ENHANCED WELDABI LI TY FOR HI GH STRENGTH CAST AND WROUGHT NI CKEL
SUPERALLOYS BACKGROUND OF. THE | NVENTION (1) Field of the Invention

[ 0001] The present invention relates to a nmethod for repairing turbine
engi ne conmponents nmade from a ni ckel -based superalloy. (2) Prior Art

[ 0002] The wel ding of highly alloyed nickel -based materials, also
known as superalloys, is difficult as judged by nondestructive

i nspection rejections which require that defective welds be recycl ed,

i .e. re-velgadker ardigaisiiast edr netnsPBehRn eheT Eﬂbswﬁbﬁéﬁ@'ﬁTbKEL

especially applies to cast superalloys having high titanium and
al um num concentrations in addltléﬁﬁ%gﬂéPﬁgﬁ el enents, such as carbon

and boron, which can reduce wel dability.

BACKGROUND OF THE INVENTION
(1) Field of the Invention
[0001] The present invention relates to a method for
repairing turbine engine components made from a nickel-based

superalloy.

(2) Prior Art

[0602] The welding of highly alloyed nickel-based materials,
also known as superalloys, is difficult as judged by non-
destructive inspection rejections which require that defective
welds be recycled, i.e. re-welded, re-heat treated, re-
inspected, ete. This situation especially applies to cast
superalloys having high titanium and aluminum concentrations in
addition to other elements, such as carbon and boron, which can
reduce weldability.

[0003] It is known in the prior art to repair cast nickel-
based superalloy gas turbine engine cases using a replacement
flange and electron beam (EB) welding. The replacement flange
is typically formed from a wrought nickel-based superalloy.
Some electron beam welds used to join these two components
together experience a controlled amount of microcracking which
typically occurs in heat affected zones (HAZ) and sometimes in
the weld area itself. These subsurface defects can propagate to
the surface as a result of solidification shrinkage strains
and/or post-weld heat treatments intended to lower or eliminate
weld residual stresses. Such surface cracks are detectable by
fluorescent penetrant inspection (FPI) techniques only if they

are large enough. The same strains can also propagate welding-



[0003] It is known in the prior art to repair. cast nickel- based
superal | oy gas turbine engine cases using a replacenent flange and
el ectron beam (EB) wel ding. The replacenent flange is typically
formed froma wought nickel -based superalloy. Some el ectron beam
wel ds used to join these two conponents together experience a
controll ed anount of m crocracking which typically occurs in heat
af fected zones (PAZ) and sonetines in the weld area itself. These
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only be detectable through netall ographic evaluation. Metallographic

limts Stuaesesdtemperatures or may be casting defects which propagate
to detectable size during engine operation and/ox repair thermal
cycles.
[0005] Both EB flange replacement and GTAW crack weld repairs
require that the welding source demonstrate its ability to
produce acceptable welds. Defects visible by fluorescent
penetrant inspection (FPI) are not allowed. Defects detected by
radiography are allowed according to size and frequency limits.
However, destructive evaluation limits are also present. They

pertain to defects which can only be detectable through

wetallographic evaluation. Metallographic limits allow the
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2 presence of mcrocracks but again limt thei.r size and frequency.
[ 0006] There is a need for a method which allows repairs to be
performed with | ess need for re-wel ding using electron beam wel di ng
or other welding nethods (e.g. GITAW plasma arc). SUWARY OF THE
| NVENTI ON [ 0007] Accordingly, there is provided in accordance with the
present invention a nethod for repairing cast nickel based gas
tur bi ne engi ne cases using EH welding virtually w thout the presence
of m cr opraakte PEORELEOCcALEHs dane eagslilrh kg tPEBEEAt si A egd ONn, a
met hod for :

frequency.

[oc006] There is a need for a method which allows repairs to

be performed with less need for re-welding using electron beam

welding or cother welding methods (e.g. GTAW, plasma arc).

SUMMARY OF THE INVENTION

[0007] Accordingly, there is provided in accordance with the
present invention a method for repairing cast nickel based gas
turbine engine cases using EB welding virtually without the
presence of microcracks.

[o008] In.accordance with the present invention, a method for
repairing a turbine engine component comprises the steps of
providing a turbine engine component formed from a nickel-based
superalloy, removing any defects from the turbine engine
component, the removing step comprising subjecting the turbine
engine component to a solutioning heat treatment using a heating
rate in the range of from 29 degrees Fahrenheit per minute to
. approximately 40 degrees Fahrenheit per minute as the componént
passes through a temperature in the range of from 1100 degrees
Fahrenheit to 1600 degrees Fahrenheit, and welding the turbine
engine component to effect the repair.

[0009] Other details of the enhanced weldability for high
strength cast and wrought nickel superalloys, as well as other
objects and advantages attendant thereto, are set forth in the

following detailed description and the accompanying drawings.

BRIRF DESCRIPTION OF THE DRAWINGS
[(0010] FIG. 1A is a photomicrograph showing a wrought version

of a Waspaloy sample subjected to a conventional solution heat
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repairing a turbine engine conponent conprises the steps of providing
a turbine engine conponent fornmed from a nickel -based superall oy,
renovi ng any defects fromthe turbine engi ne conponent, the renoving
step conprising subjecting the turbine engi ne conponent to a
solutioning heat treatnment using a heating rate in the range of from
29 degrees Fahrenheit per mnute to approximtely 40 degrees
Fahrenheit per mnute as the conponent passes through a tenperature
in the tzagemeht f foli did) egr eeanvEahiendki 10440 IGO0 mtgr eesling
Fahrenhei% _and wel ding the turbine engine conponent to effect the
repair.rﬁ 609]C1her details of the enhanced weldability for high

strengt fooas! andrae oughtisniaCkbbtoperadtays, ofs Waldugds otk8lion of a
obj ects_and advant ages attendant thereto, are set farth in_the

fol | owi HGSHRLAY | BYRHER FHPEGFIahE RhECRETIHARIRY P ldtdrrngsat BRI EF

DESCRI PELED En T HindDRAWINGS 0] B Gat | A 385t ot @Eiggeagr aph
showi ng a wought version of a vaiggggg sanpl e subjected to a
o]

convent FAREFPIRSH A MUt helow | | owed by a conventi onal
a?oﬁgm Tobube CoO@Y SRR o YRLELRE GrodPalis SnAIPY €6AYM 98P 2n %t
a Waspaloy =ample;
[0013] FIG. 2B is a photowmicrograph showing a caét version of
a Waspaloy sample after slow cooling;
[0014] FIG. 3A is a photomicrograph showing a wrought wversion
of a Waspaloy sémple;
[0015] FIG. 3B is a photomicrograph of a wrought version of a
Waspaloy sample after slow cooling;
[0016] FIG. 4A is a photomicrograph showing a cast version of
a Waspalcoy sample; and
[0o17] FIG. 4B is a photomicrograph showing a cast version of

a Waspaloy sample aftex slow cooling.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0018] As mentioned above, the present invention relates to a
method for repairing turbine engine components formed from
nickel based superalloys, such as Waspaloy, using electron beam
welding, GTAW, or plasma welding.
[0019] In accordance with the present invention, prior to
welding, it is important to remove any remnants of original
defects from the turbine engine component to be repaired and/or
any replacement part to be welded to the turbine engine
component. An FPI inspection technigque may be used to detect
any defects in the turbine engine component and/or the
replacement part(s). Preferably, FPI sensitivity is increased

from “High Sensitivity” FPI chemicals to “Ultra-High
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Waspal oy sanpl e subjected to a conventional solution-sheat treatnent
and then slow cooled at a rate of 1 degree Fahrenheit/m nute to bel ow
1250F; [0012]FIG 2A is a photom crograph showi ng a cast version of a
Waspal oy sanple; [0013]FIG 28 is a photom crograph showi ng a cast
version of a Waspal oy sanple after slow cooling; [0014]FIG 3Ais a
phot om crograph show ng a wought version of a Waspal oy sanpl e;
[0015]FIG 38 is a photom crograph of a wought version of a Waspal oy
sanpl e addreyitsihdwy?o@PiInghemicals. Suitable ultra-high sensitivity FPI

chemicals which can be used include Magnaflux ZL37 manufacturerd
by Magnaflux Corp. and Turco P60H2 manufactured by Turco
Products, Inc. The presence of pre-existing defects where cast
nickel superalloy welds are required results in a very high
probability of having cracks in the repaired component. Defects
are taken as any of the casting flaws mentioned previously as
well as service-induced cracking. The use of “ultra-high
sensitivity” chemicals enables the detection of more flaws and
thus provides greater assurance of their removal by standard
blending methods prior to welding the component and/or the
replacement part(sﬁ. |

[0020] Optionally, one could perform (1) a short thermal
cycle and/or (2) lightly chemically etch the area to be welded
on the turbine engine component and/or the replacement part (s)
prior to FPI inspection to help assure that remnants of the
original defects are removed prior to welding.

[0021] The short thermal cycle technigue may comprise the
gstepe of increasing the temperature of the component and/or the
replacement part(s) to a temperature in a range of 1475 to
15259F. Air isg an acceptable atmosphere and the heating rate is
optional.

[0022] Alternatively, when distortion needs to be controlled,
the component and/or the replacement part(s) may be placed in a
cold oven with air as an atmosphere. The temperature of the
component and/or the replacement part(s) may be increased to
approximately 600 degrees Fahrenheit and held there for 30
minutes. The temperature of the component and/or replacement
part(s) may then be increased to approximately 900 degrees
Fahrenheit and held there for 30 minutes. The temperature of
the component and/or the replacement part({s) way then be

increaged to approximately 1000 degrees Fahrenheit and held
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[0016] FIG 4A is a photom crograph showi ng a cast versien of a
Waspal oy sanple; and [00171FI G 4B is a photom crograph showi ng a
cast version of a Waspal oy sanple after slow cooling. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0018] As nenti oned above,
the present invention relates to a nethod for repairing turbine
engi ne conponents formed from ni ckel based superall oys, such as
Waspal oy, using el ectron beam wel di ng, GTAW or plasma wel di ng.

[ 0019] | Bhace ofsharTe wirutdshe mhesesipéfyente WE Hid @orpeneatdang/ ot t

is inmportant to renove any remants, of_oriqi nal defects fromthe

{ ur bi ne* ERUF FE RN G0 - PEPaPF ciE HhdrDr HRPHEEAtHE BBt 2 phHESE
to be wehflgd &P fien t1uiy R eBEENEc§LEPS N HrerEe kP laridnsReat tRAre for
techni que nay be used to detect any defects in the turbine engine

conponehPUBNRPEFS t hethegmaddementhpab TR T2 P Glathihy cPPPOBERS| #1445

i's increagsedef1 Qmmddigha3ens)t kit e EEL-&NaM G $0fo0 dabrbla- High
Fahrenpheit at a rate of not faster than 100 degrees Fahrenheit
every 15 minutes. The subsequent cooling rate is opticnal.
[oo23] The light chemical etching of the area to be welded is
used so that there is no smeared metal present which could
affect the ability of the FPI to see cracks. Welding without
removing all vestiges of the prior cracking significantly
increases the probability of repair weld cracking. The light
chemical etching procedure may be as follows: swab etching the
routed area uging a ferric chloride solution for three to five
minutes keeping the routed area continuously wet; thoroughly
water rinse; and high or, preferably ultrahigh, fluorescent
penetrant inspect the routed area for any remaining crack(s).
[0024] Solution treatment within the broad range of 1850 to
1975 degrees Fahrenheit frequently exposes rejectable defects in
areag that were acceptable prior to solution heat treatment.
The apparent reason for this behavior is that existing
subgurface defects propagated to the surface by the thermal
strains encountered during heat treatment and thus enabled
detection by FPI. Another possibility is that additional
strains were created by the solid state precipitation (aging)
reactions that occur in nickel based superalloys, such as
Waspaloy, during exposure to intermediate temperatures within
the broadly defined region of 1100 to 1600 degrees Fahrenheit.
These precipitation reactions cause crystallographic changes in
the alloy resulting in a smaller lattice parameter after heat
treatment. These shrinkage strains can also cause cracking as

the component is heated to the pre-weld solution temperature.
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Sensitivity" FPI chem cals. Suitable ultra-high sensitivity FPI

chem cal s which can be used include Magnafl ux ZL37 manufacturerd by
Magnaf | ux Corp. and Turco P60H2 manufactured by Turco Products, Inc.
The presence of pre-existing defects where cast nickel superall oy

wel ds are required results in a very high probability of having
cracks in the repaired conponent. Defects are taken as any of the
casting flaws nentioned previously as well as service-induced

cracki nFhiFherackind tedhargidn gl kepwnt avi sytaohede alrs pesabveddt heat

detecti e.f %%E nd thus provides greater assurance of their
reanaI%%$ggF§ﬁ a?ﬁé eﬁ@ing met hods prior to welding the conponent

and/ or tllkez25¢pl acEnErtteparin EedrdadokOpt tloniid yprewentc duivénpephior thhe
1) a shoct thermal cycle .and/or. (2).lightly chem.cally etch the ea
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part (s) chfnbOheh®s FRAd fds pefilisRned thphpt asesires thellddE matherotnihe

original defects are renoved prior to welding. [0Q21] The short .
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tenperature in a range of 1475 t6 1525F. Air is an acceptable

at mosphéperaném pRl ekl | drprafse Fiabrephrbhaper [UORMA iseusal vl fhat
when di ghar LhQ0-H8edSs; & %i%i??%%’éokﬁ@gi if)&f A0k ahEE of
repl acenent part(s) nay be placed in a %o d oven wth air as a
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part(s) be Lhcre X| 6, d e Fahr enhei t _and
el o' nEPBEF of e o e LR e bR Yo e (R Foh e aA
repl aceagat cpackisg tmyoddhen bdadendigasele t comppent (Ht end 968

the. ConBENARECIRAY ot h r GHHITBRE. Bar PLET ibrs o bES Aepbadeares

appr oxi Faheeyhd 000 stggseasfaaiaeakei foangohe! than 17 minutes,
preferably less than 13 minutes. After the component and/oxr
replacement part(s) has reached the desired solution
temperature, it is held at temperature for about 3.0 to 5.0
hours, and then cooled in air. The point of the aforementioned
modification to the solution heat treating process is to
minimize the time avallable for the aging strains to develop
(which would facilitate cracking prior to welding). Prior art
processes did not control the heating rate within this
temperature range. It should be noted that once the component
and/or replacement part(s) is/are solution treated, the residual
stresses eggentially have been reduced to at/near zero.
Consequently, there is no risk of strain-age cracking occurring
during cooling from the solution treatment temperature.
[0026] Solution heat treatment is known to improve
weldability by disscolving the vy’ particles which leads to an
increase in ductility and a corresponding decreagse in strength.
Increasing a nickel based superalloy’s high temperature

ductility allows it to accommodate welding and other imposed
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there for 30 mnutes. The tenperature of the conmponent and/or =

repl acenent part(s) may then be held to a tenperature in a first
range of from 1475 to 1525 degrees Fahrenheit and held there for four
hours. Thereafter, the tenperature of the conponent and/or the

repl acenent part(s) nmay be decreased to 500 degrees Fahrenheit at a
rate of not faster than 100 degrees Fahrenheit every 15 mi nutes. The
subsequent cooling rate is optional. [0023] The |ight chem cal etching

of the asemains beitmhdedraskisgd svhéhatidbens isslneisieacad geéatment
present which could affect the abili of the FPI tg see cracks,

t .
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rinse; and high or, preferably ultrahi'gh, fluorescent penetrant

i nspect faereestBahzardwiftol sampcheneiai gl egtaoie sp enh@dl4ahsol uti on
treat ment_wkt.hjn. the 0 f 1850 .0 A e -ahr ephei t
fr equentW?y\ée%(%%i;le@'r ejqélc{aa %bcrlogaggf gc‘f’%@)?ntﬁaef as gt q\%&?étgggépgabl e
prior tocsolingomirweaf threst feft toThe daparantFateesbeitdminhie is

behavior_is.th exi sti,n bsurface defect.s opagated t h

our face ByRhe T o0, 2RSS deREbRar e MRl et Bor abrierssny
t hus enaphedesies Bctniontdy. FRhisAadlbes Pposisidiifiidantl $imBaEoadgr ti onal
strains were,created by the solid,state precipitatign (ag&g&é ,
react i onBFEFHRL G (59 MCEkEl dBALRE € Qﬂl@%ﬁi Such & pERByY
during exapsidre tiidy aloedioat 8ih80PeEaiteSviichhredbbesbenasly
defined region of 1100 to 1600 degrees Fahrenheit. These

preci pi t BRFOPFA G 1ddys e LBPY SLBFF R Hishil dEh &/5ESTRRUERe al | oy
resul ting,ibpjpisprl ler lattice paraneter after heat treatnment. These

shrinkage strains can al so cause cracking as the conponent is heated
to the pleoel d sdtshewn dppEigBur 2R, 61B.THA anda R ngernohagi ehedtsron

known as, straldsa0e QhnPeskirtehd PEAL ££L)MRNLLCYACKRY: cast and

wrought forms of a nickel based superalloy such as Wasgpaloy is
significantly larger than with a conventional full heat
treatment. In FIG. 1A, there was 2% of submicron sized v'
particles. 1In FIG. 1B, there was 14% of submicron sized v’
particles. The dark particles are the y’ phase that is present
in a y matrix. Both photomicrographs were etched with AG-21
reagent and have an original magnification of approximately
2000X. In FIGS. 22 and 2B, the volume of submicron sized v’
ﬁarticles appeared essentially unchanged after slow cooling;
however the submicron sized cooling v’ increased from 0.3
microns to 0.4 to 0.5 microns. Both photomicreographs were
etched with AG-21 reagent and have an original magnification of
approximately 2,000X. Importantly, it also shows that the
amount of grain boundary carbide precipitation, typically M Cg
carbides where M is a metal atom, probably chromium, is nearly

eliminated by the slow cool treatment. See FIGS. 3A, 3B, 4A and
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[ 0025] Further, in accordance with the present invention, the solution
treatnment thermal cycle for the nickel based superall oy conponents
and/ or replacenent parts to be wel ded whether they are cast and/or
wrought is nodified to one where a rapid heating rate in the range of
29 degrees Fahrenheit per mnute to approximtely 40 degrees
Fahrenheit per mnute is used so that the conponent is within the
preci pitation tenperature range of from 1100 degrees Fahrenheit to
1600 degrmes Thdlr eabaifitant by Hwfdass g iasbpassaBy edher T 1Yyiwke ch
t he opportuni for strain a crackl o0 occur. ldeall t he
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m nut es, prefera | ess than_ 13 nminutes. After the conponent™ and/ or
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enpl oyi ng I t
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conventional full heat treatnment. In FIG 1A, there was 2% of
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sized y’ J:Qﬁi{tl' 6l €5 1Thewdar ki paidinf) &SRl ©.688 Yo ®hepestdalodch from
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FIGS. 2 ]Iae[}_% vl g pf 3 sHhip.gron RR&A
essenti % y un?ﬁgtng gfter gl oW Cool (\Ilrng,]j%#\l\gveeé?lctﬁ) %%&c@on s?lggcti
cool i ng mplimmseased Whdoh 018 edrerigrrentowdth Dbt®lﬁ>1m catctﬂfwa@ot h
phot omi cror?EEr)t%phs were etched wth AG 21 reagent and have an ori gi nal
magni fi ¢& &ppr oxi mat el y 2, 000X. Inportantly, it also shows
that ther@paunt ofktgLai ﬂnbﬁlhlélﬂadspét&f taifdehprp@épéﬁatimnﬁmqmlay
MhCs carbi des where Mis a netal atom prgk illgllcj%(5 chro Eﬂ is nearly

el i m nat®RPIRLH@osksHeLd Rt dHGAMERSE, o iy welled

component to eliminate the microstructural features generated by
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43. This significantly increases grain boundary ductility which is =
where HAZ microcracking typically occurs. In FIGS. 3A and 33, both
phot om crographs were etched with Kallings reagent and have an
original magnification of approximately 2000X. In FIGS. 4A and 413,
bot h phot om crographs were etched with Aqua Regia reagent. FIG 4A
has an original magnification of approxi mtely 10000X. FIG 43 has an
original magnification of approximtely 4000X. [0028]Wen perform ng
wel di ngthe pekdwveldesoiyt e usedtimentebdside castingimsitee aadgirestore
conponent to.the, repl ment _part [ _may Qe used..ta effect.the
repair t %’etc ﬁé?%'ﬁ ?ﬁe‘geg%ba%lecagoﬁpr%ﬁéﬁ? ~The -%'IjﬁN“bordolcfosC?t\}PPt Garpyves
al ways mmiahvebet femalseamfd heslidowraee &8 viedtdioR) topt iparakdkelduses
weld wire degendi n% on the features that require wel ding. The cast

ver si on S9FUESHR W EKTSHad&F HisePalfoy§aSeiRh as Waspal oy, has

i mpor t arosoNpPosi FéDIhindt iRy ereesweehahéye fredtient,oualt rbpni-08
the sanme alloy in order to inprove the casting's, wel dability using

the pri GPTRPECRE JRAriee priviessedTHE 1ppeligh seRBHitEtYpoat elibpryhigles

a vel d Weh8i tWeny offudfed @it Rderhavt n%@ﬁmar‘@laﬂa tARi88PBphic
conposi tion as the cast nickel "based superalloy rather than~using a
convent iOARECHRPE- Wi PRE EBIRFdSI t tHBSeOhBSIRT AT cagbigo PeritonmaRi ch
may be cppt ghNg; AL om : r ogl r t wt %
Conal t, SPRom S5 R h b W kel YEIBR P o 7 1o , g

titani usprkeom 102 whtdasnitoigispeicndan, f ¢am L 90D asd0 i fwdeebed on,

from O. gg%ggr% %1%%"&;’% %%glgggtg}ghgpce ni ckel. The weld wire

prefera snal rirng wel ding, a m nimum heat i nput
is used MEBEh i s Bonedrstientedy tisioht el acogomdeatves ipkimet fati 6hange.

[ 0029] St | b1 anot her as%fct f thetpr es‘«gnij i nvention Ic?éf a modified
post - weFGPHBSE TPt TR SHieh SRS TaPprred Y Th SRS fedd Yo rBERENTETD
el i m nahetrt Aelowed ostisietiy alhd eabuens geneitdied ditadsee offf exrweking
solution treatnment!s sl.ow cool i nglfrate and restore specification

c

mechani &éﬁuﬁ?‘opeﬁ]ﬂ%.t%i"ée SPFORT ST Ve RGN EREPLSHe
rapi d heakkfgohab&aSwd fitnPlornt Bepnheevehe sninddond reakmantrtor the

same reasons. [0030] Fol | owing the .Eost -wel d heat treatnment, the

repalre&aSEd guperalloy cases and it produces superior welds. To
illustrate the point, microcracks that were routinely found in
wrought-to-wrought Waspaloy component welds were not present in
the cast Waspaloy cases as a direct result of the-present
invention.
[0032] Prior art flange replacement repairs for less highly
alloyed cast superalloy cases required the case component to be
cleaned, FPI and radiographed, solution heat treated to obtain
some weldability improvement, EB welded, fully heat treated
(solution, stabilization and aging) and final FPI/radiographic
inspection.
[0033] Using the method of the present invention, complete
removal of any existing cracks or wear as evidenced by ultra-
high sensitivity FPI and radiographic inspection is important to
assuring enhanced weldability. The use of a nickel based

guperalloy weld wire is typically not used in EB Welding for
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conponent may be inspected using high sensitivity or ultra-high
sensitivity fluorescent penetrant inspection and radi ographic

i nspection. Optionally, these inspections can be perforned prior to
wel di ng. Ot her techni ques, such as visual, eddy current, or
ultrasoni c inspection, can also be used if deenmed necessary for
specific applications. [0031] As nentioned, using electron beam

wel ding for flange replacenent repairs for cast nickel based

super al Edgpngasesphecemaot. alHoowsdrpr sochtweldevipresent Henveetll @rom a

because_of , cracking issues. Using the nethod of .t resent, i nvention
bl o PBFBRELEEN BesTReRt T ot SPenfaehertc rdad, S I enar RrERGD
based swpethkkoythasespain dif wetnduadgos uppddiaid WRlads ngl Teiakliuskr ahe
the point, mcrocracks, that were routinely found in .

wr ought ¥FBUGRD uFRESTREIRY dyPedrHeN ERTPHRFRHES weres P tdve Sedd efnkphte

cast Wagpgk8Yyofases) asims didRet reghitt She s EERIINVARE,. ONIn the
100321Prior art flange replacenent repairs for |ess highly alloyed

cast supsraFEPrbyleERRsiemqlihceditna bichk tvmpUrerttyt & e metlafeandrp
and radi.Qgtapt : i ; r d I3 4 bi

i npr ove!]rﬁ;gggL 88%%‘?3%’%15%3{63@ tﬁlert:jt.'t ﬁtg %gaféjg }%%gféult%ilo ) sf\tlvgt3 %?l %g!ti?%%
and agi Wgrught higkdl ARIYeddivegraphy cospomein.aq GE33HEs Eaget hbow
met hod e p. n 'qﬁggii c I ;s V. f. an Lsting
cracks §§°&£§ %%égv%Té§1 e ﬁ%QSFt?ggi§%552§1§2%§%§%}0%P¥r%ég%ghg'
radi ogr @phi needshectrapid hdaiegt aatesotasshe ipue errghpest -weld

wel dabi Li . The_use of, a ni,ckel, based, super al d wire.is

o ool PO cettRe el 1 B sPORBS PRI A elibal!  BneS et
such welidvent tof ahehis usadiffr @ anhbTantlhal afpeicpesit W& amdughti S not
excl uded.b is invention., Further, the repair, of rn and/ or

o ohaqniglel ThReed S e Rbee 18 a0 L ey Bl ShBEzat Loy
frequenthyesal | @fe kit fo0gESnee $eplatéfontSaes RAWY petitrkse 0 a
weld wire, In the present invention, the ultra high _sensitivity FPI

met hod &AAOV ABPBEPHIIT CHNSHEBCPERtAFR Hs® a5 B MeBtitn o8k hE ast
and/or weaughtofl ckehe haRad cunehgl Love GRIPARe AT drb1t e appTReS! O

cooling rate enployed after the pre-weld solution treatnen
both cast and wrought case components. However, it is possible
to effect welding even though only the cast component is slowly
cooled.
[0034) Various other cast nickel based superalloy components
such as tangential on-board injection ducts could be GTAW weld
repaired using the present invention. Based on the ability to
guccegsfully replace wrought flanges using the present
invention, wrought nickel based superalloy cases, such as low
pregsure turbine cases, may also benefit from the present
invention where either GTAW weldihg is required-to repair cracks
and/or wear or EB welding is used to replace flange(s) and/or
case mid-sections as well as repairing bolthole cracks. Current
EB and GTAW processes applied to wrought Waspaloy components do
not use the solution treatment process because of distortion

concerns. Congequently, weldability is not as robust as it

would be if all of the steps in the present invention were
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The need for rapid heating rates to the pre- and post-weld sol ution
tenperature is also applied in ED wel ding. The present invention

|l ends itself to enable the attachnent of w ought nickel based
superal l oy flanges to cast nickel based superalloy cases. One or nore
fl ange repl acenents can be so perforned to allow restoring the
conponent to its desired flight worthy condition. The slow cooling
rate may be successfully applied to both cast and w ought case
conponenprpliedvwevEr , which sgsessitbkectoredt ecaraee|adicngte vdn rekvadtiing
only th a mponent_ i, wly_cool ed.. [0034] Vari_qus .qt.her . cast
o ciel | BASogPabRPaniee (heyshaehe BRuRE Rt (LR SR BadEhetP

i nj ecti basddcos tloall gidet<GT AL debd 1t epadf ethalsirtgidie mateseatll. The

invention. Based_.on the abilit o successfully repl ac oyght

1 anges OB D EHE UL IPeT L RRDaR B o e YEaaeh PedBoral | oy
cases, gdehras dOoweRsRSEIRHUGDEBRUESSE ShedB )t rtlattebnefi Hikeot 1de
present invention where either GTAWwelding is required to repair

cracks_Eﬁﬂpﬁr?Fﬁ%ﬁh?nsqg§ﬁﬂ%¥ﬁﬁh&af§?used to replace flange(s) and/or
case M G086} i onsa@syi@l le1s TRRALYbBEs POl Bl QIS o aEICR1 dOUE! BRLaER
and GTAW processes applied to wought Waspal oy conponents do not use
t he sol Usiied vebAdinmMAASEEss Hecquseedmn @it diPctencornsnt, beam
Consequ . i]4 .S, n a t, i i I
T e S SRR Lt A S S U
cur r ent cbapgeeninowint 1 ofstid-lwelkctii pyiag dregimered peoesgaitienakndns woul d
be reduced.signifi e n gr.eater I ility of the

wr ought 8@%%?1?%%%%3}4%#0 %in?f 8?%% i 4 j%ﬁle??%le%gf%%ﬁs'i on tooling
woul d h€bp36d conrholprhseetsiiarendion ngay dido crodkeats thr pdtewat  of

di stortion-pron ought eral oy cases. [.0035 with the GTAW

T ocess "SERLIR! AR URAUIAT TS P DaTEE AR | e Vg B EF a AECOPEOFesTES -
beam curipent] f ochise GuuIRE ofbeas psesdhiatirorMaAM e Be ak6d) with ch
i mpart m nimum heat to the conponent whi]e still achieving required
penet r a8 %R Sk6i W ke Pddugerelt Bl Rasshadlcyss 1aFi et

[ 0036] Thaspaes@Nt iy NVANT TN 7RRY  2lvS 93 Yoika W4 .asma wel di ng, both
transferred-arc and non-transferred arc processes.
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[ 0037] The nmet hod of the present invention may be used with a w de
vari ety of cast and wought nickel based alloys including Waspal oy,
IN-738, IN-792, IN939 and others. WHAT IS CLAIMED IS: 1. A nethod
for repairing a turbine engi ne conponent conprising the steps of:
provi ding a turbine engine conponent forned froma ni ckel based
superal | oy; renoving any defects from said turbine engi ne conponent;
said renoving step conprising subjecting said turbine engine
conponent to a solutioning heat treatnment using a heating rate in the
range of from 16.1 degrees centigrade (29 degrees Fahrenheit) per
mnute to approximately 22.2 degrees centigrade (40 degrees
Fahrenheit) per mnute as the conponent passes through a tenperature
i n t he wriye coAIMEDON 593. 333 degrees centigrade (1100 degrees
Fahrenheit) to 871.111 degrees centigrade (1600 degrees Fahrenheit);

and wel di ng_sai d turbine engjne conponent to effect said
repair 1. A method “for repairing a turbine engine component comprising the

steps of:

providing a turbine engine component formed from a nickelbased

superalloy;
removing any defects from said turbine engine compcnent;

said removing step comprising subjecting said turbine engine
component to a sclutioning heat treatment using a heating rate in the
range of from 16.1 degrees centigrade (29 degrees Fahrenheit) per minute
to approximately 22.2 degrees centigrade (40 degrees Fahrenheit) per
minute as the component passes through a temperature in the range of
from 593.333 degrees centigrade (1100 degrees Fahrenheit) to 871.111

degrees centigrade (1600 degrees Fahrenheit); and

welding said turbine engine component to effect said

repair.

2. The method according to claim 1, wherein said turbine engine
component providing step comprises providing a cast turbine engine

component formed from said nickel-based superalloy.
3. The method according to c¢laim 1, wherein said turbine engine
component providing step comprising providing & wrought turbine engine

component formed from said nickel-based superalloy.

4. The method according to c¢laim 1, wherein said defect removing step

further comprises inspecting said turbine engine component using a

13



2. The nmethod according to claim 1, wherein said turbine engine
conponent providing step conprises providing a cast turbine engine
conponent fornmed from sai d nickel -based superalloy. 3. The nethod
according to claim1l, wherein said turbine engine conponent providing
step conprising providing a wought turbine engi ne conponent formned
fromsaid nickel -based superalloy. 4. The nethod according to claim
1, wherein said defect renoving step further conprises inspecting
sai d turbi ne engi ne conponent using a fluorescent penetrant

i nspection technique prior to said solutioning heat treatnent. 5.
The nethod according to claim4, wherein said inspecting step

conpri ] ti idt Lhe: engj : o] usin I o
i oh secrtIorry senet ekt Pror AT QR PN REN: 8 GREE, Sk Gropino
4, furtRef E€EAPPES-ng subj ecting said turbine engi ne conponent to a
short thermal cycle to said inspecting step. 7. The method accordi ng
to claim4, further comprisjing.lightly etching said turbine engine
componént 5t MEFIE% 2P MHe FEci D st BRTO8. STite LRI ACESPdi ng to
cl ai m Tompuirseleinwerpitsisald coghimg esdick tconpinee tengingeac opyoaenigh

from a ppxi M heat 5044t ipps heat treatment tenperature to a
tenperature bel ow 676. 666 degrees centigrade (1250 degrees

Fahrenheit) at a cooling rate of fromO0.28 to 5.56 degrees
cent i grradeddrimati®l @E0chrdiaglth degires Fatthemheddprisimy @ubjecting

said turbine engine ccmponent to a short thermal c¢cycle to said

inspecting step.

7. The method according to claim 4, further comprising lightly etching

said turbine engine component prior to said inspecting step.

8. The method according to claim 1, further comprising cocling said
turbine engine component from z maximum heat sclution heat treatment
temperature to a temperature belew 676.666 degrees centigrade (1250
degrees Fahrenheit} at a cooling rate of from 0.28 to 5.56 degrees

centigrade/minute (0.5 to 10 degrees Fahrenheit/minute.)

9. The method according te claim 8, wherein said cooling step comprises
cooling said turbine engine compenent from said maximum solution heat
treatment temperature at a cooling rate of from 0.28 to 0.56 degrees

centigrade/minute (0.5 to 1.0 degrees Fahrenheit/minute.)}

10. The method according to c¢laim 1, wherein said solutioning step
comprises maintaining said turbine engine compcnent at a temperature in
the range of from 593.333 to B71.111 degrees centigrade (1100 to 1600

degrees Fahrenheit) for a time period not greater than 17 minutes.
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9. The nethod according to claim@8, wherein said cooling step
conprises cooling said turbine engine conponent from said maxi num
solution heat treatnent tenperature at a cooling rate of fromO0.28 to
0.56 degrees centigrade/mnute (0.5 to 1.0 degrees
Fahrenheit/mnute.) 10. The method according to claim1, wherein
said solutioning step conprises maintaining said turbine engine
conponent at a tenperature in the range of from593.333 to 871. 111
degrees centigrade (1100 to 1600 degrees Fahrenheit) for a tine
period not greater than 17 m nutes. 11. The method according to
claim1, wherein said solutioning step conprises mai ntai ni ng said

turbi i t
503, 333 0571 11 dogrcee” cantt o ade. LLTo0 1 6 Tebb dagr ek oop

Fahr enﬁéi“ﬂlsleérmaamttﬁﬁ%“fﬁelsﬁbﬂ tﬁéPlQﬁ eagre t:ﬁlawnfzat mtnat es. 12. The
met hod tagesr=dihg 10 tEé aﬂaﬁﬂg& ofMieERi Y3533 reeb Tl .Ng1 SdRR 6O MRNE S@Sade

eLectran ppan eldiag sal d Lukiee g e Copanent Lo e iRel 58 s
repair aceor ng t 0 Cl Aim 1, Pherein €a

step coaprisses GTAW wel di ng sai d turbine englne conmponent to effect
said repair. 14. The nethod according to claim1 wherein said

melding step co |sesJ§Jasna arc wel ding said turbine engi ne
conponéfit T BFFERS 28&direpd F13iMs, Theenet Hod ‘éi%%t“&l?ﬁfpt GOB i AT
1, wherekotai deavelwdifihostepd conpiresesgived domgpranwr aughtesepbhacenment
part tQ.gai,d turbine engine conponent.

13. The method according to claim 1, wherein said welding step
comprises GTAW welding said turbine engine component to effect said

repair.

14. The method acceording to claim 1 wherein said welding step
comprises plasma arc welding said turbine engine component to effect

saild repair.

15. The method according te claim 1, wherein said welding step
comprises welding a wrcought replacement part tc said turbine engine

component.

16. The method according to claim 1, wherein said turbine engine
component providing step comprises providing a c¢ast engine case and said
welding step comprises welding at least one wrought replacement flange

to said cast engine case.
i17. The method according to claim 1, wherein said welding step

comprises effecting said welding using a welding wire formed from a

material having a composition substantially similar to a composition of
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16. The method according to claim1, wherein said turbine engine
conponent providing step conprises providing a cast engi ne case and
said wel ding step conprises welding at | east one wought replacenent
flange to said cast engine case. 17. The nmethod according to claim
1, wherein said welding step conprises effecting said welding using a
welding wire formed froma material having a conposition
substantially simlar to a conposition of said turbine engine
conponent. 18. The method according to claim 2, wherein said welding
step conprises effecting said welding using a welding wire with a
conposition chosen to match the conposition of said cast turbine
engi ne od according to claim1, further
conpri S?%@%ﬁgﬁ%teﬁégn%gagpgm%t“géd turbi ne engi ne conponent to a post
wel d heat treatnment. 20. The nmet hod according to claim19, wherein
sai d past WRl dehifat até@atiABEM: SUBInECL i A SEEPsBANPEIS AT St ecting
sai d wel ded turbf'a,{]e en inedco onent .to a gﬁl wel d heat treatnent
usi ng A°PAPISE°hedt R T 86&%1 T Ehe? PEABE DI P OiR 1652 "delrees
cent i gravedantnont ehO28n degnees Eahrempesitionnof epid oca@pproxiimat el y
22. 2 degregs effdegeade/ m nute (40 degrees Fahrenheit/mnute) as said
wel ded turbine engine conponent is in a tenperature range of from
593.333 to 871.111 degrees centigrade (1100 to 1600 degrees
Fahr enhei tThe m2thodThecdreti hgdcaetoirdilngiihek atdmp20sidgustiaicting
conpri 8,09 .£00LA NG 83l el dedohurhipe. engpne. carpanent cfrom.a.
maxi mum sol uti1on heat treatnment tenperature to a tenperature bel ow
676. 666 degrees centigrade (1250 degrees Fahrenheit) at a cooling
(r]I ate szof: rzﬁf@ Q%La_&)d} @g&;r@@ngagfz g@&Tnﬁa@ti@fheadgﬁ bt GostOwd1d lche_éLQ -
egree renhei t. nut e ._The nmethod, according to claim 20,
Wher of BT BRSO AGE Bl g ER AT SR ST 1E g S T e (OB T
engi ne esphporentorfendM s al dostaxehlimsadatrsdheti oniheat repehtrening
tenmperauL 6 atnd 1%9813 ¥ rhah 8 0l dd R0 2B tt &rLie?RiARYN €8P degrees
centigrade/ m nu}e_ (0.5 to 1.0 degrees_Fahrenheit/mnute.)
Fahrenhelt/minute) to approximately 22.2 degrees centigrade/minute {40
degrees Fahrenheit/minute) as said welded turbine engine component is in

a temperature range of from 593.333 to 871.111 degrees centigrade
{1100 to 1600 degrees Fahrenheit.)

21. The method according to claim 20, further comprising cooling said
welded turbine engine component from a maximum solution heat treatment
temperature to a temperature below 676.666 degrees centigrade (1250
degrees Fahrenheit) at a cooling rate of from 0.28 to 5.56 degrees

centigrade/minute (0.5 to 10 degrees Fahrenheit/minute.)

22. The method according to <¢laim 20, wherein said cooling step
comprises cooling szid welded turbine engine component from said maximum
heat solution heat treatment temperature at a cooling rate of from 0.28 to

0.56 degrees centigrade/minute (0.5 to 1.0 degrees Fahrenheit/minute.)
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