M CROMVE BRAZI NG OF Al RFO L CRACKS BACKGROUND OF THE | NVENTI ON The present
invention relates generally to a nmethod of repairing cracks in a stationary
airfoil or vane of a as turbine engine by mcrowave brazing. A gas turbine

engi ne includes stationary airfoils or vanes made of a base netal of either
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operation. The crack is usually repaired by brazing. A braze alloy including

10 approxi mately 50% of a base material and approxi mately 50% of a braze
material is applied to dhﬁQE£HERQDﬂbﬁﬂﬁﬁﬂﬁlﬁﬁﬁﬁﬁﬁiﬁﬂbture of the braze
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furnaces Thetbrazendbil oyvarelors candirbint kssihd ey alidekaveypiieal | y, the vane is
heated for 15 approxinmately 6 to 8 hours to nelt the braze alloy and repair
the crack. The peréehtrayge fitchachdse sigrowary firfeksoen vanse madeadf 9 dkse hi gh and
the percentage of. the braze mtegrjal shoul lativ lLow.t o.prevent
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of the base netal. However, 20 as the percentage of the base materi al
i ncreases, APR&EtAB| t ThQy Craskpir iuale refairchebppezeng. alA dyazsl gy Hetusises. | f
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and | ose its properties. erefore, t aze a enera I'hcludes a
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Hence, there is a need in the art for a nethod of repairing a crack in a
vane of 28ngtiggenngrasiisef dhighase maksatali s fast and that overcomes the

short com ngs and, dr. C f.the prior, ar NMB@Y = | NT| ON A gas
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cobalt or nicke
15 approximately 6 to 8 hours to melt the braze alloy and repair the crack.

The percentage of the base material should be relatively high and the
percentage of the braze material should be relatively low to prevent the braze
material from saturating the braze alloy and to ensure that the composition of the
braze alloy is as similar as possible to the composition of the base metal. However,

20 as the percentage of the base material increases, the melting temperature of the braze
alloy also increases. [f the vane i1s exposed to higher temperatures, the vane can
possibly distort and lose its properties. Therefore, the braze alloy generally includes
a high percentage of the braze material to keep the melting temperature low.

Hence, there is a need in the art for a method of repairing a crack in a vane of

25 a gas turbine engine that is fast and that overcomes the shortcomings and drawbacks

of'the prior art.

SUMMARY OF THE INVENTION

A gas turbine engine includes alternating rows of rotary airfoils or blades and
30 static airfoils or vanes. The vanes are made of a base metal, such as cobalt or nickel

superalloy.



superalloy. 1 In the present invention, any cracks that formin the vane are
repaired by mcrowave brazing. A braze alloy including a base material and
a braze material is applied to the crack. The braze alloy is a powdered
slurry. The braze alloy includes approximately 50 to 100% of the base
material and apppQqxd glaetsgllltylnoeﬁtf?)nSQl{? QFack@ﬂm? thrn‘T"%? t]‘l@%ﬁ{e' gk reaehf*aed
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mel ting terrperature the braze alloy of the present | nventl on can include a
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These and ot her features of the present invention will be best understood
fromthe f§P|1W‘H81’speC| fication and drawi ngs. u BRI EF DESCRI PTI ON OF THE
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DESCRI PTI ON OF THE PREFERRED EMBODI MENT 25 Figure 1’ schematically

i Il ustrat esempgasird, mlnebbnaee elmy ofehd prese dhvicotiopcaneinclude agreater parcomtage

propul si on. The as tu e i ncl udes an axial centerline 12, a

fan 14, a c‘lf;l;ﬁ %tBP‘allt A (‘P(B?’F%Lf@f) gthseé’é‘colrﬁﬂ 18 and a turbine 20. Air
These and other features of the present invention will be best understood

from the following specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the 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

20 be briefly described as follows:
Figure 1 schematically illustrates a gas turbine engine; and

Figure 2 schematically illustrates a vane of the gas turbine engine.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 Figure 1 schematically illustrates a gas turbine engine 10 used for power
generation or propulsion. The gas turbine engine 10 includes an axial centerline 12,
a fan 14, a compressor 16, a combustion section 18 and a turbine 20. Air
compressed in the compressor 16 is mixed with fuel, burned in the combustion
section 18 and expanded in the turbine 20. The air compressed in the compressor 16
30 and the fuel mixture expanded in the turbine 20 are both referred to as a hot gas
stream flow 28. Rotors 22 of the turbine 20 rotate in response to the expansion and

drive the compressor 16 and the fan 14. The turbine 20 also includes alternating



conpressed in the conpressor 16 is mxed with fuel, burned in the conbustion
section 18 and expanded in the turbine 20. The air conpressed in the
conpressor 16 'o and the fuel m xture expanded in the turbine 20 are both
referred to as a hot gas streamflow 28. Rotors 22 of the turbine 20 rotate
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time due to high thernal erature nechanical fatig nd hot corrosion
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tenperature. The base material is a powder that has the same conposition as
t he superéh?%ﬂﬁdﬁé‘é@ B nfalRdOvane 26. The braze al l oy 30 includes a

reducedoamount  of EAZATREEL AN YR R, BEAZSLAL Lol oF olilE: Pl ai | and

has alowtran5|ent |qU| phase ratio ngthe res
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braze alloy 30 incl udfs approxi mpt el y tg 100% of the base  material and
appr oxi mat eFYPYEE- 5096 HESe @ik fed HB‘EV i AL hagpine S@P@fcemsﬁlyontaﬁéhe base
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20 10% of th e materia wever, Isto nder st 00 at the braze
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For exanple, the  braze alloy 30 could include 100% base material or 100%
braze rat erﬂhé?‘ ratio (TLP), reducing the risk of saturating the braze alloy 30 with the braze
material.
Preferably, the braze alloy 30 includes approximately 50 to 100% of the base
material and approximately 0 to 50% of the braze material. More preferably, the
base alloy 30 includes approximately 90% of the base material and approximately
20 10% of the braze material. However, it is to be understood that the braze alloy 30
could include any percentage of base material and braze material. For example, the
braze alloy 30 could include 100% base material or 100% braze material.
If the braze alloy 30 is being applied to a first stage vane 20, the braze alloy
30 includes the base material of cobalt superalloy and the braze material. The braze
25 alloy 30 preferably includes approximately 50 to 100% of the base material and
approximately 0 to 50% of the braze material. In one example, the base material of
cobalt superalloy includes carbon, manganese, silicon, sulfur, chromium, nickel,
tungsten, tantalum, titanium, zirconium, iron, boron and cobalt. Table 1 lists an
example composition of the cobalt superalloy. The braze material includes carbon,
30 chromium, nickel, boron, and cobalt. Table 2 lists an example composition of the

braze material. Although specific compositions of the base material and the braze

material are described and listed in Tables 1 and 2, it is to be understood that the



If the braze alloy 30 is being applied to a first stage vane 26,

alloy 30
mat eri al .
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25 alloy 30 preferably includes approximately 50 to
and approxi mately 0 to 50% of the braze naterial.

I'n one exampl|.ze, dlfo?%(p@a%e mtﬁ{ &Jnuﬂsmo%ogﬁ‘é bnS WREIA!ih ade 'aﬂcxlxb'tqgskn%@r bon,

nmanganese, silicon, fur, romum nickel, tungsten, tantalum titanium
zi rconi um wlrat)cpmmtmnsa@dsecobal t. Table 1 lists an exarrpl e conposition of
t he cobalt superalloy. The braze material includes carbon, 30 chrom um
ni ckel, boron, and cobalt, Table 2 lists an exanple conposition of the
braze mat ¢ELEMEM] t hough speMlNlMUMdmR@Nﬂ’l ons MAXIWEUMXEBCENTeri al and the
braze mateni@hrare describeg gnd tisted T Tabtgg —and—2,—t—Ts to be
understood that the 3 braze allay 30 can have |any conposition, and jone
skilled inMAEEANESEwoul d knoR%0 what conpositi ond-%o use. ELEMENT M N MUM
PERCENT MAXIIVERKPERCENT  CARBGIN 0. 00 0. 80 NVANGANGSE 0. 00 0.80 SILTICON 0. 00
0.80 SULFUR 000 0.80 CHROM UM 18.0 26.00 NICKEL 8 00 12 00 TUNGSTEN
5.00 8. 00 | STARFFALUM 2. 00 4. 080 TI TANIUM 0, 10 0./36° zI RCONI UM 0. 00 0./60 | RON
0.00 2.50| (BR:ONUM 00 0. 01 |COBALT 0. 00 BALANCE 26.0ABLE |
NICKEL 8.00 12.00
TUNGSTEN 5.00 8.00
TANTALUM 2.00 4.00
TITANIUM 0.10 0.30
ZIRCONIUM 0.00 0.60
IRON 0.00 2.50
BORON 0.00 0.01
COBALT 0.00 BALANCE
TABLE 1
5
ELEMENT MINIMUM PERCENT MAXIMUM PERCENT
CARBON 0.00 4.50
CHROMIUM 19.50 29.50
NICKEL 34.50 45.50
BORON 2.00 4.00
COBALT 0.00 BALANCE
TABLE 2
If the braze alloy 30 is being applied to a second stage, a third stage, etc.
vane 20, the braze alloy 30 includes the base material of nickel superalloy and the
10 braze material. The braze alloy 30 preferably includes approximately 50 to 100% of

the base material and approximately 0 to 50% of the braze material. In one example,

the base material of nickel superalloy includes carbon, manganese, silicon,

phosphorus, sulfur, chromium, cobalt, tungsten, tantalum, aluminum, titanium,

hafnium, molybdenum, boron, iron, columbium, copper, zirconium, lead, bismuth,

selenium, tellurium, thallium and nickel. Table 3 lists an example composition of



5 ELEMENT M NI MUM PERCENT MAXI MUM PERCENT CARBON 0.00 4.50 CHROM UM 19, 50
29.50 NI CKEL 34.50 45.50 BORON 2.00 4.00 COBALT 0.00 BALANCE TABLE 2 If
the braze alloy 30 is being applied to a second stage, a third stage, etc.

vane 26, the braze alloy 30 includes the base material of nickel superall oy

and the 1 Il I
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understood that the base material can have any Con‘BOSI tjon, one skilled
in the art WHENA KMEF GIARPIECHH BEIZEINeHEal 65 1edS otrriber st ph %5@ Adferial s
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t he braze erial 1s ma car’bon phosphor per, |ead,
bi snmut h, seiaﬁnumm:mgsﬂeh clomonl cabilt, ciromam wmi nidkeyafasbke, 5 alsugmnmmmpﬂraf ni-um
tungsten, boron, coba% chrom um and nickel. Table 5 lists an exar‘rPI e
composition of the braze material that is mixed with the base material of nick
superalloy listed in either Table 3 or 4. Although a specific composition of the braze
material is described and listed in Table 5, it is to be understood that the braze
15 material can have any composition, and one skilled in the art would know what

composition to use.

ELEMENT MINIMUM PERCENT MAXIMUM PERCENT
CARBON 0.00 0.27
MANGANESE 0.00 0.30
SILICON 0.00 0.30
PHOSPHORUS 0.00 0.30
SULFUR 0.00 0.30
CHROMIUM 8.00 12.00
COBALT 8.00 12.00
TUNGSTEN 8.00 12.00
TANTALUM 2.00 6.00
ALUMINUM 2.00 6.00
TITANIUM 0.50 2.00
HAFNIUM 0.50 2.00
MOLYBDENUM 0.50 2.00
BORON 0.00 0.25
IRON 0.00 0.25
COLUMBIUM 0.00 0.25




conposition of the braze material that is mxed with the base material of
nickel superalloy listed in either Table 3 or 4. Although a specific
conposition of the braze material is described and listed in Table 5, it is
to be understood that the braze 15 material can have any conposition, and

one skil |l edopbpeg ne art woul fdy kgiow what conmposiphon to use. ELEVENT M NI MUM
PERCENT MAXIMJUM PERCENT _ CARBON 0. 00 0.27  MANGANESE 0.00 0.30 SILLI/CON 0. 00

0.30 PHOSPHERDYE™. 00 0.30 | S¥.FUR 0.00 0.30 CHROM UM 8.00 12.00 COBALT
8.00 12. 00 LEADNGSTEN 8. 00 1P000 TANTALUM 2.00|6200 ALUM NUM 2.00 6. 00

TI TANI UM ()—W UM 0'50 200 I‘V{}_YBDEN'B%;‘E-G.—EG—%.—GG—BG?%—G. 00 0.25
| RON 0. 008 uvBl UM 0 gg 0.25 5 COPPER 0. 0.25 ZI RCONI UM 0.|00 0. 25

LEAD 0. 00 | 6EENIUBI SMUTH 0. 0D0.00 25 SELENI UM 0. (0:20. 25

TELLURIUM 0.00 0.25
THALLIUM 0.00 0.25
NICKEL 0.00 BALANCE
TABLE 3

ELEMENT MINIMUM PERCENT MAXIMUM PERCENT
CARBON 0.00 0.35
MANGANESE 0.00 0.35
SILICON 0.00 0.35
SULFUR 0.00 0.35
ALUMINUM 0.00 7.00
MOLYBDENUM 0.00 7.00
TANTALUM 0.00 7.00
COLUMBIUM 0.00 7.00
CHROMIUM 11.00 16.00
TITANIUM 0.00 1.50
ZIRCONIUM 0.00 1.50

IRON 0.00 1.50
COBALT 0.00 1.50
COPPER 0.00 0.50

LEAD 0.00 0.50
BISMUTH 0.00 0.50
BORON 0.00 0.50
NICKEL+COBALT 0.00 BALANCE
TABLE 4



TELLURI UM 0. 00 0.25 THALLIUM 0.00 0.25 N CKEL 0.00 BALANCE TABLE 3
ELEMENT M NI MUM PERCENT MAXI MUM PERCENT CARBON 0. 00 0.35 MANGANESE 0. 00
035 SILICON 0.00 0.35 SULFUR 0.00 0.35 ALUM NUM 0.00 7.00 MOLYBDENUM
0.00 7.00 TANTALUM 0.00 7.00 COLUMBIUM 0.00 7.00 CHROM UM 11.00 16.00

TI TANIUM 0. 00 1.50 ZI RCONIUM 0.00 1, 50

| RON 0.00 1.50 COBALT 0.00 1.50

M

COPPER 0, 0G @t LEAD 0. 00 @183 uBFRIENT0. 00 (G o0 v BRFENcENY0 050
NI CKELt COBALT-0. 00 BALANCE {EABLE 4 6 ELEMENT M NILMJM- PERCENT MAXI M
PERCENT  CARBERM. 00 0.20  $UCFUR 0.00 0. 20 020
SULFUR 0.00 0.20
PHOSPHORUS 0.00 0.20
COPPER 0.00 0.20
LEAD 0.00 - 0.20
BISMUTH 0.00 0.20
SELENIUM 0.00 0.20
SILICON 0.00 0.20
[RON 0.00 0.20
ZIRCONIUM 0.00 0.20
MANGANESE 0.00 0.20
ALUMINUM 0.00 2.50
HAFNIUM 0.00 2.50
TUNGSTEN 2.00 5.00
BORON 2.00 5.00
COBALT 7.00 11.00
CHROMIUM 7.00 11.00
NICKEL 0.00 BALANCE
TABLE 5
After the braze alloy 30 is applied to any cracks 34 in the vane 20, the braze
5 alloy 30 is then exposed to microwaves to melt the braze alloy 30 and repair the
cracks 34. A microwave source 32 produces the microwaves that heat and melt the
braze alloy 30 in preference to the base metal. When the braze alloy 30 cools, the
braze alloy 30 hardens within the crack 34, producing a braze joint that repairs the
crack 34 and builds up the eroded surface of the vane 26 to extend the life of the
10 vane 26. The braze alloy 30 can also fill in the eroded surfaces on the vane 26 and

dimensionally restore the vane 20.

Preferably, the braze alloy 30 is exposed to the microwaves for

approximately Sminutes to 60 minutes, and the braze alloy 30 reaches the melting
temperature in approximately 15 minutes. Preferably, the braze alloy 30 is heated to
approximately 2050 to 2250°F to heat the braze alloy 30. However, the braze alloy

30 can be exposed to microwaves for any amount of time and can be heated to any



PHOSPHCORUS 0. 00 0.20 COPPER 0.00 0.20 LEAD 0.00 0.20 BISMJTH 0.00 0. 20
SELENIUM 0.00 0.20 SILICON 0.00 0.20 IRON 0.00 0.20 ZIRCONIUM 0.00 0. 20
MANGANESE 0. 00 0.20 ALUM NUM 0.00 2.50 HAFNIUM 0.00 2.50 TUNGSTEN 2. 00
5.00 BORON 2.00 5.00 COBALT 7.00 11.00 CHROM UM 7.00 11.00 NI CKEL 0.00

BALANCE Tﬁglngeétupé L&l 514%631@1"1&121‘% @Uagtngt(ad'lélo@vpm)\l/ gdhd & @3&365@&]?&51%2@4 in the

vane 26, the braze loy 30 is then exposed to mcrowaves to nelt the
braze aIIoyﬂ@@3§ﬂdnnepawwe$Hﬁe&&wankb:®4xowam$@ﬁDMHVew@gupﬁé432Hbloduces t he

t hat t d | t b f the b
Tocal - vihen tne Brass Bty st ion & & bredern Ml B Faf T6H AGBRL 08 (i -t he

crack 34, pRMEINSrage RN&Z 801181 Pt fetRBs td aﬁau)ars@ rﬁéw] ofcn@%nééheanﬁml@qgl ds up
t he eroded surface of the vane 26 to extend the fe of the 10 vane 26. The

braze alsl oybeB@useatheahsaotviavds heatt the bn@dedbyuﬁ@ahasl hmthésﬁmaer@ﬁdand

di nensi onal store the vane 26. Preferab the braze allo s exposed
fo the i or DsVEE ABF MiEGaSRT dRctryAiE 1ok obte o 14 rieodd TrdEehe br aoe
al loy 30 rqﬁpcma‘khﬁaﬂ@% fnlolggss_ tenperat ure in approxi mately 15 m nutes.
Preferably, the braze alloy 30 is heated to

The braze alloy 30 of the present invention including an increased amount of

base material melts at the same melting temperature as the braze alloy of the prior

10 art that includes less base material. For example, the braze alloy 30 of the present

invention melts at a first melting temperature when employing microwaves. If a

braze alloy having the same composition is applied to the vane 26 and heated

without using microwaves, the braze alloy would melt at a second melting

temperature that is greater than the first melting temperature. In the prior braze

15 alloy, when heating the vane 26 to the second higher melting temperature, the vane

26 can possibly distort. The braze alloy 30 of the present invention that 1s exposed

to microwaves and melts at a given temperature includes a greater amount of base

material than the braze alloy of the prior art that melts at the same melting

temperature. Therefore, by employing microwaves that preferentially heat the braze

20 alloy 30 over the base metal of the vane 20, the braze alloy 30 of the present

invention can include a higher percentage of base material when exposed to the

same melting temperature. This allows the composition of the braze alloy 30 to be
more similar to the composition of the base metal material of the vane 26.

By employing microwaves from a microwave source 32 rather than heat

25 from a heating furnace to melt the braze alloy 30, the percent content of the base

material of the braze alloy 30 can be increased over the percent content of the base

material of the braze alloy of the prior art that melts at the same melting

temperature. The braze alloy 30 of the present invention does not need to be heated

to a melting temperature as high as the melting temperature needed to melt an

30 equivalent braze alloy 30 of the prior art, reducing the distortion and loss of

properties of the vane 26.



|5 approxi mately 2050 to 2250F to heat the braze alloy 30. However, the
braze alloy 30 can be exposed to m crowaves for any anmount of tinme and can
be heated to any 7 tenperature, and one skilled in the art would know how

| ong to expose the braze alloy 30 to mcrowaves. Preferably, the m crowaves

are in the rangqh@ffo?eof}ﬁnoq‘é%enﬁ%afésée%@al roaztﬁe %hh@% 1301 Be dnRAVEEr . the

m crowaves heat and nelt powder ed braze al preference to the
base net al Mﬁnytlhedl\tnaat@nz &nd'Mal 18LIGIE othbemalgenthmm ace wm/mls uhéght ¢the braze
al l oy 30 fa$ l.he base neﬂa % & E not affect
the base mit% “ Jﬁﬁ@“%% Fiﬁﬁf?Hﬁie & 8%%&% #%EﬂﬂﬁagF@c @? ?%b br aze

al oy 30 Ohmkhﬁmpﬂﬂﬁ@ﬂén%BWﬁHEb@ﬁolBﬁhﬁﬁyﬁﬂﬂﬁﬂ1kM&éﬁaﬁﬁﬂd&&R%ﬂhthm base
material nelts at the sane nelting tenperature as the braze alloy of the

prior 10 aetaithadifiqaobosiesuldesmebasen e sppadl thisonvemkianpl e, the braze all oy
30 of the present invention nmelts at a first nelting tenperature when

enpl oying mcrowaves. If a braze alloy having the sane conposition is
applied to the vane 26 and heated w thout using m crowaves, the braze all oy
woul d nelt at a second nelting tenperature that is greater than the first
melting tenperature. In the prior braze 15 alloy, when heating the vane 26
to the second higher nelting tenperature, the vane 26 can possibly distort.
The braze alloy 30 of the present invention that is exposed to mcrowaves
and nelts at a given tenperature includes a greater amount of base nmateri al
than the braze alloy of the prior art that nelts at the same nelting
tenperature. Therefore, by enploying m crowaves that preferentially heat the
braze 20 alloy 30 over the base netal of the vane 26, the braze alloy 30 of
the present invention can include a higher percentage of base nmaterial when
exposed to the same nelting tenperature. This allows the conposition of the
braze alloy 30 to be nore simlar to the conposition of the base netal
material of the vane 26. By enploying m crowaves froma m crowave source 32
rather than heat 25 froma heating furnace to nelt the braze alloy 30, the
percent content of the base



material of the braze alloy 30 can be increased over the percent content of
the base material of the braze alloy of the prior art that nelts at the
same nelting tenperature. The braze alloy 30 of the present invention does
not need to be heated to a nelting tenperature as high as the nelting
tenperature needed to nelt an 30 equival ent braze alloy 30 of the prior art,
reducing the distortion and | oss of properties of the vane 26. 8 The
foregoi ng description is exenplary oCLAIMSri nci ples of the invention. Many
nodi fi cations and variations of the present invention are possible in |ight
of the above teachings. The preferred enbodi nents of this invention have
been di scljosed, AhpuRyE6E re§5lrih$_§tcr&@€?n afcombeidh@byd 8fhdnbiohdllyt R&oaRd thaoul d
recogni ze that i certain nodifications would come within the scope ofthis

i nventi on. @meprgnihe methad gempiddngothe siepeefi i ng a crack in a conponent and
dimensionally r i 0 ; [ S st eps of:
applying a br azgﬁgﬂng&g?%ggalgﬁg@% ?rﬁmalnc%?rg%ﬁ%%\epeqw%g%@ﬁ %(ﬁgjohgrﬁrrﬁghent is a
si ngl e uni tsargfe aniepY rRemiponandaridnge componaintis iag aufoidiutifizéd inubidas 2@tlinen a gas
turbine engine; gnd exposing the conmponent to mcrowaves to nelt the braze
al l oy and r¥p¥dfrahe crack in the conponent. 2. The method as recited in
claim 1 wherein LheiHORBRBEMbNr (IRAGRAVA D388 thBH e JIFtaniSepeRf cobalt
superal | oy and ni ckel” superalloy. 3. The nethod as recited in claim|l

wher ei n t hecrdskar thegbmpyndnticl udes a base material and a braze material. 4.
The nethod as recited in claim3 wherein the braze alloy includes
approximately 50 to 100% of the base nmaterial and approximately 0 to 50% of
the braze JraterTid method as recited in claim 1 wherein the component is made of a base

metal that is one of cobalt superalloy and nickel superalloy.

A

3. The method as recited in claim 1 wherein the braze alloy includes a base material

and a braze material.
4. The method as recited in claim 3 wherein the braze alloy includes
approximately 50 to 100% of the base material and approximately 0 to 50% of the braze

material.

S. The method as recited in claim 3 wherein the braze alloy includes

approximately 90% of the base material and approximately 10% of the braze material.

6. The method as recited in claim 3 wherein the component is made of a base

metal, and the base metal and the base material are both nickel superalloy.

7. The method as recited in claim 3 wherein the component is made of a base

metal, and the base metal and the base material are both cobalt superalloy.

8. The method as recited in claim | wherein the step of exposing the component

to microwaves occurs for approximately 5 to 40 minutes.
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5. The method as recited in claim3 wherein the braze alloy includes
approxi mately 90% of the base material and approximtely 10% of the braze
material. 6. The nmethod as recited in claim3 wherein the conponent is nade
of a base netal, and the base netal and the base material are both nickel
superalloy. 7. The nethod as recited in claim3 wherein the conponent is
made of a base netal, and the base netal and the base material are both
cobalt supet.al | oYhe $ethbdeasteichal iraslairecli fiether nodidimgntie vbyerodihratinpethet ep of

exposi ng the conponent to njc Y pccurs for approximately 5 to 40
m nut es. locoﬁq.p(’%tmpﬁ%mégyr%)gﬁ?%gﬁonﬁcl aim| further including the step
of heating the conponent to approximately 2050 to 2250F. 10. An apparatus

for repairing a crack in a conponent and dinmensionally restoring the
conmponent cWhpr A arparatiselos seRsBHEM Cragkcinualfangpaa et adikdimgmdonasilh resasingonponent
is a singl ' nent, and the conponent is an airfoil utilized in
a gas turbﬁﬂgagdgﬁﬁgf%§$§?§§e alloy applied to the crack; and a m crowave
source that genehatesporeat Owhidas: & @rave) tvhédem theaoempahémyis ansinglepaitary t he

crack in the conmponent. | | . The apparatus . as recited in claim 10 wherein
t he conpone‘i?ﬂ“ﬁog?'ﬁ’ﬁ?@g Uigrcomnsg ™ HE P EHFEd 12 BRduBRIeoBN superal | oy and

ni ckel superalIQM”m%%Moggﬁﬂ@g@gm@QHnggdrecited in claim10 wherein the
braze alloy includes a base naterial and a braze material. 13. The

appar at us as redimetwayesburerihipzanptesinticropevasdopshdhe biage shadendfrepdirbase
metal, and the ha tal and the base material are both nickel superalloy.
14. The apﬂ%?gﬁaéﬁgggggﬁfwgn'in claim 12 wherein the conponent is nmade of a
base netal, and the base nmetal and the base nmaterial are both cobalt
superal l oy. 15. The apparatus as.recited in claim12 wherein the braze all oy
i ncl udes ~ ablpr oxihserpargtus @s tesited ovs3im d havhsiede thegoapragnt dhenadp pl dRpvat el y 0

to 50% of t3&AhA4Eone of cobalt superalloy and nickel superalloy.

12. The apparatus as recited in claim 10 wherein the braze alloy includes a base

material and a braze material.

13.  The apparatus as recited in claim 12 wherein the component is made of a base

metal, and the base metal and the base material are both nickel superalloy.

14. The apparatus as recited in claim 12 wherein the component is made of a base

metal, and the base metal and the base material are both cobalt superalloy.
5. The apparatus as recited in claim 12 wherein the braze alloy includes
approximately 50 to 100% of the base material and approximately 0 to 50% of the braze

material.

16.  The apparatus as recited in claim 12 wherein the braze alloy includes

approximately 90% of the base material and approximately 10% of the braze material.

17. The method as recited in claim | wherein the braze alloy is a powdered slurry.

11



material. 16. The apparatus as recited in claim12 wherein the braze all oy

i ncludes approxi mately 90% of the base nmaterial and approxi mately 10% of
the braze material, 17. The nethod as recited in claiml|l wherein the braze
alloy is a powdered slurry. 11 18 The nethod as recited in claim 1l wherein
the airfoil is a static airfoil. 19. The nethod as recited in claim!|
wherein the airfoil is a rotary airfoil. 20. The nethod as recited in claim
3 wherein te batles methed hsiecitanldn chen ¢ ovlpamethe airfrahie a stage giafvd. conposi ti on

21. The nethod as recited in claim3 wherein the step of exposing the
conponent to mcrowaves does not affect the base netal. 22. The nethod as
recited in ol ai nThe woRbEhdret iRl i6 QRO N & HerdiBthaRirddilrik @irdtaytadidfbized in a gas
turbi ne engine, and the braze alloy includes a base naterial and a braze
material. 23. The nethod as recited in claiml wherein the step of exposing
t he conpon t 1 1O . I - o ck. 24.
The nethon§£ regv¥@g%?%@%ﬁgfﬁfrpﬁéb%%Q@e?ﬁgﬁgggﬁdﬁ%ﬁgﬁgﬁg6ﬁ%%ﬁ@%§%?ng t he
crack in thiee denpoaenthposdmdn. The method as recited in claim?24 wherein the
step of form ng the crack further includes formng the crack by high

t hermal tenperature nechanical fatigue and hot corrosion. 26. The nethod as
recited in xlai nrhe WBBHEhNrebi& if it Of wIRXAR THeNgept TR x FEIMARE BEmpdRnifoCr OVAves
di nensionally restores the conponent. 27. The nethod as recited in claiml
wher ei n t hemigfayayaedass nprgdftect the biseancgalal | oy, 12

22. The method as recited in claim 1 wherein the component is an airfoil utilized in

a gas turbine engine, and the braze alloy includes a base material and a braze material.

23. The method as recited in claim 1 wherein the step of exposing the component

to microwaves to melt the braze alloy repairs the crack.

24, The method as recited in claim 1 further including the step of forming the crack

in the component.

25.  The method as recited in claim 24 wherein the step of forming the crack further
includes forming the crack by high thermal temperature mechanical fatigue and hot

corrosion.

26.  The method as recited in claim | wherein the step of exposing the component

to microwaves dimensionally restores the component.

27.  The method as recited in claim 1 wherein the microwaves melt the braze alloy.
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