| MPROVED | NSERT WELD REPAI R BACKGROUND OF THE | NVENTI ON [ 0001] The present

I nvention relates to the repair of turbine engine conponents, and in
particular to the repair of snmall diameter holes |ocated on the flange of a
part such as the forward i nner nozzle support. [0002] During operation of a
turbi ne engine, the forward inner nozzle -support can be danaged. Repairs
must be done to-the nicks and surface inperfections caused during nor mal
operation. One common repair is cracks that emanate fromthe small dianeter
holes on the front flange of the forward inner nozzle support. [0003] There
are many techni ques known in tHMPROVEDINSERT WELD REPJIR di aneter hol es,
such as bolt holes about 0.30" or greater in dianeter. As shown in FIG 1,

in one such prior art repair, [ on either side of
the radial center line RC of hgﬁéemog}k@%\;@ﬁa%I@ erial is then -
repl aced foooh) wedge 13' constThdlgiessht Qliventicil feldiaar oMk eepad ofSurbié dgine
material of the part bei ngggéeﬁ%ed V‘é@ge 13 %ont ii ns at | east two sides
17, 19 tliat are 'CQUPOREH(Sy _ cflagyy grage gigal ﬁ@mﬁﬁ’bpﬂl_é? locatpd on

remai ni ng geonet ry tuf f4ne ofepteEsuch & thdforwdrdl InnrdlozAi®sppéyt.r epai r, and the
remai ni ng mge(s) 21, can be_of varying _shapes and angles. This

appr oxi malQ90¢1 per pendi cul ar PB‘]%OHGE““P%%W ing epging, (e forpand 'Bﬂierr‘@ﬁ@?/ed base
material , the cor NQuyhl Ladbdidhlia0CRerdits nift B dbfie P AREnioRARRS bittuck o L 0N
the part. Wedge 13 i's surrounded by three runoff plates 27, 29, -and 31.

Addi tional ly, a badmeperipepiens ceuiedyiurine aered! pperaion. (QseAommonyfggair fsi qpecks
separate pi eces ar quf efiidie Gtk Shill BN RIEAALE o e b uRnidl OF
plates 27, 29, and 31 are attached by tack welds 33 prior to initiating the
repair. The nulti pmer nepglestppost at es 37, 29, and 31 are small and difficult

to assenb out wedge 13. [ 0 IS
wel ded i n("?"%‘face with wel dsﬂe?‘ﬁ%té]r%a!r“g ‘%%%ﬂﬁ ikﬂn‘évt"’gf‘{/thég‘qgié%"regéeég@r rﬁ’ro%]%?’t he
ori gi nal base mat ediaaieter hples,sich as bolt holes about 0.30” or greater in di_ameter, As shown

it FIG, 1, in one such prior art repair, an area on a linc about 45° on cither side
of the radial center liné RC of hole 11 is removed. This material is then

: ) fgﬁléced w1th W@dg_é?_ ISconstructedofa snmlar material as the base matenalof o
the part being repaired. Wedge 13 cbhtéiﬁs at .ieasf mo.s:id.és. 17, 19that ';%r;'.at.
approximately 90 degrees to one another. The remaining geometry of the wedge
. ié ;mt criﬁéal to the repair, and the remaining side(s) 21, can be of varying
shapes and angles. This é.pproximately perpendicular corner is inserted into the
" area of removed base material, the corner mating with edges 23, 25 of the base
material left on the part. Wedge 13 is surrounded by three runoff plates 27, 29,
and 31. Additionally, a backing plate may be used in the repair. Thus, five
separate pieces are required té initiate the repair. Wedge 13 and run off plates
27, 29, and 31 are attached by tack welds 33 prior to initiating the repair. The
multiple run off plates 37, 29, and 31 are small and difficult to assemble about

wedge 13. |

[0004] _ In the prior art repair, wedge 13 is welded into place with welds
" that are approximately 45 degrees from the original base material. In this
configuration, the welds move the weld material (the weld zone with depleted
material propérties) outboard of the highest stressed areas at the hole location,



configuration, the welds nove the weld material (the weld zone with depleted
mat eri al properties) outboard of the highest stressed areas at the hole

|l ocation. 2 This allows the raw naterial of the replacenment wedge (with.
base materials properties) to remain. in the highest stressed areas. The

hi ghest stressed areas surroundi ng the hole are |ocated. approxi mately 90
degrees fromone another. This repair workszwell for holes down to about
0.30 inches in dianmeter, but on snaller holes the wedge becones so snall
that the weld used to retain the wedge extends into the highest stressed
areas of the flange, Prior to this invention, repairs to smaller dianeter

holes (i.e., holes Rbisiagwa teq Bve materig of fhe gplagement wadge ((withs pasgrmatprigigge's
were viewed as bein f was
noeded. BRI EF SUNMAERY Sﬁﬁ%&%ﬁ%ﬂm@m%l]ésg%gaﬁeofehﬁbq{@eh%essw h‘%&

invention is a net hgaroyndipg ghe hqlﬁgfealﬁcateépﬁéptoﬁﬂ@@hao sagreeselam ot evathdrn a
part which is st a”‘i‘qxhl?é’pafr%ﬂ 8 R Fofds dé'{:giﬁv abgﬁfﬂbtlﬁclﬁghﬁﬁigﬂ&ma%u ert ure

in a base materi al erraterla IS renove create a weld seam
extends past an ar esmdferhmlgsﬂlsm@d)ememmdlﬂlﬂmhwidh@dttapmntthemedgm

I nsert of material. t r o] profile
of the base materiaf g@m%@ﬁgg&g%ég és%fﬁ &%gé)rftq@erg gdqgi%(r:%ngﬁnavle%innt op
and runoff plate thmpammemaﬂa‘slmndtdmholnmemr, holeéhavngerdlahetaraﬁamwoﬁd’éﬁt A
backing plate is i under neat h . conbi at p. and. r.unof | at e
and insert such EEPS% gfagg enar Xlgwgdn em%%%c?ém ?‘ﬁeé’alﬁg?f ‘fn ate

and the conbi nati onholad\a.iseleedudch prevents the conbi nat | on plate from

becom ng fused to the backing ri L dli ess. The insert is
wel ded to the base material, ar@hg%ﬁg%é%q’n f) ?Ig{}ﬂlglﬁlf ved. Excess

mat eri al i[gog8jnoved from t helhrdxaerembbdimembthaimveaﬁmatsed higthed o remidigngr a
profile essentially the s trofile af th erture prior to
initiating the repa?ffs”“’[e(?@ggflja?"t‘? 3%%"[?%? aé%@’ WB%EWFW&“F(%W? an

apparatus for use i fefects adjacent an aperture in a base material. The material is removed to

=

create a weld scam that extends past an area of high stress concentration on the
| + aperture.. An- 1nsert of matenal oontaunng a proﬁle that corresponds to the..
- profile of the base matenal removed adjacent- the aperture and a combination top g
and runoff plate that encompasses the insert of material are provided. A backing
plate is insérted underneath the combination top and runoff plate and insert such -
that there remains an air space between the backing plate and the combination
plate which jnrevents the combination plate from becoming fused to the backing
plate during a weidmg process. The insert is welded to the base material, and
the backing plate is removed. Excess material is removed from the insert to
obtain an apertur_e containing a profile essentially the same as the profile of the
aperture prior to initiating the repair. |
[oooe} | In another embodiment, the invention is an apparatus for use in
repairing a defect adjaéent an aperture in a first flange. The first flange is
parallel to a sscond flange. The apparatus has an insert of material that
corresponds to a;proﬁis of material removed proximate the aperture in the first
flange and a cdmbination top and runoff plate that encompasses the insert

material. The insert of material is fabricated from the original piece of material



repairing a defect adjacent an aperture in a first flange. The first flange
iIs parallel to a second flange. The apparatus has an insert of material
that corresponds to a profile of material renoved proximate the aperture in
the first flange and a conbination top and runoff plate that enconpasses
the insert material. The insert of material is fabricated fromthe origi nal
piece of material 3 ' that conprises the cogbination top and runoff plate.
The apparatus al so has a backing plate for placement between the second

fl ange and the conbination plate and insert. The backing plate is of a

t hi ckness that is less that the thickness between the first and second

fl anges. [0007] |n #mbtdmprisesrthe dombinttionttiye andvuasi¥ plate. i Fheapprithoslsohas a
repairing an apertyre.and adiacent defect erein e or re defects

proxi mate an apert ug%c @atf3"%BﬁaefﬁeP’g&ﬁ%Fﬁ%lw@8§8°°ﬁé&@P%?ﬂdgﬁm° patign, o
aperL ure in an are ‘pheped indert, Eﬁﬁ%&ﬁn@ﬂﬁﬁe&d maﬂiﬂc&ewmitgdﬁsstm%quﬁwgnds
to the arc shaped section,o e, bas material renoved is welded to the
base material. The ﬁ%‘l“’ae’%t&eﬁtsiﬁ}%*ﬁ?%ﬁgaﬂaﬁhh a single curved path. Next,
the insert[op@7]renpved t o Cr edhndihdr eRBbdiRentRE ivbiitRn iPd theBod b lepiifisl 4O
section that has*essentially the same dingnsions as the aperture and

sur r oundi ng-sectionaEﬁ“i“{?ra“Ei&dlaFFé‘tfi%%i eremase 8T Wevs defrsisiEexians 8HAPRERES ¢ he

invention is.a metheg ethovel Rt 8 Bamat@REplovinBiteARdaRathRGE BS adahgR! MY
removi ng one or nore defects in a base material adjacent an aperture; An

insert of material &5t soAwge a PRIy thpteoprpspends &p the eprotared section of the bagp 5

profile - of the -bageiBbabidlis WEIIRMS thedRbARaR all PR wad R LtbnBlisRAwitA- -
conbi nation plate that enconpasses the insert of is provided.... The insert
is . ... . . weldedsinglerered 298 ik thefnserisis rangygd do crasel agenslpdh aparigre pl at e,

and material is renpyeqd GESRAGEDE sdlSE s 36l oROTRINaR AnPluBdsioR: QDA N an

aperture and a -surrounding section with a profile wth essentially the sane
as that prior to i ppertueetand gurrdvading pestion priod o repwt.anot her enbodi nent, the

i nvention pgog} method of repgj bhdikk: @bodiment, the invention is a method of repairing an

aperture and adjacent defect by removing one or more defects in a base material

- -+ -adjacent an aperture: An-insert of material containing a profile that corresponds.
to a ’pr,df_ii’e “of-the -base material remove& .adjécéﬁf- the aperture,and .
combination plate that ehcorﬁpasses the insert of is provided. . The insert is .
welded to the base material is remdvéd and coribination plate, and miaterial is
removed from the insert and combination plate to obtain an aperture and a
surrounding section with a profile with essentially the same as that prior to
initiating the repair.

[0009] In another embodiment, the invention is a method of repairing an
aperture and adjacent defect in a flange. First, one or more defects adjacent an
aperture in a flange are-removed. An insert plug and a runoff plate are created
from a single piece of maicrial. The runoff plate encompasses the insert plug.
The runoff plate is tack welded to the existing base material of the flange, and
the insert plug is welded to the base material of the ﬂange' and runoff plate.
Finally, material from the insert plug and runoff plate are removed to obtain an
aperture and flange containing a profile essentially the same as the profile of the
aperture and flange prior to initiating the repair.



aperture and adjacent defect in a flange. First, one or nore defects

adj acent an aperture in a flange are -renoved. An insert plug and a runoff
plate are created froma single piece of material. The runoff plate
enconpasses the insert plug. The runoff plate is tack welded to the

exi sting base material of the flange, and the insert plug is welded to the
base material of the flange and runoff plate4 Finally, material fromthe
insert plug and runoff plate are renoved to obtain an aperture and flange
containing a profile essentially the sanme as the profile of the aperture

and flange prior to initiatin repair. 4 BRI EF DESCRI PTI ON OF THE
DRAW NGS [0010] FIG 1 is a p?%%ﬁ?i%f@fmg%%ﬁ@&%wéﬁﬁﬁ for a hole

utilizing {go1eredge and mul ti g, 1 4da @fah vitvebes prideOBilibbaiF FfPa I%o1d Btiling a
perspective view of a _forward inner nozzle support of a dual annular
conmbust or conf i gur atiedgs a9 multiplemngffpladesr e turbine. [0012]. FIG 2Ais a
magni fi catjpppqiof an area of thg PESRESEILVE vk aSh , t
illustrat i[gg a] crack at one of the afsl{‘);ggr"?ge bol t hgl e?&%%%é%?%ﬁﬂgﬁ?g a

pl an vi ew il | ustrat #dgel angddr sembusir seufiguration efpdrghpressans turking] ange. [ 0014]
FIG 4 is an view il lustnrggl /g ¥ . ved.

[ 0015] FI (?og]i s“a plan view i I%gt[S?aa{alg%ﬁ%ﬁ%Ip{’)%&r{{?%&;]‘kg@g?%rgﬁfﬁgnvé%‘?gfem)ved
and a parall el fl anthenofd@adporHillgsiraging & crackyitane ofi theflanigk belt hales. ng a

conbi nat i noff and top t . 71 .F -7.1s a

pl an vi ewo[lﬂpf%st rating a bi s?&létflisn?g%% a?&‘é‘%ﬂ?gtgﬁ%fegp%iﬂﬁ%}tﬁg%%#e ?)rf ate.
(0018] FIG 8 is a pllamgeview illustrating a backing plate placed bel ow t he

combi nat i %BoPi]at e and Insertpg 4isa plan view illustrating a portion of the flange to be

removed,
[0015] FIG. 5 is 2 plan view illustrating the portion of the flange
removed and a paralle] flange. '
. [0016] FIG. 6 is a plan view illustrating & combination runoff and top
- ~-platetacked totheflange. - - -~ . .o Ll
e- 0T} - -+ - - FIG.7 is-a-plan view illustrating a bisouit insert-tacked to-the.... -
' . combination. plate. : o - T -
- f[o018] -~ ." " .FIG.8isa plan view illistrating a backing plate placed below the - ...
combination plate and insert. o
[0019] FIG. 9 is a cross-sectional elevation view of the bolt hole repai;
apparatus for refabrication of the flange of the nozzle support illustrated in FIG.
7, |
foo20] FIG. 10 is a plan view illustrating a completed weld between the
insert, combination plate, and flange with the backing plate still in place. |
[0021] FIG. 11 is a plan view illustrating the completed weld with the
backing plate removed. '
[0022} - FIG. 12 is a plan view illustrating the completed weld with a

portion of the combination plate and insert removed.
f0023] FIG. 13 is a plan view illustrating the combination plate and
insert removed to produce the original flange profile.



[0019] FIG 9 is a cross-sectional elevation view of the bolt hole repair
apparatus for refabrication of the flange of the nozzle support illustrated
in FIG 7. [0020]' FIG 10 is a plan view illustrating a conpleted weld
between the insert, conbination plate, and flange with the backing plate
still in place. (0021] FIG {11 is a plan view illustrati.ng the conpleted
weld with the backing plate renoved. (0022]5 FIG 12 is a plan view
illustrating the conpleted weld with a portion of the conbination plate and
insert renoved. [0023] FIG 13 is a plan viewillustrating the conbination
pl ate and d'zrﬁert renoved to_produce the original flange profile. ( 5 r"
[0024] FI & i.s a plan vi eflG 11 it plag Viny iHuyseating ths completeisnair with e newt new
aperture in the fl apgfure FFRéIAdsE DESCRI PTION [0025] FIG 2 is a perspective
view of a forward inner nozzle support 10 of a dual annul ar conbustor (DAC
of a higher pressure turbine. The rPETAREDIEUSFPTHN contains a series of

smal | di a[UﬂtZQJ holes 12 ci rCFﬁ.Qriﬂ‘ﬂérﬁJeL%eW&q foﬁﬁ?ﬁnn&ﬁm%& ggéarpgllt%reter

flange 14. Holes 12 are apertures used to recelive sna lane pins or
bol ts for additi onaf aphel anoulas combustardDACE of & bightrepressunegarbing| Ghe wazles a

cl oseup view of th rof L ' 'aﬁﬁ . smal |
di aneter hole 12 o‘rai;u anié)gc oﬁ%ﬂg%’sgﬁg’fﬁ%&l#@%%%@% Sgﬁg{]a ee]%?%%ﬁtsﬁ%%ﬁol es 12
in an outward radishbutdicuict diameter fiangd 4. pHoles 12 ageh@tuts used toredeive dinaliret er

iew i1l ust rating GUPRRE s 4 SORFIE S PaRle BePurplotiaf 1 S gufed @, 01 27

aperture through fl2a&nige clbdeuphiievhof the naxplalyimpor 10 illustrating a crack @6 ef onemgath pi n- or
bolt to fasten. an er j.egt ‘ : N O I t.5e ..
embodi ment i | | ust r'gﬁ%&mﬁ%@%ﬂ‘%@%‘é"?ﬁr CQ%%%% 1 %%??g%&ﬂ&?ﬁ%ﬁ".m %%@?’P?}?é“

profiles .are. an outward radial direction. In the past, cracks 16 in small diameter holes 12 of

nozzle support 10 were unrepairable.
[0026] FIG. 3 is a plan view illustrating defect 16 adjacent hole 12 on
" flange 14. Hole 12 is an aperture through flange 14 which is capable of
- -receiving-a-pin-or bolt-to- fasten-another object to the nozzle support 10.- In the .. ..
* embodiment illustrated, hole 12 is circular, although other aperture proﬁ-les-iare.
ER— ~ - -envisioned. Hole 12 is a small diameter aperture, less'than about Q.30 inches in
- diameter;-"which ‘was previously unrepairable when .a- defect ‘was detected -~ - - -
adjacent the aperture. :
[0027] Flange 14 is constructed from a heat resistant base material. The
base material is a super alloy, such as a nickel base or cobalt based superalloy,
or other alloys commeon in the gas turbine industry. Examples of alloys include
Inconel7 718 (IN718), IN617, IN625, Ti 6Al 4V and other titanium alloys, Al
6061 and 4043, Wasbaloy, Astroloy, Udimet7 500, and HA230. Crack 16 is the
result of thermal stress that often emanates from hole 12 to the outer éurface of
flange 14. _
[0028] FIG. 4 is a plan view illustrating a portion 18 of flange 14 to be
remioved. Portion 18 of flange 14 is extracted by common techniques known to
those of skill in the art for material removal, such as laser cutting or machining.

Portion 18 is to be removed in a parabola centered about an axis that runs



envisioned. Hole 12 is a small dianeter aperture, |ess-.than. about

0. 301nches. in dianeter; which was previously unrepairable when - a- defect
was detected adjacent the aperture. [0027] Flange 14 is constructed froma
heat resistant base material. The base material is a super alloy, such as a
ni ckel base or cobalt based. ¢uperalloy, or other alloys conmmon in the gas
turbine industry. Exanples of alloys includg Inconel 7 718 (1N718),

I N617, 1N625, Ti 6A1 4V and other titaniumalloys, Al 6061 and 4043,
Waspal oy, Astrol oy, Udinmet7 500, and HA230. Crack 16 is the result of
thermal stress that often emanates fromhole 12 to the outer surface of

fl ange 14. [0028] HFh@Gugh thegdizmqitra holedd withoubeampldteiy reanqymgtthe)lwl'ész drhef | ange

14 to be renoved. . I 14 i Xtr b n_techni ques
nown 1o 1 hose of BRetilHP byl o APEE el G BELGR wiel A HaEes £,
cutting or machi ni NBemoviiey trateriall® the shape d ar parabeldori shnﬁarpsl:apéagdnmveﬁﬂkered '
ompl et ol y r emovt ng 1 PSS S ingy A onir R ey ns et st

pﬁr pend:c cul ar tg ltMehdgageﬁyhdlam vj‘rplédllgrtgepds{htoE oRemieﬁcéilmtgteﬁaiedﬁ’éétalhe %dﬂert he

T achnent urf ace S oF G SR B el RELD Hs e 6hdve ’ ™ol & 4B 2Eer 0Nl o
12. Typically, the Qg i @0 degreas laed 274 asgaéesalemhﬁ%bnﬁlheh@ufgﬁést sesie] of the
fl ange, or perpendi uIarHtg outer e ME as areas offset 90

7en

degrees, 180 degr eeSce &n FEpedive e O Creatine? Frrein avheredhroweld
stresses (See A Beafes flNEbtfRentRES Bfehd cae&ppmxﬁﬁ&ly 45 egrbdse 849 ddgreds,r2Bai I

where the weld seans fall between these areas g proxi mat ely 45 degr ees,

135 degrees, 225 disgreasnd amdeg@ss)dw%@e)vewﬁwsof sﬁas&gnwmw WBgh
stress zones surrougding 12&9&1@@* &, dd ASHFIG 245, nﬁw@nﬁewem%t&tﬁe

Moving the weld out of the high stress zones surroundi ng the hole 2 S

sinmilar to what occifess spRessurayingbe beje 12 jsssirpidas &0 whe ogeurs sden Japgecholgsove.
This assures good fal i Qufed ds'dRsdifBld 583%e." ER&LLEBs good fatigue life for the repaired

part.
- [oo2e¢]- - - - FIG-S 8 -a- plan -view - ﬂlustatmg portmn 18..of. ﬂange M. ..
e e removed which reveals lower flange 20. With portion 18 removed; only-asmall- - - ...
- arc-22 of the hole.12 is left.. The remaining arc 22 acts as a guide and locator for.
finishing the repair to assure that thie repairéd hole is nominally placed in the -
same position on flange 14 as the original hole 12. Lower flange 20 is a parallel
structure to flange 14, and a slot 15 exists between the two flanges 14 and 20,
which run circumferentially around the base of the forward inner nozzle support
(See Figs. 2 and 24). _
[0030] - FIG. 6 is a plan view illustrating a combination plate 24 (ie.,
combination runoff and top plate) attached to flange 14. Combination plate 24
is attached to flange 14 by placing tack welds 26, 28 where the edges of
combination plate 24 meet the outer edge of flange 14. Tack welds 26, 28 hold
combination plate 24 temporarily in place. Also, tack welds can be easily
removed later, without damaging flange 14, to remove combination plate 24.
Combination plate 24 may be fabricated from the same material as the base

material of flange 14, or a material that has consistent metallurgical properties.



part. [0029} FIG-51is -a-plan viewillustrating portion. 1.8.
.of..flange..14.. renoved, -which reveals |ower flange 200. Wth-portion 18
renoved only-a. small - are 22 of the hole, 12 is. left. The remaining-arc
22 acts as a guide ..and.locator for. finishing the repair to assure that
the repaired hole is nom naIIy placed in the sanme posjtion on flange 14 as
the original hole 12. Lower flange 20 is a parallel structure to flange 14,
and a slot 15 exists between the two flanges 14 and 20, which run
circunferentially around the base of the forward i nner nozzle support (See
Figs. 2 and 2A). [0030] FIG 6 is a plan view illustrating a conbination
plate 24 (i.e., cohmmbadmntsram&iﬂatxanplatbaﬁhmmm)al @bﬂmfﬁﬁﬁv&@tﬁhﬂ ravgghs 14.

Conbi nat i on pI ate 2 c g ck.wel ds_ 26, 28
where t he edges of 1%we¢7§mﬁa??o%ﬁ %% %nf‘lé%% g’ﬂ?éilﬁm%ffg&‘ {;1'11 thaé%e 14.
Tack wel ds 26, 28 h@ind)mauomplateeﬂldoenmtmvera&dzz enporarily in pI ace. AI so
tack weld n be easily r d t dama

renove coi% itlon pl ate 24. ﬁEg‘,oﬁb‘? ﬁiaP ?)Wd{f‘ég &hg’gf alFega e efrom
the sane material asnithatibaphte mtleutacalweaxfsmamgmatéhowmeanmminqﬂadehat has
consi stent netal | ur. odi ent s, natj on plate 24
has a central portl‘gw?s@ng‘\‘?gg"e[%prp‘éeﬁ?%ﬁ?"é‘m %ﬁﬁé‘rﬂewmg? mﬂ%?ﬁ‘ﬂi g’é‘VErs are
22. In alter nat2 S engefd BMB@ﬁh@éaﬁféQﬁatdﬂal 445 bif cahREh the slﬁﬁmbﬁﬂﬁﬂgﬁﬂl ﬁ?bp’emsgél does
not cover are . FI 7 an . v ustrating jnsert 34
attached to the - ccﬂ%ﬂoﬂ% ’BF%‘F% gﬂg{ﬂe tbfﬁ?‘té@s&éze%@ beppsitighd agaip%| d t he
insert 34 in place thyedgelofbb&oﬁIwatﬂm%hdurp&kugye&ﬁomwéﬂa |4|)Se@r\$ell% is a
plug of material that is, preferably the same material, as, cont ai ns the

same metal | urgi cal 'Bitepuith it pafile o h"é‘t3 apertits oinpepmbinagior 5l @P %’F firatige 14.

Insert 34 is sized etnthﬁndapﬁ1u§ﬂr@a:e%sw@uri§t;1rcuuiae AAR8gONuRAkdd 2Ncirkflaf)f
flange 14 previously renoved (see FIG as well as mate with the profile

of the aperture .in iBScHBaY Q?ﬁllfﬂﬁﬁf!leblwt 5‘1%’34 [pehave an arced portion that matches
the profile of the removed material 18 of flange 14. When the weld is complete,

tack welds 30, 32 will be incorporated into the final repair weld, ,
- o032 - o o -In embodiments, eombinatien plate-24 is. Iargerthanﬂle diameter. ...
s s eem s oo ofethe hole $2: being repaired In embodiments; combination plate-24-has-a-. - - .. .

.- length {measurements of the sides generally parallel to the outer edge of flange . ... ... .

" 14) of at least two times the-didmeétér of the original hole 12 (FIG. 2), and has a e

width (measurements of the sides generally perpendicular to the outer edge of
flange 14) of at least two times the diameter of hole 12. The aforementioned
dimensions of combination plate 24 assure good support for insert 34, and allow
for locating tack welds 26, 28 an adequate distance from the repair weld(s)
around insert 34. - -

[0033] FIG. 8 is a plan view illustrating backing plate 36 placed below
combination plate 24 and insert 34. Backing plate 36 may be fabricated from a
similar metal that is used to construct combination plate 24 and insert 34. In
aliernate embodiments, backing plate 36 is constructed from a different metal, or
a heat resistant material such as ceramic. In Fig, 8, backing plate 36 is

“  illustrated as containing larger dimensions than combination plate 24, but
backing plate 36 may Ee smaller in size than combination plate 24 so long as the



enbodi ment illustrated, insert 34 is circular. Although illustrated as
circular, insert 34 may be elliptical, biscuit shaped, or have an arced
portion that matches the profile of the renoved material 18 of flange 14.
Wien the weld is conplete, tack welds 30, 32 will be incorporated into the
final repair weld. [0032] In~enbodinents,-o0o0inbination-plate24 is |arger-

than-the dianeter.:..:. of the hole 12 bei gy repaired: In enbodinents;
conbination -plate--24 has--a length (nmeasurenents of the sides generally
parallel to the, outer.-edge of. flange .............. ...... . .. 14) of

at least two tinmes the diainetar of the original hole 12 (FIG 2), and has a
wi dt h (neasur ement aghing platedp gaversibe aendpmsath piiprgitha repair weld iste bomede. edge

of flange 14) of ajmdBakink Wt ?rg??sgla}é%? ifhh RBEbRALIG pi}e 2], ﬂeg:léigggngate 36

af orenmenti oned dinensions of conbination plate 24 assure go pport for

insert 34, and al | awpteqthpdipcsaiatrpasdrana aieldian ¢off repais asrwelldesoproteess divetrance
from the epal vl ficat o 6648k e uch AT e BolBRoighen v oW
pl ace ate

iIIustratin?3 backi ng ate . bel ow conbination p “and i nsert
34. Backi €938l at e 36 nay be FHhdiisatcods-factionabelewitii vaw ofgheabolt d¢ repsirused t o

construct combi nat iagﬁ%rﬁlsl.fli‘o? r Qmjn 0F Eigx%? ﬁﬁ‘ 'ilhls ated int ffﬁn %ﬁ f guns%gg\if;,nﬁm S

backing plate 36 is tructed froma erent neta 0 &si st ant
mat eri al such as ceemsining pbriiokiod theShasdhmeterial of flangec 4316 visible.i Alsudtusahied as

comainino, | aracr SLTRASIoN® cRSRNERTINA S Bhsy B BT roRACHLBEP ot
backing plate 36 cabiekiess thet inappeoximately pquitdientivethe thidkaess et reanedgd 38t 0 be
Dlate 36 proteot s CaftbBalnpia 24 Hieloh e Aoy ey el i BE ket 3E) | "9
protects |ower fl aiRgfori@nd r4mofien®inatidn slac Of atided te kifeknesof learinaint HF N | ar
bol t hol o repai r dpadetendgnss B CHPRESRFSS B8R 1 A gl pabrrs 8T df ed 1 n
FIG 8. In this vi ewd plafe24, r Ehetleirdige plovs N thefeadyhidsdpdsofiidestr Idaintoothe f | ange
14 1s visible. A Sca)tpfi:rltulréJ g(}nga%e%qn combination plate 24. Clearance gaps 42, 44 wi.II. cease to
s s ees o o-gXist a8 the- material ﬁ-'{)'ll-l‘ insert..34. aﬁd..c.qmbi:nation..plate 24 fuse together . . . _. .. . .
IR ---durihg{herepéir'weld.- ' ‘ SEIEE
veeire--.[0038] ... ... . .. .. Frontend 40 of combination plate 24 is contoured {0 mate with
R ' r&ﬂaﬁhg surface 46 of flange 14 and hole 12. Although flange 14 is illustrated
in this view as containing a radius, other geometries of the contour are-
envisioned includjng bevels, chamfers, rabbets, dados, or stepped notches, the
geometry of the c_bntour depending on the geometry of the base material left on
flange 14. Insert 34 and combination plate 24 contain more material than the
thickness of the material removed from flange 14 so that insert 34 can be
. machined to the appropriate size after the weld repair has been completed.
[0036] The part illustrated in FIG. 9 is a section of nozzle support 10 of
FIG. 2. Nozzle support 10 contains two flanges, flange 14 which is to be.
repaired, and a lower flange 20. Lower flange 20 aﬁd flange 14 are spaced close

together, and a typical spacing is less than about 0.25 inches. Backing plate 36
is placed between flange 14 and lower flange 20, and protects the lower flange



are insert 34, conbination plate 24, and backing plate 36. Insert 34 is a
thi ckness that is approximately equivalent to the thickness of the rear edge
38 of conbination plate 24, which is also approximately equivalent to the

t hi ckness of the front end 40 of conbination plate 24 added to thickness of
the remmant of hole 12 left an flange 14. Small clearance gaps 42, 44 exist
bet ween insert 34 and plate 24. The cl earange all ows for the easy insertion
of insert 34 into the aperture contained in” conbination plate 24. d earance
gaps 42, 44 will . cease to .-exist as the-material frominsert _.34. .and.
conbination..plate 24, fuse ... together during .the repair weld. . [0035]
......... ... Front2erbm 40y GlagCspafilr watsingite bbbt ddsultfhg BEHN 1R RN

to mate.with.  renmaining surface 46 of flange 14 and hole 12. AIthoué%
flange 14. is illusPP8¥&d in this view as containing a radius, other

geonet ri e400§7]t he contour ar @n a@ypidas pRrask waldhg tpme uheN §baddﬁ§"ﬁa% She
rabbets, dados, or stepped notches, the geonetry of the contour dependlng

on the geonetry of PRl ust pengiate Hiroyeh, thy ‘Eep%hpomq’néﬁ%éss%‘f a gogd sveld. In

conbi nation plate 24pseited BadkRippla@iS pldkd Wi t%ndtme%wsé aegoﬂs Ii'l‘f'e
mat eri al renoved fron1ffange 14 sq that insert § machi ned to the

appropriate size aftegidualipaesgg fepmy dgaweld, H%C}bélmsdb%‘bﬂf&@cplﬁﬁmw e part

illustrated in FlG reBa, S'I‘h"bn,sﬁféi‘ﬂﬁ@eﬁafr tﬁ@%kﬁ.ﬁimms& belfénfafved Fﬂh%aznveNOZZ' e
support 10 contai ns | anges, fl ange is to be repaired, "and a

| ower flange 20. Lo%ﬁfll emearﬂaagq 14 pesklovar Hange J9amekes chahseremayslet her |
and a typical spaci jggduft. | €ss than about 0.25 inches. Backing plate 36 is
pl aced between flange 14 and | ower flange 20, and protects the |lower flange
20 from af§038]ag, spatter, ofThs,rifithis inxpptioe as tir gapiAd isnigftfhetweentike Wl di ng
process. [0037] In &xfax&w@m&{é e 88 bod'Bk 8o LERAL otthldrd %4, WnBiaBRRKI N0
plate, the weld nust penetrat8°through the repair -portions to assure a good
wel d. In such repaplats24; dnd therckimingiodios of flaggedde dn cnbasiiménys, bizlgamd8 ishe wel d
to adsorb the resigugl ek &QL hitn WEhils P isNxBlh By REmRRS kRO Pl ate

to fuse to the
' beam is adsorbed, but is far enough from the botiom edge of the repair pieces

s oo - - fingert 34; -combination plate-24, and flange 14) to assure that backing plate 36.. ... . ...

e e - dogg ot become fused to the repair pieces. Utilizing combinafion plate 24-to -
" . -provide a-good weld, while separating the repair.pieces from the backing plate *

36 via air gap 48, assures that-a good, struéturally sound weldtepair can be. .-
obtained. Backing plate 36 should be large enough to cover the clearance gaps
42, 44 between the combination plate 24 and the edges of the insert all the way
around the edge of insert 34. The thickness of backing plate 36 is less than the
distance between flange 14 and lower flange 20 so that air gap 48 exists as
shown, . : |

[0039] - FIG. 10 is a plan view illustrating a completed weld 50 between
insert 34 and combination plate 24. Insert 34 is welded into place by a process
such as electronic beam welding. - Electronic beam welding (EBW) uses a
narrow beam of high velocity, hlgh energy electrons to generate the heat
necessary to create a weld in é, metal work piece. Special equipment is used to
focus the electron beam in a vacuum chamber, and the kinetic energy of the

electrons is converted to heat energy as it strikes the metal. The welds created



repair. Then, after the repair, the backing plate nmust be renoved. The
relatively small distance between flange 14 and | ower flange 20 makes such
a renmoval difficult. [0038] Thus, in this invention, an air gap 48 is left
between the top surface of backing plate 36 and the bottom surfaces of

i nsert 34, conbination plate 24, and the remaining portion of flange 14. In
enbodi ments, air gap 48 is about 0.10 inches or |ess, which assures that
the excess energy fromthe weld beamis adsorbed, but is far enough from
the bottom edge of the repair pieces _,._...... e e (insert 34;

-conbi nation plate-24; and flange 14) .to assure that-backi'ng. plate-36..
does- not becone fube&BW arerrhayagtgrstically desp snd nariow withg veryisimakh Aciteffeqiedat e 24
to provide a-good Ll rag . al.r € fro t he
backi ng. . pl ate. 36%@8%113%&@%&-8%, ?%és%egigpﬂgﬁggésg%%g? dsst% %ﬁ%?‘&rog ey sound
wel d' repair can behigbistredsmests sBphiling thel tmie123 6 Tishwell dednes draiefieinaghologh t o
cover the clearance; 4 en the conbination plate 24 and the
edges of the inserts%ggéfﬁe&v%%ngfgﬁ\ﬁd the edge of insert 34. The thickness
of backi ngOp4@it e- 36 i s | ess tEBW it ypically stmpereud) dhavdg ndobd angeqdide afitled ower

flange 20 so that air p exi,s S ._.shown. . 39] FLG. 10 is a plan view
illustrating a coin’gEeggl‘ V\iﬁﬁ’ gdlghé{iﬁ%felﬁserﬁ #sjg‘?t{’ Q@"f"hﬁﬁ"‘@o‘ﬁ’ﬁ? H&?ﬁ“&h%%aat e

24|. d! nser'ltEI 34t is yvebcgﬂﬂnaitinhfplqw ztarilbg\c)car v the eivses famhgﬁ&rahﬁ]gﬁxem}]emiﬂg;eam t

wel di ng. ectroni c_beam i uses a . nar eam.of . .velocity,
hi tghI ener Ey el ect roﬂ@cfsg%%ﬂ%rtg?:g‘f;ﬁﬁ oﬁ%e;nﬂgﬁt@%g% jﬁ‘%rﬁé‘ﬁt@‘fkgjﬁg ina
metal work piece. Speatad, bassunit Sngd Qombiagtith fliie248 E0MWhigam i n a
vacuum chanber, and tﬂe Kin tiﬁgen r%‘/arfgf_ th(é @:eg‘%’ﬁ%ons isogo%verte.d to
heat energy as it sPPik¥siStiqRe fapfe ingert 4 grtangs apppneg sptiee
characteristically gepfetéddinet somdhiotichduMBe shtisdlickndieatinaftf@act ed zone and

| ow di stort]j . The current r ir ves the wel d seans qu f the _ high
stress ar e@é‘?ﬁurroundi ng the &40 averqpprefieny 1 rPE“%ﬂ"’élchL:f YSneOSHERY ow.

that insert 34 and combination plate 24 are thicker than the original thickness of
flange 14 allows for the melting and fusing of material from the respective top

s o oo sides of -insert-34 and-combination: plate-24 -to flow down. and fill.in.the weld ... . .

“against the base material of flange 14.-Thus, when material is-removed. to-finish - -

- the repait,-none of the base material that has been left will be machined, only the, . .. . .

e mewly weldéd materials will be réhoved.

[0042] EBW is considered a high energy density welding process and is
used extensively in the aerospace industry to join difficult to weld alloys where
high quality, low distortion welds are required, such as in the instant case.
Those of skill in the art are familiar with the process of electron beam welding,
and can perform this repair with an electron beam with a voltage above about
100 KV and a current above about 25 mA. Higher voltage and/or currents are
utilized to prevent fusion defects caused when the weld only partially penetrates
through the thickness of the repaired part, which can result in reducing the
cyclical fatigue life of the joint in the repaired part. The above parameters, as
well as other common parameters including travel speed, oscillation, frequency,

and focus, can be modified according to principles known to those of skill in the

art,



Bk i e e Rraie i

stress areas of the flange 14. [0040] EBWis typically autogenous, that is,
does not require a filler material. Thus, a tight fit of insert 34 with the
remai ni ng base nmaterial and conbination plate 24 will occur as the pieces
fuse together during the welding process without the addition of a filler
material. Weld 50 is a butt weld joining insert 34, base material of flange
14, and conbination plate 24 ‘together. Wiile, weld 50 i's done fromthe top
of insert 34, the weld extends around the entire perimeter of insert 34 and
t hroughout the entire thickness of insert 34. [0041] EBWcan | eave
depressions in the parts welded. Thus, ensuring that insert 34 and

conbi nat i opopbpt e 24 are thi cher iy oot NP kRES o pled | @09 14
allows for the melting and fusing of ‘'material fromthe respe(?tl've top sides
of -i nsert - 34 and- covphiaeliompata28) mnahe gurrenbigpairi pyresartbie need|for thies separdte - wel d
e a02NSkedliSe D BE frd iR dhere ShimfhRB I oo BbSms

material'is re m)veg., tl Of?niﬁih e’?‘%e repa?r, ; .n %@n?%é%ﬁ%%%%%ﬁéﬁ?i al
.that ‘has. been | ef tviththe assesablyra€ the tleres plates gre plve climinated. Combinationdate 94 wel ded
materials will be rcRPyRes sk OBt odibiled v HiHcAItke 1 HHoLHRESY gNS! Y
wel di ng process and 1s used extensively in the gerospace I nmaustry to join
difficult to wel d akinglgspiedeenfenatdrialih Thatds,iat blankl isviprdied tvdhichi wili matk dgthathe
required, such as i & .EQ ) ' | 0.t h e
familiar with the pr%‘éttggss o‘?& %agﬁﬁ‘ﬁ Bty m:ﬁlﬁ’ui‘hé@“hélré?p%&é‘n‘gﬁ%{’ ved |
repair with an el ectheamebdbmninatrt Rd,canddhe ageimaeowd] bizont cohBhatdh plaid 24.
current above about 25.mA. Hi.gher voltage and/ currents are ..utilized to
prevent fusion def e§%1a@u§‘g%ﬁﬁﬁ€% p? teefzgmg}da&n??ﬁtl% aﬁ%ﬁ‘t“?‘%\er?%/asﬁgﬂ%?’ra&flé@n

t hrough t he t hi ckne®s prtastdnsbladapgathiee dTidasdves titid inhepaminghelsdlt i n reduci ng t he
cyclical fatigue life of the j.oi in the repajred.part. The above .

par ameters@bgglu wel | as ot herh%omm'ﬁ apgi‘]’ﬂn’@?‘gr‘guﬁ%ﬁ%tf%ﬁ?me?(iévg‘f Sgp‘@élb,

osci |l ation, frequebadking pitel36 esised. CliRcdtackiBgiplate 06 doesa0t bicoge fidePto thei pl es
known to those of Slz%plazjr p%erc]:est {i]nesert g&,tdomjbljhation plate 24, and flange 14), after weld 50 has

been completed, backing plate 36 may simply be pulled out from the repaired

b e R ;43 ~'There~is.- no need to use material removal equipment,.such.as.grinders or ... i e o

"~ -similar machines to-remove backing plate 36:- Backing plate-36-may be-reused - -

oz e oo s there:will be minimal damiage to. the top surface as it will not.contain removal _
" ‘scars associated with plates that become fused during the welding process, " - -

[G045] FIG. 12 is a plan view illustrating completed weld 50 with
portions of combination plate 24 and insert 34 removed. Combination plate 24
and insert 34 are cut along a path that substantially follows the outer profile of
flange 14. A mill, laser, or similar material removal machine is used to cut
combination plate 24 and insert 34, A nominal amount of matenal of
combination plate 24 and insert 34 may remain after an initial cut to ensure that
the cutting process does not affect the integrity of the original flange profile.

[0046] . FIG. 13 is-a plan view illustrating combination plate 24 removed
to produce the original profile of flange 14. To remove combination plate 24,
first tack welds 26, 28 are detached from flange 14. Next, a mechanized process
such as machining is utilized to remove combination plate 24 and excess

material from insert 34 until the original profile of the top surface of flange 14 is



[0Q43] By utilizing a conbination run off and top plate (i.e., conbination
plate 24) in the current repair process, the need for three separate plates
utilized by the prior art are elimnated. Conmon problens associated wth
the assenbly of the three plates are also elimnated. Conbination plate 24
and insert 34 can be constructed by fabricating insert 34 out of plate 24
froma single piece of materi-al. That is, aiplank is fornmed which will mate
with the outer surfaced of flange 14. Fromthis blank, a central portion is
renoved that Dbecones the insert 34, and the remainder will becone

conbi nation plate 24. 'Sinmilarly, conbination plate 24 and insert 34 are

qui cker to assenbl e obimdcadfter trmbinatiomplated iegmbegic o @0 of Heiofigimalertire e i n

50 i th bkt ng.pl dt Sasks T4 el & AR o el e Bt B S ep oo

fused to the repai boporrcagadek 1 ebtinIbmitdiyithe &ncosurfatéat of Bhge amdsfﬂh@age

14), after weld 50 has , been cp ed, backi late 36, ma

pul I ed out from the PFIgL19, %aepagnmmasllﬁetp%optgr ?‘i%gr?g 4&@%@%‘%a¥m?enoval
- equi pment, . such- agubstagfiallyd e Ssame Qrofile -and -outer dlameter as -the profileThrid@ toM@€ hi nes

to renove baek| ngpl at e36. -. Backi ng pl at e36- may-be-reused as .. here-wl|.be

m ni mal damage to tlli"é’a"crop surface .as it will. not--contain.renoval . scars

associ at edj cmvr pl ates that bﬁgonne;sfaqﬁﬁdwswtilu@@au%gﬁaevzﬁinglef&emp&ﬁéne&0045]
FIG 12 is a an view illustratin eted wel h orti ons of

conbi nati on pI at e 240lgyd inflsarg 14342-?@‘%‘2/@%11%3@6?%‘? hastheemngnigelly obfainedagn i nsert
34 are cut along a Rpgddurd ﬁ%a&%ﬁtﬁ'ﬂ{e' ﬁdnlgé! td Qxlellt@%mrnﬂﬁy%%eﬂi&é i3 Gnaf

flange 14. A mll, laser, or simlar terial renoval nmachine is used to cut

conbi nation plate 2&xigied Prias i ﬂleswaer MG A28 [usesingsum guide thmaehineholy H2 to

conbi nation plate 24;andui RRfdn 1§ﬂoxﬁﬁ¥ﬂfﬁ€§dnib AfHRE 10PBe kéfsm}' 3h aft Yiterhdle ENSUr €
that the cutting process does not affect the integrity of the original

fl ange profile. [00s@podimppiGtherimls in lgwier Heneoi28v(See FIEY 24k ?—Wg9)clér¥'§¢ 2t & on

pl ate 24 renoved SR hdie p{nlfgggph profile of flange 14. To renove
conbi nati on pI ate Z%maéﬁfu*stetaca 26, 28 are detached fromflange 14.
Next, a nelOBABl zed process sTrctepeinsmalbhlesiof ghe forward kingtupzele supnerye part

conbi_nat i on._pl.ate 24 RR0,GXSEP Snd received for inspection. . The. part is cleaned to assure.all .. ... .

- -~ --facets-can-be-inspected. Various repairs are dene, including the.electron.beam. ... . .. .-

“ed e e oo welding of insérts for the cracked pinholes as described sbove, . . .
- [0049] After the part has been ‘welded, the part isthen machmed to
assure the flange is within tolerances. The machining process {or other material
removal process) removes excess material from the completed weld and creates
a new hole 12 and restores the outer perimeter of flange 14. It is the material
from insert 34‘tﬁa't 1s used to create the repaired flange 14. Combination plate
24 is removed by cutting and extracting the tack welds ﬁolding combination
plate 24. The portion of plate 24 not needed to create a smooth outer profile for
flange 24 is removed. Finally, the remaining material from insert 34 is
machined down to create a new, refurbished flange 14, and hole 12 is
refabricated. _
[0050] Aftcr material removal is complete, a further inspection is done.
Known nondestructive inspection (NDI} techniques, such as visual inspection,
flourescent penetrant inspection (FPI), eddy current inspection, ultrasonic



material frominsert 34 until. the original profile of the top surface of
flange 14 is 12 obtained, After conbination plate 24 is renpoved, are 22 of
the original aperture in flange 14 is again visible. Wld 50 will also be
machi ned on the top and bottom surfaces to obtain nomnally the sane
surfaces of flange 14 as those .prior to the repair. Finally, the outer edge
of flange 24 is nmachined to obtain substantilg.lly the sanme profile and outer
dianeter as the profile prior to the repair. [0047] FIG 14 is a plan view
illustrating the conplete repair with a new hole 52 in flange 14. After the
flange profile has been nom nally obtained, an aperture is machined in the
flange to create nominspdctiyn iiex R IBpdLabE ele2eahbaisede Ths lr8sbcitn MEurbthi ?@t .
ocation

repair. Arc 22 is-use a gui,de.to machine hole 52 to  assure the [Q

is nominally the san&d@gﬁﬁ‘? P%‘F “feau‘iﬁém?e@b‘ﬁ’i’srﬂ"atlthe gt had wrigr 4 dhe g dit dent |
the hole in lower fl ghgRtarOhitIREmininain eddd Bdithe® fromShd/ ARfke dGteAdiabbtbds o
create hole 52 in flange 14. [0048] To repair |1 hol'es of the forward

, smal |_ hol€ _
i nner nozzl e suppor t 3PEEFEis mpidtained gfter, Bpgenel a5 fhe fadigns liggof the part will be

i nspection...The par breaty fedatA3R WL dilRnsiGESHE Garie! ftom the original p@ARkAosaN be
i nspected. Various repairs are done, including welding of Tnserts for the

cracked pinhol es. asUPeRE®Fingadnaliespectiop. gyt meyibe renlced pithin thedrbingen
vel ded, thepps{jt ts-then mCh'(mﬁéjpﬁﬂhat%ﬁ%?h&mthlﬁﬁgﬁnééi\gP%% forward

tol erances.” The machi ning process (or other material reno rocess
renoves excess mat er aer pozaler suppore Biuprataddn g1 3 defratscoftentappear giteresstandede 12

and restores the out | : geili ke ' £r
insert 34 that is usg%' |tq§{, fgé]?éi:ﬁ%dtgeg&% g%ﬁ%‘%@’?%ﬁg@%g& dgﬁriel[phgi’ltufso%%nat e
24 is renoved by cut flingg aad draprgatesciowends tecouten cliametstr b theoflatigeg Tbontsckiast i on
late 24. Th ti ~ .

plate € por 'Ogl&éi’{r bl G&%é@ﬁ%ﬁ ¢ fgo%g ts%t%s GhEAE Foad of %%H ﬂl?wgﬁl&hoem

profile for flange S reno ‘ € renalning naterl a
insert 34 is nachi nfahgd@mthe attachesiatase.alheestupss agfund thestdelisfhighesieadindent dired  hol e
12 is

outer diameter of the flange. ~Utilizing an insert (i.e., a biscuit or generaily

~ circular shape or other suitable shape) to create the repair results-in a weld that is - - -

m s e gimilar-to-that- achieved:-with the known wedge- repair-for. larger. holes.. The ... .. ... .

- the hole. ‘This moves the weld out of the. highest stress aréas surrounding the =
hole to the lower ‘stress areas Gf the- basé miatéridl, which results in improved: ::= -
fatigue life for the repairéd hole. At the same time, the weld is accomplished
with a continuous movement of the part in an arced path under the electron
beam rather than requiring separate line welds such as associated with the prior
art wedge repair processes. With such a small area in the current repair, an
abrupt change in the weld path would result in an unsven weld where the weld
beam must pause to change direction.

[0052] The current repair will not degrade the fatigue life of the part, and
thus the life of the part is renewed with the section replacement of the defect
near the aperture. The fatigue life of the repaired part is substantially restored to
that of the original part.

[0053] Although the present invention has been described with reference
to preferred embodiments, workers skilled in the art will recognize that changes

' resultant weld is approximatelyat 45° on cither side of‘the radial-centerline-of - -- . ...



refabricated. [0050] After material renoval is conplete, a further
i nspection is done. Known nondestructive inspection (ND) techni ques, such
as visual inspection, flourescent penetrant inspection (FPl), eddy current
i nspection, ultrasonic 13 inspection and x ray inspection, etc. can be
used. The inspection assures the part is back to near i-dentical dinensions
that the part had prior to the repair. It isjyinportant that the m nimum
edge distance fromthe flange outer dianmeter.to the aperture is maintained
after the repair as the fatigue life of the part will be greatly reduced if
the dinmensions are varied fromthe original specifications. Upon passing a
final inspection, thmaphemadain foem aspletabeithout Aeparting dronuthbispieit afd@5dd of' On a
part that contains hgles next to a flange, such as the forward inner nozzle
support illustrated ﬁﬁnﬁF@Fm2, defects often appear after extended . use.
Typically, the defect is a crack that initiates fromone of the apertures in
the flange .and propagates towards the outer dianeter of the flange. The
crack is likely created by a thermal cycle hoop stress and the | oad on the
pin through the flange on the attached vane. The stress around the hole is
hi ghest adjacent the outer diameter of the flange. Uilizing an insert
(i.e., a biscuit or generally circular shape or other suitable shape) to
create the repair results in a weld that is .simlar -to tbat achieved with
t he known wedge, repair- ...for larger. holes. -The- resultant weld is
approximately at 45 on either side of-the radial-centerline-of the hole:
This noves the weld out of the. highest stress areas _surrou nding the , -
hole to the |ower stress areas of the base material, which results in
inproved fatigue life for the repaired hole. At the same tinme, the weld is
acconplished wth a continuous novenent of the part in an arced path under
the electron beamrather than requiring separate |ine welds such as
associated with the prior art wedge repair processes. Wth such a small
area in the current repair, an .abrupt change in the weld path would result
in an uneven weld where the weld



beam nust pause to change direction. [0052] The current repair wll not
degrade the fatigue life of the part, and thus the |[ife of the part is
renewed with the section replacenent of the defect near the aperture. The
fatigue |life of the repaired part is substantially restored to that of the
original part. [0053] Although the present invention has been described wth
reference to preferred enbodi ments, workerig skilled in the art will

recogni ze that changes 14 my be nmade in formand detail w thout departing
fromthe spirit and scope of the invention. 13 CLAIMS: 1. A nethod of
repairing an-aperture_and adjacent defect in a part, the nethod conprising:
renovi ng one or nof AlMBect s adj acent an apertdure in a base material,
wherein the materi gl i saLGHR : MET Ghs ds past an
area of high stresg conéent(\ad?iggesr? oné?ﬂiﬁg%g?%%é%%g%%ﬁﬁg%ﬁnsert of
material cont ai ni ngethod conpising hat corresponds to the profile of the base
material renmoved adj acel%o%iﬁg oﬁﬁﬁf Bﬁfeedefec&r@’dc t%.ag S0 DhdeORatk9R and
runoff plate that enconpasseS the insert of mteri F; Inserting a backing
pl at e underneath the conbi nathiersin thepmaiedalr is rrefmbved| @t eeataradweldsseam theich t hat
there remains an air space ; ‘ | | hation
top and runoff plate to pre\%g%]pﬁﬁ{aﬁéangrgﬁg?ﬁ %ﬁso‘%og%)&grgltg)qlro&% %J%p Ste from
beconmi ng fused to the jravlinggn phserttedfuratmigl eontailing mgrofibr theessresponds to wel di ng

the insert tot 'he base mat ertf;lea;!ré)ﬁie of the base %%%Xf rglg()\;ela%d}?age%lt( {hg %pé?‘éu?et; &

providing a combination top and runoff plate that encompasses the insert

of material;

inserting a backing plate underneath the combination top and runoff plate
and insert such that there remains an air space between the
backing plate and the combination top and runoff plate fo prevent
the combination top and runoff plate from becoming fused to the

- ,..bac,kj.ﬁg.plate,during a.lWe]diﬁg..Process'; e e e e e e e

- welding the insert to the base material;
A e e removing the backing plate; - .
removing niaterial from the insert to obtain an aperture ‘containing a
profile essentially the same as the profile of the aperture prior to

initiating the repair.

2, The repair of method 1 wherein removing the defects leaves at least a

portion of the original aperture in the base material.

3. The repair method of claim 1 wherein welding the insert comprises butt

welding the insert to the base material.

4. The repair method of claim 1 wherein removing the defects results in a

parabola centered about a diameter of the aperture,



renoving material fromthe insert to obtain an aperture containing a profile
essentially the sane as the profile of the aperture prior to initiating the
repair. 2. The repair of method 1 wherein renoving the defects | eaves at

| east a portion of the original aperture in the base material. 3. The
repair nmethod of claim1l wherein welding the insert conprises butt welding
the insert to the base material. 4. The repair nethod of claim1 wherein
renoving the defects results in a parabola centered about a dianeter of the
aperture. 16 5. The repair nmethod of claim|l wherein the aperture contains
a diameter |ess that about 0.30 inches. 6. The repair nmethod of claiml
wherei n the backi nmy pl die repsirgasthad, of claim 1 whesein shenapertune sontding akiammetert han t he
base material. 7. [Iheniebdied10finchdsai m 1 wherein the air space between the
backing plate and the conbination top and runoff plate is | ess. than about
0.10 inches. 8. The method of claim1l wherein welding the insert is done by

el ectron beam'welgi ng.gp,9 NendEdd @deh lc%ﬂér&hjth%@%%@é;gsn‘%ﬁ%ﬁﬁ%and

conbi nation top and runofr?p-gpl at'e contlal n essenti | ur gi cal
properties as the foousematepinhdifféredt thapthe base mppdalat us for. use in repairing a
defect adjacent an aperture in a first flan a wherein the first Harr is
parallel to a second flange, the apparatus- g, g p g, conprising: an insert
of material that corredpemnsthotof elajm dfwherinothe nintspack dbtweenthe ddckiny platemat e t he

aperture in the fig fla : conbhi nati.on.t.op .and,r f. plate that
enconpasses the i na%lérh}e c%ggg?%q?pm ne"?og%?%atf ﬁselesl%ﬁléagl’a}’o%pﬂhé?%ﬁ'al IS
fabricated fromthe original piece

' 8. The method of claim 1 wherein welding the insert is done by electron

beam welding.

9. The method of claim 1 wherein the insert and combination top and
runoff plate contain essentially the same metallurgical properties as the base
e oomatetial. e e R SR DR
. 10.  An apparatus for use in repairing a defect adjacent an aperture in a first
flange, wherein the first flange is parallel-to ‘a second flange, the apparatus -
comprising:
" an insert of material that corresponds to a profile of material removed
proximate the aperture in the first flange;
a combination top and runoff plate that encompasses the insert material,
wherein the insert of material is fabricated from the original piece
of material that comprises the combination top and runoff plate;
and ' -
a backing plate for placement between the second flange and the
combination top and runoff plate and insert;
wherein the backing plate is of a thickness that is less that the thickness
between the first and second flanges.




of material that conprises the conbination top and runoff plate; and a
backi ng plate for placenent between the second flange and the conbination
top and runoff plate and insert; wherein the backing plate is of a thickness
that is less that the thickness between the first and second flanges. 17
11. The apparatus of claim 10 wherein the conbination top and runoff plate
and the insert of material are of a thi ckneps greater that the thickness of
the first flange. 12. The apparatus of clalm 10 wherein the conbination top
and runoff plate further conprises: a front edge, the front edge eontaining
a profile that mates with the geonetry of the first flange and the area

adj acent the first 1l anGhe appghfitusiifelatp poambtrain thé cothbanatiod Popviné r@ioff lite

profile of the front .edge ¢ rises at least one of the followng: a
radi us, a bevel, aa@ﬂ%ﬁqgﬁe}‘t@%ﬂ&!ﬂ? oéa‘L"ff S%‘ﬁ?fe‘é&‘?ttg‘b%g“?%\&ﬁgfl@ The
appar atus of cl ai mflfdgevherein the insert of material conprises at |east one

of the follow ng shapes: - a-circular shape, an elliptical shape,.a. biscuit
shape; and an arced shape.... . 15 The apparatus of claim 10 wherein-.the

conbi nation top and2;: r umaé hppatatis@f cRisl 10 RBereMIBY dontfinaliBh Bipl ARl rérORt Al
essentially simlar, metallurgical properties as the first flange. 16. A

met hod of repairi ndUh#! SPBRISEFe and adj acent defect, the method conprising:

removing one or nore deaefsarﬁ_eagé;xﬁenﬁm RiBe RRAHME D POLileCRBY By WHhOhE
shaped section of base material proximate the aperture; providing an insert
cohtaining a profile that cofsBSpHpakihe figt fange e area adjacent the first flange.

13,  The apparatus of claim 12 wherein the profile of the front edge
comprises at least one of the following: a radius, a bevel, a chamfer, a rabbet, a

dade and a stepped notch

14.  The appatatus of claim 10 wherein the insert of material comprises at
e 7 Jeast one of the following shapes: - a.circular shape, an elliptical shape, a biscuit ... .. .

- -shape; and an arced shape. -~ - < - - .. L. Lo

“15. 7" The apparatus of cldim 10 wherein. the combination top and runoff plate - =
and the insert of material contain essentially similar metallurgical properties as

the first flange.

16. A method of repairing an aperture and adjacent | defec:t, the method
comprising; _
removing one or more defects proximate an aperture by removing an arc
shaped section of base material proximate the aperture;
providing an insert containing a profile that corresponds to the arc
shaped section of the base material removed,;
welding the insert to the base material, wherein the weld is accomplished

with a single curved path;



shaped section of the base material renoved; welding the insert to the base
material, wherein the weld is acconplished wth a single curved path;
renoving material fromthe insert to create a repaired aperture and a
surroundi ng section conprising essentially the sane di nensions as the
aperture and surroundi ng section prior to the repair..17. The repair nethod
of claim 16 wherein renoving the defect |eages at |east a portion of the
original aperture in the base material. 18. The repair nethod of claim16
wherein wel ding conprises a butt weld joining the insert and the base
material together. 19. The repair method of claim16 wherein renoving the
defect results in a parasying muenia feom ﬂjgomertatoctramg@améd almtummldtajre 20.

The repair method of claimig. er ] ess that
about 030-inches, 21. The repap@ﬁﬁr{g%a&g%P%gﬁ&%&%ﬁmr The Tnﬁsﬁt IS
generally circular .or genasa]hdapemirbamtmnauhdmgssdﬂappnorﬁﬂthe‘iﬂmrr epai r net hod
of claim 16 wherein the wel ding process conprises electron beam wel di ng.

23. A nethod of repairing an aperture and adjacent defect, the method

conpri sing: renoving. on§h@repaibmmtiﬁdfcﬁ’mlmilﬁ vehebeins eermnvingf thaldefecl BaeRtt an
aperture; providi an | nser erial aining .a profile that
corresponds to a E‘?%ﬁtfﬁq gm&Of PR ’rnlct%nbaf%%@‘gﬂ adj acent the
aperture; providing a corrbl nat i on top and runoff plate that enconpasses the

insert of material; the.,i t he base_nmateri al d conpi nati on
ater 100 removidB moths ot el BF bl 26 WheeRavI G R AP R

obtain an joining the insert and the base material together.

19,  The repair method of claim 16 wherein removing the defect results in a

parabola centered about a diameter of the aperture.

20. -The repair method of claim 16 whetein the aperture has a diameter less

. 21.  The repair method of claim 16 wherein the insert is generally circular.or
- genetally elliptical-in shape.” - -0 0 e oo e

22,  The repair method of claim 16 wherein the welding process comprises

electron beam welding,

23. A method of repairing an aperture and adjacent defect, the method
comprising:
removing one or more defects in a base material adjacent an aperture;
providing an insert of material containing a profile that corresponds to a
~ profile of the base material removed adjacent the aperture;
providing a combination top and runoff plate that encompasses the insert
of material;
welding the insert to the base material and combmatmn plate;



Bk ik i
aperture and a surroundi ng section containing a profile with essentially
the sanme profile of the aperture and surrounding section prior to
initiating the repair. 24. The repair of method 23 wherein renoving the
defects |l eaves at least a portion of the original aperture in the base
material. 25. The repair of method 23 wherein renoving one or nore defects
conpri ses renovi ng enough base material to create a weld seamthat extends
away froman area of high stress concent r at¥on proxi mate the aperture. 26.
The repair nmethod of claim23 wherein the weld is a butt weld joining the
pl ug, base material, and conbination plate. 27. The repair method of claim

28 The repai et oo O e P98 GOPRe e ot SSRbRD JARH shap w0 O

conbi nati on plate to the badpetiue and & sureSndifith eeqtiep aiontaimitghe crofile cokigi m 23

wherein the wel di ng process ' el.ect b lding. .30. The method
of claim23 wherein the i nsgrg%ﬁg?lhﬁn%lfeéraﬁglﬁrg@a ﬁ?\@%g 5&?%‘1 Bl ' ff

pl ate contain the sane net alskwdiogipued to pritigtieg thieegpaixs t he base material. 31. A
met hod of repairing an aperture and adjacent defect in a flange, the nmethod
conprising: renpving one or nore defects adjacent an aperture in a flange;
20 creating an in2ert Peugpanet methathZ¥ wherbiaremdvirgnthe defectg leavgi £ taastaf
material, wherein the runoff .plate enco sses t”IF insert plug; tack wel ding
the runoff plate tBYHPAROLRP SREHR) 2ALE eg’ﬁeépat?ﬂa't he flange; welding the
insert plug to .the base material of the flange and runoff plate; renoving

material fromthe bgser,hlep lrelilzgir acr;id m%ngg f{3 Q\;hgljtei% E'e?no(\)f%gal)rrlle %? more defects

comprises removing enough base material to create a weld seam that extends

away from an area of high stress concentration proximate the aperture.

26.  The repair method of claim 23 wherein the weld is a butt weld joining

the plug, base material, and combination plate,

+27.  The repair methed of claim 23 wherein the aperture contains a diameter.
—— . .. less that about 0.30 inches. .

28.  The repair method of claim 23 further comprising:
tack welding the combination plate {o the base material.

29.  The repair method of claim 23 wherein the welding process used is

electron beam welding,

30.  The method of claim 23 wherein the insert of material and integral top

and runoff plate contain the same metallurgical properties as the base material.

31, A method of repairing an aperture and adjacent defect in a flange, the

method comprising;

removing one or more defects adjacent an aperture in a flange;



aperture and flange containing a profile essentially the sane as the
profile of the aperture and flange prior to initiating the repair. 32. The
repair of method 31 wherein renoving the defects | eaves at least a portion
of the original aperture in the remaining portion of the flange. 33. The
repair nethod of claim31 wherein renoving the defects results in a

par abol a centered about a diameter of the aperture. 34. The repair nethod of
claim 31 wherein the. aperture contains .a dianmeter |ess that about 0.30
inches. . 35. The repair nmethod of claim 31 wherein the insert plug is
generally ~circular or generally elliptical in shape. 36. The repair nethod
of claim 31 further corsatisg arginsert phagkandg riudt plate dot godingle piece dfanatarianf f

plate. 37. The repair netho . ' wherein t wel di.ng process used is
el ectron beam wel di ng. GndtmhAuide B‘Iate encompassesqge msex‘ij plug;

tack welding the nunoff plate to the existing base material of the flange;

welding the insert plug to the base material of the flange and runoff
plate;

removing material from the insert plug and runoff plate to obtain an
aperture and flange containing a profile essentially the same as
the profile of the aperture and flange prior to initiating the repair.

32.  The repair of method 31 wherein removing the defects leaves at least a

. portion of the original aperture in the remaining portion of the flange.

33.  The repair method of claim 31 wherein removing the defects results in a

. parabola centered about a diameter of the aperture.

34. . The repair methad of claim 31 wherein the aperture contains a diameter. .. -

less that about 0.30 inches.

35. The repair method of claim 31 wherein the insert plug is generally
circular or generally elliptical in shape.

36.  The repair method of claim 31 further comprising:
tacking the insert plug to the runoff plate.

37.  The repair method of claim 31 wherein the welding process used is
electron beam welding,



