11 July 2006 METHOD OF RESTORATI ON OF MECHANI CAL PROPERTI ES_N? %aaT
| NCONEL 718 FOR SERVI CED Al RCRAFT COVPONENTS FI ELD OF THE IHWENA The
present invention is directed to structural aircraft components conposed of
cast Inconel 718 and forged Waspal oy or cast Inconel 718 and forged

I ncol oy 718/903/907/ 909, anong ot hers. BACKGROUND OF THE | NVENTI ON Many

st r uct ur al MEETEHIQDt OFng BST ORABHaMN ©FaWVEE CREENIC AL, FROPER TIES ¢F ei t her
solid cast_Inconel 718 or cast Inconel 718 and a separate forged
conmponent . GASTsBNGGNEL 788 JtQRCSERIAKIED ATRGRART € OMPONENESch as
forged I nconel 718, forged Waspal oy, or forged Incoloy 903/907/909, anong

others. T ' I nmonly joined as an inseparable assenbly by
wel di ng tﬁ@%ﬁ?gg%fﬁgﬁ$ﬁﬁgﬁf engi ne operation, these conponents nay
devel op cracking in one of the materials rendering the conponent

non- ser vi CaabkentGaséntloRCe Meciéd Fo kEudui Eﬂfﬁjéap eﬁﬁﬂnéﬂ?%ﬁb&ﬁ%& otffkg%} obt ai ns

Its desirable progert les by precipitation ni'ng at an" el evat
t enper at uieonelpdid and fozgd Mapably bt8candnbbmel A5S omidatfegedr gl

structure esirabl.e physical properties of warm tenperature
strength,g}:ér)g(gggési}g%%ﬁfl}?flg?ﬁeégs rupture strength, and fatigue resistance,

for application of the article as a high tenperature engine aircraft

. struct ur aBACKHEROEIND OH THEMNS/ENTIONt ai n t hese desirabl e properties, both
the cast Inconel 718 and the associated wought structures require a

. proper a nt of the ganpa-prinme (y') phase and the gamma-doubl e-prime
(y") phagﬁf.’amrﬁt@uwaﬁwggrgﬁﬁ BREIPE [ROMBOREkT Y Npasigraf accpmbiration gb sitherpolidi pi t at e
in a sinpg ' t t i t a or an
~undesi rablagt%ﬁglgeé???hg&%gllwg é?eﬁ?%)#ﬁﬁﬁtet%ﬁe@ ?’g%zﬁr eq(rﬂgﬁ'g ar%{? 1200F

to 1800Ho(BIFomposad)is ustallyt: mpitara sucie hefirgad Ricohdle7 18] RirgedoWassbisy, es of

~the cast _lnconel 718 associ gt ed wought structures at .the_expense

of y", vm?rcfﬁfggggﬂ%?i@ 9@:{@9’&5&% among gthers, [ Ibese materialsags campaaly jaired| evat ed

t enper at Uis@@.instheraBleas8Haily By Welding them together. During engine operation, these
components may develop cracking in one of the materials rendering the component

non-serviceable,

Cast Inconel 718 is a nickel based superalloy that obtains its desirable properties by
precipitation hardening at an elevated temperature.- Both the cast Inconel 718 and the
associated wrought structures have the desirable physical properties of warm
temperature strength, creep strength, stress rupture strength, and fatigue resistance, for
application of the article as a high temperature engine aircraft structural component.
In order to obtain these desirable properties, both the cast Inconel 718 and the
associated wrought structures require a proper amount of the gamma-prime (') phase
and the gamma-double-prime (y") phase. The y" phase, which is a body-centered
tetragonal precipitate in a simple face-centered cubic structure, is metastable and
fqrms an undesirable phase, the delta phase (8), in the temperature range of 1200°F to
1800°F .(650 - 980°C). The & phase nucleates at the grain boundaries of the cast
Inconel 718 and the associated wrought structures at the expense of ¥, which & phase

coarsens rapidly unless it is solutioned at elevated temperatures. The presence of




1 11, July 2006 leads to the degradation of both weldability and the
mechani cal properties of the cast |Inconel 718 and the as s ddiabed O ought

structure. A nethod for repairing these cracks is generally found in engine
mai nt enance nmanual s, which all ow the conponents to be repaired and

ret ur ned tg?q??ervi ceabl e ~condition. Typically, these repair methods consi st
of wel di nd3fsdo hedqesadation pfibethrweld antl¢hg mbchanwabpropyrtias 6f thessstr el i ef
heat treatiggsie] 7FL l.pconel 7 ith forged attachment parts the

repair process conésrfdgtpégsosf)&%%g?’ﬁggéﬁﬁgu‘ft%' assenbly at about 1750F (9500)
for about one hour, post weld heat treating at about 1750F (950C) ‘for one

hour, f ol Ioviethed fan regiining et dradkat FepdnekMy’ QSYin eddife ?ﬁ%ﬂﬁiﬁ]ﬁt@e g

struct ural nponent s | oyi ng cast | nconel "718 are not |
Such str ué?%ﬁ%lls’ F@ff%’oﬂmﬁ%ﬂ@%’@ﬁ"& khhedepdired dugh retireed tobemieskience.
I ncl uded icBnditibies TyHRAINR NBEE Seit; | jreraft engine frames, cases and
supports that are y?ngg?gct ed 'gﬁéﬁgrg@gﬁéc%%sgpfgﬁ’@%gﬂ{ei%Ckzir}a BIerd9cl es of
the engi n&cal|thenyfpllewed/by @ stoéss relivd hekittticatisentl Borf Qi Rcshel W['Qw‘itﬂ%%ed

l'ed fromthe

inspectio he ,non-conf orm ng conponents are di sassenb

engi ne angﬁascg%l-{% SPBE%S {160 LRPRIT SRGESS 9NSISts Of revhsiing ghel #ssembly aisalmyt vi sit " |
It is not 1TS0CBROSOPC) Fo f 4 |..n opnel 718 .c 0 require
the standard wel dcgn?jlf %Hea)g% Sitifg(g%r’ g%sgg%e!dq%e&r?%ﬁ%ﬁ%gn%ﬁ%gﬁtswggéﬁ’gb forth

above. Suf ong bpursfollosed byrmlaping|leagengnait@fsnofr, wel d and heat treat
repairs. These nulti-generational repairs cause degradation of the cast

. Inconel 7 erial _due to the formation of » phase precipitates over
tinme. Dat iﬁﬁ? ér%gﬁpg‘émg’fﬂe%?&mn@aﬁm@}wm Tnieonel {74 8 arecfidtdife Imdtedss of the

wel d/ heat Sucheiétarall 86/ B88SE N, ' . ith the frequen f, .these
r epai :s. ttg%[re gq);g}r?nleg og _tlgllg_ Eﬁg(ﬁég;l %‘Eﬁ%bﬁlg\g% Eﬁ&a"?’“ﬁiﬁ%ﬁ?& %81%3?4 I nef
reports t¥eargi inbjob e e dfanady, @AHsNEd Qfi afhat age o

25, 000 hq%p%cte?%{%r?a.a crack ears_at the bl eed ports %I%Bttshe. end of the
struts. After the cr 41, Juisagions ? ad By cxysiastdithe magirmolimanoavicesbled/ heat
treat repanditipnosesoand daisk I8 HspdRiohs then the non-conforming components

are disassembled from the engine and sent to a repair shop. This is commonly called
a "shop visit".

It is not uncommeon to find cracidng on Inconel 718 components that require the
standard weld and heat treat repair during shop visits as set forth above. Such visits
cause multiple generations of weld and heat treat repairs. These mulii-generational
repairs cause degradation of the cast Inconel 718 material due to the formation of [
phase precipitates over time. Data from several repair stations show that the
effectiveness of the weld/heat repairs decrease proportionally with the frequency of
these tepairs. For example on the CF6-50 Compressor Rear Frame, one airline
reports that the frame will be operated on an engine for an average of 25,000 hours
before a crack appears at the bleed ports at the end of the struts. After the crack is
repaired by performing known local weld/heat treat repair processes, and the frame is
returned to service, a new crack will appear in the area of the bleed port near the
weld/heat treat repair. The average time for a new crack to appear is 5,000 hours after
the original repair. Therefore, if the time it takes for a crack to appear from the time

the new ﬁame is placed in service is about 25,000 hours, then the time it takes a new
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returned.to service, a new crack will appear in the area of thf bl %ed port
near the weld/heat treat repair. The average tine for a ne‘vl/ i B

appear is 5,000 hours after the original repair. Therefore, if the tine it
takes for a crack to appear fromthe tine the new frane is placed in
service is about 25,000 hours, then the time it takes a new 2 11 July 2006

crack to appear after a .d and heat treat repaiﬂr i s.abaout 20%.of the
ori gi nal CEHQF\‘%? ERPeat FHE 2 ‘)YA%_fisan QieptEqat Fmair d At é0r ofrthm griewplorerdcs r om
di ff erentindl rinidi§Just IMCeRMIPIREYmERHIFord! FroARUFGIMCEGnSEr Vi ce usage (crack

free) of the franmes after repair °is the degradation of the cast Inconel
718 material. Repeated heating and cooling cycles in the tenperature range
of 1700FThe prigorcauspof theggbcrd servise aisdgsr(mack &ie) offthe fremes pfiersiepaiiThe

i al . ' f h I d,heat
opat 1 e SF IRl TR R wflont. yRepedfear g a By '

delta pbypdes innbé eaiReatiBatndd 6 1ostr iddorgdoem (i -cwoto@? Baul$8Y f@m@A®NL S in the
alloy is altered in such a way that elenments have collectively mgrated to
“certai n. af &3 phiaes. Thehregterialeaccmowlates ghlty ploase caterizh freoh, thd niedd ateltieat es t hese

el ements, from ot her. areas, decreasing,.the nechanpi cal properties of the
al | oy iniPHsRAL vhieh isprXdegy Bﬁ,wﬁgﬁﬁpﬁﬁﬂf@s'nﬁn& Hf‘éseg?eéﬂfélll? Bi& ed
pr oper | YF]'leftetillitﬁca%s' 18t $he dENRIYn O Rekinby eh&fs irhﬁleg%l% qg%ﬁ%l&d Ela_{HEper ties

of cast lnconel 718 are decreased when 6 i's present.
| NVENTI ORchier Wi thiit stemssisdhave ecollagiivelyemigrated ito certesn aegaaiwhesmthel et

br out g DOVATERY kehdsFRAGH S THRRIA B i PR Sbir SRR, JEBRAS | of
nuner ousthemiekarief propertaR G eadliol i Mg iess. THeeeforERMAEILMBAts RGPS t i es of

cast Inconel 718 deteriorates. The process disclosed herein allows the
r est or at Tedistidutedapparhicaibe alfopgomsevent eraelangysineh thesmeghanicak propertipe

conditi ngvﬁgt Iﬁ%l gf)gsgreldg&%gs%lfi v(h]eg Siigmag%rgt ely after manufacture. The
IC )

article, I ncl udes "a cas ncone conponent nmay be restored
‘through a process that includes heat treatnment. First, the article that
typi cal I sUMMARIEOF THERAENVENTION

Herein disclosed are improvements in the repair and heat treatments used to restore
cast Inconel 718 aircraft engine parts to provide a more uniform distribution of
clements. Over time, and after numerous crack repairs and heat treatments, the
mechanical properties of cast Inconel 718 deteriorates. The process disclosed herein
allows the restoration of cast Inconel 718 to a state which is similar to the condition of

the cast Inconel 718 immediately after manufacture.

The article, which includes a cast Inconel 718 component may be restored through a
process that includes heat treatment. First, the article that typically includes a cast
portion and a forged portion may be placed into a heat treatment chamber, purged of
-oxygen and the pressure in the chamber may be set to a suitable neutral or reducing
atmosphere. The article may then be heated, at a rate suitable to minimize distortion, to a
temperature in the range of about 1950°F to about 2150°F (1060 - 1180°C). The
temperature of the article may then be held in a range of about 1950°F to about 2150°F
- (1060 -1180°C) for a time sufficient to solutionize the delta phase precipitates and




portion and a forged portion nmay be placed into a heat treatnent %ganber,
purged of oxygen and the pressure in the chanber may be sét 1y 2008 t abl e
neutral or reducing atnosphere. The article may then be heated, at a rate
suitable to mnimze distortion, to a tenperature in the range of about
1950F to about 2150F (1060 - 1180C). The tenperature of the article my

t hen be Fel din a,range Q%Wabotit 19581; &)o about 2150F f(5_1,060 -1180C) for a
time suf ?IBP%‘?erttgesaglgﬁti | FHCIP HRAYIEIRR Ropfieald Pretipruibpiest Rrros 11 July
2006 honmpaenimse ﬁll_agipﬁlltlirﬁyin t%@ﬁngé bt SHofit TED0°F BEBbe 1%&%?@'7021 I (%%og‘g e

sufficient to avoid delta phase precipitation in the rang out 1600F
t o about inl @0pietdcE¥E neufr8ld 0C)reducingn apnasphati stea nate safficiznt e dusinmn

at nosphere at. a rate.sufficient to iptain dimensional stability. The
article fEFIRE %%’llé'iyr ﬂﬁmﬁseﬂayotggfqﬁ%%w@amhgiﬁ qusashed iy 48 ingr? an
equi val epds £k eqdiQalbRORkd QORBLA! ehferabfte, PHORL &PEJ)BMBH tieaes, be
renoved, |eaving a cast portion that has essenti %I |y a sol utioned

condi t i oremoxed,eadng heasli portioth that bamesséntialy ghtolutioned tomdied" Aameedised

i nt er cha bl,y.. . The, cast. porti,on .ay then be.reused, ile the wought
portion ilq%g%i £sﬂgéat‘r3 o VREEH @%ggf%eda a¥“i ?Sgﬁ inferchagecgbly; tﬂgpﬁags"é’ﬁ?oq nventi on,
t here i smay thehdrdewedomtile the SabUED poldbASLSiSedr@d. r estoring the properties of
an aircraft engine article having a cast portion conprising a nickel -based

superal | oy havipg a m nal caonposition, in weight percent, of about 18.5
tQ g

percent . i r GHCOI O aggr_sgaspgqt@@me neeseBhinveRtionndere 16 provigsdradeht ni obi um
b 3 t 4 ' ' Q. t
ot Sy A S b o,

al um num about™ 0. 04 percen a nce forged
porti on parhan céraptidieeansktmsedsipenllve hedhe d nbhéialebmpyddtias ibel ow the 8

sol vus conpyrjsing. the st of : provjdin n article conprising a
ni ckel - b‘gglpgl(’]t %‘iﬁffg’ﬁé’lr%lahwtl‘}g\% cegt R’B‘Pﬂ gt 1%£P&¥6‘§3t1°ﬁ1&‘ﬁmmna%F et percent,
of about pek&n® nidB8iHeE Fboht ?ﬁbrc@l?ﬁibtlybjd%mﬁn,%%ﬁg@g pefBh O, ARRKD 5°- 1 percent

ni obi um™ about 3 percent nol ybdenum about 0. percent titanium about 0.5
per cent Bareant aluminehobou).04 pereent eatbon zaniddnlanae dickell aad acforged pkedont 0 be

treated 4 h5aL 'bggm S Jeec erdttio %clap%ageg tl?enrﬁgpc-y%i(eis %gfoiwvt%e %tso 8 %&Sﬁsﬁé the ' ate to
steps of: providing an article comprising a nickel-based superalloy having a nominal
composition, in weight percent, of about 18.5 percent iron, about 18.5 percent
chromium, about 5.1 percent niobium, about 3 percent molybdenum, about 0.9
percent titanium, about 0.5 percent aluminum, about 0.04 percent carbon, and balance
nickel to be treated; heating the article in a non-oxidative atmosphere, at a rate to
minimize distortion of the article, to a temperature in a range of about 975° F. to about
1025° F. (520 — 550°C) and stabilizing the temperature of the article in this
temperature range; within 60 minutes of stabilizing the article in the temperature
" range of about 975° F. to about 1025° F. (520 — 550°C) heating the article to a second
temperature in the range of about 1950° F. to about 2150° F. (1060 — 1180°C);
holding the article at a temperature in the range of about 1950° F. to about 2150° F.
(1060 — 1180°C) for a time sufficient to fully solution precipitates; cooling the article
to a temperature in the range of about 1000° F. to about 1200° F. (530 — 650°C) in a
‘protective atmosphere at a rate sufficient to maintain dimensional stability while
avoiding the formation of 8 phase; cooling the article to room temperature; and

removing the forged portion of the article.




mnimze distortion of the article, to a tenperature in a range of about
975 F. to about 1025 F. (520 - 550C) and stabilizing the tlddgbr#fi0re of
the article in this tenperature range; within 60 m nutes of stabilizing
the article in the tenperature range of about 975 F. to about 1025 F. (520
- 5500C) heating the article to a second tenperature in the range of about
1950 F. to about 2150 F, (1060 -1180C); . holding the article at a

t enper at (teeri isatpss ndngvapigeselitherprseent inyantign vl be sppapent frarngbe - 11800)

for a tipmResHhs ! Gloant ul - ti reciepl tates: [ he article
to a tenperat -u% eﬁj%oﬁéqtqftéﬁlregngg%g? legoﬁfq?gog&@etho eﬁ%ggﬁe%gogﬁﬁg ?%30 -

© 6500) i ncajuptionedth the aetomymphiep dravings which iBustrhicsbe way b examplé,aha

di mensi onal .stab%@%%%‘fe\gﬁi | e avoiding the formation of 6 phase; cooling the

article PBPYBSHP P#e; and rempving the forged portion of the
article. 4 11 July 2006 O her features and advantages of the present

i nvent i oBRIEF DESCRPTEOROF THeDE AovNed | ow ng nore detail ed descri ption of
the preferred enbodi nent, taken in conjunction with the acconpanyi ng

drawi ngs_which illustrate, by way of exanple, the principles of the

‘i nvent i ohig g Eiloprehertiustelingr pregEsORAWhNGSnREirgrafi eriginezpait commsised t

A T ustraj] g i Al f nai art._caonpose i n whol e
~or in part g? @gpgrgéraggﬁfeéa%’o éltg ﬁtltﬁéc}llﬁgggé%géttﬁf%ggﬁle Ca?ll%? rgélﬁregélgtflést ored
after ceracdkinglg; Fig. 2 is a Tinme-Tenperature-Transformation diagram for
cast Inconel 718; and Fi 3 is a Tenperature-Phase Stability D agram for

g.
cast I ncpnel.718. TAILED DESCRI PTION. OF T | NVENTI The present
i nvent i oﬁlgp#lﬁﬁﬁ’é%e'ieErHB?f@T“r‘??g’Fai‘?%nﬂ?“%Pgr 8t F%blnf’ﬁner?gégiﬂné t he
mechani cal properties of cast Inconel 718 included as part of an aircraft

- engi ne. fe3 iédiﬂéfﬁ?érm}e-i»mbg%ﬁit&hﬁagrﬁﬁ_tfgf@a@tﬁleéﬁelb‘i‘@.onel 718 conponent
thus will benefit from decreased shop visit repairs of the cast |Inconel

718 comRaet 8D DESCRIPTION OF THE INVENTION
The present invention provides a novel method of heat treating to restore the
mechanical properties of cast Inconel 718 included as part of an aircraft engine. The
. frame that includes the restored cast Inconel 718 component thus will benefit from
decreased shop visit repairs of the cast Inconel 718 component of the article, Future

maintenance costs of the frame will also be decreased.

In order to restore the mechanical properties of a frame that includes a cast Inconel
718 component, a number of heat cycle steps must be performed to properly re-

solution the Inconel 718 component. The forged component of the article must
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mai nt enance costs of the frame will also be decreased. In order to restore
the mechani cal properties of a frame that includes a cast AJYHeA0067 18
conponent, a nunber of heat cycle steps nmust be perforned to properly re-
solution the Inconel 718 conponent. The forged conponent of the article
must 4a 11 July 2006 repmain attached to the cast conponent of the article
so that tHEMRUEHIEChe,Wniba castiqomponentaefithe nticthi soethat thnatastsdoatpicnbdtywitlur i ng

the heat tregal i€Mined iQﬁﬂﬁ%ﬁbﬂ@ﬁﬁ{iﬁéﬂ%h%%‘r'ﬁqtagpgtﬁm 1, there is shown a flow

chart illustrating the steps ®E¥- i ncl udes the cast
I ncone! 718 portion nmust undergo in order to have the original nmechani cal

propert i eReferripgarovatt Figndoigtre 74 Sh@es i B Bt AREafid fﬂ{e &é&cffh{]&g _The
placed in a

article leh includes.the cast Inconel 718 portion is first

heat tr\ég'%&rrg% h&ﬁ‘?&ﬂﬁgﬁl‘?sﬁﬁf’%“ﬁ InconghV18 rertiom must widergkinl drdet tohavéithear t, and
t he chanbeftigifl nRYR&ILA! : bout 0.5 m croneter Hg or
purged wit hga non-r qact.lﬁl\‘g’ggﬁggg,fﬂ{reg%r%gfshgéf%gi%éoﬁﬁﬁﬁ?sé?m?@ﬁeﬁ?@dﬁ%'i cleis
then heat dderatiglerwhiperincludes thet diish hdvael 7engertih BbeME pARSK iho abgut 1025F

(520 - 55 resented by n ral 12. Wien the heating to a range of
about 975@‘9%’%“%%‘%?%%’1"6 oy g“zﬁ‘t‘fﬁ@%@)to oge slileghingthe art; pred gmbembwse i s
hel d wi t hievacubiad t6 angospIRRE SEABLEH. iR 4 article is then -
heated to a tenperature in the rangesbrélfc a o%@%mg%g“%tﬁgﬁmﬁw (1060 -

11800) wi B FFPEesenipshby aymeral dfle Theiaciclt inther latatedeo attepératiod wathin the
ure of the article is then held at

t iz 16. . Th
o T enper i tFe Of AR R AG e LR 638 0r 0800 sebresentaioRs mubwil 1211500)
f Waten Ohe HicHng i bout, 65_ i nut es,
ropr osont ed- by rusers U8, gt SRl 2753y BRI G2 PR s phase

to be ful $ymplefeuthe derapbratiimis held withinetdi Rgge, wResehid 15 man@hl 1heTaeticle,
typi cal l yargclyi@fﬁ% fort ‘Eie with an aircraft engine, shorter or |onger tines
may be used CIherP i5Pefl iR 2 iunperatize g the rangeefrabont FAATE ol aboutc ISARF
chamber, (106001 180°CH ¥dhiPEE B r nted by nupmeral .20. The chanber is
cooled to at eg})eFZt ure in 'tlﬂ%esr gﬁglg%%*%r;%@{?{%%ﬁlﬁ@uﬁﬁoﬁpmf%@ (530 -
650C)  at by mumeral 16. The temperature of the article is then held at a temperature in the
range of about 1950°F to about 2150°F (1060 - 1180°C) for a period of time in the
range of about 55 minutes to about 65 minutes, represented by numeral 18. This
- amount of time should permit the & phase to be fully solutioned. However, depending
upon the size of the article, typically a frame for use with an aircraft engine, shorter or
longer times may be used. Inert or non-reactive gas is then introduced into the
- chamber, if not already present, represented by numeral 20. The chamber is cooled to
a temperature in the range of about 1000°F to about 1200°F (530 - 650°C) at a rate

sufficient to avoid the formation of & phase in the cast Inconel 718 portion, typically

not less than 30°F (16°C) per minute, reheated and held for a time to precipitate y",
represented by numeral 22, The chamber is then cooled by air, or at a rate which is

equivalent to cooling by air, to room temperature 24.

Referring to Figs. 2 and 3 which are a Time-Temperature-Transformation ("TTT")
diagram for cast Inconel 718 and a Temperature-Phase Stability diagram for cast
Inconel 718, both available in an article entitled "Microstructural Characterization of
Cast 718" in a collection Superalloy 718 - Metallurgy and Applications, edited by E.
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sufficient to avoid the formation of S phase in the cast 'ﬂi?{{h@' 0&%8
portion, typically not less than 30F (16C) per mnute, re *%0d hel d
for atine to precipitate y", represented by nuneral 22. The chanber is
then cooled by air, or at a rate which is equivalent to cooling by air, to

room tenpegature, 24. Ref arrirtl"g to Figs. 2 and 3 which are a
Ti me- TenpetdtUite 13¢ diseslsnddqtaln & Matarials Sosiekys 4989, 6t carabe s¢enctbateif 2118 and a

T t . ahi:] | ' f fol 18, both. i | abl
o o ¢ ey ahiefia haoeolleR MBI B sEREhCe BT T cityy. W) 5701 1 4
col | ect i ord ShapercahhatybegibBto- prvbibitheUr EmAR6n AP Rhik GRhicOBs b@‘a%iﬁéghg%d!f- 5 11

July 2006 A Loria, The Mnerals, Metals & Materials Society, 1989, it can
be seen t fePling rapily fon EQIOSF t7 12008t (530 e 658°Gjrevemtd fodmbtivrofthis plassose of

t he upper - r.ve. ,undesi.rapl e . 8 phase cannot begin tQ precipitate. -
For mat'i on %@?’%gs Bﬁq%éo 35%d%gst‘§\9‘8¥1@88f0 é‘i‘i%FSCSCS(%PP%“F spidicooling fiemoF to
'1200F (53Ghe eR586) t@hparantess if & ABdel ' Fﬁm@ ko order to
avoi d distortiaqn due 1?55 st relsseg@ésegét%ﬂagé #%a(?ﬁﬁ?ﬁ%@%@%(}ag | nggf:ﬂgmﬁglpﬁe :

el evat ed tEahefde thegastiportion ofghcfemey to | eave the forged portion of the
frame attached to the cast portion of the frane. Once the heat treat cycle

I's conple t ' pi fr el S chined .to empved t he
forged porr(%icg gﬁlﬂ?e P%El{el%ﬂeg)g%%g (}0?1@1(%%%1 &‘?1%3{)%7 W'(S’ﬁﬂg]ahftr%e’dﬁ t“ilac?F‘E‘.gRﬁe
restored tasevetlribefeiged b8rtpoar frbmnthefcatthicaid] i 718 epdrfiod REMhevaiiRRY TRea new

forged portton to creegtﬁ a new i nseparable article. The exact process w ||
vary depef@iHe! est Inganad ;78 poytionof the prsiclsris thenavelded toragiavefargedhportion cast

| nconel 7{ScrbataaBetNade | fge t [ ' tr D[ Ocess.
Once the r]evf/ for gggl'co 51gﬁ%nt |es' &g‘?%p %’cﬁe‘}ﬂgé’%@ﬁﬁgﬁéfga@@é ﬁlgrrponent,
the sol ufiicotypgrd aireraft engamt frape) eScaseficord U8 fifife Ot Gequides nRBAicACt Ur e

engi neeri Law ngs .for the individual conponents can be perforned. There
may be ex@sgnpgﬁ%sﬁl%eapg%ﬁtpﬁ’éﬁsorm ng post-wel d heat cycles, for exanple stress
relief cycles, specific to an engine type, and not all frane designs

~speci fy aOpesthewrhdfdgddiedmpordfels wEd % Me cast Inconel 718 component, the

solution and heat treat cycles defined on the original manufacture engineering

drawings for the individual components can be performed. There may be exceptions
for performing post-weld heat cycles, for example stress relief cycles, specific to an
engine type, and not all frame designs specify a post weld solution heat treatment.
‘However, the cast 718 portion of a frame removed from service and repaired in
accordance with the present invention with the subsequent welding of a new wrought
portion can be processed in the same manner as a new frame made from a new 718

cast portion and a new wrought portion.

After the cast Inconel 718 portion has been solutioned within the temperature range of
about 1950°F to about 2150°F (1060 - 1180°C), and the initial or old wrought portion
has been machined away, a new wrought portion can then be attached to the casting.
When the article that includes the cast Inconel 718 componént to be treated does not
require -a special post weld solution heat treatment as set forth on the drawings, a
stress relief heat treatment and an age-hardening heat treatment to properly age the
part nevertheless should be performed to fully develop the mechanical properties of
the cast Inconel 718 portion and the attached wrought portion. Because the wrought
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However, the cast 718 portion of a frame renoved from servigce and repaired
in accordance with the present invention with the subseque‘ﬂtJ Qﬂ%g of a
new wrought portion can be processed in the same nmanner as a new frane
made froma new 718 cast portion and a new wought portion. After the cast
| nconel 718r80rtion has been solutioned within the tenperature range of

about 1950HTHRR SHbbE compused| afdsGaricty KEGE! treatable bHoysnivhosl properfitsdater ought
ht portion can then be attached

portion hRseBE&D 3o e NEW W ou

o the castraared bl CARREn A MeaelE S il dossioms g papreondforhg
conmponent tetovbe treated does not require a special post weld solution heat
treatnent as set forth on the drawings, a stress relief heat treatnent and

an age- hardeni he treatment to properly age the part neverthel ess
shoul d be ?fftgg e 01?‘{T3|7|1§ YEpone haﬁebem;cﬂogxbionad withop éret feapenfuret he cast

| |7 | & . ht portion. Because th ht 6

| "TOT0 y | SR e 3090 ", BB BB B R o PR GRSL et o

al | oys whossiopriopdetn eaciined awgy el W@r&}gh@bﬁﬁi%h%%tﬂgbﬁaﬁe &t{a@l?édr%% . _these
e cast In

age treat gents n \éﬁﬁ;y as set forth below. After conel 718
conponent “F48Ep YN dBs articlsisgludps aicastiheoneh Fp& campomrent vafdyd tofeitaioart 1950F

to about 2Zi&a@ht ( 1av 1 the i nitial, wqught ortiop has been

machi ned away, aq‘%g}\?val% oug 8@??%0% é’gﬂu%}ﬁerlikeﬂ 'agt ForapEt o aefe tﬁfE:asti ng.

Wien t he eqmEp@ieatsianc vellled tapetdms,tin lorded e kelietS wellRARER Lane) ﬂl%geztl)?’a%]t her a
a e

wr ought . onponent a w ought Rene-41 conponent, ter
corrpgnen:@éz@ilga?&t éa%‘ﬁaglgﬂﬁ%g%%ﬁhe heat %‘gﬂ@? iny &errengeevgghv@t d580°%Feesabsutaind t o
properly BOF (Hr) agb( ' houl e _heat. treated in the range
of about 1500th§) agg{?ﬁt&) %%%9%8%6&%&?38?30‘#?880‘& cherléoﬂ"’pt?’ialg‘é(f"égyé’d peri od,
about onéhehbtregtmicot irothe dadipe @faﬂmauzswawﬁ%uﬂ1%5b*t€86’7®“9?3(?&) aﬁb‘i"% 1250F

, ~abou

to about 135 Fal(e670 - . 730C) for a second preselected period ei ght
hours, fcﬁe??ﬂ%e BSlecied, pagiod; rabauteight hoursh®lloveddey afheabauitmbabaFtheo about

1250F (638nge &/ Rolit | P08 th U0 Hs55€ l(&%t -eg70[‘)’85 if(())rda third preselected period
about one hour. In a more preferred embodiment, in order to relieve welding stress
and to age the article, the article should be heat treated at about 1550°F + 25°F
(840£14°C) for about one hour, fqllowed by a heat treatment at about 1325°F + 25°F
(720+14°C) for about eight hours; followed by a heat treatment at about 1200°F +
25°F (650+14°C) for about one hour.

After the cast Inconel 718 component has been solutioned within the temperature
range of about 1950°F to about 2150°F (1060 - 1180°C) and the initial wrought
portion has been machined away, a new wrought component can then be attached to
the casting. When the article is a cast Inconel 718 component welded to a Inconel 907
wrought component, after the components are welded together, in order to relieve
| weld stresses and to age the article, the article should be heat treated in the range of
about 1500°F to about 1600°F (810 - 870°C) for a preselected period, about one hour,
followed by a heat treatment in the range of about 1400°F to about 1525°F (760 -
830°C) for a second preselected period, about sixteen hours, followed by a heat
treatment in the range of about 1100°F to about 1200°F (590 - 650°C) for a third

preselected peﬁod, about eight hours. In a more preferred embodiment, in order to
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about one hour. In a nore preferred enbodi ment, in order tci reLyi@ég wel di ng
stress and to age the article, the article should be heat ekt at -about
1550F t 25F (84014C) for about one hour, followed by a heat treatnent at
about 1325F f 25F (72014C) for about eight hours, followed by a heat

t r eat ment alt aboyt, 1200F f 25F (65014C) for about one hour. After the cast
| nconel  718MSEWIABE stressang de pgesthe atticksn de adtitleishoull de theatmntediat aboutange of

about 195 5 060 -, 1180C dt initial wought portion
has been Oggﬂﬁngggfmgéaggfgi&?rﬂ%% eql”d%ﬂp@ﬂ%ﬁ’?‘?g&ﬁqleﬁwaﬂ@e% aboid t o

t he casti ng75%henstheoan-14 ' I en | ded to a
I nconel 907 w ought @corrpf)oﬁjgﬁ?% §%cfﬁltt g?%eﬁe%gﬁélﬁiﬁ%sggg@%%?%gg@ I;thoaget her,

in order tbowtd|l5eet 250 (626t ISR abod cight Bg@st he article, the article

shoul d be heat treated in the range of about 1500F to about 1600F (810 -
foll owed by a heat

870C) for Aﬁ,[egrtﬁsel?szﬁt ed Feﬁa od, about one hour,. | 0\

treat nent ‘T the PAngEens %ﬁﬂ{npﬁmlhaﬁ deam sotutiosab withing the- fegpe@juré or  a

second pregfkegt k et ' ou o0l | d.by. a hea

treatment in theﬁ%gﬁggso(;? ‘gg%%;& ag%&lgeﬁ@@b'oElfgolgg(f'ﬁg\(@@dm-mg%@}g or a

third preseiosdesbepemadinedadonyt a@icGriirdu@hf Sompdhedt S BePbEhRAHRM to

. enbodi rrenihec!n.rorq;ﬁ tﬁ?igagqué July 2006 relieve welding stress and to age
the articlg, “PHE Q¥R fif2 isasteeanel 7 b8 cempeanen hsided tosE0FOUghP5F

(84014C) Imebn&lwO9icol ) I r nt_at about 1475F f

o Soapencde e IR ottt ft B3k eI N RLIT R o

25F (80014C) for about sixteen hou
about 1150ld sprgsses aod tor@e the artitie the aitight sHoald be hedit t@hited e tieAGhgd oEONEl 718

conmponent en sal uti ithin the tenperature range of about 1950F
to about a}’?ﬁﬁﬁﬁ’lﬁ&g@uﬂ%@%g (gi{h- $HEQ) don g Arst preselgeted timemeriod, abaut been
machi ned @iedhvur, FoNG¥e gp&? { hed t

casti ng. V\henu{ hg ar t%}?gg%%gcas %P{r%lggr%?age %%Oggh%%ﬁgﬁ a tgéébﬁ‘g a
wrought (7A€ 0f780°()dbr & seqpad prdseleatet eiind Feicd ABAR ML haas, MRbded biyoget her

in order ,to relieve weld stresses and to age the article, the article
shoul d b eRELEINERIR the tangs elcabout HOOSF to about 1225°F (490 - 660°C) for a third

preselected time period, about four hours. The third preselected time period may be
- reduced to one hour, if desired when the temperature is at the upper end of the range,

that is at about 1200°F + 25°F (650+14°C) for about one hour.

After the cast Inconel 718 component has been solutioned within the temperature
range of about 1950°F to about 2150°F (1060 - 1180°C} and the initial wrought
portion has been machined away, a new wrought component can then be attached to
the casting. When the article is a cast Inconel 718 component welded to a wrought
Inconel 903 component, after the components are welded together, in order to relieve
- weld stresses and to age the-article, the article should be heat treated in the range of
about 1500°F to about 1600°F (810 - 870°C) for a first preselected period, about one
hour, followed by a heat treatment in the range of about 1250°F to about 1350°F (670
- 790°C) for a second preselected period, about eight hours, followed by a heat
freatment in the range of about 1100°F to about 1200°F (590 - 650°C) and holding for
a third preselected period so as to develop y' and y" while also relieving stresses. In
one embodiment, the third preselected period may be eight hours, In a more preferred
embodiment, in order to relieve welding stress and to age the article, the article should
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about 1500F to about 1600F (810 - 870C) for a first presel itje& tége
peri‘od, about one hour, followed by a heat treatnment int P r‘?& of about
1350F to about 1450F (730 - 790C) for a second preselected tinme period,
about eight hours, followed by a heat treatnent in the range of about
1100F to about 1225F (490 - 660C) for a third preselected tinme period,

about f ourbetiwat eatdthat dboirt U5 JO°E 22 B (R4D119E) RERbAL B YRS folldRild to one
hour, if desired when the tenperature is at the upper end’of the range,
that is at"°8bE@mantiasrbguti§es b sEpAR(720d¢ 44 dut stoneecight ourdfbliswdd sy, cast

| nconel 7 nent . has ol yt] dwthin the tenperature range of
about 195 eg gg%glgﬁl{& aﬁf@ﬂ’fq?%ﬁ)iﬁlﬁ 146d terabopteng hauryr ought portion
has been nachi ned away, a new w ought conponent can then be attached to

t he casti gter\Mhie Radt B caddl i g/geed 0, . ent welded to a
wr ought I nconel 903 corrpongn%%n%%egﬁﬁ%shg&go%}?é%gﬁ%(%H\A?eIt%lé‘?fr?tﬂr&et her,
in order f¥ngcett ahout IEOT ¢ mbewed! SHAE (106009 180%C)akd ﬂ:leeiniﬁdl'em%ﬁétd e
shoul d be hletat treated igie%he range of about 1500F to about 1600F (810 -
870C) for P8 fon has bser ae 4 @V3%, 1 e vagBght compoundoan theolbealachddytoa heat

t r eat ment thecdshife. 'REE u 350F (670, - 790C), for a
second presel egl'?ged periﬂ%{fﬁg%;%talélég tcgﬁ%iﬁg,é%qﬁg%‘&g%d o AdHPUEht, oot nent

i n t he - r afigenelf718isompona@0aterdha bemporkaBlire (AR toGBRE) indiderlrslicie for a
" 'while also relieving

third pre eri.od sqg as .t evel, " and .y’

str essgs. al%in(fﬁ%%%sglﬁgéﬁiaﬁ%%? arf‘ﬁ]%’, ﬂ}‘fi "‘Fﬂ‘ggﬁg@%@ é’@thééﬁ ipRatqdo theyarige ofi ght
hour s. | nalkourasE0°Pri8t ep‘@)ﬂj | '@ Bd) 0 | ev | di ng stress
and to agg the ar Fitglag?]&ttefhbeooartl'cl e shgwg %fl[%&rf%?q?é’t%ﬁ%n@e\gﬁ%gto reat ed
at about h®Boflibwed by @dwet¥@mbotinahothgesLatvar1 350°lb avad 1050F (7Bgat

t r eat ment out 1325F f 25F (72014C) for about eight hours, followed by
a heat trbggmthj’éta serond @QWQGdZBF“( shouiCpight howso finllovved bowrheat\f t er t he

Fange of Snuad fadBERAIESe Bty B Gih- 1300b S SR HRT E B e ought
por ti o tresdnl pmizd] abeltafoRy hodrsN O HiRHO e SRAPAHBSIAER, 1 BIePF, 2t t ached
- | relieve welding stress and to age the article, the article should be heat treated at about

1550°F + 25°F (840+14°C) for about one hour, followed by a heat treatment at about

1425°F & 25°F (770+14°C) for about eight hours, followed by a heat treatment at

about 1150°F + 25°F (620+14°C) for about four hours,

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modiﬁéations may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.




the casting. Wen the article is a cast Inconel 718 conponent welg dto a
wrought I nconel 718 conponent, after the conponents are well Juky 40 get her,
in order to relieve weld stresses and to age the article, the article
shoul d be heat treated in the range of about 1500F to about 1600F (810 -
870C) for a first presel ected period, about one hour, followed by a heat
treatnent _in the range of about 1350F to about 1450F (730 - 790C) for a
second pkdadMSit ed period, about eight hours, followed by a heat treatnent
in the range of about 1100F to about 1200F (590 - 650C) for a third

resel ecyed inad, .mr referre di.ment, in
grder totl' reF%&ggﬁ%@%t é@?‘ésgggg%%t({r%%a%grﬁﬂge@ﬁ Pﬁ e,agrtc’%gognﬁn?ecl e should

be heat éttieletleding a aisd portichSaiprisingoFnicRdIH4€d siperalidbhHavingnendiaial f ol | oned
by a heat trea%t nment at. about 14%5F 25F (77014C) for, about eight hours,
f ol | owed“BYPOH0Za N VeI BRI Of Abgut 13 S opreenisirop.gopuh 3.5 GeregBout f our

1Ol el oy d feal . _ : : Lo
ours. Vaib@iddieabdiv o0t | QRcRTdiEN, A8 5 Dndeoth Lol BAGLAD G o3 Prefer e

enbodi ment, it " w be ‘understood by t I'n thé art that various
changes Ppagenhgtamgie, abaudt 0.6 gaicent abwrtmumagbdue Osidosdridntitationd, and ehlanent s

- thereof w.thout arting fromthe scaope f the inyention. In addition,
nany m)dkl‘xl f llt(e@ﬂlﬁ gﬂ@?’gﬁg}p%@%@a@@}%a Jeﬁe‘gg’r {epgq}?gﬁwﬂg?ltqyg]pﬁ gﬁl%’r nat eri al

to the tﬂa@@hbﬁ%c@fhpﬁ&]ﬁgu{é%iogn wi t hout departing fromthe essential
scope thereof. Therefore, it is intended that the invention not be |imted

to the particul ar enbodi ment disclosed as the best node contenplated for
carrying out Prowiding meenticlsn comprisingaa nitkelbasedn sumanalloiyl having | aide al |

., enbodi nent s. fal ling.within t scope.of t ended cl ai ns. 11 July
' 2006 CLA :ngll&nié%leﬁggtn > U gg{glr?}gﬁ?mﬁ’%o%ggoqtgs§ Egrf?)“r i TR taﬁ%uqsp]tso%ert i es of an
.ai rcr af tpeeegi Rérondiin, GlbeuN8Mi péreéht GASKURO Hbb@N3 GRARN HhdlgoRniinCkel - based

superal | gy having a nom nal conposition, in weight percent, of about 18.5
percent 3908h 0.9 peisent1 Btagiuse ehont 0. persenty elumibem: about $64 qereenhi obi um

- about 3 pgrgenty BHANRICRUM, 1RAAUL0- ©

heating. the article in a non-oxidative atmosphere, at a rate to minimize
~ distortion of the article, to a temperature in a range of about 975°F to about 1025°F
- (520 - 350°C) and stabilizing the temperature of the article in this temperature range;

within 60 minutes of stabilizing the article in the temperature range of about
- 975°F. to about 1025° F. (520 - 550°C) heating the article to a second temperature in
 the range of about 1950° F. to about 2150 °F. (1060 — 1180°C);
holding the article ‘at a temperature in the range of about 1950°F to about
2150°F (1060 - 1180°C) for a time sufficient to fully solution precipitates;

cooling the article to a temperature in the range of about 1000°F to about
1200°F (330 - 650°C) in a protective atmosphere at a rate sufficient to maintain

dimensional stability while avoiding the formation of & phase;
- cooling the article to room temperature; and

removing the forged portion of the article.
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percent titanium about 0.5 percent alum num about 0.04 p?rgent Oﬁgr bon,
and bal ance nickel and a forged portion that has been subjé B

repeated thernmal cycles below the 8 solvus conprising the steps of:
providing an article conprising a nickel-based superalloy having a nom nal
conposition, in weight percent, of about 18.5 percent iron, about 18.5
percent chrom um about 5.1 percent niobium about 3 percent nolybdenum
about 0. 8- per ddatrradessaasi inrelaimblo itheeis tipestepeof haatingifurther irdbwies atofid per cent

car bon, nce.nickel to be treated; heatjng.the article in a

non- oxi dgglta\?g@% TS %@?lg,avgfmgnﬁ%\‘flggﬂ?rwqﬂe %@uggisﬁltﬁ’fqni on of the article,
to a tenperature in a range of about 975F to about 1025F (520 - 550C) and
stabilizBng tMheparparatincleindl, Whaeiarthé flotessindlides t enperature range,

Wi thin 60 m nut of stabilizing the article in _the tenperature range of
about 975 F. Wellmgdhg treated qast @gigle copmppisipghe aiickslbesed superallpE to a second
t enper at J - 195 t ty o2l .. (1060 -11800);
hol di ng P élﬁn%?‘t ?(E: glag'?&}gﬁgsgﬁr%ng?g%eﬁé%i Iger{;:eﬁlé’ ?faﬁtgocewolfg '%ag%ﬁ% Y8BF to about
2150F ( 1@Bmut- 18.3 8@@)ent chraminimeatmuf f4.ipendent midhitthy abowtuBi petcgtteci pi t at es;

~cooling th rticle to tenperature in the range, of about 1000F to about
1200F ?5%‘?@%’6‘3‘6@)%"}}‘ %%FHFF tﬁ%ma?ﬁﬁ%ﬁgeﬁ’%“ﬁ algnyingrg, abgpt -8t ent to
mai Nt ai NperdérfedasioANahd BAlakdel dithel Wink® Mgfri]@als&i&bﬁnicw sﬂiﬁﬁx?gﬁ@& 8 phase;

cooling the article to roomtenperature; i renoving the forged portion of
t he art i gickel-baged suprnalioy2lioéng a freingl compesiten,iin weightpércemthefei n t he step

of heati iLhcl udes n- oxidati.ve at here is vacuum havi ng
a pressug[gmf([);ll é'gg%ﬁ(i&@.r‘%l’ﬁﬁ%lftgﬁgo@.meﬁﬁg 8%‘883%(’%@?'?@6@‘% I?%P‘%,‘In'\imerei n the
process ibivek Besrcest tohddeien,! hRAk €510 GR$denfititdih®, GHEMT 0.51 ffceht Ni ckel - based
superal l oy  having a nom nal conposition, in wei ght percent, of about 18.5
per cent #pgyinum, about 0.04 percent carbqn, and balance nickel after the cooling step, to

yield a repaired article.
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about 18.5 percent chrom um about 5.1 percent niobium abgtft an?g) cent
nol ybdenum about 0.9 percent titanium about 0.5 percent J ﬁtg about
0.04 percent carbon, and bal ance nickel to new wought portion article
conprising a nickel-based superalloy having a nom nal conposition, in
wei ght percent, of about 18.5 percent iron, about 18.5 percent chrom um

about 5.} per 4! ni.obi u ent nol a t 0. 9 per cent
titani um% abo’ti; FrEFett gﬂtflalrg%rﬁvﬁﬁ%’ %Bdﬁ?ceﬁs é'ﬁ:?"lfgf rcp@ﬂtt }nﬁo‘H and

bal ance ginglepludfih @lc fahige SOMouNYSTERe abdut moﬂcts@otel?@dd)%d%tdlﬁé e. 10a 11
July 2006 The process as in claim3, wherein the procéess includes heat

treati ngfosta first p@ﬁqi@qted peréod, folidveedrignipaveding aﬂm@mptme to a teperatut600F (810

e ¢ el e Stieie] ot dhaBoe olebauP 1430 A0 EvsBoC) Mialding et dinout |
- 1450F (7519:3613&&9?%&{‘@011@%9(! g foRerifig %ﬁ@@éiﬂpen&ﬁﬁsﬁzj QCtE ﬁerﬁﬁﬁé @4 thd Ol | owed

by lowering the tenperature t0 a tenperature in the ge of about 1100F
t o about ran2eGH# 4590 110EFOE) abowt  H0GF NG90 or 620°Chiand hqﬂdmgefoecet ddrderi od, so

as to devel 'oan ", while also relieving welding stresses in the
vel ded aPFF%?%gda?tf@g %/%S i qsyelgp Y\'Aetddt"ntyhtlﬁ Sw@ttgﬁtg \ewlthn& $essss the cast
article. ﬂéwecﬂﬁa?ﬁ&@?ﬁér tﬁéstkﬁgﬁw@fdmé he { @.{%ﬂt Qrti‘t:l(}etofﬂjté 81%9' ected period

i s about one hour e Seco pres erio elght hours, and
the third preselected period is about four hours. 6. The process as in

- claim-1, Swher Eanproeessmsdoedam Acwheen thelfitsingreseddctei pérel iscbolii g st ep, the

treated gcast ,arti cI . hick ed super.al .oy, havin nom nal
conposi tg > e, seqon B‘iesegg%‘g go‘ﬁf ?ﬂ%’tejte‘g?’g%ﬁ P’E‘g the fygnpre ‘Ef?ﬁda18 5

per cent péﬁogrfggﬁautﬁh@%u@ 1 percent niobium about 3 percent nol ybdenum
about 0.9 percent titanium about 0.5 percent alum num about 0.04 percent

carbon, and Dbal ance nickel to a wought article, wherein the w ought
article $s anlhf PEgesselscia: daim fly grheraie thy pragessoneludes welding, 2fist theel - based

super al L%hﬂ@‘éte%?ﬂ?e SO 85t GRITRE %J)ﬁjbl%rtng a nickel-based superalloy having a

nominal composition, in weight percent, of about 18.5 percent iron, about 18.5
~percent chromium, about 5.1 percent niobium, about 3 percent molybdenum, about
- 0.9 percent titanium, about 0.5 percent aluminum, about 0.04 percent carbon, and
balance nickel to a wrought article, wherein the wrought article is an alloy selected
from the group consisting of a nickel-based superalloy having a nominal composition,
in weight percent, of about 19 chromium, about 12.3 percent cobalt, about 3.8 percent
molybdenum, about 3.0 percent titanium, about 1.2 percent aluminum, about 0.01
percent zirconium, about 0.45 percent manganese, about 0.06 percent carbon, about
0.005 percent boron, and balance nickel and a nickel-based superalloy having a
nominal composition, in weight percent, of about 19.0 percent chromium, about 10.5
‘percent cobalt, about 9.5 percent molybdenum, about 3.2 percent titanium, about 1.7
percent aluminum, about 0.01 percent zirconium, about 0.08 percent carbon, about

0.005 percent boron, and balance nickel, to yield a repaired article.

7. The process as in claim 6, wherein the process includes heat treating at a

temperature in the range of about 1500°F to about 1600°F (810 - 870°C) and holding

for a first preselected period, followed by lowering the temperature to a temperature

~in the range of about 1250°F to about 1350°F (670 - 790°C) and holding for a second
11




in weight percent, of about 19 chrom um about 12.3 percent %OP ., about
3.8 percent nolybdenum about 3.0 percent titanium about 4.7% Bent

al um num about 0.01 percent zirconium about 0.45 percent nanganese,
about 0.06 percent carbon, about 0.005 percent boron, and bal ance nickel
and a nickel -based superall oy having a nom nal conposition, in weight
percent, bout 19.0 rcent c¢hromu about 10.5 ercent cobalt, about
9.5 perc %{se%% @H’(f gﬂflj’rrifoqg%)ﬁ?b %?%V%gctglﬁtteW?r&mrﬁﬁ? ) Tajure In J4¢ cent

al um nuMrargRosKt abbi 11 1BOPE &Pt abblif qgm#f*fezeb%bo‘b)o%l@%ﬁﬁig 525 ffa about

0. 005 percent boron, and bal ance nickel, to yiel'd a repaited article. 7.
The pr oc@seselasted pegddismas to divelai 11 ahdrg", whileeds relievingl esldivepstréssesahi ng at a

tenperatuyre i h ange of abqut 150QF to about 1600F (810 - 870C) and
hol di ng eo‘?’elae‘i ?1%@{3 a@%&@&ls&l’t(’g&’ g ,WI’PB&I“@MC the sgsb Astisls ¢ he
tenperature to a tenperature in the range of about 1250F to about 1350F
(670 - 790C) and phsdest RO Bk 75 9ARAS tHelfirkl prddbicR@P6ripd sRlRELRE peri od,
followed by | owering the tenperature to a tenperature in the range of
about 11bow, the sgrend prgsirtedaroiod isab@)t cight hmirsliand thorthisd pheseldeted

presel ec ri.od, to develop y' and y", while also relieving
- wel di ng gggggggé&ﬁﬁngﬁﬁgémelded article after the step of welding the
wrought article to the cast article. 8 The process as in claim7, wherein
the first preselected period is.about one hour, the second presel ected
period is about eight hours, and the third preselected period is about one
hour. Ila 11 July 2006 9. The priocess as in claim1, wherein the process
includes welding the treated cast article of about 18.5 percent iron,
about 18.5 percent chromi um about 5.1 percent niobium about 3 percent
nol ybdenum about 0.9 percent titanium about 0.5 percent alum num about
0. 04 percent carbon, and bal ance nickel to a wought article conprising a
‘iron-based superall oy having a nom nal conposition, in weight percent,
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of about 38 percent nickel, 15 percent cobalt, 0.7 percent ,al.um 1.4
percent titanium 3 percent niobium and 41.0 percent iro&?Jngﬁthe
cooling step, to yield a repaired article. 10. The process as in claim§6,
-wherein the process includes heat treating at a tenperature in the range
of about 1500F to about 1600F (810 - 870C) and holding for a first

presel ected period, followed by Iowering the tenperature to a tenperature
in the r8nge dhe @pgss apBodaipy Lapybercin BBOFo¢HT dncludes G@lding dhehtbatechg for a

second ergl I owering the t rature o a

t enper at Eérsgalﬁir? ti@go{r&alr?gso 5?&13&8%1%%&@@:% P 8“3%6’8{0%5’6‘6%%53 p-er%E)C) and
hol di ng fimbivan,tdbiontl3 perbeﬁehcﬂyb@dumeab@ﬂ,O.SSFera&tttiﬂarﬁiﬁﬁ,eéH@tﬁt ¥.5 pepékny” . While
also reli evi.él\ﬁ_gwe#di n itresses in the welded article after the step of
wel di ng RHEIHTRy ghRutaY-Of gregcent cerhone ad balance| rickel 1to Fhwroweh asislas i n
claim 10 ﬂ/,\ﬁ%r ; Lqr j 1.S.: J , the
second p(r:%sel éﬁ% gélbg%ra %égdﬁl grag ogét“ﬁgé g%t" Hﬁ%dlﬂ?gmbgsﬁ@&f’)ﬁ%“%%%lf Hagglngel ected

~ period ief abanit3%peaenthmucke, 13 ercEive cqirabic @S5 pargentnalamaium, 1114 psenei n t he

process j.ncl ud wel di nqg.the t ed cast article conprising .a

ni ckel - b{éggﬁméﬁf)g?rﬁ?r}qdﬁg‘ﬂ%i ?f&{ %ﬁhmcr‘?&? ‘re%ﬁﬁﬁ"sﬁ’ﬁict?ﬂl,mg stePai9i YR doer cent

of . aboutr@&r&i@ﬁm@ent iron, about 18.5 percent chromum about 5.1 percent
ni obi um about 3 percent nol ybdenum about 0.9 percent titanium about 0.5

percent al um num about 0.04 percent carbon, and bal ance nickel to a
wrought Hiti cFee e assimelaisn 6 vderdinshel pseqoes iticludys heati tmeptiagredrd nal

itd ' ' t. .-Qf- abgut t ni.ckel out 13
per cont - teaerhite JER hne SN raoB R Bty TOOBE R R s75ES GannO R i
about 0. fbb afsCpretel &dtdd Seivd, fiMRWed byOBwlAAS BIM temBLdfird WTh tRskrARRUL 42
percent iron after the cooling step, to yield a repaired article. 12 11

July 2008 tharangpef phant é250°Ed0 about | 135HTFLG70WT0 Yl rentl helding fre assetorsl udes heat
treatin e re ip the range of about 1500F to about 1600F (810
- 8700 g%rﬁécfl%&dép%(%’ ]ﬁ%l:fo%adf P¥ JpWering, gl?ee TR 92 BPTRET Tl ower i ng
the temmengs Wraibb@t 316(PFPR Mddk ©1200°F (590 - 650°C) and holding for a third

preselected period, so as to develop ' and y", while also relieving welding stresses in

the welded article after the step of welding the wrought article to the cast article.

11.  The process as in claim 10, wherein the first preselected period is about one
hour, the second preselected period is about eight hours, and the third preselected

period is about eight hours.

12. The process as in claim 11, wherein the process includes welding the treated
cast article comprising a nickel-based superalloy having a nominal composition, in
weight percent, of about 18.5 percent iron, about 18.5 percent chromium, about 5.1
percent niobium, about 3 percent molybdenum, about 0.9 percent titanium, about 0.5
percent aluminum, about 0.04 percent carbon, and balance nickel to a wrought article
comprising an iron-based superalloy having a nominal composition, in weight
percent, of about 38 percent nickel, about 13 percent cobalt, about 4.7 percent
niobjum, about 1.5 percent titanium, about 0.15 percent silicon, about 0.03 percent

aluminum, and about 42 percent iron after the cooling step, to yield a repaired article.

12




in the range of about 1400F to about 1525F (760 - 8300 anq Doigh@g for a
second preselected period, followed by | owering the tenperé Ui a
tenperature in the range of about 1100F to about 1200F (590 - 650C) and
hol ding for a third preselected period, so as to develop y' and y", while
also relieving welding stresses in the welded article after the step of
wel ding the wought article to the cast article. 14. The process as in

cl ai m 1313whefb¢ pradess 49 inselajgn d2emberoid theeprooess iiscladesutcab treatintgoatra  t he

second p elected period is a .Sl xt een S n third presel ected
per i od | SEEedN Rt iahoksboRbf3tost o sta s e 41 & G cd poliey 1701 aF m
1, wher eidt 4 het Preddleged paridd deifowill 6 foWveting tﬁéﬁﬁ%‘% urEdsh t@fh]bérﬁdu?e ,
conprising a nickel -based superall oy having a nom nal conposition, in

wei ght p#rbemngetod abouirl 0QfH toaaboutc] 52580 (F60i -H308C pandi hicdding Asredsesomper al | oy
having a__ngm.nal co ition, Jin weight percent, of about 38.0 percent
nckel , RiSRreE pe ST B Tored Byolafetine it e nperepie: on SRPSBIARIN Wout 1. 5
per cent dnbanifUsBoutDobde r by Sisbé COfsn° 1P ..car bon
about 0. 00 perceﬁt bg?ggFﬂgﬁgﬁaggﬁijgé% g%}gzg#ﬁigg§$§fﬁéﬁftlgfcooling
step, topsesdédedperdase adtoatevelopq! arliGy", White plso e€livimsweldinglseesged . Wher ei n

the process includes he treafing at_a tenperature in the range of about
1500F toﬁlﬁmc?ed ?31%%%‘3 St%?gﬁl%%hﬁﬁ’lfﬂ% artiglgyto ghef gasiartigleesel ect ed
period, followed by |owering the tenperature to a tenperature in the range
of _about 14350Fhd proabiak i €BAF (57 herei! MDAt EL L BEISPLs ModEGRN

presel ected period, followed byl oweri ng t]i'ue tenperature to a tenperature
in the hamgdestcadqueselerddmeariodddobout 5RA&HE HdbeY) and 660 Mirdaprdsdhextedi ng for a
third p l.ected period, so as to develop y' and y", while also relieving
wel di ng é%ﬁ@égégm?ﬁgﬁ§ﬁgmhelded article after the step of welding the
wrought article to the cast article. 17. The process as in claim 16,
wherein the first preselected period is about one hour, the second

presel ected period is about eight hours, and the third preselected period
i s about four hours.
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18. The process as in claim9, wherein the process includes gleg} treating
at a tenperature in the range of about 1550 F.25 F. (about11 3 2fO(S?GSGOC)
and holding for about one hour, followed by a heat treatnment in the range
of about 1325 F.25 F. (about 700 to 730C) for about eight hours, followed
by a heat treatnent in a tenperature in the range of about 1200 F.25 F.

(about 6 to C). . for.about .one hour, so as.t evelop y. and y", while
al so rel i?rg'vi nghg%g‘f%?sn%s_ 0 e de W ref%@ev&rl)ﬁ?éﬁ I%Cﬁ?‘?eél"éel‘gﬂﬁgé]i‘e frﬁ%e‘it ep of

vel di ng e avicdel ghinpasihg Gl ﬁckdlibaéddes&?@ﬁhoﬁ'lﬂaﬁ% & ndndindll cobiposit#A0 G METHOD
FOR RESTORATI ON OF MECHANI CAL PROPERTI ES OF CAST | NCONEL 718 FOR SERVI CED
Al RCRAFT WEEUPORESKITS to ApmnauahiTarticleeeamprising at itongrasek superdilay having  est or e
the mechgpi, FOReEL : ILLCr jne article that includes a
cast 1 moaoe pHRABSHOL R SripBloBhl 8 bRt U O Reftsh! Rkl st B eat ment
process. percenidesbaly) asougl. Arpeasehi alabitrhatbdudcll.§igREcehh Gtdnie@Nslouy DX cast
portion into a,heat trr_}ggbment chanber, evacuating the chanber to a suitable

at mos phe P& SCPRANO hRFEsERt Garbon. ahawh 800 pgrcent baran.A8d abpwi4%:Q i on of

the cast perd@tlloRREPHR chEMREkEH, ¥ Sieldh fcbfird ARGA.Of 1950F to 2050F (1060 -
1120C), hol di ng(;) t he tgrrperatiéjgr’e fc\ PdhltaepﬁFangea?br a period of tine

sufficient to solution all the delta phase precipitates, and then cooling
the arti&f-e tbhe pmeetseaspior eleim d5i wharciratheeprocésatinclndesi eiatz @rsatitigsator t i on of

~the artigle. After .solution.he reat nent, ught, Rortion. of the
engi ne p{;eﬂpe{:a&‘{e%ﬂ}eer e‘a{]‘r’a"r‘?ﬂ?i%& g?‘é%“&‘ﬁ@{)&g (gi@r %@6 §Stainé Ihgf]dé%ﬁ'n be
reprocesfr@. filt fresdlectéd period, followed by lowering the temperature to a temperature
in the range of about 1350°F to about 1450°F (730 - 790°C) and holding for a second

preselected period, followed by lowering the temperature to a temperature in the
range of about 1100°F to about 1225°F (590 - 660°C) and holding for a third
preselected period, so as to develop y' and y", while also relieving welding stresses in

-the welded article after the step of welding the wrought article to the cast article.

17.  The process as in claim 16, wherein the first preselected period is about one
~hour, the second preselected period is about eight hours, and the third preselected

period is about four hours.

18.  The process as in claim 9, wherein the process includes heat treating at a
temperature in the range of about 1550° F.£25° F. (about 830 to 860°C) and
holding for about one hour, followed by a heat treatment in the range of about
1325° F.£25° F. (about 700 to 730°C) for about eight hours, followed by a heat
treatment in a temperature in the range of about 1200° F.+25° F. (abbut 635 to
660°C) for about one hour, so as-to develop y' and y", while also relieving
welding stresses in the welded article after the step of welding the wrought article
to the cast article.
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