TURBI NE PLATFORM REPAI R USI NG LASER CLAD BACKGROUND OF THE | NVENTI ON [ 0001]
This invention relates to repair of gas turbine engine conponents and, nore
particularly, to a nmethod for repairing a standardi zed section of a turbine
engi ne conponent. [0002] Conventional gas turbine engines typically include
turbi ne sections having an alternating arrangenent of rotating turbine

bl ades and static : conmbust or
section expands agg‘?{l@ﬁﬁlﬁaﬁlﬁ%?#g& g@g)d‘gl;l{ Q%N\(/%ﬁégﬁ oé?‘glgti onally drive
t he turbine bl ades, which are coupled to an engine nmain shaft that drives a
conpressor section. [O00GYCREROUND'OFEHEENVENTION he hot gases produce a
corrosive environment that corrosively attacks the surfaces of the bl ades
and vanes an{0M]en Flisunvention istatesots tepair pift gasniyrbiTe engive ¢parponents g, f r om
conmbustion, and particles wthin the. flow of hot gase al.so ar agai nst
Che tur Bk PRMEABRIL 6 € Imehodier isbBinne hsPgPlzedosEion o i ke
and ot Rempénsnbi ne engi ne conponents, which may undesirably reduce the
useful life of the turbine blade or vane. [0004] Conventional engine
conponent rep@02]t echonensens gae tusbiog engiaes typicalp angludectwryioe eestions bavdeg acks,
fromfatigye for exanple, but are undesirable for.several reasops.
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or relatively large zone of the engine conmponent at high tenperatures to
mel t a drizsie hefturbing blades, iwHich are conpled ée amehgine Tain bhiajhthabdmpessan corepressay
result in undesirable residual thermal stress in the engine conponent and
undesi r 8% changes in the netallic mcrostructure of the repaired areas.
[0005] Accor dogus]y. DUAKE ehgind dpeRfioh OthehoBhERDbrBludeeP Bbrrodi AN RFRNRAGS t he
useful life of a turbine engine conponent w thout inducing high | evels of

r esi dualtha tcogesively SithepisRtheGrarfRE#Es oNHENDTadEN| nd0GBEs Andreftho desults nesbupsing a

gas tur %lltggg.elrh%l Hot g%gerg})go%% I}'Eoma &m l(ljsltir(]) , zgn% ;;arr]t‘i:"cles within the flow of hot gases, also

wear against the turbine blades and vanes and erode the surfaces of the blades, vanes, and
other turbine engine components, which may undesirably reduce the useful life of the turbine
blade or 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.

[0005] Accordingly, there is a need for a method of repair that prolongs the useful

life of a turbine engine component without inducing high levels of residual stress.

SUMMARY OF THE INVENTION
[0006] A method of restoring a gas turbine engine component according to the
present invention includes removing a defect section of a turbine engine component

according to a template. The template has a standardized shape and is used in a standardized
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present invention includes renoving a defect section of a turbine engine
conponent according to a tenplate. The tenplate has a standardi zed shape
and is used in a standardized 1 |location on the turbine engi ne conmponent.
The tenplate is based upon conmon defect sections fromprior turbine engine
conponents. A laser cladding is used to build a replacenent section in
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pattern of “defects that occur during use of the turbine engine conponents.
[ 0008] Accor §o003ly, Alpas dirbile@agnicaxsemilly acoetrdiog tathd presatrivgntisoinchided or a
prol onged |ife of a turbine engi ne conponent w thout inducing high | evels of
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can be briefly described as follows. [0010] Figure 1 shows an exanple
combust PEHT E4ENSEse pighe fyrbine gngige SOMRGNENtS pl urality of test turbine bl ades

fromwhich a ct i1Sa | {1 i epair
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t ur bi ne pedlewiged 1{fO 0 3}urbing ngind comporsnt atithsutiadidimghigh lowld éfiresidmalatressr bi ne
bl ade using the tenplate of Figure 3. [0014] Figure 5 shows the defect

section of the turbine blade of Figure 4 removed and laser cladding a
replacement section. pRIpR 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 a plurality of test turbine blades from which a defect
pattern is identified.

[0012]  Figure 3 shows a repair template for outlining a standardized defect shape
and location on a turbine blade.

[0013]  Figure 4 illustrates marking an outline on a turbine blade using the
template of Figure 3.

[0014] Figure 5 shows the defect section of the turbine blade of Figure 4 removed
and laser cladding a replacement section.

[0015]  Figure 6 shows the turbine blade of Figure 5 having a replacement section

in place of the removed defect section.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0016]  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
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[ 0015] Figure 6 shows the turbine blade of Figure 5 having a repl acenent
section in place of the renoved defect section. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT [0016] Figure 1 illustrates selected portions of an
exanpl e conbustion engine 10, such as a gas turbine engine for an aircraft.
In this exanple, the conbustion engine 10 2 includes a conpressor section

a stor section 14 I he sect.i,on englne
6’ onerRInes £ catiiestet sitton 2% Bahbhiol SeelPl dbdnd i whfiRe SABLRE. 2B The
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oxidizer is mixed with fuel and reacts to uce a flow of hot gases 18.

The turthé nemw@sqrcsnctm 12 ttethsf mmlwsmxesecmwlfbf Thetcompsessed 8irj artaxi ni cal
energy to An exh st.y,nozzle 20 dir

1 1 th
roc oY shied i rod i BRES T o At &F ot s SeSh P TR ffbie eption 6
ai r cr aftan@fork W ¥R Hf Ho? gade@Q87htd Meéfifidal bitehy & ﬁﬁv@ﬁmrﬁpmﬁsﬁ? sdcdbRi ne
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22¢c andl2st abncexhipust giozzle 30 disgnss thiehotTgases/ AR amit 24 the sombustaomgenginan 10dei ous
stages suhaflr t sta sec stage, a third stage, a fourth stage,
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forging, or other known manufacturing process. [0018] Figure 2 shows a

radi al lof rotatryvarrfblkzmvblm:festﬁe 221di 22c dwd | stdticaaideil 9 Bn yark@X4. PRe vames ddamg t o
t he sectlon%‘g shown in FI'?l[I]I’e 1. Each of %ng bl aglas 22a, éﬁz 22¢ i ncl udes
a pl at fBEHE YAGIOY SAESSs 89 %ﬁrsﬁé@g"né‘ SHCPEEHETy 2 St3ge, 2quuh $1388 18 hg edge
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14 and the trailing édge 38 i1s generally located to rd t he exhaust nozzle
20 in tdobalt orhigktlisoperethoy men deBtifEifgugine, oF othEOKiBYn Masufaetadng graedgpe 36 and

e Lo naggiee 3% el G0, SISKAH SRy lend e AT i 1 o
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each bl ade 22a Is, arelatively larger aspect ratio

corres pi)pldefmtm) 32 agd eniirfoibdt bd\yngmleadafg‘ ¢dgesibcand a nmumg edge 38.aThe Eagingmal | er

aspect r ge 36 f:sogrerng?a riggatcta tc?awzlir the com%{lgtgy rs]eat:rtrllog leéf an Iﬁen?rgﬂmg edge 38 is
generally located toward the exhaust nozzle 20 in the combustion engine 10 (Figure 1).

[0019] The leading edge 36 and the trailing edge 38 define a chordwidth C of the
blade 22. In the illustrated example, an aspect ratio of the chordwidth C to a thickness T of
the airfoil 34 at least partially determines an aerodynamic efficiency of each blade 22a, 22b,
22c. 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.

[0020]  Each platform 32 includes a leading edge 40 and a trailing edge 42 that
correspond, respectively, to the airfoil 34 leading edge 36 and trailing edge 38. In the
illustrated example, the platforms 32 each include a respective defect section 44a, 44b, 44c,
such as a section containing microcracks or corrosive pitting, near the trailing edges 42 of the
platforms 32. In the illustration, the defect sections 44a, 44b, 44c each include cracks 46 that
are the result of fatigue for example. Alternatively, or in addition to the cracks 46 there may
be corrosive pitting, also known as hot corrosion, which is usually caused by sulphates such
as Na,;SO4 and other contaminants in the hot gas 18.

[0021] In this example, the defect sections 44a, 44b, 44c are commonly located

near a corner (upper left corner in the illustration) of the trailing edges 42 of each of the
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[ 0020] Each platform 32 includes a | eading edge 40 and a trailing edge 42
that correspond, respectively, to the airfoil 34 | eading edge 36 and
trailing edge 38. In the illustrated exanple, the platforns 32 each incl ude
a respective defect section 44a, 44b, 44c, such as a section containing

m crocracks or corrosive pitting, near the trailing edges 42 of the
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corners of the platforms 32 in Figure 2).

[0023] In the illustrated example, the repair template 54 has a polygonal shape
having a length L and a height H. Side S; forms an angle alpha of 20° with side S,. In one
example, the length L is approximately 0.170 inches.

[0024] Referring to Figure 4, in one example, the repair template 54 is used to
mark a line 58 on a blade 22 that is to be repaired. The line 58 serves as a guide to cutout the
defect section 44 from the platform 32 to repair the blade 22. The defect section 44 is cutout
using a known cutting device. Optionally, removal is conducted in an automated fashion via
computer control of the cutting device according to a computer file repair template 54.

[0025] Referring to Figure 5, after removal of the defect section 44, a laser
cladding is deposited to rebuild the platform 32. A filler material 74 is deposited in place of
the defect section 44 in a known manner as a powder or other type of filler material to
gradually build-up a replacement section 60. In one example, the filler material 74 is of a
similar composition to the superalloy used to originally form the blade 22 to promote a strong
bond between the cladding and the original superalloy of the blade 22. In another example,

the filler material is a composition according to the standard set forth in AMS 5837.
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[0023] In the illustrated exanple, the repair tenplate 54 has a pol ygonal
shape having a length L and a height H Side S, forns an angle al pha of 20
with side S2. In one exanple, the length L is approximately 0.170 i nches.
[0024] Referring to Figure 4, in one exanple, the repair tenplate 54 is used
to mark a line 58 on a blade 22 that is to be repaired The |line 58 serves

as a guide tout .t he ct ectl m32 t.o pair
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control of the cutting device according to a conputer le repair tenplate
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e fi ar

sectio I n one exanpl e, material 74 is o sim
conpos ptatformt32, thichsispe demibayk o edot ert drazipgatd weldimgrtiaheesolts de rd@ivety

pr onot ro ond bet we he cladding and the original superalloy of

t he bl ;ng E‘?t a&%‘%\‘ﬁé‘fﬂ’?@@"é ffﬁﬁ LStresf ‘he filler material is a conposition
according t st

consol i dat egod(iﬁ W%ﬁg()ﬁ&g ({ﬁ&%@h@ﬂ@“@&%ﬁ&%@é ﬁ?@h oﬁcelisg}s'l&g ad%fd in a

known iparioar76 t'ﬁiaelsrmnlntiedlg) thecbrfginsl rsgpcnﬁlldyhmalfenb] efrthmhl:&iel 20, THe osersled:dat ively
rapi d and

ccur at whi ch provi des t nefit of ast bl ade 22 air
cycle laaged pertion '?%ILF ¢EgTel@apan %eeg aF?t‘}catlpur@hEy B @nou"asér it ng
nelts & I LYo SR cknl h k hiahd €r
mat er i EF&}fétst gé r%glrll‘lgf?n (?{eén;éﬁ %il{zmer%ﬁ Xét%#eéqﬁgga;uoaf ect e@l f ne gyf?resaﬂ'fé Jla#%t form
32, \Ahlandhdlrﬁermlodsaﬁ\bmqi{atttfmz or art brazing and welding that results in
relatively J)&rsﬁ;e heat affec ones and I e%PduaI stress. [0027] The
consol i dat ed04281| er Theapusrpize 914 PQILOR 46 o then mpachiicg e tag opegingl %agefa
portio d N i pal l. A=Y h | ade
R e T T e e
| ocat i diastidg, h)phemng,rmwnlherﬁeﬁowﬁhna:hlmng)medeﬂ thiteproddes a smobtharrssition gronfat
repl acenent section 60 conpletely restores the shape and_ dinensions of the
pl at f ortlkg rgplacement section 60 to the original, non-repaired portions of the platform 32.
[0029] The above example discloses a method for restoring the blade 22, or other
gas turbine engine component. The platform 32 of the blade 22 exhibits a defect pattern
similar to defect sections of prior test blades. The defect section 44 of the platform 32 is
removed according to a template 54. The template 54 has a standardized shape and is used in
a standardized location on the platform 32. The template 54 is based upon common defect
sections from prior blades 22a, 22b, 22c. A laser cladding is used to build a replacement
section 60 on the platform 32 in place of the defect section 44. Thus, the blade 22 is restored
to near its original shape to extend the life of the blade 22.
[0030] Although a preferred embodiment of this invention has been disclosed, a
worker of ordinary skill in this art would recognize that certain modifications would come
within the scope of this invention. For that reason, the following claims should be studied to

determine the true scope and content of this invention.



[ 0028] The oversized cl added portion 76 is then nmachined to the original
surface dinension 62 (Figure 5). In one exanple, the machining includes
known grinding, grit blasting, polishing, or other known rmachi ni ng net hod
that provides a snooth transition from the replacenent section 60 to the
original, non-repaired portions of the platform 32. [0029] The above exanpl e
di scl oses a nethod for restoring t%bﬁge 22, or other gas turbine engine
conponent. The platform 32 of the 2 exhibits a defect pattern

simlar to defect sections of prior test blades. The defect section 44 of
the platform32 is renoved according to a tenplate 54. The tenplate 54 has
a standardi 2ed sHapethad®@f restarigch gas turhirsteaguarcdimpedentoipatuding the steheofl at f or m
32. The tenplate 54, is based n comon defect  sectians.fro ri qr. bl ades
29n, 29, 2be AP LETERAE R BRGSO Drted o b ARULAL S GWRinEn 60
on thecpliat EQhPandats: N pl ace of the defect section 44. Thus, the blade 22 is
restore to near i1ts original shape to extend the |ife of the blade 22.

[ 0030] Al t hough db)resforimgedseetrtnodf aresed tofbinehénginernoemianent thaiscanespords sl osed,
a vvorﬁg of ordinary skill in this art would recognize that certain

modi f i St Styardasppig s ;a0 thin the scope of this invention. For that
reason, the foll qow | ugli jne scope
and content of tE‘lwsH%)nd\éietﬁ{lgin(&;nl.ﬁ&g%cl{dﬁ%s%1ﬁki&ﬁgm{;ﬁﬁ%%&l engt%él gntegpg%s

t ur bi neraguge aecplanepenesection icthadocagon heths repevedf sectian) oft¢petb)i ni ng a st andar d
repair section based upon a plurality of test turbine engine conponents;
(b) removing a section of a used turbine engine conponent that corresponds
to the standardrigngkihod Stk AClalii)L ARRASH LGN (A hates tedinng pn the
used turbine engine conponent to produce a replacenent section in the

| ocat i eranddrdtlbeatioe wb vecstariatd @paio Sectioe pelatiye toZa knidven tuebihe dngine cempodmeait i n
Claiml, wherein step (a) includes determning a standard |ocation of the
standalshaﬂeepair section relative to a known turbine engi ne conponent shape.

3. The method as recited in Claim 1, wherein step (a) includes determining a

standard shape of the standard repair section.

4. The method as recited in Claim 1, wherein step (a) includes determining a
defect section location in common between at least a two of the plurality of test turbine

engine components.

5. The method as recited in Claim 1, wherein step (a) includes determining a
standard location of the standard repair section relative to an airfoil orientation of the

plurality of test turbine engine components.

6. The method as recited in Claim 1, wherein step (b) includes removing a
section that is located on a turbine platform of the used turbine engine component that

corresponds to the standard repair section.

7. The method as recited in Claim 6, wherein step (b) includes removing a

section that is located on a trailing edge portion of the turbine platform.



3. The method as recited in Claim1l, wherein step (a) includes determning a
standard shape of the standard repair section. 4. The nmethod as recited in
Claim 1, wherein step (a) includes determining a defect section location in
common between at least a two of the plurality of test turbine engine
conponents. 5. The nethod as recited in Claim1, wherein step (a) includes

determ ning,a standard | ocat.ion the standard air. sectiqgn relative to
an airfoil Ori en@f’in_?ﬁ‘ih ?Strﬁ‘é‘tedﬁpgilélm gywl&f.}repége[p (ﬁ)ﬁfn&:lqggs Erfgoviee 8 6HF6hent s.
6. The ;@b Aht §S10t8Ed bRY thallirg RIgBpdrtiof e MrihEPlatBimi NCl udes removing a
section that is located on a turbine platformof the used turbine engine

conponent that corresponds to the standard repair section. 7. The nethod as
recited in glai m 6, vvhgr in ste%p b) ibncl udes renovi ng. a sechi on that is
| ocated on : 'trai‘s_t mgtho &Sé“&_m' SOFrOiE et oM OBt ’_f“ﬁ*%m 8 SRhe! net hod
as recited in O ghyetnovfieh Seatich! 6Pa (bitdEAdfE BomBERRH IhérehiP [HCKectigfCl | On
that is located on a trailing edge portion of the turbine platform 9. A

met hod cofrespesdsotoi aygredetermsn¢dutehiplete;eandi ne conponent, includi ng the steps of:

(a) renoving a section of a turbine engine conponent, wherein the section
corresponds to a (PrecRositing;aager P“&t‘g‘, H’Sntﬁl%ﬂ CREIRHEIIPONENL1q BOERCER addi ng

on L he (LHEBRRR: RGbAT GRTRANGALY bR rBROGMEGCAn FERLFRSTONL section 1n the

| ocatio e renoved section of step (a). met hod as recited in
Caim9, wherein step (a) includes tracing an outline of the predetern ned

tenpl ate ontg the_ turbjne engjne c onent. 11. The nethod as recited in
Cl ai m 10, wbr ei %@t’@‘ﬁh?‘g?sf B o Phgrei 8ﬁ@?5ﬁgclug%ﬂqr4% HovdRBve the
sectio il i i j ein step (a) includes
r enovi %6 t%ezprg%égtl onéJ]o[?glg?at?%{r)@?rﬁ%%ﬁ%?%%@%%ﬁ%%ﬁ{'hat corresponds to a
pol ygonal shape of the predeterm ned tenplate.
11.  The method as recited in Claim 10, wherein step (a) includes cutting along the

outline to remove the section.

12.  The method as recited in Claim 9, wherein step (a) includes removing a
section of a turbine engine component that corresponds to a polygonal shape of the

predetermined template.

13.  The method as recited in Claim 9, wherein the predetermined template of step

(a) has a dimension that is about 0.170 inches.

14.  The method as recited in Claim 9, wherein step (a) includes removing a crack

section of the turbine engine component.

15. A gas turbine engine assembly comprising:
a turbine engine component having a laser cladding replacement section with a
standard feature at least partially established by a defect location on a different turbine engine

component.

16.  The assembly as recited in Claim 15, wherein the standard feature is a location

of the laser cladding replacement section on the turbine engine component.
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13. The method as recited in daim9, wherein the predeterm ned tenplate of
step (a) has a dinension that is about 0.170 inches. 14. The nethod as
recited in Claim9, wherein step (a) includes renpving a crack section of

t he turbine engine conponent. 15. A gas turbine engi ne assenbly conpri sing:
a turbine engi ne conponent having a | aser cl addi ng repl acenent section with
a standard feature at |east partially established by a defect |ocation on a

di fferent tdr/bi ndhergiemply éﬁﬁ%ﬁéﬁ’ﬂ Cl‘i‘H‘ 15I'H§he&§§é%ﬁ“?“%drf§@}1{ee’a 3 $hapg ai m
15, wh s a location of the |aser cladding

repl acggrgfr?pa%ggltala%lﬁggﬁﬂgﬁ%ﬁ C|ﬁn{é engi ne conponent. 7 17. The assenbly as
recited in daim15, wherein the standard feature is a shape of the | aser

cl addi ng repl acenent section. 18. The assenbly as recit Clajm 15
wher ei n t he 18t andRFctBlES P& tesaBeG1ai pn Wiereia 4ae S'angﬁﬁrfg?fuffeﬁ

ocat | Gpoftu ST AEhER ucRIARRaGh W RDuindl UERL! L berh P LNBRRR) BP

conpone ent turbine engi ne conponen e|ng art
pl ur al itirpine@hgine cbinpenangitheditferano nabing endidle cdnporss eaﬂng)paﬁSOf teecplugdity n
Claim 15 wherein the turbine engine conponent conprises a turbine bl ade
pIatfoPﬁﬂHQmee%@Q§§m@HW5mﬁé engi ne including a conpressor section, a
conbustor section, and a turbine section, the turbine section haV|ng a gas
t ur bi ne engi ne assenbly as recited in daim 15. 8

19.  The assembly as recited in Claim 15, wherein the turbine engine component

comprises a turbine blade platform.

20. A gas turbine engine including a compressor section, a combustor section, and
a turbine section, the turbine section having a gas turbine engine assembly as recited in Claim

15.





