| MPROVED | NSERT VLD REPAI R BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to the repair of turbine engine conponents,
and in particular to the repair of small dianeter holes | ocated on
the flange of a part such as the forward i nner nozzl e support.

[ 0002] During operation of a turbine engine, the forward i nner nozzle
support can be damaged. Repairs nust be done to the nicks and surface
i nperfections caused during nornmal operation. One conmon repair is
cracks that emanate fromthe small dianeter holes on the front flange
of the forward inner nozzl dVERRQVED INSHRBWREDREPAIRuny t echni ques
known in the art for repairing |arger dianmeter holes, such as bolt
hol es about 0. 30" or great | J in FIG 1, in one
such prior art repair, an g‘?égﬁgﬁiﬁbﬁgﬁg}ﬁ%ﬁ)ﬁlther si de of
the [oodial center |ine RGeOpreb@k Gnvehtibs rERWOEUthe TopEr FRUEILIR! edgine
then replaced with wedge 13 constructed of a simlar nmaterial as the
base material @MRoFEthad ipdiarigules patheagpainatigaall diapwiar dicles legatadearst
two sides 17, 8 ffd ord BrdhcPRRROM IRk A0 APGREES Lo One another.
The renmai ni ng geonetry the wedge 1I's not criii cal to the repair,
and {0992} enai ni ng si de( Hurdi, opeaatiobefaf twhiny iengjns ap dsrwantl irmeg hesle
Thi s approxi matel y_ perpendi cul gr gorner is inserted into the,area of
renoved base r’r%’lpg%itaa?q{ alﬂ%ﬁﬁﬁ'er ﬁ%&f“isnlﬂu%i ]?%%8%& tiey mcks agd supface

base material ingfeife@ibnk Reufarduriny\@daeal lopekasios.UrOmRUWMAERLMYephid i€ 8racks
runoff plates 27, 29, and 31. Additionall a/ a backi ng pl ate may be
used in the real smampis gomsthe gmalh diymetes holes cwsthe dwnf Bapgeraddhe dorward
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wel d material (gil trlllg ra ilaldcgn?fg'eligg th(lj gfe pllloefé ei? 1s removed. This material is then
replaced with wedge 13 constructed of a similar material as the base material of
the part being repaired. Wedge 13 contains at least two sides 17, 19 that are at
approximately 90 degrees to one another. The remaining geometry of the wedge
is not critical to the repair, and the remaining side(s) 21, can be of varying
shapes and angles. This approximately 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 to 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 properties) outboard of the highest stressed areas at the hole location.



mat erial properties) outboard of the highest stressed areas at the
hol e location. This allows the raw material of the replacenment wedge
(wth base materials properties) to remain in the highest stressed
areas. The hi ghest stressed areas surrounding the hole are | ocated
approximately 90 degrees fromone anothé . This repair works well for
hol es down to about 0.30 inches in diameter, but on smaller holes the
wedge becones so snmall that the weld used to retain the wedge extends
into the highest stressed areas of the flange. Prior to this
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an apparatus for use in repairing a defect adjacent an aperture in a
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plate during a welding 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 aperture containing a profile essentially the same as the profile of the
aperture prior to initiating the repair.

[0006] In another embodiment, the invention is an apparatus for use in
repairing a defect adjacent an aperture in a first flange. The first flange is
parallel to a second flange. The apparatus has an insert of material that
corresponds to a profile of material removed proximate the aperture in the first

flange and a combination top and runoff plate that encompasses the insert

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



aperture and adjacent defect wherein one or nore defects proximate an
aperture are renmoved fromthe base material proximate the aperture in
an arc shape. An insert containing a profile that corresponds to the
arc shaped section of the base material renmoved is welded to the base
material. The weld is acconplished with3a single curved path. Next,
the insert is renoved to create a repaired aperture and a surroundi ng
section that has essentially the sane di nensions as the aperture and
surroundi ng section prior to the repair. [0008]1n another enbodi nent,
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pressure turbi tr(])eé profile of the base material removed adjacent the aperture, and a
combination plate that encompasses the insert of is provided. The insert is
welded to the base material is removed and combination plate, and material 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 material. 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.



[0012]FIG 2A is a magnification of an area of the perspective view

of the nozzle support illustrating a crack at one of the flange bolt
holes. [0013]FIG 3 is a plan viewillustrating a defect adjacent an
aperture on a flange. [0014]FIG 4 is a plan viewillustrating a

portion of the flange to be renoved. [O@15]FIG 5 is a plan view
illustrating the portion of the flange renoved and a parallel flange.
[0016]FIG 6 is a plan view illustrating a conbination runoff and top
plate tacked to the flange. [0017]FIG 7 is a plan view illustrating
a biscuit insert tacked tBRIEFEDESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a plan view of a prior art repair for a hole utilizing a
wedge and multiple run off plates.

[0011] FIG. 2 is a perspective view of a forward inner nozzle support of
a dual annular combustor configuration of a high pressure turbine.

[0012] FIG. 2A is a magnification of an area of the perspective view of

the nozzle support illustrating a crack at one of the flange bolt holes.

[0013] FIG. 3 is a plan view illustrating a defect adjacent an aperture on
a flange.

[0014] FIG. 4 is a plan view illustrating a portion of the flange to be
removed.

[0013] FIG. 5 is a plan view illustrating the portion of the flange

removed and a parallel flange.

[0016] FIG. 6 is a plan view illustrating a combination runoff and top
plate tacked to the flange.

[0017] FIG. 7 is a plan view illustrating a biscuit insert tacked to the
combination plate.

[0018] FIG. 8 is a plan view illustrating a backing plate placed below the
combination plate and insert.

[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 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.

[0023] FIG. 13 is a plan view illustrating the combination plate and

insert removed to produce the original flange profile.



conmbi nation plate. [0018]FIG 8 is a plan view illustrating a backing
pl ate placed bel ow the conbination plate and insert. [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 illsustrating a conpleted weld
between the insert, conbination plate, and flange wth the backing
plate still in place. [0021]FIG 11 is a plan viewillustrating the
conpleted weld with the backing plate renoved. [0022]FIG 12 is a
pl anfoo2div i | | ustrati ng tHig. coRpl @hediewd!lgstiatihdrthe cpopleterpgf withe new
conmbi nation plate and insert renoved.

aperture in the flange.

DETAILED DESCRIPTION

[0025] FIG. 2 is a perspective view of a forward inner nozzle support 10
of a dual annular combustor (DAC) of a higher pressure turbine. The nozzle
support 10 contains a series of small diameter holes 12 circumferentially spaced
about an outer diameter flange 14. Holes 12 are apertures used to receive small
diameter pins or bolts for additional parts that are mounted to the flange. FIG.
2A is a closeup view of the nozzle support 10 illustrating a crack 16 at one small
diameter hole 12 on flange 14. Cracks 16 typically emanate from the holes12 in
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 profiles are
envisioned. Hole 12 is a small diameter aperture, less than about 0.30 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 common 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, Waspaloy, Astroloy, Udimet7 500, and HA230. Crack 16 is the
result of thermal stress that often emanates from hole 12 to the outer surface of
flange 14.

[0028] FIG. 4 is a plan view illustrating a portion 18 of flange 14 to be
removed. 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



[0023]FIG 13 is a plan view illustrating the conbination plate and

I nsert renoved to produce the original flange profile. [0024]FIG 14
Is a plan viewillustrating the conplete repair with a new aperture
in the flange. DETAILED DESCRI PTION [0025]FIG 2 is a perspective
view of a forward i nner nozzle support 10 of a dual annul ar combustor
(DAC) of a higher pressure turbine. The nozzle support 10 contains a
series of small dianmeter holes 12 circunferentially spaced about an
outer diameter flange 14. Holes 12 are apertures used to receive
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construct ed fr$ana iHbhetweasihsseapreasygt apraertimately 45 #@ees 35 degrees, 225

degrees, and 315 degrees) moves the welds out of high stress zones surrounding
the hole 12 (See E, F, G, and H, of FIG 2A). Moving the weld out of the high
stress zones surrounding the hole 12 is similar to what occurs when large holes
are repaired as described above. This assures good fatigue life for the repaired
part,

[0029] FIG. 5 is a plan view illustrating portion 18 of flange 14
removed, which reveals lower flange 20. With portion 18 removed, only a small
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 the repaired 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 2A).

f0030] FIG. 6 is a plan view illustrating a combination plate 24 (i.e.,
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.



base material is a super alloy, such as a nickel base or cobalt based
superal l oy, or other alloys common in the gas turbine industry.

Exanpl es of alloys include Inconel7 718 (I N718), IN617, I1N625, Ti 6Al
4V and ot her titanium alloys, A 6061 and 4043, Waspal oy, Astrol oy,
Udi net 7 500, and HA230. Crack 16 is the Tesult of thernmal stress that
often emanates fromhole 12 to the outer surface of flange 14.
[0028]FIG 4 is a plan view illustrating a portion 18 of flange 14 to
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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
alternate 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 be smaller in size than combination plate 24 so long as the



I n enbodi nents, conbination plate 24 has a central portion renpved
that reveals |ower flange 20, and covers arc 22. In alternate

enbodi nents (not illustrated), conbination plate 24 does not cover
arc 22. [0031]FIG 7 is a plan viewillustrating insert 34 attached
to the conbination plate 24 via tack welgls 30, 32, which hold the
insert 34 in place until the final welding process occurs. Insert 34
is a plug of material that is preferably the sane material as, or
contains the sanme netal |l urgical properties as, that of the base
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t han ination plate so. 1.0 s _the . backipng.plate covers..the
ar ea{mr neat h where t ﬁﬁmﬁteeﬁlgi ‘irbg(\}/\fgclocrin binéatlto ok aléé ggégg‘!:owuééépga%} tler}"{;;1 th
plate 36 is | aregainiidamnfaconpbhidrigan4phabeled2, Adokgnflamkdtas Bhstrated

protects adjacent areas fromweld run off gr spatter, as well as
protects | ower ! fHhg&eo0ist PO PERCt ratiHonOBf BHENENEC Pt ORF 1seRkrD AT
simlar wel di ng$Q4He88ncludifPPdelf lcamBrd, Saibel! AaRsSECiilPRa nofhEY akd ON
view of the bolt hole repaif apparatus for refabrication of fl ange 14
illustrated i nerGry®f thawankiug dopesdingioiethe eeranativry thobase oratafal {diieon
base materi al fl.an 4.] .Sl hle. A : . r

34, combi nat | o av Dt 1 sBipBinfios AR A4 LKA Be uichial 86 e

t hi ckness t hat thicknapsfothie naitetiyl efuvedlfient flangd hé sbhihak ivas 3df cdnhiee

rear edge 38 of conbjnation plate, 24 ich js al so approximtely
equi val ent to f_iﬂﬂéme G Bristenize hah e Sl H R CORBTAIREh pl at e
24 afttt%@}to t hi ckness ofr B0RANd iRFI800 & d ctief br Askzfel @ idor
Smal [ cl earance gaps 42, 44 exist between insert 34 and plate 24. The

cl earance al | o1 f%r Nazaleespporit eeanitzins B7o iflangast flaugej W gvhidieis to be
aperture contaj i | I I r 4

w |l cease toallé3 f%g@td’ g%c&? e eggl%fé%%{hg? Lf%&%%%?rﬁgseeg ro'?a% gj‘ﬁ ggedgg%?}ﬁ%g% ?]éﬁe
pl ate 24 fuse toggathend duwpicad spdomgrie pas thamabaelit 0.25 inches. Backing plate 36

is placed between flange 14 and lower flange 20, and protects the lower flange



[ 0035] Front end 40 of conbination plate 24 is contoured to mate with
remai ni ng surface 46 of flange 14 and hole 12. Although flange 14 is
illustrated in this view as containing a radius, other geonetries of
t he contour are envisioned including bevels, chanfers, rabbets,
dados, or stepped notches, the geonetry of the contour depending on
the geonetry of the base material left on flange 14. Insert 34 and
conbi nation plate 24 contain nore material than the thickness of the
material renoved fromflange 14 so that insert 34 can be nachined to
the appropri at®) diore anf tskig, sheatevyedrdsitgipaibyplodsctbeartiapfiphetiedwelding
[0036] The part illustrated in FIG 9 is a section of nozzle support
10 of FIG 2. K8%ZFe support 10 contains two flanges, flange 14 which
is tmosgjrepaired, and gnplaygkallfrapgR v?e@dm%—@éfﬁﬁ iliZRg e Hlkiag 1afté ange
14 are spaced close toget her, and a typical spacing s |ess

about 0.25 inctield mksaeweﬁgtepsb@v@%rmmrpp%@@ thassneen Spohgle. Jm smid
| oner fl ange

Spatter, of sifPTar i braga Pt S bR didROBeil i RIFRY aligfuhe
[0037]1n a typne&dhalmnergly faorhy thve bvddldp gvii@paliawsuthe |bazking platdac Risago the

plate, the weld nus trateth he air _portions to gssure a
Cood wel 4. 1 Soth Faartre 4 matip g e R oS ey ol
behi nd the wel gndindiddssy betﬁvb@ N&§edualn®Rs ¥lah om0 hheedalcd a WaloRhl
all ows the backing plate to fuse to the repair. Then, after the

repai r, the batki®§- plate nust be rempved. The relatively snall

di st bet ween fl ange and

di fFhcar. [0038] Thus, |1#%Fh{ﬁsth}‘sﬁ%?tﬁdohqgea‘ 8?@52%‘%%??%?@@
bet ween t he t oprice bﬁbm:kufg fateBonapdphatbett@6 sarfaces b ilmsttt dincemubihaiies

o aoneerl, St SAROANAL) B0 BLAL S22 0 L8 BRERLLBL Pl

whi ch assur es ddat 01 Den@xe 6f fes§NEKIEY afsuRBthdl ehd\etdsharmy FoRdRO KRR,
but is far enough fromthe bot t om edge of the repair pieces (insert

34, conbi nati offapl Kiadshed, dHbist fraprpseh djom Bled@éfa%ect”ﬁﬁ ﬂb"ﬂ@l@f‘lh@lﬁﬁsat e
36 does N0t DeGARR stk id1fak ORAia AIrE %) robhdbib 4h19a00 ga&t;eon

plate 24 to provide a goo e se ara I'ng t e repair- pieces
from t he backi dugs pbhbeso8s fuial taithe gapirdisceas tm&lemgtchmfoumng@pu;e 24 to
structurally soun. e an be.obt ai ned. .Backin l,.at e

Shoul d be. | ar GEoEis daieof o RE e et e b EnBE bR Son g RS ne
conbi nati on pl 34 @ia2r gﬁ[.d43 hgsedgast @f gdobestraeslly adundtwied Wephiasmud
the edge of insert 34. The thickness of backi ng plate 36 is | ess than

the di stance bedBeh ?Mﬁ@eplit& 38rs8otld e rares spRpeh 30 cawsT theatleasince gaps 48
exists as showp 4hQQRRLFWE co%%;haﬁmﬂ p@it@m Xh@iﬂe'e’dké&s&ftﬁé 96k Al the way

conpl eted weld 50 between Insert 34 and combi nattron pl at
34 is wel ded i avendothacdedyl iasqpr Ik ethe @uﬁhesagfbhwgldmw@b'bem vbehdlnmg

Electroni ¢ beamuel ol g CERYY. uses, @ nar o, begm of, i vabosily,.

hi gh energy el 8etrons 1o gen ecessary

in a netal wordopmnece. Special equipnment is used to focus t he

el ec beamin a vacuumchanber, and the kinetic energy. of the

el ectq&)g,’m is converted tigd hé‘gt‘s 2R gievadlustratig g %%’%Plftﬁ%‘”ﬁ@t%ﬂbe“l’ﬁ@

vel ds created jpsert 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, high energy electrons to generate the heat
necessary to create a weld in a 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



10 by EBWare characteristically deep and narrow with a very small
heat affected zone and | ow distortion. The current repair noves the
wel d seans out of the high stress areas surrounding the hole 12. The
wel d seans are left in the |ow stress areas of the flange 14.

[ 0040l EBW i s typically autogenous, thati1os, does not require a filler
material. Thus, a tight fit of insert 34 with the remai ning base

mat eri al and conbi nation plate 24 will occur as the pieces fuse
toget her during the welding process without the addition of a filler
mat eri al . Vel dbybEBWsara charatiesisicdlly deapi ang rianserwitlB4 velyasmenlInedae sfif@tedof
flange 14, and conbination plate 24 together. Wi he d50is gohne
fromthe top ofP"fARL/YW isforfipns \[BF qUERT FRA BPYGES (HfE Esams et of the

perineter of iMs®kles34raadduidiinaH@hasholehe, enhd #El1dtBABK RRSISH G HBRS t
34. [0041] EBWcan | eave depressions in the parts wel ded. Thus,

ensuring that Stigsedreasdf thedflpngehbi nati on plate 24 are thicker than the
ori gj t hi ckness of fl e . | %1 EUS] f
mat eM@Pl fromthe respecti vels'gt g}%&!sﬂlyg%@o%e?l 5?%’12%?@ ,3§de§%18?2%q#%r?ndap ?%lﬁ
plate 24 to flmaeddwiTlandaftight fit of tidsert\vidl dithghd restaitihe bbssmansblearidal

of flange 14. Thys, whe erjal is renoved to finjsh, the repajr
hone of Jthe baSUEED PR oh Rl Deetr B gt PEFE A oenas te thaVeiie,

the newy wel dgdedimivehb@liBe Mdidiord& 4 BNRVeMeridl 08424 BBYY 4 Buit aRi jemiRd a
hi gh ener gy densi tg/ wel di ng process and i s used extensively in the
aer ospace i ndusdt34 daseoppicdsliafiflange 14, gnduspabiapticn plaigdrtagdihegh While
quality, |ow dj td r I , i i Ast

case. Those 019‘!V sEi%IrOI lls;aﬁn%\ﬁjgggtrh? tg‘? é?ggl%ﬁ ?’iqatrh%vq\f %]%ggﬁg&p%g%leds@%oe?‘me

el ectron beam pwinditargf iraed 34 and henfgbounthdémire gyxdkinesswif irseradd.el ect ron

bea ] a vol tage abo bout 10Q kV and.a current o] about . 25
o TIAE, % ort aga-ands G LRD S SabrEsse if SErs 5 Edor (PSR e
def ects causedmwhigsert Ieandothbaialiyn pREd 20drt Yhipien elahahesridihi akigkneser
t hi ckness of the repaired part, which can result in reducing the

cyclical fatigiamepilfallows fordhy seing andiineng epatajesal Femithe mechive p

Cpeod,  osel || Ay ar . PREoney A SR AT oA pE RS el

to principl es dgamantht baschoseria ol Skigdel 14 MThubevhehIndt@(x 3 Bynoutd foi fmiisig a

combi nation r X e?gp];ir,a zpo%eto?&e%laget n%at(eli‘iaﬁhat has been left will be machined, only the
newly welded materials will be removed.

[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.



conbination plate 24) in the current repair process, the need for
three separate plates utilized by the prior art are elim nated.
Common probl ens associated wwth the assenbly of the three plates are
al so elimnated. Conbination plate 24 and insert 34 can be
constructed by fabricating insert 34 outijof plate 24 froma single
pi ece of material. That is, a blank is formed which will mate with
the outer surfaced of flange 14. Fromthis blank, a central portion
is removed that becones the insert 34, and the remainder will becomne
conb[QtEB] on pl ate 24. SiBy |wailizing eondoimbatation pinatedt 24hdandp | plser i.84
are qui cker to_assenbl e aE% can be _%Q- assenbled to e;tger._ Thi s
saves time in PERARTCREHOFE H2he FBE ]liﬂaépl?lif’s?’sth%nqu r {fjrggypeparate
illustrating conmes atifskd® thedQioM drhalbagicliibed! @oBindH HBBRUR tssodidAE
backi ng plate 36 does not becone fused to the repair pieces (insert
34, conbi nat i ofiitipthetassemply ghthefthran glates 4)c alger elaningied.d Combinggobplate 24
conpl et ed, backings Hf G dRrRIIRLY B R RO o LRt from o
repaired part. There 1s no need to use materral removal qui pnent,
such as gri ndesisglopicse wf Inaaterimhc Mhateis, & blank noembdcRiicigwill atae 38h the

Backi ng plate 36 may. be reused as there wl] be m nimal damage t he
top surface aso'ﬁ?" S\X}/fﬁ?e%n t aélgfhtlg'i ﬁlc?né#Bi;/manjé’caa??’trﬁgl%%?’hlserﬂ“\%ﬁ%&at

pl ates that begppmed umetlsdt!Binghdt ihe remhid IO B&BES - conlbRO4idh pHtSE2412
is a plan view illustrating conpleted weld 50 with portions_ of

conbi nati on pl &felady. eymbipasion platgd4 padninsed 34 canpiislarite asssmitee andicand
insert 34 are ¥ t i.al f.al lows t he outer
profile of fl al(rflééﬁere %,3% H%Ie%itﬁ%ﬁklhagg{% F&%&?ﬁgﬁ%ﬁ :r%r?1 Jrhr{’rléthglrei 1a renoval
mach[0844] s used to cut dd@bildatsi amplpl atesv usanidhg neepleted4weld Sbmvithal

anmount of materi of ¢ i natiop. pl ate. 24 and_ i,nsert. 34 remain
Ster an i it tacRig Pl SERRgd  Rinfe Bickirg e o YBRGiob bE o e

af f ect | the i nt@gzﬂ- bﬁé;:é%f(%r_lsb@ 39f (i,r?%:il:ﬁh@e![ti_ofl |pﬂﬂ‘jﬂ@%,&hngf].ah§6 14)] %&?@}dd:b'%;hasl3
the of i gi nal _phesicPEDISted PAERE AT FomaeRowy SemllhoViHPmpI Eppasd
rechani 2ed pr doe e B fedd A A BtlicaP orlqvAD Afishfent, Yok vs Brinders or
conbi nation pl andar2dacimek sdx cassvenmtieng alatd bonBacidey plaB4B6unty be rdused
o8 "o ot SR B SR PAARG A 209 h s i B Gl P
aperture in flaagesshdiatel vagablatey that Bceme Wiled dbBnghk hwedlisOpBeesiachi ned
on tFe gp and bottom surfaces to gbtain nomnally the sanme surfaces
of f 0&&5 14 as those prilbr oist adldeyuy lystrating gomplsiedoyeldr SG agih of

flange 24 is r@&h&mﬁ&ﬁmﬁg'ig& Iammr&h%]a! wreﬁme&a@smsingﬁ&{ Blafinh

outer dianeter as the profi rior to the repair. [004/7]FIG 14 is a
pl an vi ew il | usdriasarnig seesutaopt etpethribpaiubstmittaly dolivevs the bates grofite of

flange 14. Aftgr fl,an rofile has been nom nally.obtain a
aperture is na@?‘nnlg%]g i ﬁ ﬁg 1%elalnc'greSl galcr}%tae 1@ rﬁglr%v%a?ﬁ%nﬁg Y 0 ﬁB{je
12 that exi st eshnbihadiont plateh@4 r @@dainsert AL 28 homihsEAmdEn@ of Unsteridl Oof
machi ne hole 52 to assure he%(l ocation is nomnally the sanme as prior
to the repair. apiagtionplals Ahed EREbet FeNTemERSHAENIR! FHR FIsraiRgle

20 (See FIGS. 2Acaifs Plocks ddsEtht affed tilihfAerity roREH ndl Abfrei Ao iR,

flange 14. [0048] To repair snmall holes of "'the forward I nner nozzle

suppg}Q“’r,ﬁ] a part 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



is fist renmoved and received for inspection. The part is cleaned to
assure all facets can be inspected. Various repairs are done,

i ncluding the electron beamwel ding of inserts for the cracked

pi nhol es as descri bed above. [0049] After the part has been wel ded,
the part is then nachined to assure thel2lange is within tol erances.
The machi ning process (or other material renoval process) renoves
excess material fromthe conpleted weld and creates a new hole 12 and
restores the outer perinmeter of flange 14. It is the nmaterial from

i nsert 34 t hatolitanes edlfttracootbémtion plae Zdeipaé:m@ctdf tradgef ht. m'@dmbiapmui&)n

plate 24 is renoyed cutt.in nd ext Ctl the ta hold|
P oabinati on b gy T8 gk hiBRC T APHIDSs0 B8 il G ofe Jan 'S
smoot h outer phdHond eurfRes td apEm Qcﬂmh&l)f ﬁf@ééﬁﬁ surfabal éﬁ/ﬂadgbew Mok Ny
material frominsert 34 is nachined down to create a new, refurbished

flange 14, andPtfsite thorepairy dinghlyi aidder rlepsbfiargeett isanashingd tp @Rtm
is conpl ete t i S,qd

i nspection (Naﬁu)fb é@ |ﬂé‘3§§%sﬂ’d‘§ leaazldvﬁg%a éé?l%gggea?:ﬁ Pgﬁ%fpi:l ulro}elg%ettrlﬁ
penetrant inspeption (FPl), eddy cun-ent inspection, ultrasonic

SRR, Y S O o S B o WP °”

had prior to thee52pRifangd 14.1 afienborflaapd pﬁolfﬁaethstshﬁesmnammany@ﬁ@med an
di stance fromthe fl ange outer dianeter to the aperture is_ naintained

after the repafferyEs srBachincd dadhe flppecolo ¢rrwe QQW“WHP@ pameg halgt 14 that
reduced if theggdioe Bﬁblof?asth@rlgpa\ﬁar h?cd 2§ rléjmetdhﬁ ap%hlgb r?é‘lmachme holeb52 to

speci fications. Upon passing a final inspection, the part may be
repl aced wit hi asstraghg lsppmqmets no{ﬁ@@ﬁl]thmm g9 arior tchte repsitt alman #simsse

next to a fl a”&ﬁ?@? gmefhoq rwar asr(Se ff(‘if TARRS 951 is used as a

illustrated in Bnd pear erext 8nde
Typi cal ly, thegtd&é@(ﬂredt6h<ﬂeslﬁﬁﬁaﬂghaﬂ initiates from one of the

apertures in the flange and propa ds the outer dianeter of
t he i%@ie The crack ist qrqleélwmeﬁ@a{eé& frafw@ﬂ%n 85763 BIPRBIH R Part

stress and thexs'tﬁ@tqe%vw@ndf’ké&eﬁf@& %QHS}J&?B@OJ | 209600 61%{3@% aghedan
vane. The stress around the hole is highest adjacent the outer

di amet er of t hicéth amgbe ingp¢di¢dz | Vericms repasrerate doneeinclugdingi the glectrgy beam
general ly ci rculﬁm§ ‘F%ﬁﬁ] r?l-tlehc(?{ick%éil {nﬁ&' ‘%lﬁg egt o5 eate t he

repair resul ts N 1S SI chieved with the
knowfoodsdige repair for |1&ﬁ@eﬂlef'mh'teﬁas Bdea weléed , ttAe tpamvelk dhérs machined to

approximately at 45 op either SI de of radial centerline of the
hol e. This nov&swerke ﬁ@g& YT okerRRCE; gfﬁ\s%ac PHngsRIochs Y odsF FYERSEE ng

the hole to t h%ﬂo@@ﬁﬁro@ésé)%%&o%se&%eééfmétélﬁi BRELHERbAPleRld: wM afd\creates
results in inproved fatigue life for the repaired hole. At the sane

time, the wel daingwdwbohphid rrs@resi thi outee perimeierovsilange d Aedt isghe meerishr t
in an arced pahQ HQe‘?{ SKf]ﬁlgt &l\&ed 'Eoo&eg)tg‘ﬁ[@ { ﬁélﬁﬂirﬂ&géh.r %&lbﬁﬁa@%n plate
wel wedge

separate line as assocl ate ror ar
repair process24is Whﬁchreé byhcuatigald edraetng mhet fack mﬂdrselmldmgmajnbinaﬁm

cbrupl change L1 he el d baih vaubd resull, Ln op uncuen vel & Micre
repair wll nofagdeopsade theviat iTraly 1he ohaihhe Rafctial #dh insert 34 is
machined down to create a new, refurbished flange 14, and hole 12 is

refabricated.
[0050] After 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



thus the life of the part is renewed with the section replacenent of

the defect near the aperture. The fatigue life of the repaired part

I's substantially restored to that of the original part.

[ 0053] Al t hough the present invention has been described with

reference to preferred enbodi ments, workérs skilled in the art wll

recogni ze that changes 14 may be made in formand detail w thout

departing fromthe spirit and scope of the invention. 15 CLAIMS 1.

A nmethod of repairing an aperture and adjacent defect in a flange,

the met hod compspesiiorgandrenpvispectoneectorcanbe esede fThe irspendioa esmtesalre part

aperture in a ifslbaaag f near identical dimensions that the part had prior to the repair. It is
important that the minimum edge distance from the flange outer diameter to the
aperture is maintained after the repair as the fatigue life of the part will be
greatly reduced if the dimensions are varied from the original specifications.
Upon passing a final inspection, the part may be replaced within the turbine.

[0051] On a part that contains holes next to a flange, such as the forward
inner nozzle support illustrated in FIG. 2, defects often appear after extended
use. Typically, the defect is a crack that initiates from one of the apertures in the
flange and propagates towards the outer diameter of the flange. The crack is
likely created by a thermal cycle hoop stress and the load on the pin through the
flange on the attached vane. The stress around the hole is highest adjacent the
outer diameter of the flange. Ultilizing an insert (i.e., a biscuit or generally
circular shape or other suitable shape) to create the repair results in a weld that is
similar to that achieved with the known wedge repair for larger holes. The
resultant weld is approximately at 45° on either side of the radial centerline of
the hole. This moves the weld out of the highest stress areas surrounding the
hole to the lower stress areas of the base material, which results in improved
fatigue life for the repaired 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 uneven 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



creating an insert plug and a runoff plate froma single piece of
material, wherein the runoff plate enconpasses the insert plug; tack
wel ding the runoff plate to the existing base material of the fl ange;
wel ding the insert plug to the base material of the flange and runoff
pl ate; renoving material fromthe insertl4plug and runoff plate to
obtain an aperture and flange containing a profile essentially the
sane as the profile of the aperture and flange prior to initiating
the repair. 2. The repair of nethod | wherein renoving the defects

| eaves at | easmahbpmaﬁbdmfcwm gridedetni]] withait dgprevingifremi the sist rshssiopé o
portion of the Ia ge 3. The repair nethod of claim1l1 wherein
renmovi ng the deFects résults in a parabol a centered about a dianeter
of the aperture. 4. The repair nethod of claiml wherein the
aperture contains a dianeter |ess that about 0.30 inches. 5. The
repair nmethod of claiml| wherein the insert plug is generally
circular or generally elliptical in shape. 6. The repair nethod of
claiml further conprising: tacking the insert plug to the runoff
plate. 7. The repair nethod of claiml wherein the wel ding process
used is electron beam wel di ng.
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CLAIMS

l. 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;

creating an insert plug and a runoff plate from a single piece of material, wherein
the runoff plate encompasses the insert plug;

tack welding the runoff 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.

2. The repair of method | wherein removing the defects leaves at least a portion of

the original aperture in the remaining portion of the flange.

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

centered about a diameter of the aperture.

4, The repair method of claim 1 wherein the aperture contains a diameter less that

about 0.30 inches.

5. The repair method of claim 1 wherein the insert plug is generally circular or

generally elliptical in shape.

6. The repair method of claim | further comprising: tacking the insert plug to the
runoff plate.
7. The repair method of claim | wherein the welding process used is electron beam

welding.



