@ to the repair of spline and seal teeth for an

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



thin member that interfaces with a mating spline on an adjacent part. The
face of each 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
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ngine. Durlng an engine rebuild, the shaft is inspected to determine the
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erl3@i¢ shaft is inserted into the rebuilt engine. One reason for scrapping the
shaft is the lack of adequate repair methods for the worn spline teeth.
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t In ne. of these |n pro erties is an undesirable change
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is HMasktté relgipnfs)rspaioundingsaioveld thatrarel measurably affetteddywear

ing process. If suffi ten heat is rred into a welded
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thassociated itk ldwer fatigueslifhandresultt iz aambieriab Mierostivsture
that is more susceptible to cracking and will withstand less cyclic stress.

ERBHIYS Sracking.on the pressure fage ofplin ‘?@%5% ﬁ”ﬂ’"@tﬁ%ﬁ% 8 worn
prematur%;fallure Accordlng%[,g e?e is a need fora method repairing
f%wm@rﬁéﬁn@ﬂgmhwe resulted in a 1epcured 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 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



transmission shaft of a gas turbine engine that overcomes the
inadequacies of the prior art. SUMMARY OF THE INVENTION 2 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
Oniekeddb a ek gupsmal oy ctitontphnlaies ve kapdratin doansuie raafaseamndr

m@SLREIA0IAlY eybinglucalinnersitiace: e sHhstentiay-Culipdrcaldaneh.
surface hHaving a plurality of equally and radially- spaced spllne-recelvm%?
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kR IECERUTRING: endine:shaft.@astuaf thseaially apddastiallynpacece,
spline-receiving grooves being substantially parallel to the major axis of
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aspect of the present invention provide appar for use in repairing
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a substantfally cylindrical inner surface, the substantially cylindrical inner
taby prEs g ViRg  ahs| apsstywFasgually and radially- spaced spline-receiving

grooves conforming to a plurality of equally and radially spaced splines of

an aircraft turbine engine shaft, each of the equally and radially- spaced.
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ISR K oM R RXPTRLE e RIDSRIES HIRGIVENUQ Ty and radially-
spaced spline-receiving grooves conforming to a plurality of equally and radially
spaced splines of an aircraft turbine engine shaft, each of the equally and radially-
spaced spline-receiving grooves being substantially parallel to the major 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



BRIEF DESCRIPTION OF THE DRAWINGS FIG. | 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
Flijeldedsrepaierisasstlabrékaggaratet forelasityi:FIG. 416 an etllatgadng an

cRaptial sectional.view similar.to FIG, 2, illustrating an .exemplary contour of .
a sé)sliné to which repair%ﬁatgrié{fh%% lg}éef]e%ﬁécﬁé%efﬁgxa%%ﬁ(%ﬁ%e%ﬁﬁmg mn
agpR gresenittihlenmioRsiRI@ v&iisoan enlarged partial sectional view similar

to FIG. 2, illustrating an exemplary contour after remachining of a spline

FiGaccqsdanceyith-an,embediment of e present invention. El.gg%ﬁlfc’aﬁlng an

perspective view of the spline portion of the shaft of FIG. 1 havin
6}83\?@?% Y &9pirY 8ler tHERPliRBE séeotrling to arcerdbodimshtofanbodiment of
tHaYeRUANILEG: fhis a perspective view of the spline portion of the shaft of
FIG. 1 having an overlay applied over the splines according to, another
g odiment of the invention. DETAILED DESCRIPTION OF THE .
INVENTIBN WY exempRin EnibieimerisBrth&mvbifion Wilfbd having an

odisaussetiqrimaritfovtineespestdn @ RaWekIuRINgshaftaf a,.9asfybine
engine, it will be appreciated that the invention can be used with respect

Ffe an ed component having splines or.seal teeth that matingl _
engag%naggcé%nggo%Jihed? é%rr{l% er érll‘ﬁa{f(ﬂﬁoaﬂe?f& fphent. Fie. )g having an

ofiusty arsiadpowettu Hpines shafb fkOmf anamtraitengifie: (ot sRewRY d8ion.
include a splined portion 12 and a seal portion 14. Splined portion 12

pisludesplualiypofsrlines 20-alaped syspantialy paraliel to the axis
of shaft 10 and radially spaced about shaft 10. With reference to FIG. 2. a

;ﬁaline 20 is illustrated. Spline 20 has an exterior surface
While exemplary embodiments of the invention will he discussed primarily with

respect to & power turbine shaft of a gas turbine engine, it will be appreciated that the
mvention 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 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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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, worn portion 32 has been lost by spline 20, so
intfE hteriuriee® 3oTheludes woratstifact 86rasittre extentctsiistace) of

sﬁﬁ@@@ha@ﬁ%ﬂﬁgsﬁg %@gr@%ﬁﬂ%@%d@ltg%@eg rtgpzllisn %8% %essure, Or non-

complementary device (not shown), torque was transferre tween 'the
COgaft focard: the complementary device, resulting in wear and the loss of
worn portion 32. As used 4 in this discussion, worn portion 32 is located

Flon thes pressise, «raentagt, faced® afaplines20sIhe apresie fageah, ropair
S Iinzﬁ 20 is referred to as non-pressure, or non- contact, face 42. FIG. 3 i

malFHioh ot therdiiaf 46 whith intistratesasarais of &ptineddzd withaephie 20
udmateriakhattached theratonbetiarably.Japalr aterial BOds welded o, .y,

the spline 20 using a focused energy, or low heat, input welding process.
e ] S Grefetadiys AR reRrBidId tratlfed israpproxitianelgragiacmipary

wimmpiincgiaseier pExemplainaWelding-RIQoesses.Are RSB I RIASIA Alfceq
micro g!asma arc. pulsed laser, and pulsed electron beam. The micro

SISt & s prBferabiy apBiet A tverditigiEttFentarpbefesnvadimeo currents

bandh5:amps. In:this manper, iepal matesiahs0can hewekedontheaded 1o
line 2Q with a minjimum of heat input into spline 20 to reduce the HAZ. If

5 hy &1l BRI IS T efPHb R s¥ Warltiourdaca iIS(AZ. 1f 2
wiramietttl diameter it willbeiappeesiated that %lgia%@pw—mﬁ{ﬁg'aéﬁomm) in

.onto spline 20 could be accomplished with a manual or automated
b o o IR ST N R PISTG AU b etoet B8aamvld

bavelel;thei weltingipeosess:is trpically..acceraplished with amaltage of me two.
V\%bout 100-140 kY and an amperage of about S to 10 mA. The pass rate
[

Wpitsily dhotit 18826 rdinds PeFintRE: 11l Belabiresresds tHat afyjeally
adechpligednhambination of fechniguesoambeddsed . splong.as theheat, 1o

nLlﬁr&].puhm pass rate is typically about 10-20 inches per minute. Tt 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

Ly



is controlled to prevent excessive rain 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 SO is bonded to spline 20 while reducing_the_

HAZ adjacent the weld. In the embodiment provided, the HAZ grain size
anch ATB Withiihan ez sikeandafige ohitessrtiparsAST M umblentth ase spline 20 to

thdeferainedoy. ApT Meﬁéﬁ}zi?e@%%incs tandagd | %S%Msgth?dsls rfggga%.eteﬁllig.l W en
Average Grain Size. Grain sizes larger than a desired value‘are generally
theusscrated Wi pREMBtingthe prapadation ohfatigus:ichianis twhighiecanof the
refr 10 aRmAnealIpilIe. SPInes, 29 s i, nargwproieeions.an shally
0, and as such, it is desirable to maintain the heat input as low as
CrERSHARbIEHBESIbIEE redute thendffdus shehBlNAZndr:thie pressire facperly

AR-efisachsnling.29, 'ﬁ%@%&ﬁg%@ﬁﬁl&%@ﬁ?k&@”ﬁ%‘%"gg HAZ. & and

’ﬁ .ﬁ%trr;][ factor in

_grain growth may extend from the non-pressure face 42 throtigh the sp ine

fapgye the pressure face 40, thereby negating the effectiveness of a repair.
Thus, even though some grain growth may occur, the low heat input limits

Atheeeffests of the repaisde thenen-pressue face %%13‘6’@&91@1%’%%'1%44&@%11&1{

in contact with any other component during normal operation and thus t

RS dhtl AR BroWiP R propieRly! cBritrollechancpiimed focthé2. FIG. 4 further
ineiressyieface 42 wilknatbe a significantfactordnyfatigua. Askestenaired

seen in FIG, 4, repair material 50 is attached to the spline in a manner that
PrSSHIfS i 8 Blifkap SREfRIrMAAFSY o thehorpredblredarisciated. afier
thelGiddsitbercplusiaiesdn ahamiam e capiourn ol @ mrraired spline 20 airea

which includes a repaired pressure face 40" and a repaired non-pressure
SFFHE% #42'. As will be appreciated. after the addition of repair material 50,
shaft 10 is remachined, or cut, creating a repaired spline 20". In a

Inpeeferfed-émbodiinent;, the mefhad of theppresenbinvention neludesnifying
reiga%? tgiteizrtl fon pressure face 40 of spline 20, welding repair material 50 {o non-
pressure faces 42, and machining shaft 10 to produce repaired spline 20'. The repair
arca 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
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



repair area 45 on pressure face 40 of spline 20, welding repair mat(_arial 50

to non- pressure faces 42, and machining shaft 10 to prodgce repaired

spline 20". The repair area 45 is defined by the area of spline 20 to pe

machined to provide a repaired pressure face 40'. As will be appreciated,

to maintain symmetry and balance during operation, all splines 20 of shaft
megeial tygisanyerdefitrg atbisicalipropeepaifmatétiab 50 antathsing the method

fa 42 tq provide . ired splines. 20'. The pr sgurefgce
e B R e o detae

coPtaThe: neppresssireiface 4 2plpreferablypalsormachined tasamevgion and
. - iLmaterial,. repaired non-pressure face 42'. o
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nOPSIAIPRS, Tous Rievded, Jemachingd pressure face 40" of spline 20 is

comprised of original forged shaft material and not of repair materigl 50.
In this manner, shaft 10 is provided with a wear surface that comprises

RERETH MATRAI S nAF TR AN © iSUrgThBPIEMatalTetaiRddhetebired of jess
thahysieat properiies-danspinrs 20:andsinusing the method described may be

herein, has not been significantly altered by the welding process. In _
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wandreppachiniadiashaftiepriginat %ﬁpﬂ%&?%%di&?r&\’}'gﬁt??%%&\!v 10 e

contacting surfaces that may have undesirable properties. It will be

WRFP RSB thisk s he dessTasbe ripRd R ratinavRfleipréfesably dirsutgdns as
(o sppRiTng splipes 2Q that havedbsen,yowedue tg,normal use tz?eoﬂkﬁiﬁ'meig of

be used, for example, to repair splines 20 thatgo not conform to requir
T AHEES Tor Whthisbar easohs RepaiPRIETAP56!E Bhpically butltigsonf the
re@@ﬁ-@f@sgﬂf@efgfa%s%;?et@a@ethtﬁlﬁ@%§§i.@£}h%%§et@mn§9%%‘ﬁm'ﬁn&%@éﬁ(%%!—%‘ace

3%ess than about 15 mils. The repair material may be

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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applied in a plurality of passes, in order to minimize heat inp_ut on any one

pass. It will be appreciated that the build-up of repair material SQ is at .

least as thick as the worn portion 32 in order to restore the repaired spline

20' to the same dimensions as the spline 20 prior to use and its

subsequent wear. Thus, prior to the build-up of repair material, the _
Bhieriders Gf tripaiionrigoricr 32 flanacthps-therthiakaessobthairepainaeas 7
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based oba d, an comblnatlons
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| 0 |be herei CONELh is fgderally registered
nﬁi@e%i%%%%egg Sé? nting ne Eh%)%%or[i)r% ioRBf KtnfHeREM Sivedich as
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kel-bas per comprisin ut. 18 weight
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D?ﬁﬁﬁbr@rﬁa&qanmdmvab@gh@Welg:mpmroermﬁm@tyhd&ﬁnumd ahoutd. ﬂfe of the

0.5 el ht erc nt .aluminum, abouyt
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deghisdt mevehghtas&roead eobalt caisaimim afpahout ﬁ@@%@lﬂhhﬂ@{ﬁ@ﬂt Heat
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of about 0 ht percent copper, a ‘bafanc
14R8" e paivmatetial505tbdhie nengsessiare facer42taf avspling20ritheddAZd

R ill. be adjacent the repaired non-pressure face 42'
m%%%iﬁe?@%ﬁ%g e tHe grain size within this HAZ may be larger than

the grain size of original shaft 10 material adjacent pressure face 40'. For

Thp e dtion& nlrsKig dingohmehnds arsobmteredatsingleirotiionaln accordance
witieelionpand thereigreaRressyre faceanda  wijie satisfactory results are

achieved 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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non-pressure face on each spline, alteration of the physical propert_ies.
such as hardness and grain size, adjacent the pressure face may impact
the strength and service life of the component, while alteration Qf physical
properties adjacent the non- pressure face may have negligible impact on
the strength and service life of the component. Further heat treatment to
2aeéries phyditalproperisH 60 asshaftdh dekiredmmialihe p@rﬁogmatamﬁilh the
s gnvisi - sSybject invention, Heat treatment is. typically,
e oot AL et LT booH Boct TESOE 18 Aot TOOR R o e
635 abdistaehaufdlising standard ramp rates for the material selected to
reach the treatment temperature. The use of wire feed welding methods

THRanRe wsas-logepairaplines iy 866q19aNGe qWHNLEXEMBIALY o otin al area.
ed'

embodiments of the invention. While safisfactory results are achiev d
Folithcantel tedts walgnyr e adiieveny fes/ deBnedrsistersylandmepeatability area

aénsi%mdﬁcm.eyiﬁﬂﬁlmeﬁﬂe&i%?g‘%%%ﬁéppé%}ﬁ [ER»’O glﬂ?}%%}:%@ntl@eof the

. invention is provided. According to another embodiment of the invention,
Ty dfiod fortapaiikg hasspires bR maseofa’ sheatd.orovidiayated
ihefctitsover thesphineshthe.0asduthing: shaft:the ayariay.coyers and

; 11 ecr.ea[s];nﬂ_ the
contacts the splines and acts as a sacrificial source of repair material fof

ARIInGT THE G SF&tPoVeresPprovidéaheterzonivel avevthe: awtbumt ofuter
sugRair material apnligd: to the.splines,anddhys.provicas Q?&E%‘E&gﬁ%_cr%%{%‘%ﬁ the

during welding. Referring to FIG. 6, an overlay 600 is a tubular device
CUYMP I eBoARyWdd repair material, and preferably is INCONEL(r) 718.
The overlay 600 has an outer surface 620 and an inner surface 625 that

Reéfinies agaapertBre 630ihroughwhichdhe spleess@Q8ib Mgl ribes fines
s3yieeeza ndmeraenes o skmanialy nach e gearciyand
uthe splines:tBo20@bihe sheaft 10, the averday8a0,is sibstantialace 620 of the
O\ifrgr a:?bél;%eglc tlé?‘il | 1£its\é\{~iig]et zges 040 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
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

9



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
thnERGR, B ORISR Sty I & VR 68 GdssHovmH fncrits thigkugedoadlow
helllustraterk NdRlGe Fedbenovailaysi@has a suhstantially woiiorma thicknass, i

decreasing the amount of material needed to construct the overlay 700, in
thovfeRsHoth ahBRAB GRS Bty ARB-BIFHRE: $GrrACOTDS ofiRESoverlay

700 substantially match the contour of the splines 20. Referring again to
TikIGv&itheé@yenapE00amal-have userips:Ofparabel sorihesdiness 840plines
running along the length of the overlay 600, The scribe lines 640 can be .
2 R RS 21 2 v 4B ACE O i
sigtiface B2thafttie-cvettay 600 sugh thiatdble sdithedines:640.88fine shown in
ternating areas.qver the pressure face 40 and non-pressure face 42 of
P e S S0 UL PASIOH W TG e . 5 VENEE BV el
leagehmatédmthel ayeddetwedii®yo sexbie dires 640:nvkich lkastiaOenal are

non%rég)%edse%%lrenf ceofas !:ilneeo%(g.&ggeferably, the welds are made in a
aire tion pa?alltelfeto fihs Seribe’lifies) The weld causes a portion of the

overlay 600 to be metallurgically bonded as repair material to the
Anvhlidrespureciase Az oftirgsplinds: 20 Ondaithenaresrbetivesrtiersariagnts

oRerSAfias Peen.apmulelel Weldef, N arocess s (RREABMILLyy over
respect to the next set of scribe lines 640 that define an area over a non-
thpredsire fdeamroparspline 20 0skiphimgleeryotherareattefingd bystheng in
1o3¢fibe i 3 . Whi fj NArea Quer a pressure face 4 of a_spli
o R e R W o o
stenieriap 600 hakearpboter Yurfacendsfimedisydawirchtardiossdectionak entire

AR ASShONA L0 FIG. 8. e distance flom the guier swface 620 to -
en%n-presa%ey %‘ace 42nof?hé ép%in%ﬁfg,%%a ﬂ1§t a‘relpt e%éﬁ?é@ o el?a} 7‘&?1@0‘[ "
contact with 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

10



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 9 the weld for the subsequent pass. The
overlay 600 is of a sufficient thickness to allow heat from the weld to heat
the, inner surface 625 of the overlay, 600 and thus result i th?#eposition,
e ata SRS oM BraSeiie fdte 43 oPTFS SSIES The vrayne
Fugergande ebasyienainobalt is %%MY@@@%@S&@%@%&ﬁé?@i%&me&ﬁez‘
. of the shaft 10 to avoid the need to use more than one overlay 600,
Wé&l&%dsp%ﬁ%%ﬁhﬁ%,Pﬁﬁ%ﬁf&ﬂﬁﬁ@&ﬁﬁﬁﬁ%ﬂ&%ﬂ{ﬁ@ﬂsﬁr&mtla? fr $plir8ose
po2ioiRrefarablis asishongdireF e pthehoveriay=£0Qiis langer thanhe during
splines 20. It will be appreciated that the Iength? of the overlay shown in
LR AR T AP for’ BUPFDEAYY iflStHaton ARG BRI bR dipen Bt o h e
prehapefaidhe overtaye-As withhe appreciated:heatsurgesandithedisad@returad
known tq sometimes occur at points, of weld inifiation or termination. :
SRS P el 15 SIAFBERSY Gt e ALty B e SpRRED0 ey epei
miepairedcyatationslal quality-naay ocswuriddheanveldregstdtinginnlo aatizad ons
Aareas having undesirable properties. However, if the weld is initiated or
r df5ppEd%beyond the splines 20, a consistent weld can be achieved over
the entire length of the splines 20 and any heat surge occurs at an area
It ofithecovartay #60 thet whdorteatwithythesplinesn200 Howevemhecause been
the.overlay 700 extends beyond the splines 20, the splines, 20 _cannot be.
R R S D PR RS BIRE al SRR By ¥ o
inY@0ianaybe prosiden twat serzeiad anarkérs onrtheouter Sudaca?@teahyine
h&ooints efor e@ﬁ‘f’ after the splin 29 '[he tabs 760, 770 indicate that

v\\gléi%isr?gl%%sﬁ & Nitrate ’%{rs‘g osﬁlﬁléélwﬁ%ljlfieffé risk of heat surge or other
damage to the splines 20. It will be appreciated that the start and stop .
Waths the 0n O Aialyab S erse deit e BPADYIE 6H SUikrostriberlitier o aefimélament, it

whrea fordueldingalthouol seribe, lines,may, be HRRECESSAL WAEBLSING. ang
an overlay 700 having a substantially constant thickness as illustrated in
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 appended claims.
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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
depthdi dweldiviidarn e controlled so that the weld does not result in

repair 10 material from the overlay being applied to the pressure face of

any spline. Furthermore, a consistent amount of repair material is applied

to the splinesn Afrperafelding igseomplatairthgsenpoptionstst eredrerny medially
atiached hyithe yreld airerafmﬁsﬁ@%%gmé &%@Fﬁ&@%&%‘?&?éﬁﬂ{gff&ﬁgz of
the splines, are easily removed during machining operations. A

previously @igeas segrimachinbiiny olvekehdehidingrerellpre sauretisles oferiay
the, spipe 19 Pipiide g oot surfase compliRed Ol ASHIANYACIIS  ace, the

shaft material. The non-pressure face is also machined to remove excess
repabstantitdiiab wiskact d e riayiorsshvelite d tol pravid e trasigdbiregd radially-

cogiourang: dimensians ofthespline vl Be.apareeiated éﬁgézwﬂéﬁd radially

exemplary embodimentsof the invention have béen déscribed wit

respeciedplines’ ehage fuinae paghee shaft, @ssipaheipledustithand radially-
i”%%QE@&EHH&Y;-ES&@!l¥gtgr88%§%%ﬁﬁgaﬁﬂaﬁﬂéﬁ&tﬂ?§5&%@&%%& 2.9 %%i_ls of the

turbine engine having splines, teeth, sprockets, ‘or similar features. While
theuhvenptishyradipdeppbamsibetasiHheferadaeqved prdrerheghaving a plurality

embodiment, it wilkBe, yRdsrstoggd-hidhose 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 mosliigations, may; Be maee; [QRAdARL A RAHEHIAT SIMANIAN O substantially

material to the teachings of the invention without departing from the
esseptialisbopietagreof. 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 aff eriSotpteriesfaflingiWithinvirein 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.



scope of the appended clairns. 11 WHAT IS CLAIMED IS: 1. 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, eylindrical, Inper surfgce haying a pluraliy gfeabiallyand: ragiary
radially- zba%%y ggﬁkr%zlgréecgv;ﬁng groo%%s {c%wforming to 1aepl aIit%fo radiatty
equalybsndinaslizlign spavdtitupiinesadinn tiatrafttutymewn ginersiate:

each of the gl and radiabiapacail RAIBESLACEINAG B HERREIRBoverlay
substantially parallel to the major axis of the substantially cylindrical inner
sukfateg the tubidar svdaksy further rabiensluratitindticsbsianresndinrce. the
from (e, AUeY SHHRGR.2- 15 ARRAAMHS, Al LaIN - NRe IR e JBMRgiany -
oviza:i)aygﬁa%ﬁz su st‘apt?allly constant tr%{lc_kneé’:ss.g?z. I:Iahg’&e:appa(rgatu]]‘sg?jof c:Iai‘r:rlana ’
1, wheseipline crosiisaciormalcareendimhepiter plimalse of theurlbusad radially
overlav is SirgUaje 4, The APRATISLEIRIT I flrther coRlaing SeH8dialy-
lines on the outer surface of the tubular overlay. 5. The apparatus of
claipctdibléreiteeae Baibelineshetesuistantially nsasinrbiachheniegaris of the
axis,of the supstanbal GylinAdgal langrsrace, &, Ihe apparais gfclaim

1, wherein thie tubular overlay comprises a nickel-based superalloy
comprising about 18 weight percent chromium, about 19 weight percent

iron, @bt %}%‘?@Qé BE 'é(fﬁ% B[%Hé%?&%ﬂé%%e%%tée%%@%&%% Hrallet 10
molybdenum, about 0.9 weight percent titanium, about 0.5 weight percent
aluhsimaier assuelDinsswesigintipBreafinsaitd Aneiowr 3609 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 balance nickel. 12
7. 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
AT Bverial OReltoty iR Bt Shffabe aHd & s bRl QYT 4D
inner surface, the substantially-gylindsicakinner surface having a plurality
of equally and radially- spaced spline-receiving grooves conforming to a
ABI%T%W f%&lﬁﬁ}? Qrfé@ﬁ&ﬁl@ﬁé;)aced splines of an aircraft turbine
engine shaft, each of the equally and radially- spaced spline-receiving
Agroaves; being substantied yparalel te:the: srajauaxis ofihed substantialy 0) is

.cylindrical inner surf the outer surface having scribe lines. 8. The _
e T T AR ang Bl R aar e the
tuthehmajer axisatthe substedninllyneybindiigat innehsurtce. 131QVEREAYface

EOR REPAIRING SPLINE AND SEAL TEETH OF A MATED, . )
(CCOPONERAAS ﬂ%%l@%@lﬁwﬁ%rﬁbﬁé@&p@%ﬁ%mgwébeﬁ faially

sprepdinipdrepline antl seatdegitng0)(00 a mategiicemmunent (AOkismponent (10)
disclosed. The overlay (600) is a tube constructed of a weld repair

MRARESHAP (86 é%%%g AV RINBEF SGAER8%0) and an inner surface
(625). The inner surface (625) is dimensioned to define an aperture (630)

Fsizéd 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



