1 Decenber 2003 1 VELDI NG METHOD AND ASSEMBLY THEREFOR FI HlERc@mbEHED03

| NVENTI ON This invention relates to welding apparatuses and net hods. Mrre
particularly, this invention is directed to a nethod and fixturing for
wel d repairing a superalloy article, and 5 particularly to preventing weld
filler material from entering 'a cooling passage within an air-cooled
airfoil through a crack being weld repaired in the airfoil' surface. 10
BACKGROUND OF THE | NVENTI ON Hi gh tenperature cobalt-base and ni ckel - base
superal | oys are used in the manufacture of conponents for the high

t enperature sections of | LN £Q ts, which
ingPude nozzl es, conbusggﬁgﬁﬁgiﬁ%%ﬁi?ﬁ%ﬁ%dﬁégEgﬁggbf% gggﬂare under
strenuous hi gh tenperature conditions during engi ne operation, which can
lead to various types of damage or deterioration. For exanple, 20 erosion,
cracks and ot her a 1.SC Lnuities tend to develop at the trailing
edges of bl ades E§§£Bn§§z&§§ g&&?ﬁgké rvice due to foreign object inpact
and stresses that are aggravated by frequent thermal cycling. Because the
mat eri al and processing co%hs 25 of high-tenperature superal | oys s

rel atively high, restoratiOf*8nd rePHItR? dant§e@E6E worP sup¥earisg

conmponents are typpadhtyMspeeffid eche@Rag .epl Q@@f@ntpar]ti'?ﬁﬂe&fﬂ%r, Zgﬂgs

invention is directed to a method and fixturing for

"-

weld repairing a superalloy article, and
5 particularly to preventing weld filler material from
entering "a cooling passage within an air-cooled
airfoil through a crack being weld repaired in the

airfoil surface.
10 BACKGROUND OF THE .INVENTION

High. temperature cobalt-base and nickel-
base superalloys are used in thé manufacture of
components for the high temperature sections of gas

15 turbine engines. Such components, which include
nozzles, combustors, and turbine wvanes and blades,
are under strenuous high temperaturé— conditions
during engine operation, which can lead to various
types of damage or deterioration. For example,

20 erosion, cracks and other surface discontinuities
tend to develop at the trailing edges of blades and
nozzles during service due to foreign object impact
and stresses that are aggravated by'frequent thermal
cycling. Because the material and processing costs

25 of high-temperature superalloys is relatively high,
restoration and repair of damaged or worn superalloy

components are typically preferred over replacement.



- 2 For this purpose, weld repair nethods have been develdjssgmbsi 2g03
tungsten inert gas (TIG or laser welding processes, which are typically
performed at an elevated tenperature (e.g., in excess of about 5 1500F
(about 815C)) to inprove welding yields and ensure that the mechani cal
properties of the superalloy are maintained. To prevent oxidation,

hi gh-tenperature weld repairs of superall ays are often perfornmed in

encl osures containing a 10 control |l ed at nosphere, e.g., an inert gas such
as argon. A conplication exists when welding repairing a crack in the
wal | of a holl ow conponent, such as an air-cooled blade or nozzle having
an 15 interior caehi NGHGAVI byrPbsaIsSRgEa Duddgr valdiis bGcopLLAY
passages of these conponents are susceptible to blockage by weld frller
material that &R paisggetundsbegh inrrcr gelks VBIGY arephased. An

exanpl e i s showg,ding;ki Lch ons,, a 0 st b
assenbled with an fﬁggr E?%e?ﬁg%'cﬁﬁgé$€ ¥??st&§§é%§1§(éégﬁ%%H%%sggge 14
of the nozzle 1@n Aajewekadfiterpermtereéal (e.nt, ént exxscede odol albbgupassage
14 has the potential,.fo bl ocki t he passage 14 or_causing interference
with 25 the ?nsgﬁgadlf. {Rr’ﬁ%t EERL T 5P BIESG Yy YarFaBe Ydsdidngandl es 22
(typically at tlemdual |iBBagdoarad abchbfinaarzl Gabslotledd) o e fhoun. a
difficulty remains in providing for conplete filTing of a crack

without weld fi S @LleYentEr Mrinkapasdage Ip prevent oxidation,

high-temperature weld repairs of superalloys are

often performed in enclosures containing a
10 controlled atmosphere, e.g., an inert gas such as
argon. ‘

A complication exists when welding
repairiﬁg a crack in the wall of a hollow component,
such as an air-cooled blade or nozzle having an

15 interior cooling cavity or passage. 'During wélding,
the cooling passages of these components are
susceptible to blockage by weld filler material that
enters the passages through the c¢racks being
repaired. An example is shown in Figure 1, which

20 shows a nozzle 10 that must be assembled with an
insert 12 that closely fits within a codling passage
14 of the nozzle 10. Any weld filler material that
enters the cooling passage 14 has the potential for
blocking the passage 14 or causing interference with

25 the insert 12. While methods for blocking surface
cooling holes 22 (typically at the trailing edge 28
of the nozzle airfoil 24) are known, a difficulty
remains in providing for complete filling of a crack
30 without weld filler also entering the passage 14

300 through the crack 30.



30 through the crack 30. 1 Decenber 2003 - 3 BRI EF SUMVARY D@€emiHEr 2O0ZENTI ON
The present invention generally provides an assenbly and nethod for

wel ding an article, and 5 particularly an air-cool ed superalloy airfoil of
a gas turbine engine. The assenbly and nmethod serve to prevent ingress of
weld filler material into cooling passages and other cavities within the
airfoil during repair of the airfoil by?melding, yet 10 allows nolten weld

filler material to fill a, through-wall crack being repaired in the
airfoil. The nethod of this invention generally entails the use of a
fixture that is installed in a cavity of an article having a crack or

ot her 15 t hr oughgrwal &'kﬂaﬁﬂﬁ?%ﬂﬁhﬁ§r¥ air by welding. The fixture
is configured to close a first opening to e cavity through which the

fixture is inserted. The fixture is also configured to introduce a gas
the gas exits the cavity PhrouBfeiohs o PbERREeR” tretest By R ifRr cal v
coupled, e.g.,an couienigihokedotneahal rfor| weddlinkg pasasgecleforaddi s
purposer s BLULSGRagLatatly has S andal s pofilon WLk A gl anee
into the cavitygaaf terrbifiechehyihe. permhét agsbabax tand hRe€a¥idt YedRFOUgh
the hole. A CraEIc() igréggngrtix%gesiss é enwe\:,\féd Effféli e?naitne?inaylsu:iirftaobl ©
manner, while
o cooling passages and other cavities within the
airfoil during repair of the airfoil by welding, yet
10 allows molten weld filler material to fill a
through~wall crack being repaired in the airfoil.
The method of this invention generally
entails the use of a fixture that is insﬁalled in a
cavity of an article having a c¢rack or other
15 through-wall defect that requires repair by welding.
The fixture is configured to close a first opening
to the cavity through which the fixture is insérted.
The fixture is also configured to introduce a gas
into the cavity at a rate sufficient to pressurize
200 the cavity befo:e the gas exits the cavity through a
hole to which the cavity is fluidically coupled,
e.g., a cooling hole of an airfoil cooling passage.
For this purpose, the fixture preferably has an
elongate portion with an aligned longitudinal row of
25 ports. A gas is then flowed through the fixture
into the cavity, after which it is permitted to exit
the cavity through the hole. A crack in the article
is then weld repaired in any suitable manner, while
the gas flow is maintained to the cavity at a rate
30 that prevents the molten filler material from
entering the cavity through the crack, vyet allows
the filler material to fill the crack.



the gas flowis maintained to the cavity at a rate 30 thatl Qucembst 300he
nolten filler material from entering the cavity through the crack, yet
allows the filler material to fill the crack. 1 Decenber 2003 - 4 As
descri bed above, the apparatus and nethod of this invention address the
difficulty of weld repairing articles with an interior cavity, as 1is the
case when weld repairing a through-marl4crack 5in a superalloy airfoil.
Wth the invention, a through-wall crack can be weld repaired by
conpletely filling the crack with weld--- filler material, while flow of
the nolten filler material into the adjoining airfoil coollng passage is
to avoided in order to préfentddiecird. aPovae pabsag@rrayrathes fidrdr

material. O her n v NV, e better
appreci at ed from?ulklﬁBg IgR?%gqgiialiégidé??%FE |J%Q£ ggfgﬁgkﬁg 5
DESCRI PTI ON OF WHE@U%MN&&EiﬁanrEi¢lés wipdr specinvervoewcalriaygass

t ur bi ne engi ne z Ls & persp ctiv of a.weld
repair fixture ?g 4%§%q§n nqﬁ%glﬁ%ggé pa#rbag %Fﬁugib ngkégaﬁ%r1thls
i nvention. Fguie 3ai ssupeenkbegt iaderfoiEw of leieh fetheurimedntigur e 2

assenbled with Eﬁ%oﬂp 7zl e.qf

crack can be weld repaired Dby

completely filling the c¢rack with weld-~ filler

material, while flow of the molten filler material

into the adjoining airfoil cooling passage is

10 ‘avoided in order to prevent blockage. of the passage
by the filler material.

Other objeéts and advantages of this

inirention will be better appreciated from the

following detailed description.

SIS
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a gas
turbine engine nozzle assembly.
20 Figure 2 is a perspective view of a weld

repair fixture for use with the nozzle .of Figure 1
in accordance with this invention.
' Figure 3 is a perspective view of the
fixture of Figure 2 assembled with the nozzle of
25 Figure 1 in accordance with this invention, with

part of the nozzle being omitted for clarity.
DETAILED DESCRIPTION OF THE INVENTION
30 The present invention will be discussed

below in terms of weld <repairing air-cooled

superalloy airfoils. However, the invention is



25 Figure 1 in accordance with this invention, with part 0fDdcksmbeo2@ize
being omtted for clarity. DETAILED DESCRI PTI ON OF THE | NVENTI ON 30 The
present invention will be discussed belowin terns of weld repairing
air-cooled superalloy airfoils. However, the invention is 1 Decenber 2003
5 generally applicable to a variety of applications in which a

t hrough-wall crack in a hollow articlegdmust be repaired with a filler
material while preventing or at |east Teducing the anount of filler
material 5 allowed to enter a cavity within the article. Wth reference to
Figure 1, a gas turbine engine nozzle 10 is shown as being conposed of a

pair of airfoil 4 n_inner.and outer bands 1 and, 18, .respectively.
Each airfoil 2 ?ééf%?iﬁggPﬁggiagéagg°2€aﬁﬁf%§%¥a?$iﬂ@pgﬁﬁﬁti%?stHB | atter
of which, is eduigped whirbuahrushdr afacooinng hedlgsow 2ardhel e cagking

hol es 22 are fluidjcall oupled to.coolin passages 14 within their
correspondingaﬁ?fﬁ??@lgﬁa'Tﬁéﬁhdizféfgﬁri %ﬁgﬁiéiuﬁh£¥% REGYRBtangrack 30
at 15 the traidi ngredgesi8 eédeaen®f thke ahdhot| 5241 e KE8EK139 nust

be weld repaire efore the nozzle 10, can, be,assenbled with an insert 12
that closely fids-O%FEhth $PESE 0 FAY: pYsWabBirs thpogebdrleany weld filler

material that enters the wpeohi pgrpassage cf Rlghas the potant LalyigL
bl ocki ng the passage 14 or _ preventing the insertion of the insert 12 into
the passage 1£ngine nozzle 10 is shown as being composed of a
pair of airfoils 24 between inner and outer bands 16
and 18, respectively. Each airfoil 24 has a leading
10 edge 26 and a trailing edge 28, the latter of which-
- is equipped with a number of cooling holes 22. The
cooling holes 22 are fluidically coupled to cooling
passages 14 within their corresponding airfoils 24.
The nozzle 10 is also shown as-having a crack 30 at
15 the trailing edge 28 of one of the airfoils 24. The
crack 30 must be weld repaired before the nozzle 10
can be assembled with an insert 12 that closely fits
within the cooling  passage 14. However, any weld
filler material that enters the cooling passage 14
20 has the potential for blocking the passage 14 or
preventing the insertion of the insert ‘12 into the
paséage 14,
Shown in Figure 2 is a fixture assembly 32
configured to prevent ingrgss of molten weld filler
25 material into the passage 14 during repair of the
crack 30 by welding. The fixture assembly 32 1is
configured to be inserted into the cooling passage
14 through an opening 20 in the outer band 18, so
that a contoured rim 34 of the fixture assembly 32
30 is closely received in the opening 20 and a
contoured collar 36 abuts the surface of the outer

band 18 surrounding the opening 20. The exact size



Shown in Figure 2 is a fixture assenbly 32 configured to1jbeeember 200 ess
of nolten weld filler 25 material into the passage 14 during repair of the
crack 30 by welding. The fixture assenbly 32 is configured to be inserted
into the cooling passage 14 through an opening 20 in the outer band 18, so
that a contoured rim34 of the fixture assenbly 32 30 is closely received
in the opening 20 and a contoured coll ar_36 abuts the surface of the outer
band 18 surroundi ng the opening 20. The exact size 1 Decenber 2003 - 6 and
shape of the rim34 and collar 36 will necessarily vary, depending on the
particular configuration of the nozzle 10. Extending fromthe rim34 is

an el ongate pip 8 ed t 5 Ionglt d|n r QW. orLts 4Q.. The end
of the pipe 3880§po§ﬂ#gﬁfhe %glphg s e séHl te?ﬁ}ﬂaf 36\M Hi
flattened secti nrcé2shaiilyy avstet 4@@9&@&@;0 becei yige a Ipaqlﬁlmgllmdge 46
for a purpose tqQ b di scussed bel.ow. The s flyidicall

connected to ancoﬁgéguﬁﬁ &% % the BBEB%Etg'SldeE%Fe? LG o] §@e The

i nl et pipe 48 | gilnt @adetlst can dedidfate 0a5ipdr ef @1 althi pied Nefilcgag such
as argon, tg g Ee 38, .where t€ g s i s discharged through the ports
40 in a rad| PPELEREGAPP HIAW LE5PPEEFh d ongithgdiangd @ki shef Ptllﬁ’@ pi pe

38. The inlet pBpeodfosstehame agohaizrg equi ppedtMddna +eHMHeEIihgn
coupling nut 50 J(imd conplraetstselr?gdmgzggrion&&f olrlaattachmant to_an 1 nert gas

source. Suitabl ¥+t ving a slot 44 sized

to receive a locking wedge 46 for a purpose to be

discussed below. The pipe 38  is fluidically

10 connected to an inlet pipe 48 on the opposite side-

of the collar 36. The inlet pipe 48 is intended to

deliver a gas, preferably an inert gas such as

argon, to the pipe 38, where the gas is discharged

through the ports 40 in a radial direction relative

15 to the longitudinal axis of the pipe 38. The inlet

. pipe 48 is shown as being equipped with a

compression coupling nut 50 and compression uésher

52 for attachment to an inert gas source. Suitable

materials for the fixturing assembly 32 are those

20 that can withstand the high temperatures necessary

to weld repair the nozzle 10. While various

materials could be used, a suitable material for the

rim 34 and collar 36 is copper, and a suitable

material for the pipe 38, inlet pipe 48, compression

25 coupling nut 50 and compression washer 52 are

stainless steels.

In Figure 3, the fixture assenmbly 32 1is
shown inserted in the cooling passage 14 of one of
the airfoils 24 of Figure 1 with a crack 30 at its

30 trailing edge 28. (The outer band 18 and the
adjacent portions of the airfoils 24 are omitted

from Figure 3 to better illustrate the fixture



materials for the fixturing assenbly 32 are those 20 that 1@&eeembeh2dGsnd t he
hi gh tenperatures necessary to weld repair the nozzle 10. Wile various
materials could be used, a suitable material for the rim34 and collar 36
is copper, and a suitable material for the pipe 38, inlet pipe 48,
conpressi on 25 coupling nut 50 and conpression washer 52 are stainless
steels. In Figure 3, the fixture asseabVy-32 is shown inserted in the

cool ing passage 14 of one of the airfoils 24 of Figure 1 with a crack 30
at its 30 trailing edge 28. (The outer band 18 and the adjacent portions
of the airfoils 24 are omtted fromFigure 3 to better illustrate the
fixture 1 Decembese®Bly - 3Z.)assemhéy BRajtdhedf|sétensd sgstion 43, 0f the

fixture assenbl y,32 i s shown pr.gj ecting through an opening 54 in the
i nner band 186, éﬁﬁ%Pﬁ?\ﬂﬁﬁﬁﬁg- 92 éﬁ%mﬁgP@BmﬂﬁxPFﬁJ@ﬁélggowhﬂbughsecure

the 5 fixture asaeolynidd W4 him dhe £OObE NG1RASE8YCAR4: chENG JdAl taned
section 42 is preferably sized, and shaped t% closgI? éit mﬁﬁﬁ?ﬂ tﬁgp

openi ng 54 in offer SReBni¥ReRLEed edkhgEhenr 6dgk t B8 openisrrbde Hie ports

40 in the pipe 28xaneeshawdndsy 19 f@eingnaway f i LL.09,gdge 28
and toward the, fead?ng edge 26' of the gi( m|6é§2“££d%%%%%ggt&%rhe
i nvention, direCPPngtidetenedt spetivwardd t he prafiengbbdges Rbedf ik

airfoll 24 causemabbe 48Sci@selly ¥id %o AER? UhE CohhS1 RES839Tn! rddiouan
' " to minimize leakage through the opening 54.
The ports 40 in Ehe pipe 38 are shown as
10 facing away from the trailing edge 28 and toward the.
leading edge 26 of the airfoil 24. According to the
invention, directing the inert gas ‘toward the
leading edge 26 of the airfoil 24 causes the gas to
slightly pressurize the passage 14, though all of
I5 the gas is eventually; vented from the airfoil 24
through the cooling holes 22 (not shown in Figure
3). The pressure within the passage 14 must be
sufficient to prevent molten weld filler material
from entering the passage 14, vet not so high as to
20 prevent the filler material from completely filling -
the crack 30 intended for repair. While gas fléﬁ
rates and resulting pressure necessary to achieve
the objects. of this invention will vary depending on
the particular airfoil 24, including the number and
25 size of its cooling holes 22, it is believed that
suitable results will typically be achieved with
flow rates on the order of about 10 to 40 standard
cubic feet per hour (about 283 to ébout 1130
liters/hour), and often in the range of about 32 to
30 35 standard cubic feet per hour (about 906 to about
992 liters/hour).

Once fixtured as described above, welding



15 the gas is eventually vented fromthe airfoil 24 throu@eckh@ec2ma Ng
hol es 22 (not shown in Figure 3). The pressure within the passage 14 nust
be sufficient to prevent nolten weld filler material fromentering the
passage 14, yet not so high as to 20 prevent the filler. material from

conpletely filling the crack 30 intended for repair. Wile gas flow rates
and resulting pressure necessary to achgeve the objects. of this invention
will vary depending on the particular airfoil 24, including the nunber and

25 size of its cooling holes 22, it is believed that suitable results wll
typically be achieved with flow rates on the order of about 10 to 40

standard cubi cchaeheoPehpyinbadadingSadyp ahouh thoiesRechichal NMldn 20

often in the range of about 32 to 30 st'andard cubi c feet (about
906 to about 992 |tunRgsteRUiRern@adi xPlasthaast taef¢beed above, awed ding 1

Cungsten | nert SasceplReRe (T A r i salhy B WA iy o

tungsten inert gas, plasma transierr
Vel di ng i s pref &Rabhy pera‘xttr nmefimosphamre ntahatatcrmpﬂn@r emahatal:aedbeat

mai ntai ned a§ S;Lgagt if Qgéftbﬁw}h?i'nerke% p||§gpg¥?éh fgﬁayre

assenbl y 32 After the weld Tepair 609 nsef
installed in thélxburengas@embhgeiﬂm mAtMﬁuerinﬂﬁffakaﬁcerép@ﬂrthejniesence

of weld fill erlﬁgggg aiz (tEhlgril.u;Iehel?as gg%nlsﬂtalled in the coollng
passage 14 without interference from the presence of
weld filler material within the passage 14.
i0 While the invention has been described in.
' ﬁerms of a preferred embodiment, it is apparent that
other forms could be adopted by one skilled in the
art. Accordingly, the scope of the inveﬁtion is to

be limited only by the following claims.



VWhil e the invention has been described in ternms of a prefldgoeéiber 2003
enbodi nent, it is apparent that other fornms could be adopted by one
skilled in the art. Accordingly, the scope of the inventionis to be
limted only by the following clains. 1 Decenber 2003 9 What is clained is:
1. A nethod of welding an article (10) having an interior cavity (14)
fluidically coupled to a hole (22) at a surface of the article (10), the
met hod conprising the steps of: 5 inserting a fixture (32.), within the
cavity (14), the fixture (14) closing a first opening (20) to the cavity
(14) through which the fixture (32) is inserted into the cavity (14);
flowing a gas through the fixture (32) 10% nto the cavity (14) so as to
pressurize the cavity (14)., the gas exiting the cavity (14) through the
hole (22); and then wel ding, the article (10), the gas being sufficiently
pressurized wit hWR2EheScayfipe@i1dF:to 15 prevent ingress of nolten wel d
filler material into the cavity (14). 2. A nethod according to claim1,
wherein the fixture (32) directs the gas into the cavity (14) in a
direction away fromthe hole (22) methodl nefhotklaticwr derg antitke m(10)

wherein the fixgaend32) dir?@&{:_.s.oi‘h%agﬁsc}} 4245 N AL da1 I HeckBiBa
direction opposite the hol e
to a hole (22) at a surface of the article (10), the
method comprising the steps of: '
5 inserting a fixture (32) within the cavity
(14), the fixture (14) closing a first opening (20)
to the cavity (14) through which the fixture (32) is
inserted into the cavity (14);
flowing a gas through the flxture {32)
10 into the cavity (14) so as to pressurize the cavity
(14}, the gas exiting the cavity (14) through the
hole (22); and then -
welding the article (10), the gas  being
sufficiently pressurized within the cavity (14) to
15 prevent ingress of molten weld filler material into

the cavity (14).

2. A method according to claim 1, wherein
the fixture (32) directs the gas into the cavity
(14) in a direction away from the hole (22).

3. A method according to claim 1, wherein
the fixture (32) directs the gas into the cavity
(14) in a direction opposite the hole (22).

4. A method according to claim 1, wherein
an end (42) of the fixture (32) protrudes from a

second opening (54) in the article (10) opposite the



4. A nmethod according to claiml1l, wherein an end (42) of 1teeefnbet2003 (32)
protrudes froma second opening (54) in the article (10) opposite the 1
Decenber 2003 10 first opening (20) to the cavity (14). 5 5. A nethod
according to claim1, wherein the welding step entails repairing a

t hrough-wall crack (30) in the article (10). 6. A nethod of repairing a
superalloy article (10) with an air-cooled airfoil (24) having a |eading
edge (26), a trailing edge (28), a through-wall crack (30) at the trailing
edge (28), 5 and an interior cooling passage (14) fluidically  coupled to a
plurality of cooling holes (22) at the trailing edge (28), the nethod
conprising the steps of: inserting a fixtut® (32) within the 10 cooling
passage (14), the fixture (32) having a first portion (34,36) that closes a

first opening ( 0 _the.cooli as e (14) through which the fixture
(32) is insertedg?%\?% ?‘%88%8& QQ%% s%%% AEY 1 )i xture (32) havi ng.
an elongate gortion 15 (38) with an aligned |ongitudinal row of ports (40),

the fixture (32) being positioned in the cooling passage (14) such that
the ports (40) face the Iéadi g e FHCHRME B9 r $RLI( 24) Whistediong an

inert gas througth¢ herdligdiny est2p (83kadnd. #&8aPOI4§ HOLnirBLenlhgiG00! i ng
passage crack (30) in the article (10).

6. A method of repairing & superalloy
article (10) with an air-cooled airfoil (24) having
a 1leading edge (26), a trailing edge (28), a
through-wall crack (30) at the trailing edge (28),
5 and an interior cooling passage (14) fluidically
coupled to a plurality of cooling holes (22) .at the
trailing edge (28), the method comprising the steps

of: -
inserting a fixture (32) within the
10 cooling passage (14), the fixture (32) having a
first portion (34,36) that closes a first opening
(20) to the cooling paésage (14) through which the
fixture (32) is inserted into the cooling passage
{14), the fixture (32) having an elongate portion
15 (38) with an aligned longitudinal row of ports (40),
the fixture (32) being positioned in the cooling
péssage (14) such that the ports (40) face the

leading edge (26) of the airfoil (24} ;
flowing an inert gas through the fixture
20 (32) and the ports (40) into the 'cooling passage
(14) toward the leading edge (26) so as to
pressurize the cooling passage (14), the gas
thereafter exiting the cooling passage (14) through

the cooling holes (22); and then

-



(14) toward the | eading edge (26) so as to pressurize the DzeembBgeguassage
(14), the gas thereafter exiting the cooling passage (14) through the
cooling holes (22); and then 1 Decenber 2003 11 25 weld repairing the crack
(30) inthe airfoil (24), the gas within the cooling passage (14) being
mai ntai ned at a pressure sufficient to prevent ingress of nolten weld
filler material through the crack (30) into the cooling .passage 30 (14),
yet allow nolten weld filler material to fill the crack (30). 7. A nethod
according to claim6, wherein an end (42) of the fixture (32) protrudes
from second opening (54) in the article ({4p) opposite the first opening
(20) to the cooling passage (14), the 5 fixture (32) being secured within
t he second opening {54). 8. A nethod according to claim6, further

conpri sing 4she step of i i a_knsert ,(12) in.th ol i,ng ssage
(14) after weld yepairingé%ﬁé gggggrégé).ﬁﬁé/\?ﬁﬁ%%d g%@ﬁrd?ﬁg Egeblaim
6, wherein theadrietle (240), i $hae ggsst urbthin engide crvedzhes bé@)saglao- An
assenbly for weldjing ticle 10y having an interior cavity (14)
fluidically cot%’gdbt%gn?h%$%nf§£?e§t %s&rf%ﬁ%s%‘rlr?he%frﬁlmeélt to

prevent ingress of molten weld filler material

through the c¢rack (30) into the cooling passage

30 (_14), yet allow molten weld filler material to fill
the crack (30).

7. A method according to claim 6, wherein

an end (42) of the fixture (32) protrudes from a

second opening (54) in the article (10) dpposite the

first opening (20) to the cooling passage (14), the

5 fixture (32) being secured within the second opening
(54) . '

8. A method according to claim 6, further
comprising the step of ingtalling an insert (12) in
the cooling passage (14} after weld repairing the
crack (30).

9. A method according to claim 6, wherein
the article (10) is a gas turbine engine nozzle
(10) .

10. An assembly for welding an article

(10) having an interior cavity (14) fluidically
coupled to a hole (22) at a‘surface of the article
(10), the assembly comprising a fixture (32)

5 insertable within the cavity (14), the fixture (32)

having a first portion (34,36) for closing a first



(10), the assenbly conprising a fixture (32) 5 insertabl etlWdcekmbet A0k avity
(14), the fixture (32) having a first portion (34,36) for closing a first
1 Decenber 2003 12 opening (20) to the cavity (14) through which the
fixture (32) is inserted into the cavity (14), the fixture (32) further
havi ng an el ongate portion (38) 10 with an aligned | ongitudinal row of
ports (40) for flowing a gas into the cavity (14) so-. as to pressurize
the cavity (14) before the gas exits the cavity (14) through the hole
(22), the ports (40) being in sufficient nunber and size to nmaintain the
15 gas within the cavity. (14) at a suffijgient pressure to prevent ingress
of nolten weld filler material into the cavity (14) through a crack (30)
inthe article (10), yet allow nolten weld filler material to fill the
crack (30). 11. An assenbly according to claim 10, wherein the ports (40)
are oriented ragening t{@0hetof itlet pewtitgn (B4) 3@hmfughewhiixhurehd 32) to

(22 12 An cocuniry ReZdraihy inESkiesy whks " craTTRE (a4 (s are
oriented rel atﬁmei:uloet h22) f tEns‘lth[mT mmr(sﬁélax%)alchghlueg fHoduireh (83) to
(22 13, M SBethufy’ BRAERAY 1080k P, Eihe Pl P End 40d2)t%K the
fixture (32) |ﬂmdam eta gas into the cavity (14) so- as to
pressurize the cavity (14) before the gas exits the
cavity (14) through the hole (22):. the ports (40)
being in sufficient number and size to maintain the _
I5 gas within the cavity. (14) at a sufficient pressure
to prevent ingress of molten weld filler materlal
into the cavity (14) through a crack (30) in the
article (10), vyet allow molten weld filler material
to £ill the crack (30).

11. An assembly according to claim 10,
wherein the ports (40) are oriented relative to the
first portion (34,35) of the fixture_ (32) to -direct
the gas into the cavity (14) in a direction. away

5 from the hole (22).

12. An. assembly according to claim 10,
wherein the ports (40) are oriented relative to the
first portion (34,36) of the fixture (32) to direct
the gas into the cavity (14) in a direction opposite

5 the hole (22).

13. An assembly according to claim 10,
wherein an end (42) of the fixture (32) is adapted
to protrude from and be securable within a second

opening (54) in the article (10) opposite the first



to protrude fromand be securable within a second openind Qesénben200s:
article.(10) opposite the first 1 Decenber 2003 13 5 opening (20) to the
cavity (14). 14. An assenbly according to claim 10, wherein the article
(10) conprises an air-cooled airfoil (24) having 'a | eadi ng edge (26)_and
a trailing edge (28), the cavity (14) is an interior 5 cooling passage
(14) of the airfoil (24), the hole (22) is one of a plurality of cooling
holes (22) at the trailing edge (28) of the airfoil (24), and the crack
(30) is at the trailing edge (28), and wherein the fixture (32) is
positioned in the cooling 10 passage (24) such that the ports (40) face the
| eadi ng edge (26) of the airfoil (24). 15.. An assenbly conprising: a
superalloy article (10) having an interior cavity (14) with a first

opening (20) and fluidically cqupled to a hole (22) at a surface of 5 the
article (10); 8PF 32®§ EaﬂﬁhﬁeﬁPW%¥$|h14he cavity (14) through the

first opening (20), the fixture (32) having neans for closing the first
opening (20) and having_neans (38,40) for flomnng a gas into the 10 cavity
(14) so as to pressurizeifhe céVﬁt?S€f aplvpereeerdhaggdy exilegm hk0cavity

(14) through t{RerBohe 638),afbﬁciéomkﬂs)”ﬁé&ﬁp£§§eéo xﬁa%ﬂiﬁhé$f §as
within the cavif{y (14) to be sufficiently pressurlze to prevent T ngress
of molten wel ®#FfpéL (24) having a leading edge (26). and a

trailing edge (28), the cavity (14) is an interior

5 cooling passage (14) of the airfoil (24), the hole
(22) is one of a plurality of cooling holes (22) at
the trailing edge (28) of the airfoil (24), and the
crack (30) is at the trailing edge (28), and wherein
the fixture (32) is positioned in the cooling

10 passage (14) such that the ports (40) face the
leading edge (26) of the airfoil (24).

15. An assembly comprising:

a superalloy article (10) having an
interior cavity (14) w:.th a flrst open:l.ng (20) and
fluidically coupled to a hole (22) at a surface of

5 the article (10);
- a fixture (32) mounted within the cavity
(14) through the first opening (20), the fixture
(32) having means for closing the first opening (20)
and having means (38,40) for flowing a gas into the
10 cavity (14) so as to pressurize the cavity (14)
before the gas exits the cavity (14) through the
hole (22), the flowing means (38, 40) causing the gas
within the cavity (14) to be sufficiently
pressurized to prevent ingress of molten weld filler
15 material into the cavity (14) through a crack (30}
in the article (10) vet allow molten weld fillér



15 material into the cavity (14) through a crack (30) i n1tDexeaiter 2068 ( 10)
yet allow nolten- weld filler 1 Decenber 2003 14 material to fill the crack
(30). 16. An assenbly according to claim15, wherein the flow ng neans
(38,4'0) of the fixture (32) directs the gas into the cavity (14) in a
direction away fromthe hole (22). 17. An assenbly according to claim 15,
wherein the flow ng neans (38,40) of the fixture (32) directs the gas into
the cavity (14) in a, direction opposite the hole (22). 18. An assenbly
according to claim15, wherein an end,,(42) of the fixture (32) protrudes
fromand is secured within a second op%ﬁlng (54) in the article (10)
opposite the first opening (20) to 5 the cavity (14). 19. An assenbly
according to clain115' wherein the fixture (32) has a first portion

(34, 36) conf %§5)€$(§¥ifr%héléf%ﬁ a?gb g (20) to the cooling passage

(14), the f|x ure aving an ortion (38) having a plurality
of ports (40) that define the flow ng neans (38,40). 20. An assenbly
according to claim19, ere| n the article élo% GO rlses an air-cool ed
airfoil (24) having a | di ng “8Hgés F%‘)Lblé’nd A C ey is)5 t he
cavity (14) iehetreint echer fD@@ianxﬂagﬁggeLiﬂA@o)tlbi th@ (22ktiigeone of a
1 Decenber 209%2) ai .
irects the gas into the cavity (14) in a

direction away from the hole (22}.

17. An assembly according to claim 15,
wherein the flowing means (38,40) of the fixture
(32) directs the gas into the cavity (14) in a.
direction opposite the hole (22). |

18. An assembly according to claim 15,
wherein an end (42) of the fixture (32) protrudes
from and is secured within a second opening (54} in

the article (10) opposite the first opening (20} to
5 the cavity (14).

19. An assembly according to claim 15,

wherein the fixture (32) has a first portion (34,36)

configured to close the first opening {(20) to the

cooling passage (14), the fixture (32) having an

5 elongate portion (38) having a plurality of ports
(40) that define the flowing means (38,40).

20. aAn assenmbly according to claim 19,
wherein the article (10) comprises an air-cooled
airfoil (24) having a leading edge (26) and a
trailing edge (28), the cavity (14) is an interior

5 cooling passage (14), the hole (22) is one of a



15 plurality of cooling holes (22) at the trailing edge (Z8ceobet 2@03
airfoil (24), and the crack (30) is at the trailing edge (28), and wherein
the fixture (32) is positioned in the cooling passage (14) such that 10
the ports (40) face the | eading edge (26) . of the airfoil (24). 1
Decenber 2003 16 WELDI NG METHOD AND ASSEMBLY THEREFOR ABSTRACT OF THE

DI SCLOSURE An assenbly and nethod for welding an article, such as an
air-cool ed superalloy airfoil (24) of a gas turbine engine nozzle (10).
The nmethod entails inserting a fixture (32) into a 5 cooling passage (14)
of the airfoil (24). The fixture (32) 1% configured to close a first
opening (20) to the passage (14) through which the fixture (32) is
inserted into the passage (14). The fixture (14) is also configured to

i ntroduce a gas into the 1 a g Iongltudlnal row of
bor Lo (40y. ADPGUA et BPRLRIEabpIes (At oF R  EaRy 1ing s
repaired whil e(tzma gaf fthewdirf@mint apagd od t fReCavalck ({#0) atsagrate
that sufficien &y {#ﬁ%ﬁ#rlze t he_passa (14) to event the nolten 15
filler materi aI Sr Y i AgY ?hézgésség@ ("ﬂ'ksrejtlhr ghitrEureadr2(30),
whil e al | ow ngikhgdsit Bénedntiar tde t@diihgt PasetaeK (B89)  sEhHFURRa3

10 the ports (40) face the leading edge (26). of the

airfoil (24).





