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met hod for fabricating/repairing an integrally bladed rotor and a

encapsul ated local airfoil heatigrardevicepsethidk thereethod. The
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forged air to rocess. A titaniumalloy
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obj ect dabdgded rotor, at significant expense.
Other problems associated with integrally bladed rotors

relate to the fabrication method employed to manufacture them.
They can be machined out of a single large forging; however,
this approach is not desirable. A large forging, e.g., large
billet, has lower property capability and a significant amount
of the starting material, which can be very expensive depending
upon the material, is machined away. Also, the part is at risk
of scrap out due to inevitable machining errors during
manufacture. Another approach for manufacturing integrally
bladed rotors is to attach separately forged airfoils to a rotor
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While weld properties can be restored with full solution plus age post weld
‘ heat treatnent, it is inpractical to performthis operation due t o possible
airfoil distortion and surface contanination, especially for OoAlEEM wel ds.
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a method feibsegaaht ngn-adedviteghaldyrdbaided diet eb b@@@ﬂir}/ dk%raltl 888age.
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aver age heat treat oi nt betwee section and the
airfoil sod€qhieat PeeHEIdithg st Alﬂ%v%lf%n@aﬁsﬁpafedr?%@éqs ditr PoVFrReat i ng
devi ce i s Hssedweddpesiorymtitha oposhpaetl Gtaeawagechepirdd eat marent Thetaevi ce

broadly ooy |a6gedypleral eOErQSQ;é%F?a%q%Htéaﬁé‘%gﬁ A1t 0 Al goket made
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the ai rfor“lelé‘naeﬁhet’@\%q“d“ﬁ‘& feute Berforiad (e post Q\e}TcP"r?erétget reatnent. A
met hod forcempeaiting fot egr ald ywbl adexs rat arstbneascosmartie welll thee

present i nyention, Qr9@%%&%”@&5§8§t{@§h'}wd%g’e§wa¥h§sd@f@%&‘?@nQoEEbQ[‘th an
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0
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fol | owed by Spicacengoshel enuvepsebatete | Dralmaaiyr hoghlhesttigapedevrecesover the
undamaged airfoil and the weld and perform ng the post nold heat treatnent
to relieve residual stresses r&st En oS ure and nechani cal
properties to the weld joint er details of the
fabri cati ng/ r epaceragnedt hdds landnthlej%‘#ca#s@h&t pdesoralimianftdion Keati ng

device, a r\wlbeagno_hh@fom el haldr e vy ages iabt endast Adigrietiag are set
forth in th fo'E%“% le crlptlon and the acconpanyi ng draw ngs wherein
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li ke referdhcd™R G Pike el ements. BRI EF DESCRI PTION OF THE
DRAW NGS It is a further object of the present invention to provide

a method which allows use of a high temperature post weld heat
treatment while maintaining high tensile and fatigue strength.
It is a further object of the present invention to provide
a novel encapsulated local airfoil heating device to perform
said high temperature post weld heat treatment.
In accordance with a first aspect of the present invention,
a method for creating an integrally bladed rotor broadly

comprises providing a hub section, preferably formed from a



FIG 1 is a schematic representation of an integrally bladed rotor having
an airfoil welded to a hub section; FIG 2 is a schematic representatlon of
an encapsul ated | ocal airfoil heatlng device in accordance wPPh’the present

i nventi on; |G 3.s schematic repf entatlon f heatl de i ce of
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from i 11 8580080 10 So1 HGWELE LoLI- M0 TR 108 OLIEFL Lishig 3y Su tabi e

wel di ng tec he art or _exa Ir 0|I coul d be
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and oi | qd@hBhi # AY 3FEoPREAL - The sol ution treatnment and oil quenching
treatment nay Oehgerdaraidd by thesfalheatatigot/hepaitbisecidtdrds2 aaddtiag r f oi |

19 to a eQQaZ}éléﬁﬁpeﬁﬁkﬂf%1&@o£behééﬁﬂﬁa %Ev&&@n1égx%glﬂ 620G harabout
| 655F for gatlne in the ran S.. The sol ution
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of an integrally

bladed rotor having an airfoil welded to a hub section;

FIG. 2 is a schematic representation of an encapsulated
local airfoil heating device in accordance with the present
invention;

FIG. 3 is a schematic representation of the heating device
of FIG. 2 positioned over an airfoil and weld joint; and

FIGS. 4 and 5 are graphs illustrating the improvements



Af t\er the oil quenching step has been conpleted, the hub section 12 and the
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00-711 any of the abovenentioned titani um based alloys or a nickel based
*alloy. The heating device 20 is then placed over the undamaged airfoil 15
and the weld joint 16" and energi zed to performthe af or ement’Griéd post
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modi f i cat |f6r¢§1 aéﬁétvéQl%tﬁQ)@§Oa§ i@t‘PTFvﬁetrhimﬁntlhé broad scope of the’
appended cl ai men acO8rdadcd\HATh! Sh&LA MDA Snvention, the post weld

heat treatment is preferably carried out using a novel
encapsulated local airfoil heating device 20 such as that shown
in FIG. 2. The heating device 20 comprises a jacket or a sock
22 formed from a ceramic insulating material such as a high
temperature aluminoborsilicate-based fabric. The jacket or sock
22 serves a dual purpose. First, it concentrates heat generated
by the device 20 at the airfoil surface and allows the weld
joint 16 and the surrounding heat affected zone to reach and
stabilize at the intended post weld heat treatment temperature.
Second, the jacket 22 prevents unintentional heating of



1. Anethod for creating an integrally bladed rotor conprising the steps

. of: providing a hub section formed froma metal alloy; welding an airfoil
formed froma nmetal alloy to said hub section; and sol ution toge ng sai d
hub sectl(()]l ggegttgfp%;aiture in the range of from 1620F to 1655F for a tine
period in e range o From1 to 4 hours and oil guenchi ng sai d sol uti on
treat ed hub seERf PP pri®ord dasar ety Sfepadani wtiiod atebrat g t
claiml, feuehbetscoapridwimgnparthal fabmigi g saiedjsoket i t meat adaaity
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4. A net h%d%f?u?iir}g éo%d:cijaeill 4! dH; 1(53%%%“2811?9 aghNg Sal glé' r{pil and

a weld joint be arr ub séction subséquent’'to said
wel di ng stdepiae A0t eppkdt étameefphrthrédlr\alrfb@léﬁ/ EQIFSFOH)GCM%MP& atine
peri od inetbBrRenangened. 1 hour to 9 hours and cooling said aged airfoil at a

rate of from 4QF, EQa&QQxFCg%eJte%Hgt&eéc 75 et *%891%8%& %1 1L %'o%ﬁ” 9,

wherein said agi ng_ste rise ’E aci ngrégn encapsu ocal arrfoil
heat i ng dé\?‘iteetbﬁe?a%%ﬁ‘ﬂ %Itéi‘ej opfke PAEVRY hé%‘fajdlarté‘l?tsWerC
surface ofconabdinstia lanaand wheoei fusdiat eroapsdtatedcdrooall airf oi l

heating d i I I of = t Qegting elenents and said
agi ng ste(|t?)c\é%918 1Rgy Aplela éotn)éfiefét%?%{a %r ng i gd 00-711 to said

rises vary
heating el enenf&et e he Qé)a%d‘rép?ifo-}rllc S& MEPHLFBI Mt BAN-S£OPEADEr at ur e
Wi t hin Saltdeﬁ:ﬁﬁbeﬁlalélh&n’éﬁ”lgiﬁ wbveA fretdiatheadebrdings titheljmaket, 2@her ei n

sai d hub sgat lcﬁ@rrﬁg m@ ﬁ'rr \%h e fagh a:fooﬁﬁsec%i)@&iasé eagemakl?oy 7.

A et hod accor erein sal I on an alrfoil
are each foPkEaLf Eﬁ%’agttirtearﬂoﬁﬁ] Based e dyFeCERErst PR essentiBErPRLBf 6.0
. % al umtmrans f2rfemt 30019 mondeOtadl . €6 zilrec dr@atiimg6eDeméntdéd Al \ibderom and

the bal an%%a%_sLﬁ?nEb@éla/na' hYEy Sowdy dayitgR hebePgEfOrdRdIG . ocahbzed heat
treatment of 1 n aded rotor airfoils co risi gppll acketthto be

pl aced Ovégagafar ?yf%gima used to vary the cur ent S

heating elements 24 in each temperature zone as a function of
the temperature sensed by the thermocouple wires 28.

The device 20 is used as shown in FIG. 3 by placing the
device 20 over the airfoil 14 and the weld joint 16. Power is
then supplied to the radiant heating elements 24 so that heat is
applied to the weld joint 16 at the aforesaid post weld heat
treatment temperature. The power is continued for a time in the
aforesaid post weld heat treatment time range.

The same basic method used to fabricate an integrally
bladed rotor 10 can be used to refurbish a damaged integrally
bladed rotor. To repair an integrally bladed rotor, a damaged
portion 19 of a rotor airfoil 11 is first machined away using
any suitable machining technique known in the art. Thereafter,
an undamaged airfoil section 15 is welded to the remaining
airfoil portion 11 of the integrally bladed rotor airfoil. Any
suitable welding technique known in the art such as a friction
welding technique may be used to weld the airfoil section 15 to
the portion 11. The undamaged airfoil section 15 may be from



a plurality of heating elenments woven into said jacket. 9. A device
raccording to claim8, wherein said jacket is made froma ceramc insulating
material or a high tenperature al um nobor si | | cate based fabri%®-7aAd wherein
sai d heati ng eke nents are hlg densi t% gtlil w res and 2 lld j acket

n d°hea £

h
serves to% 8en rate mtengSe Ble’at edt nyluénal Seloerment a surface
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treat nent. \ tv|c<_:1eszglaccorr n %g ¥ g\é\ﬂereln sael e %‘Iéﬂ is a
titanium d@tf“l nb Sheet® Smat'&ri & r2 ENY &8 Brifthg Yo Cr&Pfm 8, further
conpri si ngraatmeot 7| they aindabpeed ransforlndr esantbeedeid mnd: Réat eng

el enments f-@bi¥aryt ng le;lt%cufi ¢abm PRIt Siloppl it@dab@uﬁai@bdrte%térnglgheaent s and

airfoil tenper e profi . th for anlnte rally
bl aded r ot or aFl?J‘rt1 ‘Tmcgorﬁs] | EPﬁg Y?Alneggleea%s tcﬂeat?}ﬁ ﬁ %}heg W °g *Hamaged
portion ofisdpdlisregral ly Badedh¥erdbrtoaiobfein; a\/\/é(ﬁ@hmtg%hme@mamged

airfoil sectiofn %@ﬂl@f@a'd@kir_wep%téppc}‘féf psc@lsdntnmgéradldh hlsaded rotor
t| np devi.ce Quer sgl d

airfoil; pI aci n encap: uI at d | oca

undamaged ?ng?e%unsd I‘El i it bt grr?célastfe J5F @i 67 “3RY sai d
r emai ni ng aﬁOﬁFiE@h alaﬁ*ﬁPlHéatantir éh@l@ﬂgﬁlsélu@ @ﬁdéhﬁgé@lt%@#ﬁldm bé@éleslal d weld
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m crostruc hani.cal. properties t d j a d nt
metal . 19. S eﬁ% rgglgtcgér 3/°r ? §he Slona?sdqfstﬁ?)?‘ﬁg?hco &:Esqen%%ﬁ%cjﬁ%ghg a
surface oﬁh§ah§aﬁmrﬁeﬁjfé§eai2 fBF@VJs%?t ithe tr@qam-‘aiint%m%@mr@d agdofefey and
sai d heat duraaiondr&dierdaeirng pest oidRihdnt reBer teBidsihere. 15. A

met hod accor Q%QQ%%f 'rafoul?ﬁa yrﬂegfl n said wel ding step conprising wel ding
an undamage 1 ection forned froma titanium based alloy to said

remai ni ng port RefeBfingingv feefiafi y4 Hirkded theopraphs ofjlustrate how

the method of the present invention eliminates parent metal
(P/M) strength debit and the alloy toughness matches the
baseline. As shown in FIG. 4, the ultimate tensile strength,
yvield strength, and elongation properties of a Ti-6A1-25n-4Zr-
6Mo alloy from which an integrally bladed rotor can be formed
and which has been subjected to solution treatment, oil
guenching, partial aging at 1100°F and over-aged at 1300°F
(alloy no. 1) are better as compared to the same alloy which has
been solution treated, air cooled and aged at 1100°F (alloy no.
2) and to the same alloy which has been solution treated, air
cooled and aged at 1300°F (alloy no. 3). FIG. 5 illustrates the
effect of the method of the present invention on the charpy
impact strength of a Ti-6Al-2Sn-4Zr-6Mo alloy used for the disk
section of an integrally bladed rotor.

While the heating device 20 has been described in the
context of treating integrally bladed rotors formed from a
titanium based material, it can be used to treat integrally

bladed rotors and airfoils formed from other materials such as a



16.. A method according to claim 13, wherein said heat treating step
*conprises aging said airfoil section at a tenperature in the roagg? of from
1275F to | 325F for a tinme period in the range of from 1 hour 4% '4*hours and
cool i ng squclpeqeq)agiePf OibeSEGHJ,ON at a rate of from 90F to 100F per m nute.
00-7i1 17. A nethaod for creati an integrally bl aded rotor conprising the
steps of : provildi A§ aPREBeRedtiadn therRekF Y rRfifita PRl afedl 12 CaREIdgrag an
airfoil foried tfheopraseaet alnwadrtdynt ansadgth ub kdededonot pardixadiy agi ng at

| east one .ai.d .hub cii.on k i rfoi t ' e
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to 8 hour OGS t Grdapdvawtafiafy Sstepor hd A fiimyedara- ai ¥Hola @8d a wel d

j oi nt bet weessesal dnakhtf Dol e be@nddbabr Seet iion thebsequent 4O spaicdfwnel di ng
step at a ].?gg%gr re.q r 1 i eriod in
t he range % 1 r_%?};dst Bhgr%%ﬁ’r so.acm%g. Q;t%t?%@d}e%écglr%gﬁég%%&c ga’imr%lﬁn 7, wherein
sai d agi ng'&ti&F iC88pr i sesPprms RgrancehcpsidictCediiotaf &t rf& 12Theat i ng
devi ce ovetawiaigd raebddthei fidregid nigadeatr e eat dheeetbyef aita isurf ace of
said airfof terﬁn%ddt%r‘gﬂf?ﬁé‘é@_ts%%' Qs ek AL pld, *ﬂm%g%@gagﬁé’ﬂsc,e diving a
plurality of resistance heating elenents and said aging step conprising
varyi ng el &tigtdamnspafefahpplitdd nt §heaPEratGoRs efehbptPRY'IEat sai d
airfoil andisiaisd weld joint at a tenperature within said tenperature range.
19. A nethod according to claim17, wherein one of said hub section and
said airfoil is formed froma titanium based all oy consisting essentially
of 6.0 wt.o0 aluminum 2.0 wt.%tin, 4.0 w.$ zirconium 6.0 w.%

nol ybdenum and the bal ance essentially titaniumand the other of said hub
section and said airfoil is formed froma titaniumbased all oy consisting
essentially of 6.0 wt.$ aluminum 4.0 wt.~ vanadium and the bal ance
essentially titanium 20. A nethod according to claim 17, wherein one of
said hub section and said airfoil is formed froma titanium based all oy
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consisting essentially of 6.0 wt.% alumnum 2.0 wt.%tin, 4.0 wt.%

. zirconium 6.0 wt.% ol ybdenum and the bal ance essentially §jtan um and

the other of said hub section and said airfoil is formed froma titanium
based al lunarTassicspimgpessentially of 6.0 wt. % alumnum 2.0 wt.%tin, 9.0
Ww.%zirconium 2.0 wt.% nol ybdenum and the bal ance essentially titanium
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section prior to said welding step.

2. A method according to claim 1, further comprising partially
aging said solution treated and quenched hub section at a
temperature in the range of from 1075°F to 1125°F for a time
period in the range of from 2 hours to 8 hours prior to said
welding step.

3. A method according to claim 2, further comprising cooling
said partially aged hub section at a rate of from 40°F to 100°F
per minute.

4. A method according to claim 1, further comprising aging said
airfoil and a weld joint between said airfoil and said hub
section subsequent to said welding step at a temperature in the
range of 1275°F to 1325°F for a time period in the range of 1
hour to 4 hours and cooling said aged airfoil at a rate of from
40°F to 100°F per minute.

5. A method according to claim 4, wherein said aging step
comprises placing an encapsulated local airfoil heating device
over said weld joint and radiating heat directly to a surface of
said airfoil, and wherein said encapsulated local airfoil
heating device has a plurality of resistance heating elements

and said aging step comprises varying electrical power applied
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6. A method according to claim 1, wherein said hub section and

said airfoil are each formed from a titanium alloy.

7. A method according to claim 1, wherein said hub section and
said airfoil are each formed from a titanium based alloy
consisting essentially of 6.0 wt.% aluminum, 2.0 wt.% tin, 4.0
wt.% zirconium, 6.0 wt.% molybdenum, and the balance essentially

titanium.

8. A device for performing localized heat treatment of

integrally bladed rotor airfoils comprising:
a jacket to be placed over said airfoil; and
a plurality of heating elements woven into said jacket.

9. A device according to claim 8, wherein said jacket is made
from a ceramic insulating material or a high temperature
aluminoborsilicate based fabric, and wherein said heating
elements are high watt density heating wires and said jacket
serves to concentrate heat generated by said heating elements at
a surface of said airfoil and to allow a weld joint between said
airfoil and a hub and a heat affected zone to reach and

stabilize at a post weld heat treatment temperature.

10. A device according to claim 8, further comprising a
material which prevents unintentional heating of adjacent
airfoils woven into said jacket and thermocouple wires woven
into said jacket to control heating of said airfoil during a

post weld heat treatment.

11. A device according to claim 10, wherein said material is a

titanium getting sheet material.

12. A device according to claim 8, further comprising a
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airfoil temperature profile.

13. A method for repairing an integrally bladed rotor airfoil

comprising the steps of:

machining away a damaged portion of said integrally bladed

rotor airfoil;

welding an undamaged airfoil section to a remaining portion

of said integrally bladed rotor airfoil;

placing an encapsulated local airfoil heating device over
said undamaged airfoil and a weld joint between said undamaged

airfoil and said remaining portion; and

heat treating said undamaged airfoil and said weld joint
using said heating device to reduce residual stresses and
restore microstructure and mechanical properties to the weld

joint and adjacent metal.

14. A method according to claim 13, further comprising
machining a surface of said undamaged airfoil section to obtain
a required geometry and said heat treating step being performed

in an inert atmosphere.

15. A method according to claim 13, wherein said welding step
comprising welding an undamaged airfeoil section formed from a
titanium based alloy to said remaining portion of said

integrally bladed rotor airfoil.

16. A method according to claim 13, wherein said heat treating
step comprises aging said airfoil section at a temperature in
the range of from 1275°F to 1325°F for a time period in the
range of from 1 hour to 4 hours and cooling said aged airfoil
section at a rate of from 40°F to 100°F per minute.
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welding an airfoil formed from a metal alloy to said hub

section;

partially aging at least one of said hub section and said
airfoil at a temperature in the range of from 1075°F to 1125°F
for a time period in the range of from 2 hours to 8 hours prior

to said welding step; and

aging said airfoil and a weld joint between said airfoil
and said hub section subsequent to said welding step at a
temperature in the range of 1275°F to 1325°F for a time period

in the range of 1 hour to 4 hours.

18. A method according to claim 17, wherein said aging step
comprises placing an encapsulated local airfoil heating device
over said weld joint and radiating heat directly to a surface of
said airfoil, said encapsulated local airfoil heating device
having a plurality of resistance heating elements and said aging
step comprising varying electrical power applied to said heating
elements to heat said airfoil and said weld joint at a

temperature within said temperature range.

19. A method according to claim 17, wherein one of said hub
section and said airfoil is formed from a titanium based alloy
consisting essentially of 6.0 wt.% aluminum, 2.0 wt.% tin, 4.0
wt.% zirconium, 6.0 wt.% molybdenum, and the balance essentially
titanium and the other of said hub section and said airfoil is
formed from a titanium based alloy consisting essentially of 6.0
wt.% aluminum, 4.0 wt.% vanadium, and the balance essentially

titanium.

20. A method according to claim 17, wherein one of said hub
section and said airfoil is formed from a titanium based alloy



10T 10T
C10T.11090& ()-'"'!11097& ()-9!!109%7& () - FSySSSTcU@W ?bC7! ! 3" 109®@& 1) - ' 9' ! 10%
b& ()-!!10%b& ()- 10%& ()- 10%& ()-z10%& ()- @W~YYYYYZbC7! ! 3"10%& () - !
" 10%@. ()eahplGYERG( ssdt 14111031 FO0RNT )% -a 1 FHIT0ME2( ) - whiot nalft, "Headi ng

13]c" " ieN He 33 5@,@% n di
63] c" Fwaz;éil ng%%ﬁ;um'_'egd(% % @JwglybHea I ngan@%t%e bg@gggﬁg?§%%r?t§grlg§a o

Font H! * 2K& -t@P@VW&”BdFlh‘fl?ﬁ?@crsﬂ 28él9|&ub5=f&f@rsawand said airfoil is
PFS@\Z >? @BREF Gdbd Kk MNOPOGTinMes shldwa RoomndsnsalsCdnki essblewi il Rootf 6.0

Ent ryVor dROGUIE N ; nut, #P%K o) ¥ rin] 0328426789, 5,571 GRBCPEF Gl JKLMCPQRS

molybdenum, and the balance essentially titanium.



