SACRI FI CI AL | NNER SHROUD LI NERS FOR GAS TURBI NE ENG NES STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 5 [0001] This invention was
made with Governnment support under F33615- 99-D 2051- 0010 awar ded by the
United States Air Force. The Governnent has certain rights in this

I nvention. 10 BACKGROUND OF THE I NVENTION 1. Field of the Invention [0002]
The present invention relates to a shroud for a gas turbine engine. is Mire
particularly, the present invention relates to an inner liner for a shroud
for a gas turGATRIFICIAIEINNERI SHROUD RINERSWFOR GASITYRBIREENGINESNt | on
relates to an inner graphitic carbon liner that is received in a shroud of
a gas turbine engine to reduce the overall engine weight and cost and vane

trunni on wear. 20 2. I, B f ' ] ting

environnment for a tuﬁ%wghﬁggﬁ‘% Fﬁﬁﬁ%@ﬁ%@§gﬂ§é s extrenely
harsh. The vibrations due to RRSPFARCH ORDEVEIGPMENT Speeds are extrene.
The operating tenperature of sonme of the conponents are 25 also extrenely

hi gh. Ong¢ of the many conponents that may experience wear in the engi ne due
to vibrations an | ghtenperature are the variable vanes' inner ni ons.
[0004] Currentl yfoduiﬂ T%'ﬁ%?’%fﬁ?na‘?’%s SiEh ga'otvﬁm{"ﬁmc%{p&@ﬁt grgcgeé]F %d;#?‘:‘f 30
bushi ng. Thgggplink 1350 ARatdedIRFiHeIniRAT BRRSs AirFHrEeN THeGbverflidnt hager

shroud. During wear, the carbon steel bushing and carbon steel split liner
vi br at e agacesain righteén thieiriventiamd cause consi derabl e wear on the vane's
i nner di ameter trunnion

10  BACKGROUND OF THE INVENTION

1. Fleld of the Invention

[0002] The present invention relates to a shroud for a gas turbine engine.
15  More particularly, the preSent invention relates to an inner liner for a shroud for a
gas turbine engine. Still more particularly, the present invention relates to an
inner graphitic carbon liner that is received in a shroud of a gas turbine engine to
reduce the overall engine weight and cost and vane trunnion wear.

20 2. Description of Prior Art

[0003] The operating environment for a turbofan engine and its various
component is extremely harsh. The vibrations due to nomal use at operating
speeds are extreme. The operating temperature of some of the components are

25 also extremely high. One of the many components that may experience wear in
the engine due to vibrations and high temperature are the variable vanes’ inner

trunnions.

[0004] Currently, the trunnions are-encased within a carbon steel split
30 bushing. The split bushing is secured between a carbon steel split inner shroud.

During wear, the carbon steel bushing and carbon steel split liner vibrate against



encased in the bushing. The wear on the trunnion reduces the |lifecycle of
the trunnion and increases nmaintenance tinme and expense due to required
repl acenent/refurbi shment of the entire vane. 5 [0005] Therefore there
exists a need for a shroud that can receive a sacrificial graphitic carbon
liner to hold a vane trunnion, thereby reducing trunnion

repl acenment/refurbi shnent costs, overall engine weight and cost of

owner ship and nai ntenance. 10 SUVMARY OF THE | NVENTI ON [ 0006] It is an

obj ect of tdmse pnemenandmenseioonsld@rthewmoemrthen/@inaes isheodi@meétar tnugnian
reduced wei [t 087% aI SO an ject . of gresr&g | nv fon to
provide a s qqse Agithe ngud b fear on ﬁﬁ'ﬂ‘é‘@fqn “FP XFlg %8008] | t
i s anot her hfiNg 20 shroud
that is nan%@%ra@g n?%%ggégmﬁtaétnghg@gr aph ﬁ??gﬁ%é’téejﬁglib \;\Fflfetg'jrlfé?urface.
[0009] It imeptdddnierstirefuneishotgntof thef ertire vanesent i nvention to provide
titanium shroud that acconmopdates an inner graphitic liner. 25 [0010] It is
still yet another object of the present invention to provide a titanium

shroud that el mﬁﬁﬁrﬁé‘rﬁfd?é |§’lsc%;@$ééd ﬁ?ﬁ%ﬁﬁo% §RAt AfSIRICBR/e3) Ound a

vane trunnion. I's a ject o e present invention to
reduce the saiiifickl Igmﬂﬂiﬂmeambmtlmess@boldtaadam tranmiane tHerebyreduciepai r. 2
[0012] It is still a further Ord ect of the present invention to provide a
vane trunnion replacement/refurbishment costs, overall engine weight and cost of
ownership and maintenance.
10

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide an engine shroud
having a reduced weight. |
15
[0007] It is also an object of the present invention to provide a split engine
shroud that is manufactured from titanium.

[0008] It is another object of the present invention to provide an engine

20  shroud that is manufactured to accommodate a graphitic material wear surface.

[0009] It is still another object of the present invention to provide titanium
shroud that accommodates an inner graphitic liner.

25 [0010] It is still yet another object of the present invention to provide a
titanium shroud that eliminates the need for a split carbon steel bushing around a

vane trunnion.

[0011] Itis a further object of the present invention to reduce the

30  maintenance cost associated with vane trunnion repair.



trunni on that does not need a hard coat for its wear surface. [0013] It is
still yet a further object of the present invention to provide an 5 engine
shroud that has a wear surface that is operational at el evated
tenperatures. [0014] It is yet a still further object of the present
invention to provide a graphitic liner that can easily be reused or
replaced. 10 [0015] It is still yet another object of the present invention

to provide an engine shro th i ncr eas vane life. [0016] These and
ot her objects an t Nt '™ [ i by
: " andoRsak ivs U8 aghihaeoBieECar e TSARtIBIE N Kol 2 vale
the present t\‘dﬁ‘h‘?d]-?]{h%‘?gbeﬁ%ol?g@éa%%rﬁ én%‘t'fér iRQeACs i ud system having a
pai r of annular-shaped shrouds that each contain an inner pocket to forma

pair of facing pockets. The invention also provides for a pair of liners
contained within one of the pair oflégock_ets and the other of the pair of

2 P ! / )
liners contai ned0PH3L Hds stilhyet adertiaer olmgetpfihe pregentinvandiopdoPraviga@nal | v
contact! B9 gi LARRAA ndOhWedt RIHHCE thhYis YoePatiiri af BbbAled’ sP! 1t engine
shroud system®having a pair of annular-shape shrouds at ‘each have an
i nner pockettemiperatargs.a pair of inner pockets. Each of the pair of pockets
having |iner segnents that firma circle. Liner segnents of 25 one of the
pair of pockets facing |liner segnments of the other of the pair of pockets

to formliner se LT - ; i ' f nts
has a it ual abdoDrayoavRLeSEneobRietk of MethrBsefibbetion I BinERATC,
parts and tf‘g?aﬂﬁiltiufliﬂb'rmtcén@a@tlybé%a%d veegplacadsed by the trunnions during
operation flight conditions of the engine. 30 3
10
[0015] Itis still yet another object of the present invention to provide an

engine shroud that increases vane life.

[0016] These and other objects and advantages of the present invention
15 are achieved by the present invention that provides a split engine shroud system
having a pair of annular-shaped shrouds that each contain an inner pocket to
form a pair of facing pockets. The invention also provides for a pair of liners
contained within one of the pair of pockets and the other of the pair of liners
contained in the other pocket. Each pair of liners have a mutually contacting
20 surface that forms a plurality of slots.

[0017] A split engine shroud system having a pair of annular-shaped
shrouds that each have an inner pocket; to form a pair of inner pockets. Each
of the pair of pockets having liner segments that firm a circle. Liner segments of

25 one of the pair of pockets facing liner segments of the other of the pair of pockets
to form liner segment pairs. One of each of said of pair of liner segments has a
mutual abutting surface that forms a plurality of slots. The liner parts and the
plurality of slots accept wear caused by the trunnions during operation flight
conditions of the engine.

30



BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Fig. 1 is a partial cut-away
cross-sectional view of a turbofan 5 engine of the present invention;
[0019] Fig. 2 is a partial cross-sectional view of the shrouds and vanes of
t he turbofan engine of FIG -1, specifically showing the 4 h, Smand 6 h
stages of the present invention; 10 [0020] Fig. 3 is a partial cut-away
perspective view of the turbofan engine show ng the shrouds and vanes of
the engine of Fig. 1; [0021] Fig. 4 is an expl oded perspective view of a
shroud, vane and is bushing configuration of the prior art; [0022] Fig. 5
is an expl oded perspective view of the shroud, graphitic |iner and vane of
t he present BRIEEMDESGRIRUIQRN@BITHE DRAWINGS cross-sectional view of the
shroud with a graphitic liner of the present invention; and [0024] Fig. 7
is a partial perspective view of the shroud with the graphitic liner of the

Rerorring 1o t hol Sl FEs ) e ey lapS ot dVIEW RESIBOR | o o

t ur bi ne gngbn@né%fuﬁ@@résﬁntmﬁihng an aircraft in flight or powering an 30
el ectrical generator, is shown. Engine 10 typically includes, in serial flow

comuni cation, a fan nodule 15, a high pressure conpressor 20, a combustor
25" generates colsl £ GHR B At S seARLTRSY b e ROl i veRRR YT
pressure  the turbofan engine of FIG. 1, specifically showing the 4™ 5™ and 6™ stages of
the present invention;
10
[0020] Fig. 3 is a partial cut-away perspective view of the turbofan engine

showing the shrouds and vanes of the engine of Fig. 1;

[0021] Fig. 4 is an exploded perspective view of a shroud, vane and
15  bushing configuration of the prior art;

[0022] Fig. 5 is an exploded perspective view of the shroud, graphitic
liner and vane of the present invention;

20 [0023] Fig. 6 is a cross-sectional view of the shroud with a graphitic liner

of the present invention; and

[0024] Fig. 7 is a partial perspective view of the shroud with the graphitic
liner of the present invention.,
25
DETAILED DESCRIPTION OF THE INVENTION

[0025] Referring to the drawings, and in partaicular to Fig. 1. An axial flow
gas turbine engine 10 used for powering an aircraft in flight or powering an
30 electrical generator, is shown. Engine 10 typically includes, in serial flow

communication, a fan module 15, a high pressure compressor 20, a combustor



turbine 30 where they are expanded to drive the high pressure turbine 30,
and then to the |ow pressure turbine 35 where they are further expanded to
drive the 5 | ow pressure turbine 35. Hi gh pressure turbine 30 is drivingly
connected to the high pressure conpressor 20 via a first rotor shaft 40,
and | ow pressure turbine 35 is drivingly connected to the fan nodule 15 via
a second rotor shaft 45. [0026] Referring to Figs. 2 and 3, high pressure
conpressor 20 typically to includes a series of variable 55 60 and 65 and

fixed statorsyanfigkbradere AfEINe30,dindes fov presaafe furbineBs. | 0embugRIressi on f or
engi ne 10 and ai rcraft use. The annul ar di nension of each of stages 55, 60

and 65 becorgenerates capibugtion gases éat are chanpeled én shecessiort tor hlgb @re$sure
foll ow n e |ne a r essor e, 55 e 4t h st for,nmed of
ol oral ey Wit 30 StRe tIR Bl SRS IE G 16% nich el L ifiEe DBl o
70. Each of tﬁé‘ﬁt@f@%ﬁ/ resbive tﬁ%ﬁé%%%er%%é%ﬁfélﬂﬁﬁ]e@e%ﬁén@éd to drive the

circunferentially arranged vanes 70 captured between a conpressor case 75 of
t he conpsesdow préssurd tarbirend5 s Mighdpréssurg tierbrie 3Qiis @dvipgly\dotascted to the

aer odynam ¢ ro at h boundar of t he e re conpressor 20. Shroud 80
corrpr?/ses a high,p qsf‘iﬁﬁngFﬁ Hzgeﬁ%@:ﬁr%rg rﬁi‘%ﬂ@( Hﬁoﬁéﬂiﬁ?g{r@l yr %3nd

the 20 'nnerss%rq%ﬂﬁ &g @éd %‘tS’fﬁH\%%ﬁﬂéd&@ 1*5%5%@%@@%5@4%& 4H) of stages

55, 60 and 65 erring to the prior art 4, a vane 90
i ncludes an inner trunnion 95 at its end cl osest to the interior of the

i ne. | t har d t | h
Cenpered steel  antbUZh Befegingdd FiBha ahdantiohgrapmiteaamirarest 20 bRtk os
i s used o rigLaHBs YRS egQJf K/Qné‘ﬁle'fm"'%ro é’rﬁ‘ﬁﬁ% aﬁH"ﬂQHG’ SMQ{]VM !5%8%'&%’18 the

vane 90 to rotate about the trunni dn . I'nner vane shroud 0 has
i denti cal patitecbtiee g:hmﬂowrdaunegmnmm’eesmncﬁm engime d0iamd airaraft uss. ddnebon st eel .

L e RS Ash R B A S Roradelioh " Saldh °

to compress the air for use in following engine stages. Compressor stage 55 or
the 4" stage is formed of a plurality of circumferentially arranged cantilevered

15 inlet guide vanes 70. Each of the stages of the compressor 20 includes a set of
circumferentially arranged vanes 70 captured between a compressor case 75 of
the compressor 20 and a vane shroud 80. The shroud 80 provides an
aerodynamic flowpath boundary of the high pressure compressor 20. Shroud 80
comprises a plurality of shroud segments 85 that extend completely around the

20  inner circumference of compressor 20 to retain all vanes 70 of stages 55, 60 and
65.

[0027] Referring to the prior art of Fig. 4, a vane 90 includes an inner
trunnion 95 at its end closest to the interior of the engine. Inner trunnion 95 is
25 made from a very hard material such as tempered steel and typically has a hard
coating applied. Inner trunnion 95 is used to retain vane 90 in an inner vane
shroud 100, while allowing the vane 90 to rotate about the trunnion 95. Inner
vane shroud 100 has two identical portions that are each made from a material
such as carbon steel. A split bushing 105 encases inner trunnion 95 before it is
30 placed in and held by inner vane shroud 100. Split bushing 105 is made from a

material such as a carbon steel. Similarly, an outer bushing (not shown) is used



material such as a carbon steel. Simlarly, an outer bushing (not shown) is
used 5 to retain vane in conpressor case 75. A bolt 120 and nut 125 secure
the portions of shroud 100 in the axial direction. [0028] During operation
of the engine 10, constant aerodynam c pressure 5 forces associated with
the operation of the high pressure conpressor 20 | oad the inner shroud
toward the stator case. Further, the vibrations between the bushing 105 and
the inner trunnion 95 generate extreme stresses and friction. High

component s S8t B0 TR EbARRE AR S WER T B TP SRELRENS, . s
through 7, ©drtibRg of YRRkt 100athkiaXial dreeiée 130 has an inner trunnion 135
that is enclosed in a split shroud or a liner 140 without any bushing. The

trunnion 135 is preferably made froma strong |lightweight nmaterial such as

bretorably mmde. RRZAT Pt BPeribf o EChAREMYL HBRSRAE Arred BoiE Brgburt °
identical cRRYSNTIdRY Wit Pelipdratidn ¥f e Hgh bFeskbfa camprdsxr 20A8hl $hd 50a

have opposing surfaces 155a and 155b and parts 150b have opposing surfaces
160a and li@obr skmuddoward Ssbstatar ceseb Fuitheraths vibeationg betweenthe 158 after

parts 150a ,and 1 are. fully . assenbl.ed. Shr.oud, 165 has nuner pus..conponents
ol udi ng. 2e05HIRg J0B asiioe hesl TS 68 CenRrR PGS SFESPRG LRUPGe, | | ner
parts 150a_gph tephpetdtire®thh %@%eh@@teﬂ%véén mhGal SREHERRIOT chpftetinghr oud
portions 170a forma pocket 185a and shroud portions 170b form a pocket
185b. Part scarBpenants antbcausefweanmand oxidatiore each friction fit into pockets

185a and 185b, respectively. A series of bolts 175 and nuts 180 secure the
shr oud boortions and liner parts 25 together.

[0029] Referring to Figs. 5 through 7, of the current invention, a vane 130
has an inner trunnion 135 that is enclosed in a split shroud or a liner 140 without
any bushing. The trunnion 135 is preferably made from a strong lightweight
material such as titanium. Trunnion 135 has an outer bearing surface 145. Liner

15 140 is preferably made from a material such as graphitic carbon and has two
identical components having a plurality of parts 150a and 150b. Parts 150a have
opposing surfaces 155a and 155b and parts 150b have opposing surfaces 160a
and 160b. Surfaces 155b and 160b form a plurality of slots 158 after parts 150a
and 150b are fully assembled. Shroud 165 has numerous compaonents including

20  two portions 170a and 170b. Shroud portions 170a receive liner parts 150a and
shroud portions 170b receive liner segments 150b. Shroud portions 170a form a
pocket 185a and shroud portions 170b form a pocket 185b. Parts 150a and
150b of liner 140 are each friction fit into pockets 185a and 185b, respectively. A
series of bolts 175 and nuts 180 secure the shroud portions and liner parts

25 together.

[0030] During use, trunnion surface 145 interacts with liner surfaces 155b
and 160b. The intense pressures generated between these surfaces contributes
to Wear which will be absorbed by the graphitic carbon liner and not the vane

30 trunnion. The graphitic carbon liner is sacrificial to the vane. Thé graphitic

carbon material of liner 140 can withstand operating temperatures without



[ 0030] During use, trunnion surface 145 interacts with |iner surfaces 155b
and 160b. The intense pressures generated between these surfaces contri butes
to wear which will be absorbed by the graphitic carbon |iner and not the
vane 30 trunnion. The graphitic carbon liner is sacrificial to the vane. The
graphitic carbon material of |iner 140 can wthstand operating t enper at ures
w thout 6 oxidizing. Additionally, because the graphitic carbon material is
self-lubricating, t he wear against trunnion surface 145 is reduced or

ot or a1 of o R AESB boor P e et b lricngnc
trunnion Sutrhfeaﬁéar]élﬁ_%lnsi thHhidd sUitgcd 26 #d c@@rot?@ﬂn'{ll'\élﬁa Hﬂtl‘%‘?nthﬁl

repositioned circ erentially or reversed axi al and re-use Li ner 140
i s a rel atilubligatiray gaality obtheographitierchrbam ntnieeaisellhynmrthemedrfonhatcbd on

appropriate nmachi ner w thout, c rom.sing_ its function. In contrast, a
bushi ng 105@?&@@%&)% l?%aaP%%tOﬁ%gR&Wb%S@G 1ﬁgt be accurately or
economi cal |y machi ned because of its conplex shape, small size and need to
be split. [0032] By using the graphitic carbon |iner 140, the vane trunnion
wi |l have reducfed3dpdarhe @«kﬂihﬁtnoocrmbbly lineh&40 icaralsbibe hepositioread ended
operational |ife is because each of the t WO Ieéper conpanent s,  150a and 150b

can be revefikaimigrentially or fevereed axially andgeus kinsiid 4943 & relativelyderasr 170a,
respectivel é{oraﬁgg%rt&aén B@%%%ll}ﬁ%%hﬂ'gﬂl (‘r}]rfrg\n teﬁroeh égﬁbpﬂate-r#\léﬁhmey'er i ner

parts 150a an re-inserte shroud portions

such that tWwithgutssonmpramisingeisfunetibrs ulf cortrsast, Sbbushidg 168madefrot | | exposed.
Wth this reversed re 20 |ﬁsert|onthe i des of thefamgg1 tHfaces that did
not weat? dugharbiticrarpon spuidpQtheaccuiptely gecananically agshed hacaysert tsecond

interval opgi@bleXbhapBYSmial siZé4nd need to be split.

[0032] By using the graphitic carbon liner 140, the vane trunnion will have

reduced wear. Additionally, the liner 140 has an extended operational life

15 because each of the two liner components 150a and 150b can be reversed and
re-inserted into opposite shroud portions 170b or 170a, respectively, so that
surfaces 155b and 160b are facing. Thus, inner liner parts 150a and 150b can
be re-inserted into the opposing shroud portions such that the previously
machined surfaces 155b and 160b are still exposed. With this reversed re-

20  insertion the sides of the facing surfaces that did not wear during the first interval
will be exposed to use during the second interval operation, thus further
extending the useful life of the liner. Alternatively, the previously unmachined

and non-exposed surfaces 155a and 160a can be exposed and machined for

use.
25
[0033] Liner surfaces 155b and 160b provide lubrication against trunnion
surface 145, during operation. Graphitic carbon liner 140 will reduce the vane
trunnion wear therefore; minimal repair of the trunnion is required after the first
interval.
30



extending the useful life of the liner. Alternatively, the previously
unmachi ned and non-exposed surfaces 155a and 160a can be exposed and

machi ned for use. 25 [0033] Liner surfaces 155b and | 60b provide

| ubrication agai nst trunnion surface 145, during operation. Gaphitic
carbon liner 140 will reduce the vane trunnion wear therefore; m ninmal
repair of the trunnion is required after the first interval. 30 7 [0034] A
shroud 165 is nachined to have inner pockets 185a and 185b that receive

liner 140. Wile d / j.al n
steel, a strong F%%Aﬁ\%els%'ﬁ?' dcrrﬁse'fgﬁgﬁgﬁ%ﬁ&gg% }V?E’ﬁﬁrz’%ﬁf‘é&ﬁ:&eﬁ??‘ﬁ.@gﬁy usi ng
a material tatheesivé lihem40n Whiletdieogdiré8dantbemaderfrdrh migtetiils ficht 4
engine is 5 greatly reduced. Further, the |ower weight will reduce the

degree of weaosrsteelea stigngdighjweight matenia) ssighrasditaniuppisayefansd. By msing

i nstant disgl I CEl 1 r . > _Qr [

exenpl ary e%ﬂﬁ%ﬁéﬁghg‘z& $§ﬁ%rﬁﬁﬁb@rgﬁ%3%‘%@0?{?‘%@%@3@3@%(ﬁlqﬁ‘a%lnﬁf%wg io art
that varg ougrédw?nﬁgacémyFbﬂhandﬁe werelgighahilivedub@ thd degrdessf wediesh thy

el enents thereof w thout departing fromthe scope thereof. In addition, many
modi f i cat i omutualy eentaeting swfagkspt a particular situation or material to the
teachi ngs of the disclosure without departing fromthe scope thereof.

Ther_efore, it i_s i nt ended that the disclosure not be limted to the
parti PU| ar e”bod'[m'ﬁ](Whiléihd'iﬁﬁbﬁﬁ@i@cl@%u@@a@@één H@@'@'_ibé@ﬂ[vmﬁfpéf%?@rﬂzé for
carrying out this invention, but that the invention will include all

enbodi ment s ongldrimerevixemplanhembodireerts. it wéll beppdatstepd buithase skilled in the

10 art that various changes may be made and equivalents may be substituted for
elements thereof without departing from the scope thereof. In addition, many
modifications may be made to adapt a particular situation or material to the
teachings of the disclosure without departing from the scope thereof. Therefore,
it is intended that the disclosure not be limited to the particular embodiment(s)

15 disclosed as the best mode contemplated for carrying out this invention, but that
the invention will include aill embodiments falling wifhin the scope of the
appended claims.

20

25

30



20 25 30 8 What is clainmed is: 1. A split shroud systemfor a gas turbine
engi ne conprising: 5 a pair of annul ar-shaped shrouds that each contain an

i nner pocket to forma pair of facing pockets; and a pair of liners, one of
said pair of liners, contained within one of said pair of pockets and the
other of said pair of liners contained in the other of said pair 10 of
pockets, wherein each of said pair of liners have a nutually contacting
surface that fornms a plurality of slots. 15 2. The split engine shroud
system of clyghanid claedes:n each of said pair of liners conprise a plurality
of parts and each of said pair of shrouds conprise a plurality of segnents.
3. The split engine shroud systemof claim1l, wherein each of said 20

plurality of slots.has i I j plit engine shroud
syst em of cl1ai ﬁ‘i%‘?ﬁ't\%ﬁreor@ %s&é@ﬁgé?gggﬁ@ﬂ)ﬁeﬁégﬁ(ﬁﬁgfémpst is dinensioned to
receive an inner dianmeter trunnion of a turbofan vane. 25 5. The split

engi ne shroud systemof claim1, wherein said each of said pair of liners is
made frofn a grapainofannaldarahapedahireuds that gaeh spntain andines pogkeule foymitam of
claiml1, wherein sapd.pair of annular- shaped shrouds are nade from a

har dened st eel D%Pgh 19 Pagkefs; split engine shroud systemof claim 1,
wherei n each of said pair of

a pair of liners, one of said pair of liners, contained within one of said pair of
pockets and the other of said pair of liners contained in the other of said pair

10 of pockets,

wherein each of said pair of liners have a mutually contacting surface that

forms a plurality of slots.

15 2. The split engine shroud system of claim 1, wherein each of said pair of liners
. comprise a plurality of parts and each of said pair of shrouds comprise a plurality

of segments.

3. The split engine shroud system of claim 1, wherein each of said

20  plurality of slots has a circular cross-section.

4. The split engine shroud system of claim 2, wherein each of said plurality

of slots is dimensioned to receive an inner diameter trunnion of a turbofan vane.

25 5. The split engine shroud system of claim 1, wherein said each of said

pair of liners is made from a graphitic carbon material.

6. The split engine shroud system of claim 1, wherein said pair of annular-
shaped shrouds are made from a hardened steel material.
30

7. The split engine shroud system of claim 1, wherein each of said pair of



9 annul ar- shaped shrouds are nade froma titaniummaterial. 8. The split
engi ne shroud systemof claim1, wherein each of said pair of |liners are
press-fit into said shroud pocket . 5 9. The split engine shroud system of
claim2, wherein each of said plurality of liner parts can be renoved and
re-inserted into the other of said pair of pockets. 10 10. A split shroud
system for a gas turbine engine conprising: a pair of annul ar-shaped
shrouds; each of said pair of shrouds having an inner pocket to forma pair
of inner poakmsilar- shaped Sheads are reade frpe a titdniyroahatesiahavi ng |i ner parts
that forma circle; said liner parts of one of said pair of pockets facing
liner parts the other of said pair of pockets to formliner pairs, one of

each of sai g ahdlif effink!SHFSuPYdtBrlatidim TvHENiRBALA bgaRiBdipGe ! hat

forms a plurality o ofs to reteive vane trunnions, erein said |liner

parts and skidls prepedsstfit ioto sdidshraudcpgdketear caused by said trunnions
during operational flight conditions of the engine. 11. The split engine
shroud systemof claim 10, wherein each of said 25 plurality of slots has a

hr out ai m each of ' slots
uher oi n each of FESPH Sheirse o sterh of BRAA2, WHEPHR 6 3 i Do | nner

di amet er tr piralioy obliner parisrdaf be reradeed aAd t&-insEnteddpta theaothenef sdid ait syst em

of claim 10, wherein said each of said
of pockets.

10 10. A split shroud system for a gas turbine engine comprising:

a pair of annular-shaped shrouds; each of said pair of shrouds having an

inner pocket to form a pair of inner pockets; and

15 each of said pair of pockets having liner parts that form a circle; said liner
parts of one of said pair of pockets facing liner parts the other of said pair of
pockets to form liner pairs, one of each of said of pair of liner parts has a
mutual abutting surface that forms a plurality of slots to receive vane
trunnions,
20
wherein said liner parts and said plurality of slots accept wear caused by

said trunnions during operational flight conditions of the engine.

11. The split engine shroud system of claim 10, wherein each of said
25  plurality of slots has a circular cross-section.

12. The split engine shroud system of claim 10, wherein each of said
plurality of slots is dimensioned to receive an inner diameter trunnion of a
turbofan vane.

30
13. The split engine shroud system of claim 10, wherein said each of said

10



10 pair of liner parts are nade froma graphitic carbon material. 14. The
split engine shroud systemof claim 10, wherein said pair of annular-shaped
shrouds are nade froma hardened steel material. 5 15. The split engi ne
shroud system of claim 10, wherein said pair of annular-shaped shrouds are
made froma titaniummaterial. 16. The split engine shroud systemof claim
10, wherein each of said pair 1o of liner parts are press-fit into said
shroud pockets. 17. The split engi ne shroud system of claim 10, wherein each
of sai d pl upairiof inerf paitsiare pradedramma graphiicoasbommaterali nserted into the
other of said pair of pockets. 15 20 25 30 11

14. The split engine shroud system of claim 10, wherein said pair of

annular-shaped shrouds are made from a hardened steel material.

15. The split engine shroud system of claim 10, wherein said pair of

annular-shaped shrouds are made from a titanium material.

16. The split engine shroud system of claim 10, wherein each of said pair

10 of liner parts are press-fit into said shroud pockets.

17. The split engine shroud system of claim 10, wherein each of said
plurality of liner parts can be removed and re-inserted into the other of said pair
of pockets.

15

20

25

30

11





