METHOD AND APPARATUS OF HEAT TREATI NG AN | NTEGRALLY BLADED ROTOR
CROSS- REFERENCE TO RELATED APPLI CATION(S) [0001] This invention is a
continuation in part of an application titled Local Heat Treatnent of
| BR Blade Using Infrared Heating, filed July 18, 2011 and havi ng
Serial No. 13/184,733, the disclosure of which in incorporated by
reference in its entirety. STATEMENT OF GOVERNVENT | NTEREST

[0002] This invention was nmade w th governnent support under

F33657- 03- D- 0016 0010 awar ded by the United States Air Force. The
gover NMeNETHED VD A PPARSTUS OR HEET MREATING ANARCKGERRANL. Y BI03)EDbat
treatnment of integrally bladed rotors (IBR) or bladed disks (blisk)
IS required to obtain appropriate ROTPRy properties and to relieve
resi dual stresses due to fusion welding processes such as, for
exanpl e, electron beam wel ding, |aser welding, or arc meldlng, as
well as solid stat @WRBQEBEH%SK@W&QPPLMTIOMSN i on

wel din 0004] treatnment is..t a r.f or | t
ent1 r oOPBH o & ot ETSRENT T Ret P lshiohn Pd et Midisiioe) HGE 1% e
pr edet 'Efeﬁ“ﬂn‘!b@d of mBRn]&]iad@YkUS;irg. Inflaeedt Hedmggﬂ&do:fume&t 2(tmeaid1 hayitgh8erial No.
entire 1IBR IS nly 0 i.n . the art. of | BR manufacture.

[ 0005] té“u’}%?}%ﬁ?&d’é%lﬂéﬁbf&iogWgnt?é‘r%ﬂcswgmtﬂbynf& IHEC HEMSUEY, to | ocal |y

heat treat the

STATEMENT OF GOVERNMENT INTEREST

[0002] This invention was made with government support under F33657-03-D-0016
0010 awarded by the United States Air Force. The government has certain rights in the
invention.

BACKGROUND
[0003] Heat treatment of integrally bladed rotors (IBR) or bladed disks (blisk) is required

to obtain appropriate material properties and to relieve residual stresses due to fusion welding
processes such as, for example, electron beam welding, laser welding, or arc welding, as well as
solid state bonding processes such as linear friction welding.

[0004) Heat treatment is typically performed by exposing the entire IBR or a portion of
the IBR (e.g. the weld region) to a predetermined thermal cycle. The technique of heat treating
the entire IBR is commonly known in the art of IBR manufacture.

[0005] During blade repair operations, it may be necessary to locally heat treat the
repaired areas of the integrally bladed rotors that have been exposed to elevated temperatures
resulting from repair operations. In the finished machine condition, conventional heat treatment
is not always possible due to concerns with part distortion. Additional risk factors for
conventional heat treatment, of a repaired finished machined integrally bladed rotor are, (a) it
may create unnecessary risk due to the potential for surface contamination throughout the entire
part and (b) some areas of the IBR should not be exposed to additional temperature exposure that
results in material property debit. Because of these concerns, local heat treatment has been

considered to be a preferred option.



repaired areas of the integrally bladed rotors that have been exposed
to elevated tenperatures resulting fromrepair operations. In the
finished machi ne condition, conventional heat treatnent is not always
possi bl e due to concerns with part distortion. Additional risk
factors for conventional heat treatnent, of a repaired finished

machi ned integrally bladed rotor are, (a) it nmay create unnecessary
risk d o the tent.i al ur onta natlo gho

enti relldggélt and I?g)s s lceélryelg%dseo ffetziit ert 'BRYS YSGS fl é Jgeggkgléggd& ?eﬁ 6-
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debit. Because of these concerns, hocal, heat treatnment has been
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al l oys or nickel based al%o s such as Alloy 718 alloy or IN100. The
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engi ne n t t

oxtr ondh 5t iRyaR sEEtB 3 o LRSS Bk AR IRl kRGBT Br bl
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t he busi ess aI | en t the manuf act cess be af r dabl e
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not be exposed to tenperatures that exceed a specific peak

t enper cand ho selagfed eortivatoftthe IRBteediving pecsiead: hess tipeterenemysinkeepiotgted
requir t on of the IBR receiving

| ocal |§5e§§%%£d§ éfglgé;ttgﬁé %ﬁlestggﬁ%l tggP&?elg{ ed from oxidation due to
exposure to high tenperature. SUMVARY [ 0008] The present invention

conprises a process and system for i di rectional (focused)
infrared (IR) heater to heat trea@ﬁ%ﬁfc areas on the bl ades of

| BR dejjo0gis USi Ntheaph@dndliiR@nfibn tohpridedla probéstiang syfiem! BRusB a directional
envi ronnment al chanber for perform ng the heat treatnent, a heater

suppor toepd) infianed g8 hepisn & heeé tseaiesifip graen en iERblBflesRfdBRadryicgs using a
cont " Ohoil! liPfe RECRbGRIY HACRX, NG ENGRHBRAA! trdtflid: £ EBoRUEE RS R

bl ades e repa AFr ed are eat treate 000
heat t treatmEns hescrdop@rusiintatpoiahethe thhater onsthe PR blades fang h acwmd mhit dfr

i nf d heat th dual. t d i
v FoREHT VREHE B SimBer G cab St oL RS helrB Sah e oot
only optfed he desired area. BRI EF DESCRI PTI ON OF THE DRAW NGS

100101FIG 1 is a bl ock diagram show ng_the tg%ocess of this
i nvent [W9R%1 [ 00117is kpat atmenitls danpspaed § hertviteal iosapehle of RlpFeBIY A nfared

chambef. 0%, BisSod MEGRIL Rl integral blades in an inert environment which in one form uses

parabolic mirrors to focus heat only onto the desired area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing the process of this invention.

[0011] FIG. 2A is a perspective view of the environmental chamber of this invention.
[0012] FIG. 2B is a perspective view of the mounting fixture of this invention.

[0013] FIG. 3 is a perspective view showing the IR heater of this invention.

[0014] FIG. 4 is a plan view showing the device of this invention focused on a single
integrally bladed rotor.

[0015] FIG. 5 is a section view taken along line 4-4 of FIG. 4.
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[0012]FIG 2B is a perspective view of the nmounting fixture of this
invention. [0013]FIG 3 is a perspective view showing the IR heater
of this invention. [0014]FIG 4 is a plan view show ng the device of
this invention focused on a single integrally bladed rotor.

[0015]FIG 5 is a section view taken along line 4-4 of FIG 4.

DETAI LED DESCRI PTI ON [ 0016] The process of this invention provides for
| ocal i zed heat treatnents for integrally bladed rotors (IBR) as shown
in FIG 1. The IBRto be treated is |oaded on a holding fixture as
seen in step 111. The heat erDEWchEIDDjiﬁQRXPEIOMUM ed onto the IBR

hol di ixture.and the | eater. i s first
the 1 BROMY o1 ep THEBrochRo R Pickling s RAE 65 g aiel Frossin e ARErtly
chanbeg|aded 15iceP(IBLP as FrenchaTaer. Tife IBRO®EE tr@wAGH dladed ame hbaimgf ﬂi)lthle:das
with an inert qas such as, for exanple, argon or_heliumip ste

The sescar irepien|lAfel heshqsaSupRsaEtLs rﬁo‘értt%dpomghe [BR é@@ﬂ‘glﬁ’ﬂuretﬁ’él hR
heat erhéa r 1§n [dueted 61&1%1 h@%ﬂs?bl‘a@éjgf(ﬁlgtlh& R 8sp i3 t ge T8 tis HRRFIERH in an

bl ade, eater ower ed and ade 1s heat treated. Step 121
isr ep@ﬁrheninsmalt dhambet In gép 1h® Thediinbeals desedi svadudddaiuisbaskiitl¢dewitBRn

oL PR LACLRY, ONCR UL Srlh 808, ASSHAIL 5. SREAIA KOG

a devi g D 1§ atep MR NGhOUEatédie 11ﬂE@QE6 &R)fis tndbxsedito pessbitaRe Akt sdqmwed brade

FIG 1. An IBR 21, 'shown in FI G is placed on a nount
211 i ntheiheatepps loveagdepnd ghag blade 46 |h§at| ‘ﬁeqﬁtdes@ 14l F%W@F%&‘i 5‘%* %SJ of the

first g%%u%g%ﬁ Loa?j“% LB e REPRAE. BREL thislid dHRd, Mgk GRABEOCL o Bened

panel mounting fixture 211 is placed on tracks
and i samigheBR istremened, a@mﬁghmastepciﬁénber 215 Tracks 213 can be

cont SHGRA, 1, BT3RS S oSBT Y i
[ 0019] Heem i221Gi & A3l BRed1 ahdwa haRIEE B i2 pAhcddorevmouaingdixwira 2 Veint FIZ23B.
Both dlglggteizlzolge%elglly in FIG. 3 is lowered on to a first selected blade 11 by heater support unit 217
using control panel 219.
[0018] Loaded mounting fixture 211 is placed on tracks 213 and is moved into
environmental chamber 215. Tracks 213 can be configured in other manners as long as it is
capable of moving mounting fixture 211 into and out of chamber 215 as needed.
[0019] Door 221 is closed and chamber 215 is evacuated via vent 223. Both door 221 and
back wall 225 of chamber 215 have windows 227 so the operation can be observed as heater 10
is lowered on to successive blades 23 of FIG. 3.
[0020] The process and system of this invention provides a means for critical hardware
such as IBR units to receive the desired thermal cycle at the specific location where it is needed.
An indexing component of the process and system treats every blade without opening the
chamber. The heat treatment takes place in a protective environment to avoid formation of
undesirable constituents such as alpha case. The process and system of this invention is suitable
for OEM manufacture and for repair of existing IBR systems.
[0021] Heater 10 is described in the co-pending application identified in paragraph
[0001] above. In addition other heaters having other designs may be used. It is necessary that the

heater be able to be placed on and removed from each IBR blade as the blades are sequentially
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back wall 225 of chanber 215 have wi ndows 227 so the operation can be
observed as heater 10 is | owered on to successive blades 23 of FIG

3. [0020] The process and system of this invention provides a neans
for critical hardware such as IBR units to receive the desired
thermal cycle at the specific |ocation where it is needed. An

i ndexi ng conponent of the process and systemtreats every bl ade

i £ NOULAQRAN ficheblenfBARRBL: 1o HOR diEAhe LG PRI JAKESHIRIAG RuduPafowin
protective environnent to avoid formation of “undesira e CONsSt i tuents
such amchklmdaleaiae effedihiee pramagspanch sitht blalo fFotltwmgiina destiiptioni of FIGS. 3-

suitab fOF. UE (fture aﬂd hor repair of existing |IBR systens.
[ 0021] Pdpe & VFé BEEt PHEY 2PHPHR™ co- pendi ng appl i cation identified

in parpgeRPh [ 008kficealioi Gositibn@idstokinafe & MesarNRaiialed bRy (IBR)Qifar 11 for

designs may be used. It _is necessary that the heater be able to be
pl acedhesin@ e 08 dher Ffatih 11 eﬂdﬂh%ra!ef gkimingte eyesalbparhcgposure to heat.

sequen glg}ﬁg; &£ t
desi relgg‘?é‘%?gﬁh%‘?&éacﬂalgl ade w't F%{zq ah Plgsm&n lj e&;??e e‘gl?h %g% lamp
af f ect gankmting WRirays nlgpt penteflatedoftt pdrebdbicanierorsFUI drﬂmng:spmmelnee contpdtiIBR
of FI eab ve identified. pare p

C0002) Beitkestirer hebeis v oS ey QrBRPToaBRGAGT o] Bhmyepise peat.

(1 BR) moesoi | 1IFIGOB ilngahien g cémplefetih@frali blabal ﬂoaﬁlvamrri)w hud 21 afpgorting a
t her eby elimnate overall_ part exposure to heat, ice_ 10 includes a

pai r oplurakify efrasker @rfoyils |Zén¥ae\ﬂfeﬁﬂsq i gesiyaned on ajukoil blaew igflades shecitival compots
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19, respective o cont act 11 "an eat treat that blade wthout
eXxposi dgasa?@y R@yshﬁomriariampa? 27 IR ﬁ)pu&fedlbly mitrorn 1 Uawhib? edlam elangated Go@d3jf IR

FIG 3_ill.ustrates e. Lntegr bade o LoLar r ot

21 supBBPRG" 2 Freifapriynor oo Ar i irieR5She p{Rp ML AlackPro
posi t i fedn®n2 Bi THeOowldtH f aedbdndcdfuidessce TR Cladiatied nﬁ@rﬁeaﬁinwﬁlﬁ'l that perrmts
connected to_a power source, not shown, for actuation of IR |anp

that af@nMerdentiregfmgng ohfhedesird prationsaf he casprongat Bagkwislfhsapay 1@8&% e’a
by m rawu%%ﬁn@@%o%%@ﬁmmne hqe@,%taegutaarzdmﬁf banBR widd &thQRyidths Fay also be
specific portion of ajirf oil 117 in this instance the portion of

ai r f oi hecommatdatad degendingoot for e*ﬂmnalez 1he stteeofhaipdnisothe piaterisbpringlicat weatered
| R radi n may-be a dt n

the de fﬁ&h por tP%Vﬁ%e 4] alF éncguél%p %‘ﬁ%&% ?11’ S‘ gg %Tgsihﬁ & njpo%g E:leglggﬂﬁf lgg g tﬁgt
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ependi n for e siz
of thedpdras 0 to FrevemidyeLpn BE‘i? ﬁge SRE YRUE Baﬁtmﬁo@m "E%lmgc%"fﬁs 8
i ncl udegs bitPRS RraRAS8PEISSbdkedshown nore clearly in Fig. 5, that are
connected to a source of water or other cooling nmedium not shown,

cool pH}OtZﬁbns of Alje vhaven I(F150 S preedosted ligesst7othat represprtithy ex@emftwnﬁ@used IR
uneven | e i

my ol B3 ST B 2o PR 0 £ R Bl @erk SR FA (DL 7 5ARGR 17
repr esemt 1% drao ehetpenionadf airffibiudeds tRba tlegstréatalpsichap s 2Eeveandssda deadetal
lines 39 repr.esen e ext IR rays focused by minors 17 and 19

onto tﬁfgerﬁ’ff&‘glf’%ﬁ“%fl lgt?f‘ﬁ?r “i?fqt hat is to be heat treated, such as to
rel i eveodkr ess iR i§ RBoWBURdt 1REL @EatBhidinNGie HrédeRdd ofldxeRn rdaﬁ QhudeUiadidm
[0026] [t is known that heat treatnent in the presence of oxygen can

cause tilayantoubscameoymsbritied ok Hive tearpsratyre | exgedds LY tRipty a@hrle wdimady
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t enper ax(meahngﬁsﬁééﬂl(mgﬂ 00 bEt 612711 G ,undestoad the h¢mebeempdetuset dapendshen the

actual te tur depends on.the specific alloy. Ox n .
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ensures that the portion(s) of the product being treated will receive
desired thermal treatnent but generally remain bel ow 1, 000F (538 C
and even bel ow 800 F (427 C). [0027] The present invention was used to
heat treat and stress relieve a plurality of |IBR blades w thout
adversely heating other critical areas of the IBR 1In addition,

repl acenent bl ades have been attached to an IBR by focusing the heat
only afyshiRe ﬂﬁ?ﬁierp%ﬁidnf%‘?) 3F Hfé'})rocﬁlcgbem%ﬁ@d’t@d SiereL &R @GR MHerrRd1 348tneRt but
attached to the I'BR The device of is invention is suitable for OEM
manuf agftn@raélyamaiﬁbclowelp%ﬂor"Fdﬁ?JS’e‘BG)@nd eeenl IBR Ve §H) “Frd27 ‘[C0028] Wil e the

i nventj has b descri bed. ren Q_an_exe

enbodi w@%’{](s), ?ﬁ%\/ﬁr%% 5V%nn ers us%‘l %‘%%arsl RRE-N r’ﬁ%veta ry?luraht %%{{
vari ouslagdsavigesat akyrsble eade: athek c&qmai\/z&éﬁnifshenmR bﬁ a&c;utisﬁ lr‘eplh®d1eholblades

el ement s thereof t hou rti ng romthe scop he .i nventi on.
I'n addfEden A f%%gvg?@m%; beeAaRl A dhe b‘Fd CRliy eyl vere the

si tuat feﬁﬂcéiﬁedmﬁeﬁfe @lauhéheling theaBRi MES defict RE thif USRLLOR iVsiiRBIt for OEM
departing fromthe essential scope thereof Therefore, it is intended

t hat tmanyipsrenstand formepainyd ekistig BIR sxstantse parti cul ar enbodi ment (s)

di scl but t I
oL 5 o, o, s 8 HONROR AL M ST IR TP ey
pr ocesanbalimbaad, it maﬁthengldsletoedtl@dthpm tkilbsdsinothe art that egioat kharigbadag be

rotor (IBR) having a plu allt of bl ades, the ess. conpri_sin

rount | H0adnd S gl FedbEstibe i Jongi hotb 5PRG JBrtPe Ao e scope
nmount i Ggthe fhviefRidie ah QEdietn A yahodiNGatloBRmAY, 86 @Side FP¥daPOa f)i}ﬁcdlhlxstitﬂﬁt?on or
having an IBR into an environnental chanber; evacuating air fromthe

chambematgrial wdde fepchimes péthe glagn‘ﬂone\altthquﬁ dapartieg fine the gseentiahicape theeeof.
IR hea’ﬁ“ﬁéefoté fif i %tél@@d dtl?athﬁlgt erltiof M h]% ﬁﬁn?%g tt?&g%églglgélapgmhogc%ﬂe%)

to position énot elina |ganent
disclosed, but that the invention will include all embodiments falling within the scope of the

appended claims.



mounting the IR heater on the anot her blade and heat treating the
anot her bl ade, repeating the steps including indexing and heat
treating of the IBR blades until all its blades are heat treated; and
renoving the IBR fromthe chanber. 2. The process of claim1,
wherein the inert gas is selected fromargon, heliumand m xtures
thereof 3. The process of claim1, wherein the fixture nounting an

| BR i s ed to nove into and out of the chanber. 4. The process of
claim1, erein the IR heater conprises a device for heat treating a
nmet al ¢onponent Aawcasy.foalcal easingceleciphpabiobs of amintegnllf bladeld-oion (TRFS

axially extending caviiy;.,and at |east one IR heat source for
provi dﬁ?ﬁ‘@n% ﬁ’nlﬁbaé‘g’?@iﬁfeg»ﬁh%m&ﬁ%&ww?ﬁ%wd the at |east one
parabol i ¢ m rrormogisl ah MBR ohRGidire h@AsE a 06r RRk@RObbEioRd rror is
positioned to focus a band of the IR heat rays onto the netal

conponent. 5. MAte e s deger o aepf e IjRdades; t he | R heat source
d bol i i I : i - | th
o P80 bl TSR T Ll a0 1

junction between e Integrally rot or device.
6. The process ofvaciaingni frowhthe hhanmer motbaddéngomi inerofashousi ngs on
opposite sides of the. entir r.ea of tact between the airfoil and
the integrally gl}eﬁgté%fnp%%hc?rb?ﬁ%\ha e g TR NSA%EN housi ng having an IR

heat source and igtipataiiRIHegteirbhalc Sladdwd ihdextnReh BBt} bsfioh afARE HiRe
heat source. 7. The process of claim6, wherein the IR heat rays are

focused into an el ongBeBEmrasithaks Wgheaisband wi dth of from about 6 nm
to about 18 MM pounting the IR heater on the another blade and heat treating the another blade,

repeating the steps including indexing and heat treating of the IBR blades until all
its blades are heat treated; and

removing the IBR from the chamber.

2. The process of claim I, wherein the inert gas is selected from argon, helium and

mixtures thereof.

3. The process of claim I, wherein the fixture mounting an IBR is adapted to move

into and out of the chamber.

4, The process of claim 1, wherein the IR heater comprises a device for heat treating
a metal component having:
at least one parabolic mirror formed in the axially extending cavity; and
at least one IR heat source for providing IR heat rays in a direction
toward the at least one parabolic mirror;
such that the at least one parabolic mirror is positioned to focus a

band of the IR heat rays onto the metal component.



8. A apparatus for heat treating selected portions of an integrally
bl aded rotor ([BR) having a plurality of blades, the apparatus
conprising: a fixture for nounting an I BR having a rotor engagi ng
portion; the fixture having an [BR bei ng noveable into an

envi ronment al chanber; an IR heater nobunted on a heater support unit
adapted to noveably nounting the heater on one of the IBR

bl adess and 1 emOVAGbdesd &%‘i@iﬁﬂ?%%%ﬂ%ﬁl?ﬁﬁ@éﬁ@@&%\é%%& it Li0ka

evacuating air an I'ng an inert gas, e heater ort uni

bei ng tadiptiate (R héat iys ahag R jheatoabefweemitichar il adiehandegrdily Hladetuoter
bei ng @da ted to index the [BR to position another blade on the |IBR
and a ©OMtrol unit for controlling the heater support unit and the
heater position on or off the IBR blade. 9. The apparatus of claim
8, wherein the inert gas is selected fromargon, heliumand m xtures
thereof. 10. ThEeappresaeiraiss. syhighingudssiegianioh hepsngsrnjogpesite sides of the
CONPI | $fifc el B bdifact i DA L RALHA S ANTELAL LEABPARE e, Rl ficacR!

| east one parabolic mrror Formed Tn the axfa y extending cavity;
and ahodsegdtavingen [IRhb&aburse andcepdraroliomowpdfomged R thebdusimgyier ¢ach 3R heat
di rectiso%g_\cet oward the at | east one parabolic mrror;

7. The process of claim 6, wherein the IR heat rays are focused inte an elongated

band having a band width of from about 6 mm to about 18 mm.

8. A apparatus for heat treating selected portions of an integrally bladed rotor (IBR)
having a plurality of blades, the apparatus comprising:

a fixture for mounting an IBR having a rotor engaging portion;

the fixture having an IBR being moveable into an environmental chamber;

an [R heater mounted on a heater support unit adapted to moveably mounting the

heater on one of the IBR blades and removing it from the blade;
the chamber having a vent for evacuating air and adding an inert gas;
the heater support united being adapted to lift the IR heater from the blade and the

fixture being adapted to index the IBR to position another blade on the

IBR; and
a control unit for controlling the heater support unit and the heater position on or
off the IBR blade.
9. The apparatus of claim 8, wherein the inert gas is selected from argon, helium and
mixtures thereof.
10. The apparatus of claim 8, wherein the IR heater comprises a device for heat

treating a metal component having:

at least one parabolic mirror formed in the axially extending cavity; and
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such that the at |east one parabolic mrror is positioned to focus a
-band of the IR heat rays onto the netal conmponent. 11. The
apparatus of claim 10, wherein the IR heat source and parabolic
mrror are sized to direct the IR heat rays along the junction
between the airfoil and the integrally bladed rotor apparatus. 12.
The apparatus of claim 11, which includes a pair of housings on
opposite sides i f Lrfoil and
the integrally g{té%lggon?g%{gr%&asg%%?g? g@%}lgﬁﬁggﬁftﬁ%ﬁgﬂgpﬁgﬂ%gvi ng an IR
heat source and a partabaiditee atileaspenefparaeldc inrrarthe housi ng for each IR

heat source. 13, The paratus of claim12, wherej he IR heat rays
are focused into" %%f%ﬁa?{egﬁ Oﬁgﬂﬁatf%’\?ilwgoﬁisﬁ’gﬂﬁoﬁﬁdgf) °SF 2f r om about
6 nmto about 18 mm bakd of e IR StaMFs@htd@ainctdl eahpsiignsel ect ed

portions of an integrally bladed rotor (IBR) having a plurality of
bl ades, the system conprising: an IBR on a nmounting fixture having a

rotor engaging PpiddyBRahRbs BRKNT b Rehefiin IHBMRIILIBORE 1A p LML ARNABILE!
chanber for receiving the nmounting fixture having an I%R t hereon, the

chanbesizseto igreeidbplifebicat tiye vlang dtegunition betieen the agfrahdrdrthaimetgeadley bdaied
inerts%%%_;a argt%gt er support unit for attaching an IR heater on one of
the | I'ades and lifting the IR heater fromthe bl ade and i ndexi ng
the IBR to position another blade on the IBR a control unit for
operating the IR heater for heat treating the blade heater and |
operatifg the heBtAPPEapssE flamﬁ%a%? Reldesgi _glpuﬁl?%&n pppsitssiden gf
| BR bl adesiire arcalocodtd@ baladeR McfirfGil Mdhd thie MBS 8hdbdirb®r hipafdusIdsh 'e?ch

b
sel ected fromargon, heliumand m xtures thereof 16. Thé systemo
cl ai m hansingthavisgan {R acdtisgenge and spavehobic edrronioaned wabe hapsngioaekh dh deat
adapteg to nmove into and out of the chanber. 17. The system of claim
14, wherein the IR heater conprises a device for heat treating a
nmet al conmponent having: at |east one parabolic mrror fornmed in the
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band having a band width of from about 6 mm to about 18 mm.

14. A system for heat treating selected portions of an integrally bladed rotor (IBR)
having a plurality of blades, the system comprising:
an IBR on a mounting fixture having a rotor engaging portion for mounting an IBR thereon;

an environmental chamber for receiving the mounting fixture having an IBR
thereon, the chamber being adapted to evacuate air from the chamber and
add an inert gas;

a heater support unit for attaching an IR heater on one of the IBR blades and
lifting the IR heater from the blade and indexing the IBR to position
another blade on the IBR;

a control unit for operating the IR heater for heat treating the blade heater and
operating the heater support unit to index and heat treat all of the IBR
blades;.



at | east one IR heat source for providing IR heat rays in a direction
toward the at | east one parabolic mrror; such that the at |east one
parabolic mrror is positioned to focus a band of the IR heat rays
onto the nmetal conponent. 18. The system of claim 17, wherein the
Wheat source and parabolic mnor are sized to direct the IR heat rays
along the junction between the airfoil and the integrally bl aded
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having an IR heat source and a parabolic mnor formed in the housing
for each IR heat source. 20. The systemof claim 19, wherein the IR

heat rays are foruesgsteinnifelaan 18 Wingeih etk Dand iHavimned an Baedt vtk ahd

fromabout 6 mMmmto about 18 nm
adapted to move into and out of the chamber.

17. The system of claim 14, wherein the IR heater comprises a device for heat
treating a metal component having:
at least one parabolic mirror formed in the axially extending cavity; and
at least one IR heat source for providing IR heat rays in a direction
toward the at least one parabolic mirror;
such that the at least one parabolic mirror is positioned to focus a

band of the IR heat rays onto the metal component.

18. The system of claim 17, wherein the IR heat source and parabolic mirror are sized
to direct the IR heat rays along the junction between the airfoil and the integrally bladed rotor

device,

19. The system of claim 18, which includes a pair of housings on opposite sides of the
entire area of contact between the airfoil and the integrally bladed rotor device, with each
housing having an IR heat source and a parabolic mirror formed in the housing for each IR heat

source.

20. The system of claim 19, wherein the IR heat rays are focused into an elongated

band having a band width of from about 6 mm to about 18 mm.



