ENHANCED WELDABI LI TY FOR H GH STRENGTH CAST AND WROUGHT NI CKEL SUPERALLOYS
BACKGROUND OF THE I NVENTION (1) Field of the Invention [0001] The present
invention relates to a nethod for repairing turbine engine conponents nade
froma nickel -based superalloy. (2) Prior Art [0002] The wel ding of highly
al I oyed ni ckel -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-

i nspect eENHANCED TREEDBRI URTY ORORSHECH abTREREPIIi €AsToARBSROSURET AlLbays,
havi ng high titanium and al um num concentrations in addition to other

el ements, such as carbon and bor oPURRRALHEEh  reduce wel dability. [0003] It
is known in the prior art to repair cast nickel- based superall oy gas
turbi ne engine cases using a replacenent flange and el ectron beam ( EB)

wel di ng. The repl acenent HAAKEROUND OFpiTHAE] IIWVERYIHEWN f r om a wr ought
ni ckel - hased peral |l oy._ _So el ectron beam wel ds used to join these two
conponéﬁ?s%lﬁiéefﬁthﬁi&ﬁﬁgﬁgigna control | ed anpunt of m crocracking which
typi calfippoageur s The heaiseaftf ashrttzones(HAGs akd ssa@itdestd the wel d
area itself. These subsurface defects can propagate to the surface as a
resul t TéPad@FHNg HUERLngn S9Nk SSEPSMeaitfs magied/fgiomp s il Heaged r eat nent s
i ntended, %gapg@%[ or elimnate weld residual stresses. Such surface cracks
table by

are detet fluorescent penetrant inspection (FPlI) techniques only if
they are |arge enough. The sane strains can al so propagate welding 1

(2) Prior Art

[0002] 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, etc. 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 amocunt 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-



rel ated cracks and nmake them detectabl e to radi ographic inspection as

ei ther sub-surface or surface-connected cracks. [0004] In the case of

el ectron beam wel di ng repl acenent flanges onto engi ne-run hardware, the
post-wel d heat treatnent often requires a full heat treatnent (solution
stabilization, and/or aging) to restore the conponent's nechani cal
properties. Cast cases can also have localized cracks weld repaired during
original manufacturing or after engine operation. In this situation, a gas

tungst efe ARG (LAWal coess dedtbEel €stahisyhgphiban el ectron
beam wel ding to reduce manufacturing expenses and repair turn tinme. GIAW
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driven by crackKs i ch exceed operational acceptance Ilimts. Such cracks
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accept abl e welds. Defects visible by fluorescent penetrant inspection (FPl)
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their nature, introduce significantly more heat into the cast
material in comparison to electron beam welding. This situation
produces both wider welds and heat affected zones. The
additional energy increases cracking frequency and size. The
need for repairing turbine engine components, such as original
equipment cases, prior to engine operation, results from the
presence of various casting defects such as cracks, porosgity,
and casting dross. Engine-operated cast case repairs are
usually driven by cracks which exceed operational acceptance
limits. Such cracks can result from operating
stresses/temperatures or may be casting defects which propagate
to detectable size during engine operation and/or 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

metallographic evaluation. Metallographic limits allow the
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pertain to defects which can only be detectable through netall ographic

eval uation. Metallographic limts allow the 2 presence of m crocracks but
again limt their size and frequency. [0006] There is a need for a nethod
which allows repairs to be performed with | ess need for re-wel ding using

el ectron beam welding or other welding nethods (e.g. GITAW plasma arc).
SUMMARY OF THE | NVENTI ON [ 0007] Accordingly, there is provided in accordance
with the present invention a nethod for repairing cast nickel based gas

t ur bi N reRGIMLe IS a8 diTd1G dRE Wldiddgh M ritiwald M thaiitzd hgnd presence of
m crocracks. [0008] In accordance wth the present invention, a nmethod for
r epai r iffEBSNEYDI ne engi ne conponent conprises the steps of providing a

turbl neyypgne camanents Lonmmh (M2 (ke hanad 2 SHRR ALY, g OVi ng

any defects fro e turbi ne engi ne conponent e renovi ng tep conpri sing
subj ectbmg:etrrfe:rtmﬁtbrme:h é\mymmamdrpimerﬁe{vcelai:scg uts oy regl dtaton rissdnrent

usrng a tin rate in ran e of from?2 ees Fahrenhejt per mnute
regﬂa gﬁ/ “dedf %ef % a@ onent passes
through a tenperature in the range of fronrllOO degrees Fahrenheit to 1600

degrees Fahrenheit, and welding the turbine engine conponent to effect the
repair. [0009] O her detail SUYVMARKeCEnBHBcENVENTdaANi ity for high strength
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presence of microcracks.
[{0008] 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 scolutioning 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 component
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.
[06009] Other details of the enhanced weldability for high
gtrength 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.

BRIEF DESCRIPTICON OF THE DRAWINGS
[0010] FIG. 1A iz a photomicrograph showing a wrought version

of a Waspaloy sample subjected to a conventional solution heat
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of a Waspal oy sanpl e subjected to a conventional solution heat 3 treatnent
foll owed by a conventional 30-40F/ mnute cooling rate; [0011]] FIG 1Bis a
phot om crograph of a wought version of a Wspal oy sanple subjected to a
conventional solution heat treatnment and then slow cooled at a rate of 1
degree Fahrenheit/mnute to bel ow 1250F; [0012] FIG 2Ais a

phot om crograph showi ng a cast version of a Waspal oy sanple; [0013] FIG 2B
is a photom crograph showi ng a cast version of a Waspal oy sanple after sl ow
cool i ngres 044t FOUl oBAdi Byaaphohoshetiogaaphoshovrigiaueeougbll iver sion of a
Waspal oy sanple; [0015] FIG 3B is a photom crograph of a wought version of
a VQSE%F%V sanple after slow cooling; [0016] FIG 4A is a photom crograph

show ngpg1 gpst vpigionpofg 3 %éﬁé%in%rééﬁ%ﬁi o2nd [P0L&hcFLers4Bnl $raa
phot om crograph showi ng a cast version of ~a Waspal oy Sanple after slow

cool i NgasPETAY L EEMPESCRIPTEONeOFtFHE PREFERREDNENVBEDILNERGHShep0018] As
ment i oned bovg, h%e Bresggtwinvgitiogtrelatgg tg g met hod for repairing
turbin r%%é?%% cBHBoheREs St 8¥nsa ?8n1 nfck@FbR%e 988£F§||oys, such as
Vaspal pyhrdsh8gt gheatitentbebalowehdsogyr; GTAW or plasma wel ding. [0019] In

accordance with the present invention, prior to welding, it is inportant to
renove 882} emmaRis - oRRoiBgRnBPOLABLEEPIrPPBNPRAY NG Bi RESENYEAE1O8MBEnent

to be repaj n any replacenent part to be welded to the turbine
engine£ @%ﬁ%%g%ﬁtgéﬂﬁlfp| i nspection techni que my be used to detect

[0013] FIG. 2B is a photomicrograph showing a cast version of
a Waspaloy sample after slow coocling;

[0014] FIG. 3A 1is a photomicrograph showing a wrought version
of a Waspaloy sample;

[0015] FIG. 3B is a photomicrograph of a wrought version of a
Waspaloy sample after slow cooling;

[00161] FIG. 4A 1is a photomicrograph showing a cast version of
a Waspaloy sample; and

[0017] FIG. 4B is a photomicrograph showing a cast version of

a Waspaloy sample after 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 technique 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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any defects in the turbine engine conponent and/or the replacenent part(s).
Preferably, FPlI sensitivity is increased from"H gh Sensitivity" FP
chemcals to "Utra-H gh 4 Sensitivity" FPI chem cals. Suitable ultra-high
sensitivity FPI chem cals which can be used include Magnafl ux ZL37

manuf acturerd by Magnafl ux Corp. and Turco P60H2 manufactured by Turco
Products, Inc. The presence of pre-existing defects where cast nickel
superall oy welds are required results in a very high probability of having
cracks genditg wiepai el cigonelils . Riaclisl e arlecfakeiglassayivivite easting
flaws nentioned previously as well, as service-induced crackilggﬁ.l The use of

"ul t r a-HEGH CaehHRITh 1517 Qe sl el dana detecthvh TRANRBRECHTAWE and
thus pnQyiyes, ORAL 81535 S WA cR, o BRI eyl cAYrsd apdargy-od! endi ng

met hods “pri or to wel ding the conponent and/or the replacenment part(s).
[ 0020] Romtdwsriad .| yinmne Woulmkgrearfay mi Prea shigrtindededct sywheranddst (2)

Iightléﬁgﬂgﬁhgglk¥ tch th rea to be Mekged qgaéhe t ur bi ne engj ne
conpon 1% 1501 A HaATTHCD AT P § népebt 9t o hel p
assur e ddsagianmantst ofadihey Hddidaln defectspaiasd Sht or Heraetdi ng.

[0021] The short thermal cycle technique may conprise the steps of
i ncr easitifyy taken afarat e Wie t3psthaipdnlams amirtorone pyeplaeehenis part (s)

oot TN A ML LA o) S gt |

di st or tdearsinaads to dletioniIroldrethled hdhe aigporanioansf atotdef I @pd asedrent

part(s) may be placed in a cold oven with air as an atnosphere, The

{enper diire RACTHES GHATmInGTARICR e (d e TRtV bhr 1Y 63 RGP R

i ncreagfddd@ng methods prior to welding the component and/or the
replacement part (s). |
[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 technique may comprise the
asteps of increasing the temperature of the component and/or the
replacement part(s) to a temperature in a range of 1475 to
1525°F. Air is an acceptable atmosphere and the heating rate is
optional.
[0022] Alternatively, when distortion needs to be controlled,
the component and/or the repiacement 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) may then be

increased to approximately 1000 degrees Fahrenheit and held
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approxi mately 600 degrees Fahrenheit and held there for 30 mnutes. The
tenperature of the conponent and/or replacenent part(s) may then be

i ncreased to approxi nately 900 degrees Fahrenheit and held there for 30

m nutes. The tenperature of the conponent and/or the replacenent part(s)
may then be increased to approximately 1000 degrees Fahrenheit and held 5
there for 30 mnutes. The tenperature of the conponent and/or replacenent
part(s) may then be held to a tenperature in a first range of from 1475 to

1525 degeeestéahseniehticansd hehd tbeperhonref o8r theuesmpdhentakhayort he
tenperature of the conponent and/or the_replacenent part(s) may be
decr eat@Rl 2E°BORE deFess) PaYr BRRRI Peabeddr GPeRoF BRI REEEEr iEhanTioEt

degre rephej Y+ A5+ 8hAU e t ok, i
opt1 onal o [0S T Ry heni car sten, g o RS aFaarro b5 nerdad”i s
used sbothathothere Theneafnenr etheetahpprasene whi thecoohgonahiteendybhe

ability of the FPI to see cracks. Wl ding without _r ving all vestiges of
t he pr¥%? E?%ﬁ%?%@egFgﬂ?¥FiﬁﬁtW§Y Pﬁcgﬁﬁgggs? egBrBngaFEF €6f repair weld
cracki pgnrdfigelt 08t achepicat gbEhERSLRLOERAHr €obBY¥ebReds Fahk@WheigWab

etching the routed area using a ferric chloride solution for three to five

m nut esvkeegpl hgninetesut e@har subgeauenbodsPyingt ratRoiughkyongdt-er ri nse;

and hf ghogiy PrefeLablynp! trahiol LLUGKRACER! cpgengLrant LOsREsh g r out o

area fOr any rendining-crac utron tréatmen br oad
range 0£ed850 tlhat 10Hbrdefjsens Eabaealiembthleguenthy experesoudpdect abl e
defects_in areas that were acceptable prior to solution heat treatnent. The

appar eRf L #8asHRSf3PILhFE BEhEIPoF P sEPhafeeRFafiRy YEBLSHPPate tdetEct s

f;gg?%g%@gg%ﬁgi%ﬁ%sg%ggﬁgﬁgyOkh@hé“ﬁfﬂ@k c$hEREAS 8RGRAYRGELAM1GUri ng heat
increases the probability of repair weld cracking. The light
chemical etching procedure may be as follows: swab etching the
routed area using 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
areas that were acceptable prior to solution heat treatment.
The apparent reason for this behavior is that existing
subsurface 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 soclid 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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detection by FPI. Another possibility is that additional strains were
created by the solid state precipitation (aging) reactions that occur in

ni ckel based superal |l oys, such as Waspal oy, during exposure to internediate
tenperatures within the broadly defined region of 1100 to 1600 degrees
Fahrenheit. These precipitation reactions cause crystall ographic changes in
the alloy resulting in a snaller lattice paraneter after heat treatnent.
These shrinkage strains can al so cause cracking as the conponent is heated
t o t heThie- vebdksnbuimeohahespetat knewnbashiss rad ackigeg ofre poami-samlids Heaawn as
strain-age_or post-weld heat treatnent cracking. [0025] Further, in
accordﬁﬁ%@tWFP thea<prBYent invention, the solution treatment thernal cycle

for theophskel bagsednswperal beyoraaapangits and/ prokepl-ageNRpl: iRalt $Ho be
wel ded whether they are cast and/or wought is nodified to one where a

rapi d Beduthgn taeatmanthsheamge of/c29 deyr bs RakkeaAhbiasege supenatld ayo

approxinmatel y_40 degrees_Fahrenhei er.mopute is ed s at he
conbonERTPPSERE EnRRal R BPBArEETePFoRar SpePabtr B BRge POF T Fo it Fo0

degr eesrEabagbhghti/be We00gHegreemolaliiedhebt cher wagreshokipd d R tdsg
possible to mnjmze the gpportunity for strain age cracking to occur.

| deal | FatenéncbhporeROesPLaRd fRerepepFabERBRE1IHaPErsMENEE dnot be within

the 1198p&8x1r$99eg§31&iﬁedegilﬁ[eénﬁghﬁcehﬁgﬁﬁr@%?.” f1hARge of QPR thar 17

m nutes,” prefera ess-than 13 mnutes. ter the conponent and/or
repl acehentopponésy haswieadhetdhehprdespiedtsohuteopereenmer atmoe, oft is

held 2 LETDELR! Mg or AUl -0 0.5 Booiaurs, and et ead el n ol . The

procesghbgtt 8 thindi BbZBokReptieMecadhliablke tae bRporguRd tt ANtk idevel op
age cracking to occur. Ideally, the component (s} and the
replacement part (s) should not be within the 1100 to 1600 degree
Fahrenheit temperature range, for more than 17 minutes,
preferably less than 13 minutes. After the component and/or
replacement part (s) has reached the desired soclution
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 available 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 essentially 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 dissolving the y’ particles which leads to an
increase in ductility and a corresponding decrease in strength.
Increasing a nickel based superalloy’s high temperature

ductility allows it to accommodate welding and other imposed
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(which would facilitate cracking prior to welding). Prior art processes did
not control the heating rate within this tenperature range. It should be
noted that once the conponent and/or replacenent part(s) is/are solution
treated, the residual stresses essentially have been reduced to at/near
zero. Consequently, there is no risk of strain-age cracking occurring
during cooling fromthe solution treatnent tenperature. [0026] Sol ution heat
treatment is known to inprove weldability by dissolving the T' particles

which | eedsihe RithbhRer eagekiAgducthei p¥iandadr copLespendhagtdeeeaamentn
strength. Increasing a nickel based superalloy's high tengerature
ductilief aasbwsickei obasednmvaaral eyd hgraktedt aepliRpoabdarrateai ns

oL nOULeSLAGKL 00, DR PLI Qo RLLa S OLYLA Ot 19280 £831 FRALGgLoCaSt N cke
based supéralToys required c€oo ?hg arate eqU|vaIen? 0 air cooling,

t ypi cal Fyhdénhei dfmitegtees Hbadrenhesipbopihe. a Hovewer, cespliayi rgta sl ower
cooling rate fromthe solution treatnent tenperature range to_bel ow 1250
degr eestFaRr eRReFPL 1 AR ChT ABFBERE f BRTPSEAF AT nRARSENEC REFBYLLEPLY. In

accor dagcerdb & e iR PhESENL o | MYERT hOPe 8rr&OPIV89;hakinQhchihgMm 0.5 to 10
degrees Fahrenheit/mnute 1s used. Preferably, the cooling Frate is fromO0.5

to 1.0 webdeesliFuhr ehhehttnidanee Thik Qh$omseaestgthEnamDnFiﬁe for y'

Gl Zes 1650 U STBRF I PEant 7 Unf ohor bOUES-TRe: TonRaPRERFABCBUBSLLE 1y, thus
i ncr eas 883 hi ghré £EPEHEY YN €he d8661 Lngyrat802d] £ASMSO0BNLbN1FbC8egtleslB, 2A
and 2B, scanning electron mnicroscopy (SEM confirns that the ry' size in
both caBahapmheihF oughuteor nEnds alhrerer pagRbfiepeEality Sa&hvas \Waspal oy
IS precipitation to occur during cooling which also allows the vy’
particle gizes to grow significantly which reduces their
hardening capability, thus increasing high temperature
ductility.

[0027] Ag shown in FIGS. 1A, 1B, 2A and 2B, scanning electron
microscopy (SEM) confirmg that the v’ size in both cast and
wrought forms of a nickel based superalloy such as Waspaloy is
significantly larger than with a conventional full heat
treatment. In FIG. 1A, there was 2% of submicron sized v’
particles. In FIG. 1B, there was 14% of submicron sized v’
particles. The dark particles are the vy’ phase that is present
in a v matrix. Both photomicrographs were etched with AG-21
reagent and have an original magnification of approximately
2000X. In FIGS. 2A 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 photomicrographs 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»:;Cs
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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significantly larger than with a conventional full heat treatnment. In FIG
1A, there was 2% of subm cron sized y' particles. In FIG 1B, there was 14%
of subm cron sized y' particles. The dark particles are the y' phase that

is present in ay mtrix. Both photom crographs were etched with AG 21
reagent and have an original nmagnification of approximtely 2000X. In FIGS.
2A and 2B, the volune of submicron sized y' particles appeared essentially
unchanged after slow cooling; however the subm cron sized cooling vy

increasgd fmed).s3 grliifiicRns 150 i deell IyHia! AsundBoth @led O ©F ogh s
were etched with AG 21 reagent and have an original magnification of

appr oxiifaf@Ieyre HAGO i quasdiachiiidy tyRicaldy s s hatIn HelGanotmtat grain
boundary c i d oY ' i.c i wher [ nmet al
atom %db%goﬁ? &%t%%&%rto%?a%asrl y eelaélén%hr%%e Iﬁ/qﬁlg%ﬁ)%v coocfe% ea cﬁent :
See Fl Gave3An 3B;igiAednchaddB i cBuiorsiaisadpanting dalor easiEsX gr aim hushdar y
ductility ich 1Is ere HAZ microcracking typically qccurs. In FIGS. 3A
and | 387 55h Bho kiRt EUEYABIS AR R B A R [117ds ABdIh  have
an ori giddefPAINIHICLCAWOMR APRIPYFRNIE b AR ad b | &85, apghvanth 4B,y bot h
phot om crographs were etched with Aqua Regia reagent. FIG 4A has an

ori gi nAOOPRFN f iIFdat.i B dfasammr edigtrslly mapyofUxatHlah oAb drmreriatainal
nagnifu%%%#gn of approximately 4000X. [0028] Wen perform ng wel ding, a
weld wite Teay be used to weld the cast turbine engine conponent to the

repl aceqoazg] par titsn gertyrntieidused dingpf feclieidiariwpandy tige twed Wdi ne
engi ne conmponent. The GIAW process virtually always invaglves the use of a
wel d winedd EBswEIadith & USHHESHh SN IR SOMRINETRA (7 bR IFoietthe features

that reayire Wl didg, vEN§ LAl o effect the repair to the turbine

engine component. The GTAW process virtually always involves
the use of a weld wire. EB welding optionally uses weld wire
depending on the features that require welding. The cast
vergion of some nickel based superalloys, such as Waspaloy, has
important compositional differences relative to the wrought form
of the same alloy in order to improve the casting’s weldability
using the prior art standard process. The present invention
preferably uses a weld wire, when one is required, having
essentially the same composition as the cast nickel based
superalloy rather than using a conventional weld wire
composition. One weld wire composition which may be used
contains from 18 to 21 wt% chromium, from 12 to 15 wt% cobalt,
from 3.5 to 5.0 wt% molybdenum, E£rom 2.75 to 3.5 wt% titanium,
from 1.2 to 1.6 wt% aluminum, from 0.003 to 0.01 wt% boron, from
0.02 to 0.1 wt% carbon, and the balance nickel. The weld wire
preferably has a small diameter. During welding, a minimum heat
input is used which is consistent with obtaining adeguate
penetration. _

[0029] Still another aspect of the present invention is a
modified post-weld heat treatment which is applied to the welded

component t£o eliminate the microstructural features generated by
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versi on of sone ni ckel based superall oys, such as Waspal oy, has i nportant
conpositional differences relative to the wought form of the sane alloy in
order to inprove the casting's weldability wusing the prior art standard
process. The present invention preferably uses a weld wire, when one is
requi red, having essentially the sane conposition as the cast nickel based
superal l oy rather than using a conventional weld wire conposition. One weld
Wi re conposition which may be used contains from18 to 21 wt % chrom um
fron112hé0p15 we&acsbahtionft@&aﬂmént0s5smowt%@5mﬁmgdeam&;ahﬁome%tb&eto 3.5

w%titaniy froml1l.2.to0.1.6 w % al um num Q03 to 0. 01 wt % boron,
from 6pe§1?%cet10mn@@eaﬁsaﬁa aRgoPREBEFancd ﬁ?cﬁ@ﬁlf?ﬁétwgpdlwﬁP ves

preferﬁ@hﬁghéﬁeas§ﬂ3|ka?ha”ﬁéﬁtanUEbEQ wel dhBg, o2 whal pr-healy input is
used which™is consistent with obtaining adequate penetiation. [0029] Still

anotheEOégpe@ﬂ breah@epte§@wtthﬁvéﬁmﬁoﬁea§oas nodi fi ed post-weld heat

{reat BhaBfl o 31 3ARLLE hE, LRRs RLI8tpeae RORSRr LY eLiil nale

nlcros ruc ral ures gener § 'S¢l eatnent' s

sIOMIcaahpagehatmagnaereﬁbpéeteapa@uhgcahgﬁns@ﬁ@h@ﬂhﬁ@y RAORAaehighhi S
nmodi fication involves wusing the sane rapid heating rate as that of the
pr e- wePENSAF GV B f#é@?ﬁﬁﬁﬁnﬁopepﬁér§aﬁelPé&@@ﬁéon[@@@oraﬁépeéwwﬁQCthe

post - vieh goBERE ob CAbRERLLa K, T ERRLECdncEARPIREN! B phe JehiRenkad Using

hi gh sensttrvity or sensitiv l'uor escent” penetrant inspection
and raprégrapbiwelﬁmsgectDoheGCebhnthys thash hﬂspéembdnse@@w'be per f or med

o101 SR g, Shhet besnldies ueh, as visualy eddn, U Ll O

appl i catbeBSary for specific applications.
[0031] As mentioned, using electron beam welding for flange
replacement repairs for cast nickel based superalloy cases were
not allowed prior to the present invention because of cracking
issues. Using the method of the present invention enables
electron beam welding of replacement flanges to cast nickel
based superalloy 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

superalloy weld wire is typically not used in EB Welding for
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[0031] As nentioned, using electron beamwel ding for flange. replacenent
repairs for cast nickel based superalloy cases were not allowed prior to
the present invention because of cracking issues. Using the nmethod of the
present invention enables electron beam wel ding of replacenent flanges to
cast nickel based superalloy cases and it produces superior welds. To
illustrate the point, mcrocracks that were routinely found in

wr ought -t o- w ought Waspal oy conponent wel ds were not present in the cast
Waspal 6yafiasesepladeicnect Hewahbrof sthhR peedentirel BUANHeOMsdDE3m RBri or
art flange replacenent repairs for | ess highl al | oyed _cast superall oy
cases F@ﬁﬁ?ﬁ@éltE§I€E§€t68ﬁp6ﬁ@n?°t6Sb8°th§§ﬁH§?deV &Rd Sy dEVEGTaRed,

sol uti pp, brat, t £eat edpk9ObkalBynSanE /ue! eszgu{ggy sggﬂmﬁg%@mx@% el ded,

fully heat treated (Solution, stabilization and agi ng) final

FPI / r adirogghphikupeirad pegt robati0g38pmbeonrgtehe fmetghedtdly chd lpdedenitie

i nventign, conpl et renoval of any.existing cragks or ar,_as evi denced by
Ut r o SHPGR SBnSRRLyELyoPPHoRRATF AN GG BB BSFnepeBt MBAS & iFRpor (At o
assur i pgegahangadenelidabi khkyulthe Hs8hokeAsAtEkekyhaped mettRRY aldoy wel d
wire is typically not used in EB Wlding for 10 fl ange repl acenent. However,

such wepdloprapbad bespsedipnoara useéhhrzaFBpeedfisgi o8 sadts@ridy oot
excl udgd BéPEhﬁckQYeﬂgg%B- uga&»g'ﬁp tBeobaRakE af war grand.gle ghagked
g Pe Wroug F upera Voy re 0] ,

sealin ur és on ough tating conponents requently
cal | edckoiliang edgescoplseall tifner dhesprequeld tbheutuienotraanelethtwi re. In

the presenteinvention“dtheauLtra high %ensgtivgty FPI. met hod %nd

r adi ogF 3phPEefnSpEctPBRarEeahdBd FaF BB ReFarnETEr eRSt PRFGr ¥ 1% ought

ni ckel sBagedoaupenpkba¥us@mangnts apphichiheénsaieweh@Wng. The present
invention lends itself to enable the attachment of wrought
nickel based superalloy flanges to cast nickel based superalloy
cases. One or more flange replacements can be so performed to
allow restoring the component to its desired flight worthy
condition. The slow cooling rate may be successfully applied to
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
gsuccessfully 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 welding is required to repair cracks
and/or wear or EB welding is used to replace flange(s) and/or
cagse 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. Consequently, weldability is not as robust as it

would be if all of the steps in the presgent invention were
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cooling rate enployed after the pre-weld solution treatnment. The need for
rapid heating rates to the pre- and post-weld solution tenperature is also
applied in EB wel ding. The present invention lends itself to enable the
attachnment of wrought nickel based superalloy flanges to cast nickel based
superall oy cases. One or nore flange replacenents can be so perforned to
allow restoring the conponent to its desired flight worthy condition. The
sl ow cooling rate may be successfully applied to both cast and wought case
conponeppiiectioneter whithi sapessthekecuroeatf datrgeehdiongtewEn rehoedhiionl y t he

cast co onegt is slowy, cooled. [00345 Vari oys other. cast nickel based
super aPPEyCEBRHoREREESSshERTAE 1 PAFAgHRTT! Ib8n¥SgHP8diﬁﬁgBﬂi&ﬁa&5 ¥s coul d be

GTAW wgLdedr sRathedguahpart 1818683 €NL I B¥eRLE0RroBased maR i@ 1abi iy to
successfully replacé wought flanges using the preSent invention, w ought
ni ckel ubasefl duféeachbyatatbermedchxpgnbdan predingewoudldi helpases, may al so

ni ckel ube Sosymalchxaanboun pe i helpases, my a
e R S T g s T

case npofeckienghassupkkadsoyepakesng bol thol e cracks. Current EB and GTAW
processes a?plied to mwought Waspal oy conponents do not use the solution

t r eat mAP3PI ocesBSpréhlisk éfGEﬁEtBFPééﬁSICEHCE?ﬁéﬁ ebryddubst PFoSKerdabi ity
i t ; i be_i f 0 .t
:ﬁvgﬁtP%%naggg§?iﬁgpg%FgﬁeEF%smﬁsgﬁ.abéa& FE?@eﬁE?p§obﬁs Q%r&%%%?n%gﬁm

case, e current Targe anmount
re- wel dengllanhdont herapebeess eter at whhnshwinpdrbemiadmoed heiagnictbl caet | y

based on the greaﬁgﬁ meldigilihg of the wwougat mat eri al,. The . use of

di f f er ERTPENS helffarceRpansi 8f 681 Ag* ®BUFd ePFRESTaE3RPY 8% nensi ons

duri ng;$8k Hi hgnwheat uhaeabiBNhnaf o8hetoshlARious effects.
[0036] The present invention may also work with plasma
welding, both transferred-arc and non-transferred arc processes.
[0037] The method of the present invention may be used with a
wide variety of cast and wrought nickel based alloys including

Waspaloy, IN-738, IN-792, IN-939 and others.
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prone w ought superalloy cases. [0035] As with the GIAW process, EB wel ds
shoul d be produced wusing welding paraneters (e.g. beam current, focus
current, beam oscillation paranmeters, etc.) which inpart mninmm heat to
the conponent while still achieving required penetration and avoiding weld
undercut and other injurious effects. [0036] The present invention may al so
work with plasma welding, both transferred-arc and non-transferred arc
processes. [00373 The nethod of the present invention nay be used with a
wi de vaHRet ysotraasEDand :w ought ni ckel based al l oys including Wspal oy,
IN-738, IN-792, IN939 and others. 12 WHAT IS CLAIMED IS: 1. A nethod for
repairing a turbine engi ne conponent conprising the steps of: providing a

turbine engi peHEAPERENt QK BB LOM AL ek ey ih%s‘é%g@%%rr&! | Rp &R NY
any defects fromsaid turbine eﬁglne conponen?; sald renpovi ng step

conpri shagssebpectfi:ng said turbine engine conponent to a sol utioning heat
treatnment using a heating rate in the range of from 29 degrees Fahrenheit
to approxinmately 40 degrees Fahrenheit as the conmponent passes through a

t enper at ur epirev&a@ngaageu%ihéo Bngioe degpefsnkalkbeniel triom H60Q cxdagr ees
Fahrenhei t; and wel di ng said turbine engi ne conponent to effect said

repai r bagedTHEPRERASEYAaccording to claim 1, wherein said turbine engine
conponent providing step conprises providing a cast turbine engine
conponent formed from said nickel -based superalloy. 3. The nethod accordi ng
to claiml, refereny sakddetiebiee fepg Baid turbine engine component;

said removing step comprising subjecting said turbine
engine component to a solutioning heat treatment using a heating
rate in the range of from 29 degrees Fahrenheit to approximately
40 degrees Fahrenheit as the component passes through a
temperature in the range of from 1100 degrees Fahrenheit to 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 claim 1, wherein said turbine engine
component providing step comprising providing a wrought turbine

engine component formed from said nickel-based superalloy.

4. The method according to claim 1, wherein said defect
removing step further comprises inspecting said turbine engine
component using a fluorescent penetrant inspection technigue

prior to said solutioning heat treatment.
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conponent providing step conprising providing a wought turbine engine
conponent formed from sai d nickel -based superalloy. 4. The nethod according
to claim1, wherein said defect renoving step further conprises inspecting
said turbine engine conponent using a fluorescent penetrant inspection
technique prior to said solutioning heat treatnment. 13 5. The net hod
according to claim4, wherein said inspecting step conprises inspecting
sai d turbi ne engi ne conmponent using an ultra high sensitivity penetrant
fluid. 6. The nmethod according to claim4, further conprising subjecting
sai d turbine engine conponent to a short thermal @ cycle to said inspecting

step. 7: TEEenEFﬁB@da@GSPHﬁH&gt6°cPéP§FMfrfMpﬁﬁgﬂﬁbéﬁﬁﬁ:ﬁﬂﬁ?quﬁWJy
et chi ngggi eo_tng&%a% %_%%@;ct%gp%%qat R het %r@%@l !cm%%te!r%gtuusrﬁbtrfgo'arﬁ' The

met hod according to clail rarther conprising~cooling” sal I'ne engi ne
conponehtrfr bAagh sexismiiviicat psoktitteon Wéatd.treat nent tenperature to a
tenperature bel ow 1250 degrees Fahrenheit at a cooling rate of fromO0.5 to
10 degrees Fahrenheit/mnute. 9. The nmethod according to claim8, wherein

sai d cgQl i MHeSMERhoB0ERITES ne0ebl RAasal 4 ,t YRR reRYmpe-1ganeEnent from said
maxi mum sol uti on heat treatment tenperature at a cooling rate of fromO0.5
to 1.0SHbgreednPakrérhéEbinsuERIing. CPHEORENTod Cadc shdintg thexmadi m 1,

wher ei pd,_sol.utisoni ‘ ri ses mai ntaining said turbine engine
conpongxgﬁgtté Sgéﬁpgbggﬁfzsﬁﬁ %ﬁggfange of from 1100 to 1600 degrees
Fahrenheit for a tinme period not greater than 17 m nutes. 11. The net hod
according to claim1l, wherein said solutioning o ‘
- 7.7 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 cooling
said turbine engine component from a maximum heat solution heat
treatment temperature to a temperature below 1250 degrees
Fahrenheit at a cooling rate of from 0.5 to 10 degrees

Fahrenheit/minute.

9. The method according to claim 8, wherein said coocling step
comprises cooling said turbine engine component from said
maximum solution heat treatment temperature at a cooling rate of

from 0.5 to 1.0 degrees Fahrenheit/minute.

10. The method according to claim 1, wherein said soclutioning
step comprises maintaining said turbine engine component at a
temperature in the range of from 1100 to 1600 degrees Fahrenheit

for a time period not greater than 17 minutes.

11. The method according to claim 1, wherein said solutioning

step comprises maintaining said turbine engine component at a
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step conprises maintaining said turbine engine conponent at a 14
tenperature in the range of from 1100 to 1600 degrees Fahrenheit for a tine
period not greater than 13 mnutes. 12. The nethod according to claim1,
wherein said welding step conprises electron beam wel di ng said turbine
engi ne conponent to effect said repair. 13. The nethod according to claim
1, wherein said welding step conprises GITAWwel ding sai d turbine engine
conponent to effect said repair. 14. The method according to claim1

wher ei Befpedavel-di ig shepraBaBPbIESEToRl asHB abC 16elodideg rsaizd Haninke iengi ne
conmponent to _effect said repair. 15. The nmethod according to claim1,

wher ei A%§afdEWBPIPRYLEFePOtcBRFRFSEs theRditAgManWES8ght repl acenent part to
said turbine engine conponent. 16. The nmethod according to claim1, wherein
said turbine engine conponent providing step conprises providing a cast

engi neleaseThrdmedhddwekdbmdistepocohpimsés whedeng akildeasldding wtepght
replacenent.flangi tg saig cast g gine caae 1é” The nethod according to

cl ai m £°"RhePePnTsaFaT el dFRY 4F a N0 Rfr-Ps EYTRLPEC FPHG "SaicP R g T&si ng a
wel di ngrkte BaiAedephiem a material having a conposition substantially
simlar to a conposition of said turbine engine conponent. 18. The net hod
according to claim2, wherein said welding step conprises effecting said

wel di ng,usi a My} i with a .copposition_c n tch. the
conpos???on%gF gg?bggagfw?gﬁﬁﬁhepoeﬁ%?ﬁ@ ggn%%%g%%p %gi%Tﬁ%ﬁﬁ% o%tggbording
to cl acombprikuest BeRWCeapdiagngaid turbine engine component to effect

said repair.

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

effect said repair.

15. The method according to claim 1, wherein said welding step
comprises welding a wrought replacement part to said turbine

engine component.

16. The method according to claim 1, wherein said turbine
engine component providing step comprises providing a cast
engine case and said welding step comprises welding at least one

wrought replacement flange to said cast engine case.

17. 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

composgition of said turbine engine component.

18. The method according to claim 2, wherein said welding step

comprises effecting said welding using a welding wire with a
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subj ecting said wel ded turbine engine conponent to a post weld heat
treatnent. 20. The nethod according to claim19, wherein said post weld
heat treatment subjecting step conprises subjecting said welded turbine
engi ne conmponent to a post weld heat treatment using a rapid heating rate
in the range of from 29 degrees Fahrenheit/mnute to approxi mately 40
degrees Fahrenheit/m nute as said welded turbine engine conponent is in a
tenperature range of from 1100 to 1600 degrees Fahrenheit. 21. The net hod
accor dicogpbe ich anmehos et tich e tebimahies icoghposedaliiary ofaisch wk et taurdh ines
engi ne conponent from a maxi mum solution heat treatnent tenperature to a
t enper SPHFESHEPBRCESEG - degrees Fahrenheit at a cooling rate of fromO0.5 to
10 degrees Fahrenheit/ mnute. 22. The method according to claim 20, wherein
said cooling step conprises cooling said wel ded turbine engi ne conponent
fromsdied mFhei merhbdatcsodtingn the &l atime dt, ménir thenpercataries iatg a cool i ng
rate o%ugnon10.5 to.L. O q%%re s_Fahrenhej.t/ m nut e. 1%

jecting said we d turbine endine compdnent to a post weld

heat treatment.

20. The method according to claim 19, wherein said post weld
heat treatment subjecting step compriges subjecting said welded
turbine engine component to a post weld heat treatment using a
rapid heating rate in the range of from 29 degrees
Fahrenheit/minute to approximately 40 degrees Fahrenheit/minute
ag said welded turbine engine component is in a temperature

range of from 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 1250
degrees Fahrenheit at a cooling rate of from 0.5 to 10 degrees

Fahrenheit/minute.

22. The method according to claim 20, wherein said cooling step
compriges cooling said welded turbine engine component from said
maximum heat sclution heat treatment temperature at a cooling

rate of from 0.5 to 1.0 degrees Fahrenheit/minute.
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