CHORDW DTH RESTORATI ON OF A TRAILING EDGE OF A TURBINE Al RFO L BY LASER
CLAD BACKGROUND OF THE | NVENTI ON [ 0001] This invention relates to repair of
gas turbine engine conponents and, nore particularly, to a nethod for
restoring a chordw dth dinension of a turbine airfoil. [0002] Conventi onal
gas turbine engines typically include turbine sections having an alternating
arrangenent of rotati ?‘{;QMHETHI%Eg ORMTLONQE A TRAIMNGanes. A f1 ow of
hot gases from a conBD&ENOFA FURBINE AMRKOHE ASER-CLAI}i ne bl ades and
vanes to rotationally drive the turbine blades, which are coupled to an

engine main shaft that dri ' 003] During engi ne
operation, the hot gases #%@@Q%ﬁﬁgi@gﬁm&hﬁt that corrosively
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pitting. The hot gases, soot from conbustion, and particles wthin the flow
of hot gasers pagtiovtarlywkoed mgdaid et resthang achondwidsh sliteensiordofeamezinapigfodr ode t he
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airfoil and include a Teading edge and a trailing edge that define a
chor dwi dtgaseshizom dhenmipistor segronasipands agadisd thectuernblates aitovahes die hotatnahally

t hi ckness,of th irfoi] det.erm nes e aerodynam c, effici.ency of the
o b e v thet et e SEER Jre SGheleiig o e dan St et afEYs Rimbiiser; o
suscepti blegiid®@ Wwear and erosion during turbine engine operation. As the

trailing edge erodes, the |ength of the chordw dth di nension of the turbine
vane decr easesl0003ihus During engpwceperaiiano theehateganes produdron daitdsive gndirerimeent

airfoil thickness decreas t her eb decr.easi t he ger.odynani c._efficiency
of the t Ul SETORAE SHEBEIRE elfibentl PR ORIl ST G s
have beenyitaRdThOhb kd, soGFRRRAREMbuston! AEd Féitisles Wit fhatfl@kef h&tr ga8eaaRbE,
but are undesirable Tor several reasons.

wear against the turbine blades and vanes and erode the surfaces of the blades, vanes, and

other turbine engine components, which often changes the originally designed dimensions of
the turbine engine components. The turbine vanes, for example, are formed in the shape of an
airfoil and include a leading edge and a trailing edge that define a chordwidth there between.
An aspect radio between the chordwidth and a thickness of the airfoil determines the
aerodynamic efficiency of the turbine vane. Disadvantageously, the trailing edge of the
turbine vane is susceptible to wear and erosion during turbine engine operation. As the
trailing edge erodes, the length of the chordwidth dimension of the turbine vane decreases.
Thus, the aspect ratio between the chordwidth and the airfoil thickness decreases, thereby
decreasing the aerodynamic efficiency of the turbine vane.

[0004] Conventional engine component repair techniques have been used to repair
component microcracks, from fatigue for example, but are undesirable for several reasons.
One conventional repair method includes brazing the engine component to repair the
microcracks. Typically, brazing includes heating the engine component or relatively large
zone of the engine component at high temperatures to melt a braze filler to fill the
microcracks. The high temperatures may result in undesirable residual thermal stress in the
engine component and undesirable changes in the metallic microstructure of the repaired

arcas.



One conventional repair method includes brazing the engi ne conponent to
repair the mcrocracks. Typically, brazing includes heating the engine
conponent or relatively large zone of the engi ne conponent at high
tenperatures to nelt a braze filler to fill the m crocracks The hi gh

t enper at ures esult in undesiraple residual ther stress in the

engi ne conpon 605; ﬁ?ﬂ%‘gi“}%bl ‘z‘e’i?h‘én‘bégeq FPrin aethadyp FetPa’rﬁ"tgr dLydine: el of
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airfoil tusehllhhfﬁrcpfghcnairbmhapé)ihwtthqmtombmglgtmgh lewslsfofiresidufaéstodsst he t ur bi ne
airfoil without inducing high levels of residual stress. SUMWARY OF THE

| NVENTI ON [ 0006] A nethod of restoring gas turbine engine conponent
according to the present | RYNIMARY OF EIEINVERTIORY a turbine airfoil

al ong a chordw dth dinension to refurbish an eroded chordw dth di nension to
a restored chdf@0é]ldt h Adinmetimsd of resTrieg igarc burblies en@mct epnpdénene mosdrdiggate theoded
portion of a traili.n e turbine alrf and n | aser
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tralllng edge of the turbine airfoil. A barrier Is inserted into the
sl ot  dura stgp bhemeseg arctmded portioned estsnllmg qige\of mlne lualsmc agfalaiddepbsitihgn
material fro eri t he s| ot |IIer material is deposited next
to the bé??qrg]'a%ﬁ@ﬁﬁ%fg}ub]g th'ﬁtfai’ ®the slot. During the laser
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the slot. The filler material is deposited next to the barrier member to reform a portion of the
slot. During the laser cladding process, the barrier member also acts as a heat sink to remove
heat from the rebuilt trailing edge of the turbine airfoil and minimize heat affected area.
[0008] Accordingly, the disclosed example provides a method of refurbishing a
trailing edge of a turbine airfoil to near the original chordwidth dimensions to recover

aerodynamic efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The various features and advantages of this invention will become
apparent to those skilled in the art from the following detailed description of the currently
preferred embodiment. The drawings that accompany the detailed description can be briefly
described as follows.

[0010] Figure 1 shows an example combustion engine.

[0011] Figure 2 shows an example cross-section of a turbine vane having a
leading edge and a trailing edge.

[0012]  Figure 3 shows an eroded surface and an original surface of the trailing
edge of the vane of Figure 2.

[0013] Figure 4 shows removal of the eroded portion of the vane of Figure 3 and

insertion of a barrier member into a slot through the trailing edge.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The various features and advant ages
of this invention will becone apparent to those skilled in the art fromthe
followi ng detail ed description of the currently preferred enbodi nent. The
drawi ngs t hat acconpany the detail ed description can be briefly descri bed

as follows. [ Fi exa ustion en 0011
Figure 2 show&géﬂ‘he é 88%“’% ée lPltﬁiH‘go trla ﬁ‘igev%é’r @l Qve‘islgﬁéi ng
edge and gudded C;Johm 9&9 € tr{eq%aahlﬁe(ﬂaa@n 30 %&%ﬁe%&f&@@@raﬁw 25heR
original surfa the trailing edge of the vane of Figure 2 0013]

Fi gur e 4 chholmdthelmeasiomheartas oelrgomechqrdwtdtlmdlmdnstoh@fw}mmamf Figure 3 and
insertion of a barrier nenber into a slot through the trailing edge. 2
[0014] Figure 5 shows rebuilding the trailing edge to produce an oversi zed

cl added portio i railin
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edge having a chordw dth di nension near an origina I mensi on of
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section 16. The ustion englne 10 operates in a known manner, feeding

conpr ess emngiustiar emgmcd 1Q eperhitesm atkhews mmq'mnels §md1r@cmnprassm atroortdxedizarfoanst or
section 14. The conpresseg%alr or oxi di zer and éeacts to
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An exhaust nozzle 20 directs the hot gases 18 o of the conbustion engi ne

10 to transforms the flow of hot gases 18 into mechanical energy to drive the compressor section
12.  An exhaust nozzle 20 directs the hot gases 18 out of the combustion engine 10 to
provide thrust to the aircraft or other vehicle.

[0016] In the illustrated example, the turbine section 16 includes alternating rows
of rotary airfoils or blades 22 and static airfoils or vanes 24. The vanes 24 are arranged in
various stages, such a first stage, a second stage, a third stage, a fourth stage, etc. The blades
22 and vanes 24 are formed from a superalloy metal material, such as a cobalt or nickel
superalloy in a casting, forging, or other known manufacturing process.

[0017] Referring to the vane 24 cross section shown in Figure 2, the vane 24
includes a leading edge 36 and a trailing edge 38. The leading edge 36 is generally located
toward the combustor section 14 and the trailing edge 38 is generally located toward the
exhaust nozzle 20 in the combustion engine 10 (Figure 1).

[0018] The leading edge 36 and the trailing edge 38 define a chordwidth 40 of the
vane 24. A thickness dimension 42 is transverse to the chordwidth 40. In the illustrated
example, an aspect ratio of the chordwidth 40 to the thickness 42 at least partially determines
an aerodynamic efficiency of the vane 24. That is, a relatively larger aspect ratio corresponds
to a greater aerodynamic efficiency, while a relatively smaller aspect ratio corresponds to a
lesser aerodynamic efficiency.

[0019]  The vane 24 includes an internal cavity 44 that extends towards the trailing
edge 38 to define a slot 46. The slot 46 opens through the trailing edge 38. Pedestals 48

within the turbine vane 24 support a suction side 50 and a pressure side 52 of a vane 24. The
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provide thrust to the aircraft or other vehicle. [0016] In the illustrated
exanpl e, the turbine section 16 includes alternating rows of rotary
airfoils or blades 22 and static airfoils or vanes 24. The vanes 24 are
arranged in various stages, such a first stage, a second stage, a third

stage, a fourth stage, etc. The blades. K 22 and van 24 are fornmed from.a
super al | djt€ SPvitveE b pdplot 40,euse e ol ar B viecgbomnd %@ﬁ’éﬂ‘&? cqqling of
casting, foygiens, or other known manufacturing process. [0017] Referring to
the vane 24 cross section shown in Figure 2, the vane 24 includes a |eading
edge 36 and a [0020]l i nfigudgd sB8ws Tmaort dedliled)viedgef tB6 segiogeshewalih Figwe at dol

t dth b ti 14 d.the traili 38 i |1
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40 of the vane 24 t hi ckness dinension 42 is transverse to the chordw dth
40. | n t henginel 10s tAr soliddinechtaneplessntaan asgeel surface of e ttallengdige /i dite ofiEinad t he
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to a |esser aerodynam c "efficiency. [00 The vane 24 1 ncludes Tan 1 nternal
cavity 44evhiptmaxtiendsdt caner 26 Alternatindllyj tiy osdigel 36rface défisntheaasdasignéd.

The sl ot 46 opens_.through the_traili edge, 38, Pedestals 48 wthin the
{urbi ne VARERSS SLBE GRS SEE 3P ah winddn S GO ionshERe D AeiEREalt o vane
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and allow intern ool i ng of e vane 2 Figure 3 shows a nore
det ai | ed oripewiddés intrhe det gasoitows HBvamodenavraygthe eriginal surfideeSa {ol pretucat thel eendadpl e,

the dotted |ine 54 represents an eroded surface of the trailing edge 38 n
one exanplUglacg Eé eT@ﬁj@EPS%‘r Fequeess eicgqumameg@@mgqsmq QVoa“oB’é‘Pg‘Eti g% Hhichhe

combust i 0Bdyces the aerodynamic efficiency of the vane 24 as described above.

[0022] Referring to Figure 4, to repair the eroded surface 54 and restore the
original chordwidth 40, a portion 55 of the trailing edge 38 is removed by machining,
grinding, grit blasting, or other known removal method. In the illustrated example, the
portion 55 is removed to produce a relatively flat surface 70, which will serve as a substrate
surface for depositing a laser cladding portion to rebuild the trailing edge 38 as described
below.

[0023] After removal of the portion 55, a laser cladding is deposited onto the
relatively flat surface 70 to rebuild the trailing edge 38. Before laser cladding, a copper
barrier member 72 is inserted into the slot 46 of the trailing edge 38. The copper barrier
member 72 prevents filler material 74 (Figure 5) that is used to rebuild the trailing edge 38
during the laser cladding process from entering the slot 46. This provides the benefit of
eliminating the need for machining the slot 46 after the laser cladding process to restore the
slot 46 shape.

[0024] Additionally, the copper barrier member 72 serves as a heat sink to remove
heat (as indicated by the arrows 73) from the trailing edge 38 during the laser cladding
process. The removal of heat through the copper barrier member 72 minimizes the size of the
heat affected zone of the trailing edge 38 and thus reduces heat distortion, which is a problem

with prior art welding and brazing methods.



engine 10. A solid line 56 represents an original surface of the trailing
edge 38. The original surface 56 refers to a shape and di nension of the
trailing edge 38 before erosion. Thus, the original surface 56 may be the
as-cast or as- forged condition of the trailing edge 38 of a newly

f d h |
e teot gned dDRESIs; oRetTER 0 (G hothedgiergmagal daria (eRousSontilbs ot
engi ne 1Q,,048si 99 RRH@kn n{agggllz]s ac%/cﬁﬁdetr 'o%tqe} g&»l Lorf If ﬁfek ﬁﬁ%é}fal tf'&?ﬁagﬂﬁ bukf-f rom

t he conbustor section 14, soot or partic t gas 8 erode
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chordw dth 40, a portion 55 of the trailing edge 38 I's renove
grindi ng, coglpomtllohasctqrd@g to theatdneardksgofurthrie AOMAI58328t hod. | n the illustrated

exanpl e, the i on is renoved to duc re atlvel surf 70,
ehch wi 11" oerBBR8 a A Bstrooap o & Beflo AnG SpeUr e PS4 SRt e g
portion t;g 4 gt fahilg. R Iha'aa %ﬂg%ﬁﬁ%ﬁfst&%l‘fér'rﬁﬁ%albﬂ' QWelali Oﬁg%bplé\faher
renoval of the portion 55, a |aSer ing i s deposited onto

rel ati velacctiaset, whinhf proeidéd thecbenefiuiofl alfashearter2 tepaig cgdgan&BancBeh'xgh&legmeexf
barri er nmenber ted into ot 46 of

| addi , he
tC rg. | : 23 réa Cc@gy Eh%h%la&erlassaﬂafi@flg%% nsef;‘%S;fr@\PéWFty %mﬂgﬁﬂwgteég? P 74
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cl addi ng process fromentering t 46. This provides the benefit o

el i mi nat i edget Whiche®eal dfaswvbankohpriomayt braeingl antl widdiag ttleat redudt ihaslativaly datde hept
process to_restore the slot 46 shape. [0024] Additionally, the copper
barrier nBfAsEd ZP9Serves as a heat sink to renove heat (as indicated by the

arrows 73) frgl[m’me t Fhle| doRgoIRARR §ﬁerdh55!eﬁgl tﬂi‘%uh%ﬁf) drl ﬂl@dt'rﬂﬂn% RELCBESo The

removal of he t hrough the copper barrier m nim zes the size of
t he form an oversized cladded portion 76 that is bonded to the ongmal superalloy material at the

flat surface 70 of the vane 24. The oversized cladded portion 76 is larger than the original
surface 56 in the chordwidth 40 dimension by an amount 78. This provides the benefit of
ensuring that trailing edge 38 is built-up enough to completely restore the chordwidth 40
dimension to the original airfoil shape.

[0028] After the oversized cladded portion 76 is deposited on the trailing edge 38,
the copper bearing member 72 is removed from the trailing edge 38. Next, the oversized
cladded portion 76 is machined to the chordwidth 40 dimension of the original surface 56. In
one example, the machining includes known grinding, grit blasting, polishing, or other known
machining method that provides a smooth transition area from the laser cladding to the
original, non-repaired portions of the vane 24.

[0029] The above example discloses a method for restoring the vane 24, or other
turbine component. The trailing edge 38 of the vane 24 is eroded away during operation of
the combustion engine 10, which reduces the aerodynamic efficiency of the turbine vane 24.
The eroded portion of the trailing edge 38 is then removed and laser cladding is used to
rebuild the trailing edge 38. Thus, the chordwidth dimension 40 of the vane 24 is restored to
near its original dimension to increase the aerodynamic efficiency of the vane 24 and extend

the life of the vane 24.



heat affected zone of the trailing edge 38 and thus reduces heat distortion,
which is a problem wth prior art welding and brazi ng nethods. 4 [0025]
Referring to Figure 5, the filler material 74 is deposited onto the flat
surface 70 in a known nanner as a pomder or other type of filler material to

radual | bui | Ii 8. exa th iller
Y, U BadP ! Aot Fefiel Saipotiment OF s NOByOhLEt De Beigsadan
form the waner 81401%39? @,ﬁm f @u§£ﬂi ml@%e Jﬂ@é Y}ﬁa@@eﬁm Iﬁb(ﬁﬁeatnﬁhs mﬂd B
original superalloy ot the vane 24. In anot er exanpl e, e filler materi al

is a conpitisnthoscope obthds myentvornt. hEorghatrrdasod, thefol@ving CIanmANBnHebE stydgeiae] A
| aser con Ildat S uses) .the deposited filler material 74
in a kno tﬁetﬁaﬁéc%%‘ﬁﬁgng* ffthgllﬁ "GPt he filler material 74 is
relatively rapid and accurate, which provides the benefit of a fast vane 24
repair cycle time and a high degree of repeatability. Furthernore, |aser
cladding nelts and fuses a relatively small trailing edge 38 and filler
material 74 volune to mnimze the size of the heat affected zone of the
trailing edge, which is a drawback of prior art brazing and wel di ng that
result in relatively large heat affected zones. [0027] The consoli dated
filler material 74 builds-up on the trailing edge 38 to form an oversized
cl added portion 76 that is bonded to the original superalloy material at the
flat surface 70 of the vane 24. The oversized cl added portion 76 is |arger
than the original surface 56 in the chordw dth 40 di mension by an anount

78. This provides the benefit of ensuring that trailing edge 38 is built-up
enough to conpletely restore the chordwidth 40 dinmension to the original
airfoil shape. [0028] After the oversized cl added portion 76 is deposited on
the trailing edge 38, the copper bearing nenber 72 is renoved fromthe
trailing edge 38. Next, the oversized cladded portion 76 is nmachined to the
chordwi dth 40 di nension of the original surface 56. In



one exanpl e, the machi ning includes known grinding, grit blasting,

pol i shing, or other known machining nethod that provides a snooth
transition area fromthe laser cladding to the original, non-repaired
portions of the vane 24. [0029] The above exanpl e discl oses a nethod for
restoring the vane 24, or other turbine conponent. The trailing edge 38 of
the vane 24 is eroded away during operation of the conbustion engine 10,

whi ch reduces the aerodynanic efficiéﬁ%@ﬂﬂ§ the turbine vane 24. The eroded
portion of the trailing edge 38 is then renpved and | aser cladding is used
to rebuild the trailing edge 38. Thus, the chordw dth dinension 40 of the
vane 24 is restor el methodradgestoring aogasgmrhmle egine penponent 111°Ihlﬂ“®1§9 stepef:
aerodynam c effici t 4. 5
[0030] Al though & & Sbafined BRBORETwoR= BV UlRru® RuBhublR YRR Soe
a wor kechaiwiddddifehslos td 4 testoredtdhbsivadth dmﬂsdmr ecogni ze t hat certain
nodi fi cations would cone within the scope of this invention. For that
reason, the follow ng clains should be studied to determne the true scope
and content 0f. i pnd MERB! RMrecfeddrr\CMin 1, -wift ts?%d(a lindI5s Cal A RS

t ur bi ne engi ne conponent, |nc udi ng t step 0 epalring a turbine
airfoil &hibng edgeaﬁmhajwhimdwaitfpﬂalmgdm dhordvédthrdinertsicarwieh a ifler mataaldwi dt h

di mension to a restored chordw dth dimension. 2. The nmethod as recited in
Claim1, wherein step (a) includes |aser cladding a trailing edge of the

turbine airfogl al Diométhed thradmdﬁlbludln@'%fbﬁl(@ﬁnm!rﬁﬁg @bdrtikt @EmB&Lifol addlot ir-
The nmethod of Caim2, includin Inserting a barrier nmenber into a

slot in aiatlingiefgef theityebing alffi‘?é%? efemrﬁgf ligy mptgripl from gpteyegthersiqty er mat eri al
fromentering the slot. 4. The nethod as recited in Claim3, including step
(c) depositing the filler materi al

The method as recited in Claim 3, including step (c) depositing the filler material

adjacent the barrier member to extend a slot length of the slot.

S. The method of Claim 3, further including the step of removing heat from the

trailing edge through the barrier member.

6. The method of Claim 2, including step (b) machining the trailing edge to form a

substantially flat cladding surface before depositing the filler material.

7. The method of Claim 2, wherein step (a) includes depositing the filler material to
produce an oversized chordwidth dimension that is greater than the restored chordwidth

dimension.

8. The method of Claim 7, wherein step (a) includes machining the oversized

chordwidth dimension to produce the restored chordwidth dimension.

9. The method of Claim 1, wherein the restored chordwidth dimension of step (a) is

approximately an original chordwidth dimension of the turbine airfoil.



adj acent the barrier nenber to extend a slot length of the slot. 5. The

met hod of Caim3, further including the step of renpbving heat fromthe
trailing edge through the barrier nenber. 6. The method of Caim 2,
including step (b) machining the trailing edge to forma substantially flat
cl addi ng surface before depositing the filler material. 7. The net hod of
Claim2, wherein step (a%_ i ncl.udes depositing the filler material . to
produce an ovE}si ZA&EHEPIEGEREIRE ticligingi arPmpkessor sSCtinne dicambustion sestiony atd dr ed

chor dw dfjindiseRida] %-tuﬁyineTEB:‘ctiHF'thQQFIé%f tufBiRd Brfbil WOBERI fbcdidely {Phel M&hstfles

machi ning the oversized chordw dth di mension to produce the Testored

chor dwi dtesitell m€Hginoh. 9. The nethod of Claim 1, wherein the restored

chordwi dt h di nension of step (a) is approximately an original chordw dth

di mension of the turbine airfoil. 7 10. A gas turbine engine including a
conpressor setl.i onA nitifdfusdtorig SE6 tirbihe eAgifle Bompdnehl, Bémpaghg:on, the
turbine section having a turbine airfoil restored according . to the nethod
recited in O ai m 1(2) ingertingAebpar BEMbekingy A @Panipg of @gas tHdbins,gfigige turbine
conponengomlg(g,wi sing: (a) inserting a barrier nenber into an opening of a
gas turbine engi’ne turbine conponent; (b) depositing a filler material near
t he opening; and (@®)d¢msiting@diikomattsitl mgr thhepénihg;@endmaterial to forma | aser

cl addi ng portion. The t.hod as_.recited in.Claim11 erei.n the opening
o ooend BTt on | G flesd SoufTHRGe AR AlIE pas S A et St RO a0 s
barrier nenber into the slot. 13. The nethod as recited in Claim1l2,

including step (d) renoving heat fromthe |aser cladding portion through
the barrier n&TberThe method as recited in Claim 11, wherein the opening of step (a) comprises a

slot and step (a) includes inserting a copper barrier member into the slot.

13. The method as recited in Claim 12, including step (d) removing heat from the

laser cladding portion through the barrier member.

14. A gas turbine engine component comprising:
a turbine airfoil having a leading edge and a trailing edge, said trailing edge
having a laser cladding portion, wherein the turbine airfoil and the laser cladding portion

comprise a nickel-based superalloy.

15.  The component of Claim 14, wherein said trailing edge includes a slot that defines
a suction trailing edge side and a pressure trailing edge side opposite said suction trailing edge

side.

16.  The component of Claim 15, wherein said laser cladding portion includes a first
laser cladding portion on said suction trailing edge side and a second laser cladding portion on

said pressure trailing edge side.

17.  The component of Claim 14, wherein said trailing edge includes a cast portion

and a substantially flat interface between said cast portion and said laser cladding portion.
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