TURBI NE COVPONENT TRAI LI NG EDGE AND PLATFORM RESTORATI ON BY LASER CLADDI NG
BACKGROUND OF THE | NVENTI ON [0001] This invention relates to repair of gas
turbi ne engi ne conponents and, nore particularly, to a method for restoring
a sul phidation section of a turbine airfoil platform and an eroded turbine
airfoil trailing edge. [0002] Conventional gas turbine engines typically
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rotationally drive the turbine blades, which are coupled to an engine main
shaft that drives a corrpmﬁbRégﬁtﬂ o ﬁﬁ%l@‘f‘ibﬂg engi ne operation, the
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and a trailing edge that define a chordwi dth there between. An aspect ratio
bet ween ap iBlcBABRE MR MERtohrotaingkpdine Rladestad staticguibingeyasnesi AcBow o€ hot

aer odynam ffici t he i_ne i B S nt ly,. th iling
cdge. of LS 1 BichERGHan Mool absi R e B WHES PESH bacltpabis
trailindriedar @ftfeBladés)svHiesreto@pled e ark B ANV sHHfRAS didves of cnhiessbiir bi ne
vane decreases. Thus, the aspect ratio between the chordw dth and the

ai rfoil seatidhckness decreases, thereby decreasing the aerodynanic efficiency

of the turbi ne. [ 0004] .Convent.i onal .engi ne component repair .t echni ques
have been ad @%"\eﬁ toD[l?%g}'gmﬁé)ﬁﬁghgﬂ’tt%ﬁih@F %a?eécﬂzg, CFraoFr?rF%ﬁlYegﬁréVWO&fnen{ .
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met hod i ncl udes brazing the engine conponent to repair the mcrocracks.
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combustion, and particles within the flow of hot gases, wear against and erode the blades,
vanes, and other turbine engine components, which often changes the originally designed
dimensions. 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 ratio
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. 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 adapted 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
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zone of the engine 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 engine conmponent and undesirabl e changes in
the metallic mcrostructure of the repaired areas. 1 [0005] Accordingly,
there is a need for a nethod of restoring a turbine airfoil and platform of
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restored surface. In one exanple, the sul phidation section includes

sul phidation pits that areSTMMARY OF THE INVENTION consol i dati ng to produce
the restored surface. [0007] Another exenplary nethod of restoring a gas
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depositing the laser cladding to produce an oversized trailing edge thickness and then
machining down the oversized trailing edge thickness to produce the restored trailing edge
thickness. In one example, the eroded trailing edge is abraded to clean away oxidation and
contamination before laser cladding.

[0008] Accordingly, the disclosed examples provide methods of restoring a
turbine airfoil and platform of an engine component to an original shape to prolong the useful

life of the engine component without inducing high levels of residual stress in the engine

component.

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 example turbine vane and platforms.

[0012] Figure 3 shows a cross-section of the turbine vane shown in Figure 2.

[0013] Figure 4 shows an eroded trailing edge of the turbine vane shown in

Figure 3.



apparent to those skilled in the art fromthe foll ow ng detail ed description
of the currently preferred enbodi nent. The draw ngs that acconpany the
detail ed description can be briefly described as follows. [0010] Figure 1
shows an exanpl e conbustion engine. [0011] Figure 2 shows exanple turbine
vane and platfornms. [0012] Figure 3 shows a cross-section of the turbine
vane shown i gour & i : J Ly of

t he turbine [\?grigpshg:l r|¢n5 %Iglé,g%rlgbl%wlgg Ehdté)?ﬁal‘\ﬁnlggggéque%ﬁgé\g ﬁggﬁfeﬁglﬁﬁg t he
trai | i ngaddbgeportoonpthaidis tleenamaaminedsioreto produdd @degpared trailinghealigei s t hen machi ned

down to prod restored trailin dge. [0015] Figure 6 sho t he
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vane. [&Q%@tp Qe ane.Shows depositing a filler material on a sul phidation
section o Re underside of the vane to fill sulphidation pits. [0017]

Fi gure 8 shol®16h ovégwt Zetholvaslepositirglalfiflgr matesial ordas@ghiiatidmeectisnlopttiedat i on
section of Figu 7. [00Q Fi.gure 9 shows the oversized | aser cl added
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under si de of gio?‘?] p! qii%lﬂ’é”% RN LEP SrerGRd ThéN QidJng R olﬁﬁﬁigg BYBetl MENT
[ 0019] Fi gur Il lustrates selected portions of an eXanpl e conbustion

engi ne dflphidationhseagornofféigue U bi ne engine for an aircraft. In this exanple,
t he combusti ﬁﬂagﬂgi ne 10 includes a conpressor section 12, a conbystor

section 14, t JrigirRe shews thsrovessizeghlaser cladded Pogian dhajihas baey Badingdes in
a known . | & : Hals i.§l from the conpressor
secti ond@?@h?ﬁégig%l %@%@égﬁﬁggﬂﬁﬁlgg?ﬁgéﬂﬁp%ésed air or oxidizer is
m xed with fuel and reacts to produce a flow of hot gases 18. The turbine

section 16 transforns the flow of hot }%ﬁses 18 into _nechanical energy to
drive the CO”&@@&EQ&E&;QRIPTION OF THE PREFERRED EMBODIMENT

[0019]  Figure 1 illustrates selected portions of an example combustion engine 10,

such as a gas turbine engine for an aircraft. In this example, the combustion engine 10
includes a compressor section 12, a combustor section 14, and a turbine section 16. The
combustion engine 10 operates in a known manner, feeding compressed air or oxidizer from
the compressor section 12 to the combustor section 14. The compressed air or oxidizer is
mixed with fuel and reacts to produce a flow of hot gases 18. The turbine section 16
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.

[0020] 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.

[0021]  Referring to Figure 2, the vane 24 is fused to corresponding platforms 40a
and 40b that support the vane 24 in the combustion engine 10 in a known manner. The
platform 40a supports a radially outer portion of the vane 24 and the platform 40b supports a

radially inward portion of the vane 24.



12. An exhaust nozzle 20 directs the hot gases 18 out of the conbustion
engine 10 to provide thrust to the aircraft or other vehicle. [0020] In the
illustrated exanple, 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
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the turbine p®U] on Réerrigaothicavdne?d @ogaseSiforashdwhnidefigird S, 4 1aiiding edgeai r ed
as described below to prolong the |life of the vane 24 and platforns 40a and
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aer Odyn@chfency, while a relatively smaller aspect ratio corresponds to a lesser aerodynamic
efficiency.

[0025] Figure 4 shows a more detailed view of the section shown in Figure 3. In
the illustrated example, the dotted line 54 represents an eroded surface of the trailing edge 38.
In one example, the eroded surface 54 is the result of field operation of the combustion
engine 10. A solid line 56 represents an original surface of the trailing edge 38. The original
surface 56 refers to a shape and dimension 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 manufactured vane 24. Alternatively, the original surface 56 is the as-designed
dimension of the trailing edge 38 as found in a combustion engine 10 design manual.

[0026] Over time, the friction of hot gases 18 from the combustor section 14, soot,
or particles in the hot gas flow 18 erode away the original surface 56 to produce the eroded
surface 54. The erosion reduces the chordwidth 44 dimension by an amount 58 and the
thickness dimension 46 by an amount 60, which reduces the aerodynamic efficiency of the
vane 24 as described above. If the chordwidth 44 and thickness 46 are, respectively, less than
a threshold chordwidth or threshold thickness, it is desirable to repair the trailing edge 38. In

one example, the thresholds are called out in a design manual of the vane 24.
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efficiency, while a relatively smaller aspect ratio corresponds to a | esser
aerodynam c efficiency. [0025] Figure 4 shows a nore detailed view of the
section shown in Figure 3. In the illustrated exanple, the dotted |ine 54
represents an eroded surface of the trailing edge 38. 1In one exanple, the
eroded surface 54 is the result of field operation of the conbustion engine
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i'ncl udes ﬂleZﬁ palishing the erqgded surface 54 manually. [00Q28] As shown
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[0030] As the filler material 74 is deposited, a laser consolidates (i.e., melts and
fuses) the filler material 74 in a known manner. The melting and fusing of 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. Furthermore, laser cladding melts and fuses a
relatively small trailing edge 38 and filler material 74 volume to minimize the size of the heat
affected zone of the trailing edge, which is a drawback of prior art brazing and welding that
result in relatively large heat affected zones.

[0031] The consolidated filler material 74 builds-up on the trailing edge 38 to
form an oversized cladded portion 80 that is bonded to the original superalloy material at the
eroded surface 54 of the vane 24. The oversized cladded portion 80 is larger than the original
surface 56 in the thickness 46 dimension by an amount 82 and larger than the chordwidth
dimension 44 by an amount 84. This provides the benefit of ensuring that trailing edge 38 is
built-up enough to completely restore the chordwidth 44 and thickness 46 dimensions to the
original airfoil shape.

[0032] After the oversized cladded portion 80 is deposited on the trailing edge 38,
the oversized cladded portion 80 is machined to the chordwidth 44 and thickness 46

dimensions of the original surface 56. In one example, the machining includes known
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direction D2 (transverse to D,) to gradually build-up (as indicated by the
arrow 78) the chordwi dth 44 of the vane 24. [0029] In one exanple, the

filler material 74 is of a simlar conposition to the superalloy used to
originally formthe vane 24 to pronote a strong bond between the cl addi ng
and the original superalloy of the vane 24. I n another exanple, the filler
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t hi ckness 46 _di nensi on by an_anount 82 and | arger than the chordw dth
di mensi %h in4leapedifo Jamone oxides Tandsothepvpdacs cordamuRess; (Ther clepng jingjudssat

trailin 1S a1t L . CO N T pdth 44
and ¢ hi SAIRE (e stPriclton LectPn SIEUD bt R Blike FRANG, CPRUBARIE. " he
over si zedthodadi eshependnple) &0 darbidte pips hbraslopnodbhés usal lto ngarmdfe @&Bade thee
oversi zed cl added portion 80 is machined to the chordw dth 44 and thickness
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i ncl udes kno Iyl Nl it plasting. LShi o) t her

machi ni ng nemggf’t g I%rgr\ﬁﬁ1%)e(argf)f§n8gttﬁé dtl‘lfhghnsglp 1(:)t|h~l %nmarg‘gggf(gogr% F(ﬁer a(ss)‘)eQ;1 the

cl addi ngnlptaditivn mtsiap; bad doed esttucemeidepth ¢gfahd sulpisidatior pies 9 Me asther Xadigle

Referri ntg to the perspective view of the platform40b shown in Figure 6,
of the cleaning, the cleaning completely removes the sulphidation pits 92 to produce a

sulphidation section 90 without sulphidation pits 92.

[0036] Referring to Figure 7, after cleaning, filler material 74 is deposited on the
sulphidation section 90 in a manner similar to as described above for laser cladding of the
trailing edge 38. As the filler material 74 is deposited, a laser consolidates (i.e., melts and
fuses) the filler material 74. The melting and fusing of the filler material 74 is relatively
rapid and accurate, which provides the benefit of a fast platform 40b repair cycle time and a
high degree of repeatability.

[0037] Referring to Figure 8, the consolidated filler material 74 builds-up on the
sulphidation section 90 to form an oversized cladded portion 94 that fills the sulphidation pits
92 and fuses to the original superalloy material of the sulphidation section 90. The oversized
cladded portion 94 is larger than an original surface dimension (indicated at 96) of the
underside 42 to ensure that there is enough laser cladding to completely restore the original
dimensions and shape of the underside 42. The oversized cladded portion 94 is then
machined to the original surface dimension 96 (Figure 9) in a known manner and provides a
smooth transition area from the laser cladding to the original, non-repaired portions of the

platform 40b.



t he underside 42 includes a sul phidation section 90 having sul phidation pits
92, also known as dinples, that extend into the underside 42 surface. The
sul phidation pits 92 are a result of corrosive attack, also known as hot
corrosion, which is usually caused by sul phates such as Na2SO4 and ot her
contam nants in the hot gas 18. [0034] To restore the underside 42 of the

pl at f or m 40by, S hipded b eCli J id 940X and
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at 96) rSj e there is enough laser cladding to
conpl et g%tcflrtnﬁ]g%%hééﬁgﬁts%{éﬁj%a}n%oh%n?Bg#ﬁ%selﬁg{:}gfﬁg. and shape of the underside 42.
The oversized cl added portion 94 is then nachined to the original surface
di rension 96 (Figure 9) in a known manner and provides a snooth transition
area fromthe |l aser cladding to the original, non-repaired portions of the



pl atform 40b. 6 [0038] The above exanpl es disclose 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, which
reduces the aerodynam c efficiency of the turbine vane 24. The eroded
portion of the trailing edge 38 is cleaned and | aser cladding is used to
rebuild the trailing edge 38. Thus,ctg_ hordwi dth 44 and thi ckness 46

di rensi ons of the vane 24 are restore O near original dinmensions to

i ncrease the aerodynami c efficiency of the vane 24 and extend the |ife of
the vane 24. Furthernore, the sul phidation section 90 of the underside 42
of the platform40b is cleaned and | aser cladded to restore the original

di mensi ons and | shapemefhol e rddtorinf rgak ffbine EW&orﬂ&ew%hﬁu@rtﬁé gieped

enbodi ment of this invention has %een di sclosed, a worker of ordinary skil
inthis art wouwfd recognlze that certain nDdlflcatlons woul d cone within

the scope of this i et| For hat ason, the.follow.n ai ns.shoul d be
studied to determ ra ng sggf)re %eélaio%’tto nstuﬁ’(;lf&attlﬂpspllt ERPé'{A\?‘}SORf 4 cLAI MB
1. A net h%ﬁl&idaﬁ@ﬁ&&hbﬂ@f@ﬁﬁ&ﬁeExbg’nlm denpRReitNgdconponent , including the steps
of : (a) depositing a filler materi al onto sulghldatlon pit portlons of a

sul phi dati on sect i ofbdipses consehidatingdheyf eprpducgadrestpned jsudage.
consolidating the filler material to produce a restored surface. 2. The
method as recited in Caim1, including step (c) cleaning the sulphidation
section before >t ep Thie) mefhod Téee revittthad @lmimet,i inethding Glepi (n)2¢clemdigy ehen St ep

(c) conpri s brad n h suI i dation section. 4. The nmethod of Caiml,
wher ei n thsél aﬂﬂ?ﬁe&flgﬁﬁ? Ig’ is a turbine

3. The method as recited in Claim 2, wherein step (c) comprises abrading the

sulphidation section.

4, The method of Claim 1, wherein the sulphidation section is a turbine
platform surface that faces in a radially inward direction relative to a turbine engine

central axis.

5. The method of Claim 4, wherein step (b) includes laser consolidating the
filler material to produce an oversized platform thickness that is greater than a restored

platform thickness.

6. The method of Claim 5, including step (c) machining the oversized

platform thickness to produce the restored platform thickness.

7. A gas turbine engine including a compressor section, a combustion
section, and a turbine section, the turbine section having a turbine airfoil restored

according to the method recited in Claim 1.



platformsurface that faces in a radially inward direction relative to a
turbine engine central axis. 5. The nethod of Claim4, wherein step (b)

i ncludes | aser consolidating the filler material to produce an oversized
platformthickness that is greater than a restored platformthickness. 6.
The nethod of Caimb5, including step (c) machining the oversized platform
thlckness o prQduc restpre Iatfornlthlckness 7. A gas turbine

engi ne |nc udln eéng%ﬂéh éu 8anwwng%nbustlon section, and a turbine

section, the turbi aneﬁ@@tirigOa’llabéWdld&Ehrﬁg bruabervded trailiag ledge 6f o n@dinead€sir di ng to
the met hod reC|ted in,Claiml. 8 8 The nethod of claim1, further
conpri si ng? ﬂ&f‘etﬁ&'i‘et?%&%o%é?mﬁnéddl ng on an eroded trailing edge of a

turbine airfoil ﬁ}g@lcfngra%agregﬁgﬂﬁ ApARass; and producing a restored
trailing edge thickness The net ho Claim8, further including the

step of producing an over5|zed tralllng edge thickness that is greater than
the restored tr iI| th| e Th 9, wherein
step (b) further in gt%f} @% ? ﬁﬁ@‘ﬁf %&“f%gﬁwg%%@agq %I ?’hg edge
t hi ckness wersﬁ)zea@tagﬁlgteage the&&@srseﬂbtus“ geatbflarethg festdrbd ﬁlﬁ'ﬁﬁ% sdgelthickidds. met hod

of Claim8, including depositing the |aser cladding in step (a) along a

first direction to produce the restored tralllng edge thickness and further

including the step ©f i el e i 0 ond
direction that Ii%)s tr]glns'gg@g% df &Q{I’ﬂgs&&h% ?eﬁ (cb? Cflﬁéﬂe? 1991118'4 u@g sge rggt or ed
chor dw dt hmadhiing itle owdrsikdie trhiling i edge ahickmekd to ]:ﬂ)dua'é‘lﬂlenﬁtsﬂ@mﬂl nhilitg @dge 8,
further |nclgn|ng the step of determ ning whether a thickness of the eroded
trailing 58 | ess than a threshold trailing edge thickness and
deposi ting the | aser cl adding on the eroded trailing edge in response to the
t hi ckness of

11.  The method of Claim 8, including depositing the laser cladding in step (a)

along a first direction to produce the restored trailing edge thickness and further including
the step of depositing a second laser cladding along a second direction that is transverse

to the first direction to produce a restored chordwidth dimension of the turbine airfoil.

12.  The method of Claim 8, further including the step of determining whether
a thickness of the eroded trailing edge is less than a threshold trailing edge thickness and
depositing the laser cladding on the eroded trailing edge in response to the thickness of

the eroded trailing edge being less than the threshold trailing edge thickness.

13. A gas turbine engine component comprising:
a turbine airfoil platform including a sulphidation section having
sulphidation pits;
a restored platform surface that includes a laser cladding portion bonded to

said sulphidation section such that the laser cladding portion fills the sulphidation pits.

14.  The component of Claim 13, wherein the sulphidation section comprises

an original superalloy portion bonded to the laser cladding portion.



the eroded trailing edge being less than the threshold trailing edge

t hi ckness. 13. A gas turbine engi ne conponent conprising: a turbine airfoi
pl atformincl udi ng a sul phidation section having sulphidation pits; a
restored platformsurface that includes a |aser cladding portion bonded to
sai d sul phidation section such that the |aser cladding portion fills the

sul phi dation piss. Yo FBAAATRFTSAN P, AL e pohAN nhlf AR  On

section conprisés an orl super al T’oy po Ion
cl addi ng pelge Iaﬂdha t&ul]@ ed@eesa]d)madmgrﬁdge)haﬁhgarmd&m lasee | cledlid ingg p&brﬁ(w thane

ai rfoil having. adln ed nd, a aid.trailing edge

havi ng a s& es|aé f?‘%{ﬂﬁ‘? gga gwiméhl ‘?WS?Slg%%fdng‘rdltBa’éneaﬁ“ffr’@ast a portion of
a chordw dth dinmension of said turbine airfoil. 16. A gas turbine engine

i ncluding a conpressor section, a conbustion section, and a turbine

section, said tlérbi e gecturtune |engmgdunnlgdma| &l comphsisper mcapn,oan@ca@usn@tl ted in

d he od of f
su?lpm égtl (%%UO 3 8fl| oﬁ"hlfme ?S%%ﬁ)nalsal ﬁm&rﬁr teft?rrhﬁ%ﬁfazéﬁs %Sa(ri‘% t'i‘)rllblnse ng&frﬁle%by form
t he sul phideitddan QMitn 13poOrti ons.

17. The method of claim 1, further comprising cleaning the sulphidation
section to reduce a depth of sulphidation pits to thereby form the sulphidation pit

portions.
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