DAMAGE-REPAIRING METHOD OF TRANSITION PIECE AND TRANSITION PIECE
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application is based upon and
claims the benefit of 5 priority from the prior Japanese Patent Application No . 2011-011858, filed on
January 24, 2011; the entire contents of which are idcorporated herein by reference. FIELD 10
[0002]Embodiments described herein relate generally to a damage-repairing method of a transition

piece of a gaghFINS RN B HAN IR BIS e PRAKRA RY Ui SPRME damapeseppringmatied.
BACKGROUND 15 [0003]In a gas turbine power generating plant, compressed air compressed by

driving of a compressor provided coaxially with a gas turbine and fuel are introduced into a combustor
to be burnt in a combustion chamber in a combustor liner. A high-temperature combustion gas
generated BRGSTHABERIBICE iMPoRidalRD APDLLINAL PHA composed of stator blades and rotor
blades through a transition piece to be expanded to thereby rotationally drive the rotor blades. In the

gas turbine pOEt genersti BRI 156D RARRIGEHE WAk BYANBT cthfoREP&Vifg® R power
generaor, %g%%%géﬁ?%%ﬁ#i’o@ Iﬁé%@&éf%ﬁ&%vﬁbgi%f 10n, 2R00QAIA ganuvesgional

transition pi structure composed of an'inner duct and an outer duct provided

around an quieeperpheanhakthe inaer dygts Oneendof the innekchict is eguplagda angembustor liner
in a cylindrical shape, and the other 2
incorporated herein by reference.

FIELD
10 [0002] Embodiments described herein relate generally to a
damage-repalring method of a transition piece of a gas turbine, and

a transition piece repaired by the above damage-repairing method.

BACKGROUND

15 [0003] In a gas turbine power generating plant, compressed air
compressed by driving of a compressor provided coaxially with a gas
turbine and fuel are introduced into a combustor to be burnt in a
combustion chamber in a combustor liner. A high-temperature
combustion gas generated by the combustion is introduced into a

20 turbine part composed of stator blades and rotor blades through a
transition piece to be expanded to thereby rotationally drive the
rotor blades. In the gas turbine power generating plant, by using
kinetic enerqgy created by the rotational driving, a power generator,
and so on are rotationally driven to perform power generation.

25 [0004] A conventional transition piece has a double-shell
structure composed of an inner duct and an outer duct provided around
an outer periphery of the inner duct. One end of the inner duct

is coupled to a combustor liner in a cylindrical shape, and the other



end of the inner duct is coupled to a stator blade at a first stage of a turbine. Thus, the shape of a
cross section, of a combustion gas channel in the inner duct, pe pendicular to a flowing direction of a
combustion gas changes from a circular shape to a sector of 5 annular shape. The outer duct is also
formed into a shape corresponding to the shape of tRe inner duct. [0005]The inner duct has the
high-temperature combustion gas flow through the inside thereof, and thus is formed of a Ni -base

superalloy, gid yharhasALORlNg StuCtiE, LIbe QuleL ducLip 1. ) tansition hiece ol autypical

gas turbine on order of 1300C, a plurality of impingement cooling holes through w part of air
discharged &pra thegemeressnnis ejetied-aaghanade J0dmpirge o8ta/en aneuietsuibace obihe inner
duct as cooling air are formed over the entire surface. 15[0006]As above, the inner duct of the
conventionalasasidonglets istforimaksf duithape xppeddlloyl andis soblewhypghé icosotingcair.
However, when a base material increases in temperature I_ocallﬁ%vrhile the gas turbine is in operation,

damage sult a2 rEalRHST HPThigRFSLaHEES okifltich GrFei@T FRAREIGE 16 tR&Thataligue, 20
and creep voifs 209 ciags.duedpCrggpdaniaas s hereay cusad in Mg longr dhgh,J0007The

above damage Is repaired by welding or the like at the time of periodical inspection, 5hd the repaired
transition pigeg-i%:4Usea&oRYNHBUSNe HoMEVer s scontindeusigamployment time 25 is prolonged, a

range of the damage tends to spread. The creep voids due to material deterioration are formed over a
large area, and@%é fouritheviemertiedaisidedfliecbhgbe restpaak forexanmite sfODO8 Ha shelcase when
repairing is Eg?g{gg%gg?;gilgrggﬁerigbg and thus is formed of aNi-base su 11
, peralloy,
and further has a cooling structure. In the outer duct in the

10 transition piece of a typical gas turbine on order of 1300°C, a
plurality of impingement cooling holes through which part of air
discharged from the compressor is ejected and made to impinge onto/on
an outer surface of the inner duct as cooling air are formed over
the entire surface.

15 [0006] As above, the inner duct of the conventional transition
piece is formed of a Ni-base superalloy, and is cooled by the cooling
air. However, when a base material increases in temperature locally
while the gas turbine is in operation, damage such as reduction in
thickness due tooxidation or the like, cracks due to thermal fatigue,

20 and creep voids and cracks due to creep damage is thereby caused
in the inner duct.

[0007] The above damage is repaired by welding or the like at the
time of periodical inspection, and the repaired transition piece
is used continuously. However, as its continuous employment time

25 is prolonged, a range of the damage tends to spread. The creep voids
due to material deterioration are formed over a large area, and are

found even in the inside of the base material, for example.

[0008] In the case when repairing is performed over a large area,



a local heat input amount increases in the weld repairing. Thus, defo mation of the inner duct of the
transition piece having a thin thickness structure is caused to make the repairing impossible to be
perfo med, and thus the transition piece is sometimes disposed 5 of. Further, with respect to the creep
voids in the base material, it is not possible to pinpoiht a range where the creep voids are generated,
and the transition piece is employed in a state where the creep voids remain in the base material, thus

being at high sk of beingled o desition. 10 [9009IThe fedugtion in higkness dle tay,
high-temperature oxidation pro%resses In propor ion 10 an employmen pen%a of the transition piece.

Then, whensthedhickpess ofethaninnerdiuchiofdheransitien-piecedfalls belawanallom@blethickness,

the transition piece has a possibility to be led to destruction. With 15 respect to the reduction in
thickness, a thicknesssrestucedtportichscaabedilitteu miyevelden g dpatian arpa tepbe sudltledts
increased, and thus defoixuation is caused. [0010]In order to avoid problems such as the deformation
inthe  al¥vREESRRRAWIE e bR o REPAFRTSEY SIS BRaifigiemel-dme T shisrisrery
[0011]The above-described conventional repairing by diffusion brazing, as compared to the weld
repairify, oo aval BE Hrob e SITPRS e GBSO BBt A atoRA BUHAL Bty in

being applied tq large aregJepairing. for @Eﬁ&ﬁ%p's’_%%% refluclion inthiskness, greep yoid, and so
on. BRIEF DESCRIPTION OF THE DRAWINGS 4 with atransition piece having a damage-repairing

method of sgtarsiieadjecamih aHust embotiiment pieordingsteiis] prese i inve rtioncapplied-thereto,
with a partial cross section. [0013]FIG.2 is aview showing a cross section, of the transition

the creep voids remain in the base material, thus being at high risk

of being led to destruction.

10 [0009] The reduction in thickness due to high-temperature
oxidation progresses in proportion to an employment period of the
transition piece. Then, when the thickness of the inner duct of
the transition piece falls below an allowable thickness, the
transition piece has a possibility to be led to destruction. With

15 respect to the reduction in thickness, a thickness-reduced portion
can be built-up by welding, but an area to be welded is increased,
and thus deformation is caused.

[0010] In order to avoid problems such as the deformation in the
above-described weld repairing, repairing by diffusion brazing is

20 also considered.

[0011] The above-described conventional repairing by diffusion
brazing, as compared to the weld repairing, can avoid the problems
such as the deformation of the base material, but has a difficulty
in being applied to large area repairing for, for example, the

25 reduction in thickness, creep void, and so on.

BRIEF DESCRIPTION OF THE DRAWINGS

fo012] FIG. 1lisaviewshowinga structure of agas turbine provided



5 piece having the damage-repairing method of the transition piece in the first embodiment according
to the present invention applied thereto, along a flowing direction of a combustion gas. [0014]FIG. 3
isaperspectiveviewof an irmerductof the transition piece having the damage-repairing method of the
transition piece 10 in the first embodiment accordingidto the present invention applied thereto.
[0015]FIG. 4 is a view showing part of a cross section of the inner duct of the transition piece having
the damage-re airin%gethodof the transition piece in the first embodiment according to the 15 present

invention agptiell (RefSBLHTTETRI B 16 e a IR B T AR RETIR GRS BE e aR gRErebairing
method of tQ%gﬁgﬂig&piﬁgg&tq%ﬁgst l%(adi@%&g&g@ngté%é%?%ggsi%%%ngfpe %%{h?]FIG. 6

is a view for explaining the step of the 20 damage-repairing me ece In the first

embodiment aceereing: tapiel perpertdiaiony 8pH shqws-Rad Df #ie sEsssrdign.of the inner duct
of the transition piece in each of the steps. [0018]FIG. 7 is a view for explaining the step of the 25

damage-repe@ig nethdd@f thésransiteyn pheoet ingtive dirstssnieciment aztdrdmg et pigsent
invention, and shows part of the cross section of the inner duct of the transition piece in each of the

steps. % [0BISIERS "B VS BRI URPHGAFGRAS SHEF dRffdiod of the transition piece

in the first embodiment according to the present invention applied
thereto, along a flowing direction of a combustion gas.
[0014] FIG. 3 isaperspectiveviewof aninnerductof thetransition
piece having the damage-repairing method of the transition piece
10 in the first embodiment according to the present invention applied
thereto,
[0015] FIG. 4 is a view showing part of a cross section of the
inner duct of the transition piece having the damage-repairing method
of the transition piece in the first embodiment according to the
15 present invention applied thereto.
[0016] FIG. 5 is a flowchart for explaining steps of the
damage-repairing method of the transition piece in the first
embodiment according to the present invention.
[0017] FIG. 6 is a view for explaining the step of the
20 damage-repairing method of the transition piece in the first
embodiment according to the present invention, and shows part of
the cross section of the inner duct of the transition piece in each
of the steps.
[o018] FIG. 7 is a view for explaining the step of the
25 damage-repairing method of the transition piece in the first
embodiment according to the present invention, and shows part of
the cross section of the inner duct of the transition piece in each

of the steps.



damage-repairing method of the transition piece in the first embodiment according to the present
invention, and shows part of the cross section of the inner duct of the transition piece in each 5 of the
steps. [0020]FIG. 9 is a view for explaining the step of the damage-repairing method of the transition
piece in the first embodiment according to the presest invention, and shows part of the cross section of
the inner duct of the transition piece in each 10 of the steps. [0021]FIG. 10 is a view for explaining a
step of the damage - reo%airing method of the t ransit ion piece with di f ferent damage foLmation in the

first embodirg’Pé?'& &ecor E&to ﬁwéﬁré’séﬁ?ﬁv%rﬁmpﬁﬁ%f?ﬁgﬁﬁ §8&ion of the inner
o o e Rl Asdees 0y *ACh P dPOZRL Brdids SMRWIRLEXPIIIRAR Siepdl T

damage-repairing met piece with erent damage facmation in the first
embodimentaseardie to the-presan invertipn adshews RaERfBR Cress sestiar giihe inger duct

20 of the transition piece in each step. [0023]FIG. 12 is a view for explaining a step of the
damage-repaiengmeth ek of thentran difien pieee witlcthe fiffdrertransition piece in each
5 of the steps.
[0020] FIG. 9 is a view for explaining the step of the
damage-repairing method of the transition piece in the first
embodiment according to the present invention, and shows part of
the cross section of the inner duct of the transition piece in each
10 of the steps.
[0021] FIG. 10 is a view for explaining a step of the
damage-repairingmethodof the transitionpiecewithdifferent damage
formation in the first embodiment according to the present invention,
and shows part of the cross section of the inner duct of the transition
i5 piece in each step.
[0022] FIG. 11 is a view for explaining a step of the
damage-repairing method of the transition piece with the different
damage formation in the first embodiment according to the present
invention, and shows part of the cross section of the inner duct
20 of the transition piece in each step.
[0023] FIG. 12 is a view for explaining a step of the
damage-repairing method of the transition piece with the different
damage formation in the first embodiment according to the present
invention, and shows part of the cross section of the inner duct
25 of the transition piece in each step.
[0024] FIG. 13 is a flowchart for explaining steps of a
damage-repairing method of a transition piece in a second embodiment

according to the present invention.



damage formation in the first embodiment according to the present invention, and shows part of the
cross section of the inner duct 25 of the transition piece in each step. [0024]FIG. 13 is a flowchart for
explaining steps of a damage-repairing method of a transition piece in a second embodiment
according to the present invention. 6 [0025] FIG. 14 is a view for explaining the step of the
damage-repairing method of the transition piece in the second embodiment according to the present
invention, ab%d shows part of the cross section of the inner duct of the transition piece in each 5 of the

steps. [0026]RFE>15 ist}%'revH‘oH&ﬁaﬁﬁh‘?@“tﬁé’ﬁeﬁﬁé‘d’éﬁ%&&%ﬁ&ﬁﬂg ettt of the transition
piece in theparond SERJIMEN aReaidinalp P resgHtyald ig%gg%ﬁgea;%%%ﬁdmss

section of the inner duct of the fransition piece In each 10 of the step Is a view for

explaining tegisie eéthe damageriepaitngraehaskeithe {raAsiicbRICGEHA thesregng-embpdiment
according to the present invention, and shows part of the cross section of the inner duct of the
transition piebe inwzeh $60fiba stépshe inner duct of the transition piece in each

5 of the steps.

[0026] FIG. 15 is a view for explaining the step of the
damage-repairing method of the transition piece in the second
embodiment according to the present invention, and shows part of
the cross section of the inner duct of the transition piece in each

10 of the steps.

[0027] FIG. 16 is a view for explaining the step of the
damage-repairing method of the transition piece in the second
embodiment according to the present invention, and shows part of
the cross section of the inner duct of the trangition piece in each

15 of the steps.

[0028] FIG. 17 is a view for explaining the step of the
damage-repairing method of the transition piece in the second
embodiment according to the present invention, and shows part of
the cross section of the inner duct of the transition piece in each

20 of the steps.

[o029] FIG. 18 is a view for explaining a step of the
damage-repairingmethodof thetransitionpiecewithdifferent damage
formationinthe second embodiment accordingtothepresent invention,
and shows part of the cross section of the inner duct of the transition

25 piece in each step.

{0030] FIG. 19 is a view for explaining a step of the

damage-repairing method of the transition piece with the different

damage formation in the second embodiment according to the present



[0028]FIG. 17 is a view for explaining the step of the damage-repairing method of the transition piece
in the second embodiment according to the present invention, and shows part of the cross section of
the inner duct of the transition piece in each 20 of the steps. [0029]FIG. 18 is a view for explaining a
step of the damage-repairingmethodof the transitionpiecewithdifferent damage for_mationinthe second
embodiment accordingtothepresent invention, and shows part of the cross section of the inner duct of

the transition 25 piece in each step. [0030]FIG. 19 is a view for explaining a step of the
damage-redﬁ?ﬁﬁgtiﬁéi‘ﬁoda@ﬂhﬁq iRER bide With t‘ﬁ’é?ﬁﬁer%%?%ﬁ?ﬁ’ag?éf foTratoR fiF & S&cond

embodimeny accprding 1o the Eg)e}}s]eﬂg ob én\igptg%ﬁngt%fgws part of the cross section of the inner
duct of the transition piece in each step. DETAILED DESCRIPTION 5 [0031]In one embodiment, in a

damage-repairing method of a transition piece, damage caused in a transition piece is repaired. The
above damage-repairing method of the transition piece includes: an oxide removing step of removing
an oxide onlgiIdutérEEurfate ORh& Traddition piece having damage; a repair material placing step

5 [0031] In one embodiment, in a damage-repairing method of a

transition piece, damage caused in a transition piece ig repaired.
The above damage-repairing method of the transition piece includes:
an oxide removing step of removing an oxide on an outer surface of
the transition piece having damage; a repair material placing step

10 of placing a brazing repair material on the outer surface, fromwhich
the oxide has been removed, of the transition piece so as to cover
the damage; and a diffusion brazing step of diffusion heat treating
the transition piece with the brazing repair material placed thereon
and melting the brazing repair material to repair the damage formed

15 1in the ocuter surface.
[0032] The damage-repairingmethod of the transitionpiece further
includes: a pressurized heat treating step of, under high pressure,
heat treating the transition piece of which the damage formed in
the outer surface has been repaired; a surface finishing step of

20 scraping off the brazing repair material projecting from the outer
surface of the pressurized heat treated transition piece; and a
non-pressurized heat treating step of, under non-pressure, solution
heat treating and aging heat treating the surface finished transition
piece.

25 [0033] Hereinafter, embodiments of the present invention will be
explained with reference to the drawings.
(First Embodiment)

[0034] FIG. 1 is a view showing a structure of a gas turbine 100



10 of placing a brazing repair material on the outer surface, from which the oxide has been removed,
of the transition piece so as to cover the damage; and a diffusion brazing step of diffusion heat treating
the transition piece with the brazing repair material placed thereon and melting the brazing repair
material to repair the damage formed 15 in the outeg surface. [0032]The damage-repairing method of
the trans i t ion piece further includes: a pressurized heat treating step of, under high pressure, heat
treating the transjtion_piece of which the, dam;;g‘af famed in the outer surface has been repaired; a

surface fini$HiRg S50 SF35 IAnG bFAB BRSSgH e paY il PP RETRRom e BatdiShirface of
the pressurized heat regted trangition;piece:;:and 2 RONAYRasized. hegl Healing siep,of supder

non-pressure, solution heat treating and aging heat treating the surface finiShed transition piece.
25[0033]Heteinafier.embpgimentstaidhe presentinvantien-wilkbe explained withoieference to the
drawings. (First Embodiment) [0034]FIG. 1 is a view showing a structure of a gas turbine 100 8
provided witlP&3fdnsitickepiizewtn baviiigpa dambiye-geshiting hiathodF 4 frapisitiordpidcelinta first
embodiment according to the ﬁ{})resent invention applied thereto, with a partial cross section. [0035]As

shown Tn FIECETHEGES TUrbin & BB 1€ PRt S i cohthrelEdr a9 MIch IRBRIRSE air is

compressed and. campysigs iner 420 Jnhich gt o whish pressiis fe,anpied indhe compressor 110
and fuel are mixed to be burnt. The gas turbine 100 Is turther provided with the fransition piece 10

through whigh @ gembustion sasaereratedda bereambusior ingr 12045 led e edinerpar10 130
and the turbine part 130 that is rotationally driven by the combustion gas introduced by the transition

piece 10. provided with the transition piece 10 through which a combustion
gas generated in the combustor liner 120 is led to a turbine part
10 130 and the turbine part 130 that ig rotationally driven by the
combustion gas introduced by the transition piece 10.
[0036] The compressor 110 is provided with, in a compressor casing
111, acompressor rotor 113 havingrotor blades 112 implanted thereon.
Apluralityof the rotorblades 112 are implanted ina circumferential
15 direction to form a rotor blade cascade with a plurality of stages
in an axial direction. Further, a plurality of stator blades 114
are digposed on an inner periphery of the compressor casing 111 to
form a stator blade cascade. Then, the stator blade cascade and
the rotorblade cascade are formedalternately intheaxial direction.
20 Whentherotorblades 112 rotate, theoutsideair istherebycompressed
to be led into the gas turbine 100.
[0037] The combustor liner 120 is formed of a can-type combustor,
for example, and a plurality of the combustor liners 120 are equally
provided around the periphery of the compressor 110. In each of
25 the combustor liners 120, the air to which pressure is applied in
the compressor and the fuel are mixed to be burnt, and thereby the
combustion gas is generated.

{0038] The transition piece 10, which will be described in detail



[0036]The compressor 110 is provided with, in a compressor casing 111, a compressor rotor 113
having rotor blades 112 implanted thereon. A plurality of the rotor blades 112 are implanted in a
circumferential 15 direction to form a rotor blade cascade with a plurality of stages in an axial direction.
Further, a plurality of stator blades 114 are disposedyon an inner periphery of the compressor casing
111 to form a stator blade cascade. Then, the stator blade cascade and the rotor blade cascade are

formed alternately in the axial direction. 20 When the rotor blades 112 rotate, the out side air is thereby
compressed &5 B& ledSnteHE GRS uRRnaM 60 LbRR A TAE @RfbRsir lifBrabd-RefstrtdrIstaEan-type
combustor, far example, an lurali the combustor liners 120 are equally provided around the
periphery of[ th%ecro%%éésggrgﬁ%]??ﬁl g%(c%%cﬁ §§ He %:Brln Suior Iclzﬁaerlé%IZB, %eca'llrﬁ?b}‘swtﬁ‘lgﬂ ﬁaegsure is
applied in the-epmtesserand tbe fugkare mped Lo bepwat.apd thersbydhsLambyslion gas is
generated. [0038]The transition piece 10, which will be described in detail 9 later, is connected to an
outlet side eriepdition offthecadimbusion ligas126, anddktoagh the transition piece 10, the combustion
gas from the combustor liner 120 is led to the turbine part 130 while the flow of combustion gas is
adjusted. 5 [0 The eyt rsR HrovidedSRECH LSS Rasitgal SRrk indifasonst 133
having rotor_hlades 132 implanted thereon. A plurality of the rotor blades 132 are implanted in the
AL OT rhY 7brar DAY CHRb i bRt fof SBURE i e B aeArection.

circumferen%l

Further, on annner.19 periphery,of the wrbine.casing 1312 Pluialiaf yatar blades 134 are

disposed to form a stator blade cascade. Then, the stator blade cascade and the rotor blade cascade
are folLlued altecnatebrisrbe-axialidierntioon The cuphustiorogas illeduceskistathie rbinespart 130 is
ejected onto the rotor blades 132 via the stator 15 blades 134, and thereby the rotor blades 132 and
the turbine toradd kotané. Thaaeh apover geaerhtdr fsotishown) Evapibatoe the tarbibenstor 133,

rotational energY IS converted into electric energy. .
10 periphery of the turbine casing 131, a plurality of stator blades

134 are disposed to form a stator blade cascade. Then, the stator
blade cascade and the rotor blade cascade are formed alternately
in the axial direction. The combustion gas introduced into the
turbine part 130 is ejected onto the rotor blades 132 via the stator

15 Dblades 134, and thereby the rotor blades 132 and the turbine rotor
133 rotate. Then, in a power generator (not-shown) coupled to the
turbine rotor 133, rotational energy is converted into electric
energy.

[0040] Next, the transition piece 10 will be explained.

20 [o041] FIG.2 is a view showing a cross section, of the transition
piece 10 having the damage-repairing method of the transition piece
in the first embodiment according to the present invention applied
thereto, along a flowing direction of the combustion gas.

[oo42] As shown in FIG. 2, the transition piece 10 is formed into

25 adouble-shell structure providedwith an inner duct 20 through which
the combustion gas from the combustor liner 120 is supplied to be
led to the turbine part 130 and an outer duct 30 provided so as to

cover an outer periphery of the inner duct 20 with an interval space



[0040]Next, the transition piece 10 will be explained. 20[0041]FIG.2 is a view showing a cross section,
of the transition piece 10 having the damage-repairing method of the transition piece in the first
embodiment according to the present invention applied thereto, along a flowing direction of the
combustion gas. [0042]As shown in FIG. 2, the transgition piece 10 is formed into 25 a double-shell
structure provided with an inner duct 20 through which the combustion gas from the combustor liner
120 is supplied to be led to the turbine part 130 and an outer duct 30 provided so as to cover an outer
periphery of th84RREFYEEN20 with an interval space 10 therebetween. [0043]in the outer duct 30, a

plurality of ejegtion holeg 31, {hrgHan Wiich PArt oL (LT ihe compressgr, 110 3,gjeciad gyg an outer
% ormead. ]fh air g}romt ffbl,

surface of the inner duct 20 are ote that part o € compressor which is

described apavenfynctionsras cRGREnAI K cIORdATAR HPSIrEaN side endapitionotiheinner duct 20
(a left end portion of the inner duct 20 in FIG. 2) is opened into a circular shape. Into the opened end

portion, an eutisisideand pertionaf uthe 2ylindkcdlcormbustofdine it (paightehd pertidm of the
combustor liner 120 in FIG. 2) fits. On the other hand, a downstream side end portion of the inner duct

20 (a right eHePBbrtibs FARIRFECHUHID inkisp)ig sheperiRira 7BeERgulaHabe s 23ector of

annular shage. !Ln. his manner , the shape of a cross section,
QOllng alr .

[0044] An upstream side end portion of the inner duct 20 (a left
end portion of the inner duct 20 in FIG. 2) is opened into a circular
shape. Into the opened end portion, an outlet side end portion of
10 the cylindrical combustor liner 120 (a right end portion of the
combustor liner 120 in FIG. 2) fits. On the other hand, a downstream
side end portion of the inner duct 20 {a right end portion of the
inner duct 20 in FIG. 2) is opened into a rectangular shape or a
sector of annular shape. Inthismanner, the shape of a crosgs section,
15 of the inner duct 20, perpendicular to the flowing direction of the
combustion gas changes from a circular shape to a sector of annular
shape. Further, a coating layer 50 is formed on an inner surface
20a, exposed to the combustion gas, of the inner duct 20.
f6045] The outer duct 30 has a shape corresponding to the shape
20 of the inner duct 20, and an upstream side end portion of the outer
duct 30 (a left end portion of the outer duct 30 in FIG. 2) is opened
into a circular shape, and a downstream side end portion of the outer
duct 30 (a right end portion of the outer duct 30 in FIG. 2) is opened
into a rectangular shape or a sector of annular shape. Further,
25 the upstream side end portion of the outer duct 30 (the left end
portion of the outer duct 30 in FIG. 2) fits into an outlet sgide
end portion of a cylindrical combustor outer cylinder 121 {(a right

end portion of the combustor outer cylinder 121 in FIG. 2) that is



15 of the inner duct 20, perpendicular to the flowing direction of the combustion gas changes from a
circular shape to a sector of annular shape. Further, a coating layer 50 is formed on an inner surface
20a, exposed to the combustion gas, of the inner duct 20. [0045]The outer duct 30 has a shape
corresponding to the shape 20 of the inner duct 20, gnd an upstream side end portion of the outer duct
30 (a left end portion of the outer duct 30 in FIG. 2) is opened into a circular shape, and a downstream

side end portion of the outer duct 30 (a right end portion of the outer duct 30 in FIG. 2) is opened into a
rectangularBREBaHih SBc? SPaRYISF sRBRUEGThEr DERRB D e dhissidereritssetiohiothe outer

duct 30 (thellg %&%ortion.of the OL}ter duct 3 ﬁr&F{lﬁ%é%wits into an outlet side end portion of a

cylindrical combustor Olﬁrelrléxy}ﬁr?ggra Zflfgﬁegh end portloﬁegpthe combustor outer cylinder 121 in

FIG. 2) that [ ddsprovidgad SORSH08RIAN: QHIETRRIIRROFY phihe colnluistonling 20 with-an
interval space therebetween. [0046]At a downstream side end portion between the inner duct 20 and

the outer duzt 38maf thbdransitan ¢iedte 10 (affigiiendrapsiticivhe iesrethiedinter cigh?Osand the
outer duct 30 in FIG. 2) , there is provided a flange-shaped picture frame 40 that seals one end

between th@Finet efudtSerasd thE direl 3ot frénshtieiriiontsritkIEsoRRgidir T to A turbine

part 130 side, [0047]FIG. 3 is a perspective view of the inner duct 20 of the 10 transition piece 10
S 1o g G QPN o S R iFe TP A R SRt the

having the J’amage-re Iring me ho

present inven{ion,applied theseia EiGsdds 3 yignssbawingpart afdheserossaction obtheringer duct

20 of the transition piece 10 having the damage-repairing method of the transition piece in the first 15
embodimenbaceordingta theypeeisentAnventiontapplibethpeate. {8048liEke inner duct 20 of the
transition piece 10 shown in FIG. 3 and FIG. 4 has been used for a gas turbine in a power generating
plant for a loPp&diod oFfifhe. Inigh durer sindade Zobvsiame Mnéheudnp@rcrders &Pbefhd-Beamage
occur. Further, in the inner 20 duct 20, as shown in EIG. 4, creep vQids 61 occur due to creep damage.

The ab8ve EBBVbId BT Sekers i&gr%?érlldf%int%uﬁaﬁ}?&adfrflﬁ%ﬁjrﬂgterﬁ%ﬁzﬁ%iﬁé tfi@hner duct
20. Further,éh}sﬁpgyg&&?gﬁ?e\@!dwtﬁee eoupled.ig.grovig,ihe, crack 9, Nete hat a5 he.damage,

for example, reduction in thickness due to oxidation or erosion, 25 and so 0n are included, besides the
above-descrin®egtacks appnieicepatnds61.F1G. 4 is a view showing part of the
cross section of the inner duct 20 of the transition piece 10 having
the damage-repairing method of the transition piece in the first
15 embodiment according to the present invention applied thereto.
[0048] The inner duct 20 of the transition piece 10 shown in FIG.
3 and FIG. 4 has been used for a gas turbine in a power generating
plant for a long period of time. In an outer surface 20b of the
inner duct 20, cracks 60 being damage occur. Further, in the inner
20 duct 20, as shown in FIG. 4, creep voids 61 occur due to creep damage.
The above creep void 61 occurs in crystal grain boundaries of a base
material forming the inner duct 20. Further, the above creep voids
61 are coupled to grow to the crack 60. Note that as the damage,
for example, reduction in thickness due to oxidation or erosion,
25 and so on are included, besides the above-described cracks 60 and
creep voids 61.
{0049] As described above, the coating layer 50 is formed on the

inner surface 20a of the inner duct 20. The coating layer 50, as



[0049]As described above, the coating layer 50 is foLited on the inner surface 20a of the inner duct 20.
The coating layer 50, as 12 shown in FIG. 4, is provided with a metal layer 51 that is formed on the
inner surface 20a of the inner duct 20 and foLtued of metallic materials, and a ceramic layer 52 that is
formed to be layered on a surface of the above metablayer 51 and formed of ceramic materials. 5
[0050] The inner duct 20 of the transition piece 10 is formed of a Ni-base superalloy such as, for
example, Nimonic263 or Hastelloy X. The metal layer 51 of the coating layer 50 is formed of a metal

such as NiCRSERY Ibfdample. Fh&terdfirIayer B2 MRt tbatfmgaayer 5ohe foffiedUmetamic
such as Zrogritlﬂgllé:ointaing '1%: EX%QZ’%O%OJQ E% stabilizeddforteé%maplg. gurtheé, ti}e m%taﬂayer 51is
]I‘Jén’(?_"g % WST:) S%(I; Il Omﬁ oL meta IcC

formed by, for examp velocity oxygen fue aying, vacuum plasma spraying (VPS) ,

or the like, apgttheicaramisdayer 8rafaumedpyr fenexample atmasphgricpiBesma $REAVNGHKAPS) |
or the like. [0051] Here, a damage- repai r ing met hod in the inner duct 20, having 15 the cracks 60 in
its outer surfase2bicandihaiinglibecnegpaolds/6t msidads thickaess, ofthetransitien jpdee. 10,
which is shown in FIG. 4, is taken as an example to be explained. [0052]FIG. 5 is a flowchart for

explainihg stélf81 the ddifayBRRpAIHAG RBtRdd PrehE trRSitolrpidtargnkYidt Zertddifent

according to the present inventign. FIG. 6.to FIG. 9 are views for explaining the steps of tl%
damage-rep‘ﬁi'lalirﬁeﬁg][_r’ﬁltiztst%osdlgfe fﬁaéatrgﬁ’sﬁ%%hp?escé ﬁwot]ﬁeeﬁ%’f' g?r[n ogl%géoﬁ}la%%égd%ﬁ s hes (nieos%nt

invention, aRd eaglshew-nan fdhesass serion,gt theinner.ducs 20 af s fragsision pigge 10 in
each of the steps. 25 [0053] First, the inner duct 20 of the transition piece 10, which is to be repaired,
is observed sigtiallys aridwdwther, of oethentrack 60rexisier aplace ayraresthe trakk 6daccurs, and
the like are conf irmed. Further, by penetrant inspection, whether or not the crack 60 and 13 the creep
void 61 exist§g&es WHeLPEaAckicoerrthe efeeh dsidBPoddirtananhealive f& inbpécied (step

570)..Ilnocide%ap))g bgf re_confirmipg and inspecting the ﬁlama e, processing similar o _Iater-described
cleaning processing é?@‘&%zfz‘j{?n alssBe perf o%r‘f‘n’éﬁ %TOO%IXT §86§é’qb§}ﬁﬂ§, 2h B%id8%8ffed on
the outer sugface;20b of the innerdug! 2018 L8mOVed AOOHIE Te MRS SIEPASIERSJA-JhE oxide
is removed by, for example, blast processing in which abrasive particles made of alimina and so on
are sprayedAtdugh speed; aidheriiss., Forthae thikexideimsitde therarmiks 6045 el s formed
by, for example, atmospheric plasma spraying (APS), or the like.
[0051] Here, adamage-repairingmethod in the inner duct 20, having
15 the cracks 60 in its outer surface 20b and having the creep voids
61 inside its thickness, of the transition piece 10, which is shown
in FIG. 4, is taken as an example to be explained.
[0052] FIG. 5 is a flowchart for explaining steps of the
damage-repairing method of the transition piece in the first
20 embodiment according to the present invention. FIG. 6 to FIG. 9
are views for explaining the steps of the damage-repairing method
of the transition piece in the first embodiment according to the
present invention, and each show part of the cross section of the
inmer duct 20 of the transition piece 10 in each of the steps.
25 [0053] First, the inner duct 20 of the transition piece 10, which
is to be repaired, is observed visually, and whether or not the crack
60exists, aplacewherethecracké60occurs, andthelikeareconfirmed.

Further, by penetrant inspection, whether or not the crack 60 and



10 treated in, for example, a hydrogen fluoride atmosphere (at a temperature of 1000C or lower, for
example) and is deoxidized to thereby be removed. [0055]Subsequently, the outer surface 20b
(including the cracks 60) , from which the oxide has been removed, of the inner duct 20 15 is cleaned
(step 872) . In a cleaning step, dirt, oil, and the like pn the outer surface 20b of the inner duct 20 are
wiped out with, for example, a waste cloth into which an organic solvent of hydrocarbon or the like
permeates, or the like. [0056]Subsequently, as shown in FIG. 6, a brazing repair material 20 80 is

placed so aS8 CHRFRN @htiré Lr&cki66 in BHE otter&tfifse e*560 oF Bt rahibt DoR(CretRir material
placing step, gsitgpsiln()x)ﬂr[OOSQ ;:I' he ﬂ?{zin reg%ir ma rial Otis ré)yg;;ed v%'th 2 i dlpiowder
i i olte Frctie S at e sk

made by mixing a ase holten alloy powder that ed by aTafer- déscr lisio heat

treatment apd,Ni-Base ﬁﬁaimgI&mZMtsyd@q\ﬁgeﬁmaalaﬂ@géneﬁlﬂﬂ:@@@iﬁ@&@fﬁt@@ﬂf@ of the

above Ni-base molten alloy powder and is not melted by the di usion heat treatment. The Ni-base
molten alloy powdedésstoriissticf Idisld sey aloyses cings(BNeg SBR)-hAyRBR 52 b e fBMrdd BNI-5,
BNi-6, 14 and BNi-7, which are specified in JIS Z3265, Ni-base alloys such as Ni-Cr-W-Fe-Si-B based
alloy, Ni-Si-BY924dd all NSO 6- FROBFASE Enppediet-Bhisassd anos ahatd A8 SiEB based
alloy, and sp.on..The Ni-base non-molten alloy powder is formed 5 of not onl i-bas eralloy
e 25 NS br S e o 51 FEETR b G S e R ORE ShEBihl ateri
forming thejpiaerdydl20, but s MarM4%(hrand name) . BTRIL Lfbraad same) iNz38LE (brand
name) , or the like. [0058]A content ratio of the Ni-basé molten alloy powder in the 10 brazing repair
material 80 é& peafetablyset ia:38donimassta Lihbeasnd way the abevepaageds atefieiaple is that
if the content ratio of the Ni-base molten alloy powder is less than 30 mass%, wettability of the brazing

repair mateFBRF8Y detfeaiRe st Hirl-if tRudmant ik ofiseNitsdstentdite A eteyHeRd? dasdeds 90

%, st th of 15, tionto b ired.d . J0059]As the brazi ' terial 80, th
i Bowd RAEE b oA 15 RIS RolSHATES boW BN NERIE For b

temperature of 1000°C or lower, for example) and is deoxidized to

thereby be removed.
[0055] Subsequently, the outer surface 20b {including the cracks
60), from which the oxide has been removed, of the inner duct 20
15 is cleaned (step S72). In a cleaning step, dirt, oil, and the like
on the outer surface 20b of the inner duct 20 are wiped out with,
forexample, awaste clothintowhichan organic solvent of hydrocarbon
or the like permeates, or the like.
[0056] Subsequently, as shown in FIG. 6, a brazing repair material
20 80 is placed so as to cover the entire crack 60 in the outer gurface
20b of the inner duct 20 (a repair material placing step (step 873)).
[6057] The brazing repair material 80 is provided with a mixed
powder made by mixing a Ni-base molten alloy powder that is melted
byalater-describeddiffusionheat treatment andaNi-basenon-molten
25 alloy powder that has a melting point higher than that of the above
Ni-base molten alloy powder and is not melted by the diffusion heat
treatment. The Ni-base molten alloy powder is formed of Ni-base

alloys such as BNi-1, BNi-1A, BNi-2, BNi-3, BNi-4, BNi-5, BNi-6,



alloy powder that are formed of the above-described Ni-base alloys itself may also be used. Further,
the brazing repair material 80 20 may also be made in paste foLm by adding a binder material for
brazing to the above mixed powder. The brazing repair material 80 is placed so as to cover the entire
crack 60 in the outer surface 20b of the inner duct 2@ by, for example, brush coating, spraying by
spray injection, or the like. Incidentally, as for the crack 60 with a 25 large width, the brazing repair
material 80 is sometimes placed also into the inside of the crack 60 at this placement stage. [0060]In

order to pre¥efit thE brazig tepaf iRateRRF 8B FSmianfing dowh>hd'briAss régairitaterialso may
also be covgge%I .15C WiH‘]_
5 Bing ol

fixing material of, fqr.example, zirconia.and silica after the brazing
repair material 80 béing p aef‘:_)e%nd.l :r%e% z?lo%a\fijeﬁn f%ggaynﬁaﬁlrié (l:a% b%aﬁqeeecrea off By hand or removed by
slightly applying-yibration thereto byhammey onthe dikepfie alatei-tescribad miffusien beazing
step (step 574) . [0061]Subsequently, the inner duct 20 with the brazing repair materials 80 placed
thereon is placedliald vacuamd lseattreatieny fuirsse namd-had tlendifflisip pdede treatiiermiedrformed
therefor (the diffusion brazing step (step 574) ) . In the above diffusion 10 heat treatment, the inner

duct 2Pis nedinfake@atd RMdeRAGR FHPSIG132P0BEFar 29 Mifted 6 23ndisany hrMHove

diffusion heat treat t, th i-base molten al owder. of the brazing repair material 80 is melted,
a2 ook KR L R B R O e B e o e

alloy powder, 15 igipirerusesijnta be nsiste-oheach afthe aracks PO +19A63) When de-gifiysion heat

treatment is perfoimed in a vacuum atmosphere, oxidation of the brazing repair materials 80 at the
time of heatiimeatsnent ¢arahe pieventeddberatsy. Fikther, the temperature of the diffusion heat
treatment is set to 1000 to 1200C, and thereby
[0058] A content ratioc of the Ni-base molten alloy powder in the
10 Dbrazing repair material 80 is preferably set to 30 to 90 mass%. The
reason why the above range is preferable is that if the content ratio
of the Ni-base molten alloy powder is less than 30 mass%, wettability
of the brazing repair material 80 decreases, and if the content ratio
of the Ni-base molten alloy powder exceeds 90 mass%, strength of
15 a portion to be repaired decreases.
[0059] As the brazing repair material 80, the mixed powder made
by mixing the Ni-base molten alloy powder and the Ni-base non-molten
alloy powder that are formed of the above-described Ni-base alloys
itself may also be used. Further, the brazing repair material 80
20 may also be made in paste formby adding a binder material for brazing
to the above mixed powder. The brazing repair material 80 is placed
so as to cover the entire crack 60 in the outer surface 20b of the
inner duct 20 by, for example, brush coating, spraying by spray
injection, or the like. Incidentally, as for the crack 60 with a
25 large width, the brazing repair material 80 is sometimes placed also
into the inside of the crack 60 at this placement stage.

[0060] In order to prevent the brazing repair material 80 from

running down, the brazing repair material 80 may also be covered



20 the Ni -base molten alloy powder can be melted sufficiently, resulting in that diffusion of the brazing
repair materials 80 into the base material foiming the inner duct 20 is obtained. [0063]Subsequently, a
pressurized heat treatment is performed for the inner duct 20 of which the cracks 60 in the outer
surface 25 20b have been repaired (a pressurized haat treating step (step 575). In the pressurized
heat treatment, the inner duct 20 disposed in a predetermined vessel is heated and pressurized under
conditions of temperature of 1000 to 1200C and pressure of 100 to 200 MPa. 16 Further, in order to
prevent oxiddtidh Bf e MRIE DO AnTHEBnYas ARY FEHRICusEd 16 PR Lpressitizea
atmosphere, P tL%O615_11]1"al'.tl'|oer temgerature is set to fall j{vgiairkl)the aboilg ragge,,farrlg g%%rgg%[deterioration of

S herduct gn% & rléa(:overe('i:fllflﬁtﬁer,cfﬁe pressure 1S set o Tl within the

the base mgterlafformlng?ﬁe

above_ rang%a%%@i'&ﬁr% %S Qﬁl_ﬂéﬁ e 8yitihacemes %é@é%twe%tﬁ?g@fﬁfﬁ \é,%iﬂﬁﬁi]n@rmed in
the thickness of the inner duct 20 disappear. Further, even in the case when the brazing repair
material 80 dilesatatsrachdinetip bithe beacks0 ¢ therehyilkave fiteaveaid atte-tie srihdodid fusion

brazing step (step S74) , for example, by performing the pressurized heat treatment, the brazing repair
materidi 80 &t @it My 8EtRIcrabRBO!{ $ESMLAG4M that it becomes possible to let the void

disappear. | Incidentally, it is possible that.the dif fusign heat treated 15 inner, duct 20 is cooled
dlown to the&%gr%aﬂ t:am%%%’%%‘lﬁéi%ﬁszygn%?ﬁeﬁl??%ﬁlbﬂggfed %ogtWel Eﬁazc u(?iz%%ahzété‘tgtré‘”gt?éénrt, or it is
also possiblgthat the difiysion heaktreatedinnes duct 2048 npf cooledbutissupiectadiodba:

pressurized heat treatment subsequently to the dif fusion heat treatment. Further, the diffusion heat
treatment furnace, and has the diffusion heat treatment performed therefor

(the diffusion brazing step (step $74)). In the above diffusion
10 heat treatment, the inner duct 20 igs maintained at a temperature
of 1000 to 1200°C for 10 minutes to 2 hours. By the above diffusion
heat treatment, the Ni-basemolten alloy powder of the brazing repair
material 80 ismelted, and as shown in FIG. 7, the Ni-base non-molten
alloy powder, together with the melted Ni-base molten alloy powder,
15 is introduced into the inside of each of the cracks 60.
[0062] When the diffusion heat treatment is performed in a vacuum
atmosphere, oxidation of the brazing repair materials 80 at the time
of heat treatment canbe prevented thereby. Further, the temperature
of the diffusion heat treatment is set to 1000 to 1200°C, and thereby
20 theNi-basemoltenalloypowdercanbemelted sufficiently, resulting
in that diffusion of the brazing repair materials 80 into the base
material forming the inner duct 20 is obtained.
[0063] Subsequently, a pressurized heat treatment is performed
for the inner duct 20 of which the cracks 60 in the outer surface
25 20b have been repaired (a pressurized heat treating step (step 875) .
In the pressurized heat treatment, the inner duct 20 disposed in
a predetermined vessel is heated and pressurized under conditions

of temperature of 1000 to 1200°C and pressure of 100 to 200 MPa.



20 is performed in a vacuum atmosphere and the pressurized heat treatment is performed in a
high-pressure atmosphere, but by using a heat treatment apparatus capable of controlling a pressure
field to be in a range from vacuum to high pressure, the diffusion heat treatment and the pressurized
heat treatment can be performed continuously. 25 j@066] Subsequently, on the outer surface 20b of
the pressurized heat treated inner duct 20, surface finishing, in which a portion of the brazing repair
material 80 projecting is scraped off to turn the outer surface 20b to the original surface shape as
shown in FIBT Eher isigefbAfEd- st prRRtinkHIRT $8p pdidde 7By e THESH A ceFMRRIR S
performed by using, for examgllgéa %rin er orfthe Iikeé%00657 Subse(#Jee%r%tL\{éth surface finished inner

duct20is s Bjsec?éggtosg Sotutior heat treatment and rzaeg]lnélﬁ:ég? ments under non-pressure (a

non-pressurgeg hpat tregling-sieR{step-a /73 sthecsoklion heatfieatmenighddhe.aging haat

treatment are performed under standard conditions (of temperature, time, and so on) according to the
materials foriéng:He duterdunt 20] die shapiesobtite=imer enct 20f apah 500 R ht0 {B0ed] Notetthat the
non-pressurized heat treating step may also be performed before the surface finishing step. That is,
the surface fifistingetey ergfalsd BEHSR O AP UGS SR (005 IFERr oy H tHe atidla Btefdiethe

damage repairing is completed, [0070]In the above-described damage-repairing method ¢f the 15
transition pIERETR tHETHEL e PRBATRBRE e SASWRAR I BHG cake wheRs 1N Erakees0 Pofxted in

the outer suaqe.200af the.aerehiet 201of e urangition aiesa 10 douaobget ioythegoating laver 50

formed on the inner surface 20a of the inner duct 20 has been taken as an example to be explained.
20 [0071]Next, hieseppeuhererthettiaek GRdarmadindhe auteraufacenOb b hennasghict 20 of
the transition piece 10 gets into the coating layer 50 faulted on the inner surface 20a of the inner duct
20 will be expglafrieth Hék dstepsiiffereacfrotiithd dbove-dascrived ke pairiny shepseivitl beaviginly

explained. . o ) ) )
10 avoidatthetipinthediffusionbrazingstep (step$874), forexample,

by performing the pressurized heat treatment, the brazing repair
material 80 is led to the tip of the crack 60, resulting in that
it becomes possible to let the void disappear.
[0065] Incidentally, it ispossible that thediffusionheat treated
15 inner duct 20 is cooled down to the normal temperature once, and
then is subjected to the pressurized heat treatment, or it is also
possible that the diffusion heat treated inner duct 20 is not cooled
but is subjected to the pressurized heat treatment subsequently to
the diffusion heat treatment. Further, the diffusionheat treatment
20 isperformed inavacuumatmosphere and the pressurizedheat treatment
is performed in a high-pressure atmosphere, but by using a heat
treatment apparatus capable of controlling a pressure field to be
in a range from vacuum to high pressure, the diffusion heat treatment
and the pressurized heat treatment can be performed continuously.
25 [0066] Subsequently, on the oﬁter surface 20b of the pressurized
heat treated inner duct 20, surface finishing, in which a portion
of the brazing repair material 80 projecting is scraped off to turn

the outer surface 20b to the original surface shape as shown in FIG.



25[0072]JFIG. 10 to FIG. 12 are views for explaining steps of the damage - repairingmethod of the
transit ion piece with dif ferent damage formation in the first embodiment according to the present
invention, and each show part of the cross section of the inner duct 20 of the 18 transition piece 10 in
each of the steps. [0073]As shown in FIG. 10, in thggase when the crack 60 faulted in the outer
surface 20b of the inner duct 20 of the transition piece 10 gets into the coating layer 50 formed on the
inner surface 20a 5 of the inner duct 20, a step of repairing an inner surface 20a side of the inner duct

20 is added? [Oé?zll]’ﬁi%?ﬁ’i‘t%iic%éﬁﬁﬁ%@%ﬁé%%ﬁ@ﬂ%’dém%’@b)57QT%ﬁosﬁéﬁ€%hg oxide
removing st p éiterp%%%lggaée%@gv& %1%% .8 }g]t.l r%;e %%%“Q%é?\r}éffé_’o corr%%@ggﬁ ét%t% Eg{(t(laon into

which the 10°¢crac remove Mg layer rem g Steapfg.r heCoating layer

50 correspopgliieg o thespertiepia-whichthe crack 89061543 onbunecRRSAnsiR Pesgmayed, but the
coating layer 50 corresponding not only to the portion into which the crack 60 gets but also to the
periphery ofthiejpartied intoavbishthbmiaickslS 60gainds prefedably emaveteat treatment
5 undernon-pressure (anon-pressurizedheat treatingstep (stepS877)).

The solutionheat treatment and the aging heat treatment are performed

under standard conditions (of temperature, time, and soon) according

to the materials forming the inner duct 20, the shape of the inner

duct 20, and so on.

10 {0068] Note that the non-pressurized heat treating step may also
be performed before the surface finishing step. That is, the surface
finishing step may also be performed at the end.

[o0069] Through the above steps, the damage repairing is completed.
{oo70] In the above-described damage-repairing method of the

15 transition piece in the first embodiment, as shown in FIG. 4, the
case where the cracks 60 formed in the outer surface 20b of the inner
duct 20 of the transition piece 10 do not get into the coating layer
50 formed on the inner surface 20a of the inner duct 20 has been
taken as an example to be explained.

20 [0071] Next, the case where the crack 60 formed in the outer surface
20b of the inner duct 20 of the transition piece 10 gets into the
coating layer 50 formed on the inner surface 20a of the inner duct
20will beexplained. Here, stepsdifferent fromthe above-described
repairing steps will be mainly explained.

25 [0072] FIG. 10 to FIG. 12 are views for explaining steps of the
damage-repairingmethodof thetransitionpiecewithdifferent damage
formation inthe first embodiment according to the present invention,

and each show part of the cross section of the inner duct 20 of the



[0075]Note that the coating layer removing step may also be performed after the oxide removing step
(step 571) and before the cleaning step (step 572). [0076]In the step of removing the coating layer 50,
the ceramic 20 layer 52 formed on an outermost side of the inner surface 20a of the inner duct 20 is
first removed. The ceramic layer 52 is removed by, {@ example, blast processing in which particles
made of alumina and so on are sprayed at high speed, or the like. Then, after the ceramic layer 52
being removed, the metal layer 51 is removed. The 25 metal layer 51, similarly to the ceramic layer 52,
is removed ByiEdtHoReBIREInMhith frsdivebarti@es HRde of alumina and so on are sprayed at

it speed e Nte et e a e S mgy e smoted o bl gnemca
the metal laygrigle @Ltelik8rface 20b of the inner duct 20 of the transition piece
10 gets into the coating layer 50 formed on the inner surface 20a
5 of the inner duct 20, a step of repairing an inner surface 20a side
of the inner duct 20 is added.
[0074] Firgt, after confirming and inspecting the damage (step
570) and before the oxide removing step (step S71), as shown in FIG.
11, the coating layer 50 corregponding to a portion into which the
10 crack 60 gets is removed (a coating layer removing step). Here,
at least the coating layer 50 corresponding to the portion into which
the crack 60 gets is only necessary to be removed, but the coating
layer 50 corresponding not only to the portion into which the crack
60 gets but also to the periphery of the portion into which the crack
15 60 gets is preferably removed.
[0075] Note that the coating layer removing step may also be
performed after the oxide removing step (step $71) and before the
cleaning step (step S72).
[0076] In the step of removing the coating layer 50, the ceramic
20 layer 52 formed on an outermost side of the inner surface 20a of
the inner duct 20 is first removed. The ceramic layer 52 is removed
by, for example, blast processing in which particles made of alumina
and so on are sprayed at high speed, or the like. Then, after the
ceramic layer 52 being removed, the metal layer 51 is removed. The
25 metal layer 51, similarly to the ceramic layer 52, is removed by
blast processing in which abrasive particles made of alumina and
50 on are sprayed at high speed, or the like. Note that the metal

layer 51 may also be removed by, for example, a chemical treatment



[0077]Subsequently, in the above-described cleaning step (step S72) , the inner surface 20a, from
which the coating layer 50 has 5 been removed, of the inner duct 20 is cleaned similarly to the outer
surface 20b, from which the oxide has been removed, of the inner duct 20. [0078]Then, the
above-described processing and treatments in the steps of step 573 to step 876 that are shown in FIG.
5 are performed. 10 [0079] Subsequently, after the surface finishing step (step 876) and before the
non-pressurized heat treating step (step 577), the coating layer 50 is formed on the portion from which

the coating WierSChes berhsremeleasmiflresdtkerihy e edmovidgiesasshoaM ¢ 15haR (a

coating layer foLming step) . 15[0080]In the step of forming the coatjng layer 50, first, the metal layer
51 is foLme@in ag}?]qa%nié&tﬁﬁ“é Yeth 80\%85?' 35‘?]5d53‘}1t0 e ?#?1 rllg te 20a, from which the
coating layer;p,hs begpyemayesinhescoatino davssdemaving step Qfhringes dust 2oy, high
velocity oxygen fuel (HI/OF) spraying, vacuum plasma spraying 20 (VPS) , or the like. Subsequently,
on a surfacgvfihe aretat layer S5du it eeravig, layebh2ws iarmedhby ctojexagnpleyatmesphasc plasma
spraying (APS) or the like. [0081]Then, the above-described treatment in the step of step 877 that is
shown n Fltesispadyed., 26f0082]lHeitantdiiy tirk thé tifflisisndstaxing Staplistep 5ha)oltemer to
prevent the brazing repair material 80 from running down from the tip of the_crack 60, the

above-descibEdFng iRrefitPRaTHSE B Fr KATEF oRStip poftidT BPHR erdtk 66 FotmifHich

duct 20.
[0078] Then, the above-described processing and treatments in the
steps of step S73 to step S76 that are shown in FIG. 5 are performed.

10 {0079] Subsequently, after the surface finishing step (step 376)
and before the non-pressurized heat treating step (step S77), the
coating layer 50 is formed on the portion from which the coating
layer 50 has been removed in the coating layer removing step as shown
in FIG. 12 (a cocating layer forming step).

15 [co80] In the step of forming the coating layer 50, first, the
metal layer 51 is formed in a manner that a metal powder is sprayed
onto the inner surface 20a, from which the coating layer 50 has been
removed in the coating layer removing step, of the inner duct 20
by high velocity oxygen fuel (HVOF) spraying, vacuumplasma spraying

290 (VPS), or the like. Subseqguently, on a surface of the metal layer
51, the ceramic layer 52 is formed by, for example, atmosphericplasma
spraying {APS) or the like.

[oos1] Then, the above-described treatment in the step of step
S77 that is shown in FIG. 5 is performed.

25 [0082] Incidentally, in the diffusion brazing step (step S874),
in order to prevent the brazing repair material 80 from running down
from the tip of the crack 60, the above-described fixing material

may also be provided on a tip portion of the crack 60 from which



20 the coating layer 50 has been removed. [0083]Through the above steps, the damage repairing is
completed. [0084]As described above, according to the damage-repairing method of the transition
piece in the first embodiment, the cracks 5 60 being the damage can be repaired by the diffusion
brazing without the inner duct 20 of the transition piege 10 being defaulted. Further, the brazing repair
material 80 contains the materials forming the inner duct 20 or the Ni-base non-molten alloy powder
having chemical composition similar to that of the materials of the inner duct 20, 10 and thereby after
the diffusior-hearpaatnent. #rete fdrdpoRreNcaieBBYRs mechanical strength at a level equal to

that of the boflse mtterial lLoimin tte inner ductg' 20. [0885]Further, when the pressurizeg\?r;ea treatment
is performe 98P innePacH O T GRS 66 RARRBURTUHA I B SRV Ben

repaired, it igpnssiple tq thejebuleiihie cisspavoids. 81.farmed in, the, thigkpess.of, the Jangrduct 20

and being the damage disappear. Thereby, the deterioration™of the base material forming the inner
duct 20 is reesyesedosotthat themachanicalisitengih ehthe inner dugi20iakenheingrenaiestt
becomes equal to that of the 20 new inner duct 20 before being used. [00861Incidentally, in the
damagé-regeiripgingthbe demhearansitide piepe ir it fystdmisddifentothéragéd whedd thetiner duct

20 has the cracks 60 and the creep voids 61 as the damage has .
the inner duct 20 of thetransitionpiecde 10 beingdeformed. Further,

the brazing repair material 80 contains the materials forming the
inner duct 20 or the Ni-base non-molten alloy powder having chemical
composition similar to that of the materials of the inner duct 20,
10 and therebyafter the diffusion heat treatment, the repaired portion
can obtain mechanical strength at a level equal to that of the base
material forming the inner duct 20.
[0085] Further, when the pressurized heat treatment is performed
for the inner duct 20 of which the cracks 60 in the outer surface
15 20b have been repaired, it is possible to thereby let the creep voids
61 formed in the thickness of the inner duct 20 and being the damage
disappear. Thereby, the deterioration of the base material forming
the inner duct 20 is recovered, so that the mechanical strength of
the inner duct 20 after being repaired becomes equal to that of the
20 new inner duct 20 before being used.
[0086] Incidentally, in the damage-repairing method of the
transition piece in the first embodiment, the case where the inner
duct 20 has the cracks 60 and the creep voids 61 as the damage has
been explained, but the above-described damage-repairing method is
25 applicablealsoctoaportioninwhichreduction inthickness is caused
due to oxidation or erosion as the damage. In the above case as
well, operations and effects similar to those in the above-described

damage-repaliring method can be obtained.



been explained, but the above-described damage-repairing method is 25 applicable also to a portion in
which reduction in thickness is caused due to oxidation or erosion as the damage. In the above case
as well, operations and effects similar to those in the above-described damage-repairing method can
be obtained. 21 (Second Embodiment) [0087]A damiage-repairing method of a transition piece in a
second embodiment is one in which a step of removing damage is added to the damage-repairing
method of the transition piece in the first 5 embodiment. Incidentally, when removing damage, an
oxide also réRfsREe gPtHEEBkile removing step in the damage-repairing methodof the

|
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transitionpieﬁfbiél?tpe firgt é%?%% n}e% ﬁr}clt‘,{'%q‘%(gﬁjd—befea %tggﬁ sdi'f{%rg&%%%@et ?ISS/% %gibﬁé |

damage-repairing metho nsitionpiece In the first embodiment wifl bemain

10[0088]Flemi3ds Adiowcharbies explaining steps-ebtherdaraageragatingamethed shihaitragsition
piece in the second embodiment according to the present invention. FIG. 14 to FIG. 17 are views for
explaining thestdpsadtha-dpaagere petihgdnethodhef thearansitiompieceda the sdoontiewbodiment
according to the 15 present invention, and each show part of the cross section of the inner duct 20 of

the trarsitioRFHIeEaMeRh cadif 6f 8585 RebsY InMBERtANGTEOMPENERTESTs 1Rl FE4AB M as those

explained in the gr%@aggére&aunn%&etg}gg e1‘ t]pg transition piece.in t@ﬁ flrégl%mbodlment are denoted

by the samé reference numer%Fs, and over appec’zln asle%lasna%%nltrﬁeregf ISomted oF %}mrﬁ]ll?%d.
[0089]Here qgimilasly fo- e @haysidasatibedfustemod perteAidamageranaiingimethedin the inner

duct 20, having the cracks
Here, steps different from those in the damage-repairing method of
thetransitionpieceinthe first embodiment willbemainlyexplained.
10 [0088] FIG. 13 is a flowchart for explaining steps of the
damage-~repairing method of the transition piece in the second
embodiment according to the present invention. FIG. 14 to FIG. 17
are views for explaining the steps of the damage-repairing method
of the transition piece in the second embodiment according to the
15 present invention, and each show part of the cross section of the
inner duct 20 of the transition piece 10 in each of the steps.
Incidentally, component parts that are the same as those explained
in the damage-repairing method of the transition piece in the first
embodiment are denoted by the same reference numerals, and overlapped
20 explanation thereof is omitted or simplified.
[ooggl Here, similarly to the above-described first embodiment,
a damage-repairing method in the inner duct 20, having the cracks
60 in its outer surface 20b and having the creep voids 61 in its
thickness, of the trangition piece 10 is taken as an example to be
25 explained.
[o090] First, the inner duct 20 of the transition piece 10, which
is to be repaired, is observed visually, and whether or not the crack

60exists, aplacevwherethecrack60occurs, andthelikeareconfirmed.



60 in its outer surface 20b and having the creep voids 61 in its thickness, of the transition piece 10 is
taken as an example to be 25 explained. [0090]First, the inner duct 20 of the transition piece 10, which
is to be repaired, is observed visually, and whether or not the crack 60 exists, aplacewhere the
crack60 occurs, andthelikeareconfirmed. 22 Further by penetrant inspection, whether or not the crack
60 and the creep void 61 exist, places where the crack 60 and the creep void 61 occur, and the like
are inspected (step S80) . Incidentally, before confiLming and inspecting the damage, processing

similar to 5 FteFa8EcriB¥ AR ITGHIbceBSRGERE PR HARATARbIRD I ITEH Sthésbently,
the cracks GC%in the outer su&fabc 20h o]‘:the inner ducﬁ 20 ascghown in FI(GT-04 rer O\éq:%g grinding
e C gyec?ﬁls N (léa wilere @2 5%%15% I(#I

with a grind stoneroerefﬁe‘fi(ﬁ:é, or Ippin (%erﬁage removing S'E:e%cz(step e portion from

which the ciagk8ihas heen semevrd; 1Ras shomaie FGql4s tWpseg a tappiishapes beveled

groove 90 whose groove cross-sectional area increases toward an outer surface 20b side of the inner

duct 20, forlextomsle:$0FI2iBUbg equrithsstmilany tolthedashgmb goimens sthegateni 1agutface 20b
(including the beveled grooves 90) of the inner duct 15 20 is cleaned (step 582). [0093]Subsequently,
as shown intRSTIEaRehashE FepRATAIRERSPSS 1881 AEEGR S B3 G FrIRLRREFETFEVSIEd groove

90 (a repair erial plaging step (step 583)). On this occasion, the brazing repair materjal 80.is placed
R of 12 28 SEVEIRabi 00280 B Tl g o RN B0 ot

also into the inside of th ové hé%razmg repair fmaterial 80715 Tormed of
materials sigylar {othosgin-the irsiermRedinedl.rrc. 4 are removed by grinding with

a grind stone or the like, or by chipping (a damage removing step
(step 881)). The portion from which the crack 60 has been removed,
10 as shown in FIG. 14, turns into a taper-shaped beveled groove 90
whose groove cross-gectional area increases toward an outer surface
20b side of the inner duct 20, for example.
[0092] Subsequently, similarly to the first embodiment, the outer
surface 20b (including the beveled grooves 90) of the inner duct
15 20 is cleaned (step 582).
[0093] Subsequently, as shown in FIG. 15, the brazing repair
material 80 is placed so as to cover the entire beveled groove 390
(a repair material placing step (step S83)). On this occasion, the
brazing repair material 80 is placed also into the inside of the
20 beveledgroove 90. Note that thebrazingrepairmaterial 80 is formed
of materials similar to those in the first embodiment.
[0094] Subsequently, the inner duct 20 with the brazing repair
materials 80 placed thereon is placed in a vacuum heat treatment
furnace, and has diffusion heat treatment performed therefor (a
25 diffusion brazing step (step S84)}. In the above diffusion heat
treatment, the inner duct 20 is maintained at a temperature of 1000
to 1200°C for 10 minutes to 2 hours.

[0095] By the above diffusion heat treatment, the Ni-base molten



[0094] Subsequently, the inner duct 20 with the brazing repair materials 80 placed thereon is placed in
a vacuum heat treatment furnace, and has diffusion heat treatment perfoimed therefor (a 25 diffusion
brazing step (step 584)). In the above diffusion heat treatment, the inner duct 20 is maintained at a
temperature of 1000 to 1200C for 10 minutes to 2 hgyrs. [0095]By the above diffusion heat treatment,
the Ni-base molten 23 alloy powder of the brazing repair material 80 is melted, and as shown in FIG.
16, the Ni-base non-molten alloy powder, together with the melted Ni-base molten alloy powder,
spreads oufihsiie BAMRLST tiRE bebe|ergrobve s S F0OYBIStBSdquichths Sialtand to #nefirs

embodiment, a pressurized heat treatment is performed (a pressurized heat treating.step (step 585) ) .
sh lnLE?ﬁarE/gtb fﬂgl@ gg—%a é) or - Oats:%ﬁaffolfrpﬁ’&ef?, Eﬁﬁ h J_})&\gt‘?’P

[0097]Subseq8en ly, sim e first embodiment, own ace inishing that

turns the outgrspidace QR (9.18dneariqinal sydacs shape isheriarmedia syifacefaishbing step (step

586) ) . [0098]Subsequently, similarly to the first embodiment, the surface finished inner duct 20 is
subjected taBesalétiar Baatyrociveatnsent and an aging heat treatment under non-pressure (a 15
non-pressurized heat treating step (step S87) ) . [0099]Note that the non-pressurized heat treating
step may al$8 b¥operforpvdispanneihy suribiblansingstdfer Hatis tthemhpfhidesrtishiag step may

also be performed at the end. ) . ,
pressurized heat treatment is performed (apressurized heat treating

step (step S85)).
[06097] Subsequently, similarly to the first embodiment, as shown
in FIG. 17, surface finishing that turns the outer surface 20b to
10 the original surface shape is performed (a surface finishing step
(step $86)).
[0098] Subsequently, similarly to the first embodiment, the
surface finished inner duct 20 is subjected to a solution heat
treatment and an aging heat treatment under non-pressure (a
15 non-pressurized heat treating step (step S87)).
[0099] Note that the non-pressurized heat treating step may also
be performed before the surface finishing step. That is, the surface
finishing step may also be performed at the end.
[0100] Through the above steps, the damage repairing is completed.
20 [0101] In the above-described damage-repairing method of the
transition piece in the second embodiment, as shown in FIG. 4, the
case where the cracks 60 formed in the outer surface 20b of the inner
duct 20 of the transition piece 10 do not get into the coating layer
50 formed on the inner surface 20a of the inner duct 20 has been
25 taken as an example to be explained.
[0102] Next, the case where the crack 60 formed in the outer surface
20b of the inner duct 20 of the transition piece 10 gets into the

coating layer 50 formed on the inner surface 20a of the inner duct



[0100]Through the above steps, the damage repairing is completed. 20 [0101]in the above-described
damage-repairing method of the transition piece in the second embodiment, as shown in FIG. 4, the
case where the cracks 60 formed in the outer surface 20b of the inner duct 20 of the transition piece
10 do not get into the coating layer 50 formed on theginner surface 20a of the inner duct 20 has been
25 taken as an example to be explained. [0102]Next, the case where the crack 60 formed in the outer
surface 20b of the inner duct 20 of the transition piece 10 gets into the coating layer 50 formed on the

inner surface®20klfRBE T GRS - 241 Rl BeerRFlAREE T e1erd rstepgifferain fhsfignd bed
above-described re airin&%tegswvxiﬁ) mainly e Iaine(i. [Olgg]FIG. 18 and FIG. 19 are views for

explaining s%%Bs‘?‘%% W& aEmdge repalrlr?g Tiethod ot tRe TraEt 1 on piece with di f ferent damage 5

foLmation i ¢gysgcond-embadiment @%@Qrdi@gggéh@igﬁgeew\@gwiﬁmgeg%%e%peﬂeof the

cross section of the inner duct 20 of the transition piece 10 in each of the steps. [0104]As shown in
FIG. 10, in thercage-wapaithereiack6oddosmeddn thasuter shfaee2Gh of hiefinves gt a2 §é the

transition piece
5 formationinthe secondembodiment accordingtothepresent invention,

and each show part of the cross section of the inner duct 20 of the
transition piece 10 in each of the steps.
[0104] Ag shown in FIG. 10, in the case when the crack 60 formed
in the outer surface 20b of the inner duct 20 of the transition piece

10 10 gets into the coating layer 50 formed on the inner surface 20a
of the inner duct 20, a step of repairing the inner surface 20a side
of the inner duct 20 is added.
{0105] First, after confirming and inspecting the damage (step
$80) and before the damage removing step (step S81), as shown in

15 FIG. 11, the coating layer 50 corresponding to a portion into which
the crack 60 gets is removed (a coating layer removing step). Here,
at least the coating layer 50 corresponding to the portion into which
the crack 60 gets is only necessary to be removed, but, the coating
layer 50 corresponding not only to the portion into which the crack

20 60 gets but also to the periphery of the portion into which the crack
60 gets is preferably removed.
{0106] Note that the coating layer removing step may also be
performed after the damage removing step (step $81) and before the
cleaning step (step $82).

25 [0107] Subsequently, the crack 60 extending from the cuter surface
20b to the inner surface 20a of the inner duct 20 is removed by grinding
with a grind stone or the like, or by chipping (the damage removing

step (stepS881)). Theportion fromwhichthe crack 60 hagbeen removed,



10 10 gets into the coating layer 50 foimed on the inner surface 20a of the inner duct 20, a step of
repairing the inner surface 20a side of the inner duct 20 is added. [0105]First, after confirming and
inspecting the damage (step 580) and before the damage removing step (step 581), as shown in 15
FIG. 11, the coating layer 50 corresponding to a poriipn into which the crack 60 gets is removed (a
coating layer removing step) . Here, at least the coating layer 50 corresponding to the portion into
which the crack 60 gets is only necessary to be removed, but, the coating layer 50 corresponding not
only to the FETtRRCHTO WhlEﬁCihe]&ac‘kLQGléolg% %E@%m@ﬁ@ﬂﬁﬁe%ﬁﬁﬁﬂ%iw ftdAwvhich
the crack 6(2*?ets is greferab removeg Note that the coat‘:[ ﬁ,« gr remov %step also be

performed after the’damage réioving ste r%%%%%ebe ore eanlng Step(<tep

[0107]Subsgggeg%éhgﬁr@%@rg;ggn@gggr% the guter.suace 20b to the inner surface 20a of the
inner duct 20 is removed by grinding with a grind stone or the like, or by chipping (the damage

removing stépiseEp S8Eupsdhaedquition fimmwhichdhe-cliack 6Qias beeatemp\watkp2b=asphown in
FIG. 18, turns into the taper-shaped beveled groove 90 whose groove cross-sectional area increases
towardhe &2} sutfageiZoIesideuaTiReanAGRJuELRD. FResBnTpie. E@Q@B}%é@?{%tﬁﬂ ifd#tge

above-descyibed cleanin step ( 5 58 e inper surface 20a, from which the coating layer 50 has
been remO\)%‘ae%ﬁﬁg‘?rY & dﬁ&%ﬁgslgﬁ%\’r%é{]‘glﬁwﬁgrlﬁo%@a&ﬁ r SHFER0b (R G R beveled

groove 90) qhe jnges aict 20 I01QA Theo. e aboyssdessribed praseshind ARdITeRCReg. in the

steps of step 583 to step 586 that are Shown in FIG. 13 are pertued.
[0109] Then, the above-described processing and treatments in the

steps of step 583 to step 886 that are shown in FIG. 13 are performed.
10 [0110] Subsequently, after the surface finishing step (step 586)
and before the non-pressurized heat treating step (step $87), as
shown in FIG. 19, the coating layer 50 is formed on the portion from
which the coating layer 50 has been removed in the coating layer
removing step {a coating layer forming step).
15 [0111] Then, the above-described treatment in the step of step
887 that is shown in FIG. 13 is performed.
f0112] Incidentally, in the diffusion brazing step {(step S84),
in order to prevent the brazing repair material 80 f£rom running down
from the tip (a lower open portion}) of the beveled groove 90, the
20 above-described fixing material may also be provided on the tip of
the beveled groove 90 fromwhich the coating layer 50 has been removed.
[0113] Through the above steps, the damage repairing is completed.
f0114] As described above, according to the damage-repairing
method of the transition piece in the second embodiment, the cracks
25 60 being the damage can-be repaired by the diffusion brazing without
the inner duct 20 of the transitionpiece 10 beingdeformed. Further,
the brazing repair material 80 contains the materials forming the

inner duct 20 or the Ni-base non-molten alloy powder having chemical



10 [0110] Subsequently, after the surface finishing step (step 586) and before the non-pressurized
heat treating step (step S87) , as shown in FIG. 19, the coating layer 50 is formed on the portion from
which the coating layer 50 has been removed in the coating layer removing step (a coating layer
forming step) . 15 [0111]Then, the above-described tgeatment in the step of step 587 that is shown in
FIG. 13 is perfomed. [0112]Incidentally, in the diffusion brazing step (step S84) , in order to prevent the
brazing repair material 80 from running down from the tip (a lower open portion) of the beveled groove

90, the 20 a%%\‘)@%%’éﬁ%cﬁﬁﬁﬁé%ﬁa?é?i&hﬂﬁy%sﬁf% BRAAdG bR B ihoftREYeVEIEH giBeve 90
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IOd'fl
repairing is complete Scribed above, accor e damage-repairing"method of the

transition pi%%l%iBﬁ%%ﬁ%@@kﬁﬁ?@gﬁgﬂkéﬁﬁﬁa&@aﬁQQ@@ he damagecap-he.Lepgited by the

diffusion brazing without the inner duct 20 of the transition piece |ObeingdefoLuied. Further, the brazing
repair matetialt8f-dantaffia-thipateralsdampingudbe inoer duct 20 or the Ni-base non-molten alloy
powder having chemical
5 [0115] Further, when the pressurized heat treatment is performed
for the inner duct 20 of which the cracks 60 in the outer surface
20b have been repaired, it is possible to thereby let the creep voids
61 formed in the thickness of the inner duct 20 and being the damage
disappear. Thereby, the deterioration of the base material forming
10 the inner duct 20 is recovered, so that the mechanical strength of
the inner duct 20 after being repaired becomes equal to that of the
new inner duct 20 before being used.
[o116] Incidentally, in the damage-repairing method of the
transition piece in the second embodiment, the case where the inner
15 duct 20 has the cracks 60 and the creep voids 61 as the damage has
been explained, but the above-described damage-repairing method is
applicablealsotoaportion inwhichreduction inthickness is caused
due to oxidation or erosion as the damage. In the above case as
well, operaticns and effects similar to those in the above-described
20 damage-repairing method can be obtained.
[0117] According to the above-explained embodiments, even when
damage occurs over an extended range, it becomes possible to easily
repair the damage without a component member of the transition piece
being deformed.
25 [0118] While certain embodiments have been described, these
embodiments have been presented by way of example only, and are not
intended to limit the scope of the inventions. Indeed, the novel

embodiments described herein may be embodied in a variety of other



26 composition similar to that of the materials of the inner duct 20, and thereby after the diffusion heat
treatment, the repaired portion can obtain mechanical strength at a level equal to that of the base
material foul ing the inner duct 20. 5 [0115]Further, when the pressurized heat treatment is performed
for the inner duct 20 of which the cracks 60 in the ogter surface 20b have been repaired, it is possible
to thereby let the creep voids 61 formed in the thickness of the inner duct 20 and being the damage

disappear. Thereby, the deterioration of the base material faulting 10 the inner duct 20 is recovered, so
that the me&RZMIEal SHERGRTBIARE inKBF YO0 By réplag%fo%éédrﬁ% SHirhl THIRFEST the new

inner duct 20 before bein . [0116]incidentally, in the damage-repairing method of.the transition
piece in thelsnecgcglr?d feorrszglo %rigﬂ , %%Jbééls'{én W %’?’e%ﬁg?ﬁ%%)ﬁ?g}l d%qzc?&xé)wgg %‘8 (r:nr%% s'60°and the creep
voids 61 asdbgslamagerhanherrepiainge dud he,ahevesdescribed slamagadsnaling melbod is
applicable also to a portion in which reduction in thickness is caused due to oxidation or erosion as the
damage. Indhe aboweécasguas ablinoperatmnsrarghdfdcts simdaeto thosk indhesboerve-described 20
damage-repairing method can be obtained. [0117]According to the above-explained embodiments,
even when ’Bﬁﬁ?‘}g’éléédﬂ§%\%? drel@nied ralaé it Bebbmespusitiado Tasiy Fepdir & damage
without a component member of the transition piece being deformed. 25 [0118]While certain
embodiment&B&0E B described, these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions. Indeed, the novel



embodiments described herein may be embodied in a variety of other 27 forms; furtheLmore, various
omissions, substitutions and changes in the form of the embodiments described herein may be made
without departing from the spirit of the inventions. The accompanying claims and their equivalents are
intended to cover such forms or 5 modifications as pguld fall within the scope and spirit of the
inventions. 28 WHAT IS CLAIMED IS: 1. A damage-repairing method of a transition piece that
repairs damage caused in a transition piece, the method comprising: 5an oxide removing step of
removing awlg&?ae%n QROUEPsUrfaice of the transition piece having the damage; a repair
material placing step of placing a brazing repair material on the outer surface, from which the oxide
has been removed, of the transition piece so as to cover the damage; 10a diffusion brazing step of

diffusion_ heat tre_ating.th_e Araa@q@bpi@ggﬂmﬁée Q@A@gir%gaign@gﬂ@ipj%ﬁd 1_t,tl%r@@n@{gﬁ_meIting
the brazing repair material to repair the damage formed in the outer surface; a pressurized heat
treating stepefaincedaigigeressiged Inhe atrtagetingi thre praasiiprepece bhwdichrtipe dahmge folilted
in the outer surface has been repaired;
5 an oxide removing step of removing an oxide on an outer surface
of the transition piece having the damage;

a repair material placing step of placing a brazing repair
material on the outer surface, fromwhich the oxide has been removed,
of the transition piece so as to cover the damage;

10 a diffusion brazing step of diffusion heat treating the
transition piece with the brazing repair material placed thereon
and melting the brazing repair material to repair the damage formed
in the outer surface;

a pressurized heat treating step of, under high pressure,

15 heat treating the transition piece of which the damage formed in
the outer surface has been repaired;

a surface finishing step of scraping off the brazing repair
material projecting from the outer surface of the pressurized heat
treated transition piece; and

20 a non-pressurized heat treating step of, under non-pressure,
solution heat treating and aging heat treating the surface finished
transition piece.

2. A damage-repairing method of a transition piece that
repalrs damage caused in a transition piece, the method comprising:

25 a damage removing step of removing the damage formed in an
cuter surface of the trangition piece;

a repair material placing step of placing a brazing repair

material so as to cover the portion from which the damage has been



a surface finishing step of scraping off the brazing repair material projecting from the outer surface of
the pressurized heat treated transition piece; and 20a non-pressurized heat treating step of, under
non-pressure, solution heat treating and aging heat treating the surface finished transition piece.

2. A damage-repairing method of a transition piece that repairs damage caused in a transition piece,
the method comprising: 25a damage removing step of removing the damage formed in an outer
surface of the transition piece; a repair material placing step of placing a brazing repair material
soasto cm?éi"tﬂ'éerﬁ]drtion from which the damage has been 29 removed,; a diffusion brazing step
of diffusion heat treaatin&tpg transiti%r% giﬁ%e Wit@ éhe(%aaigg g airm terigl Ellg;\é:eg.ther 3{1 and

e
melting the brazing repair material to repalrgfhg po?tion from 5 WHIGH t ee%amagealnlfll% olter surface

has been rampguediion dPEeSSUiZed heat eating sterph Lndeshigh Riessueeheahieating the
transition piece of which the damage formed in the outer surface has been repaired; a surface

finishing stemdfselaping afhthébaazing repea it magteriabfrajectingdiomtthe puter Sorfacecof the
pressurized heat treated transition piece; and a non-pressurized heat treating step of, under
non-préssutdilutidie hearaesting ahaeaging et Weklifg the Subaes frfSIStEansition piece. 153.
The(kﬂnaQGJepamgggg%%ggégéggtﬁgg%ﬁ%@g&%%hg step of, under high pressure,
heat treating the transition piece of which the damage formed in
the outexr surface has been repaired;
a surface finishing step of scraping off the brazing repair
10 material projecting from the outer surface of the pressurized heat
treated transition piece; and
a non-pressurized heat treating step of, under non-pressure,
solution heat treating and aging heat treating the surface finished
transition piece.
15 3. The damage-repairing method of the transition piece
according to claim 1,
wherein the damage gets into a coating layer formed on an
inner surface of the transitionpiece, the method further comprising:
a coating layer removing step of removing the coating layer
20 corresponding to at least a portion into which the damage gets before
or immediately after the oxide removing step; and
a coating layer forming step of forming the coating layer
on the portion from which the coating layer has been removed in the
coating layer removing step between the surface finishing step and
25 the non-pressurized heat treating step.
4. The damage-repairing method of the transition piece

according to claim 2,

wherein the damage gets into a coating layer formed on an



according to claim 1, wherein the damage gets into a coating layer forirted on an inner surface of
the transitionpiece, themethod further comprising: a coating layer removing step of removing the
coating layer 20 corresponding to at least a portion into which the damage gets before or immediately
after the oxide removing step; and a coating layer forming step of forming the coating layer on the
portion from which the coating layer has been removed in the coating layer removing step between the
surface finishing step and 25 the non-pressurized heat treating step. 4. The damage-repairing

method of A& S5 AFERIACRBEMA} - EAMHR RioFRrdif tecdindde gehen P aRbARRYJayer

formed on an 30 inner surface o{f the transition. giece the(g%ethod further %(l)m E)is'kn : a coating
it

layer removing step %f?g%to%/?@g fe coa i%la g}}e C(S)’trj'r%gpondll?r‘i::ggEl & Af'Rasta POrtio %a\m‘ﬁ%h the

damage getsdiefpre, ghimmedistely altgsdhe (armage remQyiRgistan a0 d RascRARg dayet frning step

of forming the coating layer on the portion from which the coating layer has been removed in the
coating layestretinonminny stegl e tnfeanrthehsu dace fiaishéng-stbpcangd: the; namdressurized heat treating
step. 5. The damage-repairing method of the transition piece 10 according to claim 1,
5 a coating layer forming step of forming the coating layer
on the portion from which the coating layer has been removed in the
coating layer removing step between the surface finishing step and
the non-pressurized heat treating step.
5. The damage-repairing method of the transition piece
10 according to claim 1,
wherein the brazing repair material contains a mixed powder
made by mixing a Ni-base molten alloy powder that is melted by a
diffusion heat treatment and a Ni-base non-molten alloy powder that
has a melting point higher than that of the Ni-base molten alloy
15 powder and is not melted by the diffusion heat treatment.
6. The damage-repalring method of the transition piece
according to claim 2,
wherein the brazing repair material contains a mixed powder
made by mixing a Ni-base molten alloy powder that is melted by a
20 diffusion heat treatment and a Ni-base non-molten alloy powder that
has a melting point higher than that of the Ni-base molten alloy
powder and is not melted by the diffusion heat treatment.
7. The damage-repairing method of the transition piece
according to claim 5,
25 wherein, in the brazing repair material, a content ratio of
the Ni-base molten alloy powder ig 30 to 90 mass%.
8. The damage-repairing method of the transition piece

according to claim 6,



wherein the brazing repair material contains a mixed powder made by mixing a Ni-base molten alloy
powder that is melted by a diffusion heat treatment and a Ni-base non-molten alloy powder that has a
melting point higher than that of the Ni-base molten alloy 15 powder and is not melted by the diffusion
heat treatment. 6. The damage-repairing methgd of the transition piece according to claim 2,
wherein the brazing repair material contains a mixed powder made by mixing a Ni-base molten alloy
powder that is melted by a 20 diffusion heat treatment and a Ni-base non-molten alloy powder that has
a melting point highépBnifRat be thENFasd b repalisy pavRIckahd & ABRRRIMed BY thefiffusion

heat treatmg t. N —b7' The dﬂna e-&elpairin% ethod of3t eéran%ié[ion piece according to claim 5,
25wherein, I 'the raz‘:ilnsge ré“b)air Mat8rial4 Eoneftratio of the Nicbade miolen alloy powder is 30 to 90

mass%. 8. The;damage-rgpairing mefhad-oh heaANHoR Pigqe-2¢coIHing 1 plajin &,e31
wherein, in the brazing repair material, a content ratio of the Ni-base molten alloy powder is 30 to 90
mass96. acOotherdamagerapairing method of the transition piece according to claim 1, Swherein,
in the diffusion brazing step, the diffusion heat treatment is performed under vacuum.
5 wherein, in the diffusion brazing step, the diffusion heat
treatment is performed under vacuum.
10. The damage-repairing method of the transition piece
according to claim 2,
wherein, in the diffusion brazing step, the diffusion heat
10 treatment is performed under vacuum.
11. The damage-repairing method of the transition piece
according to claim 1,
wherein, in the diffusion brazing step, temperature of the
diffusion heat treatment is 1000 to 1200°C.
15 12. The damage-repairing method of the transition piece
according to claim 2,
wherein, in the diffusion brazing step, temperature of the
diffusion heat treatment is 1000 to 1200°C.
13. The damage-repairing method of the transition piece
20 according teo claim 1,

wherein, in the pressurized heat treating step, temperature

of a heat treatment is 1000 to 1200°C and pressure ig 100 to 200

MPa.
14. The damage-repairing method of the transition piece
25 according to claim 2,
wherein, in the pressurized heat treating step, temperature

of a heat treatment is 1000 to 1200°C and pressure is 100 to 200

MPa.



10. The damage-repairing method of the transition piece according to claim 2, wherein, in the
diffusion brazing step, the diffusion heat 10 treatment is performed under vacuum. 11. The
damage-repairing method of the transition piece according to claim 1, wherein, in the diffusion
brazing step, temperature of the diffusion heat treatmient is 1000 to 1200C. 1512. The
damage-repairing method of the transition piece according to claim 2, wherein, in the diffusion
brazing step, temperature of the diffusion heat treatment is 1000 to 1200C. 13. The
damage-repairing méthod oftherifassifidepiedese aherirdpedainas beenyFera nadhey
pressurized l}?at Ctlreatlr}; steg tem eratureilof a hgz%htreatment Is 1000 tq 1200C and Cgressure is 100
to 200 MPa. %%Fnla repalrlng me od b hetransifioR lpflaecéae Cotdi ﬁgtt8 claim 2,
wherein, in theQrgssurized heat treating step, temperature of a heat treatment is 1000 to 1200C and
pressure is 100 to 200 MPa. 32 15. A transition piece whose damage has been repaired by the
damage-repairing mathod @ the dtanbtiiosnpieteaccaiding t@=plaife lhas bedf. Adpansiianipiece
whose damage has been repaired by 5 the damage-repairing method of the transition piece according
to clainf2. the damage-repairing method of the transition piece according to

claim 2.



