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. io0o BACKGROUND OF THE I NVENTION 1. Field of the Invention [0002]
The present invention relates to a shroud for a gas turbine engine. 1is Mire
particularly, the present invention relates to an inner liner for a shroud
for a gas turbine engine. Still nore rticularly, e e | nvention
rel ates toSACRIRGHL BNBER $HBQ‘&DMNE%%159 ﬁg‘ﬁ %Q%Né’é’é’gﬁﬂksa shroud of
a gas turbine engine to reduce the overall engine weight and cost and vane
trunni on wear. 20 2. Description of Prior Art [0003] The operating

environnent for FTATEMENT REGARDING FEBERALLYSPOBSTGREENt is extremely
harsh. The vibrations due to normal use atbégerati ng speeds are extrene.

The operating tenperat ur REBEAGRH IR IHRVEIRPMENTs are 25 al so extrenely

hi gh, One of the many conponents that may experience wear in the engi ne due
to vibrations and hi gh tenperature are the variable vanes' inner trunnions.
[ 0004] Cu”ermécyﬂ THR ihVAMIrOREs MARICHRR SHerhhBhDs @b BadestS3g15spl it 30
bushing. The split bushing is secured between a carbon steel split inner

shr oud. 99HDHIA0R] -0@HY awatrdedchy thenUsited States Aimtoread TherGoversment hasl it | i ner
vi brat e agaj nst, .one, anot her. and cause consi derable wear on the vane's inner
di anet efettalnfights in this invention.

10 BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a shroud for a gas turbine engine.
15  More particularly, the présent 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 normal 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 expertience wear in
the engine due to vibrations and high temperature are the variable vanes’ inner

trunnions.

[0004] Currentiy, the trunnions are-encased within a carbon steel spilit
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 the present invention to provide an engine shroud having a

r educedon@apbther 88d [auisg jconsidesakle seaiwrdbeaanest innge dignastentrunai@mt i on to

provide_a spli.t engine shroud that (s.manufactured fr titani.um [0008] It
i's anot?fé‘fas%gj'aéli‘e gf’sﬁ'ﬂg' piﬁ@éf‘fﬁarloﬁ\;bﬁtt'i'%wlqrbr Pd@eﬁﬁ‘lcé(ﬁ ‘?fetHeZO shr oud
that i ﬁ{)@ﬁg i [ i r surface.

[ 0009] Stlrltﬁmﬂgﬁ??wf'@%%?ﬁgﬁo jegtaégpﬁ‘t e@;%?%%’g%t aﬂig%\sée;ﬁuc;?:\&ftao provi de

titani waplatentsent/refisbishoeoinobtiat esstirarvanener graphitic liner. 25 [0010] It is

still yet another object of the present invention to provide a titanium
shroud that elimnates the need for a split carbon steel bushing around a

vane trunni 0@80%2?]?}%&&0%&%@ %)éi'ét& e 'o‘?%tsl'ﬁ'hu& hRatlPRideiJgyention to

reduce the enance cost assocliated wth vane trunnion repair. 2
sacrificial graphitic carbon liner to hold a vane trunnion, thereby reducing

trunnion replacement/refurbishment costs, overall engine weight and cost of
ownership and maintenance.

10
SUMMARY OF THE INVENTION

[0006] Itis an object of the present invention to provide an engine shroud
having a reduced weight. |
15
[0007] ltis 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] it is a further object of the present invention to reduce the

30 maintenance cost associated with vane trunnion repair.



[0012] It is still a further object of the present invention to provide a
vane trunnion 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 s
engi ne shroud that has a wear surface that is operational at el evated
tenperatures. [0014] It is yet a still further object of the present

I nvention 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 shroud that increases vane life. 001}% These and
ot her obj ect iﬂ&‘rﬁl Hds sHY adegher objgst 9&@5@1@8%}@%@9 tojproxide a¥aR@ved by

t he pres ent Lon e hroud system having a
pair of %ﬂHH!ﬂ%ﬁEﬁaﬁﬁ&t"gﬁ%ﬁéﬁ ﬂaq%aig@ﬂ %?P%Cﬁsl nner pocket to forma
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 cont #0083 itris stilk yet aélurtiperccvd:eect Al pr%ﬂ&ntdﬂ\faﬂtlﬁér@ avide annut ual | 'y

contactln 20 surface that forns ral it f slots 7] A split engine
shrodd &)t %?Wﬁvpgﬁatah?ﬁa?rw‘?ﬁ %ﬁﬁﬁﬁgéﬁa%’ﬁé’ﬁé@q'w 8&8@"% each have an
I nner p?&r‘ﬁébra thsf orma pair of inner pockets. Each of the pair of pockets

havi ng r segnents that firma circle. Liner segnents of 25 one of the
pair of pockets facing Iiner segments of the other of the pair of pockets

to f I M f f i d of fol t
has o " mut u0GHA Tt yBEaist o thermpoier fithe mEsent B & wovtfias T her
parts a@?’aémﬁc Lﬁé%ﬁi géﬁ e%%tl?b?tréHééthPFe?%d caused by the trunnions during

oper ati conditions’ o e en
10

[0015] It is 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



30 3 BRI EF DESCRI PTION 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
the turbofan engine of FIG 1, specifically showing the 4"n 5tn and 6th
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
I s an expl oded perspective view of the shroud, graphitic |I|iner and vane of

the pre i h QR i IS a cross-sectional view of the

shr oud %ﬁ@ﬁﬁﬁ%’aﬁfﬁ%@ﬁ‘ﬁﬂ“gﬁesem i nvention; and [0024] Fig. 7
is a partial perspective view of the shroud with the graphitic Iiner of the
present invention., 25 DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0025]

Ref erring t o[00H&] drigwil rigye, paatial dut-aweant erossHsactianal Migy of a tupofan al fl ow gas
turbi ne engine, 10 used for powering an aircraft in flight or powering an 30
el eciri%%@tﬂa@‘iéh%pmsent@@ﬁ@m Engine 10 typically includes, in serial flow
comuni cation, a fan nodule 15, a high pressure conpressor 20, a conbustor

[0019] Fig. 2 is a partial cross-sectional view of the shrouds and vanes of
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



4 25, a high pressure turbine 30, and a | ow pressure turbine 35. Conbustor
25 generates conbustion gases that are channeled in succession to high
pressure 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 |l ow pressure turbine 35. H 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
nodul e 15 via a second rotor_shaft 45. JOOZG Referring to Figs.. 2 and 3,

hi gh pr 88sahighpressurstrbing 30, Gindza loy pressuieiuiipg 35- fﬁ?ﬂ@éﬁ@% 29ari abl e 55,

60 and fe t w duri ng
conpresgggﬁ]%?% béﬁguﬁ@&igé t%i fﬁgn%bzgﬂilﬁrﬁucd@g%ﬁ) Q ﬂgh%e?%ssgluo% of each
of stagqgbhte 3GWharstHey Q@%@dﬁldbﬂ%@ﬁ%m& HighnFrebsuire ttmbm@cmr esg the air
for use in foll ow ng engine npressor stage 55 or the 4w . stage is

sta
f or med t}iemtOptlherlanf?SsﬁredumﬂuﬁrgéNﬂ]&l‘eélﬂﬂiwa@rfﬂ-l&hgé&xl@@mﬂ@d dnivedthies i nl et

gui de vanes Eac es of .the c SS set of

CI r cunf E}%quwr@ﬁggm&n ‘?*Jaﬁ@ge%“%&ﬁglﬂee%e‘ﬁ &lyégghﬁédeéqﬁ?gcase 75 of
the cong r%%ﬁr%sa&@&ﬁ @sﬁaﬂgow Q‘ﬁ?’sﬁ@tor"éhﬁftﬂbr aHd 180 pPeSNire esrbie

aer odynari ¢ f I owpat h oun ary of the high pressure conpressor 20. Shroud 80
conpri s8§ ladpi./lmgbjl ¢annested to ihedan epodule 45842 arsgicood tretod sbafifibet el y ar ound
the 20 inner circunference of conpressor 20 to retain all vanes 70 of stages

55, 60 and 65. [0027] Referring to the prior art of Fig. 4, a vane 90
| ncl udes an 'wo%;mﬁgﬁmghe%%z@tz érgﬁs mgﬁ p@éwéhombré@@r'zwpican yof the

engine. Inner tru ma very hard material such as
t enper eihcludesd a sedes phiardbly 5I5a§0arﬂda&mand>axed1gtmqn'p\lrarmjstagesaetsed tainni on 95
s useddtlrgctrwt teaéarf]s fYo nguﬁgg Icgm%r}eésqgn For englne 10 and aircraft use. The
annular dimension of each of stages 55, 60 and 65 becomes increasingly smaller
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. [nner 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



shroud 100, while allow ng the vane 90 to rotate about the trunnion 95.

I nner vane shroud 100 has two identical portions that are each made froma
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 froma 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

di r ect i1ghtetdiP938¢ iPebmpeesiidecaté 78, OA Hatel 2ngnd auf 925 eebstethie aer odynani ¢
pressure s forces associated with the operation of the high pressure

conpr eguwtionof shrdudHOO0 inthe axishdiredtiarowar d t he stator case. Further, the
vi brati ons between the bushing 105 and the inner trunnion 95 generate
extrenme stresses and friction. High tenperatures can be generated between

mut ual surf f ' . Con. 10
(0020] Rof o 1eR28P DY G5dratign of SHEperine 3 028G SBHE ScitRFhaRiid pRIGsHRAd

f the current invention, a vane 130
has san foraesr agsoeiated with3be taparation efrtbe déghipressare pdinprestsoo 26 load gheé i ner 140

wi t hout. any bushing. The trunnion 135 is preferably made froma strong
| i ght weNg&f shr@aﬁésawgrd H\ecsales caseq |‘dﬁt1'?er?rﬂ'g’n‘ﬂ{3@%'°i‘§§3qtl‘ﬂ§e%ﬁh%ut er bearing

sur f 4Gy dhihg b8 Shd the fer trurklic] 85 FelrdiB CRubhRIMfe RN PhicRYAD

graphi tic cat bon an n conmponent aving a plurality of

parts 18igh tanpetstdbes Eam be gbb@ratbd betweemasitng sufdcases chbtartingd 155b and
parts 150b have opposing surfaces 160a and 160b. Surfaces 155b and 160b

PP 0L
form a garopanenty agd causewaargng @xddatiRrt s 150a and 150b are fully
assl%nbl ed. Shroud 165 has nunerous conponents including 20 two portions 170a
and "170b. Shroud portions 170a receive |liner parts 150a and
[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 fitanium. 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 components 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. The graphitic

carbon material of liner 140 can withstand operating temperatures without



shroud portions 170b receive liner segnments 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 185D,
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

gener ated between these surfaces contributes to wear which will be absorbed
by the graphitic carbon liner and not the vane 30 trunnion. The graphitic
car bon ébxidiezing. sAdditionally betatse tHeegraphéic CeErtbognaatbiial is sedfdubocatirag, eri al  of

'AigS?I | e wear &é&%&&”r?m@?gs&%ééé‘ﬁﬂé?&@%ﬁ@f@%ig&%ﬁ%_@gr;g,; iz 0p. oy
Lo wea QRN ISt Ly OPAG SR ACErbAR hrchEAURRaRls Fle dAiPlof farur Lher the

e graphitic carbon material elimnates the

need f ofoditadigéntsRAle appliédtd heteudnioh isadate 14Be trunni on surface 145. 5
[ 0031] The graphitic carbon Iiner 140 can al so be repositioned

circunferentially or reversed axially and re-used. Liner 140 is a relatively

machinery. wiORAb T RS TR0h P Ral iAol nEicon e BP0k 2”105

made f r QraUnRfeBsmRINY r e GersBa XY dhdveludiRl, a¢Muratsd) ¥ DfelaRRNPRIrGa! | Y
machi ned because of its conplex shape, snmall size and need to be split.

[ 0032] @®ympeneit aridecan hpasily i o méledicroapprepriakmemachingiy on wi | | have
reduced ar.. Addi ti.onal. the |jner 140 has .an nded ,operational life
15 becalft OWWPm'ﬁ@Qt'{%‘UPFM- L’bmf?eﬁ(i't%%%'@)‘ﬂga ngﬁ PO be reversed
andyg  graphitic carbon could not be accurately or economicalty machined because of its

complex shape, small size and 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 suifaces 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



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
previ ously machined surfaces 155b and | bCOb are still exposed. Wth this
reversed re 20 insertion the sides of the facing surfaces that did not wear
during the first interval w1l be exposed to use during the second interval
operation, thus further extending the useful life of the liner.

Al ternatively, the previously unnmachined and non-exposed surfaces 155a and

160a can be K9341ASHANCMEoHP FRacBRd tagave paer posliets 9naardiiPakes 155b and
160b pripwy p&é&%&;ﬁﬁ&%*@ n 4%5 rodid Haé'cgﬁ beSM%\EE(?forﬁﬁateﬂHfs' élﬂ:hf ration.

Graphi tic car iner 1 reduce e vane runni on wear eref ore;

M ni nal cdrbpaisted!f a sirengnightweight mat@ealisuel aaftitaniubhie prefarted.i By esirgl . 30 7
[0034] A shroud 165 is machined to have inner pockets 185a and 185b that
recei ved Materialisagh amlitesiuny fondhe sbrosdn theeovaiah weighh ofdbe enging isuch as

By dor rareety pafurdPeher B B ChliTon s B Sodre B e\l gt o
t he enginfudly condi@ingl surfR@dced. Further, the |ower weight will reduce the
degree of wear on the nutually contacting surfaces. [0035] Wiile the

instant disclosure has been described with reference to one or nore
AL SRR SR R D T ROV
one or more exemplary embodiments, it will be understood by those 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 all embodirments falling within the scope of the
appended claims.

20

25

30



el ements thereof w thout departing fromthe scope thereof. In addition, many
nodi fi cations may be nade to adapt a particular situation or material to the
t eachi ngs of the disclosure without departing fromthe scope thereof.

Therefore, it is intended that the disclosure not be limted to the
particul ar enbodi nent(s) is disclosed as the best node contenpl ated for
carrying out this invention, but that the invention will include all

enbodi ments failing within the scope of the appended clains. 20 25 30 8

What is c nmed, i.s A split shroud systemfor a gas turbine engine
conpri si ngﬁ’aélsﬁéﬁ“?’e%fs annul ar - shaped shrouds that each contain an inner
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 ot her
of said pair oﬂSbllmbr@ldcﬁyﬁﬂemfnedgamultbme@gmelcompnsagd pair of pockets,

wh h of f. h
Form a ol ur a oy ObREjesfiped siSlds iff%ath BHlaiTer tnFOmREye AR 5 m 1.

wher ei n eaffacif poekets; pad r  of I|ners conprises a plurali ty of segnments and
each of said pair of shrouds conprises a pluraljity . of segnments, wherein
each segnent of Parehlinsrs, en¢ of s9id l?alfcf-’rfllﬂiﬂﬁe‘l"oé“qﬂéﬁdﬁﬁlﬂanSPW%ﬂaMISﬁlfcﬁ sl ots at

the nut Pﬁ&ék%ts%ﬂ@?&céthég%gﬁur g?ﬂf 11% inﬁ?a{lée%'lh'theedlﬂér%‘? s bR e fockkgM of claim

1, wherei h each of sal
wherein each of said pair of liners has a mutually contacting surface that forms a

plurality of slots.

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

wherein each segment of each of said pair of liners forms a plurality of slots at the

mutually contacting surface.

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

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.

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

shaped shrouds is made from a titanium material.



has a circular cross-section. 4. The split engine shroud system of claim 2,
wherein each of said plurality of slots 1is dinmensioned to receive an inner
di aneter trunnion of a turbofan vane. 5. The split engine shroud system of
claiml1, wherein said each of said pair of liners is nade froma graphitic
carbon material. 6. The split engi ne shroud systemof claim1l, wherein said
pair of annul ar-shaped shrouds are nmade from a hardened steel material. 7.
The split engine shroud systemof claim1, wherein each of said pair of

annul ar- ghaped, shrouds i e fro titaniummaterial. .9 8 The split
engi ne shfoud gb%’fpé m%ﬁ’é? S.IY?teW‘fgjl"gquﬁ ley Ffe@fegg}éansaﬂLWr ‘Efﬁmlefsri%rs is
press-fit pied-ft MREorRiof e RREK 8F the Shrobdie shroud. 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. The

mved a | the other of said pair of pockets. 10.
annul ar- - Shapednd i SEAGHAl FhRBrly S b RkRulA P Rbfubl Aee

conpri si ngarts cnpairémefed and d-Hiserfdddmedhshthatud said pai lbf pbckesi d pair of shrouds
havi ng an inner pocket to forma pair of inner pockets; and each of said
pair of pockets having liner parts that forma circle; said |iner parts of

one of sai ai ; ; I i - 4 : I air of
pocket s tég'fgr*rlr‘]ﬁﬁ ﬁlllérgﬁ) g‘?%@?d%ﬂgg#dﬂggh?h 18@%@}%&1 gl?gﬁ)%ﬁh%%s ?%largarts has

a nutual sleped.ting surface that forns a plurality of slots to receive vane
trunni ons, wherein said liner parts and said plurality of slots accept wear
caused by said trunnions during operational flight conditions of the

engine. 11, 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 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,
wherein said liner parts and said plurality of slots accept wear caused by said

trunnions during operational flight conditions of the engine.

12.  The split engine shroud system of claim 11, wherein each of said plurality of slots

has a circular cross-section.

13.  The split engine shroud system of claim 11, wherein each of said plurality of slots

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

14.  The split engine shroud system of claim 11, wherein said each of said pair of

liners is made from a graphic carbon material.

15.  The split engine shroud system of claim 11, wherein said pair of annular-shaped

shrouds are made from a hardened steel material.
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12. The split engine shroud system of claim11l, wherein each of said
plurality of slots has a circular cross-section. 13. The split engine
shroud system of claim 11, wherein each of said plurality of slots 1is

di mensi oned to receive an inner diameter trunnion of a turbofan vane. 14.
The split engine shroud systemof claim1l, wherein said each of said pair
of liners is nmade froma graphic carbon material. 15. The split engine
shroud system of clainrll wherein said pair of annular-shaped shrouds are

made fro h d st.eel eri al 0 . _The spl,it. engin roud system
o ol ai m 16, wfiEs BTheSHRCR B VB mh L shipee SRR AR 1 om o
titani um gﬁbﬁ‘dslﬁéma&e?fmﬁlif}qltﬁﬁhlhtmﬁé}% ne shroud system of claim 11, wherein

each of said pair liner parts is press-fit into one of the pockets of
t he shroud. 18. The split engine shroud syst em of clarnrll wherei n each of

said plurality ner. art can he and re rte into the other
of sald paft oFRelERine Ehdn SRR gtRAE TS HherBR s AR o 11,
wher ei n epsds i9bresafitintd GRS ofIRSHRKaS bstheamudi.ar-shaped- 11

18.  The split engine shroud system of claim 11, wherein each of said plurality of liner

parts can be removed and re-inserted into the other of said pair of pockets.

19.  The split engine shroud system of claim 11, wherein each of said inner pockets is

annular-shaped.
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