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| 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 MEETHQID: OFnB EST OBABHeN ©FaVEEGEHANIC AL PROPERTIES ¢JF 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 properties 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
and t he ganma- doubl e-pri ne

roper a nt of the ga -prinme ' hase
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the cast _Inconel 718 associ gt ed wought structures at .the_expense
Cof y", Vmclbrctﬁrggﬁ gﬂ%) o 96)3‘}90'}/859, among others. Thesegmaterials are commonly joined P

: as an inseparable assembly 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




coarsens rapidly unless it is solutioned at el evated tenperatures. The

presence of 6 1 11 July 2006 |eads to the degradation of bt Hulyet®94bi | i ty
and the nechanical properties of the cast |Inconel 718 and the associ ated
wr ought structure. A method for repairing these cracks is generally found

i n engine jmai ntenapce manuals, which allow the conponents to be repaired
and retur AS‘?)ASBB %3%%@&911 of belbrivkldatslity any phecmethanicahpopertiepaf the wasthods
consi st ofin¥&ley Nardd in order to heal them followed by a stress
relief heat treat mnt.eé%S?S%%gthH%hgﬁ P8 with forged attachment parts
the repair process consists of pre-heating the assenbly at about 1750F
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t he engi NGttacdhinedP B: erviceable conditions are found duri ng t hese
i nspect i ons HHah PSS e, FEPRB nFTEPess 1ignsisiinst rathsating: thedassersBlyntl albut r om t he

engi ne and73ERY9ISP I f6 LS. ke.commpnly calle " visit".
It is not uncotrgm)nc'?o fi ndfgéé;g | hg%%erﬁ%%ﬁgeaq%ﬂtfg%to&éﬁﬁs (ﬁbga) require
t he stanﬁ’élodeh@ﬂdftﬂhod/edé’atantagﬁ@theéﬁmhﬁerﬂ%'fd}ﬁlf?,hop visits as set forth
above. Such visits cause nmultiple generations of weld and heat treat
~repairs. e%cg Srrul t |m§§£ rati onal repairs cause degradation of the cast

| nconel 7 PERTLY EMARECHS eREtayEE et Incopdl 48 apr ndtilife fiatied. over
time. DatSuchrsefitmey eb@ ' ' . hat .t he effectjveness of the
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reports t; ne W l.l be. o
5 5P 000 haus c{eﬁ Gt Eér%m duraklons of tuﬁe and or ¢ycles of the engine. If non-serviceabie

conditions are found during these inspections, 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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before a crack appears at the bleed ports at the end of the strut After
the crack is repaired by perform ng known | ocal wel d/ heat K rJé‘gi Oi)épalr
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.
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time, antPdititutedprpparbiia the alloy teaperentcragking stnce theameshanics! propatiesrechani cal
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allows the restoration of cas ncone to a state which is simlar to
"the condition of
: “SUMMARY OF THE INVENTION

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




the cast Inconel 718 imedi ately after manufacture. The article, mgich
I ncl udes a cast Inconel 718 conponent may be restored throddﬂ@izqg ocess
that includes heat treatnment. First, the article that typically includes a
cast portion and a forged portion nmay be placed into a heat treatnent
chanber, purged of oxygen and the pressure in the chanber may be set to a

suitabl e, neutral or eduﬁl}l{%g . tm)s)pherg). The article y. then be, heat ed,
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and 3 11_July. 2006 .honogeni ze the alloy. The article may then be cool ed at
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atmosphere at a rate sufficient to maintain onal stability. The
articl e rapovehdaating ajcastpaetiohtat hay esseiatl i adsolutionad icomtition. gAs ua¢d an

equi val e rape,. to roomit.e ratur.e. The.forged porti may t hen be
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condi t i ofhay Afenbeeuselonkildthe Wh6udhe pBion W ibgiMded. and "forged” are used

i nt erchangeably. The cast portion nay then be reused, while the w ought

portion is disgarded. According to a first aspect of the present invention,
there i s presP @Wﬁ'tasl’?‘it@ﬁg}?éﬁﬁseﬁfr@&%@nf %@ferléﬁtmdeﬂ@ hepe properties of

an aircr ' [ . ' i . r4.Si i.ckel - based
por o | EmE e Ridr e SiANe BpBriel St an AR OHORREIH0RaR e (O 25T
per cent parton cabpuding 8 niskglebasehtupetallophaving ahoniind cdmppsdti@gnd ni obi um

chout S RELFSHL.SPRASIIN shout 0, o,erGert LLaplum, about 0. per cen
por ti on pérfiit nioBfink ABBuSHArESH BRITHRIAERSOR00 b PO tiEMEME T REHGW the 8
sol vus conprising the steps of: providing an article conprising a
ni ckel - bzesest slypaneh abpuh@04 percentvarbonadnd balance nickel and a forged portion
- that has been subjected to repeated thermal cycles below the & solvus comprising the

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.




conposition, in weight percent, of about 18.5 percent iron, about 18.5
percent chronium about 5.1 percent niobium about 3 percédt/ubpi9P§denum
about 0.9 percent titanium about 0.5 percent alum num about 0.04 percent
carbon, and bal ance nickel to be treated; heating the article in a

non- oxi dative atnosphere, at a rate to mnimze distortion of the article,
to a terrheratﬁére in a range of about 975 F. to about 1025 F. (520 - 5500
and st abPthes fgtureseandetyaptages of rc prgeens dnyentien willt bg epparampeoratthe e r ange;

within 6 ) e bl 1324 fhe argjc L4t a .range of
about 97golf|§vﬂ_t gll())%fjt&%%%g I(—l.ééc?g%)ﬁ]-og&h%:) b%é%r%dn%ﬁ}bhg%ﬁ’ié ggt &a second
* t enper at werguigtiontvatlr the geconipaapiag drab@ihgs wWhichdllvdnate] b2 %a) oFexdndf16Ghe 11800) ;
hol di ng the.. rtigifg.at ? tenmperature in the range of about 1950 F. to about
2150 F. P{HUBGS 4SO 18 a tinme sufficient to fully solution
precipitates; cooling the article to a tenperature in the range of about

1000 F. BRIBPOHSCROPIGN AEBAE-DRAMGNGY a protective atnosphere at a rate
sufficient to naintain dinensional stability while avoiding the formation

of 6 phage; cooling the article to roomtenperature; and renoving the
‘forged pbi& il dha &ow ehertiHustrafiag a procesyyby Whixhoe adrcrasy erfgingt pareeompdgedidvant ages
of the pLESEAL ok BV i i t _fromt foll ow.n re detailed
~descri pt { on ((;)1 0% E-leﬁ%% Jg’%gcr r eﬁdCJ ng‘ﬂ%g%ﬁﬁ@ﬁ?& Ctaéﬁ(hce%%onlegﬁ Sc%arlﬁblf nrg?t?%ﬂr%q h the
acconpangracignglr awi ngs which illustrate, by way of exanple, the principles
of the invention. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a flow chart

illustrating.a process by which an aircraft engine_ part conposed in whole
or in pat¥ gfs %?%ﬁﬁgﬁgﬂ%ﬂ%%t{anﬁfﬁg}l 1agram fgﬁ%ﬁ@!‘mﬁg 1&mdpe rest ored
after cracking;, Fig. 2 is a Tinme-Tenperature-Transformation diagram for
- cast I ncpes is/al Bempdtfhurd-PEhase StabfitR DISHRET6E sEmEhRF§1 St abi L ity Diagram for

cast | nconel 718.

~DETAILED 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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention _provides a
novel nethod of heat treating to restore the nechanical prléﬂé}]r}‘t%@é of cast
I nconel 718 included as part of an aircraft engine. The frame that

i ncludes the restored cast Inconel 718 conmponent thus will benefit from

decreased sho vi%t repairs of the cast |Inconel 718 conponent of the
article. F§ att ﬁ"dnioef%aﬁéfé coogertf oft the afticknse thiad the alastocdngpodetrwidised. | n

order to regiPhediigs; healy properties of a frame that includes a cast
| nconel 718 comoneﬁ?&‘ﬁgﬁﬁtﬁﬁgﬁﬁ é’&f‘tt&?@%ﬁ?f"éﬁ%& must be performed to
properly re- solution the Inconel 718 conponent. The forged conponent of

the arti cliefemtiog noay W1Fibully (1R006s skewh A Adw %ﬁﬁ?ﬂlds&aﬁﬁk?t}&aﬁé%scﬁ&ﬁp ent of

t he articlagﬁcig hat. tlhg cast conponent will retain its dinensiona
stabil ity “durT Ae ClHessithe pashdngome! pHopertion nmef wndeiguginrodertto hivgthel, there

i s sho g ) ' hat. th ti.Cl i ch
|l udes (he cant | manerraisS b IR caPabdh it ERleh Rk Godte e

ori gi nal rd&rakele avhiph dpduddsetheofast lirconab V14 poanal is7AR¢ RRIckd G 4 B&dtor ed
i ncl udes, the cast Inconel 718 portion is

after cragkl The arti.cle which Ihe ]
first pl a?g%[&lgzﬁt ghaﬁ@)aef’ whiFh, I ewateepe skiledin the artepnd theshamber isne

skil'l ed i avdchetedtd an &R@spHife SAHIRED 5 Mi n.at mospher.e of about
0.5 microneter Hg or pu?ﬁged W th gbﬁoﬁ{c{%@%ﬂﬁgg%%g? retgraené)élrff%c&lvﬁy

numer al 1825, #4pEesapted by aumeral A8n The attéde isthen heatadas attemiperahidivithine range

Che hoat i AHEE Qo 18 3Rl 070 cn™ 200 ) ommmatby ooy s
T The Artrole o W taed orptht Srier Kb d sk BRERED Hout
L o s ey Ll S0 I U Sy QL0
Cbarol L ol i ﬁ}%,{wﬁgﬁi% agte B?l‘éﬂlﬁ% Phthgriangeoftabeut FAHGE toabawtAISOTO50F t o
about 215066¢ 19680°¢) W0 FiRhutds BF{hie%%o(PftexﬁﬁerrTa?turienstz{bri]ﬁzation, represented
by numeral 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 5 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 o 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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range of about 55 m nutes to about 65 m nutes, represented lgﬁ}lﬁ}%gﬁal 18.
This anmount of tinme should permt the S phase to be fully t1“oned
However, depending upon the size of the article, typically a frame for use
with an aircraft engine, shorter or |onger tines nay be used. Inert or
non-reacti% 0gas 'kls then introduced into the chanber, if not already
present, r g(r Yo e Migralsy Mstals o dlatamieds Sheietye93% it owl beisten that ifenper at ur e

inth o 3000F 200F. (530 - 6
cut 1 i entoeaed APAE PRl oba R &Rk oriR wonet TR et DuBinaie

portion, t& phasaldaynotriegin @Spretipante3Worith6) oP This Fnasd &an beheGHEH ARd hel d
for atine tQ precipitate . represented by numreral 22. The chanber is

then cool €@ohyg ﬁipiquml%ﬁﬂ%ﬂ’b 420530 - i650°@opreveakseformbitorc abthisyghaky air, to
roomtenp - .24. ., Referr.i ta Figs. 2 and 3 which are.a _, -

Ti me- Tenpg‘?‘g‘%éé{"g- SHdeT o Pralg {33%0*?1’0%14%@ fo ssagyshitp drone d poRlingeliom 18 and a
‘Tenper at urtke Ehasted Smpirhtutey idiH6RRBaPE T62RE! il able
in an article entit Itliei%El " M_e%:/rlostfuct lﬁloq a%aﬂ(}% eri zgtqog%&o?is%g;g?ﬁgw" ina
col I ect i oRttaghsd tafhesyst pegion afitheafriroe.gy and Applications, edited by E. 5 11
July 2006 A Loria, The Mnerals, Metals & Materials Society, 1989, it can

be seen t i . 7 I gl e . not. cool ed thr,ough,the nose of

t he upper %gl' ﬂf(l:euiri%/hé ,tllegph%[e&g }Saé%le‘ﬁ E%’ %ﬁa a‘&a‘i’{ﬂ{?fﬂ%é o 6?"@31%&?% e.

‘For mat | onrafovedi the fibrgsd portionbiomvihi dast, Inasek] 78hdrtish baRhelbiticled TROOF to
1200F (530 - GCgOC pre%%n%s formatjon of this phase. However, in order to
avoi d di sTSITFherstingone) 748 perioaoidhy artigleris then walded toconaw freedpartione

el evat ed 1£PAE 8l Snsebhral S . ed. porti of the
franme attached to tlﬁsgb %:rgglt% aglgérii@'i ‘gﬁnlé %’f&c? H‘lé)%%%%%géﬁpﬁ'@ ﬁ’gatbgt%?eeat cycle
i s conpl efi@; tipeeofainciafl engiteypime) of/cat Trcansl, 7 8sfrarae D eeuiies ticammmed t he

f or ged pofd I nconel 718 portion of the article. The

1 on.fromthe cast
restored céﬁsﬁ%ﬁ*megﬂ%?at?%eﬁortion of the article is then wel ded to a new
forged portion to create a new-inseparable article. The exact process wl|

vary depeOdesitheaiewt Riegdd éfnponent is welded to the 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

6




(i.e. type of aircraft engine frame) of cast Inconel 718 frang, that
requires treatnment wusing this heat treat process. Once thellrfr@\‘rb'%qgﬁged

conponent is welded to the cast Inconel 718 conmponent, the solution and
heat treat cycles defined on the original manufacture engineering draw ngs
for the indiyvidual conponents can be perforned. There may be exceptions

for perforRAHeP pHsbe wemprispdaef 2 yotiety, offlwat teatalyie ellsyy ehssergbpfiecyel es,
specific t [ nd, not | frame designs specify a post weld
sol uti on hdggt@iep?cggg ﬁ‘gﬁ?&xpﬁ%a\ﬁgvgwe‘{t%3L%S§sﬁgeﬂ@“ﬁ‘6‘?t§ iCh vary as Petdpehr enoved
from servitebovand repaired in accordance with the present invention wth

t he subsequent wel ding of a new wought portion can be processed in the

same nanney. as, a nev&g‘Frane made froma new 718 cast portion and a new
wrought pdtestdhe caft: kaponeh 718 componentnkas tees sobrtioneh within Heetempotatitre oned

ithin th OF o t. 2150F (1060 - 11800,
\z,imnd ![ Ee i ﬁﬁg?gﬁe %@glrlgsgwﬁggjgﬁg uﬁoﬁ%ﬁ% d‘?@s' Bi&h%l fﬁedméméw%hﬁew )

wrought  poettionrhas deert hachibed akinehasy Woddhe 88ﬁi%hicﬁ9 th n\éﬂlea{’ctaEﬁle% @rhe Cl e that
0

i ncl udes tgf C Igﬁone_l 718 conponent to be treate es not require a
speci al - p&E e el dhe prtisls meldes p sastrioenneh 318 eompaundnh vetdetilte eitheva ngs, a
stress rekir@fshpe@tashdl t%@ n_age- hardeni ng. heat treatngnt fo
properly age &'he aggrfefnev rThe eogs as%'gﬂ @ﬁbg{eﬁ%’rg]lof’?@&“{%tﬁ fry t%‘ével op
the nechafitepanepisopewelded tagethot,ia opdetto keleod Hleld B sRATahit 86 pRREH Y Qgeeat tached

wrought partion. Because th ught 6 | 1 July 2006 portion can
conpris edﬁ)lg fartgcq?/a F é‘%ﬁ% Fh‘ﬂ’i‘éy‘; ﬁﬁeéta@'%?‘%mamed%gw\hﬁ@@up 1 6@ Ft ioeboat e

devel opedidmeEi(§ fer ghge t t hes treat ment.s c vary as
set forth bel (gw.(gA??%rdjt Ileaciggﬁlig%ég%%%q P%%féﬁﬁﬁo% oufy hB‘é(E‘ﬂ?’é’cﬂ uti oned

wi thin t sat Geqerat inr the ramRoe ﬁouﬁQQSUC'Fl9@Qﬁoﬁt?’l3§b@“$\%7%1-5%°@ 0RQ 4 1180C)
and the ini tr{dﬁl wrought  portion has been machi ned away, a new w ought
portion ¢5FP Rissqlected padorh pbout etght hours, followed by a heat treatment in the
‘range of about 1150°F to about 1250°F (620 - 670°C) for a 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, followed 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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casting. Wen the article includes a cast Inconel 718 conpgg néﬁﬁﬁldEd to
either a wought Waspal oy conponent or a wought Rene-41 ﬁB 0 after
the conponents are wel ded together, in order to relieve weld stresses and
to properly age the article, the article should be heat treated in the

range of abgut d%églgF to about 1600F 3810 - 870C) for a first preselected
peri od, ad&utv« 8 §hessfapfl (to ageothp prticle, Wesartitleshoutd be hicat ttdatedranabeutof about
about

1250F t & o £30C) f d | ect ed i od,

ci oht houre ot Paued Byt Ch Eaktbrt e BRovHAEY AdRgersmab b ebMs0F o
about 125QH7§%28 25°F6 {800k 141 f&&ﬁ&ﬁ@k@&ﬁ%ﬁhﬁ%&%&%{%&g he P QUmORG hour - 1n
a nore preferred enbodinent, in order to relreve wel di ng Streéss aaﬁd to age

the arti clabouttll80%y+ REFe(6204Pd) for abaRteight Balred at about 1550F t 25F
(84014C) for about one hour, followed by a heat treatnent at about 1325F f
foll owed by a heat treatnent at about

25F (720 or zggut fi ggt hour s, cat
1200F f (8551 CTeqnst 758 sompengnt s beemspltionedk withit thericopetaturd 8
conponent & drefious AbsioroRes W Hhi el re. ran f about 1950F
to about 2150F (1060 - 1?8@0 "%21?@ {@,6 |21I?F%\(ﬁ}zgaﬂfi thf)d&iﬁf’fgwrﬂ"é@'g‘?been
machi ned 20dipn has besn machighit aveayp RNt §di65breat @ntBEY8E alikbhel 6
. casting. g\lb}ecn L he ticle i.§ a cast Inconel 718 conponent welded to a
“Inconel 9 %ﬁenc fits 2 spstdpcansh 7¢d epmpenans veeldedviel wdoughtyet her
in order Ineohidt!909\66mpWRint e | Gl &rqcl BerLicle
shoul d be heat treat gd in theﬂir%;tﬁggﬁg&tggﬁ%ﬁ?dggﬁ)@%%%éggqﬂPol%egiﬁﬁe (810 -
8700) f or Weldgitiessss end tnjageethe adicle itbeitrtiohesHoald be héd kool dn B @nfieat
treat ment i ofange ut. 1400F to abgut 1525F (760 - 830C) for a
second praeﬁs"gf Li@e%?op&qug%&ﬁ%a&wlsm £3 foaofirss preselpstediitelppriad abeut
t r eat mentorerhouf FoAEELPE h trten O 1k 0.& off OF @
third preselected peri}gd, @%S%ggt e?%ﬁpfeﬁgﬁﬁe& 7bﬁug?wgg%?}é?'§agg@ﬂ
embodi merf?30 + 798 @dor & sechnd brebeleyted GG plddeuboutight Rous! fofidweady 4 0 age
t he artichle the article should be heat treated at about
eaf treatment in the range of about 1100°F 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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1550F f 25F (84014C) for about one hour, followed by a heat ére tggnt at
about 1475F f 25F (80014C) for about sixteen hours, fol | ok u]g&O heat
treatment at about 1150F 25F (62014C) for about eight hours. After the
cast Inconel 718 component has been solutioned within the tenperature
range of about 1950F to about 2150F (1060 - 1180C) and the initial wought

portion has lvetteatatiti abodt BSFOYF 1203 \BITQUYIY fof AHRRBRE d;!\?e@
attached to the casting. \Wen the a\rqﬁi cl eeﬁi% a cast In?:%%lgfﬂ 1 IJ3’(;ez‘rrponent

vel ded t o BeatietgeRt at pbRidaR5 Yo e 25BN C)ddt shiout bightlanpg felivwedeye Wel ded
t oget her, r to.reli oeld stresses and to age the article, the

article sﬁoﬂl}lag&%gmﬁlgﬂ aﬁ?%iééﬁ%m(&ﬁﬁ Gorfor gheytienels@or t o about 1600F
(810 - 870C) for a first preselected tinme period, about one hour, followed

by @ heat Aficeaherenst Inboddie7 8288 aen@ BlIbech3qRidheq Wk T Qhperdel0 by

790C) for a second preselected tinme perio
a heat tr&genefnebauh 106E°TH smgboutl 2 EHHGRt(10600R 180°@banit thk22Hkal (W0ght 660C)
ird

for a third,. presel ected, ti eriod, about four hours. The thir

presel ect 8%“??‘&9‘5 S BH’ch’é'ﬁgg&}g‘Yf%&EWéﬂoﬂ@de@mm can theddwiatiachadhton t he

t enper at ukle: ¢sStigd, : , IS qat.about 1200F f 25F
tid, When WRPSticRM Ofast F]}goﬁél”ﬂ% co. ég)grtsntﬂ(%lﬁg% B Yol

(65014C) for about one hour. Arter t cast 'Inc as been
sol ut i onefropneliil§ componentpefiertthe eompamyts 0 wehled ttodd¥aRFint @d&ahie Weliedd SOF

(1060 - 1 t initial woyght ., portion has been machi ned away, a
new wr oug%\‘t%f@)ur?g%g é‘H? ?% aR° h?ewl\é\%{ ﬂ%t%‘ﬂ% ghquld be heatcizeptadnig, thewrngetofie

articl e i sbowt ¢860°FtH W0 I ught nconel 903
conponent, after tkfe%ggﬁdp{)%gﬁggﬂge@ﬁmzﬁjgﬁatog%ﬁ%&eﬁ?&%‘:ﬁp OéiePi’?“g Of8l i eve
wel d st r ebatssfollaved by adeat treatmeni ialtie rah@@oﬁiﬂduﬁl%(FPQéleblﬁQ4W(t7§ﬂ eated in

t he range ocabout 1500F to about 1600F (810 - 870C) for a firs
presel ect'égB?)é:Si %)’a,a sgrond Rfﬁ%f’?e%f’?nqdalqb@uk@ﬂgb&/haulﬁe&ﬂlomedabymnheat n the

range of gb@Wbnilid a o 6)7 - r second presel ect ed
period, about e gﬁttﬁgﬁ%%resgp?%qul}ﬁgbgl:(b %%555880@ @fggrregqo ﬁﬁ Phe ge of
about 110@Pselevtaibpuriod] 860K 08O fours 6TAR meRIpREL I Rimest fﬂ‘ bfdlr to

presel ect efi Vperl gd so as to develop y' and y" while also relieving

" stresses.of§ve 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.




one enbodi nent, the third presel ected period nmay be ei ght Qggrf Iln a nore
preferred enbodinment, in order to relieve welding stress uyc?ogge t he
article, the article should 8 11 July 2006 be heat treated at about 1550F f
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 treatnent
at about 1200F 25F (65014C) for about one hour. After the cast Inconel 718
componenfEliddMSseen sol utioned within the tenperature range of about 1950F
to about 2150F (1060 - 1180C) and the initial wought portion has been

machi nedjaway, n.then a hed t.0 the casting.
When thel'artiyc Zlegg&%ﬁ%g%&?ﬁ{o ﬁ%gﬁf%}%&%o%}%g% l\e/\S/e%)f(‘:é‘g ar(c):raf,[ii S\I/rl‘%lbeght °

| nconel @tiglectowvi@nenist pafticar conipeisingrpnickeitimsed supsedlidethatdges hi@hinal N or der
to relieve weld stresses ang to a%e the article, the article should be

heat treSITERPSTHPD, HB VEigHk PEicenty 96 AboUEAEE Percamolipn1 gt (Eg petceBt70C) for a

first pragehaste rg : r tment in
t he range of ab’og?&?%g %r%%gg%%@{ﬁ?zgg@{(%3%&&%11?9@%1&?3 gﬁgﬁég{:?ﬁ%

pr esel ecP&eend &fansum, aboul.5 pehnt dhouinsm, Rbdut@kopdpsenacarba, and belaheent in t he
~range .of . ut .1100F .t o _aboyt. 12Q0F é 90 -.6500) for a thir resel ect ed
peri od, %lggeﬁtanfl gﬂ}?)rg%lprogt}oq ﬁa%l}q;g}egn ‘3@?%?4 EﬂrCQ%%BCgﬂWH?I,CYFﬁS 8&8@? to
relieve ﬂ@|§@bﬁgsﬁ@1ﬁgﬁ§1&§ﬂﬁ§&@56ge the article, the article should be heat
treated at about 1550F f 25F (84014C) for about one hour, followed by a

heat treatment at about 1425F 25F (77014C) for about eight hours,
fol | oned by aPrReiging maasislet cemprisingua nidsdbasedsBugedd D4 B)vihgra about f our

hours. il.e_it i nvention h been descri with reference to a preferred
' enbodi nevxrkﬁn,luﬁ?lt &?nvéqgiﬁ 2 U @EP%&‘“‘%? ?‘Pﬁ?}’ég&&??r%‘ﬁ e taﬁ%“ta]rgté) t ha? vari ous
~changes ' peagenb ehroasiema ridoue §Ui pateitifiobTom, RBostUd Serddnt Sebl{ilentinemENt S

thereof w thout departing fromthe scope of the invention. In addition,
many moditert &Y eeenalitapiimyathout @. % @sisent alyarinumy abeut @04 erdesh or materi al

- to the t&ARH REPLMlnck KM@Y t hout departing from the

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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essential scope thereof. Therefore, it is intended that thg inlver%%i on not
be limited to the particular enbodi ment disclosed as the B&JEYANHR
contenplated for carrying out this invention, but that the invention wll

i nclude all enbodinents falling within the scope of the appended clains. 9
11 July 2006 CLAIMS: 1. A heat treatnent process for restoring the
properties of an aircraft engine article having a cast portion conprising
a ni ckel 2basedhs ppeesd 4sop cheami ngvhergio thansiep oCleatiog ifiriten indudesmimht per cent,
of about . rcent iraon, about .18.5 percent r.omi um about 5.1 percent
ni obi um 0%%8@?‘9%“18%@?@%? aﬁ@f"%ﬁﬁﬁ‘ﬂﬂ%agﬁ%ﬁﬂreﬁ%bougﬂﬁé’élﬁfonti tani um about 0.5
percent alum num about 0.04 percent carbon, and bal ance nickel and a
forged pOrti offhe baicedtas ibelain $Wh&einabe pcésspadidd thermal cycles bel ow
the 8 solvus conprisjng the steps of: providing an article conprising a

ni ckel - based %ud“bgreat&di gt Artiche poRmrisingnd duskel-besedi sepgrallghit per cent

of about p i " 5 C r{Qm b 5.1 percent
ni obi um hiﬁ%%ta g&g@rﬁ%gﬁlﬁ%r%gféhﬂ%%t %%gegl[ﬁ, ﬁ]éboggrlgégn?%?rﬁég%m about 0.5
per cent -abamti hiifn peatrmtitchGorfiding eatoants.1 qardean nichismpabautc® péredegl to be

ot ted; heati t i cl i - OXI ti t h , at te t

i o e MORSEBAE: eGP e (R, aboht 95 Rerpret SRR RZ: GRge of about

975F 10 phiouit HARATand Bilince HERENo ABH PioAR! JiiRY aidf: LAHRIRIAL T e of the
S |

article in this tenperature range; wthin 60 mnutes of Izing the
articl e nigkelHmsed spparaltoyr bavisg genafiinab compodiidn, An weighbpercertD®5 F. (520 -

5500 h i icle t t t i the . f about
2050 £ Miods bbbt S0l |8 5 S0 b SERGR o e desse BN o
t enper at gligtit i N pefeent’ fdYSISAunALEut 195 Qferdct ARHm, JB5RF0.6108&nt 1180C) for

atime sufficient to fully solution precipitates,;
aluminum, about 0.04 percent carbon, and balance nickel after the cooling step, to

yield a repaired article.
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cooling the article to a tenperature in the range of about 12!9(0?293)8 about
1200F (530 - 650C) in a protective atnosphere at a rate suffi'8Pentto

mai ntain dinmensional stability while avoiding the formati on of 8 phase;
cooling the article to roomtenperature; and renoving the forged portion of
the article. 10 11 July 2006 2. The process as in claim1l, wherein the step

2 prossufe of THSSCe: & i Sin L3t B ottiss FETS Rl fredinklich oi n ¢ he-
process idugieiag illctangh dfubolit ESBORH 16 aBdut abbdF 816 0BPHISI Ad 1B EKel - based

superal l gy  having a nom nal conposition, in weight percent, of about 18.5
percent fargnfirst piserlectaBp@igele faltaweddiy owicting tlxbempetitire pe rdempernfuohi um
about 3 percent about Q. rcent titani ym about 0.5 percent
al uni nur? t@s&%}}gedfnéﬁg“?ﬁg?@n? %av%%%?g%ﬁﬁoagﬂ@bn@eﬂﬁ%ﬁ@% ?9}' TSP ought
-portion prbiiedted GeHR, | Bi1BFed bgr”lb%ﬁhg Qﬁé%in%éﬂz&ﬁ{ea{d Qyteﬁpé@aﬂﬂe 3, pgymi nal
conposition, in weight percenf, of about 18.5 percent [ron, about 18.5
per cent theomfuahoutBd08°F5t0l apeutc E20°Ri (680 un$50°ahcmtl Bolpimpecfonta tiitd/bdenum
about 0.9 ggr ced;t fitanium about 0.5 percent alum num about 0,04 percent
carbon, BRFEREGRIOdnsTREle develop vt #d owhilngise rejsvinggvelding stregses ipai r ed
article. / L QL | I n the process
thtQ1del attld1Y aRG9Re §]tep t-(l;{q\%eﬂfr%ctg? zvrt?%h'tt ﬁm%iCQB g%écafsy\%}ggl%

i ncludes heat treating at a ~ tenper € range o out 1500F to
about 1600F (810 - 870C) and holding for a first presel ected period,

~fol | owed5by | Bhepiogesstdsantadaiped.atwhereint the dirsteprpsslatad periddnistdbeut amge of

bout 1350F b 1450F (730 -.790C hol di f . d
ESrggel ectCd OrsiaeS‘(E)ﬁg P@F%‘B% PRRioq bﬁ/\gl?qu%@?n éio‘t?rénlﬁ‘g‘? Qﬁ?{l’é‘%t %%%?gcé‘?ﬁiperat ure

in the period is about four hours.

6. The process as in claim 1, wherein the process includes welding, after the
cooling step, 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, 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




range of about 1100F to about 1200F (590 - 650C) and h0|diqﬁéff;%ﬁ third
presel ected period, so as to develop y' and y", while al so M1Y% ﬁg

wel ding stresses in the welded article after the step of welding the
wrought article to the cast article. 5. The process as in claim4, wherein
the first preselected period is about one hour, the second presel ected
period i t .ei ght rs,,and the third preselected period is about

f our hou ge%gl(égtec].wgﬁgfl,ogogg)év HOY [PVgrlenthe tCRREERITE, 1 e SHISTAENE 1PHEF udes

wel di ng, rifdeest bbisat CIGOPE RE o8P 12507 {62628 F0&BS hndhbidiL (GO Mhirg! NY @

ni ckel - based superall oy having a nom nal conposition, 1m weight percent,

of about ptBelsctpd pered, sprasthg deetopty' 48d 5", wiilecdsot relibvingriveinghimissesin 1 per cent
ni obi um _abo er cent ._nol ybden bout 0.9 percent titanium about 0.5
per cent g#ﬁwahﬂﬁ?%5%6§¥*6@6E¥6&F§%ﬂ%g ﬂﬁ@H@“&ﬁHﬁeHﬁ@ﬁﬁﬁ%aﬁF%kel to a
wrought article, wherein the wought article is an alloy selected fromthe
group coigsi st TRE pAboeds B GKBlaiR FS SfhefliP Bl it prlBMstRd pRrif®N Milut %ﬁEmOS' tion,
in weight percent, of about 19 chrom um about 12.3 percent cobalt, about
3.8 per canr, thippppaed mueselegtsd neried Os pbow evightt hiquas i amdy thattlied plesdegied cent

al um nu cent zirconium about 0.45 percent manganese,
~about 0. pe#EE%?Q%Eng%, about 0.005 percent boron, and bal ance ni ckel
and a ni ckel -based superall oy having a nom nal conposition, in weight
percent, of about 19.0 percent chrom um about 10.5 percent cobalt, about -
9.5 percent nol ybdenum about 3.2 percent titanium about 1.7 percent

al um num about 0.01 percent zirconium about 0.08 percent carbon, about

0. 005 percent boron, and bal ance nickel, to yield a repaired article. 7.
The process as in claim6, 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 preselected period, followed by |owering the
‘tenperature to a tenperature in the range of about 1250F to about 1350F
(670 - 790C) and holding for a second 11 11 July 2006
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presel ected period, followed by |lowering the tenperature tﬂ 3 %&gBﬁrature
in the range of about 1150F to about 1250F (620 - 670C) a & Halh g for a
third preselected period, so as to develop y' and y", while also relieving
-wel ding stresses in the welded 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
peri od i § abodhe @repsss ol daimphdwhersin Hierptogase dwihelss exkldipg thetteatsd about one

hour. I ; s [oc in claiml erei.n the process

i ncl udes@a\/\%%lg#\ggéﬁaﬁggﬁ rgigésa?%gﬁ%t % gfs?’ta%g’raE f%? gerg?ntﬁﬁoﬁqlu%%“gggéﬁ‘fm ron,
about 18nivbpem,caboht T beroentwnolybdepuin, 2bdut[WeF f&Bént titdrMh WBoufDSWercknper cent
nol ybdenum .about rcent titanium, about 0.5 percent alum num about

0.9
0. 04 per BERENEE, ghoyt %ﬁ% nsatenh carhoncaf balancevpiskglhto arwrowght agtishpri sing a

i ron- basg(qnmg%- akidoR¥a bvd ) 0S| L 1O 1 ' cent, of
about 38 percen niockal, fg&ég?’?gﬁlﬂ%ﬁg 'P,'d]%b%bgﬁ?%dé%w%}%ﬁbﬁg%{t’ 1.4

- percent of abeuti Ifper@egenickent 1 ipetviontnrotatigl 0471 pereper aleminuint, 04 gfeke@nt t he
cool i ng e t leld.g. repajr article. 10. The process as jin claim§6,
wher ei n ﬁ{qgﬁgpagggége tﬂ’é‘ﬁﬁ‘ﬂ@sgﬁeﬁfgtﬂﬁé“ﬂq Ko @ e’éthetct?ﬁ@é& 8lepr @ Yifldthe range
of  about rephibéartiglecabout 1600F (810 - 870C) and holding for a first

presel ected period, followed by lowering the tenperature to a tenperature

in the range of about 1250F to about 1350F (670 - 790C) and holding for a
second HFeselltk peasessess Buclame 8, svltetein the preoesninctudes heatpeeatingrat 2 0 a

hot 0 ng. Lirelafyd BF he' AL Do BRR0er o tbout S6GER 1 dio0 &P ) ¢ gt~ o 1
al so rel foevifirgt prebelédhdl Sdriods fitwed byl 18&cHE _@lﬁ%ﬁbgﬂfﬁh@t@aft&ﬁpéf&ﬁ@t ep of

wel ding the wought article to the cast article. . The process as in
cl ai m 100 thieangp af ebput { 256F tp nbai| 1860HT(676-1760°C)and bolding foz a decerrd, t he

second plgrgsgc%c?é:dt ggrio%? r#ol?cgwéds b}@1 qgv%ﬂr?gl %]e:[ terﬁ?p%;:fnﬁ.reatgda tte%pérgth;ed inp rﬁ%sel ected

range of about 1100°F to about 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.
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period is about eight hours. 12. The process as in claim 11, erein the
process includes welding the treated cast article conpri sﬁlﬂd\{\@i{ﬁﬁ

ni ckel - based superal |l oy having a nomi nal conposition, in weight percent,
of about 18.5 percent iron, about 18.5 percent chrom um about 5.1 percent
ni obi um 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
wrought A3+ i clTBe prasair isimelaim 12¢ wihetsins 8¢ popess dhdlodeshieat trgattngnaind nal

conposi tion. i.n weight ercen f..about r t pickel ., about 13

per cent E%‘H’é’r qture 2y, traﬂg‘go%ag)ro(‘:lémdb Eﬁ%gﬁ’%ﬁg@%ﬁ?@ §9¢3élr()c?§‘ﬂth°¥)q?‘f%ni um
about 0. fdr DRFEpRbeldttd &L, FIRHedbPRWREHE B tenfletiiil Y5 tafife t 42
percent iron after the cooling step,” to yield a repaired article. 12 11
July 2008 thg raipigef pbatt d $80%stoi about Ei26PR Z760w 830Cnandimlding @sssecoal udes heat
treating_at 18 %e e(faftﬁre 4% the r.angﬁ gf about 1500F to abouyt 1600F (810
- 8700)  BitoeiRrdPHECD gfloved ByoPwsriae dhe Serapriita 808 BPPBEY TBYBY over | ng
t he tenpgmat Wreatot 31 e12dopr t r aggRcef - JAP0F bout
1525F (760g§ 8300 ang@ﬁglﬁ{diﬁﬁgﬁtf %)zrdong(gg%nd pr saé'late)fgdtﬂgl épfe?)?iaoyﬁr(?ol | owed
by | ower pregeledial perivdesmasutoalevelop vt anriper ahile also felidvihg weldmg sabssabaut 1100F
to about ;120 é: (59@3 - .6500) ang holding for _a third preselected period, so
as to de@’@l"ffg g artigigafier thepep af weldimne the maquehgasiieledp the eostaiticles in  t he

wel ded article after the step of welding the wought article to the cast
article 144, Thepibasessn imihiertid he MIPHRIOAEE phidPls BofiSaleC! ed
period is about one hour, the second preselected peplo I's about sixteen
hours, ahbairs the seerindpresebstidaetiod is pbotitciktean o) tanditiyh thitdopreselect®ia 11 Jul y
2006 15. e}@%igrbo% 85 ﬁi in claim1l, wherein the process includes welding
the treafed  'tasi'y c]ués'corrpri sing a ni ckel -based superal | oy having a
nom nal conposition, :
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wei ght percent, to a wought article conprising an iron- basgg[ B’ rall oy
having a nom nal conposition, in weight percent, of about Hgu u%)gpcent

ni ckel , about 13.0 percent cobalt, about 4.7 percent niobium about 1.5
percent titanium about 0.4 percent silicon, about 0.01 percent carbon,
about 0.001 percent boron, and about 42.0 percent iron after the cooling
step, to,yiel repaired article, 16. .The process,as i.n claim 15, wherein
t he procelé's |?1hc1?g rec;%g%%%%n ‘?IFlél?;\ t NGeisin the Rraress dugtides Wﬂd’flﬁéﬁ? gRY¥ed of about
1500F t ocasauticld 668pri¢iBa Q niclkl BegedadiphefdbinaGing fOhorminkl Esthpditieect ed
period, followed by lowering the tenperature to a tenperature in the range
of about WEEhbpetcEnls o @ WiowshFartipocammroiE) amigntesel pipefatioy dhagingond

presel ec - Der.| S0l | ri erature to a.t erature
P the.  PansaPebfostoh, SEReR Bl O Jobit L GIRRRL Beker, At i gt or
third ppeseitestbeld, pesutot7 peeceas niobivdeyshoup 1y5 peisdny titanh,| sboat 4 rel i evi ng
wel ding stresses in_ th | ded article after the step of welding the

wr ought BYFf silicop, abgut .94 pescert carbon, shout P01 peEeatkoras, and abputi4% 016,

wher el n_pBeerifitohlarer MR EhORIFGDR! iath 4 2paRRUigge  hour, the second
presel ec?ed period is aboutgesg?lght%our s? an tlﬁg' third preselected period
is about four hours. 18. The process as in claim9, wherein the process

i ncl udeslfheat The prackessgasain elaim dApwheteinr thei procdse inclndes Ikt abaing 4560 F. 25 F.
- (about 83Q t0,860C d hol.di t hgur, fol | heat
{r oat mentmRREHE o o8 Cgut Esddh oS ionk 1808 IS0 SHBRB PoeE s or - bout

ei ght hofyr %, fikOhdesEAe h r I re. | range of
Sbout 1200 H e e B oy B ihg U, EnbEREC RS L EnpBalbf |

devel op i therahgy 'of abnit|18560Fsto abetti ldsDHRY(730e| 790MC) atdrieddies forn debendrel ded
article after the step. of di.ng the wought article to the_ cast article.
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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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CAST | NCONEL 718 FOR SERVI CED Al RCRAFT COVPONENTS ABSTRACT :]\ {;ﬁ(‘aa@
treatment process that will restore the nechanical propert ildJubt2U98
aircraft engine article that includes a cast Inconel 718 portion welded to

a wought portion. The heat treatnent process includes placing an article
that includes the Inconel 718 cast portion into a heat treatnent chanber,

evacuat i ng t heMEREGR FORRESTORATION ORMBESPIMNIEANBRUPER THRS oghanber in a
manner that mnimzes distortion of the cast portion to a tenperature in

the range of 1 - .1120C), hol din the tenperature in
that range for@%ﬁﬁ@@@f%ﬁ%ﬁ%ﬂ &IB%EF?C@M]%@NE 8 delta phase
precipitates, and then cooling the article to roomtenperature in a manner

that mnimzes distortion of the apghlg=TAfter solution heat treatmnent,
t he wrought portion of the engine part can be renoved and replaced and the

engi ne artiﬁle can be reprocessed. Fig. | 14 _
A heat treatment process that will restore the mechanical properties of an aircraft

engine article that includes a cast Inconel 718 portion welded to a wrought portion,

- The heat treatment process includes placing an article that includes the Inconel 718
cast portion into a heat treatment chamber, evacuating the chamber to a suitable
atmosphere, heating the chamber in a manner that minimizes distortion of the cast
portion to a temperature in the range of 1950°F to 2050°F (1060 - 1120°C), holding
-the temperature in that range for a period of time sufficient to solution all the delta
. phase precipitates, and then cooling the article to room temperature in a manner that
minimizes distortion of the article. After solution heat treatment, the wrought portion
of the engine part can be removed and replaced and the engine article can be

reprocessed.

Fig. 1
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