, ae3enkl 6@ElI METHOD OF RESTORATI ON OF MECHANI CAL PROPERTI ES OF CAST
| NCONEL 718 FOR SERVI CED Al RCRAFT COVPONENTS FI ELD OF THE | NVENTI ON The
present invention is directed to structural aircraft conmponents conposed of
cast Inconel 718 and forged Waspal oy or cast Inconel 718 and forged Incol oy
718/ 903/ 907/ 909, anong ot hers. BACKGROUND OF THE | NVENTI ON Many structural
aircraft elgﬂ%ne corgonents are made of a conbi nation of either solid cast

t

| nconel 718BFHEIHOF REAJIORASTTON QF MECHANICAJe BROAERIERS Ofhe
separate forged ¢ Qnent is usually a material such as forged | nconel 718,
Torged Vasbehsy, INCONFELCA § RORSEBIACTT ABCRAECOMENENES e
materials are comonly joined as an inseparable assenbly by wel ding them

t oget her. i i ion, these components may devel op cracking in
one of thgﬁﬁg®ggfiﬁ§1&§ﬁﬁ§fﬁﬂ% t he conponent non-serviceable. Cast |nconel
718 is a nickel based superalloy that obtains its desirable properties by

preci pi t atfheprévaditdianéntivndt dascted @y sfreduiab AipGhAcdiPondiRé Bothpesed aFtcattnconel
718 and the associ ated wought structures have the desirable physical

propert i edneopengifh aedplergadyMaspaloyn gt heast rlaspnedt Y bhgard, fetgedskicployt ur e
strength, 7a0dosB8h1/068 Jfshbouppese, for application of the article as a high
t enperature engine ai’rcraft structural conponent. In order to obtain these
desirabl e properties, both the cast Inconel 718 and the associ ated w ought
st ruct ur eBAGGGROVND HIOPHE INWENTIGN t he gamma-prinme (y') phase and the
gama- doubl e-prime (Y") phase. The y" phase, which is a body-centered

t et ragona recipitate in a sinple face-center cubi.c struycture, IS

ot aet an) MW FHBHE ot el Rpiponiis al Pidrst  fab Lot Ge 1ol e

t enper at uggst TRoEel PIfS k2ASAnéshel BDPId H5&paratdff2Edd cobionBndhagR RpshRat es at
the grain boundaries of the cast Inconel 718 and the associ ated w ought

st ruct ur edorged edrapenepeisdisually amatepial sushgis forged Inevaekstlids forapd Wagpalay.ess it
is soluti e r T of e to the
degradat i gﬂ?oggg%{)ﬁ%hl%&e@}oggg?ﬁi@y@%% (ﬁﬁeers'neh@heg%%gagﬁfagsr %r%ecrg e Ilyof‘l’ ‘ﬂf e cast

| nconel 73i8amhBepdisblaasembit Bdwaldingghemsbdgathdru Driring engine @pefation,r thgwi ri ng
these cracks is generally found in engine maintenance nmanual s, which all ow
the conpofRerPenes Bay depslep stcking ipang idhe Mmaterialy readening thegmnongnt.

Typi callynoé_tgf-x%ﬁegﬁg_ai r nmethods consist of welding the cracks in order to
heal them followed by a stress relief heat treatnent. For cast Inconel 718
with forged attachnent parts the repair process consists of pre-heating the

assenbl y &lastalmoonel 778 0¢a ko Chasktd supdrallay thatobtains itsplssirable prbpegies byr eat i ng
at about 1750F (.950C), f.or one hour,. foll owed n aaqi h treatnent to
Form o pstalign BBt pLRT e O hibsralES Hol PR ARG Tl bR s b
not |ife hisstiaRd. wobdht S§tfuctired Have Ofiie0desiableNpligsictd ploparties éff Rwrhor their

obsol escence. Included in these conponents are ngjor aircraft engine
frames, cHIRRCTEHE sHiGPbr ¢recn Heangty stress syterestrengthcand: fatignedgsistenesnforof time

I e R e
the engi nén anders@ndbthin these asirabid ppopefiidss bbth demomnllycael 1748 ad' tleop
visits. associated wrought structures require a proper amount of the gamma-prime (y') 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

forms 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 y", which & phase

coarsens rapidly unless it is solutioned at elevated temperatures. The presence of &
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It is not uncommon to find cracking on Inconel 718 conponents that require
the standard weld and heat treat repair during shop visits as set forth
above. Such visits cause nultiple generations of weld and heat treat
repairs. These nulti-generational repairs cause degradati on of the cast

I nconel 718 material due to the formation of phase precipitates over tine.
Data from several repair stations show that the effectiveness of the

wel d/ heat leadpae the drgradetie opberpoyaldabilitly|apd whe meehpaical prpperiicy obther dasks e
repairs. k h - ressor Rear Frame, one airline
reports tﬁﬁ{o@ﬁ?@#@égﬁspﬁa%%ﬁghﬁe Ctg%' an engine for an average of
25,000 hours before a crack appears at the bleed ports at the end of the
struts. AfA anethb for aepaiting rniegai ¢racksbis pederaitymifogndk irDwhgine Cabintelatiéeheat
treat repair plrogi@sc}res, ang the frame is returned to service, a new crack
wi || appedpanualsy peicly alowsthe cempoagids o e 1eeaired: prd wetened dat servigeable epaj r .
The avera : r d :

ori gi nal %grﬁ%llh?ﬁ ?ﬁglrcgy%?geééi ?ﬁ%ﬁﬁg%%%%?{m%ta&a@gg hgélglr%gc hf&(;)rdgg%ear from
the time thea thew follawed by apirassadlié¢frhesietraatroenti Foabatiincdbel0NB widufsged hen t he
time it takes a new 2 crack to appear after | d, and heat treat repair
s about  295Rent iRATES the, THEATT BEETCEOISHROL PifBeaiBe; S FURPIL AL AR of many
reports fr i ¢ héaktl j oSErvi ce
Laage. (or aaR ey T R O o R Tt Saoar the

cast | ncorfet oneldurebiowed by Repgiag heht lneatnangtoafoemgtiol i ng cycles in the
tenperature range of 1700F to 1800F (920 - 980C) causes fornation of the 8

phase. The material accumyl ates delta phase terial_fromthe |.d and heat
treat repdil® 2eiRiPas Sit@c%‘rigic,"@?’lﬁa’t‘eé’és GnPIRYIng) G F‘%"@ﬂ%?ﬁ nl‘-’rﬁélf?)nﬁ%t@ﬁce of

this del tasueﬁat%@cthﬂaﬂk&ﬁﬁﬁéniﬁ%be hB%xaﬁh}lt@a ’fii#é%} ﬁ@irﬁ)fbs&gs%ﬁ(}é? %ENd&d fients in

the alloy is altered in such a way that elenents have collectively m grated

to cert ai rthese ecoanpoinents drbayajar e@inefi kingjhé Viranoasc eases adreld supfivirts theplamet es

t hese el enents from other areas,.decreasing t mechani cal properties of
theal | oy Tereqied 6ECln Bira B R0 pE SRERT Wik Ao BREE HohorBRarBEr bl ec
properly icondifienhde AYuhd d@iY BRbe ﬁf\:ﬁ&kioﬁg,th@d feendnb@ nfidi&d ic@%l):oﬂn%oerti es
of cast Inconel 718 are decreased when 8 is present. SUMVARY THE

| NVENTI ONathdisgsersbled ffony Bisrangineagd gentde pagpaibsipd Thipisewareenly called he
repair a”%"@ﬁc?ﬁvi%i‘i'eat ments used to restore cast |Inconel 718 aircraft engine
parts to provide a nore uniformdistribution of elenents. Over tinme, and

after nunerous crack repairs and heat treatnents, the nechanical properties
of cast | dcimnedt ddndedretd dindt @sckidd endnoaes §18fcontpengite sk4tt refjuives el on

allows the restoration. of cast Inconel 718 {p a state ichjs simlar to
e cond SFOEGETE 46t FRE toral PBeFidk o e 8 S dpT Ao PP The
article, \WRhehmiRpldgaRrAiofd st wWelf AME heat kbaf RIPARE EMhedeSmuRREQIBMichAr ough a
process that includes heat treatnment. First, the article that typically

i ncl udes depsarstcapssr dageadationl of theoragelepal 711 8 indteriad |daie deol thenfosmatiereaf O

treat ment chamber, .purged of oxy nd the pressure j.n the chanber is set
to a sui té)gl?see Rreeﬁ%prngtéso?verr g ng)%gat ﬁ@gbﬁg‘(e‘g_ ﬁP@lrathlil?:rfse Sﬁ%wttﬁ% feat ed,
at a rat e cffebtibs dfothsiwildhes rdpditsQdectaase pfo%oﬁi()h@l@%ﬂlt the &frdqiedyeof ange of
about 1950F to about 2150F (1060 - 1180C). The tenperature of the article

i s then héhsseimpairss akge cspmplsonr tho£dit-3Q Copyuesson Bgar Fiaven enp1giolde for a
time suffigcient I Qpi t esnrecjni.tat

hompgen zE AT iAS Balic. ol 6P bt & AMAERL S BIEE T2 o ¢,
avoi d del thafoqpér aseadghr apieqoss tah theobleedh potteatr thn gad of tidbsmnits. 1 @tk theocrablois 1900F

(870 - 1040Q) in a ot ective euﬁr“gldégr reduci ng at nosphere a; a rate
suf fi ci entCRAGeHEY MeEPHBkeRgPdnch 7o {169 FERHEPROETSED @ SLIHME fen be

ai 1 quenchggme o MR a0ndw cAIRKI VB dppRaSirihede£ B ADREY pblfar it r0OM
tenperature. The forged portion can then be renoved, |eaving a cast portion
t hat has ewddhedtdichiyrepaisolhg avenagt tiunid tinew. crack tosippeanas £00) houre after ns

"wrought" and."farged"” e used.j,nterc eably. The cast portjon can then
e 1 oused TRORHHE AEy SHGRIOTHAF (A & oS qor etk & fatiar B b8 dniing
advant ageshOhew mﬂié_riﬁ?fb@éd I3eeViEE RMabdld 25,600 RRRAMRAE thE ke ft idkek @lde Ng
nore detailed description of the preferred enbodi nent, taken in conj unction

with the acconpanying drawi ngs which ijlustrate, 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 engi ne part conposed



in whole or in part of a conponent that includes cast |Inconel 718 can be
restored after cracking; Fig. 2 is a Time-Tenperature-Transfornation

di agram for cast Inconel 718, and Fig. 3 is a Tenperature-Phase Stability
D agram for cast Inconel 718. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides a novel nmethod of heat treating to restore the
mechani cal properties_of cast Inconel 718.incl uded as part  of an aircraft

engi ne. TIsEck e appaap after syweldywd hepbirpat JeRpiiely apawh 2 Q%@Bﬁe origieal SgHSnent
thus wll gﬂﬁuﬁ@ he cast |nconel 718
conponent E}fene]ttﬂlgg W?l“éej g?gnﬁg éﬁggltgg{@g@%e?%?ﬁrteghe frame will also
be decreased. In order to restore the mechani cal properties of a frane that
i ncl udes éfhe@Sitnalrylcmelof te8redaoed capde, usagm(mmkrfrenﬁ ofi et frayed aftes regps nust be
perforned. t olution t nel 8 co onent. The forged
conmponent l%t ‘iﬁg?ﬁa{ g‘&l"g ﬁﬁ.l ?Stz{ncoanﬁﬁé i etrtaéc ¢ %nﬁt‘?@m&ga%‘td nent of
the arti cI t PRRRA o]hgk) n
stability ﬂ??)glgtﬂt@ E%Iﬁlgu%gt{:i 1getsltrmel ét)%nt piﬁéécgzmelggo ?gr r9:891‘gsgc gdg\;l\;ﬁe}[% gbg?%lonl t here
i's shown af tHedBrpleRar The iratesial adcunmldtésadedtaqihase haterialfeoraltid weld antlihedt
i ncl udes the cast Inconel 718 portl‘%emrrugi under go in order tt% have t he
origi nal MsBhERREaVhishdp exaceslatest withamuliiple eyidesnellh WPBeSEJ‘B‘Ft‘? i dedtdor ed
after cra t tion is
g)h%&gndl-gg'tﬁs ffat e EistMBLGon bP n%rt‘ﬂﬁi V\%} f% in tPf Qgﬁ% s/afrdiPh

first placed in a heat treatnent cha wn to one
ski |l | ed i sutthe vauytthataglemerte haVnanddhctwdyemgmnai Eudcetrtalraareaﬁt wheehtbee awf about

0.5 m croneter, or purge d w.t non-reactive eprese ted b nuner al
10. The aF‘P?’Vcli“gHg's"oPﬁ { tﬁ’lﬂ QS&S %ﬂﬁngaﬁ’ ﬁertaﬁgas about
975F to ahpuhedidgrbl ]ér'égé}tles éﬁtﬂ@alloy‘ ﬁﬂh@s%%éa%d TR¥reRUHEEEES! elétﬁentm%ﬁ‘t Behe
heating to a range o bout 5F to about 1025F (520 - "5500) is conpl et e,

t he terrpelredmtrlbuneé progledy thlmahloy hraprervamtg:eackn@psmseﬂteenlectlynmlrmomm@ The
artlclelsth ealtﬁ toaten;?i1 re in the range of about 1950F to
about 215(9!2“(1 nel 71 PR e Frasey Whgho i Gt®E of the prior tenperature
stabilization, represented by nuneral 16. The tenperature of the article is
t hen hel dSQIMMAIQW@HWINVENTHﬁ\IFange of about 1950F to about 2150F (
1060 - 1180C) for a period of time in the range of about 55 minutes to
about 65 m nutes, represented by nuneral 18. This anmount of time should
permt thdhg piesent ingendions iy diredted fpwaide dmpiayarens  Ingtise rpriganthds2k he si ze
of the ar tt{eﬁ!n?entst e %'Jeé’toge &{sﬁﬁ?coh&rms&u&‘aﬁ &e%a%rtﬁ];ﬂr?ﬁag'a% eShorter
or | onger used. "8 ' hon- F eact. as |1 en ‘i ntroduced
into the mhﬁbherd,tstmf)utnmtofaélemandy [0 einde, ané @fies ﬁumemuby:razckrrepaafs a@. The
chanber is cooled to tenperature in. the_range of 1000F t about
1200F (533‘“&lt Beatmpntys ¢ the mspaanicl mregeZtigs o cayd P&OY’FH?{? é%ﬁtqrt}ﬁs -of 1B phase
in the caghodeBeontle ?és%nm%ﬁm alforRl ©alrbXordén bPesst IRAABIFR {018 Shatcder

m nute, réheated ancf for a time to precipitate y", represented b
nunmer al 22whidthds cmmlbertm thet hendlidéero| afd thsy castr Inconelaf/ 1% immediathlyc hfters

equi val ent t ollng by air, to roomtenperature 24. Referring to Figs. 2
and 3 whi &H &Fae?‘g Ti me- Terrperature Transformation ("TTT") diagram for cast
I nconel 718 and a Tenperature-Phase Stability diagramfor cast |Inconel 718,

bot h avai ITHel &rtitle, avhieh incbhdes entcast | ddondW Bosdmpistietr & réshaedich@ugizad i on of
Cast 718" in a col |l ect] on Superalloy_ 718 - Metal]urgy and, Appli cati ons,

edited by PEOCG§S thap inclipdeg heathlgeapmpty afigst, therasticle shatyRically inclides @1pst 1989,
it can be i t he
0 upper %T _?]i'% B%@SH ngl lgclsg ?H gcﬂe%t Ratdint %?Q'Jgegl :ﬁﬁfé@dg@f

nose of t undds; rab phase cann

pr eci pi tatoexygé?nalmuhe)lpr@ﬁurb hnsthphzimmbeams bet m/olmitedblealmitrabot iredpcirgpi dl y to
1000F to 1200F ent formati on of this S ver,

order to é’\tz‘B?ﬁ’h %edft ‘3{‘ egtt's %tsae@tes%’t‘tati%tf’ gﬁ%ﬁ%BPYﬁga from

the el evatggndy t@th%engé bf aﬁot@%@éeafovaﬁoceu Iz@éw tigof-origgecyportion of
the frame atP ed to the cast portion of frame.
temperature of the article is then 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

3



Once the heat treat cycle is conplete, the article, typically a frane, is
machi ned to renoved the forged portion fromthe cast Inconel 718 portion of
tthe article. The restored cast Inconel 718 portion of the article is then
wel ded to a new forged portion to create a new i nseparable article. The
exact process will vary depending on the size (i.e. type of aircraft engine
frame) of cast Inconel 718 frame that requires treatnent using this heat
treat prodemegenipg thetdlloynelhe entigledisdberpoealed at 8 refel wéliciens totayoishdeltal nconel

718 t, th | uti d t I ' .0rigi nal
ranut act uPERE RS ABER ARG dRrRcel T §6ERF i6¥ 6o f0aPo TR0 - dReb DR e
per formed me@rve ndBirallas rSd‘d‘cﬂigIt AtHdSpHePE atdLFat @ SUTTiB@nPOShainRiHdimeakiog)c! es,

for exanple stress relief cycles, specific to an engi ne type, and not all

frane desi@ghditspdbe miticke d thendbesait aednehedh@aquenchad i an indibgrs/airan t he

cast 718 g f frane.r ved fromservi ce..and repai ned i n accordance
with the g&é&%@& %%Ztﬁt {o@rr? ﬁrﬁﬂg?tﬁé'sﬁge%fﬁeeﬁt p%f’?ﬂicﬁa fn zi’enléeww ught
portion caaving DERcpetien tha habessemimly ewhaiondd candigvh.f AgBed Bélginf fRM a new
718 cast portion and a new w ought c{)_ortl on. After the cast |nconel 718

porti on higmseskoughtandoifergedi amivseq iderehangeably.ulhe eashgertion canshen bE950F t o
about 215 ‘ imitial or old wought portion has
been rrach?%géd’;vaﬁ/;%,th%&%@%%#%@gﬂ#‘?)lggdtr?égh can then be attached to the
casting. Wien the article that includes the cast Inconel 718 conponent to
be treat e@thireatmots anslgadvastages p€ cheabrepastinvaitbnswilube appireat fromedtenent as
set forth t.he draw ngs, a stress relief heagt treatnment and an

age- har derﬁ(ﬁﬂodv A& af2ore e‘g‘?q?fqut dgf)c”;?tnBBe P# y&‘ﬁgé’re&%e‘{)a?mbcﬁgﬂ‘}ﬁ?tt h@‘ﬁ%% s'shoul d
be perfor uﬁaiofnwbiluymé%»s&irg;shn dRW1H38 Whidh IRLARRL, by 8Payddf dxBfipfadfe | nconel
718 porti gﬁﬂa_nd the attache w?,g%ght g%rti on. Becautsblg trgwought’ 6
portion ca&ringipleg offheiigeantion. a variety of heat treatable alloys whose
properties are devel oped by different heat treatnments, these age treatnents
can vary t N t st Inconel 718 conponent has been
sol uti one vI\nEFr]Plén %@ﬁémerﬁf‘?@%&gg\é&gf about 1950F to about 2150F (1060
- 1180C) and the initial wought portion has been nachi ned away, a new

wr ought pdig. ilds adlw tHeenillogtrainpacireckst by tWidctcas hireraft el§iae phheompbsed e

i ncludes a cast Inconel 718 conponent | ded {o ei.ther a, wough spal oy
conponent “b}"gﬁle\f% o BHE o Fempaneap habinshides cast Ié}co?ﬂﬂgﬁﬁ%%é"rﬂ‘ge‘;ﬁégml ded
toget her, ciagkipgder to relieve weld stresses and to properly age the
article, the article should be heat treated in the range of about 1500F to
about 1600F (810 - 870C) for a first presel ected period, about one hour,
fol |l oned Kig 2 ihadimerlempatature: Transhermaginy diagtana g eestingorl 718;abdut  1350F
(670 - 730C) for a second presel ected period, about eight hours, followed
by a heat g4 93 i [ . 1250F (620 - 670C)
for a thi rcg'prgeggila%]g%%gjrggh?%;ggggﬁ’tﬁ%g{é&hé%r%%llél&ggﬁ@gé preferred

enbodi ment, in order to relieve welding stress and to age the article, the
article shETAILE® PESCRIPEQIN OFATHEINVIENBON- ~ 25F (84014C) for about one
hour, followed by a heat treatnment at about 1325F ~ 25F (72014C) for about

ei ght hou f ol | owed a_heat treatnent . at, about 1200F ~ 25F (63014C) for
about one&ﬁgu‘?r.ese tngen[%ﬁg Br%fde? r?c&ﬂ%?qeglfgméoﬂgg‘ﬁ%tnﬁeﬁ% B%éﬁs"g'%l i oned
Wt hin t heneeRaidl peofeftids@T@BstThecHeP P8 BRI b9 padp 0¥ hn 4ik&AR dngfR0 TFhel 180C)
and the initial wought portion has been machi ned away, a new w ought

conponent {188 thafeinclvdestheaiestored: east eonelstli8nepmnament thhe willtheppfit frema cast

| nconel 7 . 7 t nt ter the
conponent gl §C§§%%F‘§g{c’ils}t@§%%% & trf?hela%ésg ﬁ%ggélt?g% rcé)m’p g\&}lgﬁvove I gggr?{rages s%lgﬁliae nd to
age the antaintbiance bestaofithe framehdlllatholbe deemhsedr eated i n t he range of about
1500F to about 1600F (810 - 870C) for a presel ected period, about one hour,
f ol | owed a, heat treatnent, in the range of_ about 1400F to about 1525F
(760 830N pRler £ tssldsh e machanibal BRPPBRI O & T thet  aaEn At Beongl | owed
by a heat 7ig @ahipBhént] B dufbel ¥TARaLLyd0 Qs IR Foe! ferfRfidl th2RABFerfP?Q - 650C)
for a third presel ected period, about eight hours. In a nore préeferred
enmbodi mensolutipn ¢haldmconel 718 cowiporant. WEhal iforged tcoaponenidoft theagrtickehmustr ti cl e,
the article should be heat treated at about 1550F t 25F (84014C) for about
one hour, followed by a heat treatmentyat about 147SF + 25F (80014C) for
about sixteen hours, followed by a heat treatnent at about 1150F t 25F
(62014C) for about eight hours. After the cast Inconel 718 conponent has
been solutioned within the tenperature range of about 1950F to about 2150F
( 1060 - 1180C) and the initial wought portion has been nmachi ned away, a
new wr ought conponent can then be attached to the casting. Wen the article
is a cast Inconel 718 conmponent welded to a wought |Inconel 909 conponent,

Y T T - -



be heat treated at about 1550F ~ 25F (84014C) for about one hour, followed
by a heat treatnent at about 1325F ~ 25F (72014C) for about eight hours,
foll owed by a heat treatnent at about 1200F ~ 25F (65014C) for about one
hour. After the cast |Inconel 718 conponent has been solutioned within the
tenperature range of about 1950F to about 2150F ( 1060 - 1180C) and the
initial wought portion has been machined away, a new w ought conpound can
then be atamaimatachsdtpdheeast Fomgponspt Al theeartiplese|thatithe sag gemppperd vl 718

conponent f%gg@?ﬁé‘%ﬁon\ﬁf&#@gb‘%dgﬁ‘%gﬁ%}é%%%e%g?‘%%“' after the conponents

are wel det I'n o we resses and to age the
article, the article should be heat treated in the range of about 1500F to
about 1608BEfefBhd new&d0iGE. i ptheee fsi shotwnpa dloet eledre dlyseratirgrtheadtepst thanthehour ,

ol s B, S AR RS IRl et Ao o el 00
by a heat qfif@afl MBEHanical prldBerkiia gﬁt%fca?qg%nei19@Bortti%n§@§?6{red 1800&af1aR0 - 6500)

for a third presel ected period, abou our hours. In a nore preferrted
enbodi mentlhe iantidde derich aneleddsethe aasl dhcogels71& portiomdist Hrsagdacethenaa heatl e, t he

article should heat tr.eated abouyt 15SQF =~.25F (84014C) .for about one

rour - o Petnb et hER EoTeE knSRR Y it Follad b SCa% Helhalber Lot

ei ght houggacuhtel kO¥ESnR¥plRr& 8fibdut 03tHRASmatr B @i@'f)urgedl 2 amoiofeadifi©014C)

for about four hours. Wiile the invention has been described with reference

to a pref 8% &presenisdibrarwmeralt] OwiThe asiécle irdben hestet! toya tempsrtyrwithenithen t he
art that varioys,ch may, b eguival ent s be substituted for
ol enents {er aeGRCREGT ethebf ST, G0 nao LT, EhlseflR ey BRI

addi tion, WI?éﬁYthQDﬁEafihg%'é)?aﬁlng BSoutes ek Qo 2Rt 1829%" ESZ@UJ gKoght i4at 1 on or

material to the teachings of the invention wthout departing fromthe
essent i al complete, thectemperatirt éy béld vathin that sanigat epobeehtediby ntitweral Aderfheon not

be [imted ] i cul nbodi di scl d b
cont ettt i febReedl Slrarare Rt gk of BhturRab oty BREEn wi 1)
i ncl ude aioe®NbABDEINfhhAd mitited SO plibereipeRGO kabB AR easenkal M5 9

CLAIMS: 1. A heat treatnent process for restoring the properties of an
ai rcraft bngumerdri6i cTee kanpengunof] the amidle 19 ghepdwlid pbattéroperatucte & fher ged

portion that has. bee jected tq.r ed thermpl cycl gs bel ow the 8

sol vus coﬁ%‘lgF_é’? ﬁ‘BO‘t‘th]gbsz)ltaﬁjﬁ%a ut ngg\he &%%é 'aﬂ%pn(égﬁ’éla é{@aaﬂfﬁf“&? & ftkﬁ be

treated, b1 J%bble 5 8mhihGle§ tb AbBut nAKAEE ! R s k&P BP Hakferal 8. ATHAL € 1O

mnimze distortion of the article, to a tenperature 1n a range of about

1950F t o ammount Fim@should)dmit thd 8 p)se th bk dullygsdlineoned: Holwevert depemdimger at ur e

in the rane%f about I950Fto,allfout . . .
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 8 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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2150F (1060 - 1180C) for a tine sufficient to fully solution precipitates;
cooling the article to a tenperature in the range of about 1000F to about
1200F (530 - 650C) in a protective atnosphere at a rate sufficient to

mai ntai n di nensional stability while avoiding the formation of 8 phase;
cooling the article to roomtenperature; and renoving the forged portion of
the article. 2. The ocess as in claiml, wherein the step of heating

further ideloddsThe Md ﬁlﬁdMeF%&aM%Mﬁ@@l@& B98P dtucan brasqenghat ¥raBssure of
about 0. 51 %loﬂ%ta?{lcly?s (1% cool?&‘ tIR{)lg%%etﬁig nBse (I%fr{hg l.l@B g‘l’]ﬂo rge u%gsrni%b%et he

step of hea I'ng the ar StOFE 18R T he s the

fol | owi ng ssiRRs catip@tbepia fohgedpitate! EForaton SMPIEE Phbseccdnb@ alvGide® id about
975F to about 1025F (5 O - 550&(53 then stabilizing the tenperature of the

article imooling naald@etooTOOé)BBm 12G5E (630 al6603C)1oeamty szmauorﬁabm)s phasen Wit hin
60 m nutes, of stabiljzing th art, heating the part to a,s

P onper at uHoNrEh A odsh kb utid GifHion g B tBSbatsst OB Fisuk REDSEOTETERG) . 10
4. The prggesvasd |téh1}9ér§thf8 e 152n&ress?ary W @ERE Nthé TBrgRl QSoREsh b Ghdld@mevel di ng

t he
attached to the cast portion of the frame.

Once the heat treat cycle is complete, the article, typically a frame, is machined to
removed the forged portion from the cast Inconel 718 portion of the article. The
restored cast Inconel 718 portion of the article is then welded to a new forged portion
to create a new inseparable article. The exact process will vary depending on the size
(i.e. type of aircraft engine frame) of cast Inconel 718 frame that requires treatment

using this heat treat process.

Once the new forged component 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 component 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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treated cast Inconel 718 article to a new wought Inconel 718 portion after
the cooling step, to yield a repaired article. 5. The process as in claim
4, wherein the process includes heat treating at a tenperature in the range
of about 1500F to about |600F (810 - 870C) and holding for a first

presel ected period, followed by lowering the tenperature to a tenperature
in the range of about 1350F to about 1450F (730 - 790C) and holding for a
second pr @SEIWceaIbHeempseds ofi 3 yaRety 9y heahvsedtehje rHeys whpser piopewies gre

t enperat urg,_ i r (o} t.0 ab OF. ( - 650C) and

hol di ng fc‘)f?3 V%alglf’%]rgﬁ %@%gré féeca?g%%né%#%ggesg oagst?%gméé\geﬁagp\%gy B RE g" . Wwhile
al so reliéelowg wel ding stresses in the welded article after the step of

wel di ng the wought article to the cast article. 6. The process as in claim

5, wherein the first pre cted period js about one hqur, the second
presel ect e%éeﬁetpf: &8s @cﬁﬁﬁ&e‘?%‘i‘ﬁ‘mﬁﬁhﬁ%ﬁ {’%ﬁﬁ‘ds Wioned Within ithe dmBparaiiteer i od

is about f ; ny, 0 J : wher ei n
t he procegs enéfg%ogrst I%Pﬁﬁogl,%g@?%g)oﬁeﬂg%(gl ilnlgagbt)e%r,ld:'ltﬂﬂée@rlaéa‘%@él %tast

| nconel 718rtéon haslbeet maghined aghy, anéw cireughwiperttomcdnhhenvbeugidhednsd itled € i s an
all oy selected fromthe group consisting of Waspal oy and Rene 41, to yield
a repai r e EYI%P.H %.e aftifde ﬁ&é‘*@%‘ cpst [ngopelaf 1§ compgnenteveldedio pitlsress

i ncl udes r i a eRAat ur&.d ang ut 0 to
about 16008 (B0 PagEBy coRgbRERCEE AT Srdinl Rl indbRY alrl ol
fol | oned kpmponents ag wdlded ogptherniniorlet ® @litenpeldatrasses and tohgropatygageof about

1250F to out. | 350F (.670.- 790C d | .di for eco esel ect ed
peri od, fgi’jﬁi BKXELE’ E%F rﬁqald?ﬁe&x;%ﬂgg&%gﬁﬁ?gggg ‘%@ﬁ?ﬁ@? ggqprgg Pri°PHe range
of about }EBOHF tg0aberyec2§O0K ﬁ(rﬁzﬁeSeleQYch‘ﬂerﬁ)ﬂg ab&lt GnBhobiPfoBoWid 5§ a

presel ected period, so as to develop y' and y", while also relieving

wel di ng stheatstsesmem inhbe walgderf dotii ¢250°Rf teenbdutd 3508 (69D -WEI AT gfor e
wrought article to the cast article . The process as in claim8, wherein
the first SHradepretalestrd,Betish bouigeiaht hiwre Fdfape thyeag*@ebﬁaatmeew e ed
period is ' r in" de4Ho ' i ut one
hour 11" "S- RO} LTS bS8 [l CoRIETRCE AR RStRed BT
process i nbbuder huak.dimng rhdilﬁ ﬁréféﬁlbdadntba&i&ndnndﬁme&lerrtg&el@dvkiwél&ingcsnass\/w ?)ught
Incol oy 903 article after e cooling step, to vyi repaired article.
11. The praBQégsagﬁstﬁF rgle ﬁﬁhefe“flclwrfélpakdng? Elsatpvwefgt Abt 0 a5 cat | ng
at a tenp { r f 10+~z0r8700)
and hol di N Far @ Py pOfuRERNE ol by 2N AR a A ot g e

t enper at u@20z148CY éorboat eight hours, hdllbasd dyod heddatdfatrhét GF aboutalRooeF 1350F
(670 - 790Q) and holding for a second preselected period, followed by

| oweri ng A& (CSRHH°SD dipreaboyt enethowber at ure in the range of about 1100F to
about 1200F (590 - 650C) and holding for a third presel ected period, so as
to develo ' " i | relievi hdi . [ wel ded
article ag}fyeerr t? ﬁga%{tlgﬁgﬁc?fl @gﬁéﬁ%ng l}'{Lleﬁav?/r B;%S‘r']\@hglro{ﬁ? @%K}ﬁ%ﬁﬁ%&@%@ﬁgﬂ cle.
12. The pragesst aisout 190G 16 hBoutVdISI0EF (1041 - f11861C)paRE Heehiid Wwoughd i s

about one ) i
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 period, about eight hours. In a more preferred embodiment, in order to
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hour, the second presel ected period is about eight hours, and the third
presel ected period is about eight hours. 13. The process as in any one of
claims 1 to 3, wherein the process includes welding the treated cast

| hconel 718 article to a wought Incoloy 907 article after the cooling
step, to yield a repaired article. 14. The process as in claim 13, wherein
the process includes heat treating at a tenperature in the range of about

1500F to &pliye webdiogsiressend tgagecthe aﬁwlmhlwrnglefsbauld beiheat trepteskat|abevted

0f about 1008 6> Suat e rrd A hebe RGBk ol By G rEeSdphe® ~°"0°

presel ect qd759r L 0dsp ts@oh@m 1BY abRHRIHEG ﬁdi@s tfermeécﬁw latheP tr@athfefP& at ur e
in the range of about 1100F to about 1200F (590 - 650C) and hol ding for a

third presbbadtédeldFd6260144€) far ablemadigip hptrsand y", while al so relieving
wel di ng stresses in the welded article after the step of welding the

ht tic ticl 15. Th I 14,
vhor o EHA el BERESha FosbhEi 18 abbocRbRestu: Ml
presel ect ggh e %ukwm% abaﬁteﬁ%owmeo anqsédtg Ady GR ﬂnfa?% ”gﬁd peri od

i s about el ght hours. € process as In any one o cl ai 1to 3,
wher ei n t Ipertpmdes deen rrralchldeds awey ch nayv wireught eampdnfmasan thmd:rwlttazlﬂﬁl tarticle

to a wought Incol 909 artjcle after the cooling s oyleld
Fepai red- 31 EE. Whet e il g it fennel U omsohaReV B hd Hroselss
i ncl udes hganet 9®ALINNHnBht, ﬁftéﬁﬁ@%lﬁb&ﬁe’ﬁts' dte %‘f‘deﬁ%@&hé}f 1@&%} toreffQf tO

about 1600F 5810 - nth)C and holding f a first preselected period,
fol | owed el @tmser’sr@dttheigtsethmmtlatwﬂ@ etrbcla Shelﬂﬂéledteat‘eeatcd trhélerranr@eofof about

1350F to a 3 for ond resel ect ed
peri od, B?‘gv@ééﬁgt Ia&\% Wazlfgg@()t % Eg bprﬁse? Hge QE%O‘f r’i‘le‘I’fe range
of about A0 Bbul PolRRRUIbyl LS tr(:ét%nt irPHE Fan Og’értg a'B@ﬁtdl I39°F @ alibuk HuSEPF

presel ected period, so as to develop y' | e al so relieving

wel di ng st(7Hbs@¥0°n foresesehd preseletted tlmeafarmd abwt stgh‘phmjrs vsﬁelldwn@ by tae

wought article to the cast article. 18 The process as in claim1l7,
wher ei n t fHgatityeatipent in, |ré%&eé§‘ et H@OFE toaphout ?%%SeF (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
treatment 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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hour, the second presel ected period is about eight hours, and the third
presel ected period is about four hours. 13 . A E A 9. AL. AL. A% A9. A

9. A9. AL. A9. A . AL. AL2d{ 6RT &R WO : .U
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10%<& () - range of about 1950°F to about 2150°F (1060 - 1180°C) and the initial wrought
portion has been machined away, a new wrought compound can then be attached to
the casting. When the article is a cast Inconel 718 component welded to a wrought
Inconel 718 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 1350°F to about 1450°F (730
- 790°C) for a second preselected period, about eight hours, followed by a heat
treatment in the range of about 1100°F to about 1200°F (590 - 650°C) for a third
preselected period, about four hours. 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
1425°F + 25°F (770+14°C) for about eight hours, followed by a heat treatment at
about 1150°F £ 25°F (620x+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 modifications 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.
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1. A heat treatment process for restoring the properties of an aircraft engine
article having an Inconel 718 cast portion and a forged portion that has been subjected

to repeated thermal cycles below the & solvus comprising the steps of:
providing an Inconel 718 article 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 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.

2. The process as in claim 1, wherein the step of heating further includes a non-

oxidative atmosphere as a vacuum having a pressure of about 0.5 micrometer Hg.

3. The process as in claim 1 or 2, wherein the step of heating the article at a rate

to minimize distortion includes the following steps:

heating the article to a temperature in a range of about 975°F to about

1025°F (520 - 550°C); then

stabilizing the temperature of the article in the range of about 975°F to

about 1025°F (520 - 550°C); then

within 60 minutes of stabilizing the part, heating the part to a second

temperature in the range of about 1950°F to about 2150°F (1060 - 1180°C);
10
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&) @l"%e proc(e)ss gs ?n (8%11-91 2 or gj& wlggremsl‘xe process 1(ncludes welding the
treated cast Inconel 718 article to a new wrought Inconel 718 portion after the cooling

step, to yield a repaired article.

5. The process as in claim 4, 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 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 1200°F (590 - 650°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.

6. The process as in claim 5, 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.

7. The process as in any one of claims 1 to 3, wherein the process includes
welding, after the cooling step, the treated cast Inconel 718 article to a wrought
article, wherein the wrought article is an alloy selected from the group consisting of

Waspaloy and Rene 41, to yield a repaired article.

8. The process as in claim 7, 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
preselected period, followed by lowering the temperature to a temperature in the
range of about 1150°F to about 1250°F (620 - 670°C) and holding for a third
preselected period, so as to develop y' and ¥", while also relieving welding stresses in

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

9, The process as in claim 8, wherein the first preselected period is about one
hour, the second preselected period is about eight hours, and the third preselected

period is about one hour.
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11.  The process as in claim 10, 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
preselected period, followed by lowering the temperature to a temperature 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 v’ and y", while also relieving welding stresses in

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

12.  The process as in claim 11, 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.

13.  The process as in any one of claims 1 to 3, wherein the process includes
welding the treated cast Inconel 718 article to a wrought Incoloy 907 article after the

cooling step, to yield a repaired article.

14.  The process as in claim 13, 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 1400°F to about 1525°F (760 - 830°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 1200°F (590 - 650°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.

15.  The process as in claim 14, wherein the first preselected period is about one
hour, the second preselected period is about sixteen hours, and the third preselected

period is about eight hours.
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cooling step, to yield a repaired article.

17.  The process as in claim 16, 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 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 ¥", while also relieving welding stresses in

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

18.  The process as in claim 17, 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.

13



