CHORDW DTH RESTORATI ON OF A TRAILING EDGE OF A TURBI NE 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 rotalUHQRDWIDTE RESTORATIOMN @FiA TRATRING vanes. A fl ow of
hot gases from a CENGEOF ASECRBINESXIRIOH. 832l ASER 0 Ar bi ne bl ades and
vanes to rotationalTy drive the turbi ne bl ades, which are coupled to an

engine main shaft that drives a conBressor section. [0003] During engine
operation, the hot gasesBA(JGBOUENDOF JHEINVENTEMNent that corrosively
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t hi ckness of the airfoil determ nes the aerodynam c efficiency of the
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susceptée%[i to wear and erosion during turbine engine operation. As the
trailing eddge erodes, the length of the chordw dth di nension of the turbine

vane decr eas@®03] ThuBuririghénghsdesdraticit, ite heit peed pididce Aasoaiside lendigninbi
airfoil thickness decreases, thereb decreasi ng the aerodynanic efficiency
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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

areas.



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 mcrocracks. The high
tenperatures may result in undesirable residual thermal stress in the

engi ne conpofens] anm@nd&ﬁglyame& ghamges foma nitehdebAkdpatring & radinelgirfoile of
the repaired areas. 1 [0005] Accordingly, there is a need for a nethod of
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| NVENTI ON [ 0006] A net hod of restori ng gas turbl ne engi ne conponent
according to the present jnv I L nel jrjng a turbine airfoi
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refurbls ing a trailing edge of a turbine airfoil to near the original
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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 that acconpany the detailed description can be briefly described
as foll ows. EMOlO] Figure 1 shows an exanpl e conbustion engine. [0011]

Fi gure 2 shol§14h e)FagﬂIbeﬁ chows -rsbwitding thf teiling bilgre ty apredyrgy pmgpvarsizedadi ng

or i nat i Brb e 18 Toon Rthed A SobrpRR Y MG ARRLEOR FrBl "

Fi gur e éhosihoidth digieaviah neir atnhﬁigemdﬁ@kdpﬁuthldﬁﬁemontdfehym of Figure 3 and
insertion of a barrier nmenber into a slot through the trailing edge. 2
[0014] Figure 5 shows rebuildi ng the trai li ng edge to produce an oversized
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section 16. The ustion engine oper at es i a known manner, feeding
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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 22 and vanes 24 are fornmed froma
super al ingynahsavily frheed plar 46 sedtine e weighbefl the yan24 ked allewi peteenal egoling of
casti ngt,hef%qeqi‘pg, or other known manufacturing process. [00171 Referring to
the vane 24"cf6ss section shown in Fi gure 2, the vane 24 includes a |eading
edge 36 and @oRolki | iIFigire3gRow8 a nitre deedldd RiFwedDthe 36ctich honarialHigurk acahed
toward the conmbustor section 14 and the trailin ed%e 38 is a -nergl Ig
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and allow internal cooling of the vane 24. [0020] Figure 3 shows a nore
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conbust je@fices 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 newy

manuf actured vane 24. Alternatively, the original surface 56 is the

as- desi gned [02fknsiRntemsingt teeFighes bi ﬁg BHefeme&rial 7Hoisnderionited eaiebthst flein

engi e Aedlesbgg TR bk @0RL oSk iR G A A To WPl BAP R4S (rom

er ode
away t hep eel hilid edaer IR AR 006 ekmplepnhucfﬂlet hﬁlt@’faﬂ)ﬁhi‘df a slmlfaa@en@ésmzmeo €fe0si on
reduces the chordw dth 4Q di nension hy an whi ch reduces the

aer ody neiperalley fused orsiginglly fpem (heneang 245% p@@@f&? mﬁ@an&%\f’ebetrve@zt@? cREd®E i ng
to Fi gy%rﬁjﬂlfot)ﬁ%ﬁ%p%ﬂer&ﬂb &f egan%uﬁjl a alﬁ&h%ngx@@ﬁg,oﬁ"ﬁ: flhgr gf%bérgi'l qgl

chor dwi portion 55 of the trailing edge I's renove y ITB.ChI ni ng,
gr i ndi nggmpsitiontdcastidinggo the sterdaed sdt fiarvninr £MSVE37met hod. In the illustrated

T | D AT BB Rl Bl Rl "
portion;f ?kﬁﬁpﬁ“rﬂa%&ﬁerﬁé ﬁ‘feldr{ggan%qgﬁpggaf A% fif htléﬁgl_ 74 IQY&tlvEf[}pl%ﬁﬂd aﬁdt er

r emoval portion 55, a [Faser c di ng | s eposi te onto
rel ati vedoprdtd,athistupfovedes 7l banefiebfia ifabt tviree 24 siphiregcledyee 38 a Beghodegrdeaster

cl addin barri r 72|s rtedlnt t he sl ot 46, of the
traili nge 8@5@?%?“% 3@?@%9%%%@6% Sﬁ?sza priakehy smpll It‘iag}“%féig&%f‘al 74
(Fi gur eam) fillbakalefial 34 Sofudnd ﬁ)bh'l'ir{lﬂuiehﬁc tsfARl dfl tHg heRlOffe®d £kl dTdné Qﬁllir@ser

cl addi ng process fromentering the slot 46. This provides the benefit of
el i mi naedgegwhivh imeekiaw ack red ehion ar drazing gidovelddmgahateesultia reksieelydhargd dicatg
process t&io rgsotnore the slot 46 shape. [0024] Additionally, the copper

barrier? serves as a heat sink to renove heat (as indicated by the
arrows 73) fronaw} he tHeakdnsBdR40 81188 nfdtbrian 94 tHigldb & ?edn eleadhiling edﬁé ogers. The
renoval of heat through the copper barrier nenber m nimzes the size of

t he form an oversized cladded portion 76 that is bonded to the original 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 [00251
Referring to Figure 5, the filler material 74 is deposited onto the flat
surface 70 in a knowmn manner as a powder or other type of filler material to
gradually build- up the trailing edge 38. In one exanple, the filler

materi al is 0381 si mMithough enpefsined embiodiméng of shipanedntioy has dden disolosefl. isal | y
formthe vane.24 .to pr te.a_strong bond between the cl.addin d. t he
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is a Conpidstht sepeat et divedtib® Fhiethat @adal theFellowidigtdlaiind sAMEdPBItudidd@26] A
| aser consolidates (i.e., nelts and fuses) the deposited filler material 74
in a knetRrMHAGHEITUCRRPGHId GOREENHALh{SIBYSEOBf the 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. L0027] 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 oversi zed 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. [00281 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 machined 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 of®AdM®n of the conbustion engine 10,

whi ch reduces the aerodynanic efficiency of the turbine vane 24. The eroded
portion of the trailing edge 38 is then renpved and | aser cladding is used
to rebuild {he tAahéthb@orRe@ria8a ghfitigbiné B?lﬁ@@dirﬁ}%&hh ifd1 0@ Ag ki sifPodf the
vane 24 is restored to near its original dinmension to increase the
aerodynami c ef fi cladiegrigng aHerjemairtoy dpee exaherdwidihdimgnsiongp sefebishf@ 24, 5
[ 0030] [[ ntion has been discl osed,
a morké%hgf o?ﬁ%ﬁgigggﬁgﬁﬂtggp%ﬂh&?a&¥8&5%$gﬁ?%ﬁbgn|ze that certain

nodi fications would cone within the scope of this invention. For that
reason, the following clains should be studied to determ ne the true scope

and content &f thTBeﬂW&ﬁltfiso‘ﬁC“@ o Glae 1whAr%ﬁWadabfnc}véi§§ dsehgladdigg @
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di nension to a restored chordvvl dth di nension. 2. The net hod as recited in
Claim1l, wherein step i ncludes | aser cladding a trailing edge of the

turbine airfdil alBhg lwéi %thPHw?dﬂwl%ﬁ%ﬁ@pdh) WS@rﬁma F barrigk mﬁﬁtbéF i a 3,
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slot in a tral e turbin I rfol revent mat eri al

fromentering the slot. 4. The nethod as recited in Caim3, including step
itin he fille

(¢) deposi tI4.g ' ’T‘he Imethod as recited in Claim 3, including step (c) depositing the filler

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

5. 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.



materi al adjacent the barrier nenber to extend a slot length of the slot. 5.
The nmethod of Claim3, further including the step of renoving heat fromthe
trailing edge through the barrier nenber. 6. The method of Caim 2,
including step (b) machining the trailing edge to form a substantially flat
cl addi ng surface before depositing the filler material. 7. The nmet hod of
Caim2, whei@in Atggs te)ing nedindesclabpgicompgessbiesdcitiohea combestial section,

produce rsized chordwi dth dinensi.on that is greater than the restored
P hor ch itha SBlErerBor 186 AWtk herBRRR e bing BpRrSied RS0 1, FRl Gee
machi ni pgtHoleedéa s CLeg 1.chor dwi dt h di nension to produce the rest or ed

chordwi dth dinmension. 9. The nethod of Caim1, wherein the restored
chordwi dth dimension of step (a) is approximtely an original chordw dth

di ensi on of yf he W4 BhAF oL LOhLw fs KdbindcARRe LhRiG: SAREAS E0C! uding 2

conpressor SeCtI on, a Co I'ne on, the

turbi ne section h@i\yllmnmgtwbhﬁeenﬁmbépinlto b sp&igg of e gay djrmgeteﬁgi&lbeurbtmt hod
recited in Claiml. 11. A nethod of restoring a gas turbine engine
conponefAMPUERMHri sing: (a) inserting a barrier nmenber into an openi ng of a

gas turbine engi nfoé;dgf"%iéé é:ﬂﬁac}ﬁﬁgﬁ%l n(ﬂgl)t{lﬁgg?‘ﬁ{*é g a filler material near

t he openi ng; and conso material to forma |aser
cl addi ng porti on. (c} Zasefd¢umsotddiad tl@esﬁlllemnattad:hlltdﬂfcﬁima hsdrkcladdivey gortioi.ne openi ng
of step (a) conprises a slot and step (a) includes inserting a copper
barrier nmenber into the slot. 13. The nethod as recited in Caim 12,

including st ?i’ (dafhé GIEMOANE D&/ ih At PE wilASRthESRAMH NG RYS ) RBmpREQUAN

the barrier
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.

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.



14. A gas turbine engine conponent conprising: a turbine airfoil having a

| eadi ng edge and a trailing edge, said trailing edge having a | aser

cl addi ng portion. 15. The conponent of Caim 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
conponent of 1& ai Thel&ompéreneohChitnd 41 abereincsaadi isergclpdding pertionlongpeisesaat fi r st

| aser c] addi ng.portion on sai.d suctipen.trajling.edge side and a second | aser
ci addi ng e AR o FRuPaBPEeTNEh PSig RbmedgET e 17 *The component "o
Claim 14, wherein said trailing edge includes a cast portion and a
substantiaII{ flat interface between said cast portion and said | aser

cl addi ng por t9-on. Aggasgurbiiecrging Hieduding . cCOmEIrepsaUseciifer & CAMSHSIEPN sesten,

ol addi ng, POR R0 CORR": 8o s8R fncfbRBY &l PRrihe ArfROL Ny figRnp] on of
said tufbihe arriorr. 18 gasturbine é%glne inc uéﬁng a conpressor
section, a conbustion section, and a turbine section, said turbine section
including said turbine airfoil as recited in laim1l4. 9





