HOLE LI NERS FOR REPAI R OF VANE COUNTERBORE HOLES BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention is related to gas turbine engines,
and in particular to variable vane counterbored hol es for engi ne casings.
[0002] Gas turbine engines operate by combusting fuel in conpressed air to
create heated gases with increased pressure and density: The heated gases
are ultimately fiorced through an exhaust nozzle, which is used to step up:
the velocity of the exiting gases and in-turn produce thrust for driving an
aircraft. In turbofan engines the heated gases aré used to drive a turbine
for rotating a fan to produce thrust, and to drive a turbine for driving a
conpr essor t hat proﬁ@gEEMWMFVMCWQME%n. The
conpressor section of a gas turbine engine typically conprises a series of
rotor bl ade and stator vane st [ i ng bl ades push air
past the stationary vanes. Ea%ﬁ%?5?@$F§?g?gﬁhgﬁﬁggwﬁgﬁieases the pressure
and dens[G0p1bf the ai Mhe ftesdndinvention\ieretatddhe ghd tettinecengines, aud of partivalagi r i nt o
pressure, anq thg% redirect the Erﬁégctoréﬁof the air comng off the rotors
for flow intoPrAievAre cOmtrRuetiols Rrfa8n® A5t981 The speed range of an

ai rcraft[0pogered by a Gas hirbinbieAgin@Ne® by corfbisrd el ﬁ:ﬁb@gﬁésséd)aﬁrh@ | evel
of air pressure generated in, the conpressor section. For Ifferent aircraft

speeds, the V&Paeibested BageneWilh ingr RPCEYER ach degpity. + Theibseod ggicheare vari es.
Thus, the i ncjigaRel fBked MEudh hn SRt heLR! whLRHSRPh sﬁéﬂlﬁ?%\%wcitfﬂﬂ% essor

stages differs at different aircraft speeds. One way of achieving nore
ef ficient pere#inggmasee apd in-tupeprgduce thivss foreriging jan eirere@r In taebofantengipesshe ed
range,. especi ' ' : ' .ari abl e
tator vancs 1apicd gils BodRRRRGL fluiline BF SAMES SAREGHuod Bk G alOK
subsequent caarpreigedor dtivige Hrempresso] GBOpovidleplther adpryssed airawsedsiugngst at or

i amt o sy opgean? T itk ik of B AR R b 00 1

vanes typi calskesies afcotomckd aderand staton vpesstagesat Atteaeli stagenrotating bladesnaish dupasr nost
di aneters th xtend t hrough, count.erbored holes.in the shroud
respectivel y%ﬁ%ﬁ%@ﬂfy nvgaflff UI?TChir tm[d)ggtf’ﬁ' S%Eﬁeémtrﬁ’é S tpﬁ EGETS ﬁrgll (ge“?’}é"noefsﬂ‘% ave

| owfrictionair. Stators convert the kinetic energy of the air into pressure, and they redirect the

trajectory of the air coming off the rotors for flow into the next compressor stage.

[0003] : The speed range of an aircraft powered by a gas turbine engine is
directly related to the level of air pressure generated in the compressor section. For
different aircraﬁ 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 novenent within the counterbores. However, over the course of an
engine lifetine, these counterbores becone worn and weat hered. In addition
to normal vane induced wear, operation in wet and/or salt-rich environnents
i nduces corrosion or pitting in the counterbores, which interferes with
free rotation of the vane trunnions wthin the countérbores. In the case of-
severe wear or corrosion, it can be necessary to replace the entire
conpressor case or vane shroud in order to restore optinal free rotation to
the variable vanes. This is undesirabl e because these parts are typically
very costly due to the high-grade alloys and precision manufacturing
necessary t oindnesduwenr, owmnp'arw@ anttfon salt-titte emvifogmentm dedhcésocorrasion oved

met hods and syste for u0|n r. tdn e e ects of wear and
corrosi on on® @ eeCO ° Bunte cﬁ ergjgfeﬂ%qg dee%?ﬂa%fl :

| NVENTI ON [ Oﬁrﬁﬁh tH'd‘l&)uﬁﬂéﬁJSfBBt Iri the eamteloﬁ Bever® vdaaf ﬁOdoﬁﬂsuer\ﬂafaﬂ ba nti&.ﬁlﬁr;sthr oud for
a gas turbine The vane shroud co Ilndrlca shaped

body, a hol efea‘@P% e?imé? COMPTEYSPTe BRF &F it S Pu H’eo Brd reétﬁEFap {t&r bor e

arranged Cong@diioh Mk hirialeaknek. t’ﬂhﬁ@&ﬁ&su&&@cdu@éjﬂ@e'pﬁﬂé ﬂ’é@fﬁiicaﬁg%r?g surface
of the body. The hole is for receiving a trunni on froma vari abl e vane and

t he count er bensBy idue foothe highegraderioys sndipredision mpruiackiring eeessay 0 profuce| ner i s
i nserted 'ntﬁ 5 Conohﬁu@%r&ﬁ%}&e%a?&rﬁgwnfe{m& Jda&s 5&&1&1&‘ r%'dlﬁg;gtoEUb ar e

provi ded wit tact ‘surface. The 1nvention a rovi des a od for
repairing a elsinstggdheafients of Wearend cormpsien o amablewamrecogmﬁtbgwd haleb.i ner having a
shape corresponding to a |layer of material renoved fromthe shroud is
inserted into the void left by renoving damaged nmaterial such that the
counterbore is restored to pBRIWW@E)WEM?OE: DESCRI PTI ON OF THE

DRAW N 06] FIG showsas a gas tu n in which
Che var TOBPE. Y ane. holTee preseet BvaTe et orford RS A S Sedonf 00077
FI G 2 showsenginei dfhepassshisg @aipisassolindially stupef bddyea bals atruideinea engi ne
of FIG 1 shqw t he i %r Ctl n between varigbl e stat rva Sdahlgh
pressure con‘iﬁ‘@’%’g%?nc? Pfgé e AEQUUCTOPES FRPEE C@{‘ce?:mﬁﬂ r&p‘E? ‘aﬁctl ve
view of the &P&Jdiﬂl@tmﬁﬁﬁ%dﬂfg dukfeme &F the body. The hole is for receiving a trunnion

from a variable vane and the counterbore is for receiving a hub from the variable vane.

A liner is inserted into the hole and counterbore such that the trunnion and hub are
provided with a contact 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

[00086) FIG. 1 shows a schematic of a gas turbine engi’ne 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
showi ng the insertion of a wvariable vane hole liner into an HPC front case
counterbore. [0011] 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 DESCRI PTI ON [ 0014]
FIG | shows gas turbine engine 10, in which variable vane hole liners are
used. Gas turbine engine 10 conprises a dual -spool turbofan engine having

vari abl e tor vanes )r ich the advanta of the hqle liners are

parti cul QPF‘@ vel | iIIu@ﬁ‘)ast\é@f”s_cf%?&se‘t“ﬂ?gr%@pgf%i%éh%“gc 808 ¢t 12, | ow
pressure conpafggfi®vant hb¥edinddintohh HPC Rine&sblRmEaiHRs, essor (HPC) 16, conbustor
section 18, high pressure turbine (HPT) 20 and |ow pressure turbine (LPT)

22, whi clf04ilk each contléhfAisbaws 4toapeprssiew visvoeivaringnyinedeledaer. engi ne
centerlippigl. Fan 12 jg; %ﬁ%h&ﬁseﬂbo%m'rﬁéﬁg&uwﬁe@bﬁw&rﬁmeﬁ%ﬂo& Rp case

23A. Li kew se, the other engine conpo S are correspondi y encl osed at
their ol®088] di anet er sFiG. 7ishowszeléoseup vemgifneadeds vags holetintnadil ngadidd case
23B, HPC cas%agg,c ¢ IEHST case 23D and LPT case 23E such that an air flow path
is formed ar odnd-CEEESFtine OL. [0015] Inlet air A enters engine 10 and it
is divided into streans of primary air Ap and secondary air As after it

passes through fan 12. Fan 12 is r%ﬁ%&% I essure turbine 22 through
shaft 24 to accel erate secondary Q %gﬁ\@g% as bypass air) through
exit guijdeiyanes 26, trrer ehyows AUGRY eAgii®] ® in RAidh RRaKE viMdGoldldésd  out put
of engine 10. Shaft 24 is supported within engine 10 at ball bearing 25A,

rol ler bear iSFfgsebESaiRrbmsIepeipe Hoeomprges asieal-sppel ferbytan preighiayiae seridklown as
gas path air)sato? varbs FsHGiteh the bdfaniaBlsQf iR MoRIBRAUEEp A QLGSR illkdkeBed, 14 and

then into hi %h pressure ‘ )

as turbine engine 10 comprises fan 12, low pressure compressor (LPC) 14, high
pressure compressor (HPC) 16, combustor section 18, high pressure turbine (HPT) 20
and low pressure turbine (LPT)} 22, which are each concentrically disposed around
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 Ag (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



conpressor (HPC) 16. LPC 14 and HPC 16 work together to increnentally step
up the pressure of primary air A2. HPC 16 is rotated by HPT 20 through
shaft 28 to provide conpressed air to conbustor section 18. Shaft 28 is
supported within engine 10 at ball bearing 25D and roller bearing 25E. The
conpressed air is delivered to conbustors 3 18A and 18B, along with fuel
through injectors 30A and 30B, such that a conbustion ' 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
typically passed through an exhaust nozzle to further produce thrust. [0016]
I'n order to qxpand ¥BCaIREY Hitk Hﬁnﬁ@odgﬁrﬁgé‘ct&; 3@@%&1@31,%01@% ?pdn%u%o"ﬁt or
vanes are used in high pressure conpressor 16. For exanple, HPC conpri ses
vari abl e van@socgss/an hel cBLB! owtid ptedusecthe high iensgy gasemutcesstry el turmtlidstdsy i nwar d

fromfan ca 34 . § C . i HRC 16 .0n shaft
28, are posi t§ ;Soagné? 2 Ebd[j%g%zn% @5%@%@%%%%{%}' éﬁw‘%}g‘%g‘é%éio d"r’]hgréﬁéto*sor m part
of an array ofpicaippassedatpesgh arexhngenbzelientc funhapesiduceathhygt. ar ound t he engi ne
centerli etween HPC case ,23C and an . inner dianmeter vane shroud. Bl ades
34A and @Z@sequenti al fr%ﬁé?le %eéff’?““ﬁﬁe 1545t é?msl%sﬁﬁ‘ag{?cft‘%‘?B wi thin
HPC 16 to i neheesee Lk rags pressudd cihpreRby 181 FoARxan¥Ad) EBPC I corfpdised2B rot at e

about their radial axis to a%ust.the i ncidence of the air Ap onto
subsequent bIVaRAPE Ve Zfutidy’ 25y whichamstationary syl ertsnddpdinly Bpavddiamfnnpdes, or

speeds, of eagixne Hhded MOLALI4E, WHRDSYAR BT PR 6 ORShAL 20 BreGosifBGane 10, it
is preferable that vanes 32A and 32B are able to rotate freely about their

axis wthin Pleceshvaenifd add2Bh e/ anpnivdy andi 3Rdfomr parefangimep afivanf 698F] FI G 2
shows the se &%reg ] t } fage f ..k r.essure
conpr essor lg&a out@llrcé%{rft er| ?ggﬂt&@g}e eggrslé/?gﬁl;eglﬁ%g%engl ?\ig@fg&!%@rm@ﬁg

enbodi ment ofnnendjameterh@ne shoowd, BUREs 364 ands34B seifepstiallyush pimeyy2ir 8 pastr ough
S15, with L f . iy i Va 32A and
328 and bl adeiie 338 waf 8 pnBTRC 8 0 Mo ACR Sl WPt e AV Vel
respecti vel y32Ahed 32B iratbleabuatrtber raded atie thedjust ée ik@nca o€ 3G Apdnta

plurality of sﬁbggqeuléntq)lla%gfEn%'[udynag%?ad%'}Eﬁ,u cgu%ng different operation modes, or speeds, of

engine 10. In order to ensure optimal operation of engine 10, it is preferable that vanes
32A and 32B are able to rotate freely about their axis within HPC case 23C and the
inner diameter vane shroud.

[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. 1 comprising stages S1 through S4. Vanes 32A and 32B and blades
34A and 34B comprise stages S6 and S7 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 intier shrouds 38A and 38B, respectively. In order to
rotate vanes 32A and 328 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 conponent of case 23C, and HPC i nner 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 anus 42. Sync rings 40A and 40B are connected to, for
exanpl e, a hydraulic actuator, to adjust the pitch of .-vanes 32A and 32B such
that airflow through HPC 16 is optim zed for different operating |evels of
engine 10. In order that vanes 32A and 32B rotate freely within 4 outer
shroud 36 and i nner shrouds 38A and 38B, vanes 32A and 32B i nclude inner and

outer di amet &futdrhIHd end hQ SRbuds 184 2d388) Oﬂﬁ%é{hc%"i’m% zu%dar | abl e

vane 32B positioned between outer vane shrou 36 an I nner vane shroud 388.
Qut er vane sHugudiagGtepynionser vane shroud 38B are positioned

concent r abf ¥ 2round eRgisnGGEll SHELORCH oPlarhllE JLUNSE cARon Ul efll Aot or o

of vane ,  respective ane s 1 ges a“conrca gﬁaped body
t hat surroundmtaWaqeshroﬁﬁMmﬁﬁﬁeroﬁané—%uﬂGBBl Mmdwug;hmﬂGSa&Qﬁnﬁrvdne’BZB and

bl ad oud -
construct 1 on AT 3 RS ne GRRHPoH ot B PAAER E e PLIB M e P 10) vane

32B i ncl udes ontbﬁ'ellialﬁdtdmlﬁf@ﬁné?ﬁlﬁnﬂspe&ﬂ%l’y t Wi blesudd 36 tchzﬁf;nsé@taadoﬁacalw thin
vari abl e vane 0085} (ﬁ’rtgored hol es. g sync._ring 40B and sync arns 42 as
shown in FI GSheped by %tzﬁ‘BffP%“dﬁé%'*&?Sa‘iéwé §B8{&1P@rléﬂﬁ¢8ﬁ§8we§ a4 3B hin the

count er bor ed ;@ bR3es I ACHHISIABY AN SIRHRITH ca@%h{pﬁeés APt YoRRcRRB-
Addi tionally, trunnions i nclude additional features for assisting in

true rotati oﬁ"’ltﬁ"fcﬂtlﬁéd&‘dﬁ%ﬁ%élppvalﬁ@@weﬂéﬁlwéxanpl e, vane 32B includes outer
di amet er gyl 45 and i npgle HEATREEs At rtmﬁrg?ﬁr Egtfﬁl o G h44nth§f*}etace

counterbores surroundi ng the counterbo on hol es and elp to keep
vanes 32B pr opithin yarigblegiiael conpgreorgbhioless Cong Fyggriad %Iandaayn«yamm 42ame 32B.

[0020] A engifig, 10 fEOY! S5ESaBN, m&a&a%héugﬁuﬁ%%ﬁmné B &AURI AR g Decon®

damaged or romuse an ation of
t runni ons 43 counterbored holes in outer vane shroud 36 and inner vane shroud 38B. Additionally,

trunnions may include additional features for assisting in true rotation of the variable
vanes. For example, vane 32B includes outer diameter hub 45 and inner diameter hub
46 that rotate within the counterbores surrounding the counterbored trunnion holes and
help to keep vanes 32B properly aligned. Vane 32A is configured similarly to vane
32B. |

[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 overhaui
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 agai nst the counterbores.
| npedi nents to the rotation of vanes 32A and 32B can |ead to m sal i gnnent of
the vane pitch along the flow path of engine 10 resulting in sub-opti nal
operation of HPC 16 and engine 10. Typically, the counterbores begin to
show wear after one engine overhaul cycle, with extensive danmage appearing
typically after 2 - 3 engine overhaul cycles. In lieu of replacing
expensi ve engi ne conponents, such as outer vane shroud 36, after they have
worn beyond practical use, the present invention provides a system and

met hod for repairing counterbored holes, principally for variable vanes.
Parti cul ar | y,susthiaed e pitheughdiereinafien the imenkionl isi drsérihgé svith twepeat &r tvpaisug hol e

l'i ner, which 0 nts or can he retrofit
into engine c‘%ﬁn%oﬁg’rdt éb%géé%ggﬁs apﬂkg%%ﬁ%egﬁfnﬁe 33]1&5”3333?&031@@8% %ough
her ei naf t er trinirs eatelt made to Both éiser dilraetemint louteedipneér vate ste@aiss Thgrepalane

bott om count er bor.e t t 0 r anet end. of a hj sure conpressor,
the repairs TAFY arﬁhﬂglpf‘fitea H{P%lh g}“a talsp bﬁﬁﬁ%&t‘éﬁ"‘ﬁ?’@’?@?é’tﬂn%ane
shrouds. The matfnanysﬂlaadpph@mb@ﬁglygwamesmeg ed to HPC cases, but can al so

be used LPC vari abI e va cases or in any other application using
vari abl e[rogé [ 0021] FI& GSEW%WS%@UW%Pf%@ i BWIEF PITIPEslive Visdhowi ng a

perspective \ﬂf%e RhoM20ent805e ThIeOW LR Vakk Mn@%647®uthnva9ih'§ﬁ:5u&/?€ne shroud
36. Quter vane shroud 36 includes cdounterbored holes 47 that each receives

an out er di ari@ghedes cpuntasbased helghh thay gachapeedvey amontes digmetgs tivpiom from 43 from
vane 328 CoURhai®OkRInlflE Srufhiof 95T fane OB chlfteritita HbidsSurodifgunded by

counterbore 47B. Coun’[er are to origina esign
di nensi ons, fholed®h, whnyh [ tsunrmgldewx@arcountexbonerw orCounlemm@dehqlwmé are vari ous

sour ces, vangSRN 9 NALEN NOLEP AL EEOTRIRTIIPdGHE L Nal LalLapT on of

hub 45 and trunnion 43 exanpl e
devel op cor r d&ivemerd Bud imastanaus soaseef, nane hammlrbomq:dehcﬂﬁsm’gbeccmndldhmagw sofh engl ne

10. Corrosign. .48 .incl her structural deficjen s of the
base mat eri al(Eh tég?‘r"‘bol’ll glﬁd%ﬁs g‘?‘f{ &'érﬁ'?oéhﬁg‘ %% K’/ﬁ‘i‘fdc of gxamaly éa?fffvjf’ eﬂ'@%ﬁ al | oy
such as an AdStantlbp cossstral 49 that aniedshism iHanh-dpaateh addditjont dtenBine 11ds up
oxide |ayers Clo%%g:ar? qISti(I)wl ersrl())lﬁmg or o érr sot1$uI t(l)II'a] d8 ficiencies of the base material

comprising vane shroud 36, which is typically a steel alloy such as an Austenitic steel or

another iron-based alloy that builds up oxide layers leading to corrosion. Corrosion 48
arises from the extreme temperatures at which engine 10 operatés 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
dimensions matching that of the removed 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 548 for receiving trunnions of
variable vanes. Counterbored holes 54A and 54B each comprise a trunnion hole 55A



arises fromthe extrene tenperatures at which engine 10 operates and ot her
external factors such as salt-rich operational environnments. Counterbored
hol es 47 al so develop scoring 50 that arises fromroutine 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 renoved fromthe base material of shroud 36. Subsequently,

i ner 52, having dinmensions matching that of the renoved over-bore, is

inserted into t erbored hol e 7t estore shroud 36.to origi nal

speci ficat i oﬁg‘? %llgorfﬁmﬁeg{’ eéteg‘ﬁ%\g“‘ﬂ"lggé _°§i\8§ o agg%‘?SB‘?ndl‘—ﬂgC{"’“%teg’ﬁEﬁM ng the
insertion of 566014dtRIB)EREctElyE surtodBdind &uhhbd hoted 85A Hnd BB kespbitioslyd 36 of
HPC case 23C._ Quter dianeter shroud 36 includes counterbored hol es 54A and

54B for receiQRsdiametrssirgad 3¢ plso inshideyreaches 384 and§iB patps whirhibs eters4A and

54B each COMar @nds diHMdRD 340LAI S endied M vAnBus &BRBRGEVE Hroud b ENdi NQ
t hrough shroud 36 and a correspondi ng counterbore 56A anc? 56B

respecti vel y freadies i drhdyg argiied with o|ptasmBSpcayadcibsgible m@ﬁéet&%bvn, Qut er
di anet er shr inel tren n kNS Lch the
outer di amat(:8 é&teggoégd g@ebﬁgd}eégageﬁA anfﬁ“?}gﬁ%ﬁﬁgﬁg@_ ‘?flyﬁan\%g’rapbufél éé¥{c~lr7$")roi(§i ments of
shroud 36, tacdiabepaidbdfcaneitbrdd lmlecs4fl drlSeH, shrdud 38 ipprasided itk ayathblbr adabl e

material. As_sh .counterbored hole . 54B recei ves trunni on nd hub 45
of vane 32B. V?rﬁwddlg}er't °r ?&T&Fﬁf@fé AR m?)?xe%)ffﬁlf 8@%@%@tﬂ§%§%§%A or 54B,
shroud 36 i sliperevsd ghed indobhjunetionavithedobsterbyredBolbo4® | i ner. For exanple, |iner
52, whi i,5 an exenpl.ar nbodi nent of the hqle, liners, is used in

conj uncﬁp%ﬁwi th count e‘ﬁ“%&ﬁ‘é’ﬂgﬂgll%g%‘ﬁr Y a["@”(‘)‘ﬁ‘g%y shaped ¥ Q?&B'Jc‘lo‘éﬁ‘i‘@t Heneral I y
a conical ly ghpqed agvhd Bsteie Ssahidel@ with al sfopindl RAGA6h. AFGWAM @ATSE

centerline wifh a sloping orientation. Forward éend 58 of shroud 36 is
di sposed | en Hu‘{?‘S Ahdiresed e R dram _ ce Wg’l“‘e%= Aereghaft dndi @ 154i sposed

length L2 aV\@ﬁészE@fEh@tﬁﬁL%ﬁv'a% BOmBenteHRBQIN Ileheth 3., W SB4t& thin RAgth el L2 such
ol | VSt L, SFof o S P S, e
as shroud a Y P

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 56 A and 56B include

flat surfaces 64A and 64B, 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 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 fromforward 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 fromthe generally flat surfaces
64A and 64B to the conically shaped surface 62 such that walls 66A and 66B
foll ow the contour of surface 62. [0024] Shroud 36 is typically produced as
a single-piece unitary conponent. Thus, shroud 36 is finished to neet final
di nensi onal tol erances, including the final dinensions of counterbored

hol es 548028]d 54B. CoufiGefhshests hiob esrspethiveayiew SABnen5e, andyfiG el Kyowsiani shed

such that th iLve.. nni Qn. 4 nd. hub, 45 w.t h f.airl i.gh t gl erances
such that sl gémlglg%g'%s? e%n%% '§ g %an§§%eg§n§rs?2ef‘rS]°°&% icted; S glﬁg &glg#e@br?wﬁeeds.
However, duehbtle H#Bregebd milkdt @d, &yowpbores, wrembek Weadondiiog s Jadagbeve, the
di rensi ons and to] erance f_.counterbored hol es 54A and 54B becone altered
such t hat _s%‘ﬂ’tt#_"?r ?_%HBO'OIF“I ﬁ?ﬁl‘lﬂ%s ﬁ%‘fgﬁﬂ&ml’}’ﬂl A8 ap n"ﬁ“?%c?‘é&?nbﬁs such,
shroud 36 i s séeaPaill 90 hay'h lsibphig] sBapel AR vadids arduddOi’&ige fplfimete oSS 1R T OP
perspective view of |iner 55, and FIG 6B shows a bottom perspective view

of liner 52. “PytpiPt§¥fare6%onst ruct ed such that counterbored hole 54B can be
ml1ed qogaeior over- baned.ss by hRUBNEridd Or G h AP Quifhle $o BidRtdhfing

count erlc)[ore hol e 54B. Li ner 52 inc?ﬁ_des %ﬁgt ﬁogl? 6§, ma?ﬁmg?lgin%nthg neck 72.
As can be sthermalwad medipiniraksteessst asspeiged with shrowh36 duritigeapertion nfienigire edge
perimeter to t . . ‘ f. 0 L y._be
conprised of 1gﬁyﬁhn¥aa%1§% g‘lﬁ 9%@1%%%“??? 1\?\& %gﬁor%%nég%%% ﬂ@keogznfé‘%mfﬁd

nechani cal sengiesed pisiocAay euitabie dlogltan bd udg, hwdvery aldpe madtehing it @ngi ne

10. In vario {ri%o At |10 LS de froma.netalljc all or from
an engi neer E{%‘“g asa?% @EQC 2aﬁlysshl't?%glebl e & ﬁm(?ye’ g‘g‘ ':lmgtéc sgas“élafs Sheg\}s\ies\}lg? ?So%(ljlol oys
mat chi ng t haserie$ stamlesy wel niskel anaeriads; tuch wk del Iycamel fhalll ewodld alse ba mgtable

Austeni tic S}n% exr*lllalg.s %o?}eﬁl%lreﬁieﬂ% O(I:'IQ (?EEI%P%aten‘aIs, such as Sustatec ® PEEK as is

commercially available from Sustaplast, L.P., Edgewood, NY; or PTFE-based

materials, such as Rulon ® 945 as is commercially available from St. Gobain
Performance Plastics, 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 famly, would

al so be suitable materials. Polyetheretherketone (PEEK) materials, such as
Sustatec (r) PEEK as is conmercially available from Sustapl ast, L.P.
Edgewood, NY; or PTFE-based materials, such as Rulon (r) 945 as is
commercially available fromSt. Gobain Performance Pl astics, Valley Forge,
PA are exanpl es of suitabl e .engineered plastics. Rulon (r) 957, also

avai lable from St. Gobain, is another suitable nmaterial. For any nmateri al
sel ected desirable properties include heat resistance, low friction and
strength. Additionally, corrosion resistant material may be selected to
reduce recur Coneerbofed hele 548 skiendsdatombond B®such that itiioshowatie doteed dinerByinbe

sel ected suc t ~t he varijabhl an ar tter. ahle.to rotate.
Speci fical | y!h(%'hhg H gerf‘?"é‘!r:d ?02? §‘f| Hlé’ﬁl%%“z“"ﬁgﬁg’ es{eq aé"?t%a&l ‘?80 %%@eémébedl over
coefficient abovel camtethorédholet Bt vafergobe cirilsion | aall WaAOE iHag sblotidgd 36. |t

Is preferable that materjals be able to sustain tenperatures upwards of 600
F, preferabl emﬂﬁsbﬁn u#ﬁ°7 alg?aﬁﬁﬂ?‘@?ﬁ%{%%ﬁéﬂ‘ﬁ%ﬁ’%%r@é‘E’ﬁ?ﬂﬁlﬁmt‘g/mfeeached

around HPC 16asel hatkral o@lsﬁ@p@@siaaﬁﬁaﬁrmegmt CRs ki, thRkdBdreXPBFABOR rate of
the material of liner 52 with that of the material conprising shroud 36.

The qual it i e¥erhipedstit, s Pvembaseh 2partisalap dapiiytorrempye 1bp dagegsd Paseyaaleial dependi ng

on per f or MNgeHRALRMERR ki Hines FOFIRE 7.1 BowbRP 27k n&leﬁo%é té&ﬂﬁﬁyém%bgﬁl@- up view
of liner 52 for insertion into counterbored hole 5 of outer dianeter vane

shroud 36. Clumged bwieddl poiny maigial cempyalnifivkiand 3 permgh slomén 86 rafetion ofhat it is
made 1o Spe%;dgcﬁh', QlicH affects ﬁ%oéfﬁéi&&y% HpRS 1691 RGP bfibiin, of ﬁaagﬂgﬂk erbored
n such”that 1t

hol e 54B extends I nto shroud 36 i's shown 1 n dotte ine Din
FIG 7. Countemdyed &dmhountefiidihotd SR suchabdt i7dan Yrawediforeplackdwalrestatg. As
descri bed a unt .hol.e under . [,QS, r such

t hat shroud %X&D%abg%ﬁ%s&{og‘g%ﬁaggsﬁ #ﬁlgésgog'snhg‘gn%g’ggi}nggeeg u\?&oﬁﬂe %Eg'b\é\%?r osi on or
wear ext endscountetbatdicholdoBctonetiere slabudi6 aili countkr@Gedhgda 4B wuher ordgped h.  As

et CouT, BBt oh 0820 TR 5P REF o BB L
FI G 7. Howemsioved froth Sounbirbeebhidds4Rinsemipling thedmaged bge mdatisiged nmaterial , as
any mat gidA) removal QS NP 300 RN TebS S ferd Mota Suh it i dan.

For example, wall 78 undergoes wear and corrosion such that it becomes damaged to

some depth less than or equal to depth t;. Thus, material is uniformly removed from the

entirety of wall 78 to depth t, to ensure all damaged material is removed. Wall 70 of '

-liner 52 is éorrespondingly manufactured to have a thickness corresponding to depth t.

Likewise, material is removed from around neck 74 and floor 76 to a depth necessary to

remove any damaged base material at those locations. Correspondingly, 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 nécessary 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

particularly well sujted to shallow damage incurred to counterbored hole 54B. Thus,



vane 32B, which affects the efficiency of HPC 16. A uniform anount of
material is renoved fromcounterbored hole 54B such that it can be readily
replaced to restore shroud 36 to its original design dinmensions. Liner 52
is inserted into the over-bored counterbored hole 54B to restore shroud 36
and counterbored hole 54B ta their original dinensions. Thus, liner 52 is
made to di mensions that match the anmount of material renoved from
counterbored hole 54B in renoving the danmaged base material. [0028] War and
corrosion may occur anywhere al ong counterbored hole 54B. For exanple, wall
78 undergoes wear and corrosion such that it becones damaged to sone depth
| ess t han orwhsgulihert 2 tejmsdrtet! lintoTones-boretht coniterbored hotei 548, ndhyoudeb®aedl from t he

entirety of ] .78 depth ti ta ensure all .danmaged material is renoved.
vl | 70 of ‘\f/g?uﬁtg?bogizﬁgsm%%ﬁt?r@é 6%%? P@?Wﬁ&%ﬁ%‘@?ﬁ}ogﬁ to have a thickness
corresp{0@30hg to dept m boider thi fs€ititatee andrekgsditelthd asseBBY 6f lie0 32 af@ind neck

74 and floor 76 to dept h. necessary tqQ. renove any damaged base material at
t hose Iocati‘i?HEt?rtbeffﬁr iepﬁ‘mjitﬁ’@}'g,g bps gdditiopsl materipl gepyess Wfomp @VAEH T neck 72

and floor 68ohame redtbCBNCISRS IPBds Clths hbhi Bt WRE Rbrr@bondi BhttaAl 37 @fpved from
neck 74 and floor 76, which may or may not equal depth t1l. [0029]

Al t er nat i vel SPmpFEgsetie sfcepiig Hhape 9f frevess \BOr edpiperpsitioned wacfloor4¢8 forobr 76 and
Il 78 t : - t: b
wa 0 acoﬂ@%%@?lﬂgﬁ)géﬁ%f X obdlinf GLPR% &0 %gosﬁ%‘ﬁgfﬁ ﬂgﬁ%%ﬁchoﬂaﬁ%}ﬁggfr ore

548, regardles “l'ocation~of the mage. any event, east
amount of nererbeapropglsi smsertrdainta cerinkeybquek Splol #B & walypwred why.onTlghrioud 36
such that s HHQI i i t ~£QO C i & r

integrity i LH not aggﬁ%t?ag%%%égingg%gﬁgﬁt%lg rnseisqsé ng “rgo%%g@%‘g Lrjnﬁiié&{gtgérler ally on
t he order ofvagltmgibeight@f watlciBesLifier 2. ¥@il® be Wifficulisto sukate, wittie counbebdredn i s

per 1l o ighebln ) 5 el ) MRS S0y AR, BRI 0L,
54B, shroud riialznshentadlint:e$d) othichSidaldinterferswittt thd fieo rothitinr ofohgB2Rin desi gn
52 wi th | codRPBrBraaoRanE sifr P Rrr Skl T e BiE Rt A lroved {0
form a voi d catintetbored hible 34B @alesSyal070 it alipmed &ridh te slopel8f #&bT8. Calk€ buttdd h
correspondi r‘g% pt%g\'ge%t%nangzrogatqgr} of liner 52 during any processes used to secure liner 52 to
shroud 36. _
[0031] Liner 36 may be secured to shroud 36 in any suitable manner. 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 temperatore 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 carried out using commonly found
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conprises the negative shape of recess 80 and is positioned on floor 68 on a
correspondi ng |l ocation. 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 msalignnent of |iner 52,
which would interfere with the free rotation of vane 32B in counterbored
hol e 54B, button 82 prevents liner 52 frombeconm ng fully seated within
counterbored hole 54B unless wall 70 is aligned with the slope of wall 78.

Al so, butt on *IEPIEH Shenessa R or steldipsopquipment nBrpegsivel of plabpraip yappe@bsses used
to secure |i 6. JogLiner shroud
36 in any su??%ﬁ?é*%%ﬁﬁgPﬁgg%?é’gg%ﬁ%%%%ﬁdé%%h3%§ga%§m?ﬁg&§gﬁggﬁg%&of | i ner
52, liner 52 remirs bebswalade th clye dreshmsr defjtiomtbs such that eastl sB@ cdnnpesfosn a

enbodi nent, | jner_ 52 . s furnace zed, Usi a foil bondin material. In
another - enbodtEmetad At B3P EpBIRRE Al bR G s REN MR ERENED oo
84. In ot her rgeabodidamagsl squaterhwedddholey arh dlaeah reatirebgsaintdoee Indt ngedwodled be

sui tabl e, however subsequent nmachipnjng steps | d .be needed, to renove sl ag
or any other 85&8?153% 'I%Bt"1 ﬁ’lﬁ?“dfaﬁt})’ ?r‘é“r" 0 ?é@vﬁoﬁ?‘oﬁt%n?f?a%q W8#552 can be
heat treatedma® YeerlsteCprediiptivaly’ @Zp‘artr OfSL hevintatidel GRthtehahbd frobfam, \bedhtdisng

process. Regardl ess of the netho selected for securing liner 52 to shroud
36, it is prarREIgrEne asihaplevslss dddiinralirabn ropri proesseis denspiadle gitirwed. For

engi neer ed pliadfet GegdrddY Se pRipehict SMMRMAL LA e D ShrVBS 36) asH RBterboRM! d be
suitabl e nethods for securing liner 52 to shroud 36. [0032] Thus, |iner 52
provi des an &al§yerairedpceerding te figivreses diygntios coyld ha peaimepbsepnpntiypensirghite

Counterboreda@@&%ﬁgngﬁﬂﬁhﬁﬁquhkB?HQQNEQﬁmm&gSent invention can be nmade at
nost overhaul or repalr shops as the repalr can be carried out using

commonl fi0¢Htnd 10 equilfmish theuprkseat inyention |hap begge ercriepdetyith pefersrce Bxpensi ve
or el aborat e fulp 'Eﬁl’ﬂfa?io \XEH?%? %s ?Pﬁk@&?ﬁﬁé S 5AY QB8P thhScHIRfes HEGWer €d.

Al so, the invention a eren
made in form and detail without departing from the spirit and scope of the invention.
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repairs to be nade to cure the sanme deficiencies such that each shop can
performa repair nmethod within their capabilities. Al so, the present
invention allows for selective repair of danaged counterbored hol es such
that an entire part does-not need to be replaced or repaired for a single
faulty counterbored hole. Alternatively, the repairs nay be nade
preenptively as part of a preventative nmaintenance program such as during
routi ne overhaul cycles. Additionally, the repair process is repeatable

wi t hout further degrading the properties of the base material of shroud 36,
as a counterbored hole repaired according to the present invention could be
again subse%yently repaired at a |ater engi ne overhaul cycle using the sane
nmet hod. [ 00 éﬁﬂﬂsﬁhough the present invention has been described with
reference to preferred enbodi nents, workers skilled in the art wll
recogni ze that changes may be nade in formand detail w thout departing
fromthe spilrit Arvdnesshopd fofa gabbirbingengineothe vabe sighwd ddBiprisibg: A vane shroud for
a gas turbine engj .t hg vane .shroud conprising: a cylindrical shaped
body; a hole arr%ﬁg@gn%¥§§P%ﬂFgﬁhference of the body, wherein the hole is
for receiving a aholannaggedfat airaufarenedbiethy dody, wheeidLithe diblzok dorafetdviges
concentrically around the hole on radially inward facing surface of the
body, wherein the co PRIPE 3 ¢8YF V¥%cei ving a hub fromthe variable
vane; and a |inef chunb@bdredrhipe® chi@nitehl; aBchdCAYMbLR ROk @adMlBNintaRL fatking
trunnion and hub are provided with a contact surface. 2. The vane shroud of
claim | wherein the SBUHeS B ReGnyheepdhe,countgipare. is iforargosdvias adnh drom ey
receive the liner. 3.yaddife V@Bamghroud of claim2 wherein the liner is

inserted into the hole and counterbore to restore the cylindrical shaped
body to design dt Hafisingsed info the,bolo and compterbere srcke that ﬁhezf)r/wwnem Iyheare

counterbore and hol e padgicaVith=Tok@st shiacR.

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 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 and further comprising:
a recess positioned on a radially inward facing surface of the counterbore; and
an anti-rotation feature positioned on a radially outward facing surface of the liner and

for insertion into the recess.
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process used to renove a danmaged portion of the body. 5. The vane shroud of
claim2 wherein the liner is inserted into the hole and counterbore such
that the hole and counterbore are dinensioned to mate with the trunni on and
hub. 6. The vane shroud of claim 1l and further conprising: a recess
positioned on a radially inward facing surface of the counterbore; and an
anti-rotation feature positioned on a radially outward facing surface of the
liner and for insertion into the recess. 12 7. The vane shroud of claim®6
wherein the anti-rotation feature is insertable into the recess to prevent
rotation of the liner within the counterbore 8. The vane shroud of claim®6
wherein the_lin co roo ortian for enga the ub a
wal | extending a zil“ﬁ@& ﬁﬁfaé‘f’ whereia q@Bﬁ’mfﬁt}P’f‘l H‘g‘f@g’ie ?)rofl | e
to match tFb%&ss&tfpt’é%tfo@dﬁbﬁbfﬁehﬂéﬁ%ﬁ@tﬁéé@ﬁ@r&fe.the body; and a neck for
receiving the trunnion. 9. The vane shroud of claim8 wherein the
anti-rotation feature is insertable into the recess such that the profile
of the wallgali g%%g@ugﬁ%feragﬁgmmg{nma%ef&gﬁﬁsw inward facing surface
of the body. 10. The. vane shroud claiml wherein the liner is secured to
the body. It. Tk\ﬂaﬂ&ﬁﬂn@mmr@‘fgam&ﬁhﬁh@ wherein the liner is conprised of a
mat eri al havi ng yer i h y. 12.
The vane shroud ag‘?' c‘?‘ al %n%%ggu&g%%wt% E{ ﬂ%ll 9%&#13‘?% l{a'aﬁgfa 8{0%12%? nga(relcgl of the
following material sthaaoﬁtheaddiaﬂlgua#alrcbgurﬁcmbfahqmodys,tand 13. A nethod for
repairing a dang edkgog%e%{bqé n.a vari abl e vane shroud, the nethod

conpri sing: renoVing AV E ffmgméél material fromthe vane shroud around
the counterbore to produce a socket such that a danaged portion of the

counterbore |s renoved;. and . . . . . ,
'ﬁ'le vane shmucfl of claim 8 wherein the anti-rotation feature is insertable into the

recess such that the profile of the wall aligns with the profile of the radially inward facing
surface of the body.

10.  The vane shroud of claim 1 wherein the liner is secured to the body.

11.  The vane shroud of claim ] wherein the liner is comprised of a material having a

lower coefficient of friction than that of the body.

12.  The vane shroud of claim 11 wherein the liner comprises at least one of the following

materials: a metallic alloy and a plastic.

13. 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 pre-

damaged dimensions.
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inserting a liner having a shape corresponding to the |ayer of base materi al
renoved fromthe shroud into the socket such that the counterbore is
restored to pre- damaged di nmensions. 13 14. The nethod of claim 13 wherein
the step of renmoving the | ayer of base material conprises over-boring the
counterbore. 15. The nmethod of claim 13 wherein the |ayer of renpved base
materi al conprises renoving-a cylindrically shaped portion of the base
material. 16. The method of clfaim 13 wherein the counter bore conprises: a
generally flat floor; a wall portion surrounding a perineter of the floor;
and a neck portion extending froma hole in a center of the counterbore. 17.
The nmethod of claim 16 wherein the step of renoving the | ayer of base
material conprises: renoving material fromthe wall portion; renoving

material fromthe floor: and. renmoving material fromithe nec ortion., 18.
The mechod SF of Trtrsed el B BREbarE one ofimidiiph he 1nik of he BagE!

mat eri al  f uohfréses o@Porimpate @uakdttorddg a | ocating recess in the floor such
that the liner fits within the socket in only one position. 19. The met hod

of claim 17 wherein the step of renoving the | ayer of base material further

conprises pioducTRYmBib®RdidM [£4@eRin fhel 1BFer fdrORRoSedCBast NRkterfl WBbriROT t i 0N
of the liner aligns with the wall portion of the counterbore. 20. The

net hod of cFeHAVNE2 Giliedtisplly sharedpoeionef hebpsswiatagial he | ayer of base materi al
further conprises producing a |locating recess in the floor to prevent
rotation of the liner. 14 21. The nethod of claim 13 wherein the liner is
conpri sed of6.a nheangthdd diglaimd3 wheroinshe copntef Horedommprisesf friction than the

base materi al Ofaééﬂgraﬁf?‘ﬂﬁﬂ%gf;(wd-

a wall portion surrounding a perimeter of the floor; and

a neck portion extending from a hole in a center of the counterbore.

17.  The method of claim 16 wherein the step of removing the layer of base material
- comprises:
removing material from the wall portion;
removing material from the floor; and

removing material from the neck portion.

18.  The method of claim 17 wherein the step of removing the layer of base material
further comprises producing a locating recess in the floor such that the liner fits within the

socket in only one position.
19.  The method of claim 17 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.

20.  The method of claim 17 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.
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22. The nethod of claim 21 wherein the liner conprises at |east one of the
followng nmaterials: a netallic alloy and a plastic. 23. Aliner for
receiving a trunnion of a variable vane in a conpressor fan case, the |iner
conprising: a generally flat floor for abutting a base of the trunnion; a
wal | portion surrounding a perineter of the floor, wherein the wall is
shaped to match a contour of, a radially inward facing surface of the fan
case; and a neck portion extending froma hole in a center of the floor,
wherein the hole is for receiving the trunnion. 24. The liner of claim23
wherein the liner is configured for insertion into a void in the fan case
to restore the fan case to design dinensions. 25. The liner of claim 23

wherein the i ne*r}lé RElHESP gt ?ﬁ%aﬁe@hgé ;if?é;' id ggﬁea_ﬁ@%&%&a@amqﬁLga lower

insertion into a locating recess in an ¢
coefficient of friction than the base material of the vane shroud.

22, The method of claim 21 wherein the liner comprises at least one of the following

materials: a metallic alloy and a plastic.

23, A liner for receiving a trunnion of a variable vane in a compressor fan case, the liner
comprising:
a generally flat floor for abutting a base of the trunnion;
a wall portion surrounding a perimeter of the floor, wherein the wall is shaped to
match a contour of a radially inward facing surface of the fan case; and
a neck portion extending from a hole in a center of the floor, wherein the hole is for

receiving the trunnion.

24.  The liner of claim 23 wherein the liner is configured for insertion into a void in the fan

case to restore the fan case to design dimensions.

25.  The liner of claim 23 wherein the liner includes an anti-rotation feature configured for

insertion into a locating recess in the fan case.
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