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as) item of the liner structure, this is not so easily achieved. Either the
requisite dimensions cannot The present invention comprises a method of
be achieved owing to cons.qof the. structure, or shaping  an annular
combustor liner madeng of portions of the structure, or bin we engine,
wherei the     oies r  i ne m adreisd  of  a  hrle d at e   m ki(  is
commonly  thought to  ber a hgh enerallY rcy lindrclwl  etion centeried
about       material which can be cold formedi andPpearshats anaxiacir r
fange scnttached to t                      the complexity  of th
e structure adu p as The  cylindrical wal   section  and    oetenn  g t
geellY  changes in the character of the mateienl de to its tan5Viet  h
axis, a   ndicuar plugraitynof cinrcu-a 0   poone   semk  cracking more
likely than temperau  sectNion agnd exrertues  1oroin  n  0   prlngdh  e
m~E-~fl5ake    tnn.  ~thisl obs eration0 he n r i wal    e  a x i s ,  a n
aY  p lur a i  t o   t h edi c t e   w o u l d   a p p e a r   a p p a r e
n t   a t   f i r s to b sr v i o n Y    theiruse inaircrat. Whie most f
the  ome   b whichannula     hobuto lierworkn paticuar lisvers p toed apr
gsattached         th            ight lead one to conside hoftoe sr upofthe
eos~wtaly  spacaed o apart ringsjrtorpiorror             iesw-c  ndlv
butw-l  eut nasrm p each defining an opening through the           so
uture  But the diesioal  requing bein t   figured is an anilnuztarisscriose
at one end whane thertant necessity that in    being flange which is
suitable for rec d fuel nt re.utct                   t    h of the
strc  itu Moade  gai turbi         ne engine     us on er
ditraightening be heatisn   m            it orth lk.  rbneegieshihar ue
somewhat infeasibler.po aicrf apre itethniallystrctveryeatvllii
ouwr.Tepriua  lnrcniuaint herigh trcto       i   pcilel a      aetin tes
US-A-2 340 950 describes a repairingt  pro portonsof he
nginalerwihoeaeateeaeyes fatmbl body components comprising aicrf arwe tech
i re air operationt in th    .                 mof untodamobiltlpi.nvofioni
omv i  temperature.pNotlye  sh   componenws subisthe local heating of the
component, defornming The high tischr          evaItDed6~ananulr rtcl i
hatd 1ected o degraing     hc opeeatraes corstn and 20  the oartice atnd
ofoltoedb cooig therma  ofatige1bttemutbmaealihasdfrd andcooled.b   ooig
pothi    use in ir raf.W ie suhcm post nof   the - c0mtAn  obticectn  foflh
neto   st   rvd     en tepossible iNo dein acrIng t      roste  ictates
ofD-,33                       a   nua  ricei  etd ponent in mdernga
turbintue enie haeln               ywihanlrcmbso  iesfrpriua lives,  gebu
thereinvtby  usombe mdegradaio wIt 2    gsurieniesmyb deformedlnist
trovicorrects ;haccordingtthe dichtlatOfAnobjectofththeirdimnens Anther o
act of the invaentionar p lo  ing ded use. Sign e e3 Monsnt   ref the
coisle  to poide an mtuor of   repairin combustor         t costly bcuse
onarrfthe WHig  tehooyteieswihinvles repa  edeomen tof fulsporte tembdthr
5  ra deirento reair  lornewr parets tothderetnt this trisee
2      a portionseb weldng, u   hc  eutnasr possible.
completion.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
One of he comonen dwhich  dalswthion wthe  0   tr metngth  dimnsonalbjcto
requirementi uon foreoin  conextisthel combutrlne  ftethei dmethdofteprsn
invnion comprisor enine,    Suhe as cn  omponentis fore exampler
st   rvd  1mto   frP desribe   ;ain ceS-the6  470. the chombus threyutneu
hepatin eaeirt circumerentia )nged uc ISO ~ ~ ~ ~ ~ ~ ~~~an of theh
linershc    whoereI Ith wallh rsectsion jois the ort burner isteprto   rfte
trengine whre fuelr isi     y  edn, tuo emixedy wther is  'redair dand
cobsintks          3     flneretinadquecn              ircemfeentiasbn
partsto he extet this i    thinthe        aroundtefag   nteopsn   ieo  h
plae. ofthe COPombustor  liner, lutae  in the          rigTfo he
mtoofisbadanwhl the        badsar figresoisg aontannular structuehaigan
innerlhatedmoving theatingsa genrall radially witha and anouter wal it  5
is 0 coeaThoe enduto wheretelnr hr  hewl scinjon  h theesarbedfe
injetinnozesndoenra thelrsettoteai to   n aoitioneredisplbacndfo other
edwherethe hofth engine of cobuton     4     theire statcostion an
andstenolnotehae areed withrcomptoward thean turbinesetion o thkes
barond rhegioanse whil he holdigtesingsid in thei engine.On naularg
gstruturbie ehvngiane tisnlner    dinsplaced pstion mightes hav
aousddimtrf3man           nhinsideMovding t the rinvs entionlaylinerafor
aiga adiameoter oflabout 0.5  m and alntofbuturbiespc engine whichoaoeedhr
pois io m deiof lace hig rtmpea 0.3mTpclly inetio wizlles mande ofperogtn
ue aloysuhhseaseloy           n X tis   heated a  w nicele auperaprosuch ta
stloyfX havusiong a       0     chirculart bandsreions. andtwhile ritnis
heatheditri aprediciatged thwat d the stuturbie isrelativelyf liht inahic
aregians wintega partiof itt oerdal constructiOn  folrg its surize.
Duringue, thilnerma     outwlared. Thespaticuaoinrnngr nt fatigu   crack
sometmes ocur an, more 50 whchctheinventionth isnpertionent ise fomrae ofas
ise waringeand dsort , nionsofitecyidiawalpronndnachdrily migen    haer a
nY  outhtit                                 6turieen gin e flange prion.d o
In t he g fln e mportinare Howmevero bu in 5 reai oeatinsthsmutd a
mulh fasatipicity of circular e supot rings been a problem l thtte mdege
ofa disorgtio   45  The aobjeuctothe invnini  omv hs 0.43 m. Typically, it
wil                c~~Ir rbnd thegpacices anf thie inetion hatbad at the
This as re uired  s corre tiel X deor ations ofpr 



insingk fro  use r8I    wednrassbtnta.asppdy  eormeinsdo th  correth
psition.                 rig tyions oftheilinerso abyu as  muc .a at
halflnh(27rgo hr thubewihaenitegcrculparto wal toin thve flangeandy mm)
einte spacet nd siefxuigo the        por-ri eatvl lg ti  otarbad. onThe
pradicua r.l i e exes onofig rthefl nge  ton c~onstuto ofoth  aptaratue.
Duit g is se, observemteraial oppsit  sie ifsh comrcled of supr thatithe
cobaorlnrafe        nedin  dores no      *     rhings  are iheated.i Whern
ol   n eini meet   k thereuiedtimensionsr as  o thewre          heiniated,
l proprresult are anoatotained, butadci- dictrated, bytheei fixtre.Apbiu
prahing and                      crtr  xedigfacknge portobsne. In the
flneporeferred which has beeni takenratos berentofaorempt tos coldopractic
of the invention wisth   ie m ade t ofs frmsutheg structure tor bring it s
int ucoplancetithStIh  prate     ticy of the bandvegtions ar hendate toha
terequired dimensions.dButmgiven s the compe-  5   tmeaueoabt9Cinarlivysht
Thi ha                                     rgio wereth cicuar al
jonstheflngea2 .ino  h  ie   ya   uha     afic  1.7abn   nterda  xeso
ftefago    3                  0 138 887                      4 time. This
avoids heating the support rings or    features, such as those disclosed in
U.S. Patent other regions of the liner to temperatures in     Nos.
3,978,662, 4,050,241, 3,995,422, 4,077,205. excess of 650*C. It also avoids
heating portions of  The typical annular liner consists of continuous the
fixture. Preferably, induction heating is used  inner and outer circular
walls (also called by means of an induction coil which is comprised    5
shrouds) concentrically arranged about a central of two concentric turns,
one mounted adjacent     axis (which axis in use coincides with the axis of
each of the aforementioned bands.                 the gas turbine engine).
The inner and outer walls In another embodiment of the invention, where
are joined together at the one end by a portion the support rings are
replaced by new support     known as the bulkhead or dome (and referred to
.4s we have discovered an improved proce-   10   generally herein as the
flange portion). The bulk- Ze. Before the old support rings are removed,
head is typically attached to one wall (the outer) the aforementioned
reforming operation is per-    and disconnectably attached to the other
(inner) formed. But, the support rings are moved to a     wall. This
permits easy manufacture and remanu- radial position which is beyond that
which is     facture of the combustor. Mounted on the con- desired in the
final structure. Then the support   15  toured bulkhead are heavier ring
shaped sections rings are removed and new ones are welded in      which
receive the fuel nozzles. Usually, the fuel place using conventional
fixturing. After the new  nozzles are adapted to discharge both fuel and a
support rings are installed and the liner is      small quantity of
swirling air into the combustion removed from the fixture, it is found that
the    chamber which is defined by the inner and outer support ring
location has moved back along the   20   walls and the bulkhead. path
previously traveled by the old rings, to the   Figure 1 shows the outer
portion 20 (wall and final location which is desired in the end product.
attached bulkhead) of a combustor liner in asso- The invention is
advantageous in making poss-   ciation with certain parts of the apparatus
used in ible the salvaging of used components which       the method of
shaping the liner. Figure 2 shows a previously were discarded. This
constitutes a   25   section through the liner together with other parts
significant economic benefit and avoidance of     of an entire combustor
assembly, in phantom. For unnecessary waste. When accurate dimensions
clarity, most of the small diameter holes which are achieved in
remanufactured combustor liners,  perforate the segments are not shown in
this the the optimum performance of the gas turbine        cross section or
in the other drawings of this engine is achieved.
30   application. The foregoing and other objects, features and
Referring to both Figures 1 and 2, the invention advantages of the present
invention will become   is described in terms of the reforming of the outer
more apparent from the following description of   portion 20. This entire
liner is comprised of a preferred embodiments and accompanying draw-
cylindrical outer wall 24 running around the cen- ings.
35   tral axis 26 and a cylindrical inner wall portion 28 Figure 1 shows a
portion of an annular cornbus-  shown in phantom. Both are made of welded
tor liner mounted in a fixture with a heating coil in  together circular
segments 22. There is a bulk- place.
head or flange-like part 30 attached to the outer Figure 2 shows a cross
section through the      wall 24 and this part extends generally radially
combustor liner part shown in Figure 1, together   40   inwardly (at about
a 73 degree angle A) toward with other parts of a combustor assembly shown
the center line axis 26. The inner wall portion 28 in phantom.
mechanically mates with a tongue or boss 32 of Figure 3 is a cross section
through a portion of  the bulkhead 30. Circumferentially spaced apart the
combustor liner and apparatus shown in        around the bulkhead is a
multiplicity of support Figure 1 indicating how the liner is attached to
the   45   rings 34, welded in place. When the combustor is fixture.
used in the gas turbine engine each support ring Figure4 is a fragmentary
view of the apparatus   receives a fuel nozzle 37, shown in phantom. which
is largely concealed within the inner dia-  Neither the fuel nozzle nor the
inner liner are meter of the liner piece shown in Figure 1, which  present
during the processing which is described apparatus is used to move parts of
the liner   so   hereinafter. It will be apparent that the bulkhead 



radially outward.                                 could be fixed to the
inner wall instead of the The invention is described in terms of its
outer in another liner, for which the method will application to a
combustor liner for a Pratt &    be equally useful in repairing. Whitney
Aircraft JT9D-59/70 or JT9D-59nQ gas        Referring again to Figure 2,
the combustor liner turbine engine. This liner is comprised of two   5a
has a number of dimensional check points. parts and is made of the wrought
non-hardenable   Included in these are the outside diameter OD, the alloy
Hastelloy X (by weight percent 22Cr, I.5Co,  inside diameter ID, the axial
relationship between 0.10C, 18.5Fe, SMo, 0.6W, balance Ni. This liner is
the boss 32 and the mounting lug 34a, and so a typical annular liner in
that there are a multi-  forth. Most particularly, the present method is
plicity of overlapping circular segments joined   60   concerned with the
proper locating of the dia- together, and there are a great number of
perfora-  meter SRD of the support rings 34. The method is tions through
these segments to enable cooling     also concerned with obtaining the
desired angu- air to flow from the exterior bore of the liner into  lar
alignment A of the surface 36 of each support the chamber itself. The
invention will be pertinent  ring 34 with respect to the axis 26.
Typically, the to combustor liners having similar design   65   support
ring location diameter SRD in a used    5             ~~0 138-887
6ne  ol6   n   ue 5                       ~~~~~~~~and 3. it is seen that
the inercil6 and ar  atOuter combutor lner i   lessthanbath  that which  it
had  coil 64  are  connected  in  series  ane d  are   par   ofnthe when
itwa is nessan that whcon eqiedi rembufaturlier product  Also  resuairted
old          same continuous loop     connecedo  sigeprt support rwns arecu
awad tat their per the  'oInt      induction heating machine. 0icussprt 38
were hey re wldedand  ew sppot rigs   ~ loop  conecte  in  aralel (with
appropriate are  nserted.In thisy
loopscig)orncedi lopsaconeced  to  separat relaeent procedure, the
machines may be used as  el  ahtr   a supr ring  re fixtured with respect
to the Pars       fibrous insulation 66,66', suc asmalumnae silicae
30,p24oft thegs lie.Afe TAW  welding, the             fiber wrapped around
its circumeecs ope :3   4 ofthat desiter Ather (.urcyohe fix-ue.W   ha 0
vent electrical contact with the liner and at the W;dim~enisremoedrm
i-           same time to permit the c~lorest possible spacing. ths.Qerdtt
diameterR  will be typically found to    When the combustor liner is securl
otdi be  ess than tha  which IS suh.his hasth fxuesegmenlts, the induction
heating Coils neesthantediracmbstrhinr62, 64 are loosely taped to the lnri
h Busstathed cnoref   oombtheoenlin               5    positions shown.
assebly  re crefuly clcutied freod-Trfrmteliner, the band regions 88, 90
andth  contoursiof the cuatedfo~rthey oy     5      T  rfr   h namic     ca
ef ll   0ar               not      -    d a e t t e c is a e hated
using     an     induction simple    and    herefoe   the struc  tur yal
dynailmicse(Cev la d namic anddeora(               s
heaiog Modl2S       nuto   etn   ahn which caused er the uwne          are
not          hetiguacie  ucoa            n TOCOatleen nd reaily cundersod.
The    pran actical problem is to    20 with a frequency Of I10,000 HeIt
runin aTh about repdlac thdersuport rTng anpor  no h distOr-   2      200
volts, 120 amperes and 20 kilowatts T, her line reionc that haIccredi
service or repair. Not          is heated first to a temperature of
I70,weei uinuuly thetha  dimurension othe diameter SRD has     is held for
2 minutes;, it is then raised to 925OC and toubeaincrease d byuIo75mm
However, when              held for 30 seconds whereafter it is raised to
ad by up tosynchronizas               se0c ands  Theltemperaue
apreximontoed by-2 varouse pnroedures were attempted to Inces theou dimtr,
sch as y  oving in sycrnz- 25    se0c ands  Thel  fomprapproximatel
Monio20t tionall he sppor rins by I dy tecmb5               temcouples
attached at selected locatiost tor alne becae  distortedin   or fractured
to the point  the liner. The reason for preer tn therepping in where weld
rpistrtng wsntfeasible from an         tehaigcycle is to insure tha thr
is a The prinrciples of the metho  artlutatdbh0evheatnnesogette cycles may
be used. Iti Where. weld repairing                    evnn~esire tof heat.
othe lnrvr quickly since the 6nilerinlg stanidpoint.   aeilsrtdb Figure 1,3
ad 4. Te lier otion 20sieis carefullyerver heatedin   cranlclzdaest  bu  8
olnbcue  of its size and for economic andgwhie--1    n 4i tha codton  h
pbourtli  of       resos is made of mild steel andis odpe support ri tsare
movedtradially outwardto af      to withstand great heat. After the short
holding hertadin position Indgtitecm trd line    35          pridat 9800C
the hydraulic cylinder 48 Of the se c t rio n gi s   m o e  o n a f x u e
c o bsh ow n   in efra g  sizin g   fix tu re   is   a c tiv a te d   a n d
thi s  cu t a u s e   th ea s  Ition. In doing this, th  .    frasupport
ings to  be  forced  radialyot adi centain poigu      re 4)wihI  (~rshdofn
an mut-idctdb                                    ,h arrows 44. pliciy
ofsegmnted 42 adpe fi to mov  raial         mate of seconds, a outwr in
digrectos       hnacnrltprdThen, power to the induction coil is terminated
hydrauiccyinder 48. aatheotad tramvelo theonl useded to
coollhelnengha i  aybermoe 



plcne 46  oves downwarhden to cethel ationeofd    40    and air
coolingopinlyorearcoigs semeti        downtrolld by     t an e stiopnu
fromuse theoo fiture. When the heated liner reaches a sodmounted oyn the
y cone 48 utal;to u             temperature of between 40.-900C it
iserremoveds segmntsis ontollr e46.This hits the upper       from the
fixture and the resizifgoeaini s murfaed5 of the segmnts  orapart which has
5                    o~~~~~ ro n a  sup orprigeteis  fud  that  it is
necessary  to    heat  bands 20sport rings spacedaonaisfu diameter of about
34 inches, we use a fxuewt          both at the location 88 (by coil 64)
and the location 8 equal segments. it will be appreciated that when    so
(by coil 62). pair orgreterunits of support rings are thusThshetdrgoscmie
rlivy parsoupl redthetrae path outwardly of any support      Thes  heate
rheg i sionscmre af rhelautiely isonplyd             aloneatrravelinividal
narrow ban   8a  h  nescino )Othe oute approximatelY
cylindrical ection 24 and the flangepotn30 'segets ud work as Well; our
pairing is a              an   nthrrltively, narrow  circumferential
simpliicti on which lowers cost somewhat.             band 9anonther
opplosite side of the support ring imperringation  Fiur  3ach support ring
is            circle Theregon the  is on the portion of the clmedern to a
egment 42 by means of a bolt 54vhcexndtrseslyftet canpd a o dis  6 The disk
56 is flanged to insure that   -55    bulkhead whc   extends4 I~n Figrsel3
fathiest ist the  surft at   t ere        S    an ther associated
structure   3 the    ring    34   is   held    firm ly    agai nst c  ie d
the surfaceer58s ofofro m  the circulr   portion 24onfiur     i t hiee th
ixture which has a slope whc  yilstetpcally associaited with th  ne prino
the desired orientation angle A of the SuppOrts. Pre-als fealeach segment
has a step  60 or other         bulhed. Thsasbsu nietlltetdb the pi contou
at is outr peripherY to receive the steps    60 inutocilbtthprcpafcsISnte
iontu ath isegmetso  h   ue  w~   4o  h               region 90. combustor
t lin  heouer partlbing reaired            Initially, we tried heating only
one portion of the Indbuctoion e hea rtbing ci s62, 64   are   circularly
liner,  namely   the   re ion  88.    tho everbuit owa mounted 'in close
proximitW to two portionso thee fondta beithern the Spotnsfthcmbtr
combustor liner. This is shown in both Figures 1  6s  lnri  ewe   h
spotrnsbcldo    7                   0  138 887                      8
(     J ruptured, or in other respects the desired dimen-   operation which
is done in a fixture is similar to sioning was not obtained. In the present
case we    that described for the straightening operation (but must heat
both the inner and outer portions. And    without the movable segments). We
find that the as indicated, out method is distinct from generally
distortion that occurs during the welding oper- heating the entire bulkhead
portion. Although    5    ation is such that it will cause the dimension
SRD difficult, this could of course be done. But it would  to decrease,
with the rings moving back approxi- require more time and high temperature
fixturing    mately along their original path (about 0.76-1.3 inasmuch as
considerable heat transfer to the       mm diametrically), to a location
which is desired tooling components would occur. Overheating of      in the
final product. In our processing we are able tlt-eest of the liner and
warping could occur. By    10   to hold the dimension SRD to within 0.13 mm
sei..tively locating our heating in portions which  when required. are
critical and not in intimate contact with the     Of course, other
embodiments of the invention fixture, we are able to rapidly rework parts.
The   will be within the scope of the invention as parts of the liner
remote from the bands remain at  claimed. Means for localized heating the
areas we about room temperatures. The support rings and    75   describe
may be used beyond induction heating. parts of the flange 30 in between
remain visibly    For instance, laser or radiant heating may be
non-radiant, below about 650C.                     used. Additionally,
different temperatures may be Each disk 56 has a hole 57 which is elongated
in   used as experience dictates, according to the the direction transverse
to the plane of the Figure  observed behavior and according to other metals
3 cross section. Each disk is bolted to the surface   20   which may be
used in combustor liners. 58 with sufficient force to keep it from lifting,
but  Generally, we find that we heat Hastelloy X up it   with insufficient
force to keep it from sliding      to 980*C, the lower end of the hot
working range laterally, or circumferentially, as allowed by the  of
980-12000C, where the yield strength is slot orientation. This practice
enables the support  decreased to about 103 MPa, which is about 25% rings
to maintain their even spacing during    25   of the yield strength typical
of room temperature. reshaping, when less fixture segments are used
Generally, for other high temperature alloys of than there are support
rings, as are preferred.     which burners are made we would tend to heat
Without the slotting of the disks, the part being   for the same degree of
weakening, generally so reformed is prone to buckling.
we are at the lower end of the hot working range. When we perform the
foregoing procedure it  30    Higher temperatures in the hot working range
moves the support ring circle into conformance      may be used according
to the characteristics of with that which is desired. The fixture prevents
the material, the fixture force available, and the vertical motion of the
rings. However, there can     observed results, etc. 



be insufficient correction of, or adverse effects on, other dimensions
unrelated to the support ring    35   Claims circle. Therefore, we also
undertake other mechanical reforming operations. These will have      1.
The method of shaping an annular combus- the effect at times of undoing the
correct SRD      tor liner made of a high temperature alloy and dimension.
When such occurs, we will use the         usable in a gas turbine engine,
wherein the liner is procedure described herein a second time, or   40
comprised of a generally cylindrical wall section such additional times, as
required.                 (24) centered about an axis (26), a circular
flange Often times weld repair and other operations,      section (30)
attached to the cylindrical wall sec- unassociated with the support rings
must be         tion (24) and extending generally transverse to &>9
done. For instance, the segments 22 or the welds    the axis (26), and a
plurality of circumferentially joining them must be repaired. Also, there
are   4s   spaced apart rings (34) attached to the flange (30), other
straightening operations unassociated with    each defining an opening
through the flange (30) the location of the support rings themselves.
which is suitable for receiving a fuel nozzle (36) or Previously, it was
our practice to make all the     the like; which method comprises
simultaneously repairs, including replacement of the support       heating
a first circumferential band (38) of the rings, and -to then undertake the
procedure   50   liner where the wall section (24) joins the flange
described above. However, we have developed         section (30) and a
second circumferential band the following improved procedure for the
specific    (90) around the flange (30) on the opposing side *    instance
where the support rings are replaced.       of the rings (34) from the
first band (88); and while Prior to removing the old rings, when the seg-
the bands (88, 90) are heated, moving the rings ments are moved radially
outward to increase the    55   (34) generally radially with respect to the
axis (26) diameter SRD, we move the support rings to a        to a position
displaced from their start position, displaced position such that the
dimension SRD is   and then cooling the heated band regions (88, 90)
greater than that desired in the final combustor    while holding the rings
(34) in their displaced liner. The degree greater has been determined by
position. us by experience, and for the combustor liner   so    2. The
method of claim  1 which comprises described above typically is about 0.89
mm. After   detaching the rings (34) from the liner after they the liner
has .been straightened in the manner we   are moved to their displaced
position; and fixtur- describe and'has been removed from the stretch-
ing and welding in their place new rings (34) of ing fixture shown in
Figure 4, we cut the support    approximately equal dimension, the welding
rings away and replace them. This rewelding    65   inducing strains which
cause the new rings (34) to 5    7                  0 138 887
8           __ ruptured, or in other respects the desired dimen-  operation
which is done in a fixture is similar to sioning was not obtained. In the
present case we   that described for the straightening operation (but must
heat both the inner and outer portions. And   without the movable
segments). We find that the as indicated, out method is distinct from
generally  distortion that occurs during the welding oper- heating the
entire bulkhead portion. Although    5    ation is such that it will cause
the dimension SRD difficult, this could of course be done. But it would  to
decrease, with the rings moving back approxi- require more time and high
temperature fixturing   mately along their original path (about 0.76-1.3
inasmuch as considerable heat transfer to the      mm diametrically), to a
location which is desired tooling components would occur. Overheating of
in the final product. In our processing we are able the Nest of the liner
and warping could occur. By   to  to hold the dimension SRD to within 0.13
mm sectively locating our heating in portions which   when required. are
critical and not in intimate contact with the    Of course, other
embodiments of the invention fixture, we are able to rapidly rework parts.
The  will be within the scope of the invention as parts of the liner remote
from the bands remain at  claimed. Means for localized heating the areas we
about room temperatures. The support rings and    16   describe may be used
beyond induction heating. parts of the flange 30 in between remain visibly
For instance, laser or radiant heating may be non-radiant, below about
6500C.                    used. Additionally, different temperatures may be
Each disk 56 has a hole 57 which is elongated in  used as experience
dictates, according to the the direction transverse to the plane of the
Figure  observed behavior and according to other metals 3 cross section.
Each disk is bolted to the surface   20   which may be used in combustor
liners. 58 with sufficient force to keep it from lifting, but  Generally,
we find that we heat Hastelloy X up @   with insufficient force to keep it
from sliding     to 9800C, the lower end of the hot working range
laterally, or circumferentially, as allowed by the  of 980-12000C, where
the yield strength is slot orientation. This practice enables the support
decreased to about 103 MPa, which is about 25% rings to maintain their even
spacing during   25   of the yield strength typical of room temperature.
reshaping, when less fixture segments are used     Generally, for other
high temperature alloys of than there are support rings, as are preferred.
which burners are made we would tend to heat Without the slotting of the
disks, the part being  for the same degree of weakening, generally so
reformed is prone to buckling.                     we are at the lower end
of the hot working range. 



When we perform the foregoing procedure it  30   Higher temperatures in the
hot working range moves the support ring circle into conformance     may be
used according to the characteristics of with that which is desired. The
fixture prevents   the material, the fixture force available, and the
vertical motion of the rings. However, there can   observed results, etc.
be insufficient correction of, or adverse effects on, other dimensions
unrelated to the support ring   35   Claims circle. Therefore, we also
undertake other mechanical reforming operations. These will have     1. The
method of shaping an annular combus- the effect at times of undoing the
correct SRD     tor liner made of a high temperature alloy and dimension.
When such occurs, we will use the       usable in a gas turbine engine,
wherein the liner is procedure described herein a second time, or   40
comprised of a generally cylindrical wall section such additional times, as
required.                (24) centered about an axis (26), a circular
flange Often times weld repair and other operations,    section (30)
attached to the cylindrical wall sec- unassociated with the support rings
must be        tion (24) and extending generally transverse to *     done.
For instance, the segments 22 or the welds   the axis (26), and a plurality
of circumferentially joining them must be repaired. Also, there are   45
spaced apart rings (34) attached to the flange (30), other straightening
operations unassociated with   each defining an opening through the flange
(30) the location of the support rings themselves.      which is suitable
for receiving a fuel nozzle (36) or Previously, it was our practice to make
all the    the like; which method comprises simultaneously repairs,
including replacement of the support      heating a first circumferential
band (38) of the rings, and to then undertake the procedure   so   liner
where the wall section (24) joins the flange described above.. However, we
have developed       section (30) and a second circumferential band the
following improved procedure for the specific  (90) around the flange (30)
on the opposing side instance where the support rings are replaced.     of
the rings (34) from the first band (88); and while Prior to removing the
old rings, when the seg-     the bands (88, 90) are heated, moving the
rings ments are moved radially outward to increase the   ss   (34)
generally radially with respect to the axis (26) diameter SRD, we move the
support rings to a       to a position displaced from their start position,
displaced position such that the dimension SRD is  and then cooling the
heated band regions (88,90) greater than that desired in the final
combustor   while holding the rings (34) in their displaced liner. The
degree greater has been determined by   position. us by experience, and for
the combustor liner   60   2. The method of claim 1 which comprises
described above typically is about 0.89 mm. After  detaching the rings (34)
from the liner after they the liner has been straightened in the manner we
are moved to their displaced position; and fixtur- describe and has been
removed from the stretch-    ing and welding in their place new rings (34)
of ing fixture shown in Figure 4, we cut the support  approximately equal
dimension, the welding rings away and replace them. This rewelding    85
inducing strains which cause the new rings (34) to    9            ~~~~~~0
138  887                      ceuransitn mov  toa nw  rdia           Wh~h
ie           wendung von zwei elektrishe  UmalseiterSn position  wihle
6,66). die HF-IStrom fuhrefl, wobei 1eweiSe generall  along te path taveled
bymtholdsleiter (64, 66) in derNaeodnes winnre enrings durong thei movemen
t to the displaedbzw. uaueref Bad   18, 0               ang orde ird 3.
1             by    5       4. Verfahr8~~~' nach Ans~~rU~~h 1, woben(die
positionl.                                                        eeVrtk
3.The method of claim  11characterized byRings (34) an er
ghidt heaigth   ad (88, 90) using two circum               werden.   rnnc
npuh1   oe feretinl telecriand conductors (64, 66) carrying      5. Vefa
nac eAsprchmide, wobeihdas hihfrequaeencyrca curnweeacircumferentia
Flarnmrohr aus einergehmdtn condfreuctr nc,  6   is placed  in  proximity
to  each                                , tne ,   oh amfse   nighthar-
conduthe i nr    and.   oute  ba d (8    90).            ut0 tend n d h ch
warmei    de Bfn d~~eI gerauf   au ge O-the inethod ofte lanim I wherein
the rings       baut0 rist un wobidirade   r auf geenngzelno (34 hae
restraind. ofro cany vrtical motion.         6. Verfahren nach
Anspruch5,gknecht4 5.4 The mesthoind fofcam a'  whrein the liner is
durch schrittWeises  Erhit   70n de  Bande  auf constructedof a wrought
0nonhardening high    15  [err], und zwar zuerst auf[err] temperature
niklalyad  wherein  the  bands          [err]  und  schlie~llich  auf W
M00C are heated to at leas       chrctrze00C.enieln 6.The method of claim 5
chratrie  bysevndldeo heating  t e  bands  o 9 0C  in   steps,   first
tofle                       ne c e hee           to 98(rc.
~~~~~20  1. proc6d6 en vue deprflruehmiee tin0C  then tOl 92C and then
to90C3hmr   ecmuto   nnulaire r6alis6e en 87
ch~~~~~~~~~~~~nalig  reistant aux hautes tePrturbie et p a te n ta n s p
irfi c h egfo m igo u va         n t c e tte c e iera t c n t t ~  'e  se -
1. Verfar~I~ zumFormen enes        pouvnt Atreutilis~e dans Un moteur  tubn
Brnnramrhrs.ds usene hcham~          25    tindepn~       g6ntaemnt cyndie
2)c- 



festenLegierng  beseht  ud  in  enem  tre autur d'u  axe o(6) tidune sectin
SCmr plammrohr aus einem   insesam  zindriaechendiqe 24 cn Wanderab hni
(24)   der   aum    einer A ch war(26    zenipao id   cyinr iqo(4  t stnat
g6n~rralen trinertfistreines          undjfrign                menr    2
tou            rappor26, 'u    etion ciarc(6) (2)bfsigtienstnd bstcht
dngesm qerridre eteeet(34) qisn fix6e h, la brie (30 fcest (26 Lersrct
mehrre int goegen              liet quorfimentchun  trvscee-iue seitigem
air un i~~~~~~r~ 8I  tnjdetu ~fntriebe ank  angwe
rdteRigncouverurenadrntrie pourrece (34),rdine andmFash 3)nfsit syindrie
uridod calnrburan  (36) ou  anlgus cte pr2~6, 1eweils emS    ~ nsesa
indeemaent paniran    cauf  riilaplbmrt  uepe (30)moirdeus diner z Im
Auinehsen einer Brenn-       ment tbandvre irc nfrnteale(88 desIac  chemise
eriln   odrWandabschnitt(4(24)r uabcni dei4 a luteu de puieu
~         a bride (30)suI ctdeanex ~~~fangsband (90) um den R-ansch (30)
ufide zut dem eie  rten Bandge (88    h~gg nitte           d      Mp nte
lesannaU  (34) gont ralem it radal Seite, der  Ringem (3);unlhnddsdi er
Bander        met  t par rappors t chlacue (2)pu   iescaener *   (88, 0)
erhtzt weden dieh  RingeS(34) insgegamt           irden uprops posiin uritA
devr IUr, poitn   d radia bfsin t bez  au  i   A hu(2)iveneos-dprtl eesie
erii   e    oe                 nbne gegeoberihrr     naneau    (34) deslur
pnogusito   edpaeet pohsition versteci it, und
dahern"deehttn2pocdsenIarvdiaon, cpre RingS (34)sinsihre vesetotdnepstioe
ehn R   50    nantblsrap   qife   cosisutament  un~tce~ P 5 wtierdn
enan  cnstenuX (34 che  li 8Ida chemise p&erdpc- httdie a  ig  3)vn dem
Flaemmrohr0 zu              sodre   lc   enovaxanax(4 ~sw~gt  orden snd; un
an~ hs  tB de   Fasue   msrengend cratdscont~rantteso ayan t pour efftd wi
(34)n muit ugnge~ffhr glicher Brme~nn g4l  eto   eP RingS
d~~~placer lesinouv rieaux   nnains (34udnsune Schwebi~en, die    ne   rzut
debwikn                  lon  ducio farff~ suv6at15acens anneu StfdaBsihde
neusli R ingS (34) glinhet eine  sea scours bade leur moUVf      ~tdas a
ostion de0)S 1hren bwarsd                          is e c        3q0i
Sumrsn le ct ePsqu consin e We  leg, endi ateaRng                    iher
(34. q roSet    selof la  rvfd~o   ,cr~6 ewogngi dier Wanaschtnpoition2
qu~kglgtcau   les bandes (88, 90) enuilsnt dhufeu Fashabecnit.   3)gez,
(0  u  e                         ne 3.serahre nach udnFans~rch 1tgknlZihne
AdUtUn        l~aetre c urconforetieon (6de8 durch ErItnde Band(B)erts
(8,90entrte-       6     vpiiant unp~  louran~t dehatfruec.n    11
0  138 887                       12 conducteur circonferentiel (64, 66)
etant plac6 a     corroye ne durcissant pas et resistant aux hautes
proximite de chacune des bandes int6rieure et         temperatures, tandis
que les bandes sont chauf- exterieure (88, 90).
fees A au moins 980C. 4. Proced6 selon la revendication 1, dans lequel
6. Proced6 selon la revendication 5, caracterise les anneaux (34) sont
empeches d'effectuer tout    5    en ce qu'il comprend 1'4tape qui consiste
A chauf- mouvement vertical.                                   fer
graduellement les bandes jusqu'b 980C, tout 5. Procede selon la
revendication 1, dans lequel    d'abord a 870TC, puis A 925SC et, enfin, a
980C. la chemise est realisee en un alliage de nickel 10 15 20 25 30 35 40
45 50 55 60 65 7    


