METHOD FOR REPAI RI NG FUEL NQOZZLE GUI DES FOR GAS TURBI NE ENGA NE
COMBUSTORS USI NG COLD METAL TRANSFER WELD TECHNOLOGY 5BACKGROUND
The present disclosure relates to a gas turbine engine and, nore
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burning a 10 hydrocarbon fuel i ce of the pressurized
air, and a turbine for extracting energy fromthe resultant
conbusti on gases. The conbustor generally includes radially spaced
inner gnd outer liners that dEfiﬂiiﬁﬁGr ff conbustion chanber
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ndm t e pr oscllF et fisAPnEs e RES b 8% R8P cBRRE Auggire o k)
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multiple axial locations along each liner to radially admit the pressurized air into the

15  combustion chamber. A plurality of circumferentially distributed fuel nozzles project
into a forward section of the combustion chamber through a respective fuel nozzle
guide to supply the fuel to be mixed with the pressurized air.

Combustor components may require repair. Oftentimes, the repair is
performed with gas tungsten arc welding, plasma arc welding and laser welding.

20
SUMMARY

A fuel nozzle guide for a combustor of a turbine engine according to an
25  exemplary aspect of the present disclosure includes an annular base with a hub
section, the hub section at least partially formed of a Cold Metal Transfer (CMT)
weld.
A weld system according to an exemplary aspect of the present disclosure
includes a fixture which supports a Cold Metal Transfer (CMT) weld torch and a
30  rotary table which rotates relative to the Cold Metal Transfer (CMT) weld torch.
A method of repairing a fuel nozzle guide for a combustor of a turbine engine
according to an exemplary aspect of the present disclosure includes removing a
portion of a hub section that extends from an annular base of the fuel nozzle guide.

Building up a lip of the hub section with a Cold Metal Transfer (CMT) weld to form
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30 rotary table which rotates relative to the Cold Metal Transfer
(CMI) weld torch. A nmethod of repairing a fuel nozzle guide for
a conbustor of a turbine engine according to an exenpl ary aspect of

t he present discgl osure.inclydes. tenpvin ortion of a ectio
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up a lip gfred%ﬂ%cﬁ@%gl&p with a Cold Metal Transfer (CMI) weld to
form a weld buildup lip. Machining the weld buildup Iip to a desired

ori ginal predeten-nined dimension. BRI EF DESCRI PTI ON OF THE DRAW NGS
5Various features wl| in the art
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partial sectional view of an exenplary annular 10 conbustor that may

be used vmdrdrwmget}gasccbumbnméleeh@nlnédsﬂmmon eanfheduredly desdFibgd ae f@lows: an
expl oded vi ew e exe | ary .conbustor with a
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10 combustor that may be used with the gas turbine engine shown in Figure 1;
Figure 3 is an exploded view of a forward assembly of the exemplary
combustor with a fuel nozzle guide;
Figure 4 is a method of repair for the fuel nozzle guide;

Figure 5 is a perspective view of the fuel nozzle guide after a lip removal

15  step;
Figure 6 is a perspective view of the fuel nozzle guide after a CMT weld
buildup step;
Figure 7 is a schematic view of a weld system for use with the method of
repair;
20 Figure 8 is a perspective view of the fuel nozzle guide after a machining step;

Figure 9 is a schematic view of a workpiece holder which defines a height
specific to a particular fuel nozzle guide for use with the method of repair; and
Figure 10 is a schematic view of another workpiece holder which defines a
height specific to another particular fuel nozzle guide for use with the method of
25  repair.

DETAILED DESCRIPTION

Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine

30 engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a
fan section 22, a compressor section 24, a combustor section 26 and a turbine section

28. Alternative engines might include an augmentor section (not shown) among
other systems or features. The fan section 22 drives air along a bypass flowpath while

the compressor section 24 drives air along a core flowpath for compression and
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Figure 6 is a perspective view of the fuel nozzle guide after a CMI
wel d buildup step; Figure 7 is a schematic view of a weld system for
use with the method of repair; 20Figure 8 is a perspective view of
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it should erstood that the concepts described herein are not
limted to use Vihehldwirdpetdingoak Itheehealiyi ingindesyanbénreeppshaéd 400 that
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engi ne static structure 36 via several bearing systens 38. It should

be under stdood thenfan A2atiadawehspaed thanshslomnspesd sprol Bar iTheadighowpaed spool

ey all%er nﬁt 1In}:/1%|dé/s an m?tgp Islgalftog(? hlla¥ interconnects a high pressure compressor 52 and
high pressure turbine 54. A combustor 56 is arranged between the high pressure
compressor 52 and the high pressure turbine 54. The inner shaft 40 and the outer
shaft 50 are concentric and rotate about the engine central longitudinal axis A which
is collinear with their longitudinal axes.

20 The core airflow is compressed by the low pressure compressor 44 then the
high pressure compressor 52, mixed and burned with fuel within the combustor 56,
then expanded over the high pressure turbine 54 and low pressure turbine 46. The
turbines 54, 46 rotationally drive the respective low speed spool 30 and high speed
spool 32 in response to the expansion.

25 With reference to Figure 2, the combustor 56 generally includes an outer
combustor liner 60 and an inner combustor liner 62. The outer combustor liner 60
and the inner combustor liner 62 are spaced inward from a combustor case 64 such
that a combustion chamber 66 is defined there between. The combustion chamber 66
1s generally annular in shape and is defined between combustor liners 60, 62.

30 The outer combustor liner 60 and the combustor case 64 define an outer
annular plenum 76 and the inner combustor liner 62 and the combustor case 64
define an inner annular plenum 78. It should be understood that although a particular
combustor is illustrated, other combustor types with various combustor liner panel

arrangements will also benefit herefrom. It should be further understood that the
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10be provi ded. The | ow speed spool 30 generally includes an
i nner shaft 40 that interconnects a fan 42, a | ow pressure conpressor
44 and a | ow pressure turbine 46. The inner shaft 40 is connected to
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the forward end of the conmbustion chanber 66. Each fuel nozzle 86 may
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ports 94 apd sh%ﬁr‘rtﬂgg tsﬁ'{::(cturt:‘; generate a swirling, intimately blended fuel-air mixture

30  that supports combustion in the forward section of the combustion chamber 66.
With reference to Figure 3, each of the fuel nozzle guides 90 has a generally
annular base 100 with an outwardly or downstream extending frusto-conical hub

section 102 that forms the central opening 92 dimensioned for a snug slip-fit

4-



20central opening 92 within the respective fuel nozzle guide 90.

Each of the fuel nozzle guides 90 is circunferentially aligned with
one of the hood ports 94 to project t hrough t he bul khead assenbly 84.
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circuiting transfer, in ot words, on a deliberate, systematic
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circuiti n%l ?&)%utral%es pl};lce at atrate of up to, for example, about seventy (70) times per
second. The weld wire retraction motion facilitates droplet detachment during the
short circuit. The reduced thermal input also offers advantages such as low distortion
and high precision.
30 The fuel nozzle guide 90 is rotated by a weld system 110 (Figure 7) that also
maintains the torch T in a stationary position and orientation as further described
below. In the disclosed non-limiting embodiment, the CMT weld buildup height

defines a height of about 0.080" (20mm - 2Imm) in a continuous weld to define a

single start and a single stop with a total weld time of approximately 111 seconds. It
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25 interrupts the power supply and controls the retraction of the
weld wire. This notion takes place at a rate of up to, for exanple,
about seventy (70) tinmes per second. The weld wire retraction notion

facilitate Bl etr@g iach nt durin ah or&3 . brcwt The reduced
thermal i rEYIaPE PEERSAd SR avATRYS S P GBSyt plsnatvgh ogh
pr eci si on. adaﬁﬂ')ttw behroRRied bis@WndRe Snpcheh Lol @ ey RqRdad system 110
(Figure 7) that also maintains the torch T in a statlonary position
and ori ent at i ordnatepfalrt therwelidsey bb ddisbed tnoughn mhchiting obersaon to return
non-limti £ didren t he. wel d .bui t defines a hei

o "about | IR CAtE b saoR 102 e U AL Pt R BTG
start gnd geoﬁlleﬂgl(e FOR). WIt Bhctild Bk And¥elodd tthareaddftichBP FAxhiRt §ic¥atibhd
seconds. It should be understood that various weld buil dup heights
may al t er iady ﬂ@r@atwﬁlyau@dtlml@ndlmgpmfoyneﬁtq ded based on the conponent
and or repair r ir S 4 the Y. e
through a mchlﬁﬂﬁée%geelcgttog "¢ 7teeg‘Prﬁl(a Ste} ﬂﬁg%ﬂ?ﬁ 1{1%%?15 %fﬁ]&]g

secti on 1042twhiah deppdredthertoghnilin @rc&dﬁé@pmxﬁ@;ﬂ afld weiestafiti@ kel tive to a
geonetry (Figure 8). It should be understood that additional

fi ni shing ratﬁéy éﬁbﬂ%%“ Pay TRRR-er nbig fiztuge 412 dpdudasohiarely hpldepdié dhatdy.
Wth n fer I,

fixture 11500 *dﬁm?&%%%mgs o ROC I pfhiGHY B T HihaBEARGR o J R HHE Sorth

ori ent at i dhirr elfiaed pesition aelamteanoyhe adth tiﬂlé lad anrictherbby reldterefto xhel fiel

112 i ncl udes a to hol der .116 that i.s r eadi adj ust ed .t hr ough
a rack amiwﬁifﬁ.ge;mir ‘3}01' ecsr Pah‘i‘gTéH%‘Fﬁd tBh%tfde %¥trﬁ1é’ tt?r‘BﬁCthtCﬂH-‘Z

fixed posifea ratdn%I ik 7V il ant s @b %raesﬁ@é)t,@sl %&f‘m%%ttﬁ@ﬁep odAd glibye

to the fuel nozzle guide or wor kpi ece repaired. That 1S, the
torch T i0mechanically flxed al ong the Z-axis and thus into a

desir posi t| el th uel. no e .90. 15The torch

fhe GiscPosed oihalBreiT i oo dre one T Cof PbBaman SR Mo vide
a per penditetivéh alpergdhaidulad td ﬁmmé aean (dgga@é?edolsteh oPkrail bﬁbﬁta@dsﬂ RMAELtON
relative to the fue nozzl e guid houl d be noted that other

ori ent at i dhs fuphporae guidd Yo Ilfrﬂlﬂ@lﬂﬁl be ﬂﬂ@lddheff gthei @myatlont mebi gl usedltes o
be noted tn?zﬁ&m%ec\%gﬂu&fﬂa%n? hgulffl {1 é‘sbts rr?n%tgcg {8 e%%%n' gfllt%)@ew be

used to inplenent various i‘ona uc 0" 5pe

torch T andluseitad Is@}[bnﬂftlchlmﬁ dfa@tl&r Nseﬁ&bhﬁlplelrﬂent |v@r16@sr fimc@bnaliey, dvet @s
archltecture such a conputing device can include a srocessor

menor 0 a@eEten gt tfrﬁ)tOéCh hpad Talglen et giagetary tablo) e dn sems rﬁ’fé’«a\‘détﬁ’é‘? s)

that are By o

under ot ood R UEg padfe YoM ReuiihaR HARR: « PR BT BeBSngRRE b b
that defi mesreani andvor kirtpgt ﬁ@)gdtiwdd 1aﬂecfaga(s)hhatZara)commmemtﬁélp cbupledich
particul ar .fu ui de hat iis, one thick workpiece hol der

nozz
118A i s ut4 FWE’éallflt?F%aﬁe SEREY ¥I“§} &H9PE- fuel nozzle gui de 90A (Figure

9) while anot hqrheth}KV@EIKMIQCﬁlapqhggae %1\§§1'k?§ecb'tﬁdlde¥eﬁ8f fHat @efines a
relatively large or t nozzl e OB (Figure 10). Eithe

hol dei25 nawdrblngﬂwrgléd'l elonghke oty gpet:tﬁol te eﬁcthlpalﬁmllar §pb obtale guide 90

wor kpi ece der s mt.a s ettln for t fixt
12 Fo be T obuBii vorbRiePb REufRe kB e REh ey e T i
t hr oughputgy mewt i(Pidgre BRGMINOIKHE ¢18n NOblBlecd Lh8er 1188 iFRYiliES @or a
i ncl ude a unl gue attachnent interface 120A, 120B to assure m stak
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mounted to the rotary table 114. Such specific workpiece holders permit a single
30  height setting for the fixture 112 to be utilized with various workpicces so as to
facilitate high throughput operations. Each workpiece holder 118A, 118B may also
include a unique attachment interface 120A, 120B to assure mistake proof

installation to the rotary table 114.



It should be understood that relative positional terns such as
"forward," "aft," "upper,"” "lower," "above," "below, " and the |ike
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limtati O%?nbv&d 1Hérﬂ ot &ra'n%ﬂge f?nts w1l efnlepgherF d' ments are discl osed
herei n, howeve inary s elart woul d recogni ze

t hat vari ous mtﬁdugatpaeuftﬁﬂz&nﬁep/aéqu@hcesgnaelgmo% |deghibe®f aridhelaghay eit
teachings will fall within the scope of the a@gended claims. It is

therefore Sbaulseb%N&é?fﬂoeédh%a&epwmqy he tisefosmeh an oyt RElehpprvaEd or
clai mjg g (ial AFKEE d?ﬁéfv&?% B{dfi‘&ttédc%gdg B sthin 3, ﬁ‘P't{qé @laée}‘lt

descrlbed For that reason e appende al ms shou studl
det er m ne disclmsuscope and content. CLAIMS What is clalned is:
[ nmbust or, of a turbjne e conprisin 5an

fuel nozzle guide for a en
onnul ar - base w T ffaf%awgsf@&%%wn S SIS TSbE 1o shedda e duRifg %am y
formed of &Rl dVWu@'no-ﬁ[lﬁﬂﬁﬁlgren(%eﬁ‘ﬁ? Lk disdoseihBe frfal‘rlehoﬂ%l ?@Hf de
as recited in claim1l1, wherein said hub section is frustoconitca
ordinary skill in the art would recognize that various modifications and variations in
15  light of the above teachings will fall within the scope of the appended claims. It is
therefore to be understood that within the scope of the appended claims, the
disclosure may be practiced other than as specifically described. For that reason the

appended claims should be studied to determine true scope and content.



10 3. The fuel nozzle guide as recited in claim1l, wherein said Cold
Metal Transfer (CMI) weld defines a lip of said hub section. 4. A
wel d system conprising: 15a fixture which supports a Cold Metal
Transfer (CMIN weld torch; and a rota(r?it%ﬁ\?%e which rotates relative
to said Cold Metal Transfer (CMI) wel . 5. The weld system
as recited in claim4, wherein said rotary table receives one of a
mul tiple of worWpatdeelahimddier s, each of said nmultiple of workpiece

hol ders define 20a thickness specific to a particular fuel nozzle
guide. 6. The weld systemas recited in claim4, wherein said
fixture chani J | . -wel d torch.
257. The @I'd sng?l%aellm}{%gsﬂé(éggggdégiC@é’ﬂ%‘%{ﬁ)ﬁ%m%@?%ééﬁ%é?%ﬁl%ure
mechanical | y pasidnholas basei whitlCa lhdb vedtin, Jaidihsh ecctiofMI )eaviepatidlDr foimed

t hrough a rack an i.ni o rrangenment. 8. A nmethod of repairing a

f uel nozzI%a&ﬂlaﬁqﬁrﬁ@%&%ﬁ&b‘?d f a turbine engine conprising:
renmovi ng a portion of a hub section which extends from an annul ar
base of the file!l nozzle guide; 5building up a lip of the hub section
with a Colzd MetTale filelawstle guideN® reanted th tloini by whaehveshid Hubisectign ik ifijpstoand

conical.
10
3. The fuel nozzle guide as recited in claim 1, wherein said Cold Metal Transfer
(CMT) weld defines a lip of said hub section.
4. A weld system comprising:
15 a fixture which supports a Cold Metal Transfer (CMT) weld torch; and

a rotary table which rotates relative to said Cold Metal Transfer (CMT) weld torch.

5. The weld system as recited in claim 4, wherein said rotary table receives one
of a multiple of workpiece holders, each of said multiple of workpiece holders define

20  athickness specific to a particular fuel nozzle guide.

6. The weld system as recited in claim 4, wherein said fixture mechanically

fixes said Cold Metal Transfer (CMT) weld torch.

25 7 The weld system as recited in claim 4, wherein said fixture mechanically
positions said Cold Metal Transfer (CMT) weld torch through a rack and pinion

arrangement.



machining the weld buildup lip to a desired original predeterm ned
di mensi on. 109. The nethod as recited in claim@8, further conprising:
rotating the file! nozzle guide. 10. The nethod as recited in claim

8, further, conpri si.ng. .. intaining a torch which fornms the
Col d Mot al8-Tr arfs PP FFPRERER Paﬁtl%a%lﬁyor A CPMbRGr s fopngengine
recited i rboﬁip%ism 8, further conprising building up the weld buil dup
lip to definé a f%ei ght of about 0.080" (20nrn - 21mm. 2012. The
met hod as reci tregiovimgal partros of A lhublseetiarowpich sixtegd$ diiohd im gnmpart eee wél d
bui | dup Iiﬁ gs a ¢ nti.crllu_ous weld with a single start and a single
st op. the Tuel nozzle guide;

5 building up a lip of the hub section with a Cold Metal Transfer (CMT) weld

to form a weld buildup lip; and
machining the weld buildup lip to a desired original predetermined

dimension.

10 9. The method as recited in claim 8, further comprising:

rotating the fuel nozzle guide.

10.  The method as recited in claim 8, further comprising:
maintaining a torch which forms the Cold Metal Transfer (CMT) weld
15  stationary.

11.  The method as recited in claim 8, further comprising building up the weld
buildup lip to define a height of about 0.080" (20mm - 21mm).

20 12. The method as recited in claim 8, further comprising building up the weld

buildup lip as a continuous weld with a single start and a single stop.



