LOCAL HEAT TREATMENT OF | BR BLADE USI NG | NFRARED HEATI NG BACKGROUND
[ 0001] The manufacture, service and/or repair of metal conponents,
such as gas turbine engines, often tines require |ocalized heating of
specific areas of the conponents. This is done, for exanple, to allow
for stress relief, netal form ng and/or brazing applications.
Localized heating is preferred when processing the entire conponent
coul d adversely affect the netallurgical properties of the conponent.
War pi ng and other forns of defornation are also to be avoi ded.

[0002] Integrally bladed rotors are used in sonme gas turbine engines
and are expected to be used even nore as engi ne designs continue to
evol ve. Upon original manufacture, all integrally bladed rotor
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porti opsa@fidddnt egral ly bl aded rotors w thout adversely inpacting
other critical areas of the integrally bladed rotors. This is done by
t he us®082] i nf r aléasrAlyladed ypioEssare used in some gas turbine engines and are expected 1o

be used even more as engine designs continue to evolve. Upon original manufacture, all
integrally bladed rotor material is heat treated to obtain the desired mechanical properties prior to
finish dimension machining.

[0003] 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. In
the finished machine condition, conventional heat treatment is not always possible due to
concerns with distortion. Additionally, conventional heat treatment of a finished machined
integrally bladed rotor may create unnecessary risk due to the potential for surface contamination
throughout the entire part. Because of these concerns, local heat treatment has been considered to

be a desirable option.

SUMMARY
[0004] The present invention comprises the use of focused infrared heat lamps to locally
heat treat and/or stress relieve portions of integrally bladed rotors without adversely impacting
other critical areas of the integrally bladed rotors. This is done by the use of infrared heat sources
on the individual integral blades in an inert environment which in one form uses parabolic
mirrors to focus heat only onto the desired area. A fixture is provided that locates the device at

the precise location where heat is to be applied to a localized area, such as after a replacement
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on the individual integral blades in an inert environment which in
one formuses parabolic mnors to focus heat only onto the desired
area. Afixture is provided that | ocates the device at the precise

| ocation where heat is to be applied to a |localized area, such as
after a replacenent bl ade has been attached by welding to a rotor.
The present invention may al so be used in the initial manufacture of
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DRAW NGS [0005]FIG | is a perspective view show ng the device of
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this invention focused on a single integrally bladed rotor.

[0007]FIG 3 is a section view taken along line 2-2 of FIG 2.

DETAI LED DESCRI PTI ON [ BROBF DESCREPTION ©Fpidsk DRFWINGEoxi mat e an

integrﬂkh% bladqﬂGf?tor | BR) ai.rfoil .11 .f

or . .. .
18 a perspective view showing the c{ewce of this invention.

[0006] FIG. 2 is a plan view showing the device of this invention focused on a single
integrally bladed rotor.
[0007] FIG. 3 is a section view taken along line 2-2 of FIG: 2.

DETAILED DESCRIPTION

[0008] Device 10 is positioned proximate an integrally bladed rotor (IBR) airfoil 11 for
heating a portion of the IBR airfoil 11 and thereby eliminate overall part exposure to heat.
Device 10 includes a pair of infrared (IR) lamp housings 13 and 15, each with an IR lamp
generating IR rays that are reflected off parabolic mirrors 17 and 19, respectively, to contact IBR
11 and heat treat that blade without exposing any other part of IBR airfoil 11 to unwanted heat.
[0009] FIG. 1 illustrates a complete integrally bladed rotor with rotor hub 21 supporting a
plurality of other airfoils 23. Device 10 is positioned on airfoil 11 and includes electrical contacts
25 connected to a power source, not shown, for actuation of IR lamps 27 that are held in place by
clips 29. Rays from IR lamps 27 are focused by mirrors 17 and 19 as an elongated band of IR
radiation on a specific portion of airfoil 11, in this instance the portion of airfoil I1 attached to
rotor hub 21. The width of the band of focused IR radiation may be any width that permits
complete heat treatment of the desired portions of the component. Band widths may range from
about 6 mm to about 18 mm, and may be about a 12 mm band width. Other widths may also be
accommodated depending on, for example, the size of the parts, the material being heat treated
[0010] Device 10 also includes tubes or passages 33, shown more clearly in Fig. 3, that
are connected to a source of water or other cooling medium, not shown, to cool portions of
device 10 to prevent distortion and a resulting uneven heating. Other cooling devices such as
fans and refrigerants may also be used.

[0011] Also shown in FIG. 3 are dotted lines 37 that represent the extent of unfocused IR

rays from lamps 27, and dashed lines 39 represent the extent of IR rays focused by mirrors 17
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heating a portion of the IBR airfoil 11 and thereby elimnate overal
part exposure to heat. Device 10 includes a pair of infrared (IR

| anmp housi ngs 13 and 15, each with an IR | anp generating IR rays that
are reflected off parabolic mrrors 17 and 19, respectively, to
contact IBR 11 and heat treat that bl ade w thout exposing any other
part of IBR airfoil 11 to unwanted heat. [0009] FIG 1 illustrates a
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repl acenent for an IBR using the present invention produced no stress
or distortion on the rest of the assenbly. The device of this
invention is suitable for CEM manufacture and for repair of existing

| BR systenms. [0014] While the invention has been described with
reference to an exenplary enbodinent(s), it will be understood by
those skilled in the art that various changes may be nmade and
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be nmade to adapt a particular situation or material to the teachings
of the invention wi thout departing fromthe essential scope thereof
Therefore, it is intended that the invention not be limted to the



CLAIMS: 2. bladed rotor. A device for heat treating a netal

conponent, conprising: at |east one parabolic mrror forned in the
axially extending cavity; and 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 netal

conmpongfi &he device of claim1, wherein the netal part is at |east
one air 0|¥Iin an integrally 3. The device of claim2, wherein the
| R heal. sour ce afdepas fibhkitcrenting Dme@al @ngionett, ¢ondisirgct t he | R heat
rays along the junction be en.the airfoil and the integrally bladed
fotor device. At leﬁﬁteon&é\ﬂ'a%éf%mﬁwﬂeé,lnm Bhikyseiending caviyapd of
housi ngs on oppofildat GedRhed solRE (@ Prdvi@nd TR AcAfraZeRN L AREcRGt Ween t he
airfoil and the integrally bladed rotor device, wth each housing
having an | R heat soupwarddhciatdeashenstsrabeligdnimet formed in the housing

for each | R healoSOUefie of Rast THEpAEKIESuifthr Bl A oa WISLSLN each of

the pair of IR heat sources are nte respective housing
with a clip. band of the IR heat rays onto the metal component.
2. The device of claim 1, wherein the metal part is at least one airfoil in an integrally

bladed rotor.

3, The device of claim 2, 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.

4, The device of claim 3, 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.

5. The device of claim 4, wherein each of the pair of IR heat sources are mounted to

its respective housing with a clip.

6. The device of claim 5, wherein the parabolic mirror directs the IR heat rays to a

region of the airfoil where it is joined to the integrally bladed rotor device.

7. The device of claim 1, wherein the IR heat rays are focused into an elongated

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

8. The device of claim 2, which further includes a cooling element for each IR heat

source for maintaining a desired temperature for the IR heat source.
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6. The device of claim5, wherein the parabolic mn-or directs the IR
heat rays to a region of the airfoil where it is joined to the
integrally bladed rotor device. 7. The device of claim1, wherein
the IR heat rays are focused into an el ongated band having a band

wi dth of fromabout 6 mrmto about 18 mm 8. The device of claim 2,
whi ch further includes a cooling elenent for each IR heat source for
mai ntai ning a desired tenperature for the IR heat source. 9. The
device of claim@8, wherein the cooling elenment is part of the housing
havi ngoan axi al PRS&AER AdRR 80wh&einiR\Sdolihg SRRehIT phrt 6LHE hbiMiUgRing
t he passage, and the housing extends along the airfoil. 10. The

devi ceappXia] pesspgo adapfrdrte tansiereopbugshiqad hreyaideapassagavindyhg puginggxignds
par abol jf5@yand the R heat source is nmounted in the cavity to

f ocus %ﬁﬁgﬂ%zﬁ%@% rays on the junction of the airfoil where it is
joined to the integrally bladed rotor device. 11. A systemfor heat
treating at least,one.airfoil .in an integrally.bladed .rotor. device,..
Lhe. sydlem compr TS S oim gy VBfEm  HEkPeiiie & fdhe Hbireea RIS
poSi ti @firrbOdnddhé BChdaNEhukdR ib @untediStht Radtyb Fesk IR RACkad orl B HincABCof
parabolic mrror neans for reflecting the IRrays on to the at |east
one potheatoibhers itdp jorsd to thepiptegrply bladed wigrgkevistai m 11, whi ch

i ncludes a pair of housings each having an axially extending cavity,
the cavity formng the parabolic mrror, the housings further each
posi ti dhi ng an | R shgan feoheatzsatinger leash ondarfpaiir aintdgRIlyddaded oatpicdsyice,
are faging in opposite directions and each IR heat source is aligned
witht 5%%9368B$8$ﬁ5Tr0r. 13. The system of claim 12, wherein the
parabolic m nor gllegesise IRNeal Buheabeahasunitadingd positionviar dirdeting IFeheat rays
airfoil where it is joined to the integrally bladed rotor device.

14. The system of cl aitrhsctigiaPdh further incl udes a cooling el ement
for each IR heat ;904f G& faPdooBIiAS MiG f& 188&kiR S thelIRTRR AL MR dt Wast HR

| R heat source.
portion of an airfoil.

12. The system of claim 11, which includes a pair of housings each having an axially
extending cavity, the cavity forming the parabolic mirror, the housings further each positioning
an IR heat source, wherein the pair of IR heat sources are facing in opposite directions and each

IR heat source is aligned with the parabolic mirror.

13. The system of claim 12, wherein the parabolic mirror directs the IR heat rays

radially inward to the airfoil where it is joined to the integrally bladed rotor device.

14. The system of claim 13, which further includes a cooling element for each IR heat

source for maintaining a desired temperature for the IR heat source.

15. The system of claim 14, wherein the cooling element is part of a housing having
an axial passage adapted to transfer cooling liquid through the passage, and the housing extends

along the width of the airfoil.



15. The system of claim 14, wherein the cooling elenent is part of a
housi ng havi ng an axi al passage adapted to transfer cooling liquid

t hrough the passage, and the housing extends along the wdth of the
airfoil. 16. A method for heat treating at |least one airfoil in an
integrally bladed rotor device having a rotor and a plurality of

bl ades, conprising: providing a pair of housings each having an

iall di [ [ i ncl udi f f i .
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par abohdvengdd fokd@and WRRIFALItN of bleddsRedagatsingour ces are facing in opposite
directions and each ]| R heat source is aligned with its parabolic

mrror to directPrpydingamar &) Boysings cephyleringsn axislly sreyding Ganty, the oty

airfoil where it is jiQifgds} Qubdle fdithigos plpoiRldded rotor device; and
cooling each IR heat sourceé to maintain a desired tenperature for the

| R heat source, posiooimglaihhighedtemenes myexingteparh pohbdlisenitrousiherpiaig IR

havi ng an axi al passage adapted.to transfer .coqlin i gui r .
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6 mmto about 18 mm 18. The npethod of claim 16, erejn the hea
rays heat the netal d8fpbnBHEG S the %@H‘&é‘ﬁ‘ﬁ’fﬁﬂ’él%‘fle% tfl%@@ﬂcgr 1?%%5%@5
(704 C) and the cool ipgrgkBeELg ™I Ntains the adjacent areas adjacent

areas of the netal conmponent bel ow 1, 000F (538 C).
cooling each IR heat source to maintain a desired temperature for the IR heat

source, the cooling element being part of the housing and having an axial

passage adapted to transfer cooling liquid through the passage.

17. The method of claim 16, wherein the IR heat rays are focused into an elongated

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

18. The method of claim 16, wherein the heat rays heat the metal component to a
temperature of at least 1,300 °F (704 °C) and the cooling element maintains the adjacent areas

adjacent areas of the metal component below 1,000 °F (538 °C).



