HOLE LINERS FOR REPAIR OF VANE COUNTERBORE HOLES
BACKGROUND OF THE INVENTION [0001] The present invention is related
to gas turbine engines, and in particular to variable vane counterbored holes
for engine casings. [0002] Gas turbine engines operate by.combusting fuel in
compressed air to create heated gases with increased pressure and density.
The heated gases are ultimately forced through an exhaust nozzle, which is
used to step up the velocity of the exiting gases and in-turn produce thrust
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different aircraft speeds, the velocity of the airflow through the gas turbine engine
varies. Thus, the incidence of the air onto rotor blades of subsequent compressor stages
differs at different aircraft speeds. One way of achieving more efficient performance of
the gas turbine engine over the entire speed range, especially at high speed/high
pressure ranges, is to use variable stator vanes which can optimize the incidence of the
airflow onto subsequent compressor stage blades. ,

[0004] A plurality of variable stator vanes are typically circumferentially
arranged between outer and inner diameter shrouds, which are typically manufactured
from steel alloys. The vanes typically include trunnion posts at their innermost and
outermost diameters that extend through counterbored holes in the shrouds,
respectively. Accordingly, it is desirable that the variable vanes have low-friction
rotational movement within the counterbores. However, over the course of an engine

lifetime, these counterbores become worn and weathered. In addition to normal vane-



rotational movement within the counterbores. However, over the course of an
engine lifetime, these counterbores become wom and weathered. In addition
to normal vane induced wear, operation in wet and/or salt-rich environments
induces corrosion or pitting in the counterbores, which interferes with free
rotation of the vane trunnions within the counterbores. Inthe case of severe
wear or corrosion, it can be necessary to replace the entire compressor case
or vane shroud in order to restore optimal free rotation to the variable vanes.
This is Hn(ggsirable because these parts are typically very castly due to the
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HPC frovitehgslod Bd@acP surface. The invention also provides a method for repairing a
damaged counterbore in a variable vane shroud. A liner having a shape corresponding
to a layer of material removed from the shroud is inserted into the void left by removing

damaged material such that the counterbore is restored to pre-damaged dimensions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a schematic of a gas turbine engine in which the variable
vane hole liners of the present invention are used.

[0007] FIG. 2 shows a high pressure compressor section of the gas turbine
engine of FIG. 1 showing the interaction between variable stator vanes and a high
pressure compressor (HPC) front case.

[0008] FIG. 3 shows a perspective view of the HPC front case of FIG. 2. -

[0009] FIG. 4 shows a perspective view of variable vane counterbores in the

HPC front cése of FIG. 3.



[0009] FIG. 4 shows a perspective view of variable vane counterbores in the
HPC front case of FIG. 3. 2 [0010] FIG. 5 shows cross section 5-5 of FIG. 3
showing the insertion of a variable vane hole liner into an HPC front case
counterbore. [00111 FIG. 6A shows a top perspective view of a variable vane
hole liner. [0012] FIG. 6B shows a bottom perspective view.of a variable
vane hole liner. [0013] FIG. 7 shows a close-up view of a variable vane hole
liner and a variable vane counterbore. DETAILED DESCRIPTION [0014]
FIG. | shows gas turbine engine 10, in which variable vane hole liners are
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longitudinal engine centerline CL. Fan 12 is enclosed at its outer diameter within fan
case 23A. Likewise, the other engine components are correspondingly enclosed at their
outer diameters within various engine casings, including LPC case 23B, HPC case 23C,
HPT case 23D and LPT case 23E such that an air flow path is formed around centerline
CL.

[0015] Inlet air A enters engine 10 and it is divided into streams of primary air
Ap and secondary air Ag after it passes through fan 12. Fan 12 is rotated by low
pressure turbine 22 through shaft 24 to accelerate secondary air As (also known as
bypass air) through exit guide vanes 26, thereby producing a major portion of the thrust
output of engine 10. Shaft 24 is supported within engine 10 at ball bearing 25A, roller
bearing 25B and roller bearing 25C. Primary air Ap (also known as gas path air) is
directed first into low pressure compressor (LPC) 14 and then into high pressure
compressor (HPC) 16. LPC 14 and HPC 16 work together to incrementally step up the
pressure of primary air Ap. HPC 16 is rotated by HPT 20 through shaft 28 to provide
compressed air to combustor section 18. Shaft 28 is supported within engine 10 at ball

bearing 25D and roller bearing 25E. The compressed air is delivered to combustors



compressor (HPC) 16. LPC 14 and HPC 16 work together to incrementally
step up the pressure of primary air Ap. HPC 16 is rotated by HPT 20 through
shaft 28 to provide compressed air to combustor section 18. Shaft 28 is
supported within engine 10 at ball bearing 25D and roller bearing 25E. The
compressed air is delivered to combustors 3 I8A and 18B,-along with fuel
through injectors 30A and 30B, such that a combustion process can be
carried out to produce the high energy gases necessary to turn turbines 20
and 22. Primary air Ap continues through gas turbine engine 10 whereby it is

typical§Ao et &EBitalongyitnfest anaugnisieders G fdr tind 13pFo dudetiht e sorib Gstich

In ordg#tR-exRARE dheRekPIMANLRY AAAR:RTRAGINGLOnNRLARISIAPhrbines
vanes §re H\?‘%Cij in high pressure c,omgrégxsso 16. For.example, HPC 1
€ ;

6 .
compfl aBREVEN &Y 39 A0S B PG Iharhsndt s
radiallyiaibr gafsedribiangicas e 23 1Blad s Bdhar ardR4 Birwwhich rotate with

[odPg]16 on shaft 28,48 Wagw&e %gniﬁngﬁ%c\é%}?g% gg@h@ﬂ@ ﬁg%ﬁé@l@%ﬁtor

32A and 32B form part of an array of vane stages arranged circumferentially

around B BRI Lo MENEBERVRERERE [sd F3tamiirahtinnks chuRTiSes,
vane Skwiabld vBiers\ A ik 348 sequeivtiatiyeplistiepd mdiall ninkpdoet: fan

vanes,22A aNds32E, Within KRG, 18,19, IRGIR 356 e € SRS rimany AlhAP-

Vanes ;32A and 32B rotate about their radial axis to adjust the incidence of

the aiPRFBhE SUBELHYeHPoIAARE 1At BRAngbIseRrsant sy altarerteees
operatiomgnddesgerspedioisronethgirgiio cinwlidebdvensiPe optird#l and an

operafiqp- affRANGAGH I PERigLabla thatkyaneseReA PR3 Ria e 806 12
rotate fre%gelljg about th,B,ei‘E‘g is S[%ki)thin HPC case Z%Gand@eg_innergﬁame?gr t
' [

vane $HIS 081 7B I WSt BRI AT AT SR GE AR TPy Al B S
stage8Zdf midh2Bregsardestipressin t6iabodiwefteiiridete of fasiudinato
engingdQqkar $hR.LMAcdipentot anwae 1 SFRoW Rt 1 desdiyidreiinte
stages S5 th oq hd§15, with LPC 314 of FIG. l_com [ising stages S1 through
Sa. VSRR IO S SR BRI ATSAET b R C e B e
S7 of HRGEGE 2 spedtiodiyrorire feshiabteuy hve sxio withib &ilfe crr¢-PC tukthe
23C apgkadpibeaityanf ipran diameter vane shrouds.

[0017] FIG. 2 shows the sequential arrangement of the various stages of high
pressure compressor 16 about centerline CL of gas turbine engine 10. For the
embodiment of engine 10 shown, HPC 16 is divided into stages S5 through S15, with
LPC 14 of FIG. | comprising stages S1 through S4. Vanes 32A and 32B and blades
34A and 348 comprise stages S6 and 87 of HPC 16, respectively. The variable vanes
rotate between HPC case 23C and a plurality of inner diameter vane shrouds.
Specifically, vanes 32A and 32B rotate between HPC outer shroud 36, which is a
component of case 23C, and HPC inner shrouds 38A and 38B, respectively. In order to
rotate vanes 32A and 32B within outer shroud 36, vanes 32A and 32B are connected to
sync rings 40A and 40B, respectively, through a plurality of sync arms 42. Sync rings
40A and 40B are connected to, for example, a hydraulic actuator to adjust the pitch of
vanes 32A and 32B such that airflow through HPC 16 is optimized for different
operating levels of engine 10. In order that vanes 32A and 32B rotate freely within



Specifically, vanes 32A and 32B rotate between HPC outer shroud 36, which
is a component of case 23C, and HPC inner shrouds 38A and 388,
respectively. In order to rotate vanes 32A and 32B within outer shroud 36,
vanes 32A and 32B are connected to sync rings 40A and 40B, respectively,
through a plurality of sync-arms 42. Sync rings 40A and 40B are connected
to, for example, a hydraulic actuator to adjust the pitch of vanes 32A and
32B such that airflow through HPC 16 is optimized for different operating
levels of engine 10. In order that vanes 32A and 32B rotate freely within 4
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[0020] As engine 10 progresses into its lifecycle, the counterbores become
damaged or worn from use and weather, thus impeding the free rotation of trunnions 43
and 44 within the counterbores, and hubs 45 and 46 against the counterbores.
Impediments to the rotation of vanes 32A and 32B can lead to misalignment of the vane
pitch along the flow path of engine 10 resulting in sub-optimal operation of HPC 16 and
engine 10, Typically, the counterbores begin to show wear after one engine overhaul
cycle, with extensive damage appearing typically after 2 — 3 engine overhaul cycles. In
lieu of replacing expensive engine components, such as outer vane shroud 36, after they
have worn beyond practical use, the present invention provides a system and method for
repairing counterbored holes, principally for variable vanes. Particularly, the repair
system and method includes a counterbored hole liner, which can be included in new

engine components or can be retrofit into engine components as a fix to damage already



and 44 within the counterbores, and hubs 45 and 46 against the
counterbores. Impediments to the rotation of vanes 32A and 32B can lead to
misalignment of the vane pitch along the flow path of engine 10 resulting in
sub-optimal operation of HPC 16 and engine 10. Typically, the counterbores
begin to show wear after one engine overhaul cycle, with extensive damage
appearing typically after 2 - 3 engine overhaul cycles. In lieu of replacing
expensive engine components, such as outer vane shroud 36, after they
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factors such as salt-rich operational environments. Counterbored holes 47 also develop
scoring 50 that arises from routine rotation of trunnion 43 and hub” 45 within
counterbored holes 47. Corrosion 48 and scoring 50 prevent free rotation of hub 45 on
the surface of the counterbore into which they are inserted. As such counterbored holes
47 are provided with hole liner 52. Counterbored hcles 47 are over-bored such that any
damage is removed from the base material of shroud 36. Subsequently, liner 52, having
dimensions matching that of the rernoved over-bore, is inserted into counterbored holes
47 to restore shroud 36 to original specifications.

[0022] FIG. 5 shows cross section 5-5 of FIG. 3 showing the insertion of
counterbored hole liner 52 into outer diameter shroud 36 of HPC case 23C. Outer
diameter shroud 36 includes counterbored holes 54A and 54B for receiving trunnions of
variable vanes. Counterbored holes 54A and 54B each comprise a trunnion hole 55A



arises from the extreme temperatures at which engine 10 operates and other
external factors such as salt-rich operational environments. Counterbored
holes 47 also develop scoring 50 that arises from routine rotation of trunnion
43 and hub 45 within counterbored holes 47. Corrosion 48 and scoring 50
prevent free rotation of hub 45 on the surface of the counterbore into which
‘they are inserted. As such counterbored holes 47 are provided with hole liner
52. Counterbored holes 47 are over-bored such that any damage is removed
from the base material of shroud 36. Subsequently, liner 52, having
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perpendicularly to centerline CL into surface 62. As such, counterbores 56A and 56B

include walls 66A and 66B that are cylindrically shaped and extend from the generally
flat surfaces 64A and 64B to the conically shaped surface 62 such that walls 66A and
66B follow the contour of surface 62.

[0024] Shroud 36 is typically produced as a single-piece unitary component.
Thus, shroud 36 is finished to meet final dimensional tolerances, including the final
dimensions of counterbored holes 54A and 54B. Counterbored holes 54A and-54B are
typically finished such that they receive trunnion 43 and hub 45 with fairly tight
tolerances such that slop is eliminated from the system, depending on design needs.
However, due to damage imparted by corrosion and wear discussed above, the
dimensions and tolerances of counterbored holes 54A and 54B become altered such that
smooth rotation of trunnion 43 and hub 45 is affected. As such, shroud 36 is repaired .
with hole liner 52.



36 extends from forward end 58 to aft end 60. However, since vanes 32A and
32B need to abut shroud 36 on a surface conducive to rotation, counterbores
56A and 56B include flat surfaces 64A and 648, respectively. Thus,
counterbores 56A and 56B are machined perpendicularly to centerline CL
into surface 62. As such, counterbores 56A and 56B include walls 66A and
66B that are cylindrically shaped and extend from the generally flat surfaces
64A and 64B to the conically shaped surface 62 such that walls 66A and
66B follow the contour of surface 62. [0024) Shroud 36 is typically produced-
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the difféngidhdlaifg fotlomineeeps BetinerD sreth e Sapeame S48 e the
altereehstsgehdhatrse0th rotation of trunnion 43 and hub 45 is affected. As
shroud 36 is repaired with hole liner 52. 7 [0025] EIG. 6A wWs. a
[EE?SE ective view %‘Hfﬁgg gfy gﬁgoﬂ@.s sﬁgvvmsatén%?os 6?1‘%%g)rrswplec?f\1/n§1\r}ﬁatt\%g
of linehspal memsohrnicahytpeieretissaigredtvaticdumeé ASoredn haler BieB e dies
milled:out,i@rveneishonBeitARMEe H1€iCQHENSIBP20ARRARE 4By or from an
counGIed IS 24, Lg SR IReo A laok SR el 0 el 12

engineere 3
As can be seen, wal as a sloping shape variés araund its e

perimB¥erdc frisenrtisalaty seth o f SursEarE2 AT RET stagles2tasky sheh as 300
compsisie afidey; oaiekal siitalble fosvehisianding thelhesn@kRade suitable
mechapicalistesaea astasialed wilkRiraud 4R duing.onsialon of eneine
10. In various embodiments, liner 52 i1s' made from a metallic alloy or from an
enginEPBY st @vAkY e ufaR e SHEY 24N bE-udetserewe Y atbys HER4ag
that ohs#iasdsBthase paldicLiarysukableonhaeeidinpheilfiisténtticBtalhless
Steels?e%f&%aﬁt?e‘?lqgtics, Valley Forge, PA are examples of suitable engineered plastics.

Rulon ® 957, also available from St. Gobain, is another suitable material. For any

material selected desirable properties include heat resistance, low friction and strength.
Additionally, corrosion resistant material may be selected to reduce recurrence of
corrosion damage. Low-friction materials may be selected such that the variable vanes
are better able to rotate. Specifically, the material for liner 52 may be selected to have a
lower coefficient of friction than that of the material comprising shroud 36. It is
preferable that materials be able to sustain temperatures upwards of 600° F, preferably
up to about 700° F, which are temperatures commonly reached around HPC 16. It is
also desirable to match the thermal expansion rate of the material of liner 52 with that of
the material comprising shroud 36. The qualities for shroud 36 can be selected to match
design needs depending on performance parameters of engine 10.

[0027] FIG. 7 shows a close-up view of liner 52 for insertion into counterbored
hole 54B of outer diameter vane shroud 36. Counterbored hole 54B is machined into

shroud 36 such that it is made to specification as is required by design parameters.



series stainless; or nickel materials, such as the Inconel family, would also be
suitable materials. Polyetheretherketone (PEEK) materials, such as Sustatec
(r) PEEK as is commercially available from Sustaplast, L.P., Edgewood, NY;
or PTFE-based materials, such as Rulon (r) 945 as is commercially available
from St. Gobain Performance Plastics, Valley Forge, PA are examples of
suitable engineered plastics. Rulon (r) 957, also available from St. Gobain, is
another suitable material. For any material selected desirable properties
include heat resistance, low friction and strength, Additionally, corrosion_
resisté%ﬁ%eé?g??é%r%%% BeeK SRS tp t%rlpé’fi? e‘“r% eSS B oG fine D in
dama§. lovi-rictichemddield H4Bniejutie sedledtedissedh thatieBarisbieswiirnds
are beiisreabifiiRmiaiencrpesiiicaliv e Batelia! 10l et e Mavogselested

to have a lower coeffifﬁen of friction than that of the material comprising
i
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commppivideaGhes 3teHBgd PGB s alaodesiiaRie, toamaleh thsthermal

expansion rate of the r allterial of liner 52 with that of the material comprising
shrouﬂ‘%?’aa.sfh%‘”&d‘éﬁ?& B IR0 36 5 R B S IBY S T8 I TEPP G e e e

needsldemed distgrioh perfpmatmickrpaseshet drewf Hngimeitd Glof0 254 BI@iod of
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outer diameter vane shroud 36. Counterpored hole is.machined into
shrou%%vg({]éﬁ%%%"ﬂtﬁgﬁ{ﬁ%lg% gﬁ%@ﬁfﬁaﬁ?ﬁ “a%‘%%ﬁ%ﬂ%ﬂ%@}%@%@rfegm
paramnksteid 3 Citurianod ded frofenBa Boextdrus ftasshyoted BGoshelrtbratateis

showgdimdpitad Hine Lo riord sirQidig R EechRAIS AR INsABdE $HB ek il
base ZiG glnr;d WaIJnZ‘?s. \s d crib%g abé%%e, counﬁerbored ole 54B u dgtr g[es

, mensions. iner 8 e ions that match the t €
corroSion and wear such that shret BECOMES FEmaged The damage

assocdkarereditbniseuntsrrostd haty HBar erevitkthetérrechbase mitdddal of

[sbrapd 36 a particular dani-ARSHeh couisriaedibolesdBisranachinegd.
out, ar, over-bqred rticular depth to,remove the,damaged base material
such BF Shanple, ol Hngcrier e and corntaion ek B beconiey detndel ©

removeTtheerixistadien thetetide, datany FiateriPriehovalenbrrsuaddpeiits
slop i&m&yﬁmﬂnml‘to depth t, to ensure all damaged material is removed. Wall 70 of

liner 52 is correspondingly manufactured to have a thickness corresponding to depth t).
Likewise, materijal is removed from around neck 74 and floor 76 to a depth necessary to
remove any damaged base material at those locations. Cotrespondingly, liner 52 is
fabricated such that neck 72 and floor 68 have thicknesses matching the amount of
material removed from neck 74 and floor 76, which may or may not equal depth t;.
[0029] Alternatively, material may be uniformly removed from neck 74, floor
76 and wall 78 to a depth nécessa.ry to remove the deepest damage on counterbore 54B,
regardless of the location of the damage. In any event, the least amount of material as is
practically possible is removed from shroud 36 such that shroud 36 is not thinned-out
too much and its structural integrity is not compromised, as the thickness of shroud 36
is generally on the order of about 0.04 inches (~ 0.1016 cm). As such, the invention is
particulatly well suited to shallow damage incurred to counterbored hole 54B. Thus,



vane 32B, which affects the efficiency of HPC 16. A uniform amount of
material is removed from counterbored hole 54B such that it can be readily
replaced to restore shroud 36 to its original design dimensions. Liner 52 is
inserted into the over-bored counterbored hole 54B to restore shroud 36 and
counterbored hole 54B to their original dimensions. Thus, liner 52 is made to
dimensions that match the amount of material removed from counterbored
hole 54B in removing the damaged base material. [0028] Wear and corrosion
may occur anywhere along counterbored hole 548. For example wall 78
unde?ﬁ%?gslwgg l"fdl%eﬁ%gsﬂﬁosﬂ@ﬁ ot i BEEhoEd d5if et g G&bth
Iess thrantabag 4B toadegitketr o Thersongaie dedigs dinifosimly. removed from the
sagiety of wall 780, %ptkbtlfaaﬁeéuaﬁda%g@m@%g 5@&&@5&2 T

70 of liner 52 |s corres ondln manufactured to have a thickness

correSPBHERRE1 flopy i ftas 2fAikih MeivEth 5REY $oih BRI HE &k
74 arckflogy r‘bﬁew wdepﬁmnétesshuy fabriemad weithytapoadieg base riztanial

at th%ﬁlﬁﬁg@st'a{esngg%%smgg'Bglyecu&eraé%ﬁﬁ falrigatedsyghdhat @aefda 72

and floor 68 have thicknesses matchi g}t e amount of material removed

from FRECRPPA‘HIE MBI &, ARARETFReSy Tt mesrificted qadlogeptrtsh forsdipr 52
Alternativel\propadgriabaied ine unitorabiyred rhdved Bram adelonel wgor Tiesaind

wall zﬁrﬁg@aﬁﬁgabaﬂagsaﬁa&xc@ﬁmvsfwﬁfge&t%ﬁ?@%%n EouRiarhpLe
54B, regardless of the location of the d ama%e In any event, the least

amoU AT RSiETof Jeelk7 HrddhEaty poddibre B’v‘é’ff‘ﬁdﬁ#’éﬁ By ch
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about 0.04.in --0.,1016 cm). As su nvention js tlcula y WeII
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liner SRiiteibeeitbeldAtd WM@%@@MWM@IQPS@BW%F@U@E@ hﬁ@n
coungerpRignedBpistasiaeante Heitakiongl fesign dimnensionse [RR30RIw

order to f ;al tate and expedite the assembly of liner 52 with counterbored
hole gﬁ 00r 76 has additional material removed to form a void or locating

[0@&Hss 80. Liner 5295 $husa beiceregdnithsende 3p dmdiy Blhbh Bagsat For
example, depending on the material of liner 52, liner 52 may be welded, brazed or glued

to shroud 36. In one embodiment, liner 52 is furnace brazed using a foil bonding
material. In another embodiment, liner 52 is resistance welded to shroud 36 at surface
84. In other embodiments spot welding or electron beam welding would be suitable,
however subsequent machining steps would be needed to remove slag or any other
byproducts. For welding methods, shroud 36 and liner 52 can be heat treated to reduce
any stress risers produced during the welding process. Regardless of the method
selected for securing liner 52 to shroud 36, it is preferable that no subsequent machining
steps are required. For engineered plastic liners, high temperature adhesives or glues
would be suitable methods for securing liner 52 to shroud 36.

[0032] Thus, liner 52 provides an easy, low-cost repair means for repairing
variable vane counterbored holes. Repairs following the present invention can be made

at most overhaul or repair shops as the repair can be cartied out using commonly found
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comprises the negative shape of recess 80 and is positioned on floor 68 on a
corresponding location. Locating recess 80 is positioned on floor 76 such that
liner 52 can be properly inserted into counterbored hole 54B in only one way.
This is particularly advantageous since wall 70 of liner 52 is of varying height
to match the varying height of wall 78. Liner 52 would be difficult to rotate
within counterbored hole 54B when fully seated due to its thin construction.
Thus, in order to prevent misalignment of liner 52, which would interfere with
the free rotation of vane 32B in counterbored hole 54B, button 82 prevents

liner Se,ifAHARSCAMING il FealRthWiliR-CAUNSIRANL HolgRitk-uRligsadal

70is allgged with the slope of wall 78. Also, button 82 prevents any rotation

of linet'83 A @iy anPEroBadtel nedadtreb ol e issiirsiovidetitesy
Liner 3fpainaip be sedarecctoesheouohdBetiviamyes witdbidamanineliof-om exdomple,
depending Qouhe matetaloflingral. ey 22 ﬁ@ggqnwﬂgﬁﬂﬂgmgfs%aw@d

to shroud. 36, In one embodiment, liner 52'is furnace brazed using a foi

bondifig i ataRmPEe A9HREP WrALR AR, BArs SHes ek e atarteobe
shrouc@ecat surtpgiecdBar 1n vbller fenlth cdimehis:é potaveldiagadrdie ditampairs
beam welding, would e suifakle, RAVE VL SHRSeAUR R MALhIBIng SIeRSA as

would bé needed to remove slag or any other byproducts. For welding

methdHEP8RPYLRE SEeaglImales 2 Additigraihe dhereRRB PIBPEUIi CEP Y e ket
risers forteludasiading noe thepueici ng thedeessmaRegartibss:dBithesnaeihatkrbored
selecteq.for SRQUINGdIRET AR08 HY A0 LRSS e ARG tRaT AR iRG e aNt

machining steps are required. For engineered plastic liners, high

temper St & EiR QTR P g s s & etiidible methods for securing liner
{8233] shroud 36. [80BRigk ths, HirmnSRErovides drceadpctived cot refsednce to
meanﬁr@%%&%‘ﬂﬂ&m\éﬁﬁ?%ﬁéﬁ”ﬁdﬁ@&'M%@M@Q%&%Rﬁéf%ﬁ%w}ﬂﬂzw
present invention céjem %ﬁ m det éa\t most vetrﬁlaul or repair shto g.asetltqlgn
repair i B ERATS S Bt HEny CSRIFY @%uﬁa‘nﬁbméqﬁﬁo REnt SUCh as a mill
or welding equipment. Expensive or elaborate equipment, such as a
plasma-spray booth, is not required. Also, the invention allows for different
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repairs to be made to cure the same deficiencies such that each shop can
perform a repair method within their capabilities. Also, the present invention
allows for selective repair of damaged counterbored holes such that an
entire part does not need to be replaced or repaired for a single faulty

ceaunterbored hole. Alternatively, the repairs may be made preemptively as
part of a preventative maintenance program, such as during routine overhaul
cycles. Additionally, the repair process is repeatable without further

1. degrading dhapiepeitiesRftheikassmaterial ghshiaid 36nasiding:
counterbored hole repaired according to the present invention could be

agairt SYBREHERREDEREY at a later engine overhaul cycle using the same
methpdo[0@a3hMthaugh hesesertdnventiem hasherneersriiedovitheeiving a

reference to preferred embodiments, workers skilled in the art will recognize
IrYRROBHERNY S AP #Sde in form and detail without departing from the

spirit 88l 56OP6rOhihe jdvestionn it DkAMBd thofhyrne shrug feimveasfacing

turbine_engine, the vane shroud comprising: a cylindrical shaped body;
SUR3RE Qfr 3@@&1%%@@%6&%%%){6&%%&m&oﬁm@i%}‘mla le vane;

receiying &s unnienfromaa manap e vanefei60 WOHeIRose @ abgedrbore;

concentrically around the hole on a radially inward facing surface of the
body® WRErSTHCHHE' Bt B6Ie %&c}&PP@&%ﬁ%ﬁa %ﬁﬁﬁ%ﬂ% fﬁl@*{}%ﬂ}é%%é{e

pravigeessipastionad arfadadiadly inward facing surface of the counterbore; a
liner inserted into the hole and counterbore such that the trunnion and(lsj b .
e BROVHEH R UM LR IR AEE R A AR FE PR A e

fopeeradialhtotimacdacing surface of the liner for insertion into the recess.

2. The vane shroud of claim 1 wherein the counterbore and hole are
over-sized such that they receive the liner. 3. The vane shroud of claim 2
2.whereife thentirgrdsdnsaitech int@ibeinale @addnterbore and hole are over-sized such

that they receive the liner.

3. The vane shroud of claim 2 wherein the liner is inserted into the hole and

counterbore to restore the cylindrical shaped body to design dimensions.

4. The vane shroud of claim 2 wherein the counterbore and hole are over-sized by a

process used to remove a damaged portion of the body.
5. The vane shroud of claim 2 wherein the liner is inserted into the hole and
counterbore such that the hole and counterbore are dimensioned to mate with the trunnion

and hub.

6. The vane shroud of claim 1 wherein the anti-rotation feature is insertable into the

recess to prevent rotation of the liner within the counterbore.

7. The vane shroud of claim 1 wherein the liner comprises:

12



counterbore to restore the cylindrical shaped body to design dimensions. 4.
The vane shroud of claim 2 wherein the counterbore and hole are over-sized
by a process used to remove a damaged portion of the body. 5. The vane
shroud of claim 2 wherein the liner is inserted into the hole and counterbore

such gk theohelg@ndepuniashorerargu@imensioned to mate with the

trunnion and hub. 6. The vane shroud of claim 1 wherein the anti-rotation

featufeMeiSEETRLINE MR PSEBE s dRYoRatidrho PRI R BitMRT iR O

m&RUNtRERAT@e fadingyvaneghsaHdRflaimbbayherein the liner comprises: 12 a
flat floor portion for engaging the hub; a wall extending around a perimeter of

the fiBSFPOMBFEChaNsUm U BIdtle to match that of the radially inward
surface of the body; and a neck for receiving the trunnion. 8. The vane
shroud of claim 7 wherein the anti-rotation feature . is insertable into the

8. recesIENARIRAINE Frokieof wRstodn Begliwaiatae srikie britserraimirso the

rebRwactfaginahswiaer of the waNlwii8nd hevanepsbroudahelaimall yherain theng
liner is secured to the body. 10. The vane shroud of claim 1 wherein the liner

sudacS ApHSRPEY-a material having a lower coefficient of friction than that of
the body. 11. The vane shroud of claim 10 wherein the liner comprises at

least gne of the following materials: a metallic alloy and a plastic. 12. A
?-metholl waﬁatﬁﬂbdaoggﬂﬂa@éa%me B5h'S TEHESEVARE X Youd, the

method comprising: removing a layer of base material from the vane shroud

around_ the counterbore to produce a socket such that a damaged portion of
e coshiaberSIPH oS i SRR PP A ARG S h el Bving o
losefresgvintingotofthe dayenothase mateida removed from the shroud into the

socket such that the counterbore is restored to
1. The vane shroud of claim 10 wherein the liner comprises at least one of the

following materials: a metallic alloy and a plastic.

12. A method for repairing a damaged counterbore in a variable vane shroud, the
method comprising:
removing a layer of base material from the vane shroud around the counterbore to
produce a socket such that a damaged portion of the counterbore is removed; and
inserting a liner having a shape corresponding to the layer of base material
removed from the shroud into the socket such that the counterbore is restored to

predamaged dimensions.

13. The method of claim 12 wherein the step of removing the layer of base material

comprises over-boring the counterbore.

14. The method of claim 12 wherein the layer of removed base material comprises

removing a cylindrically shaped portion of the base material.
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predamaged dimensions. 13. The method of claim 12 wherein the step of
removing the layer of base material comprises over-boring the counterbore.
14. The method of claim 12 wherein the layer of removed base material
comprises removing a cylindrically shaped portion of the base material. 13

1515. Thgemgéined of Slaim H2Wwheigimtheosautes L fRRrises: a generally
flat floor; a wall portion surrounding a perimeter of the floor; and a neck
portié‘rgé&‘f‘é‘?]&i 388" hole in a center of the counterbore. 16. The method
of clajmy dibpyheseisuthasteR.of pemavingih@daysirohkase material

comprises: removing material from the wall portion; removing material from
the fIBBFCARTHOMEVir RETEAE $rBRiCtHE OIS BIBR CR M PHO Frethod of
claim 16 wherein the step of removing the layer of base material further
comprises producin9 a locating recess in the floor such that the liner fits
1Gyithirt HhErsOORe i By lon8lSESRiaie 8P PhesmaHsalt el avharaisrial
coiigritep of removing the layer of base material further comprises producing
a locating recess in the floor such that a wall portion of the liner aligns with

the WAIPBSSABICHIH HSthtafodtd. PRSP method of claim 16 wherein the
step afmemayingthelayen ehbasermaterial further comprises producing a

locating recess in thelfoort prevent rotation of the liner. 20. The method of
claimt T WHE8IA B8PS eI THRRH8R-a material having a lower
coefficient of friction than the base material of the vane shroud. 21. The

meth gof claim 20 wherein the linef comprises at least one of t% followin
! mateﬁzi ?&ﬁtﬁ?&aﬁ%ﬁ%}}w %(%%‘l}?c?’tilg.o "HHEN 8 FESSE?\X?FgO %ﬁﬁﬁﬁ‘?&f‘f’%i’l
futhariaervaneiodadappressoidarceases, fiefloor such that the liner fits within

~

the socket in only one position.

18. The method of claim 16 wherein the step of removing the layer of base material
further comprises producing a locating recess in the floor such that a wall portion of the

liner aligns with the wall portion of the counterbore.

19. The method of claim 16 wherein the step of removing the layer of base material

further comprises producing a locating recess in the floor to prevent rotation of the liner.

20. The method of claim 12 wherein the liner is comprised of a material having a

lower coefficient of friction than the base material of the vane shroud.

21. The method of claim 20 wherein the liner comprises at least one of the following

materials: a metallic alloy and a plastic.
22. A liner for receiving a trunnion of a variable vane in a compressor fan case, the

liner comprising:

a generally flat floor comprising:
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liner comprising: a generally flat floor comprising: 14 a first surface for
abutting a base of the trunnion; and a second surface for abutting the
compressor fancase; a wall portion surrounding a perimeter of the floor and
extending from the first surface, wherein the wall is shaped to match a

contqufiQf auradialiyawaie fachgessirtacerehibg; fanicase; a neck portion
extending from the second surface and surrounding a hole in a center of the

floor, ASRETRISHE Fofar i RBi R iGiF IAE tPORMBRE%SNd an anti-rotation
buttop piOtHING Koy tiiaisecondiswitacs s ante Reljcnfialredrdar the first

insertion into a mating locating recess in the fan case. 23. The liner of claim
susqR RS ThEfinEH 14 scarmgdradaicha SATSANLS Arodialin neid edsestface
ofr@stere thefan case to design dimensions. 24. The liner of claim 22 wherein

the anti-rotation button is spaced from the neck portion and the wall portion

in a rABRIKISERGE XS S theterd B RE S e itreo Pakrst b b tha

cehRiedntBcCireimigiantiatidingatian £ RsdR RONideranaisymiarential
alignment feature. 25. The liner of claim 22 wherein the wall portion includes

an odteP AR WL PN BIRTOHREAEP RO ARG WHarS R & h s it ntita red
foniallpasionbetweendhecfirsicstdasaofhthafleseand the outer annular

surface varies such that the outer annular surface is sloped. 15
23. The liner of claim 22 wherein the liner is configured for insertion into a void in

the fan case to restore the fan case to design dimensions.

24. The liner of claim 22 wherein the anti-rotation button is spaced from the neck
portion and the wall portion in a radial direction, and does not extend around an entire
perimeter of the hole in a circumferential direction so as to provide a circumferential

alignment feature.
25. The liner of claim 22 wherein the wall portion includes an outer annular surface

surrounding the hole and wherein a height of the wall portion between the first surface of

the floor and the outer annular surface varies such that the outer annular surface is sloped.
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