A SYSTEM AND METHOD FOR REPAI RING A GAS TURBI NE ENG NE COVPONENT

CROSS- REFERENCE TO RELATED APPLI CATI ONS 5 The present application clains
priority to U S. Provisional Patent Application Serial No. 60/669, 444,
entitled, "REPAIR SYSTEMS AND METHODS FOR GAS TURBI NE ENG NE COVMPONENTS",
and filed on July 15, 2005. BACKGROUND The present invention relates
generally to a nethod and systemfor repairing a defect to in a conponent,
such as a gas turbine engi ne conponent (e.g., blades, vanes, etc.). Mre
particularly, the present invention relates to a repair system and net hod
that includes substantially renoving a defect froma conponent by formng a
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g objects, or high temperatures. Over time, these operating conditions may cause small cracks or

other defects to develop in the gas turbine engine component. Although such defects may be
small, they often have a significant impact, and the gas turbine engine component may be

20 rendered unacceptable for use. As such, many repair processes have been developed to salvage
these gas turbine engine components, It is important that the repair process or system generally
preserve the integrity of the gas turbine engine component, and does not adversely affect
functionality of the gas turbine engine component.

Defects in gas turbine engine components have typically been repaired by hand.

25  In one approach, an operator holds the defective gas turbine engine component in his hand
while using a grinding wheel, a carbide cutter, or other tool or cutting surface to route out
(i.e., remove) at least a substantial amount of the defect in the part. The operator generally
determines a geometry of the section to be removed based upon the type and location of the
defect. Thereafter, the gas turbine engine component is built back up, such as by welding a

30 replacement piece to the gas turbine engine component, in order to place the gas turbine

engine component in a condition that allows it to be returned to service in an engine. This



1 approach is less than ideal because various operators may utilize
different cutting surfaces (e.g., grinding wheels), which my renove
different amounts of material froma gas turbine engine conponent, possibly
creating different edge geonetries. A diversity in edge geonetries may
cause the wel ding process to be nore difficult and variable from one
operator 5 to another. Further, the inability to reproduce repair procedures
may be a drawback in sonme manufacturing and servicing environnents. BRIEF
SUMMARY The present invention is a nethod of repairing a defect in a
conponent. The nmethod includes formng a slot in the conponent to renove at
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repair process. FITBe pfesers invepiiorsipe atethod oViepairiog a defuctiivecemaporiend. dhamefhiostt ur e,

whi ch may be used to hol d. conponent in a predetermned itjon ile a
Slot i o oRFutEeE fri e Ralshisdhe BRI oy SRS B S e R HBra ng
fixtureot hate st irfeRidbd Gpte @dlerinddd @eGhMey. ONE preddnt HIvERIdii Cal U QBE M repalripgab 1 S
a perspective view of a set-up fixture that nmay be _used to allg;ia bl ade
within a Hefeetingcampangriewhere die system inglydes & fuuts opafigyradyogroedyedbsfampoptit may
be used in,afcordANCEm ﬂéﬁtﬁmfﬂorsgifbn aﬁme}qa@éagtrsﬁmmgfvaltdz@iceEiﬁ%s&tofrdm o SPip

where the éeV|ce i ncludes a grinding eel that is capab 30 of formng a
slot in a obapedegstmined geometry in the component.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. | is a perspective view of a gas turbine engine blade, which includes a platform
and a main body (including a tip).
FIG. 2 is a perspective view of a template that may be used to determine whether a
component is repairable.
20 FIG. 3 is a schematic sectional view of an example of a slot in a component {shown as
a partial section), where the slot has a geometry that facilitates the weld repair process.
FIG. 4 is a perspective view of a universal holding fixture, which may be used to hold a
component in a predetermined position while a slot is formed in the component.
FIG. 5 is a perspective view of a holding fixture that is configured to receive one
25  specific component.
FIG. 6 is a perspective view of a set-up fixture that may be used to align a blade within
a holding fixture.
FIG. 7 is a perspective view of a device that may be used in accordance with a first
embodiment of the present invention, where the device includes a grinding wheel that is capable

30  of forming a slot in a component.



2 FIGS. 8A-8D are schematic side views of the different steps in formng a
slot in accordance with a second enbodi nent of the present invention, which
includes formng an initial cut (FIG 8B), finished cut (FIG 8C), and
final slot in the blade (FIG 8D). FIG 9A is a perspective view of a
rough-cut fixture, which may be used to forman 5 initial cut in a
conponent. FIG 9B is a partial perspective view of the rough-cut fixture
shown in FIG 9A where a holding fixture has been attached to the
rough-cut fixture by mating ridges in the rough-cut fixture with grooves in
the holding fixture. FIG IQA is a perspective view of a finish router,
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non- uni {Orm ti es. fiG. 1B isa partial perspective side view of the chamfer fixture of FIG. 11A, where

the holding fixture has been secured to chamfer fixture.

DETAILED DESCRIPTION

The present invention is both a method and system for repairing a defect in a

20  component, such as a gas turbine engine component (e.g., a turbine blade tip, turbine blade
trailing edge, turbine blade platform, vane trailing edge, vane platform, etc.), where the method

and system may each be used to prepare a component for a weld repair process. As stated in the
Background section, a defect in a component may be in the form of a crack in a body of the
component. As used herein, the term “defect” includes any internal or external feature,

25  characteristic, attribute, aspect, or other such quality that is present or existing within a
component, and for which removal or repair thereof is desirable. This damage may take the form

of physical or structural deformations, malformations, imperfections, anomalies or irregularities
including, but not limited to, cracks, dents, fissures, fractures, pits, depressions, voids, cavities,

and substandard surfaces or edges. Additionally, the damage may take the form of material-based

30 flaws, weaknesses, or non-uniformities.



3 In accordance with the general principles of the invention, at |east a
substantial anount of a defect is renoved froma conponent by renoving a
section of the conponent that substantially enconpasses the defect. In the
present invention, the defect is renoved by formng (or "creating"”) a
"slot" in the conponent to renobve a section of the conponent that
substantially 5 enconpasses the defect. A "slot" is used as a general term
describing a void left in a conponent after a portion thereof is renoved,
and the use of the term"slot” is not intended to limt the scope of the
present invention to specific shapes or geonetries disclosed in the
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the shape of the void may al so affect the stress
The predetermined slot geometry is selected based upon various factors. One

consideration is whether the geometry will aid a subsequent repair process (e.g., a weld repair
20  process). Inthe embodiments described below, the slot has a radial end portion that provides an
area for a weld pool to gather, while a welding may use the chamfered edges as a visual reference

point for where a sidewall weld build-up should stop.
The slot geometry is also selected based upon a study of a structure of the component
being repaired, such as a stress analysis of the component in its particular application. When a
25  portion of a component is removed in order to remove a defect, the structural integrity of the
component may be adversely affected. For example, if a part of a hollow turbine blade wall is
removed to remove a defect, leaving a void, and a replacement piece is welded in the void, the
turbine blade wall may not be as structurally sound because the seams from the weld repair may
weaken the turbine blade wall. Furthermore, the shape of the void may also affect the stress

30 distribution properties of the turbine blade. The inventors of the present invention believe that the



30 distribution properties of the turbine blade. The inventors of the
present invention believe that the 4 particular slot geonetry disclosed in

t he enbodi nents hel ps to mnimze adverse affects on the structural
integrity of a turbine blade. This is, in part, due to the sound weld
resulting fromhow the geonetry of the slot aids the welding process. The
sl ot geonetry should be selected with these considerations in mnd, in
order to prevent failure of the conponent after repair. 5 The inventive
repair systemand nethod may be used to renpbve a defect in a conponent nore
consistently than with many exi sting nethods because of the predeterm ned
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in the art dadhattin & hemponent. Each of the multiple devices includes a different cutting surface, which

each serve a different function. A first device forms an initial cut in the component. A second

20  device finishes the initial cut to a predetermined width and radius, which results in a finished cut.

Finally, a third device chamfers the edges of the finished cut.

FIG. 1 is a perspective view of blade 10, for use in a gas turbine engine. Blade 10 is

shown as an example of a “component” that may be used in conjunction with the present

invention. Blade 10 includes platform 12 and main body 14, which includes tip 16. Main body

25 14 of blade 10 typically includes complicated passages (not shown) for cooling air. These

passages aid the cooling of blade 10 during operation of the gas turbine engine, and without such

cooling, blade 10 may overheat and main body 14 may warp. While the present invention is

described in reference to blade 10, it should be understood by those skilled in the art that the

present invention is applicable to any suitable damaged component that requires repair.

30 Once a damaged component is discovered, it is preferable that an operator



present invention is applicable to any suitabl e damaged conponent t hat
requires repair. 30 Once a damaged conponent is discovered, it is preferable
that an operator 5 determ nes whether the damage is suitable for repair
before delving into the repair process. Various factors influence whether a
conponent may be repaired. In the case of blade 10, a defect within main
body 14 may not be suitable for repair if the renoval of the defect would
darmage the internal cooling passages. A tenplate that identifies a
repairable area on the 5 conponent may be used to determ ne whether a defect
is suitable for repair. FIG 2 is a perspective view of tenplate 20, which
may be useddat@minss shgihsiethe damageds SIatagtsrfgorﬁamt baferg dplkvingdpleithexspaiTpieptsat e 20

i s designed f.i i : i 22
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possibility failure of blad after r iL. The  houndarie f
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a defect falls 'thga th? a{ea bqunded by rﬁgairable area 22, then the
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falls outsigedRNdl F80d:@nMIL# e belphed&f 18 %ave & AARunP i’ €RAIIBY inthkd)g this
invention without adversely afféecting the internal coo |n8_b passages of main
[

body 14 of batwers ang slof andinfesnahstyucture mptrdardo 2idovp foswisdens! vaeld bewgen # ndi ci um of

whet her a d [.S..SU f.ar i . a
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al ternate enmbodi mephShoun@itddsoZRpRiral€&e222 Sy be formed using any suitable method,
such as by scribing lines directly on template 22, or otherwise marking template 22. Ifa
defect falls within the area bounded by repairable area 22, then the defect can be repaired
20  using the present invention. However, if a defect falls outside repairable area 22, the defect
cannot be repaired using this invention without adversely affecting the internal cooling
passages of main body 14 of blade 10. In this way, template 20 provides a visual indicium of
whether a defect is suitable for repair.
Template 20 may be formed of a transparent material, such as Plexiglas. It is
25 preferred that at least a part of template 20 is formed of a transparent material because after
template 20 is positioned over blade 10, it is necessary to compare a location of the defect
with the location of repairable area 22. In alternate embodiments, repairable area 22 is
identified using other suitable means. For example, template 20 may be opaque with a
transparent window only allowing the repairable area 22 to be viewed by an operator.

30  Template 20 {and repairable area 22) may be modified so that it can be used with a



identified using other suitable neans. For exanple, tenplate 20 nmay be
opaque with a transparent wi ndow only allowing the repairable area 22 to be
viewed by an operator. 30 Tenplate 20 (and repairable area 22) nay be
nodified so that it can be used with a 6 conmponent other than blade 10. Once
it has been determ ned that blade 10 can be repaired, a slot is fornmed in
blade in order to renove at | east a substantial anmount of crack 16
therefrom Forming the slot in blade 10 prepares blade 10 for weld repair
(using processes known in the art), so that blade 10 nay be 5 repaired and
returned to service. For exanple, in a subsequent weld repair step, a

r epl acenentcompprant othhathenlblsderid.arly to the sl ot may be wel ded into the slot.
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If component 32 is a gas turbine engine blade including internal cooling passages,
such as blade 10, a depth of chamfered edges 38A and 38B depend upon a thickness of a wall
(i.e., adimension between the exterior surface of component 32 and the interior cooling passages)
20  generally at the location of defect in component 32. By using a chamfer depth generally equal to
a thickness of a wall of component 32 generally at the location of the defect in component 32, a
welder is given a visual indicium of a thickness of the wall, which aids the welder in weld-
repairing blade 10.
Determining a desired depth D of slot 30 is based on various factors, including the
25  internal geometry of component 32 and the geometry of the defect in component 32. For
example, if component 32 is blade 10 of FIG. 1, a consideration for determining depth D includes
the location of the internal cooling passages in main body 14 of blade 10. The internal cooling
passages typically need to be of a certain minimum size in order to facilitate proper air circulation

and cooling of bilade 10. As a result, depth D will depend on the desired size of the cooling air

30 passages. Furthermore, depth D must be large enough to substantially remove the defect from



the location of the internal cooling passages in nmain body 14 of bl ade 10.
The internal cooling passages typically need to be of a certain m ninum
size in order to facilitate proper air circulation and cooling of blade 10.
As a result, depth Dw Il depend on the desired size of the cooling air 30
passages. Furthernore, depth D nust be | arge enough to substantially renove
the defect from 7 blade 10. Ginding wheel 34 may be any suitabl e grinding
wheel , such as, but not |limted to, a cubic boron nitride (CBN) wheel or a
di anond plated steel wheel. In the first enbodi nent of the present

i nvention, grinding wheel 34 is designed to have a geonetry that allows sl ot
30 to be cubladssi® adius 36 of slot 30 to be rounded, and edges 38A and 38B

slot 30 to be chante i ingle. .device Wt single cutti t ool ,
rather than nul ti gp g&g@gi‘oygés@ég%%%%\w %udggleggﬁcgp %Nge‘%}ustufﬁgsgg’t‘to"(?} f'm?gd. tﬁ’.% t he
second enbodibiehvkorteside (OBN) whed ef atighear! plaeddtdsBah&A- Inlthd fils)embbdBndaserthd a
single device provides the %@y taggﬁpf ime efficiency aover the second
embodi ment , PRREFPEAY RO RIRSINg e ighe PihpYer egamrcediap dlomssiof G tge gy, 10
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("). Depih D of sl gctidR 40 %f gemBREWhde] 84 hiths tAiUs Q4! RhilleRkfionsRRAGKd 0B Bt
wheel 34, while width Wof slot 30 is generally equal to inner wdth | W of
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may have a : : f I i r
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configured to devi_ce (e. 65 of FIG 7 or

ttach to ., devic 25 rough- cut
fixture 90 ﬁ@ﬂ&?r@ng% of %ﬂw Bgdegre -th:Pﬁb‘P (9?8%&%‘5 gensralypapplia goute éf'eprtll
predet er m NRA of grinding wheel 34, while width W of slot 30 is generally equal to inner width IW of

grinding wheel 34, and so forth. In alternate embodiments, grinding wheel 34 may have a route
depth RD of about 0.100 inches, about 0.140 inches, or about 0.150 inches. In order to achieve
20 slots of different depths, widths, and/or chamfer depths, grinding wheels having different
dimensions are used.
FIG. 4 is a perspective view of holding fixture 50, which may be used to hoid
blade 10 (or other component) in a predetermined position while a slot is formed in blade 10.
Specifically, holding fixture 50 is configured to attach to a device (e.g., device 65 of FIG. 7 or
25 rough-cut fixture 90 of FIG. 9A), and functions to hold blade 10 in a fixed, predetermined
position while the device forms a cut in blade 10. Once it has been determined that blade 10
can be repaired (e.g., by using template 20 shown in FIG. 2), an operator may position blade
10 in holding fixture 50, or any suitable holding fixture. Holding fixture 50 is designed to
hold blade 10 in a predetermined position so that defects therein can be easily and consistently

30 removed by various operators. Holding fixture 50 includes clamps 52 and 54, which are



position while the device forns a cut in blade 10. Once it has been

determ ned that blade 10 can be repaired (e.g., by using tenplate 20 shown
in FIG 2), an operator may position blade 10 in holding fixture 50, or any
suitable holding fixture. Holding fixture 50 is designed to hold blade 10
in a predeterm ned position so that defects therein can be easily and
consistently 30 renoved by various operators. Holding fixture 50 includes
clanps 52 and 54, which are 8 configured to hold blade 10 in a substantially
fixed position. As it will be shown in FIG 6, clanps 52 and 54 each grasp
mai n body 14 of blade 10. Holding fixture 50 is designed as a universal
fixture thatonfigured frulistié dblfle }ined subprgntialy fixpbpatiting. Viert wilkbesbapoireRiGs 6i n
various pos@&hﬁ?@?and%4%ﬁd@é%§hﬂ %o&VPPQNﬂE t @ hol ding fixture is 5
configured ecel ve one Cl |c conponen An exanpl e of such a fixture
is shown in FIG 5Hoidmg:ﬂixtsdadﬂ55 &s@ﬁéd&@enimveeswﬁﬁmmaﬁatfm Mphlﬂiléoﬁ&celﬁhghw e 60
i s designed l@ hold blade 10 in a s ecjfig g@ﬁition 0_ensure g oper.at ors
orient bl ad®®9BSYHIPUSSHRPIARRT It EAHGYS RSN dp ealtematssmbpdimeat. 4 beldipg fixtug is
fixture 50 @nfithd torecdivedndsecdft dotnpdRdnt dRS EaMGH §1QultPd BxthR ¥ HWAYSFIG. S,
conponents. Rather, fixture 60 is designed to hoId only blade 10. Fixture
60 i ncl udeswhickghawssp perepestiys Bigw ofrftkturg GQhJum@r@am desigried thdald hladeot0 il aade

10 rests ong f 62.
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attached to set- ug%flxture 70, and blade 10 is positioned in holding fixture
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al i gns proper cutting device first positione
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fixture 70. 4n order to position blade 10 in holding fixture 50, blade 10 is
brought parallel to holding fixture 50 and positioned agai nst indicator stop

72. Blade tip 16 iEIG @hé @mq:ewntdmmbﬁ@eﬂﬁa fettuderTd] wikdroholdihg fikdeesEik atkchdd on
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fixture 50 is
fixture 50 so that blade 10 aligns properly with the cutting device.
Blade 10 is first positioned in holding fixture 50, and then holding fixture 50 is
20  positioned in set-up fixture 70. In order to position blade 10 in holding fixture 50, blade 10 is
brought parallel to holding fixture S0 and positioned against indicator stop 72. Blade tip 16 is
aligned with mark 75 on indicator 74. Once crack 18 on blade tip 16 is aligned with mark 75, and
blade 10 is otherwise aligned with set-up fixture 70, clamps 52 and 54 are tightened down so
blade 10 is held securely in holding fixture 50. In an alternate embodiment, holding fixture 50 is
25  positioned in set-up fixture 70, and then blade 10 is positioned in holding fixture 50. After blade
10 is propetly positioned within holding fixture 50, blade 10 and holding fixture 50 may be
removed from set-up fixture 70.
FIG. 7 is a perspective view of device 65, which may be used to form a slot in blade

10, in accordance with a first embodiment of the present invention. Holding fixture 50 is attached

30 to device 63. Device 65 includes grinding wheel 34 (also described in reference to FIG. 3), air



25 positioned in set-up fixture 70, and then blade 10 is positioned in

hol ding fixture 50. After blade 10 is properly positioned wthin holding
fixture 50, blade 10 and holding fixture 50 may be renoved from set-up
fixture 70. FIG 7 is a perspective view of device 65, which may be used to
forma slot in blade 10, in accordance with a first enbodi nent of the
present invention. Holding fixture 50 is attached 30 to device 65. Device
65 includes grinding wheel 34 (also described in reference to FIG 3), air 9
gun 66, which drives grinding wheel 34, screw 68, and frame 69. Air gun 66
is nounted to frame 69, while grinding wheel 34 is coupled to air gun 66.
Frame 69 ofguléé| wkiclbdrives guodihg ghea 34, tsarewrtd caid e @b d Airgzuf 68 istm@inted to fraome

exanple, fr 9 may. incl .rails that ma ith corres din rooves in
ol g 11 g ghning REed 39t Bigled e e olB 56 Mok o AbERF Aoor B dreaics
into frane @&ias aoRipMixiufe BOG FAevdrifle,r RERECY hidy! LB Ghils tHaX i€ Wath
After holding fixture 50 and frame 69 are secured together, screw 68 is

al i gned wi t9P1EsROBHING S96Nes Rgoldmedirtiseish dixamelss of swifalip rails thet way pBycarperaiesd di ng
fixture 90 itnfbh %9%1’4@5@/&1 [ﬂ'gFIfG §A'ﬁ!\ﬂ§1frr eét?c&t%ﬁ%{égutqg{turé @O.azgx EMBREA fixture 50

enbodi nents, holding fixture 50 an me be secured together using
any suit abl adrfeanesy? arg seehredgogelther, saetv 68 imiatigrebdtvath acarteapiding theedertiog?é 10

Once it has, been. ermi.ned, th crack 18 i j, 6 of_ bl ade iS .suitable
for repai r(,sp%w ‘8&2{3&@'“‘@8&?“1@&‘ rl‘%ﬁ t‘b?eﬁﬂré%f%}“?grﬁ’f%‘iedﬁoﬁﬁ%ﬁnﬁ%gr b‘ gFMalf o

pr edet er m nggbodfdrnits, Blding SixtueeSTAndFRchei6n magbesRiea tdgethkr @g aRy sueb|&medr] di ng
fixture 50 is then attached to device 65, and because bl ade 10 was aligned

on hol di ng $Fk2uPet b ligpdedtp. aslmpgrmsehyiign70 (shown in FIG 5), crack 18

has beepy, "pre-al i gpad'ic WistHee@ad O ind iRk 34 in &F 1694 BldyeES buidfie! igr t hen
rotated 15 with air gun 66 as 1t is placed in contact wmth crack 18, thereby

renovi ng neiepsii, ah oparalor ey posiigprebladed i olding fetuwse SBM spredeietmngd fBsitig),.asOnce
the shot * SasQlBsh fefrbdcR I sOLEEE Ht%fdi%@lt&%%o%&h'SE A RRA ol RyRE YRS
ret 0 service M a gas

repaired (by processes Known 1n e ar drne
t ur bi ne enghedsuse bladali® eanalighed v heliding Hixaure BO Lslhgget-up fixtire7G Ghowy iEIG. 3),

Substl tued Lo aohng LR 50,020, 10 o) socond cnbpdl mt o the |
where the fimabir ?Jup@cs AsSit YA¥BMinl ddnfabiGieh ShAPES, thblebdReth&Nihd AateBibitanis for med
in the conponent, 2) the initial cut is finished to a predeterm ned w dth,
whil e a endiopaingiasiet tse.¢ et 30ishpwn &1 Flgw ).  @noe dhensdet is formed inditeleofiilasled Or adi us,
resulting i Bladt ffo i?ieﬁ@}eg) tebeld %Qirgtp (b?‘ﬂg)%gssQ; kiboh&: in the art) and returned to service
in a gas turbine engine. In alternate embodiments, holding fixture 60 may be substituted for
holding fixture 50.
20 In a second embodiment of the present invention, a slot is formed in a compenent
using muitiple devices, where the final slot is formed in three steps: 1) an initial cut is formed in
the component, 2) the initial cut is finished to a predetermined width, while a end portion of the
initial cut is formed to a predetermined radius, resulting in a finished cut, and 3) edges of the
finished cut are chamfered. This embodiment is discussed in reference to F1IGS. 8A—-11B. FIGS.
25  8A-8D illustrate each step in forming a slot in a component. Specifically, FIGS. 8A-8D are a
schematic side views of crack 18 in biade 10 (also shown in FIG. 1), initial cut 76 in blade 10,
finished cut 77 in blade 10, and slot 78 in blade 10, respectively, in accordance with the second
embodiment of the present invention.

FIG. 8A is a schematic side view of blade 10, in which crack 18 has formed. It is

30 assumed for purposes of description that crack 18 is suitable for repair. FIG. 8B is a schematic
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finished cut are chanfered. This enbodi nent is discussed in reference to
FIGS. 8A-11B. FIGS. 25 8A-8D illustrate each step in formng a slot in a
conponent. Specifically, FIGS. 8A-8D are a schematic side views of crack 18
in blade 10 (also shown in FIG 1), initial cut 76 in blade 10, finished
cut 77 in blade 10, and slot 78 in blade 10, respectively, in accordance
with the second enbodinment of the present invention. FIG 8A is a schenmatic
side view of blade 10, in which crack 18 has fornmed. It is 30 assuned for
purposes of description that crack 18 is suitable for repair. FIG 8Bis a
schematic 10 side view of blade 10, where initial cut 76 has_ been forned
therein witHdavierradbladgdp; Wff‘ﬁé\)i‘%’é“t (tehag been rmmed thgreir with @rfizstauttingsigrics n
FIG 9A). Ipidigleek f?(ﬁlréﬁ'og'l AEin FG: Stl@ﬂal'c% h¥in ﬁéﬂ%vl%ssub%ﬁfah ile%acﬁv%?d
possi bly sone nat erl al surrounding crac In order to renove

defects) ferath b Gdé pwlbljaﬂtunqamuuale@rraundn@mduw incuderito rd)hta&édat&ﬂ.defmishl al
cut 76 does a ired Rat h hi,s.
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second device (e.g i nls
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78 (shown i thefelnG Fﬂﬁl}hedeﬁigé’g i ABrnagaldby Tivishingf initiab hﬂd7@l4§ho3v71 ar BIG.s8B)l o a
unfi ni shed G.8D.is a(g&hena ic side vjew of

ere
bl ade 10, vxl(ﬁ'éﬁif‘ée"g]‘ @’f f?%%‘”‘cgﬁ‘épé’f’ﬁ‘o“\ﬁéttﬂ radjysh gy ithAgsegendreleyice 66,8

portion 78Angkn ﬁolu&}l@@sﬂa%ant@ I9ATE WHIIBBASh QIR FRRasY ddbhhe ﬁﬁfjlsrcﬁ)gé téshe R of
end portion 77A of finished cut 77. In order to formslot 78 having the

desi red geodasired/geometiyof fing! stot A% shevin UKIG7 ¥R, adges 778 and 87¢ hbfinibled coid 7tage f or m

edges 78B a&ﬂl Jn%lshg?glél hh&ﬁmﬂr@) 78 has a geonetry that facilitates the
wel d-repai r process s’'previousl’y discussed. 20 FIG 9A is a perspective

vi ew of isough-cut FIG8lriea8thematic it vlmbﬁhﬂake 10y wheae 818¢ 78 ig formed thgraivh &1dti84,

spi ndl e 86, ,air n 88 ﬁg_l\gi‘ui ch i ng rame 82 .and scr. 0. i ndi ng
wheel 54t s ARAREF Er olibnice B DTaRI B S ST whySinas Wit anoisy i gun
88. Rough- cRfof end portion 77A of finished cut 77. In order to form slot 78 having the desired geometry,

edges of finished cut 77B and 77C are chamfered to form edges 78B and 78C. Resulting slot 78

to

has a geometry that facilitates the weld-repair process, as previously discussed.

20 FIG. 9A is a perspective view of rough-cut fixture 80, which includes frame 82,
grinding wheel 84, spindle 86, air gun 88, which is mounted to frame 82, and screw 90. Grinding
wheel 84 is mounted on spindle 86, which is coupled to and driven by air gun 88. Rough-cut
fixture is an embodiment of a device that may be used to form initial cut 76 (shown in FIG. 8B)
in tip 16 of blade 10 to remove at least a substantial portion of crack 18. Frame 82 of rough-cut

25 fixture 80 is configured to receive holding fixture 50 (shown in FIG. 4). Frame 82 includes rails
92 and 94, which mate with corresponding grooves in holding fixture 50. By aligning holding
fixture 50 grooves with rails 92 and 94 and “sliding” holding fixture 50 onto frame, holding
fixture 50 is attached to rough-cut fixture 80. After holding fixture 50 and rough-cut fixture 80
are attached together, screw 90 is aligned with a corresponding threaded hole 96 (shown in FIG.

30 9B) in holding fixture 50 to secure holding fixture 50 to rough-cut fixture 80. In alternate
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fixture is an enbodi nent of a device that may be used to forminitial cut 76
(shown in FIG 813) intip 16 of blade 10 to renove at |east a substanti al
portion of crack 18. Frame 82 of rough-cut 25 fixture 80 is configured to
receive holding fixture 50 (shown in FIG 4). Frane 82 includes rails 92
and 94, which mate wth correspondi ng grooves in holding fixture 50. By
aligning holding fixture 50 grooves with rails 92 and 94 and "sli di ng"

hol ding fixture 50 onto frame, holding fixture 50 is attached to rough-cut
fixture 80. After holding fixture 50 and rough-cut fixture 80 are attached
together, screw 90 is aligned with a corresponding threaded hole 96 (shown
in FIG 30 gudimenthdpliingfittise Wrand3oughecus Sxtureshoinibagedurodt tagahG @sing any
rough-cut fj &r%mggg In alternate | | enbodi ments, holding fixture 50 and
r ough- cut f| ure may be secured together using any suitable neans.
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rough-cyg fTlatlria aRénarebbediiehd] a9 shitasleidhffical h@&rl@e&aeﬁrm@&%c& fray be
rough-cut fixture 80 by mating ridges 92 and 94 (shown in FIG 9A) with

corr espondi ﬁ’@sﬁklﬁé‘ﬁgsﬁlﬁ%“%l ding fixture 50. As FIG 913 shows, screw 90 is
aligned to fit withjd oB3s ApdrQAl] @é?&!ﬁ%ﬂgwtobfo%gﬁ%&d}&&r QvHe hBth%'JB&r@S ture
c?a gd L0 hol I'n

50. Blade 10 is secure I ng I xture eel
84 is posithasrbech attaclﬁadrtcrrmh'rcm ﬁktate &ﬁhyrhaﬁnlglrai@% Qmandaﬁdehcfwrclalﬂlgl, 9A)@mdtk 18

intip 160fbad S_ a ee n cut
76 is subsYANntY onﬁn%%éol?ﬁrgsrlplrlrl%@s %L\l/r%? @&sﬁﬁl@% Y ?cé%yaglesﬁ‘g%}e%o fF"tmﬁ‘é'};lst a
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cut 76isf rmed, ho) dj gflxt e50 W t h ade .10 secur f ast ened
therein) is Rt fencree Padis pP?l&?ﬂffiéo gwm al“di“f‘?'aﬂ“téﬂﬁa‘%'ﬁq SPEFEFRILY,

finished tocgepiedetipria 6‘feﬂade 10 is aligned with grinding wheel 84 so that initial cut 76 is
substantially superimposed over crack 18, thereby removing at least a substantial section of crack
18 from tip 16 of blade 10.

20 Once initial cut 76 is formed, holding fixture 50 (with blade 10 securely fastened
therein) is removed from rough-cut fixture 80. Initial cut 76 is then finished to a predetermined
width and radius with a second cutting device, resulting in finished cut 77 (shown in FIG 8C). In
the second embodiment, the second cutting device is finish router 100, which is shown in FIGS.
10A and 10B. In alternate embodiments, any suitable cutting device with a cutting surface

25 configured to finish the initial cut to a predetermined width and radius may be used.

FIG. 10A is a perspective view of finish router 100, which includes router 102, air gun
104, and frame 106. Air gun 104 is mounted to frame 106, while router 102 is coupled to and
driven by air gun 104. As with frame 82 of rough-cut fixture 80, frame 106 includes rails 108
and 110, which mate with corresponding grooves in holding fixture 50. Holding fixture 50 and

30 finish router 100 are further secured together using screw 112, which is configured to fit within a
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wi dth and radius with a second cutting device, resulting in finished cut 77
(shown in FIG8Q In the second enbodi nent, the second cutting device is
finish router 100, which is shown in FIGS. 10A and 1013. In alternate
enbodi ments, any suitable cutting device with a cutting surface 25
configured to finish the initial cut to a predeterm ned width and radi us may
be used. FIG | OAis a perspective view of finish router 100, which

i ncludes router 102, air gun 104, and frane 106. Air gun 104 is nounted to
frame 106, while router 102 is coupled to and driven by air gun 104. As
wth frame 82 of rough-cut fixture 80, franme 106 includes rails 108 and |
10, whi ch reerespanding dbiepdedplirieliff g skpvaoine EIG. nl 0| idi hedding fixtwre 560. InHdtediatey
fixture 50 i pLis) I e ' SCrew
113, "whi o Fdkels B FRHEC B o b0 BOEU S oL AR BRI o6
(shown in Fhéans1013) in holding fixture 50. In alternate enbodinents,

hol ding fixture 5

O0,and fi.,nish ro . 100 be secured together using.any
suitable neans. !ﬂ%ﬁ@%rrl oyl @igﬂmﬁh i?@%ﬁ%erc_ P plteipate g?‘k"é‘f“?’_e'f'tﬁ’ céﬁ’t‘%r nat e
embodi ment seutte@ 0P bifiesuitable Wiz Sdran9kuiddle csxmx{gasmf@cesmgfbe Ned 3 ¥inSK ididd c6t 76
cutting surface n%gﬁbe used to finish initial cut 76 (shown in FIG 8B)

Rout er 102 @kavaniniFdHedB)a Roykesil 9% establishpg picagpisignd contiag avidth and sadins at the eadhefl of
Cniti al e e i £ ai
tnitiral cu m@lgle‘:"ﬁ?%\f/]\hg Qithlalr gdH 88 %?ro‘ﬁ&h-’&ﬂ%x‘g lgg,ua,[u' %fgtlr()lg. 9'tbe§h{f %lgﬂgleég%%c g?y

be any suita power ~al r gun, “such as, imte
model 12125@0v0ait gurt, sud3B00rt pot lilledts) 4 Botto, nBade] 124256001 8, 23@0@pmoHIpsi/Gilal | y

i | abl Cooper.Tool,s, Houston, T | n_al i di nent s,
SUitable. meARaRRRRIS ARYS PR ~aBE hy GoBrIa hayStichs d5SHs « B At i 1
gun 10440 Fld&mbolifiehts, snysutale hizbhAaeabiRent bivehdideoinz@eyioé mhal B sibstitted @sr al00,

where holding fixture 50 has been attached to finish router 100 by mating
ridges 108 &#Hd%410 (shown in FIG 10A) with correspondi ng grooves in

hol ding fixture 50FIG$@0]§Y¥&%?LEJ# ?er&d%@@@ﬁﬂ_vﬁﬂ%&h%ﬁt&%@@%ﬁ@é gou%ﬁg ?&uﬂéh

holding fixture 50, thereby her securing holding fixture 50 to finis
rout er 100.50Blaabiesn agached todmdsdnrentyr IO0&ppating udgesl 88 angl 110 xshowe iBBIG. FIAQ with013
illustrates al 1 indti 7 finish initlak.cut
76 to o preodoepBithEleolit Fhbdg s SebtoPLizilvded B el hite 30

bl ade 10 weisldihg fixratt ONthekebl Girthgr fecuding 1dfe Mktute Hab finhfrouelne. Blhide 10 is

posi tioni ng hol di fixture 50 on finish router 100 20 aligns initial cut 76
Wi th router“Tﬁ??ngﬁﬁthﬁﬂ&PgdWB¥e%gz is centered with initial cut 76

Rout er FIG. 10B illustrates how router 84 aligns with initial cut 76 to finish initial cut 76 to a
predetermined width and radius to form finished cut 77. Because blade 10 was aligned on
holding fixture 50 with set-up fixture 70, positioning holding fixture 50 on finish router 100

20  aligns initial cut 76 with router 102, such that router 102 is centered with initial cut 76. Router
102 is then rotated with air gun 104 as it is placed in contact with initial cut 76, thereby removing
material and finishing a width and radius of initial cut 76 to the predetermined dimensions. As
those skilled in the art recognize, the width and radius of initial cut 76 are determined by the size
of router 102.

25 Once finished cut 77 is formed in blade 10, holding fixture 50 (with blade 10
securely fastened therein) is removed from finish router fixture 100. Edges 118 of finished
cut 77 are then chamfered with a third cutting device. In the second embodiment, the third
cutting device is chamfer fixture 120, which is shown in FIGS. 11A and 11B. In alternate
embodiments, any suitable cutting surface configured to chamfer edge 118 of finished cut 77.

30 FIG. 11A is a perspective view of chamfer fixture 120, which includes frame 122,
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102 is then rotated with air gun 104 as it is placed in contact with initial
cut 76, thereby renoving material and finishing a wdth and radi us of
initial cut 76 to the predeterm ned di nensions. As those skilled in the art
recogni ze, the wdth and radius of initial cut 76 are determ ned by the size
of router 102. 25 Once finished cut 77 is fornmed in blade 10, hol ding
fixture 50 (with blade 10 securely fastened therein) is renoved fromfinish
router fixture 100. Edges 118 of finished cut 77 are then chanfered with a
third cutting device. In the second enbodinent, the third cutting device is
chanfer fixture 120, which is showmn in FIGS. | IAand | | B. In alternate
embodi nent ssartagpcugen k24bdieguut26i ang ssigrf 138 e As wiithifigmeda of toughsnt fiixftane 88 fpane1 18

of finishe ] % i tive Vi o) r fixture
120, whi chdllzgc c&@égraﬁﬂ?érﬁ%ﬁﬁgz ’ ‘X@C%glra ivg‘g{%&g %pé)wl%%é%(’%g?srlk&ﬁnﬂ%mrghgﬁoscr ew
128. As w tdttath fardin@fxtofe S0co giencid fiftucetl 20.eHA0ing fixames0 did2Zhamtdr Gd@se 2@iates 130

and 132, ich mate wth. correspondi r.ooves i.n holding. fixture 50 to

S ach- hol A raer eBBee bt e 26 SHEH b coobBuprfhg i Greesenditty
chanfer §i xhiehd@dhdQ B (ShowrihFIG! | mywmain%ﬂg@km 1M 8l d¥atS EhBMMirhes, RotMieh 1S
configured to fit within a_correspondi ng t hreaded hole 96 (shown in G

11B) in holfistwrg 5P jand chamferfixtyig 120 may ha secueadiessiling Hsisg amosuitablg mepnsct ure 50
and chanfer fixtur : : t ugl i {: S.
Car bi de cutter 124&'1%%% ch %S%Q %gﬁ#ﬁg C%%t eérﬁ%rl' nﬁla %g?d %?@%eﬁ%égn%@,
carbi de cuutters sf afy saitybls siiz¢, abhey siitaele catingnyfaseimbhabt esedud thantfesedyt dt®ofray

be used to chanfer e f . fipishe ut 77 ar blade tip A16. Ar gun
126 is couplﬁrlésg‘ef| 8“0?1?%‘?38%’}%8?‘?&6' 1 ﬁ,guﬁﬂagFso(ﬁoé‘f’ga%‘iﬁargh‘ﬁtﬁugg &?t g o ot a
hi gh speed.cafsdenuttér 124 bt Hhiph §Bef A Widgdr QM8 8O }udh-Luitkturdig0, aiipun 126mapde be
any suitable high power air gun, such as, but not limted to, a Dotco, nodel
1212500- 01r&Y Sug@xb?)b&gb AowsD als gun.gsush B rbut Ry miteds toﬁrad%ot%rmﬁe_éilamwo-@lrt,

avai | abl e bysoGaReod aale) BEOYHI@ s malietAtmeldhif! A&l By EODALTHRY tHous@RY

sui tabl e nechani cal notor or other driving device nay be substituted for
air gun 104Texas IFpl@rmard 8nbadimenpaany suitaple meplanidalmowi deother dviviog deviearhey be
fixture 120,,wher | din fixture 50 has been attached to chanfer fixture
120 by natisr’lllasnruﬁ?fgg)gg'f%ﬁng%% 132 with correspondi ng grooves in hol ding
fixture150. Screw HZS3 1iB if hiparas @drshéutioeigille Vistvaddranfeolieuo120] whére hdiding

XL %0 s ShSERL RSN Sedita Sl i, 200, chanter T1xture
intip 16 oforbdRHnd rdoSes in holding fixture 50. Screw 128 is threaded through threaded hole 96
in holding fixture 50, thereby further securing holding fixture 50 to chamfer fixture 120.
Blade 10 is securely clamped to holding fixture 50 and finished cut 77 in tip 16 of blade 10 is
20  aligned with carbide cutter 124. Once again, because blade 10 was previously aligned on
holding fixture 50 with set-up fixture 70, positioning holding fixture 50 on chamfer fixture
120 aligns finished cut 77 with carbide cutter 124, such that carbide cutter 124 is centered
with finished cut 77.
After attaching holding fixture 50 to chamfer fixture 120, carbide cutter 124 is
25  rotated with air gun 126 as it is placed in contact with finished cut 77, thereby chamfering
edge 118 of finished cut 77. As those skilled in the art recognize, a configuration of carbide
cutter 124 determines a geometry of a chamfer of edges 77B and 77C of finished cut 77, and a
depth of the chamfer may be determined by a thickness of blade 10 wall at tip 16.
Once edge 77B and 77C of finished cut 77 is chamfered, holding fixture 50 (with

30  blade 10 securely fastened therein) is removed from chamfer fixture 120, and blade 10 is
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20 aligned with carbide cutter 124. Once again, because blade 10 was
previously aligned on holding fixture 50 with set-up fixture 70,
positioning holding fixture 50 on chanfer fixture 120 aligns finished cut
77 with carbide cutter 124, such that carbide cutter 124 is centered wth
finished cut 77. After attaching holding fixture 50 to chanfer fixture 120,
carbide cutter 124 is 25 rotated with air gun 126 as it is placed in
contact with finished cut 77, thereby chanfering edge 118 of finished cut
77. As those skilled in the art recognize, a configuration of carbide
cutter 124 determ nes a geonetry of a chanfer of edges 77B and 77C of

fini shed cuem@d fmmdhddindé'muﬂe 6. Hheewhdnfikemataymbedinienteradedd nny t=

t hi ckness of bl .16. Once ed 74B an 7C of finpished cut
77+ s chantreraut ifest Boidedlre ot Bac o srbRn S ing GRS G Bttt BBt
therein) i swoesﬁndedoﬁsrm pﬂaparé@forweldﬂapﬂr 3ndmapbelweldadgaik absordidg feenoved
fromholding fixture Howev in alternate enbodi nents, bl ade 10 may be
renoved frdRRIESEY F?ﬂj”"r erémawdw? Blacg RJageckis Fongitps far W@Jrﬂmﬁfmwwnﬁr om
char nf er; figégﬂﬁ[gne e Blade 10 is now prepared for weld repair, and may be
wel d repaired according to processes known in the art in order to place

bl ade 10 i s condi t Wbile blade F&tiplhrapgir wos descibadend depicted igméerense bt FiSisehgi ne.
V\hlle bl ad 0 6 8P sdeC|be cted r ef erenc Lo FI GS
| ool Hophihafors 8P Bels Y RaY 855 b PAraN" sEPUBES Pich B B0 Gike W o
the pr| nci nﬁésﬁntﬂﬁvdnhm Porexsnple] Mivahitg alge ofthe bamawllebe goughaut, fiagh eslgel of

t he bl ade coyld be rough-cut, finish rputed, and rnfered in a simlar
manner as jaﬁgﬁﬁﬁ%tgf?ﬁll% a‘m‘g‘Em@B‘Eﬂr&S&lsrb‘%éﬁg’eﬂ’laétcf"blﬁﬁ]%lage Efﬁ’g”?‘ o¥§ifat f orm
and/ or @ VaRfdhadidid?d vaaIRaili ggFéiéthﬁfher ttﬁb%r@sfeﬁﬁlﬁ%ntl'oﬂ\{sel{btt nlmeaﬁ) not
linmited to turbine blades or I ne conponents. The principals of the

present i nveiinedindesprdrding @WDHCW%VT*?@Q?fIa01pNéQéthé PreiseE dngabers thgrei assldtor ned
in a CO”pom%O*nﬁ %réﬁ Qﬁﬁm&cﬁ) gé XGs Armb RS coﬂlpoﬁ%‘f{' 34 8‘1’3&1‘ t%lre’%r%%ha%a def ect
0 e : e

fromthe c dto any suita onen

t erm nol og;subsmharmncemnof $deffmt fmhﬁhpwmumentomaylesa:pfphpd tcoamy soasblé i Mt ati on.
Specific structural and functional details disclosed herein are not to be
i nt er pret ed°¥¥°15%i ting, but nerely as bases for teaching one skilled in

the artjsto vari oustie tefimhdlyg Jtdsed RrEiS & Yor thOP@PoIe@ desChpthMUEH limbthgonD ERRERL

i nvention has been described with reference to preferred enbodi nents,

wor ker s structural and functional details disclosed herein are not to be interpreted as limiting, but merely
as bases for teaching one skilled in the art to variously employ the present invention. Although
the present invention has been described with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be made in form and detail without departing

20 from the spirit and scope of the invention.
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skilled in the art will recognize that changes nay be nmade in form and
detail w thout departing 20 fromthe spirit and scope of the invention. 15
CLAIMS: | . Anmethod for repairing a defect in a conponent, the nethod
characterized by utilizing at |east one device to renove at |least a
substantial part of the defect fromthe conmponent, wherein the at |east one
renmoval device is capable of formng a slot in the conponent, the slot
including a 5 predeterm ned depth, width, radius at a end, and chanifered
edges. 2. The method of claim1l, wherein the at |east one device is capable
of renoving consistent anounts of material fromthe conponent regardl ess of
an operatorCItﬂNé\fIS'i S operati ng the at |l east one device. 10 3. The nethod of
claiml1, fuyther kS I ik onen is
for med therfel n. 819 1g&aorﬁhnsrt %&é#g@?ﬁ gfﬁlp%u P gﬁl%c{grrprlfsalc%é&&ﬂg}ﬁ@z F%t ng a
tenplate t dewl;em&rdtiv'me ta rferrtoheatdeaxpmmmtiiaﬂ pauibf tho iefedtdront ¢p@bmpgieny whein
form ng . t hod of .c erein the co onent co rlses
a gas tur b:}ﬁ"eaté‘?‘?@ 8re“&%"ﬁ{)%°r‘§(é°r‘7tls Caﬂﬁbl%‘)ﬁjﬁ@n%\f{wﬂﬁﬂ COE‘IPB?‘?W% sletdpcdidinga,
gas_turbj nepredi@irMehe ABRANGIEL, MRk 8 65d, ahd LiRATEre@BBesOf : @ blade and a vane-
7. The nmethod of claim1, wherein a first, second, and third device are
utilized to renove 25 at |east the substantlal part of the defect fromthe
component, fhe fT‘h%%et%%Wf@ﬁm??'%r&t?ﬁE'aﬂla’ S 6hd dRvicO 14TaAb St cbhBling Uhnsisfint e
conponent vvlth a first cutting surface e second I ce being “contigured
to finish tdmounsiof natermhfromahfacq@rp@dettewgﬂdhad ofrdeferaorthatdslppesatinigtthe @ lsstcond
cutting surf§ resulting in a finished cut including an edge, and the
third devi ct 8‘(%@] configured to chanfer the edge of the finished cut with
a thirdycutting surface. 30 16

3. The method of claim 1, further comprising:

weld repairing the component after the slot is formed therein.

4. The method of claim 1, further comprising:
15 utilizing a template to determine if the component is suitable for repair prior to forming
the slot.
5. The method of claim 1, wherein the component comprises a gas turbine engine
component.
20
6. The method of claim 5, wherein the gas turbine engine component comprises at least one

of: a blade and a vane.

7. The method of claim 1, wherein a first, second, and third device are utilized to remove

25  at least the substantial part of the defect from the component, the first device being configured
to form an initial cut in the component with a first cutting surface, the second device being
configured to finish the initial cut to a predetermined width and radius with a second cutting
surface, resulting in a finished cut including an edge, and the third device being configured to
chamfer the edge of the finished cut with a third cutting surface.

30
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5 8. Anmethod for repairing a defect in a conponent, the nmethod conpri sing:
utilizing a tenplate to determne if the conponent is suitable for repair;
securing the conponent in a fixture; formng a slot in the conponent while
t he conponent is secured in the fixture, thereby renoving a portion of the
conponent that at |east substantially enconpasses the defect, wherein the
sl ot has a predeterm ned geonetry; and weld repairing the conponent. 9. The
nmet hod of claim8, wherein formng a slot in the conponent conprises: 10
forming an initial cut in the conponent with a first cutting surface;
finishing the initial cut to a predeterm ned width and radius with a second
cutting suBfaceA medwd for regairing a défectiis hedmparent, thelmthadcemprsoge; and
chanfering the edge. ofat'%he1 Litnidsthed cut, with athir @u ting.surface. 15 10.
The net hod of cl &I " WHERE R IFSTRRRYG BE OmEensy is idabls fosg conpri ses:
positioning a sisgikgteeeonpondihadgixaagabl e of formng the slot in contact
with the conponent. 11 Th% nmet hod of c¢laim8, wherein the conponent
conprises a gas COPBEASI HYASompeneppwhils{hs Eompopenth eechisd ip the dpctuse. dhaisty,  and

further gonprising Utr.bt_hb\Zi.h?Q pBrtRRbLE R cHANbfeRt the @lléa%uBH%tiaﬁgglp&H@%seé n the
fixture prior to securing the conmponent In the fixture. 25 13. A systemfor

repai ring a defect i rhexdadestpuliresin thetshas hes/apredaterovimad; ssomgtry;anfii xt ur e
configured to re\g%)'a\(eg, thtﬁeo rrd%%P‘%t and secure the conponent in a fixed
east o va

position; and at a ere device capable of formng a slot in the
conponent, the slot having a predeterm ned depth, width, radius at its end,

and chanfered edges. 30, 17 14. The systemof claim 13, wherein the at | east
one renoval 8'devid—@“@ mgt %%F%W&MW{“ OHABE ASLO! BY R ERTBPGNSNt GOFPNIESS enpved from

the colrrmgne_nt r e@ahiak 88 tifdl chiie tRPQ@oRént Widta first ditdgis6iR@; the at [east one
renova evi ce.
finishing the initial cut to a predetermined width and radius with a second cutting
surface, resulting in a finished cut including an edge; and

chamfering the edge of the finished cut with a third cutting surface.

15 10.  The method of claim 8, wherein forming a slot in the component comprises:
positioning a single removal device capable of forming the slot in contact with the

component,

I1.  The method of claim 8, wherein the component comprises a gas turbine engine

20 component.

12.  The method of claim 8, and further comprising utilizing a set-up device to align the

component in the fixture prior to securing the component in the fixture.

25 13. A system for repairing a defect in a component, the system comprising:
a fixture configured to receive the component and secure the component in a fixed
position; and
at least one removal device capable of forming a slot in the component, the slot having a
predetermined depth, width, radius at its end, and chamfered edges.

30
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5 15. The system of claim 13, wherein the system further conprises: a

tenpl ate capable of allowing an operator to determne if the conponent is
suitable for repair before the slot is forned therein. 16. The system of
claim 13, wherein the conponent conprises a gas turbine engine 10
conmponent. 17. The system of claim 16, wherein the gas turbine engine
conponent conprises at |east one of. a blade and a vane. 15 18. The system
of claim 12, wherein the at |east one renoval device conprises a single
cutting wheel designed to cut the slot in the conponent, the slot having a
pr edet er m ned eonetry. 19. The systemof claim 13, wherein the at |east
one renoval l4devilde sygaprafsdaim 1R 0ovherein thehatclgast iong refeavat devepalives ednsistent
rough-cutti ol t. j, 0j i i e of
Cot abi i shi rieshBRrEaBfialol AReTRANIN o Rahintlsataleat briordB By SERBRE
after the shottlest oreugheocaleviend a chanfering device capabl e of chanfering
the edges of the slot after the slot is finish routed. 25 20. The system of
claim 13, and further conprising: a set-up device capable of allow ng the

conponent t13. be MRSt BLElain11 B WHeRALHhE bysdhe thirtheO&IgrRBs: bef ore the slot is
formed therein. 18 )
a template capable of allowing an operator to determine if the component is suitable for

repair before the slot is formed therein.

16.  The system of claim 13, wherein the component comprises a gas turbine engine

10 component.

17.  The system of claim 16, wherein the gas turbine engine component comprises at least one

of: a blade and a vane.

15 18.  The system of claim 12, wherein the at least one removal device comprises a single
cutting wheel designed to cut the slot in the component, the slot having a predetermined

geometry.

19.  The system of claim 13, wherein the at least one removal device comprises:
20 a rough cutting device capable of rough-cutting the slot in the component;
a finish routing device capable of establishing a consisting routing width and radius at the
end of the slot after the slot is rough-cut; and
a chamfering device capable of chamfering the edges of the slot after the slot is finish
routed.
25
20.  The system of claim 13, and further comprising:
a set-up device capable of allowing the component to be positioned in a predetermined

position before the slot is formed therein.

18



