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This application relates to a nethod of repairing a full hoop structure with
a 5 welding process, wherein heat treating is performed both at the
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15  unacceptably high residual stress. In the prior art, this stress has been relieved by
some post-weld heat treatment.

In one prior art method, the entire structure has been heated isothermally to
heat-treat temperatures. Heating isothermally does not induce additional thermal
stress at the weld, so the residual stress remains constant until actual heat treatment

20 takes place. This “global” heating can affect dimensions that have been “machined”
into the part by causing their residual stresses to also relax. In many cases, it has not
been found practical due to cost and complexity to fixture the part during heat
treatment to hold these dimensions constant.

Thus, localized heat treatment has also been utilized to avoid loss of

25 dimensions. Local heat treatment can have unforeseen and potentially detrimental
effects on the intended stress relaxation. The region being heated locally will
expand due to its temperature change. The surrounding non-heated material will
resist this expansion causing the heated area to become more compressively loaded.
Since the residual stress due to weld is tensile, the net effect of local heating is to

30 temporarily reduce the value of the tensile stress in the weld. If sufficient care is not
exercised, it is possible to reduce the value of the tensile stress so much so as to

eliminate it completely. In this case, subsequent heat treatment for stress relaxation



Since the residual stress due to weld is tensile, the net effect of |ocal
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perfornmed at t oca ion of the weld, and at the sane tine, at a second
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Wiile int di scl osed enbodi nent the part 1s a hoop part he present
location. In a disclosed embodiment, the second locatlon 1s dlametrlca]ly opposed to

15  the weld location. This heat-treating is preferably confined to as narrow a band as
possible through the weld and its heat affected zone, and in a similar manner, at an
opposed position to it. Furthermore, the heat-treating preferably occurs along an
entire axial length of the part.

The opposed bands of heat-treating eliminate the compressive stresses

20  mentioned above from forming. This allows the modified local heat treatment to
mimic the beneficial effect of a global heat treatment as mentioned above while
avoiding the inherent problems.

While in the disclosed embodiment the part is a full hoop part, the present
invention is more powerful, and extends beyond any particular shape of part. In

25  fact, an arbitrarily shaped part could benefit from this present invention. In an
arbitrarily shaped part, an area of material on the part would be identified about
which the part would thermally expand while not creating additional stress in the
part at a weld treatment location. The weld treatment would be provided, and
simultaneously, a local heat treatment would be provided at an area of the weld

30 treatment, and at the identified area.

In other optional embodiments, the second band could be a plurality of

bands, which are displaced from the diametrically opposed location. As an example,
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engine. Fiqure 2 is a schematic view of a full hoop part. Figure 3 is a

cross- sect UBHTAPUOR-ew of a heat treatnent occurring on the nmentioned part.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 schematically shows a gas turbine engine.
Figure 2 is a schematic view of a full hoop part.
Figure 3 is a cross-sectional view of a heat treatment occurring on the
mentioned part.
Figure 4 shows yet another embodiment.

20 Figure 5 shows yet another embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A gas turbine engine 10 is illustrated in Figure 1 extending along an axial

center line 12. A fan section 14 is upstream of a compressor section 16, a

25 combustion section 18, and a turbine section 11. As is known, many components of
a gas turbine engine 10 could be said to have a “full hoop” structure. The full hoop

is defined as a structure that surrounds the axial center line 12 for 360°. An example

of such full hoop structures found in the gas turbine engine 10 would include a
diffuser case located downstream of the compressor, or a turbine exhaust case

30 located downstream of the turbine section 11. The term “full hoop” should not be
taken as requiring that the component would be cylindrical. In fact, the disclosed

components could be better described as somewhat conical. Even that shape is not a



Figure 4 shows yet another enbodinent. 20 Figure 5 shows yet anot her
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circumferential width. As shown, heating structures 58 create these two heat treat
15 locations. The heating structures may be induction coils, radiant lamps, gas burners,
etc. The heat treatment can be on the order of 1500° F, although the heat treat
temperatures may be as known in the art. The bands 54 and 56 extend along the
entire length of the part 50, as shown in Figure 2. Of course, it may also be that the
bands do not extend for the entire length of the part.
20 The present invention, by utilizing the two diametrically opposed bands,
achieves the benefits provided by the global heating of the prior art, but also avoids
the problems of global heating as encountered in the prior art.
Also, while the present invention is disclosed as being directed to full hoop
parts, it would have benefits in certain parts that do not have the full hoop structure
25  as defined above. Arbitrarily shaped parts could benefit from the present invention
by heat treating two distinct zones, to allow the numerical value of weld residual
stress to be heat treated, while greatly reducing or eliminating the liability of
resultant dimensional changes. For non-full hoop structures, a line or plane of
material to be locally heat treated as the second band, is the line or plane about
30  which the structure would thermally expand without creating additional stress in the
component at the weld. A worker of ordinary skill in this art can determine this line

or plane with structural analysis.



circunferential wdth. As shown, heating structures 58 create these two heat
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15 come within the scope of this invention. For that reason, the following claims

should be studied to determine the true scope and content of this invention.



of the second band 300 is wder than the circunferential extent of the weld
band 302. The tenperature provided at the second band 300 can be | ower,
such that 10 potential resultant dinensional changes in this second band
are reduced. Again, a worker of ordinary skill in the art would recognize
how t o |ncorporate the optional e ts of Figures 4 and 5 to best
effect. Although a preferred enbod|mt‘ii’|'rE'li#ﬂﬁ;'fg this invention has been

di scl osed, a worker of ordinary skill in this art would recogni ze t hat
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axi al center e rret as set rth in
claim1l, wreataient,saddt seemnd blaadlctaldlnbmdblsand beingcselaccud te (hecpdcddyabb800 about
said axial c nt,eE |In% from sai (2 firﬁsﬁéj band. 3. The nethod as set forth in
claim1, whdfariyl center line figm said fist band bands 15 receive the heat treat nent
concurfgntly. 4. The nethod as set forth in claim1, wherein said second
band has a greater <circunferential extent than said first band. 20 5. The
nmet hod as 2et f dhehméthod lasiiset Srthwinecleinn lsasihdres‘;mcswikidsebamrubhmd Ivecdidesraeat ed  at

a | ower tepperature aid fir
T[B:atlon spacecﬁ Q 18(? about SalC? ax12t1)l center line from said first band.

3. The method as set forth in claim 1, wherein said first and second bands

15  receive the heat treatment concurrently.

4. The method as set forth in claim 1, wherein said second band has a greater

circumferential extent than said first band.

20 5. The method as set forth in claim 4, wherein said second band is heat treated

at a lower temperature than said first band.

6. The method as set forth in claim 1, wherein said first and second bands are

selected to be of roughly equal circumferential extent.

25
7. The method as set forth in claim 1, wherein said part extends for an axial
distance, and said first and second bands extending for the entirety of said axial
distance.

30 8. The method as set forth in claim 1, wherein a circumferential extent of said

first band is selected to only be wide enough to provide a stress relief in said weld

joint.



6. The nmethod as set forth in claim1, wherein said first and second bands
are selected to be of roughly equal .circunferential extent. 25 7. The

nmet hod as set forth in claiml, wherein said part extends for an axial

di stance, and said first and second bands extending for the entirety of said
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enough to pagvide a stress relief in said weld joint. 6 9. The nmet hod as
set forth in claim1, wherein said part is a gas turbine engine part. 10.
The nethod as set forth in claim5, wherein said part is a diffuser case. 5

11. The metbod h hG i ej i t ur bi ne
exhaust case. ﬁé{tt& Et {?ﬁaghgjeatml?ort |[nn ac gelﬁ{mgf%%seérrgﬁ% heat
treatnmeit is al so perforrred 10 at a third band spaced fromboth said first

and second band 13. The nethod as set _forth in claim112, wherein said

second andli)’ni r Ehﬁéﬁﬁgogﬁ% Setpggﬂtlpcﬁ%@ 90% %re’é‘quéEfPWSIﬁ&ct@Epl?? GRS d first
band. 15 14,,A conmponent conprising: a conponent body having an axial center
i ne, and extend| ng for 360 about said axial center line; a weld treatnent

at a circunferential location within said 360, said conponent body bei ng

heat - treated after fornation of said weld treatnent at a fjrst and
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band  gpouty said raxl %ac@& RoR{ béthR%d first and second bands.

13. The method as set forth in claim 12, wherein said second and third bands are

positioned to be equally spaced from said first band.

15 14. A component comprising:
a component body having an axial center line, and extending for 360° about
said axial center line;
a weld treatment at a circumferential location within said 360°, said
component body being heat-treated after formation of said weld treatment at a first
20  band incorporating said weld joint, and at a second band spaced from said first band

about said axial center line.

15. The component as set forth in claim 14, wherein said first and second bands

are selected to be of approximately equal circumferential extent.

25
16. The component as set forth in claim 14, wherein said component is a gas
turbine engine part.
17.  The component as set forth in claim 16, wherein said component is a diffuser
30 case.



15. The conponent as set forth in claim 14, wherein said first and second
bands are selected to be of approximately equal circunferential extent. 25
16. The conponent as set forth in claim 14, wherein said conponent is a gas
turbine engine part. 17. The conponent as set forth in claim 16, wherein

sai d conpongnt i %ﬂﬁﬁl Horthin
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provi di ng axhwiktcake.eat ment on a part conprising the steps of: 5 (1)
identifying a part in need of a weld treatnent to correct a defect; (2)
identifying an area of material on the part about which the part would
thermally gypand, hitog of Blovedif gei#fnkhm & EaRpridiny tSRE Bt rarily
shaped part at '\r{:{g 0 Btor ee{ %E provi d]i)ng ﬁ@“ gl at ment; and 10
(4) sindl taneou$1)y pndmﬂdymgapaﬂtucnéedhﬁatwdld Gaitment toad:ormnt zadefactr ecei vi ng
the weld treat a‘g t thelde?tlfle ar ea. 2% g,rreh?hod as t forth
in claim19, wh e|n er‘i‘é‘ Y358 gn prea ot mafqri 8’63’% out, VaishibE Rt &Rkt r al

axi s by 36¢erhalPexpand while not creating additional stress in the arbitrarily shaped part at

the weld treatment;
3) providing the weld treatment; and
10 4) simultaneously providing a local heat treatment at an area receiving

the weld treatment, and at the identified area.

20.  The method as set forth in claim 19, wherein the part is a full hoop part

surrounding a central axis by 360°.

15





