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BACKGROUND OF THE | NVENTI ON The present invention relates ge
turbi ne engi ne shroud assenblies, and nore particularly, to shroud
assenblies having an inner surface nmachined to mninmze blade tip

cl earances duri g Ot 3 ' E”ﬁﬂkﬁ mmnd one or nore
rotors rotat ablgﬁﬁyl}%l?z‘c?sggﬁ?kgué?%r. a??@%@?%@i@%%%gs arranged in
circunferential rows around the rotor.. Each blade extends outward from a
root to atip. The stator is formed fromone or nore tubular structures
whi ch house the rotor so the blades rotate within the stator. 'Mnim zing
cl earanc ' I nterior surfaces of the stator
imrovesﬁﬁgwswg@ﬁgWMﬁgr ances between the blade tips and the
i nterior surfaces change during engine operation due to blade tip

def | ect i oIt preséntinhémivn refates pbAdially 16 tufbinsengiGhfoud hisemblibs bind moreThe
defl ections _of the blade tips_ result from mechanical strain _primarily

caused bypartiatarly, faghspud asserablieshaying an ipnerfurface medvnedtgminierzechlade it h due
to el _evatce}g!%rlc%%%& 3¢ L Eenperatures. Li kewi se, the deflections of the
I nterior surtraces 0O re stator are a function ofinechanical strain and
thermal growth. Consequently, the deflections of the rotor and stator nmay
- be adj ust@ass thsbimeasmipings haveoa dtéter anelcine or e icsratotatably mdenedon hestatdr. | n
general, jt-is desirable to adjust the deflections t he cl earances
bet weon t FAS ua bas ales RSP SICHR or A FOPS SRS QU Tl DB, ar e
mnimze ?nd?ﬁ.%hﬁ%{rérf}o\fn Q%ﬁl‘& fﬁ{‘)ﬁfi%é _sﬁi&tiﬁfoﬁﬁéafﬁéxﬂ%e%?%% t@RfRAAL | ON.
Stator deflection I's controlle imarily by directing cooling air to
porti ons striuctungs whighdouse the mtiercse thedhladeds| rptate vithiod theestiter t Minmizing eby

Jeducing ¢l earances between.the blade .tips.and the interior surfaces ofthe
Ctator . IRAEIsRs bieat JBE bide S And terier FErbek oL e Stor FHPBYS s o at
di scr et e dffigGiehdyons around the stator, it does not cool the stator uniformy

and the stator does not maintain roundness when the cooling air is

I ntroduced. In order to conEensa,te for this out-of-round conditiogn, the
i nner _surkhgcdearaces petvieen the blade tipgand fhedinterior surfaces change during engine

operation due to blade tip deflections and deflections of the interior surfaces of the stator.

o)

The deflections of the blade tips result from mechanical strain primarily caused by
centrifugal forces on the spinning rotor and thermal growth due to elevated flowpath gas
temperatures. Likewise, the deflections of the interior surfaces of the stator are a
function of mechanical strain and thermal growth. Consetjuently, the deflections of the
rotor and stator may be adjusted by controlling the mechanical strain and thermal growth.

In general, it.is desirable to adjust the deflections so the clearances between the rotor
blade tips and the interior surfaces of the stator are minimized, particularly during steady-

state, in-flight engine operation.

Stator deflection is controlled primarily by directing cooling air to portions of the stator
to reduce thermally induced deflections thereby reducing clearances between the blade
tips and the interior surfaces of the stator. However, because the cooling air is introduced
through pipes at discrete locations around the stator, it does not cool the stator uniformly
and the stator does not maintain roundness when the cooling air is introduced. In orderto

compensate for this out-of-round condition, the inner surfaces of the stator are machined



1 so they are substantially round during sone preselected condition. In the
past, the preselected condition at which the stator surfaces were round
was either when the engine was stopped or when the engi ne was undergoing a
ground test. However, it has been observed that machining the stat or so

| ts innersoSies g &@fﬁtzﬁﬂﬁb%ﬁﬂt ditilsY sduf BpbsEIEk bl GonihibhC In Ghe (bRAS

condltlons results 1nt I nner surfaces being out of round during act ual
flight. Beeslestedidopditionat which thecstmomsuefacestwere roundrwhsdithenwhenlthednginet he

cl earances betwe gﬁ' ade ti s and t.he i nner tsurf ces of. hebstat or
vary ci r CtAde °s§|"Yt}t‘F S EPRIE éSBﬂ TEQIng 2 ground,test, Py ’a’r‘i}@sr Han need
be. As a ghe&vtd that BeichRif) the Gla?d1sh itsSinh@VRikfab&Pdie Ishbstdtitiatly réiéhd duridge st at or

inner surfaces were round during flight. SUMVARY OF THE | NVENTI ON Anpng,
t he severeitherf efthesecconditions eesphiemahe inney swrfacss bmg ogtofouad during petval si on of
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ai rcraft posladéetipsiahd tﬁ@ﬁh&%uﬁa@ésldfmaaolw@yclmm@dumw&mmm@meoud
assenbly for rotation about the central axis of the engine and aﬁlurallty

of ci r curthd aesorally lyr@pét@edze%ber%aweb engiegeff ﬁgngtéﬁémm than jtggn
outvvard f “ae ch of the bl ades extends from
r oot [%’:)gmoneégt %r%gﬁésﬁe ou d“gmgkﬂlger of the disk to a tip

posltloned outboard from the root. The nethod conprises determ ning a
pre-machi ned radial clearance between the tips of the rotor blades and the
i nner surface of the shroud assenbly during flight of the aircraft engine
at each erentially spaced | ocations around the
shroud a%ﬂ%ﬁﬁ&%@ hod i ncl udes machining the inner surface
of the shroud assenbly based on the pre-nmachined radial clearances to
provi de aAmeReiRl deVerdNfdafiirtd ofP®e tpréRANInNVeAtisrafhiaf beGlobad heGRodsioh T & | | ght
between the tips of the rotor blades and the inner surface of the shroud
assenbl y rmth@b@lﬁ mpachinipg @ny pex swidanei of pyshaeud: assembbaexisndingagengraliyt he
shroud a o mﬁﬁp | [ ed to a
shroud a??g]%r&e?daﬂyﬁdggﬁﬁg g@ﬁtgg s ﬁgﬁ% Z‘?{B?’tr?eél ete}é@ge @Jng ends

general | yncdudeslanﬁﬁhﬁmmed ingide Iﬂ&whfblﬁi aseeﬁhtﬂg Ifomtasxon @bonit ke @a&ataﬂimm e

aircraft engi ne and surrounds a ur al of . bl ades .r ot at ted in
the gngme anrzi a plurality o cncun%leren%a ly paced rotor blades exten%mg genera?l

‘radially outward from an outer diameter of the disk. Each of the blades extends from a
root positioned adjacent the outer diameter of the disk to a tip positioned outboard from
the root. The method comprises determining a pre-machined radial clearance between
the tips of the rotor blades and the inner surface of the shroud assembly during flight of
the aircraft engine at each of a plurality of circumferentially spaced locations around the
shroud assembly. Further, the metiaod includes machining the inner surface of the shroud
assembly based on the pre-machined radial clearances to provide a generally uniform
post-machined radial clearance during flight between the tips of the rotor blades and the
inner surface of the shroud assembly at each of the circumferentially spaced locations

around the shroud assembly.

In another aspect, the present invention is directed to a shroud assembly for use in a gas
turbine engine. The assembly extends generally circumferentially around a central axis

' of the gas turbine aircraft engine and surrounds a plurality of blades rotatably mounted in



2 the engine. Each of the blades extends outward to a tip. The assenbly
conprises an inner surface extending generally circunferentially around
‘the engine and outside the tips ofthe blades when the shroud assenbly is
mounted in the engine. The inner surface has a radius which varies

ci reunt ertﬂ@eh@#glﬁ%’ ,nglf) U fhe! Ed&%giernﬁé oﬂ%&»lba?d o attfg? ’ﬂ{égésgénﬁgf& r.sleég ght  but

whi ch is subs y uni formduring ght tO mnimze Operatin
cl ear anceinnernsatfacsextérding generally cirbanferamidily around ths engine arel ditsidethe tips) st i | |

anot her a ct, .th hyoyd assenbly .conpri ses..an inne rface ced from
2" cont r A S Had G haRabE PR SSyLINS SHRAIES A CREUET TBE MUTT SUTREER: | al 'y
around t heaaRRNAth vaies Eiréllfmfepel‘?)ltiﬁﬂﬁ bRRndR TS RRUIMR dngiriRRRE Hight he

inner surface has a first locally ~ maxi mum di stance when the engine is
st opped |mtawhighds sabstentiallysunifyme during {ightctd minipuzevoperating relearansgs of t he

assenbly ,and from.a posi.tion.aft. .of e rface. The first [locally maxi num
di st ance l?%‘”ﬁ’ﬁb@? ’Wegi'ﬂfﬁi‘cﬁc?ﬁgzﬂff téPsg%fﬁtn? R;fgﬁesa m ni num di stance of the inner
surface. The inner surface has a second | ocally maxi num di stance when the

engi ne iln stllaRRERr atpedh @k shrdhd 82embBSciBpEds afl ifha Slihcespacedfiofiea t op and
fromthe aft _position. The second |ocally maxi mnum di stance js about 0.005

i nches | segtpl axieof thernging by adistracesvhigh vansgs cugemisrpatjally arounddhe ceptsab

anot her t he. S ggp [ AeANRH85 s3Tee ing a
center g%‘?%@%‘&n%‘%ﬁ%k\;’g&gﬁg %’gn riélSQ 'S 0 tlﬁg engl %ghgglg a p&ﬁ?@li ty of
shroud sagasniun distnod edien thet dngirklip popped kicatediangban 135 alepicas necasured |

conti nuously around the support def | ne an._|nner rface of _the shroud
assenbl y.cﬁqﬁ%‘% om atoprof e psse wwﬁm%@ﬁ@ sueface: oFhe gt 5 -

radi us Ofloézi}g&hg;giﬂutuﬁ%siaﬂwﬁ%bawb]@inf:hés%rg@f {Haﬂiariﬂin%{lﬁae&i(sjt_ﬁﬂéé gghondi ng

to the cent e support, grinding the surface to a radius of about
14. 395 i nohasurben, The innee safatedns asicond eallymaginiwe distanoerwhén th¢ Engine hes

fromthe first gringdi enter in a fiyst, directi gn extendi.n bo 135
degr ees. 11 SiAPRed b BT HE SretanyPomad Dbcavi Sioen Sk R Sshiah Beat go o
t he SUPPQdsitionn dl}ﬁrs!e&si-ld\mcéllyemﬁﬂﬁﬁxﬁﬁ idtahcd i§ At $)_.0'65 iﬁ@lﬁ&étlar]gér 220 the NC hes
about a third grinding center offset about 0.015 inches fromthe first

gri ndi ng mndnpRrdistancg of dheingeriiurtaged on general |y opposite to the first
direction. O her features of the present invention will be in part apparent

and i n pahlePoftief IspREL, the shroud assembly comprises an annular support having a center
corresponding to the central axis of the engine and a plurality of shroud segments

-mounted in the support extendiﬁg substantially continuously around the support to define

an inner surface of the shroud assembly. The inner surface is machined by grinding the

surface to a radius of about 14.400 inches about a ﬁfst grinding center corresponding to

the center of tl;e support, gﬁnding the surface to a radius of about 14.395 inches about a

second grinding center offset about 0.015 inches from the first grinding center in a first

direction extending about 135 degrees from a top of the assembly measured clockwise

from an aft side Q:f the support, and grinding the surface to a radius of about 14.390

inches about a third grinding center offset about 0.015 inches from the first grinding

center in a second direction generally opposite to the first direction.

Other features of the present invention will be in part apparent and in part pointed out

hereinafter.



‘hereinafter. 3 BRIEF DESCRI PTION OF THE DRAWNGS Fig. | is a schematic
vertical cross section of a gas turbine aircraft engine; Fig. 2 is a detai
vertical cross section of a portion of a high pressure turbine of the
engine; and Fig. 3 is a schematic cross section taken.in the plane of line
3-3 in Fi gpigr PRSP TRORIGPSHIPHRAWNAS" surface of a shroud assenmbly of
the high pressure turbine. Correspondi ng reference characters indicate
correspondi ng parts throughout the several views of the draw ngs. DETAILED
DESCRI PT| Fig. Uis 4 sthePREFS FRfcal cEMBGRCHEINTT Fagdsdnrbinepirenadt ergingie dr awi ngs and
in particular to Fig. 1, a gas turbine aircraft engine is designated in
Its entirgty by t Jeference nunper 10. The epngine 10 include w

br essur e Fi8 31 el SRSt obg pesyion F 1 GsspReLRE & b
(general | ypgieshgnat ed by 14) rotatably nounted on a stator (generally
designated by 16) for rotation about a central axis 18 of the engine. The
rotors 12, 14 have bl ades 20 arranged in_circunferential rows extending

gener al | yFigadiisa scherpaticmpss sestinm takandp the nlaneaf ding =kia Fg 2 showineastepsi de t he
stator 16 | | ' ; iS5, 20 extends outward
froma ro%iié‘?&h%déjﬂgfgéﬁépgﬁﬂr%{%%eﬁﬁgn@?ggh%I{T%’gm%orresp’)ondi ng disk 22 to a
tip 26 positioned-outboard.fromthe root. As further illustrated in Fig.

1, the engine 10 i nCoudspondingi gbfemnee s charactersprindicate cémespendingy pddsi gnat ed
by 30) for conpressing flowath, ai,r t.raveling through the engine, a

conbust or? pLd Fﬁe‘%é@ivﬁgﬁ‘gh&hﬁgr@ﬂ?g%omst ream from the conpressor for
heating the conpressed air, and a high pressure turbine (generally

desi gnated by 34) downstream fromthe conbustor for driving the high
pressure conpressor. Further, the engine 10 includes a | ow pressure

tur bi ne glgeneral |y des‘i{&)nat ed by 36) downstreamfromthe high pressure

t ur bi ne E’M‘IILEP@E% FION OfcHdE W@WB@WV@%? positioned

upstream fromthe high pressure conpressor 30. 4
Referring now to the drawings and in particular to Fig. 1, a gas turbine aircraft engine is

designated in its entirety by the reference number 10. The engine 10 includes a low
pressure rotor (generally designated by 12) and a high pressure rotor (generally
designated by 14) rotatably mounted on a stator (generally designated by 16) for rotation
about a central axis 18 of the engine. The rotors 12, 14 have blades 20 arranged in
circumferential rows extending generally radially outward from axially spaced disks 22
mounted inside the stator 16. As illustrated in Fig. 2, each of the blades 20 extends
outward from a root 24 adjacent an outer diameter of the corresponding disk 22 to a tip

26 positioned outboard from the root.

As further illustrated in Fig. 1, the engine 10 includes a high pressure compressor
(generally designated by 30) for compressing flowpath air traveling through the engine, a
combustor {generally designated by 32) downstream from the compressor for heating the
compressed air, and a high pressure turbine (generally designated by 34) downstream
from the combustor for driving the high pressure compressor. Further, the engine 10
includes a low pressure turbine (generally designated by 36) downstream from the high
pressure turbine 32 for driving a fan (generally designated by 38) positioned upstream

from the high pressure compressor 30.



As illustrated in Fig. 2, the stator 16 is a generally tubular structure
conprising an annular case 40 and an annul ar shroud assenbly, generally
‘desi gnated by 42, extending generally circunferentially around the central
axis 18 (Fig. 1) of the engine 10. The shroud assenbly 42 includes an

| . t i [t f
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contin uomhylaacasu 40 ahfian Smﬂﬂm’rshrou'ﬂhﬁsesﬂgmmeraﬂﬁ damgnatedlby 492, exteridingg Suppor t

44 usi ng nventi gnal  arrangenent of hangers 48, hooks 52 and C|IpS 54
Lo dof i necaemllysrswm caentipl ymtrwp SEMl sy 18 (g a Dootibe gneingd ds s,

assenbl y ds%fodﬁ*lis&é?nﬁ r4§‘? G&est %nphﬁPEu oﬁs44zrgount@ﬁ hocal §1&?de°t:i1€\éh%
descri be eat ur es aircraft en are conventiona wi |l not
be descridndca ;plurﬁluytdsfeshrdud aegmerﬂs 464 Qelg bé6 a;ppmems)ahménﬂly:gtdubstanﬁddl)} led in
the art, it |sd5|ra mze cl earances 60 be weenth bl ade tips
e and | ORISRl Be SEProTt. The SCPETEAL SEEUNENG SPIDE SR EE i e

effici en%oﬁ%htfo‘ﬁgwiﬁan LAYRE Baﬁg%ﬁslisﬂm&fﬁzl&n@%h éfﬂto%ﬁﬁéa&ibstaﬁﬁﬂff these
cl earances 60, the shroud assenp 42 (and nore particularly the support

44) is c sylindricabinnerisnrface ﬁQOf@ndshmuvLaSSBmé’lMﬂwhlc swironslsBe: bladei tips@6ol i ng i s
acconpl i shed w t hdr.aw n tively.cool r f.romthe comres

FFompat h 8 of Be BebigfodeSctner nes rl meRsra fneing 19 artsnsrbieaar o,

di r ect i NGyititios be @&Ncribed T RFheF detall.r t hrough pi pes (not shown) extendl ng
outside the stator case 40 to the cavity formed between the case and the

support 44 and to a simlar cavity in the stator of the |ow pressure

turbine 36 (Fig. 1)As willbeanppreciatad by thesr skilled inrthe art, 1613 desimablecto it
thermal  qeflsct 1e91% sttt el hﬂg?ﬁhé ti %2(? @gﬂ?ﬁgsﬁacg 5% eeshé%u eqr ces,

circunferential 1 ocations arou . at about
about 65 asegibdyd? taMptovt%gm@ﬁaencpmredﬂeﬂﬂodpgﬂm temperaturésl Shitlegr ees,

and about 335 de asured froma top of t engine and from a
posi ti on OK{& e ﬁ%ﬁtfaf‘pgg?r@ycesmethggbwﬂtaswwgD‘?Jmﬁm@mwlﬁﬂy ?hey over
the entishfndr BEY QRAR reéﬁcé‘ﬁ{eex%ﬂiu% oﬁtﬂ@ 1&58?%%@8802‘?% %BSE%#A y

distorted and i s not round when the coal Ing air isintr uced. wever ,
when the ae@mmbeéby Wlﬂmwlwmgstbppdﬁ coo} fig fmpptwctomesset dlompatho(eg.,
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between the case and the support 44 and to a similar cavity in the stator of the low

pressure turbine 36 (Fig. 1). This air locally cools the stator 16 to reduce its thermal
deflections. Because the air is introduced at discrete circumferential locations around the
stator 16 (e.g.; at about 20 degrees, about 65 degrees, about 155 degrees, about 200
degrees, about 245 degrees, and about 335 degrees, measured from a top of the engine
and from a position aft of the support), the support 44 is not cooled uniformly over the
entire circumference. As a result, the support becomes thermally distorted and is not
round when the codling air is introduced. However, when the cooling air flow is stopped,

‘the support 44 returns to a substantially circular configuration.

The method of the present invention minimizes the clearances 60 during flight at a
- preselected steady state operating condition such as a cruise condition. Because the
engine 10 operates for long periods of time at cruise, the greatest efficiency and
temperature reduction benefits are realized by minimizing clearances 60 during this

S



engi ne 10 operates for long periods of tinme at cruise, the greatest
.efficiency and tenperature reduction benefits are realized by mnimzing
‘cl earances 60 during this .5 operating condition. In order to mninize the
cl earances 60 during flight, the stator inner surfaces 56 nust be

substanti %Ar%q,ggoguitg ﬂpgﬂd&qog,li{qﬂ%&e thlefciéaﬁanEiézéO{ﬁlrﬁl%tqlglﬂ #BShtos nkACe 56

varies circu enti1ally aroun assenbly , then larger than opti nmal
cl ear ancesurfaces 56 lestibessbstintialie ceculaehuringiflighti #f theragays af theinnersurfaed num

radius. Using.the nethod, of the preseni. invention re-machi ned radi al
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assenbly 42. this determmation may be nade in other ways, in one
enbodi nenthe tphéssntlimventiving atpromackined dedidyclearansefifrdpringsilight ebithe girnceaft r om a

fleet of engines. Further, alth t he. det er mi.nat | t other
nunber s oPEIH 1 SeisrBiet o ek Bt 8 SRty b St R ELeM Ay ke obatiEnd BoG,, © 1°"
.one enbodigERoull AemBB! £ A INRubR thil detbiiifatidn thers madsinoticr vapsislong to the

circunferential center of each™ shroud segnent 46. As will be understood by
t hose skié¢mhbalimant this determination isimader by prampiningdhisiodsaldata frogna flgepof

determned fromhistorical dapa, it i. sgAal, 0,+d ' | ther the
radi us of C1e&eSt OFB‘?‘E%1 gﬁ@"‘f@pé’eﬁetﬂmﬁﬁw F;fagh?éléﬁr/a(ﬁehaet ?%‘gllr g ¥ F%pf’gcenent S
of the shiiruthfaeatslly Spated 16batibAgafouhdhhe assehibly 42pincend embbdingent tthe of
circunferentially spaced | ocations around the s,hro%d as.senblpvy. Rat her, the
pr e- mac hi deierminationds swde gblosationgcoresnondinedy thesisspmisrpntiakenterof egeh an
aver age r&%ﬂﬁ&@g{ by which the rotor blades were shortened during
flight dde to TRelr ti'ps 26 being abraded by the inner surface 56 of the
shroud assenbly 42. Because the dianmeter of the rotor blade tips 26 is

r ecor ded Aswill bérendengioorb byt thoss skibed i thehttywhen the pre-machineg glearancesi Ghet er  of

the tips after fligpht represents twce the a t . -\\er

short ened% ‘FtF'ﬁ‘@‘“‘F‘?F'ﬁWthlg%caﬁ aatﬁﬁélst%%°e§%%{§’?drjﬁ*§er5%‘§%§%‘% &fq ﬁasdé%?ﬂ tion, the
ci rcunt engtyribiddetipR 26 Riing Wikt ®r iieradia dBplacomets of el shedrlaskdiablyrdper
surface 56 of the  shroud assSenbly 42 during flight are determ ned by

vi sual i ripieetflight atheaforesid plurality ofcircerfaeniiptly spager dorations groupd therpchi ned
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after flight an average radial length by which the rotor blades were shortened during
flight due to their tips 26 being abraded by the inner surface 56 of the shroud assembly
42. Because the diameter of the rotor blade tips 26 is recorded when the engine 10 is
originally built, the change in diameter of the tips after flight represents twice the amount
the blades were shortened during flight due to the tips 26 being abraded. In addition, the
circumferential locations where the blade tips 26 contacted the inner surface 56 of the
shroud assembly 42 during flight are determined by visual inspection after flight. From
these observations, the pre-machined in flight clearances can be determined. Because
there are variations in the initial clearances throughout the fleet of engines and different
initial clearances produce different contact patterns, fairly accurate in flight clearances

can be determined using conventional and well understood analyses.

Alternatively, it is envisioned that the pre-machined clearances may be determined by
examining historical data from the particular engine 10 for which the shroud assembly 42
is being machined rather than by examining data from a fleet of engines. Still further, it
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initial clearances produce different contact patters, fairly accurate in
flight clearances can be determ ned using conventional and well understood
anal yses. Alternatively, it is envisioned that the pre-machi ned cl earances
may be determ ned by examning historical data fromthe particul ar engine

10 for whi; - S s ' ogfé'!a | eh]%%_ TN _
exam ni ng l%g&pégglr]om W}}%gﬁﬁg%l“é‘ﬁ’gﬁﬂ ggt tl P%I?E(ﬁ%}g@gnlé?{ ir}s] envellagi oned
t hat rat heleatdnees 6Ratheoretigahirs flight cddtardadea hay det ealculated tahea phealitgcdfi ned

cl earances_ 60, .thepretical in flight clearances may. be cal culated at a

pl ur al i t y cgrumfsrentialiocaiions withqus dgparyng rppy 1he SEORFEH 4p¢ PSS ABYAPUAR scope of

the present invention. Once the pre-nmachined clearances 60 are determ ned,

the inner (ﬁié%frﬂzé:}if‘rglﬁl%cﬁfﬁeh elabinebls0 A8 Aeikhhihed Zht nlR&liHee Sg ReaRdhffud he

pr e- machi ned clearances to provide a generally uniform
post - machiassethblypd2as nedchimedrimsedi onithe pré-ingbhined radialncledrengesttorprbvidda  ti ps

26 and the inner surface, of the,shrqud assenbl. t ch of .t he
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appreci at ggs ¥ dndahe ikler khnFbel oF thé EBroad tassenktly AlBAUM ofdthe FRtCBifébntiARDV ed
fromthe inner surface 56 at any circunferential |ocation is inversely

pr opor t i osBced dpcatiensgareundtbp shrotd assemblin obs Will ba appresiatedbythospskifled in

i1 lustrat ' i 3 resultin | an d

sur face. s g oy b et Er Y REn B B BrRE R So farlXirc bt iBY, o,
di st ance Tétatibh isinvarkel proporticralitceihe piré-aachinad olkeagintd60 aecthit dkatdori. s before
flight but which'is substantially uniform during flight to mnim ze

operating cl.earances_60_bet weep, t he i‘nner rface and t he bl 1jps 26.
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hi gh pressure turbine 32 of a CFVMb6-3 engi ne available from CFM

| nt er nat i civeimfesAtially emupd thet deptralaixis Yefem dightbntwhich és substahtially wnaformn
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aft of thﬁ§§g§.f Atthoudhihss diBahEBITO Hia§ VARER ofBer Wayaboihout defakiing HonetheOr
about 010 inches Targer than a m ninmum di stance 78 of the I nner surface

56. Al t hoSgpetdhdhe prgsrat inveptian dn vge empodiment sntprdedrfon nse im ahigh Pressaren t hout -

g ti ) . A . th

m?gﬂm 'm” g f%{a@%g %%éfg%%%?g&%%f%ﬁﬁ%ﬁn CRXPHiLRRkoral) SH)G SRS T he
France, the inner surface has an overall maximum distance 72 located at an angle 74 of

about 135 degrees measured clockwise from a top 76 of the assembly 42 and from a
position aft of the surface. This maximum distance 72 is about 14.410 inches or about
0.010 inches larger than a minimum distance 78 of the inner surface 56. Although the
inner surface 56 may have other minimum distances without departing from the scope of
the present invention, in one embodiment the minimum distance 78 is about 14.400
inches. Further, in one embodiment the inner surface 56 has a locally maximum distance
80 at an angle 82 o_ff about 315 degrees measured clockwise from the top 76 and from the
aft position. This second locally maximum distance 80 is about 14.405 inches or about
0.005 inches larger than the minimum distance 78 of the inner surface 56. As will be
appreciated by those skil]ed in the art, the inner surface 56 may be spaced from the center
central axis 18 of the engine 10 by other distances 70 without departing from the scope of
the present invention. For example, if the engine 10 is assembled with shorter blades 20,
the distances 70, 72, 78, 80 may be shortened to match the shorter blades. If the blades
-7



i nches. Further, in one enbodinent the inner surface 56 has a locally

maxi mum di stance 80 at an angle 82 of about 315 degrees neasured cl ockw se
fromthe top 76 and fromthe aft position. This second | ocally maxi mum

di stance 80 is about 14.405 inches or about 0.005 inches larger than the

m ni mum di f

t hose skil e%gi%ﬁogtﬁ%%a?yﬁﬁg%?{ﬁﬁ%sﬁ gglgﬂéébﬁlse%&be sp ag%g ?romt
center  cend2inchesite nidictothe bludes ngs wéll hidthey behmecldueéﬁ;gnm skillediih IﬂmJt _
departing fromthe scope of the present |nven I on r exanpl e, he

engi ne 10 %am@ﬁﬁgmsvﬁhmh%éw Mééécfegmzo‘"lhﬁvredlﬁp 0%70 7@ 78,
80 may be §t #ahgoshorter blades. If the bI ades 7 20 are
about 0.02 |nc ort t hah nom nal, the di stances 70 may be reduced by
0.020 inches to match t he bl ades. As wil | further be appreciated by those
skilled i ril"lnhmnexaaurfacmonﬁgafauoengn beebtainkd by ghadmgth; M‘ﬁé@oerrgdmeom |
have dlffe ent es 70 diffe nt a 74..82. This
e sur gl KA BERESaeoR: 1 i gundibe et T8 o ROTRG | IE EBiF SLPEs (o o
radi us of syppsit2 1%&9% siﬁﬁeé 58 9pfound td h ¥AdiGs bNsiod® 14395 @hichéS about a

corresponding to the center of the support 42. Then the surface 56 is

ground t o sacongdcgringling ceam 4 affsetby aidisancs $efiabont 0.98% inchey fiomithefirse gt er
84 off
off set %%dﬁngg:eﬁ{e? 13 ﬁx sp(fhre%? 8 g}u% éé a%%lﬁt{]@i g%érggeg 05 tﬂ% t:oﬁm tog Eﬂe{] ol n g

center 18 FrectT on ex &h gr ees

of the assemiblyniveased ddcl&h@éﬁwm dft side efitheippsitde. Finallppths sidasel5642.
Finally, the surface 56 1is ground.to a radius,  of about 14.390 i nches about
a third gif&eundcaradas %ebemflée?ﬂoapcl&s apputathird eupdine cepst 88 offsetbyiaches

fromthe f&lgté{é:e%'o?gb&ﬂoc(ﬂ%tl {qeégmh{‘th%fﬁ&“g%ﬁ A@Dcrcn 18%ha ﬁ&girl tid posite

to the first difection e appreciate t hose s e art,
al t er nat i \gen¢ralheoppusité tocthe fist divedtiopu Astwitlibe appmciatcddiytthd:saekhlhdughe aj ng the

f t f t d th th d d bove ex | e,
She. amei nahetalie RO sbfidh 56 RopHE LRI TIAAY, bs gleinsd b, Eding oe SHApERS |
short ened differBmtradii i2a tﬁmrxae{nfnh%sse ¥ér éxlaﬁl 18 Ilmls %n%iﬁe ab§s akepibida 020

I nches shorter than nomnal, the radii nay be re uced by 0.020 1inches to

mat ch t he Witlshester blades 20ydbejradiiiraayrbe Noertesied do istch bsherterdbladess Uf the n a
L Er 0T T il 2GR0 FUARANE Shorf TR NG, GRSk oAl QOB o 21 U e

usin
mches to match the blades

Even though the method described above may result in a larger initial average clearance -
60 when the engine is at room temperature than is accomplished using other methods, the
clearance during cruise is reduced. This reduced clearance at cruise results in improved
engine effici ei;cies and lower flowpath temperatures. Initial evaluation indicates that the
flowpath temperatures may be decreased by as much as six degrees Celsius or more.
Because the time between unscheduled maintenance events is frequently a function of
flowpath temperat_tjlres, it is believed that using the method of the present invention can

significantly increase the time between unscheduled maintenance events.

When introducing elements of the present invention or the preferred embodiment(s)
thereof, the articles "a", "an", "the" and "said" are intended to mean that there are one or

more of the elements. The terms "comprising”, "including” and "having" are intended to



cl earance during cruise is reduced. This reduced cl earance at cruise
resulkts in inproved engine efficiencies and |ower flowpath tenperatures.
Initial evaluation indicates that the flowpath tenperatures may be
decreased by as nmuch as six degrees Celsius or nore. Because the tine

bet ween upsghagiy, i ! s Led U '

fl owpath gtgtzrrper atf%@%q@gpﬁ’gﬁf}é@gdﬁﬁ h‘?{l{l{a%?ng t%%s %\tel{eﬁo ﬂo?-ﬂ:t ﬁ%ate%r esent
i nvent i onelementssi gni fi cantly increase the tine between unschedul ed

mai nt enance events. Wen introducing elenents of the present invention or

the preferred .enbadi nent thereof,, the articles "a",, "an",. "t.he" and.

" oai oo &S NATERGSIATEES RN heHads fefhe dboed shestaEtontpd gRthods viltowen: s
The t er MBdepafifY frérh iBe sco%e oetHédhRation W is RN IEDthab Al maftbeet@fnddin the be
inclusive and nmean that there nay be additional elenents other than the
listed eakoverdescriptionver slaawn dnabgeecompanyingedrawingsi shallee itterpeeted as

constr uctilﬁgéatavndafnget EOdSliWi'tt hosut o departing fromthe scope of the

i nvention, Trols PREShEEYPANE ¥ matter contained in the above
description or shown in the acconpanying draw ngs shall be interpreted as
illustrative and not in alimting sense. 9 1111111112121 | I | | 111111 |

I 11 I CLAAIMS Ms 1. A nethod of machining an inner surface (56) of a
shroud assenbly (42) extending generally circunferentially around a
central axis (18) of a gas turbine aircraft engine (10), said engine (10)
including a disk (22) nounted inside the shroud assenbly (42) for rotation
about the central axis (18) of the engine (10) and a plurality of
circunferentially spaced rotor blades (20) extending generally radially
outward froman outer dianeter of the disk (22), each of said bl ades (20)
extending froma root (24) positioned adjacent the outer dianeter of the
disk (22) to atip (26) positioned outboard fromthe root (24), said

met hod conprising: determining a pre-nachined radial clearance (60) between
the tips (26) of said plurality of rotor blades (20) and the inner surface
(56) of the shroud assenbly (42)



during flight of said aircraft engine (10) at each of a plurality of
circunferentially spaced |ocations around the shroud assenbly (42); and
‘machi ning said inner surface (56) of the shroud assenbly (42) based on -

sai d pre-machi ned radial clearances (60) to provide a“wmmmmH " m
post-machined radial clearance (60) during flight be Hms '"2,6) of
said plurality of rotor blades (20)CBAIMSE i nner surfact ('56)" of the

shroud assenbly (42) at each of said pturality of circunferentially spaced
| ocations around the shroud assenbly (42). 2. A nmethod as set forth in

claim1l1, wherein d el . pre- | C | es
ana: ysi ng hi st ijri C:#.?ﬁégieg{op g)gﬁnﬁﬁp“gwdge?ﬁgﬁ :islﬂrﬁg?ea(lfsﬁ %@%}ﬁﬁg{s%%ﬁ)@c(% A
et hod agxfealing Gehdrally ciehidhftentifily Zrouidd @lcehtfalldxes (8% offaqas nabincalieifiances

(60) are determ ned without determning a radius of the tips (26) of said
pl ur al i t wngipe (H)ppaidhengiae (1Dopcluding wgdisk (27D menntegdeingidaithg shyond,assgmbly

di spl ace ts of .the .sh d as . I ng. £1i,g0t at ural ity
of ci rcumr goﬁtﬁogtq%} bﬁé‘?ze Icg %ﬁin%ir% d@rzéﬁﬂ‘géteﬁgl nfgh¢1§2 gsasé)lrir‘%f’@dy( é@) . 4.
A et hod caguhfirerdtially RBpadded Gowt Blalles 2200 fexfendinig Qefibrallyl eAd4lIY Sitigrd 6m an

pre- machi ned cl earances éGO) I ncl udes neasuring after flight an average

radi al | outgr digpetexiaf the disk d22) eaeh iof paidf bladasoiZ0p lextading Zpgm e raot Bt} t ened

of said raraned et e st o e et HhiEY hdnel iplikatd s6)' o
t he shro%mmgmm),gﬁa}na&d@mg]%d as set forthinclaiml, 2, 3 or 4,

wherein determ ning the pre-machin cl earances é&%’ I ncl udes visually

determ ni ng after fdeterminingemse-machingg tadigl zppragee eptegn dhe tps @) of ades
20 t act ed {. ' 6). 0of th | [

(20 o Sl B, Sy T e bRt O W ) ™

ext endi Ngluria@ Mg loF ¥ail afrBMATRERRI1GY dt)ad SUAGIualP BE EitbunifsictidllBipaéd t he

gas turbine aircraft engine
locations around the shroud assembly (42); and

machining said inner surface (56) of the shroud assembly (42) based on

said pre-machined radial clearances (60) to provide a generally uniform post-machined
radial clearance (60) during flight between the tips (26) of said plurality of rotor blades
(20) and the inner surface (56) of the shroud assembly (42) at each of said plurality of

circumferentially spaced locations around the shroud assembly (42).

2. A method as set forth in claim 1, wherein determining the
pre-machined clearances (60) includes analysing historical data from a fleet of aircraft
engines (10).

3. A method as set forth in claim 1 or 2, wherein the pre-machined
clearances (60) are determined without determining a radius of the tips (26) of said
plurality of rotor blades (20) during flight or determining radial displacements of the
shroud assembly (42) during flight at the plurality of circumferentially spaced locations
around the shroud assembly (42).

4. A method as set forth in claim 1, 2 or 3, wherein determining the
pre-machined clearances (60) includes measuring after flight an average radial length by
which said plurality of rotor blades (20) were shortened during flight due to the tips (26)
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(10) and surrounding a plurality of blades (20) rotatably nounted in the
engi ne (10), each of said blades (20) exteﬂﬂliﬂ‘ ' tip (26),
‘'sai d shroud assenbly (42) conprising an inrés memr" 'wﬂlgxtendi ng
generally circunferentially around the engi ne (fO) “anli but'side the tips
(26) of said plurality of blades (20) when the shroud assenbly (42) is
mount ed iof shideplaraditynef blkdes (20)itdinghateadedluby dreinhe6urfaeri(66) af thrdshusudihi ch
varies circunferentially around the central axis (18) of the engine (10)
bef ore flaﬁﬁmblb(ﬁz)-v\hi ch is substantially uniformduring flight to mnimse
operating clearances (60) between the inner surface (56) and the tips (26)

gas turbl e engi e 3 TOPetE aft gt b st 2, 3OA plertindetorpinit S
central 3¥é-macHi8ed CfeatanEesI@D) Hﬁ&ﬁﬂe@&i@iall?r&fénnﬁﬂ% After (lidht whese she fipg/indi ng

a plurality of blades (20) rotatably nmounted in e engine (10), each of

sai d bl ad26) ¢fejideplinatith of) bladend20) contacted he deier syrfhee 676 oefdthgssheend v (42)

i si ' . f 56 t endi | [ nf tiall

around ey LD ARt BeRES ol ol de t b t1 ps(26) of sai d plurality of
bl ades (20) when the shroud assenbly (42) is nounted in the engine (10),

Td ¢ . : ) g - i h
ongi ne (10) by a di Staneon BerBATGR) Wtk ing en b, cAlihe (10) Hhating 17
central genarallyl 8ircwrhferdntiabiy) granad (aléEntrahaxis {18 efithe pas qikbinei aﬁrcsifbﬁ\;\gﬁinb S ﬁi d
i f 56 [ i I | | [ i.st .(8 n t ‘
engi ne. ( 189 3 sbratbos p afluelion of Bledeoh) rolumenrEts irdhoeneine QDR sc
¢ : _ L
surface. (B3 tladth AOBRARRE K 1) RITa6F O SroBRpilnBly (D) bty )
I nches ( GnZinney) surface €36)tdxasndingngemeralin clicaindsrestially Srowdd theengimegqii0pand ace
56), d a nd J L1y i N di st 0) when t [N 10) is
Stopped. SIRIE GPEd20% of 39t PRyaly of Hades (OF) fhof ey THaud pesemPhGER) des
measur ed LLOFM;E Ghd 'difink ?@ 8§,0§,ﬁé %ﬁaaaaﬂfatgqggfs *ﬁsviﬁgte 8 %ghél 'gﬂ%:h SAligs second

| ocal I y maxi nmum di st an el ng about I nc | 'arger than
the i nidircomdiretintly ardund thedentrabaxin(id) of thefeagime (EB)befdie flight bubwhichdsenbl y

42) as set forth in.claim?7, erein said first
(42) su stant{ahy uniform durpmg flight to mr%mmai'se operat?ng clearances (60) between the

inner surface (56) and the tips (26) of said plurality of blades (20).

7. A shroud assembly (42) for use in a gas turbine engine (10), extending
generally circumferentially around a central axis (18) of the gas turbine aircraft engine
(10) and surrounding a plurality of blades (20) rdtatably mounted in the engine (10), each
of said blades (20) extending outward to a tip (26), said shroud assembly (42) comprising
an inner surface (56) extending generally circumferentially around the engine (10) and
outside the tips (26) of said plurality of blades (20) when the shroud assembly (42) is
mounted in the engine (10), said inner surface (56) being spaced from the central axis
(18) of the engine (10) by a distance (70) which varies circumferentially around the
central axis (18) of the engine (10) when the engine (10) is stopped, said inner surface
(56) having a first locally maximum distance (80) when the engine (10) is stopped located
at about 135 degrees measured clockwise from a top (76) of the assembly (42) and from a
position aft of the surface (56), said first locally maximum distance (80) being about
0.010 inches (0.25mm) larger than a minimum distance (78) of the inner surface (56), and

a second locally maximum distance (80) when the engine (10) is stopped at about 315

i1



| ocal | y maxi num di stance is an di st ance (72) of the inner
surface (56). 9. A shroud assemw p HE,H' forth in claim8, wherein
the overal |l nmaxi mum di stance (7 urface (56) is between
about 14.39 inches (365.5 0.1mm and about 14. 41 inches (366.0 0.1 m).
10. A shroud assenbly (42) as set forth in claim9, wherein the overall

maxi num diegtees cmeaeﬁ'rad cdlfcrlfm ﬁmahfrg?p {6 eand5Bomi the alﬁopn;]sitism, Z‘slinjdj secomd
366.0 4 8
Sharein A e aaxsfzz&o? P ot (oo ciméiém(@; olPrges ek e n
b 14. 14. 40 365.8 0.1 .
?Z.OUEA shrr(;)ﬁli,gillﬂasseﬁ%‘fcé ?gzﬁsf as set % ?guf:l aim 11|, n\(/:\hgfei( n the mni m?m

di stance (78) of the inner surface (56) is about 14.40 inches (365.8 0.1

). 13. A shroud agsemstond(#48mEl§ (32} ad eét! forthinoelHinD7¢ wiereih 3hidsfiit t 0 12
further conprising: an annul ar support (44); and a plurality of shroud

segnent s losally mewimusa distneeis angyprallmaxdmym distenoed? Deptshmipneigurface (56).
continuously around the support (44) to define said inner surface (56) of

ci rconf orentially 4 u% hroaﬁeam%g?%ﬂ.a?%%%m(éa@? PP TR

TS i 10 i S ) sl o

support ( 44mmparidipoat LA ihehes(B66:S ROMGMY to the central axis (18) of the
engi ne (10); and 12 11111121111212171u 1211111211211 CL MS a plurality of

shroud segnents (46) nounted in the support (44) extending substantially
continuously around khé sluppbaisemhh')@fzbaﬁeﬁtifnehslablalmr?ae?\rhemﬁhﬁ:eve(rﬁﬁ) of

the shroud asse erein t ner, surface (56),. i hi ned by
grindi ng PR3 g‘%&%’cg?’%)"f gnery %F'S(é lﬁémbﬁéﬂii%élesbé@’ggﬁﬁﬂﬁes
(365.25 0.01nmm and about 14.400

11. A shroud assembly (42) as set forth in claim 8, wherein the minimum

distance (78) of the inner surface (56) is between about 14.38 inches (365.3 + 0.1mm)
and about 14.40 inches (365.8 £ 0.1mm).

12. A shroud assembly (42) as set forth in claim 11, wherein the
minimum distance (78) of the inner surface (56) is about 14.40 inches (365.8 +0.1mm).

13. A shroud assembly (42) as set forth in any one of claims 6 to 12
further comprising:
an annular support (44); and

a plurality of shroud segments (46) mounted in the support (44)
extending substantially continuously around the support (44) to define said inner surface
(56) of the shroud assembly (42).

14. A shroud assembly (42) extending generally circumferentially around
a central axis (18) of a gas turbine aircraft engine (10) and surrounding a plurality of
blades (20) rotatably mounted in the engine (10), said shroud assembly (42) comprising:

an annular support (44) having a centre corresponding to the central axis
(18) of the engine (10); and

12



i nches (365.76 0.01m) about a first grinding centre (18) corresponding to
the centre of the suppoumuﬁﬂllummmﬁ”m the surface (56) to a radius of
bet ween about 14.375 (36 d about 14.395 inches (365.63
0.01mm about a second grlndlng céntfe *(84) offset about 0.015 inches

(0.38 0.01mm fromsaid first grinding centre (18) in a first direction
ext endi ng about 135a ¢ghmalitg of $hroud segtrents((76) modntedin the swppokty(44 Y &temiiags ur ed

E'Sszr“:; ol ool s G SBBEg ) Sk Tt ol S
511303'? 00I E %2:201?@42%,8\%%@%"{%“?& Qﬁué%cé ? 63(#? ?{agl?ﬂgﬁgﬁa'ﬁ%em re ?élf selt n

a second g6y ﬁﬁi ratiugenbstaesy abuup d4i380 ihches JB65.05 150.01:din) e@l iabout 14HR400A
shroud assenbly (42) as set forth in claim14, wherein the radius to WhICh

t he i nnerinehes( Qﬁ@plmm)gbwmﬁlamndmmnfre(bﬂ) cgrrbmndlggé@memsn@qeﬁ

Surface. (BeFRRLRGA, AindlB e Turecs L) raivs ot teirediabobt {41 63
14,395 1 it 368 B, 1 B Tkne s % O3 bR et BB SERSUI | ace

(56) is groun out thet ndi hg cent IS a I nches
(365. 50 Q84)LofRet aBsht 0.015 inches (0.38 + 0.01mm) from said first grmdmg centre (18) in a

first direction extending about 135 degrees from a top (76) of the assembly (42) measured

clockwise from an aft side of the support (44), and grinding the surface (56) to a radius of
between about 14.370 inches (365.00 £ 0.01mm) and about 14.390 inches (365.50 *
0.01mm) about a third grinding centre (88) offset about 0.015 inches (0.38 + 0.01mm)
from said first grinding centre (18) in a second direction generally opposite to said first

direction.

15. A shroud assembly (42) as set forth in claim 14, wherein the radius to
which the inner surface (56) is ground about the first grinding centre (18) is about 14.400
(365.76 + 0.01mm) inches, the radius to which the inner surface (56) is ground about the
second grinding centre (84) is about 14.395 inches (365.63 + 0.01mm), and the radius to
which the inner surface (56) is ground about the third grinding centre (88) is about 14.390
inches (365.50 £ 0.01mm).
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