SYSTEMATI C COLD WORKI NG OF WELDS BACKGROUND OF THE

| NVENTI ON This invention relates generally to a

wel di ng nethod and nore particularly to a nmethod of
systematically cold working parts undergoing a weld
repair. Many devices include netallic conponents which

are conpl ex an j nents
becone dam&gﬁmﬁaﬁi@) W‘SMH ever
possible to repair these conponents instead of
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. softens and flows, formng a weld puddle. Afiller
mayg aRqYle cagings whickeinclude fesfues fishae mouptingiflenggs pndhbolt holes.
j . he LS repoved the weld
it HeSrmie sifenniofiF ibedice 1R e RGPy oS08t of o fow
thawanddiofas &tchon process there is a substantial anpunt
of contraction shrinkage, and the weld is left in a

state of resjdual tensile stress. This can lead to
Weld sepairs gregfelkkmewindn theprigeart. Thaydgere sspseialyusssd fowtherepairing

j | | res on the conmponent. The.
or SRR Bl SR SR SBR[ o
wehRdestsdrablgs] YDong 8 Ridl@lréfang a pdHion WElabompPohbmti§ heated, for
distortion, and on the cost of tooling and | abor
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restrai ned area conpensates for weld stresses which

solighfiension pracessithern is aamhstansinh rmbwef of derftoactidnt sheiskagegandiiegtveld
is 10 I SRR D R SRAMIUERs YRR oAP1eRE R 3 o iceld itself, and

also causes weld distortion in nearby features on the component.

The economic feasibility of weld repairing components is based largely on controlling
this weld initiated distortion, and on the cost of tooling and labor required to restore the
distorted components to an acceptable condition. Prior art methods of controlling
distortion include restrainment fixtures, which over-restrain the desired feature, The over-
restrained area compensates for weld stresses which cause distortion. Any remaining
deformities are then corrected by techniques such as restrained heat treatment, metal

| spray buildup, and machining.

However, even with these techniques, many components require that features be replaced
1 _
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spray buil dup, and machi ni ng. However, even with these
t echni ques, many conponents require that features be
replaced 1 because of uncontrollable weld repair
techni ques or excessive restoration costs.

Accordingly, there is a need for a nethod of wel ding

TR o R b b oA o cors.

above-nentioned need is nmet by the present invention,
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wel di ng_a conponent, including the steps of. selecting.

digepgprpl integxityi n the part, the weld area being | ocated
near a feature of interest; applying a first weld to a
' (oY== N erein solidification of
B%#$W¥A§e%@£®§§%%i on of the feature froma
desired position; and cold working the first weld so
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postidresiithgeld agef abbreimsdlidehiaaomonde first Wi sRkeCdevimion @f the
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featureidrone p detirpdpositiongandeenld wardng the fitieweld se s taigrpaicplastic
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thdagdtion islefledsopirtialy fRefed.n and to extrude materi al
outward fromthe first tack weld and at | east

partially reverse the deviation; appbging at | east one
Acgoriing, tne prothacaepedienidhe duveantiones arsthodafoy repritinguer ompynent
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fedtié @ riterostNEIp1ARe B Evdt tatkARd18 tOD theltéfdet Hefdik thel fitst thek weld
foll ow ng description taken in conjunction with the

cayses detpatiopiof thedeatwicrtpn » denired ppsitiow cold warkiga the firstitackaveld to
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weld and at least partially reverse the deviation; applying at least one subsequent tack

weld to the defect; and cold working each subsequent tack weld after the subsequent tack

weld is applied.

- BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be best understood by reference to the following description taken in

- conjunction with the accompanying drawing figures in which:

Figure 1 is a perspective view of a component having a defect to be repaired,;

Figure 2 is a partial cross-sectional view of a the component of Figure 1 with a weld

disposed therein;

Figure 3 is a top view of a portion of the component of Figure 2; .
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Figure 2 is a partial cross-sectional view of a the
conponent of Figure 1 with a weld disposed therein;
Figure 3 is a top view of a portion of the conponent
of Figure 2; Figure 4 is front view of a portion of
the conponent of Figure 3; Figure 5 is a top view of a

iR Qigif Bl vibHal S ARG Llpumnintel R 0 A0

partial cross-sectional view of the conmponent of

Fifnhrg 81 €a thp 3 WS A drflorfoffhiéSotmponefit df 8dudd NMIRStr&ing an exemplary

.....cold-working operation thereupon; Figure 7 is a
tagkawelding sequsmse;sect i onal vi ew of the conponent of
Figure 1 at the beginning of a col d-working
T | on,: «FLagure 8 IS . tial cr cti.onal vi.ew
FigRe A Biltial shabtsBesfonn By B e R RSB A i bres
foﬂ?&fcﬁtﬁliirigrﬁ cﬁﬂwfﬁing opérafloPfhetdupbn;Cr 0ss- sectional view
of the conponent o igure 1 after conpletion of a
.col d-worki.ng operation; Figure 10 is a top view of a
Figge ¢ irpastial Crassseftisaplanew @?thﬁpfgnp@eyt ofiHiguye A at thp hegipning of
1 jng sequence; Figure 11 is a top view of
ag&ﬁgo@ r?fgéo@?ﬂagh%,t her conmponent having a defect to be
repaired; Figure 12 is a view taken along |ines 12-12
Figire Biigumartibl crosi-gettiendl3i¢ws ofl tHeQfpmpoaentaff Rifiere d adipingendold-
" of. Figure 11 after a preparation step has been
workiggloperaHonF gure 14 is a view taken along |ines 14-14
of Figure 13; Figure 15 is a top view of the conponent

- i . i | Lus i [ I.di_nQ,:
el AUl gL B0 A AR ARY) o onor
a cofd-wortkiigeopkbatidn, gure 17 is a top view of the conponent

of Figure 11, illustrating an exenplary wel ding

.S€ nce, . . . . .
Flgurg 1s a top view of a portion of the component of Figure 1 illustrating an

exemplary welding sequence;
Figure 11 is a top view of a portion of another component having a defect to be repaired;
Figure 12 is a view taken along lines 12-12 of Figure 11;

Figure 13 is a top view of the component of Figure 11 after a preparation step has been

completed;
Figure 14 is a view taken along lines 14-14 of Figure 13;

Figure 15 is a top view of the component of Figure 11 illustrating an exemplary tack

welding sequence;
Figure 16 is a view taken along lines 16-16 of Figure 15;

Figure 17 is a top view of the component of Figure 11, illustrating an exemplary welding

sequence;




3 Figure 18 is a view taken along |lines 18-18 of
Figure 12; Figure 19 is a top view of another
conmponent having a defect to be repaired; Figure 20
is a view taken along |ines 20-20 of Figure 19; Figure
21 is a top view of the conponent of Figure 19,

dllystratin n exenpl ar | di.n equence; and
Figgyrg 8 o8 ShiepoEeh A okl Mg B A2S 125 55 of Fi qur e
21. DETAI LED DESCRI PTION OF THE | NVENTI ON Referring to
Fif i€ 195:20M0pSsewoeafitherico@pbhdihaViff 8 86BN TRl Rk d;
....denote the same el enents” throughout the various =
views, Figure 1 illustrates an_exenBI ary conponent 10
Figyge B8 is ¢ wigwi takan, along lines 20120 pdHigured%exanpl e t he
conmponent 10 is a conbustion casing for a gas turbine
. hihe, Lfowill nder d. that th thod ;-
Fif PR fra R YRt ool S KL, B lhpn i) Wil ding
seQipQnradt that is capable of being welded. The net hod
may al so be used to upgrade existing conponents or
.construct, new conponents. The case 10 has a generally
Figure 22 dr 4 vigy talean aleng lines 2222 4 dfigirgdheral |y cyli ndri cal
forward section 14 connected by a tapered section 16.

' ' ' f 18 t ends
D O A eet o 14, The

casing 10 has a representative defect 20 disposed in
Refdreing tarthaddwiggstwieneid dlentenl reférencefmmmeea] ddehbiatigesarh8 elehrents

this rticul ar exanple the defect 20 takes the form
thrgpghont S 1O Vieytsu §iguithi fusizgcs AR SXFRPIENA | PPPERFEH JgHo be

reﬂaﬁ@d.t | &l% @ﬁ?s%raféﬁ e&g}ﬁpl%"%ﬁé fkﬁn enﬁT ﬂ]eis 'E%H'@%tgn éagi?ﬁ for a gas
present invention IS equa appli1cable to any otHer

turkinednginediedvesier ittwill e amderd@od epaiticatiethby oftlediresgnt iauaition
as cracks, or holes. Such a defect 20 can be repaired

m@jﬁe@ﬁ%wh gacaspangnt th ingappbleogbeingwelded) Themghpd mayglso
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gepdlly ofliddrealc aiisetioh012 an@ W 8éncallyScylideicdl forvadt dedtién 14
the effects of a weld repair conducted with Erior art
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arcUh 8 M EHoREnd SPOR G Recfibh g materi al

- The casing 10 has a representative defect 20 disposed in the forward section 14 near the
forward flange 18. In this particular example the defect 20 takes the form of an exterior
gouge which extends partially through the thickness of the casing 10. The method of the
present invention is equally applicable to any other kind of defect which can be repaired
- by welding, such as cracks or holes. Such a defect 20 can be repaired by creating a build
up of filler material larger than the defect and then removing the excess material so that

- the external surface matches the surrounding part of the casing 10.

Figures 2, 3, and 4 illustrate the effects of a weld repair conducted with prior art
techniques. In these Figures, a weld 22 has been created by depositing a filler material
into the defect 20. Upon cooling after application, the weld 22 contracts, creating
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into the defect 20. Upon cooling after application,
the weld 22 contracts, creating 4 residual tensile
stresses and distorting nearby features in all three
pri nci pal directions. In effect, these features are
"pul l ed" towards the center of the weld 22. The

rd., fl d t ted di
regfal ol SRORS pndidis oBinashity Sk i freb pripsies diredigs. In
effebf) BRsd feafit@UrEPHuded IowaRE e cehlie o BRI GRRI ﬂf THeF5RFdl Bnge

is'greatly exaggerated in these Figures for

181 Higoirted in apealpwlmhsaad cirtlonfeyential directiopoaesibwalic by #e dashed

the forward fla Iy has an ccetable
ln e R % PG Pl %ﬁ% yAI%PO‘F“é% It Besal% fearerasnd igfhose
t S
Figledtor #S‘%f*a?%ﬁ%%%%gﬂ*{%"%%uﬁﬁf‘sﬁ%&’MEh ® t&lﬁ S Ao 18
tymoaly-Hasab ataepﬁbleainﬂbmom erierandedsf onty a feiv thogsahéths of &n inch,
tresses therejn. Howey t hese processes not hj ng .
anl §0 AdSieBYRY's | aEopR R, istaptioniian serder the canoe ﬁ@ wusagi?e%t is
kn@@vﬁ?@?&t—h@é@%r ﬁrp%&& defis @? LRGN dif sﬁ'@é E&h@re‘ﬁ‘?l However,
repait 1s conpleted” In small steps,
thale prazessendo aathivedo bgstora tie cvaipebnest dimeesi@sd t hr ough a
cold working process before the next weld is
ted. Figure 5. illustrates this t hod as .applie
Acgghy B s hgvesienabadesarmedqdyn phichavel] repyr Rambleted
in SR St (0 SRR by A, WO ool hRAfEh 3014 wprking
praoeessbef@6 theanex trgreld i§ conspleted nBighR2S ﬂhustraieﬁhrsmnihcﬁmt applied to

(0,3 6EFIBBACY AMPYanGTy SRBHCHp W caoins | infbncaing 06 etudes a
ey RGP b SRR 15 2l e ARRLL 0P| O eRared B8ty

e optional ition o mat eri a
end 122 ant e sedohé end 124 ardigpokedon viid dasing 180 dThe eirmOfwedd aiea” is
sort uch as a crack, .dent, gouge, or the |jke, which
erbasmerally toyreter; gy ec 1 S is %‘a&rﬁd o caepte Fweld by appliggtign of

he fgitﬁ ﬁleDJ Q%ﬁ%%dhﬁmﬁ %{ E "ﬁ@&eﬁl ateriBl, SRSt fngtﬁ%&@ ﬂ%x\gglngl%lé(?a 120

procedur es

will be a\defedt diseme 331, siroly asxecradly *djeﬂt(; t@rel @ thdleies, Qihhcm{eeds to be
mechani cal ¢l eani ng to renove grease, oils, and

joines tepefherpidilled.. Tha firstréeneefdbe lyrocqsmis touragerly pegparzdhargld area
: 128 ?n g{:c%? ? vaf?ltlgl%w r%Féd?lr dF(J)r gmﬁfé ggcegl %a 120 may be

["'ow ‘acces ul p and

sulﬁ@dft& {o chethital oxﬁﬁé&hﬁl@&llc%nﬁc@t@ remﬁfv*e%feaﬁé’l Qil¥Rhd forSign matter.
prepared, a first tack weld 126 is applied ‘to the weld
If Imcgsgaqyz@e weld aeea 120 may be ground or otherwise formed into an acceptable

shape to allow access for the welding equipment and to permit a full-penetration weld.

After the weld is prepared, a first tack weld 126 is applied to the weld area 120. Asis
known in the art, a "tack weld" is a small area of a part which is fusion-welded by a brief
application of welding heat and optionally, a filler material. Any known welding
processes may be used to produce the first tack weld 126. One example of a suitable
process is tungsten inert gas (TIG) welding. The purpose the first tack weld 126 is to
quickly create a join, thus using the least amount of heat input and minimizing distortion.

The first tack weld 126 is preferably applied substantiéliy at the center of the weld area
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known in the art, a "tack weld" is a small area of a
part which is fusion-welded by a brief application of
wel di ng heat and optionally, a filler material. Any
known wel ding processes may be used to produce the
first tack weld 126. One exanple of a suitable

ro i,S Lungsten inert gas (TG | di ng. e
1283 5% eal ] Riqplen sl robich Fetab Ve it red Eende
a join, thus using the | east anobunt of heat input and
A4YhB bt ZicR el BIadobisid solldified, ithudtlerbaédsigiifichnl éfhtdadtion. This
______________________________________________ preferably applied substantially at the center of the
capges desaduah topsii@giress in At thred pringpalidingctions ofithe oatarieh which is
S trigcal .relative to.the weld area 120 t.he .
oo R 5 et (RS iEalso ARASAREL By AHEE L, 4%, gt
difeb@dtisfih @RTbrwRAlhAsd 1®). This causes residual tensile
stress in all three principal directions of the

material, which is observed as deviation &i.e.
The st taek weld B2t is dhon ¢ohd-awoidedd, to mestivralits initigl dimensions. Figure 6

cl.rcunferential, . directio in.the rward f| ange 118.
iR TS 128 ity P5esenBtv i Sibfeadfhes 4on Saoropie e
firbtitacld Weldi Bl6. ArHEBRE4sONS. cdnhyiH4ESLa Gendrall S LshAp &SblyA3OIRving
128 which is representative of a suitable neans for
spaestdipesd ficstrapdtseeond endst 132awid 1. dThe Girst Eind 132dws allRgiraulic

j [y ,C d.b 3Q havi. .
R3¢ FaPrcr P afef e dRRE" arad 12820 tipohnter 19 garries a
relbfively sRAN thtdntBap e bRl 140 aCivd sROER rl:ﬁ@i_v@lé' N BWRon-

type attached thereto. A rod 138 of the cylinder 136
shared seeend anvit d42isiattetheddorttel secdndtend of thedodst 180 pEthe prass 128.

140 at..it ..Arelatiyel I 1., buttop- shaped
ki i da'h CSLEA Rl SRl B B S o
pr&gieized 39dakliE MRiP RS0, 1%8h as Tﬂi‘@snjﬁﬁéﬁ;ﬁ?ﬂoﬂ ¢4 ks PAF 1466ind

is connécted to an appropriate nean r delivering a

-coftr@dwabfk 14psksgmr i zed hydraulic fluid thereto, such as
illustrated punp 144, reservoir 146, and contro

val ve, 148 shown. The press. 128 is_.onl e exanpl e of
THEBIGHT 128 0TDa0 kPl SO eI kTR G BB oRk npocss. Any
dedi8Y WhRkh Wi M@Plﬁms néoﬁg{%%&i@@fo&c@ana SOBLESR t/ e WeldGiea 120
and col d- K to the weld area 120 may be used. The

maydledisedbr ki ng process is illustrated in Figures 7, 8,
and 9. In these Figures, the

The cold-working process is illustrated in Figures 7, 8, and 9. In these Figures, the
desired position of the forward flange 118 (in most cases is its original position) is shown
in dashed lines, while the actual position is shown in solid lines. The cold work step is
carried out by positioning the press 128 so that the first and second anvils 140 and 142
- are collinear and are aligned with the first tack weld 126 (see Figure 7). As shown in
Figure 8, the cylinder 136 is then actuated to bring the anvils 140 and 142 together on
- opposite sides of the first tack weld 126 and compress it. Sufficient pressure is applied to
significantly compress and cold work the first tack weld 126. The tensile stresses in the
first tack weld 126 are relieved, putting it in a state of residual compressive stress.
Material is forced together and extruded outward from the center of the first tack weld

126, as shown by the arrows "F". In essence, the distortion caused by the weld
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desired position of the forward flange 118 (i n nost
cases is its original position) is shown in dashed
lines, while the actual position is shown in solid
lines. The cold work step is carried out by
positioning the press 128 so that the first and second

s e e AL BT 2 P
méveBHcR t(ﬁvarﬂbﬁeﬁlbﬁgﬁ%ﬁgosit%, feﬁzeﬁsh‘?g"lh@@éﬁﬁi(ﬁﬁh&@oi? hd Mdwn by

the anvils 140 an together on opposite sides of
__the preows 1At Whektheeld-wabingpioasssip cempletd, theSirfifand senond anvils
re e is applied.to .significantly conpress and .
1455 T4 e e R G i e P GO RT o B P Hoed untlthe
fofhdr@ faRSe 118 it Rethededindd godfibn el d 126 are relieved,
putting it in a state of residual conpressive stress.
Material is forced together and extruded outward from
Progess eantriobef the calgavdrking pracadiuee waly e implemented Biaoummblosof ways.
t he.arro "K' l1p.essence, the distortion caused
I phEie i e ofip rkinE3fepo oot Gpg il orh iy S43a8eaty. he
an¥i@ 81z0 ¥indl @RAP! Brafitke Bf 8inprB&idi0 sP&ahfdndN IfovbARnt nd applied
nove back towards their original position, reversing
preshere greayi adk beovaried cR athér, tharsattenyptinglsy detetraina thicowsrettyparameters

a7 SRS HRL 6 BoPORGT S5 A2 8Bt Fhpe el of
co{ﬁEgﬁ’én@ flure. Th§ e AhPWRI KRB m%,s%e bSvig@oH d FAETrd Plhnge

forward flange 118 is in the desired position.
11®irperesy nparn diredtions nak be obiervadoand theg cld voakling erovegurb enay be
i opl enme d.in a nunber ofways. In performng .the
coifgd faPIR gegpn Sred cgblaata.Rg afpls?s&mgfl@ wﬂ{aaﬁllywable
tol6faRéds! Yhis!Bthod BY b(lmtlf%l #Ein@sksTheBom Q:Hft_ﬁbf g n?éasu ement and
conpression, speed of anvi nnvenen?, and app od

alspmeissuizes amyadditionberewark eduiréhtohgt tlienfanwatitfianpé | Iybdck to a

det.erni.ne e correct paraneters directly, the
desitedpsitiony 1!‘1158“%98%&1% ‘?f‘PF‘é@?SH%FnS ahbpgause the Zesglissran be observed

R P PR o B, RopRR R IR R, ol it a Sl SLARRRntf Bops o
avdid 8vemshanimgahe desired edsukect i ons nmay be observed, and the

col d working procedure may be continued until the
or .at | east

PO AR R R NI R TR AT B
in Bk Rhiflk ARk tﬁé’gﬁ't Xk WeiPl 24, *%efé%?# IRk WAPP50 is
Itronal rewor

m nimzes any ad requi'red to get the
applzdwas thehfiangprddbatehdial fvaydetween the first tack weld 126 and the first

end 122 of the weld area 120. After the second tack weld 150 solidifies, it is cold-worked

it the manner described above.

These steps of tack-welding followed by cold-working are repeated in sequence until the
entire weld area 120 is sufficiently "tacked" to stabilize it during a subsequent welding
process. The number and spacing of tack welds applied to the weld area 120 is
determined in accordance with known procedures. in the illustrated example first,
second, third, fourth, and fifth tack welds, labeled 126, 150, 152, 154, and 156,

respectively, are spaced about 2.5 ¢m (1 inch) apart, and are applied in an alternating
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desired position. This process is especially
beneficial because the results can be observed
directly, and if necessary the process can be carried
out in a series of increnmental steps to avoid
overshooting the desired results. After the first

sl R0 154 Scs O O o AR % BB
diétaglonieihikdfed JRH SAEEARMOKTHE Prot86a8 Hede sdquivell & 50rd Hore

.applied to a location approximtely hal fway between
_ digtpgionithas thetaseatedehyor singeaveld.t he first end 122 of the
wel d area 120. After the second tack weld 150

lidifi i, i.s cold- ked,,it t A r _d r.i bed
ABRDE il Sty oF oSBpISTHE Hsigichey P57 PO Rt S
in€reméntdO Ik kéi@rad @ck GRRP&:@chds 'b.eﬁw;%éﬁ@@f‘gﬁbéiﬁﬁékﬂacﬁ fe8lds. Figure 10
entire weld area 120 is sufficiently "tacked" to

shewa birgti seeond; thiwdy preyfoarth esemplasnwelde labicled 15pr e d€2, amAd 64,

re Ve, SR GG B i < o en e miPndrcfepctoed above
relafi @€ sl teack wrldsheThik | segidnat o vﬁa@fﬂglfsnéwé@gy colIew 8kng is
third, fourth, and fifth tack welds, |abeled 126, 150,

repegted unglhthe derired 61d coveragetstackieved. Awrwitlstha toeki walds this pragess

. cm(1 inc apart., and are ied in.an alternating 7.

is St o B rERTG t BomBo B RED b Grea N pune e bSgending

upBY tiSteqSirdhénts SEMYPRARRUNE aphBRTion, B Wl kic®N20 Snay be totally
m nim zed and the col d-working process i s never

bondefl, pr sethetpsraestagofees thatr WO ey be coveradh Imtht Hhastraederasgle of

» Bt ikl b bt e o

increnents. In general, each weld extends between
If AR88 R drAGakt@F kh/@LRAS 105 1R HhB-trSAQ B tHcShelding and cold
second, third, and fourth exenplary wel ds | abel ed 158,
- workidg niegind agdelsctibad above syl biretaling thabemafit ofithh coldvebrking. To
solidifies, it.is gold rked.in the manper described .
SRR neeSFiny. D Pripe R Sugdi ) el ey Baid: B aed pechining
| ebafiedio bR WRA0RYar§ Alafed'Pral i | | until
nu?ﬁt desired meldocggerag% 'S 5%%?23% .éﬁs £§h the
‘tack welds, this process is never required to restore
Figtirest ldr- 16 Blustmase endtherrexemplancrepair prbcbss witlsrengacetose combustion

De i .upan the requjr nts of the particul ar
casgih 1By Stietiat Sl S B e gaOrnpl i Has¥ generaly
cylindrical forward section 214. A radially upstanding forward flange 218 extends
- around the front end of the forward section 214. In this example, the casing 210 has a
crack 266 extending through the thickness of the casing 210 disposed in the forward

section 214 near the forward flange 218, as shown in Figures 11 and 12.

The first step of the process is to properly prepare the area around the crack 266 in
accordance with known procedures. For example, the crack 266 may be subjected to
chemical or mechanical cleaning to remove grease, oils, and foreign matter. The crack
266 is completely ground out or otherwise removed, and a narrow kerf 268, for example
about 1.5 mm (0.060 in.) wide, is cut at the former crack location. The prepared weld

area is shown in Figures 13 and 14. Depending on the thickness of the casing 210, a
8




bonded, or sonme percentage | ess that 100% nmay be
covered. In the illustrated exanple of a "build-up”
type repair, 100% coverage woul d generally be used. If
desired, all or a part of the casing 100 maybe
heat-treated after the welding and cold morking

enef

R B0 oy P e B

~W@d@b&ﬁ@ﬂah procedures such as net al spray bUI|d up and
machining may be carried out on the forward flange

... 118 using known techniques. Figures 11-16 illustrate
Aﬁ%h?@smé%éﬁtﬂ raeRareds p a¢micsof decksrecldd 278, showpen Figupesd 5 and 16,

t 10 whi S a sim,l ar.
s AP oBhen TSR0 A S R B Ay g2 S WD im an
ah@ﬁiahﬁgiédqﬁaicefraaﬁw@ tifehicPBf the Berf 264, @tkha hlayintHAS§ABEA Sdve.
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0.h t end h
RSt RS 210 TP LI i et lod sl e e 4. s
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and 12. The first step of the process is tdo properly

m%ﬂ@pmeet aflagomperent fagtimel Foh example le d24 Gaval indigat 2dh ofaknown
d 266
o DR BB 58 o SR i ot 35K e e

“@ﬂgmg%gxgm@@se 0|Is and foreign matter. The crack
266 is conpletely ground out or ot herwi se renoved, and
a narrow kerf 268, for exa about 1.5 nm (0. 060
Afies fhe tapkiwelding is gemplete; the ke Zﬁéns ﬁnilao\tcldedaasmaﬂ incTé¢raents. In

r par is sho in Fl
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seﬁﬁ‘ﬁ'&@rﬁﬁﬁrﬁkzﬁés S ecdDy® %f%r%h@ﬁﬂélﬂ Eolﬂﬁﬁ@safths &)1 §opled in the
the crack 'l ocation, to ensure wel d” penetrat i on.
maiherdesctibed als:vngremme ite tier elphwmlds 273 efThissseghercaodf welding
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foll et ol G RS Ractb s i dRged Seld saFmes Rahigved] As
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center of tRhe int manner descri bed above.
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tqQ restore the. pre- vveld I mensi ons of t casing, .
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Figures 19-22 illustrate yet another exemplary repair process. In the illustrated example,

a combustion casing 310 is substantially similar to the casing 210 and has a generally
cylindrical forward section 314. A radially upstanding forward flange 318 extends
around the front end of the forward section 314. In this example, the casing 310 has a
damaged area 366 such as a gouge disposed in the forward section 314 near the forward

- flange 318.

Optionally the damaged area 366 may be cold worked in a known manner to restore it
close to its original form and dimensions. Next, the area around the damaged area 366 is
prepared in accordance with known procedures. For example, the damaged area 366

may be subjected to chemical or mechanical cleaning to remove grease, oils, and foreign

9




descri bed above. The col d-wor ki ng process may be
control |l ed by observation and/or neasurenent of a
conmponent feature. For exanple, a dial travel

i ndi cator 274 of a known type nay be used to neasure
the position of the forward flange 218 during the

e B A R BB e S Gl B Sl mteria
antl PE6\BE® A ufiifornh baRSRL b Held APER. KB lafn@¥t &@&iﬁnﬁgtﬂe@%o, only a

nei ghboring tack welds. Figures 17 and 18 show
__ postéareqfaihielk enghomnyingutes 1 tiyel 20 ioTgachad teethe dervtardvihnge 318

oL 3o, T bimbRt RIS bR SIS TR St L e
rotRIndisnBiring Ghd R¥RGepiir. col d working is repeated until
the desired weld coverage is achieved. As wth the

tack welds, this process is never required to restore
Afgr dhegasing 3 1 risy ereparedh atsgries ofcadalheektenyding wickdg 522 weslagiplied to

Mce t | di ng. d- Ki j lete, th
- 08 he 15 bR OE i lainB 16 e SR Fpiena) end 22
EaShl GR1B$7N8aihtiy oR8il AR he alidcdnt WeRi B@NnRiRTull ChOMARS In the
19-22 illustrate yet another exenplary repair process.

illystrated exahplgsactaweld beadid ie abowd 5 conBis.) lomg andisbavg2 31am (0.1
. is. tiall i t 0. [ 21 d h

in iy A5 Sorsird Wt 2% oinfisnof el S0 om0 reivefhepre-
weldifg anRfdmifbnk R EhsirodI0e f3 8 amplonelsy tRMRERA 28hBustrated in

front end of the forward section 314." Inthis exanple,
Figute6 etbé mgnarGlesraibed abamniibechldivenkidg preessmasheaogivoityd by
bdis osed .in the for r{JI section 4ne§r theforvvarfl
obFrYtgE Sier TRERSPIANT 9T £ 1@ @aRSH deptuice Ko gtmpls, pdial travel
ind@ltsk IS ﬂllldnﬁ’n ﬂﬁ% g% ¢ WEINE e Qurk &N% X Ei@itohbf the s Seird flange

its original fo di nmensi ons. e area

318 doumgithe lvel ddwodkgerpracetard66 is prepared in accordance
wi th known procedures. For exanple, the damaged area

366 may he subjected.to chem cal .or nechani.cal .
TS BT of e i é’é’f’ﬁo‘f’? g aeﬂea’fegitﬁlﬂf% desired weld
coVERbdeSs achit\RdIBNBORE cAliRAUanBBed fref mis%ah%d P PLaRhiRib ring

to Tenove any foreign materia and provi dé a unifor
320 mgembvad. Anypebmamepaixial déviatbimmudydre reraetaddiyfuntoer cold grorking.

320, only a portion . of which is shown in Figures, 19
Ongs gi%&f% R @TEGE PRl iheiha CRMAR gd0 33y be subjected to
additional procedures such as heat treatment and finish machining. The method described
- above may be used with many different types of components and defects therein. The
tooling requirements for this process are minimal, Aside from any fixturing required to
apply the welds, the only tooling or fixtures required is the press 128 or equivalent tool
for cold-work, and any adapters or other tooling required reach the location of the weld.
The ability of the present invention to restore geometric features extremely close to their
desired positions minimizes, and potentially eliminates, costly subsequent procedures

such as metal spray build up and machining, and the shop time associated therewith.

The foregoing has described a method for systematically creating weld repairs. While

specific embodiments of the present invention have been described, it will be apparent to
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with fasteners 322. The purpose of the restraining
ring 320 is to naintain the casing's roundness during
the weld repair. After the casing 310 is prepared, a
series of axially-extending welds 372 are applied to

t he casing 310 at the | ocation of the damaged area

366 1 d . 22. 37 .
gt R R AR o S RS isreto s7 R gl deparcng
fréiR VIRS spaf-andl Be %f tHe |1ﬁ\}é§f161@t&éi:o?éﬁﬁ lt8e ﬁﬁ@%ﬁ féﬂl%c of the

372 i S about in | ong an about

__brefierred einbledimant cé‘rth@evmhah anétlmbeﬁ'mochrfa pxp;piicu@he i]iheylon are

oo B Prec A h Sl e B PSRRI e
miréﬂtilelﬁ‘béﬁ‘l %ﬁhé&bﬂh@%faﬁn@ in the manner descri bed

above. e col d-'working process may be control |l ed by
observatlon and/ or neasurenent of a conponent feature.
For exanple, a dial travel indicator 374 of a known

type may be used to neasure the position of the
forward flange 318 during the col d-worki ng procedure.
Thi s sequence of welding followed by cold working is
repeated until the desired weld coverage is achieved.
Once the entire damaged area 366 is wel ded, the
restraining ring 320 is renoved. Any renmaining axia
devi ati on maybe renoved by further cold working. Once
the wel ding and col d-working is conplete, the casing
210 may be subjected to additional procedures such as
heat treatnent and finish machini ng. The net hod

descri bed above may be used with nmany different types
of components and defects therein. The tooling
requirenents for this process are mnimal. Aside from
any fixturing required to apply the welds, the only
tooling or fixtures required is the press 128 or

equi val ent tool for cold-work, and any adapters or
other tooling required reach the | ocation of the weld.
The ability of the present invention to restore
geonetric features extrenely close to their desired
positions mnimzes, and potentially elim nates,
costly subsequent procedures such as netal spray
bui I d up and machi ning, and the shop tine associ ated
therewith. The foregoi ng has described a nethod for
systematically creating weld repairs. Wile specific
enbodi nents of the present invention have been
described, it will be apparent to
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10 those skilled in the art that various nodifications

thereto can be nmade w thout departing fromthe spirit

and scope of the invention. Accordingly, the foregoing

description of the preferred enbodi nent of the

i nvention and the best node for practicing the
C#&ﬁﬁg}ion are provided for the purpose of

i tration only and not for the purpose of

limtation, the invention being defined by the

claims. 11 CLAIMS: 1. A nethod for welding a

12?%%%@%‘3‘,’%8%%?%' ngp%lqmc;ﬁﬁéﬂ%@%&%tggeg \r/1v:|a(rj L

feature of interest; applying a first weld to a

sel@:@_ﬁﬁg' @wemfaréﬁh@amqiaﬁ, sHi¢ &r,eld/\d}@a_f Eéiﬁlg Eﬁhﬂe_&i hédrgaeatgre of
said first weld causes deviation of said feature from

a desired position; and cold working said first weld
ofderest; t o i npart plastic deformation therein to a
degree that material is extruded outward from said

. Y Lo . : _ oLl
oot 15 ot XL AR TR e R ol
weld phugeadevintivn of sald fednste tions a desikd pogidon;ainda, wherein
solidification of said second weld causes deviation
of said feature froma desired position; and cold

wor ki ng said second weld so as to inpart plastic
j [ -t R [
col SR LRIVALELR0 5% B8y 1 Bl s
maleydl i éxordedodivatdRsm sajdairtt wdll yandexidrdeedtioBis al kst partially
nmet hod of claim 2 wherein said second weld is applied
revessedai d wel d area between said first weld and a first
end of said weld area. 4. The nethod of claim2

2. SRR R FORLST Rthier cARMiPY Subsequent wel ds and

applying a second weld to said damaged area, wherein solidification of said second weld

causes deviation of said feature from a desired position; and

cold working said second weld so as to impart plastic deformation therein to a degree that
~material is extruded outward from said second weld, and said deviation is at least

partially reversed.

| 3. The method of claim 2 wherein said second wéld is applied to said weld area between

said first weld and a first end of said weld area.

4. The method of claim 2 further comprising :

applying subsequent welds and

cold working eacil weld area after each subsequent weld is applied; and

repeating said steps of weld application and cold working until a selected degree of weld

coverage is completed.
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col d working each weld area after each subsequent weld
is applied; and repeating said steps of weld
application and cold working until a sel ected degree
of weld coverage is conpleted. 12 5. The nethod of
claim4 wherein each of said welds is applied in an

A I R R T AL

reldBid {o0f deRr SRLL deM #Ld on; and continuing col d working
said first weld until said deviation is substantially

.elimnated, 7. The nmethod of claim1 further
6. i Thelnetherhof dlani t &rtheyinshidihgievi at i on; and
incrementally cold working said first weld until said
deviation s substantially elimnated. 8. The nethod
m%r?togﬁgﬁ%gﬂe%tz?%iaﬁgsai d feature is a flange. 9. The
nmet hod of claim1 further including heat-treating said

coftiReNeNd watlifg s4ia ifiest eedl duntilGhidi dgiatisn estBhtahteallydiminated.
The method of claim1 further conprising applying a
sprgfvcébuild up to said feature after said cold

7. e moid & gl Sirier mghicing:

monitoring said deviation; and

incrementally cold working said first weld until said deviation is substantially eliminated.
8. The method of claim 1 wherein said feature is a flange.

9. The method of claim 1 further including heat-treating said component after said cold

working is complete,

10. The method of claim 1 further comprising applying a metal spray build up to said

feature after said cold working is complete.
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