12 August: 2005 SHROUD ASSEMBLY AND METHOD OF NACHININE?E@%ngQ ND OF
THE | NVENTI ON The present invention relates generally gds turbine engi ne
shroud assenblies, and nore particularly, to shroud assenblies having an
i nner surface machined to mnimze blade tip clearances during flight. Gas

turbi ne engin : r Qf t bly nounted on
the stator. %@@ﬁ%f@%%@&ﬁﬁ?ﬁ%ﬁﬁﬁ@wgﬂ&?l al rows around
the rotor. Each blade extends outward froma root to a tip. The stator is
formed fromone or nore tubular structures which house the rotor so the

bl ades rotate within the stator. Mnimzing clearances between the bl ade
tips and interior surfaces of the stator inproves engine efficiency. The
cl ear afeASKESQWENE OHHE INY¥ENTIONand the interior surfaces change during
engi ne operation due to blade tip deflections and deflections ofthe

interi : § Qﬁ“@‘ ' &l adanbips result
from &%iﬁ%sggﬁﬁg?ﬁlgpkaglf ? h%rel 1;Jlmégus'e %Ey&g%ggl????%%%lpﬁ?% ces %}r? t he

spi nni pgrticaloly, arstirdddessehbligs bavilg shian¢raudhe@nadohihed toomjramiveddaic tip

t enper at ur es. éikewﬁsﬁ the deflections of the interior surfaces of the

st at or ChaEnges g Hght- of nmechani cal strain and thermal growh.
Consequently, the deflections of the rotor and stator nmay be adjusted by
cont r olds Rgbind@nIRENRVeaR ardand bic 8RR ot 18It AN HduntednaRNQERE., 1t 1S
desirable to adjust the deflections so the clearances between the rotor

bl ade tEgsh ratvd hiah blades awanged suichravefcrantial fovssaravd thametond fianh bbde
particul arl uri st eady- st at in-flight engine operatio t at or

Gl | ecErBReT Staid oM Sirabie At | PP FoRrPRS B Rg Sor FBURSrt (ons of
the st girfdturel vHiSK H6Ese! A8 ITHMK Isy thé Bues rélafel Wikih QRS stahR! ebinikAgugi Ng

cl earances between the blade tips and the interior surfaces of the stator.
Howev e eleatsaeenaiwetre theddadentgpsaand interion shdaes o the siplendmpriveesnginedi scret e
Iocatig cieal,lrc%und the stator, it does not cool the stator uniformy and the
st at or “adoes mot mai ntai n roundness when the cooling air is introduced. In

order to
-The clearances between the blade tips and the interior surfaces change during engine

| operation due to blade tip deflections and deflections of the interior surfaces of the stator.
The deflections of the blade tips result from mechanical strain primarily caused by
centrifugal forces 01;1 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. Consecjuent}y, 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
lrto reduce thermally induced deflections thereby reducing clearances between the blade
tips and the interior surfaces of the stator. However, because the cooling air i$ 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 order to

compensate for this out-of-round condition, the inner surfaces of the stator are machined
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conpensate for this out-of-round condition, the inner $unf368900%5 the
stator are machined 1 12 August 2005 so they are substantially round during
sonme presel ected condition. In the past, the preselected condition at

whi ch 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 stator so its inner surfaces are

substantially royn in ei,t her of these cqnditions.results i,n the inner
sur T acst ey s Sty At e Fare e ot Bl 10 G5 P ner

sur f ac @fesale&edbndftfon 4 WHSLhOME istatbr fshittsthl wetdW@ufd Qas 8itee WIRA NE&{kind he bl ade
tips and the inner surfaces of the stator vary circunferentially around the

engi ne waarstbppeé of adwh Ithe Fugine was vadengeing doground test.ridewever, ibhgs heenef f i ci ency
is lower th it cauld e if the stator jinner surfaces were round during
1 gnt coseRmes meSnis R dar R bRy TReSScve i FEETYPRLRLI D csont

I nvent ieBRerBEh& BALIBENS RSUIRY AVhE iffer Qhrfites B&hF ¢t 8f rovRe iuRhgac@pl i nner
surface of a shroud assenbly extending generally circunferentially around

a cent flaghtaRecausss the inpes sunfades are it o€ rahy dunig dléght;Tthe clearpinges batwednudes a

di sk unt.ed i nsi t.he shroud senbly for. rotation about .t he central axis
of ¢ nar e R an T i RS B PR et ki AR AR Les

ext endiahg 2106415/ hdger thadinabd Ve AN Nvadsdltf dnpMeadtiifidh@! is dbwerethed itdoutdne di sk.
Each of the bl ades extends froma root positioned adjacent the outer

di anmet &g iighe stator dingksurbces wets rpwyl durggdtigbut board from the root. The
nmet hod conprises determning a pre-machi ned radi al clearance between the
tips of said plurality of rotor blades and the inner surface of the shroud

‘assenbRyMBWRYOF THBMNVENTIeN ai rcraft engine at each of a plurality of
circunferentially spaced |ocations around the shroud assenbly. Further,

the method includes machining the inner surface of the shroud assenbly
e SRR SRR S0 BRI B B e BT e o1 o
bl ades mettivd bhendchidig abrinaee s@fadehef ahstost assaibly \extind@gcC Berialbai d
plural Ici[rgurr?tierentially around a central axis of a gas turbine aircraft engine. The engine

includes a disk mounted inside the shroud assembly for rotation about the central axis of

the engine and a plurality of circumferentially spaced rotor blades extending generally

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 said plurality of 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 method includes machining the inner

surface of the shroud assembly based on the pre-machined radial clearances to provide a

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 said plurality of

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
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circunferentially spaced | ocations around the shroud a§§ggg% ¢§ anot her
aspect, the present invention is directed to a shroud asse use in a
gas turbine engine. The assenbly extends generally C|rcunferent|ally
around a central axis of the-gas turbine aircraft engine and surrounds a
plurality of blades rotatably nmounted in 2 12 August 2005 the engi ne. Each
of the blades extends outward to a tip. The assermbly conprises an inner

surface extendi nferentiall ound e en iine and outsi de
the ri ﬁz? CREnG I‘;’gglb%g@é%%é%e’it s‘ﬂ’r“ﬁﬂf tgs%gé‘oﬁ}e Bh ‘i‘ﬁ‘i’staﬁe engi ne.
- The i nBgEr SHbAER R %e?aefaﬁ 'cHéuﬂM%feﬁHallﬁ%bﬁﬁi fhk reﬁgné ShEBltkiat tne gsound the

central axis of the engine before tlight but whith is substantially
uni f or of thabladgs +hiexg kite shooudi assembde isopewated nythe lepginanBesinnéyrsurfeenhashe i nner

surface a dt e tips of the b.I des anot ct of sent
vent f oo e YRES sisuier A it ths Lo s s et belgre GE v bi ne
engi nebute%i‘dlhdisngu‘tﬁ%ﬁélﬁ |u¥11f6i‘rﬁcdiﬂfn%r ﬁ@t%|M1rﬁh%nQp&atﬁfgnkfeiﬁlm§é§' s of the
gas turbine aircraft engine and surrounding a plurality of blades rotatably

mount ebletivgen the inmen gunface apd dlre tifs of shablpdesdes ext endi ng outward to a tip,
sai d shroud assenbly conprising an inner surface extending generally

circunfere und the en i out. e the, ti of sai.d plurality
ot bl alctroflce Ane Y Bt EuBRB ThP BT Dl b Bor B 8, Pler

surf acg gapagkide bhghe, aex@@lahfgagenafauy ctuthi@erfially Afoudd Pcellral AEES MBI ch vari es
C|rcunferent|ally around the central axis of the engine when the engine is
st oppe#as tyrhine girprit engind andsurasnding p phwality @ébllaQGSrfatawhhhmugﬁeé ft@ewhen t he
engine _is oH 5 re measure cl e froma
Con or ctains SRl RIS hain Btard e U PRRETORERI O CoRiMB?, | Cf

| ocal | yn [t Sfacdbatange gérﬁarﬁhﬂdﬂﬁcu&f&é&xdﬂ@%hﬁﬁ'ld(tﬂe &R and Aitges thehan a
m ni rum di stance of the I nner surface. The inner surface has a second

l.ocal | glpm&wdmiumlgy ah b@d@when the brepdrssemablytis pp»@atedtm ab%mgu:aewndegr ees
reasur ﬁﬂjler gur?ace %ﬁg fr%m en{r p ng)ff t@g %m% lg: 9vhlc-£h9ar§egcond

| ocal I'y “maXxT mum ance %i%"a l'arger than the
m ni .Wﬁﬁdﬁnﬁbﬁﬁﬁﬁiﬁ&oﬁﬁtﬁthem&ﬁ&alsabﬁsf éfoBe engine when the englne is stopped. The

- inner surface has a first locally maximum distance when the engine is stopped located at
about 135 degrees measured clockwise from a top of the assembly and from a position
aft of the surface. The first locally maximum distance is about 0.010 inches (0.25mm)
larger than a minimum distance of the inner surface. The inner surface has a second
locally maximum distance when the engine is stopped at about 315 degrees measured
clockwise from the top and from the aft position The second locally maximum distance

is about 0.005 inches (0.13mm) larger than the minimum distance of the inner surface.

In yet another aspect of the present invention, there is provided a shroud assembly
extending generally circumferentially around a central axis of a gas turbine aircraft
engine and surrounding a plurality of blades rotatably mounted in the engine, the

shroud assembly comprises an annular support having a center corresponding to the




I'n yet another aspect of the present invention, there ﬁfABé&%bgﬁﬂ a shroud
assenbly extending generally circunferentially around a céntral axis of a
gas turbine aircraft engine and surrounding a plurality of bl ades
rotatably mounted in the engine, the shroud assenbly conprises an annul ar
support having a center corresponding to the 12 August 2005 central axis of
the engine; and a plurality of shroud segnents nounted in the support

extendi n ubst ially continuously around the support. to define said
Chner SHRTALEZSAH the rpelsr ik 3&%‘%@.8 JeRWERts JipUniRdem; the SRfhed by

gri ndi : j [ 365. 25
0. Oy SRS BT, SR, Soull g e B B o ng

cent er tleoshrasbosehbly. The trner sieficeis mhckinegl sy pnoding thegrurfadé foga takleussur f ace to

a radi ug, of about 375 i.nche 365..13 0.01 about 4,395 inches
(365, 691 DEVETRATOUIAIR0 LGS b 47t R i DU P B85 782 ' nches
(0.38 b.(ﬁnﬁ&)‘%o&@%ﬁ%ﬁﬁg SEntel 'c&%s‘ﬂgnﬁﬁ?ttﬁrthb Neeitel | JfSthe M6ttt ON ,
extending about 135 degrees froma top of The assenbly neasured cl ockw se
f r om agrinding shalsurbice to haadup pdrbout B 7grinclatis(§63.h2 +s@Pimuy and ahowtadi us of

07 Ot 43S dctaS %% 67 0.ty sbiath &ptooR s esiter BT MR RAL 3 0. 30
0. 01mMMincheP(0.58dy bidid) Brh %Qi:dnﬂrsﬁgﬂﬁ(g?gio@nﬁr $€Q0Mdt dEédtvs tdxpmdamneral Iy

opposite to said first "direction. features of the present invention
wi | | bebiut 13ardegrepp foens tomef the apsemblyoicasuzer] clockwise fimart aBsidedef 12 August

2005 BRI EF DESCRI PTI.ON OF, THE W NGS..Fi g. IS hemat i.¢c, vertical cross
sect i ofeoiPROga8oq EFBNRE F FEHAR Cengriins SEfors  £3TE ROV E & cal cr oss
secti 00 02fnn® AW hbcw 191398 Atk ggsﬁs_@u_u .01k Mouela e grideigesnténd Fig. 3
is a schematic cross section taken in the flane of line 3-31n Fig. 2

showi ngffsetshawe0.015 inches (0.38 + 0.01mm) from said first grinding center in a second

direction generally opposite to said first direction.

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

hereinafter.
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- of an inner surface of a shroud assenbly of the high pjessug obysbi ne.
- Corr.espondi ng reference characters indicate corresponding parts throughout
t he several views of the draw ngs. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT Referring now to the drawings and in particular to Fig. 1, a gas

t ur bi nepRIEE THSCRIPAION OF THIEPRIWMIREGS N its entirety by the reference
nunber 10. The engine 10 includes a |ow pressure rotor (generally

designated by 12) and a high pressure rotor (generally designated by 14)
r ot at abFig- hdunsdgmatic yegicat eypsysgenien of 4 gasdudilnpritcsaft byzing) for rotation
about a central axis 18 of the engine. The rotors 12, 14 have bl ades 20

arrang ig..CGi ential rows extendin eneral ly radially tward from
i a1y P2 s dFATLEREN s 85 RN REoBF B bredeor Sl P e th g
Fig. 2,empatdiand the blades 20 extends outward froma root 24 adjacent an
outer dianmeter of the corresponding disk 22 to a tip 26 positioned

-out bo _da:Iromflhe root. As_ further illustrated i.n_Fi a 1, the engine 10

i ncl udeld8a® KiagrhopaSipss segipptasadp theplancaf ine §-3da §1gy v shewingy shape f or
conpr essd et i i e, a conbustor
(gener Z‘I’Qﬂla;ﬁ}gglféésr?’gnat%oﬁih%%@%%%ggtérfgg%h%? S&n&%ﬁ%%ﬂn%r essor for heating the
conpressed air, and a high pressure turbine (generally designated by 34)
downst ream from €omesponthingt oefefence deharanigrst hralidaitg hcqrespending cparpy essor .
. Further thﬁ eig ine 10 .includes a.l ow pressure turbine (generally

desi gnaPeyEagH %SCHS U ohthe Yavings- hi gh  pressure turbine 32 for driving
a fan (generally designated by 38) positioned upstream fromthe high
pressure conpressor 30. 4 12 August 2005 As illustrated in Fig. 2, the
stator 16 is a generally tubular structure conprising an annular case 40

and an _annul ar shroud assenbl %,éiﬁ%enerall _desi}gnat edrgy 42, extending
gener alET AL RIS EHPTAON O 16 BREFE EMBQRIMENY (Fig. 1) of the

engi ne 10. The shroud assenbly 42 includes an annul ar support 44 nounted
I ocal | Rerfdfihg fob treafifwitys 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 coutboard 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.




and a pl uralrty of shroud segnments 46 (e.g., 46 segnment§)af %ﬁgt?ggs ng
substantially continuously around the support. The segnents are nount ed
on ‘the support 44 using a conventional arrangenent of hangers 48, hooks 52
.and clips 54 to define a substantially «cylindrical inner surface 56 ofthe
shroud gggla

previ ous ] s%rlﬁﬁ lﬁ@fgg‘thﬁ’?%gsf&grﬁ%%%"%‘?‘g%ﬁ"“%‘?& %]0111 Sm%ventlonal
and wi dnl:mhotasbéOGiad an hhadar si;r(budztsknenblgl,egemeraliy%sngmabd bﬁ 42,&}&It@ﬂirfgt ed by

t hose skill d Ln t{]e arai]g i s_desirable io m nj rr%ze cl earances 60

bet weergef’ﬁ’@ pleygemiqry aéﬂ’d" the ceptral eyt diig- bisofothe crgingHoukhe assenbl y
42 1o idRRSRAVRsEREY B9 ifdifha& Y6 tggres. In
order to redu?:e t%esel cl e%r%@g&g%lﬂp%ﬁ F%ﬁgﬁg@sﬁg yejgp 55% nor e

parti cundrd plurdlgy ofugpoud sdgijlents 460(@lga,d46 cegadnise ekﬂaedmg.tilubsamiallgzhe i nner
surface 56. Thjs coq| | i wi't hdrawi ng rel atively cool
air fr&HP?’Pr‘&’“é@r?ﬁ?‘H’é’s‘b?g‘f jﬁ’ﬁs‘%@“ &d?rF unirdl oty the $HPRRH 4 %i“ﬁ{“ﬁ stages of
t he conRbEsERfonARbransé exﬂ'o&“ﬁ&ﬁéteﬂgtst Bk sB0%hd ERFRS A5 efine @gubstmra;ﬂggh pi pes
(not shown) extending outside the Stator case 40 to the cavity

bet wee @yllh@@hwemdgacméﬁ oftbp drmudmssanblyt@ whish sitk@mds theiblade itips 2he st at or

of the ressure turbin his. al IocaII | s .the stator
16 to régd’ééﬂo |Rr§wf’ﬂ Hﬁcnbagr&fagtgg 8‘3’ ”fen 4 cop “F‘H’E‘cid’ﬂﬂced at
di scr etsdll bt baddserbed indurthec®kdipns 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 neasured froma top of the engine. -and
froma position &%t Wil berappsesigest by, thﬂiﬁfe“]@llﬁbmtfh@im; i lﬁdiestmigtéd unifornly
over t { nmes .t hermal |y
Aﬁxamﬁ% J:]E%m?\%ets %H@eﬁ&e%ﬂvﬁe blét?%tg) COO tthf: m!ﬂgr surfaRS § 8}(}% Olarouil|O

di stort rng arr 1s1h wever,

- when t hasembbl 4hg anprobé enging esfidapend rtiecesllpppith gdd ihgleitBRst dna
tion. The nethod of the present i nvention

substangigal I y Ci rgul ar confi gﬁ,rlﬁ

i ni mi BT ieduqedhess fleaanses Bhithe ghrend gisembly 42 (edanercserivalaslydhey st at e
oper at oﬁodlﬁ'ng 'cBHled 46 e@uﬁ:e%hE%H;ﬁ@oF‘&&dirﬁalePQ% fRECHIS §fs&, ﬁg% ne 10
operates for l'ong periods of tinme at cruise e greatest ef0 i'ency and
t enper atcomplisledunt withdiaened rdlatieehecod alin frea thy compiassar fhevedtie &r.gances 60

durin gfr;[:n?ll the fifth and ninth stages of the compressor 30), and directing this cool compressor

air through pipes (not shown) extending outside the stator case 40 to the cavity formed
- 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 codl ing 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
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5 12 August. 2005 operating condition. In order to mni r&zq%lgk opsearances
60 during flight, the stator inner surfaces 56 must be“su anttall'y

circular during flight. If the radius of the inner surface 56 varies
circunferentially around the assenbly 42, then larger than optima

cl ear anggsariny éolndﬁ%np '11?&%(@)1'; Iowﬁﬁfrﬁiz& 1753 c'lfﬁlgddéﬁs 6(¥dﬁrﬁ{£ﬁghﬁ 1h@ Baiod farld} NI MUM

radi us. ‘Usi ng the nethod present invention, fpre machi ned r adi al
cl ear anwffi@& Sminstchefshbgimtiady Ctrbndaladufmgeﬂlght dhige ﬁ@llﬂﬁ‘so deqiaperisygldcat each of

a plur of .cir entially s e shroud
assenblé)éﬁ%‘ S,&frf'l’f?} ﬁmlaﬂr‘@“ﬁ’élfjél}’/‘?ﬁsp%mﬁg’n 2rr§31 Iarggr lﬁg%?t‘l glar%ﬁy% in one
enbodi Meflf bd presend¥h&icThdAIR D lafeFBEAR tmnﬁﬁmmmnms hU§"hQ[heQﬁéth§Hibﬁ froma
fleet of engines. Further, although the determ nation h@y@be made at ot her

nunmber sthgfpresgnfrmumtmneﬁtpr@fmayhlsp@mall@%@ﬂ%r@ drogfdich goiptally 42 in

mbod h dj h
e T R O S R T

t hose ské bired hsdeinbB 4. tAIthEERHid @@ itinARshhaesk mhdeinatteesaps) in G
determined fromhistorical data, it is unnecessary to deternmine either the

r adi us ebadimentythisofetesminrsioni ipsnazle hyuexangnme histerieal dafrefromp feet of
di spl acsgﬁa% S ?lflrtﬁepeaﬁllﬂ{l.l%ﬂdh e‘?er}’%%{%ﬁ% rl])engrladk:'zﬂh(; hat nlrnﬁg r§f(ﬁr esai d

pl ural i circunferen oca i ons around the ST oud

assenblgyrcumddrbgiallyt paced ﬁ)cﬁﬁ@ﬁkl zﬂﬁdnd: teanaanbly 62 ar medahbusdnnmtitliey

measurin after .flight an average radjal | engt Q‘%g whi.ch the_rotor blades
vere sKlskrBisgon it mage aflorgfions gereespendingite the f;sgcu T5R%a GenisE abgaghpy the
i nner ﬂ,ﬁt& Iﬁgmql the shroud assenbly 42. Because the dianmeter of the

r ot or a is recorded when the engine 10 is originally built,

t he change |n d| arreter of the tips after flight represents twce the armunt
t he bl MINWEdsmaddr}aﬂomMII@ ih thepirt, whea tho prenmachipi Q@Imengﬂabr aded.

*cont ac AR tn B el iGp v REe e B e e e o S e pRBer | gne are
det er mriigeblade ﬁb§2’@ﬂuﬁﬁ§ PEGE bPiheFhdiar dibplagitent 60 shldad assehifbdy ¥at i ons; the
pre-machi ned in I ght Tl earances can be determ ned., Because

during flight at the aforesaid plurality of circumferentially spaced focations around the
shroud assembly. Rather, the pre-machined clearances 60 are determined by measuring
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 diafneter 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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there are variations in the initial clearances throughgyt, | %D&zfobget of
engines and different initial clearances produce di f f éf ent- cont act

patterns, fairly accurate in flight clearances can be determ ned using
conventional and well understood anal yses. Alternatively, it is envisioned

t hat thﬁea{;&ldmem‘%gh&hﬁ%é%ﬁﬁ; isteficAC Rl &1 {8 4% Me%sg,?%pgm 'St?rlca'

data fromthe particular engine 1 or thes
bei ng ndedrameed G(Iattheorem:ﬂnnu%ghua}mmnngs aimyabé rcaluhtdd aeh jﬂﬁraﬂ:mgmfes Still

further,. it ust S enV| ed that rather than exam ning
hi stori dd%ﬂ“”gﬁ”teﬁtlfgldo‘bﬁg‘f’ﬂ? ?ﬁ"g‘ﬂutt ‘i‘?é’a Rhfhgiﬁ'pe ef g PEFReBLINgENUGeor et i cal
in flight clearances nay be cal cuI at ed at a plurality of <circunferential

| ocat i aDgcetht PRUhaSBRAT dlédtindel B0 R SHARE, Hle ihAG s Hﬁﬁéeeﬁof*tﬂéf/ 9%{1@2- OO"lce

the pre-nachined clearances 60 are determ ned, the |nner surface f the
shroud asm@wﬁ&%nma@andabmﬂem thaswd-noachitied Ipdel wletinoedio paivide &l ear ances

to provid eraII t - mach l,al cl earance, dyring

flight &8 %aﬁ uﬁ%‘n 0 Pt aclgl %géga Ff%lgarﬂ%ce %nﬁﬁégﬁrﬁ?&?’e?& 'f’é‘it@ BIPH‘F he shroud
assenblipsate zﬁﬁicﬂhe Qfind: Rarfeéd GUMNE QhRMA AbénblysRaas of faliiAfTeRhAMN t he
shroud assenbly. As wi|l be appreciated by those skilled in the art, the

anpunt SBicedgections areapehihe ghiond assemdly.nAewill be appreci@ed by thosy Sk,lllllcd gmferential

| ocat i i ned cl ear 0 at that
| ocat i ok kb HROE oL rRlcPRR e B8 o Py Ui iR ot i SRLERERO 42 has an
i nner 3$ouafias és ﬁl@el\aﬂy@ﬂopd'tlor&@&cﬂﬂ pré-amchiirdehiatdnet 604t ﬂlaﬂ-ﬁ)cﬁtfioﬁ.he engi ne 10
by a distance 70 which vari es ci rcunferentially around the central axis

before fl. t but which is si antially uniform_ during flight to mnimze
oper at M@il‘gﬂl@éﬁddﬁgé%i"s@ebeéy ﬁ‘ ovg assemahly 4 hagandnagru hféciﬁ\ahréhlm ps 26.

A L NoUGHhct! forl! e AGRal Bal™% ¥piie LRaifk RS 1YY BistnkD Y wARBALLEAD from the

scope of the present Invention, in on use in a
hi gh. priessuiceentially biomed 82 cefitral a€isVetord fglgibnewhichiis .«mlblsianﬁaﬂl},nmﬁﬁﬂn
SA,.a C or orati

over al OB R BTG e 3 e BEe 30 IR InT OR BB e i edeqr ces
measur gk 24.08khbe¢h fhisiib@ndeOR hiy Yhryt RSSO Wittt 88hrfih® Bofh the
scope éf the present invention, in one embodiment intended for use in a high pressure
turbine 32 of a CFM356-3 engine available from CFM Intemational, SA, a corporation of
France, the inner strface has an over'aH maximum distance 72 located at an angle 74 of
about 135 degrees measured clockwise from a top 76 of the assenibly 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 sﬁrface 56 has a locally maximum distance
80 at an angle 82 of 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 skilled 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 26,
the distances 70, 72, 78,_ 80 may be shortened to match the shorter blades. If the blades
.7




position aft of the surface. This neaxi mum di stance 72 ijs ﬂﬂ%ﬁé‘lt 44. 410
I nches or about 0.010 inches |arger than a m ni nrum di stancCe %g of the
i nner surface 56. Although the inner surface 56 may have ot her m ni num
di stances wi thout departing fromthe scope of the present invention, in

one enbggi | e 78 i;S,,about 14,400 inches. .Further, in
one enbggia%%l%m{l @gojlﬂnlﬁé]?&s@l]}g*lg%@ggél Oﬁlégalatqeo(ﬁ%{?rll?fs %é)ﬂ’%h? &?‘i‘{cgﬂ g 80 at
an angl 6.080 isdhesiomhich e bladese o5 WitBRihefbeAréiis®by e bkiflel @Pthé6 and
fromthe aft position. This second | ocally maxi num di stance 80 i s about

14. 405 ARcistalpengagsather thapshe CRMGSS paginewill bawe differcni distangesd0sTance 78 of
the inngg g @Sﬁfeg%na@e%%'szbe appreci ated by those skilled in the art,
sar e

t he i nner ace e spaced fromthe center central axis 18 of the
engi ne 10 by ot her distances 70 without departing fromthe scope of the
pr esent Thiswart surface Eonfigucatigl @n biefobtdieeddiygringlinkGhé surfirs 661 £chdistdf short er

bl ades 2% %QS di tanl():es 70, 72,..78, 80 may be shortened to match the
shor t er@Uhd .O_F‘fc hadgt 3 E§t gringingreenter 13 iomsspandmezdodhe genter ‘Pbeei nches
shor t erqiBan 420 Halthe gélﬁcglﬁtieg?&m@ mxilg%faga&ﬁ. Binch s%%%uwches to

match the bl ades. As w urth be apprecrate those skilled in the
art, aisecond grimhigg negendheffsdt bym dienGF86 6f Zbmin§ia1s intHes fran chalfifst er ent

di st 70, 7 78, .80,,. ddiff | 74, 82. Thi i f
Cont 1 o BT cebfin 18 574 Br Aireiion Plaming Abg ot b earerafamibe fap 26 0de ue of
about  lAsd8lyinabacd aldekivisd fonf 5 af@5ide di e sﬁ@bﬁ*@tﬂ. ﬁnﬁ%f&%ﬂ%ﬁéf@ to the

center of the support 42. Then the surface 56 is ground to a radius of
about 18g338dine rskustiaboutl 4. 3% bionkesabonté thirdgemtling @iteoBB ofsetdy a di st ance
86 of apqut 0 i fromdghe first .grindin enter 1§ in a first

di rect i%sﬁmécfg’gr?ﬁ%‘ﬂ%fﬁm B ol fhedirSygrippling enftd 18 35 sgeop Jireglii np) y
measur ednedallg kppcfte to MBFia dabéticl. ¢ Will BPpeRRA Yy these skitlkaht #he atthe surface
56 is ground to a radius of about 14.390 1 nches about a third grinding

cent er agmgiye smepgurface gbsogfigwatonsomay be ebtained 1y gringhines thersunfachito i r st
gri ndi tep. 1) A s a .8irect] erally oppasite to,the first
G v oct ArEi sl oyl sSESANG, BV E bR e IRH e b fBRRGS hfphbied

with shorter blades 20, the radii may be shortened to match the shorter blades. If the

blades 20 are about 0.020 inches shorter than nominal, the radii may be reduced by 0.020

inches 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 efficiencies 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 temperatures, 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




alternative inner surface 56 configurations may be obt qj Qyogei nding the
‘surface to different radii than those identified above. QE%P exanple, if
the engine 10 is assenbled wth shorter blades 20, the radii may be
shortened to natch the shorter blades. If the blades 20 are about 0.020

s 1 R i Syt ALy RAT AR, et b AL bl SR SR Rt 50

| ar ger dlémnthal average clearance 60 when the engine is at roomtenperature
than is acconplished using other nethods, the «clearance during cruise is
reduced. Thi,s reduced clearance at cruise results in jnproved__engine

ef fi ci ehtivasousrhangsiesould brgnade Wethsabaye cesstructions and wﬁmaw@ﬁu ndi cat es
that t K degrees
ol si g g IR g BIRELP AR RTBH, R HRRICAIS e eI SN s

i s freqgbent Idysca:phuncdrl simwm‘ in theonqratipahginp atrawings sshalltbel tdipletedvad t hat

usi ng t“e net hod, of the_ present invention can significantly increase the
time bdlVREHVEARL pRBIAIINHIESERKance events. Wen introducing el enents of
the present invention or the preferred enbodi nent(s) thereof, the articles
"a", "an", "the" and "said" are intended to nmean that there are one or

nore of the elenents. The terns "conprising”, "including” and "having" are
intended to 8 12 August 2005 be inclusive and nean that there nay be
additional elements other than the listed elenments. As various changes
could be made in the above constructions and nmethods wi t hout - departing
fromthe scope of the invention, it is intended that all matter contained
in the above description or shown in the acconpanying draw ngs shall be
interpreted as illustrative and not in a limting sense. 9 12 August 2005
CLAI M5




1. A nethod of machining an inner surface of a shroud Q§§ﬁ@?& oo§Xxt endi ng
generally circunferentially around a central axis of a'gas-turbine aircraft
engi ne, said engine including a disk nounted inside the shroud assenbly for
~rotation about the central axis of the engine and a plurality of
circunferentially spaced rotor blades extending generally radially outward
froman outer dianeter of the disk, each of said blades extending froma
“root positioned adjacent the oufdiAlMS8neter of the disk to a tip
posi ti oned outboard fromthe root, said nmethod conprising: determning a
pre-machi ned radi al cl earance between the tips of said plurality of rotor

bl ades and the inpem&nsd aFemadhikilg AN RSMEIFYa dWFdulJadsbhBlyt of said
aircraft engine at each of a El urality of circunferentially spacCed

| ocat exerling gemrrallh sircwhferendialls seersidya canfgal naxdhofiiangassairtdng mivemaftsur f ace of

t he shroud senbl v. based on. said pre- chi ned radi al,,cl.earances to

or ovi HEE ot St SRR P ol EinstR el SRt Ay o T e bet ween ¢ he
tips gdous dhdlcltal akistof @k ehginerank! AgRSaIAP Gftdi@uinfRetafY spacR Rfort he shroud
assenbly at each of said plurality of circunferentially spaced |ocations

~ ar ounblladestrxtending gengedlyradiplly outwardrfremorh eierséiemeigr ofthedliskl gaamaf wher ei n
det er m. nj . ©- chi ned ¢l earances . incl udes anal yzing. hi.storical data
from %Ql(ﬂ’ie}g?st %&%’Ilr?%iira t* Ilg Hgi’%sg%".n%% h Jﬂc?r%tﬂheoo L{%rsdslgrg?te]f %ftpﬁ%fsrﬁ% fai m 1,

wher efippésitorRdeuiRail fied thd Rt andatcthéd orlstisiigni ned Wit hout determning a
radius of the tips of said plurality of rotor blades during flight or
det er mi ni ng r addermyneg| Hpermachined radid dearensg hetwesrothe R Pheaifll i ght at

the p i [ 4. r i e i aro t shroud
sseppfitybotgRe oS Bl Shbe MR ORERIGHANE BB RRY (e pre-
mac hi aigghft kegin@ac eschi sICh pilesitredsdfcitigraitialy spidedMocaidna \vesindetheadi al

| ength by which said plurality of rotor blades were shortened during

f1i ghthrepsassembliyeand ps of said plurality of blades being abraded by the

inner surface Olfnaélﬁﬁing WRUGSREARL ¥t thdQhroud assembly based on said pre-
| machined radial clearances to provide a uniform post-machined radial clearance during
flight between the tips of said plurality of rotor blades and the inner surface of the
shroud assembly at each of said plurality of circumferentially spaced locations around

the shroud assembly.

2. A method as set forth in claim 1 wherein determining the pre-

machined clearances includes analyzing historical data from a fleet of aircraft engines.

_ 3. A method as set forth in claim 1, wherein the pre-machined clearances
are determined without determining a radius of the tips of said plurality of rotor blades
during flight or determining radial displacements of the shroud assembly during flight at

. the pIurality of circumferentially spaced locations around the shroud assembly.

4. A method as set forth in claim 3 wherein determining the pre-
machined clearances includes measuring after flight an average radial length by which
said plurality of rotor blades were shortened during flight due to the tips of said plurality
of blades being abraded by the inner surface of the shroud assembly.
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12 August 2005 5. A nethod as set forth in claim4 whergi t I ni ng the
pre- machi ned cl earances includes visually determ ni nglgﬁqgg& %%ibénht wher e
the tips of said plurality of blades contacted the inner surface of the
shroud assenbly during flight. 6. A nethod as set forth in claim3 wherein
determning the pre- machined cl earances includes visually determ ning
after flight where the tips of said plurality of blades contacted the

i nner surface of- thanghedyag sgt Jemlyip elaim g whieraihtdeteymining Hhe ude-assenbl y
for u | r i ' i.n |, I rentially
aroun ghlgg%tcg%?mg% is?lc@? e*f}ﬂ%{’%@sd%’%@?ﬁ‘ %lte??pglﬁtt% ié%rSitﬁn‘!:e hg%g)ff galtr?jr ounding a
pl" ur.abldrylitobf bladelantaotedtthdinyermdfatedl tha shirbed esembB, demgHligit. sai d bl ades
extending outward to a tip, said shroud assenbly conprising an inner

surface extendi ng general circunferentially around the engine and
outside the ti pg' of r%f‘éliruaJ ﬁgm%f?% 1B cla doavhgrah deformindby el Piss enbl y is

mount gl chided RfeafRBL Bicluddd YishdllPlctSMihRAECA iR BhérBdhysipMYrGhig vari es
circu gre%tial y aSrOchrll1 theS c%t?a 1a§1|%5 0 tlﬁg engr?ne bg%g)re %I i ght but
whi ¢ hplusalityg obblrdest doatalcied dind oemsudbace oighé Ehrghd adsembiynduningdligiger at i ng

cl earances between the inner surface and the tips of said plurality of

bl ades. 8. A shroud, assenbly.as set.forth in claim7 further c rising:
an-annul ar suppdrA ShTA SRR BF PG in g B LR A ATERBn the
SUpPOEfaffeRnehiNBaroantds baftfal @ik ¥f 4R Mak AGHE hifcrafiRuBRle WHE sRR@ t 0 define
said inner surface of the shroud assenbly. 9. A shroud assenbly for use in

a gasatnlwblityeok higieserotaishly miouniedgan theattgine, cacle whfseideblades| ¢xjendingund a
central, axjs of th as .turbi.ne aircraft engi ne_.and sur,toundi n a
ol ur aPIFGRP 4 a0 P SR, 6OMRES AR SHET SR TEdE eedllyy bl ades

- ext engirAfinfeRiti N fohR] fhelehPine 8Ad utSiie thtigssaatl pMusafPsf shdd wienl Nner
surface extendi ng{dgeneral I circunferentially around the engi ne and

out si the shraudtasgembly issmpentpd Uy teienginef saisl messupfaen having a sidivuwhichsenbl y i s
ount -xefgriels Q;illc%fe%gl%aﬂ)er ’arosu%ldqhé OLlefa1 BX45 fo? (7 e%g%nr(]egoe%(?r% Bil ghtfbru? r\pvl{[i&eis

substantially uniform during flight to minimize operating clearances between the inner

surface and the tips of said plurality of blades.

8. A shroud assembly as set forth in claim 7 further comprising:

an annular support; and

a plurality of shroud segments mounted on the support extending
substantially continuously around the support to define said inner surface of the shroud

assembly.

9. A shroud assembly for use in a gas turbine engine, extending generally
_circumferentially around a central axis of the gas turbine aircraft engine and surrounding
a plurality of blades rotatably mounted in the engine, each of said blades extending
outward to a tip, said shroud assembly comprising an inner surface extending generally
circumferentially around the engine and outside the tips of said plurality of blades when
the shroud assembly is mounted in the engine, said inner surface being spaced from the
central axis of the engine by a distance which varies circumferentially around the central
axis of the engine when the engine is stopped, said inner surface having a first locally
maximum distance when the engine is stopped located at about 135 degrees measured
clockwise from a top of the assembly and from a position aft of the surface, said first

11




central axis of the engine by a distance which varies ghr ©iggptially
around the central axis of the engine when the engine iIs opped, said

i nner surface having a first locally naxi num di stance when the engine is
stopped located at about 135 degrees neasured clockwi se froma top of the
assenbly and froma position aft of the surface, said first 11 12 August
2005 local Il y maxi mum di stance bei ng about 0.010 inches (0.25m) | arger than
a m ni noeoally disti@anoedisofndchbeing rbout L0 flaimehesa0 2 Sans)elarper than camlinimomxi mum

di stance when_the engine is B stopped abaout 315 degrees_ neasured

C OCKWISEEE BHME ey Spstagcmfacireeogally PR Hstanesvhes e SRGNE St al | y

M2 ”“rcgieoiigfd ﬁ%&t@é?ﬁgﬁ??ﬁfea&r&?éo&%ﬁ%,%&%@%ﬁ e S RMitioh 1€ M ni mum

di st an the 1 nn ace. 10. A's ass y as set forth in claim
9 wher eiid sseimd lbcalbt mhxiomin distamee beinmatiowt id@Seinchesaf). dnan plargamdkanmum

di stan&e of .t he j.nner %%ace. . A shroud assenbly as set forth in claim
10 whe it HIpREm NG ot theipn 8%t ance of the inner surface is between
about 14.39 inches (365.5 0.Imm) and about 14.41 inches (366.0 0.1nm.
12. A shroud assenbly as set forth in claim1ll wherein the overall maxi num

di stance of the ilAnArshsandf msambly aslzouforthdinddaiing vderdig8aidMirsiOlobatty) . 13. A
shroud assenbly as set forth in clajm?9 V\? rein the mni num distance of
The | niARURER Astance & a.ov siall axpim disknsg of et pBes £ 0. | mm) and about
14.40 inches (365.8 O0.lmm. 14. A shroud assenbly as set forth in claim 13
wherein the mninum distance of the inner surface is about 14.40 inches
(365.8:L 0.1 nm. 115A sirehd cusknddy esbiey farth setcldior 16 whercihathasoverallur t her

T he TP LR 0 it BLERER Eray R A Bt Bs e B Lpport 1o
def i ne ag@htshuk MBI ikUed @86.00f 0.t hen)shr oud

12. A shroud assembly as set forth in claim 11 wherein the overall

maximum distance of the inner surface is about 14.41 inches (366.0 £ 0.1mm).

13. A shroud assembly as set forth in claim 9 wherein the minimum
distance of the inner surface is between about 14.38 inches (365.3 = 0.1mm}) and about

14.40 inches (365.8 + 0.1mm),

14. A shroud assembly as set forth in claim 13 wherein the minimum

distance of the inner surface is about 14.40 inches (365.8 + 0.1mm).

15. A shroud assembly as set forth in claims 9 further comprising:

an annular support; and

a plurality of shroud segments mounted in the support extending
substantially continuously around the support to define said inner surface of the shroud

assembly.

16. A shroud assembly extending generally circumferentially around a
cenfral axis of a gas turbine aircraft engine and surrounding a plurality of blades
rotatably mounted in the engine, said shroud assembly comprising:

an anmular support having a center corresponding to the central axis of

the engine; and
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assenbly. 16. A shroud assenbly extending generally ci ﬁQ%’Hgﬁﬁ‘%’@bSa' ly
around a central axis of a gas turbine aircraft engine and surrounding a
plurality of blades rotatably nounted in the engine, said shroud assenbly
conprising: an annul ar support having a center corresponding to the central
axis of the engine; and 12 12 August 2005 a plurality of shroud segnents
mounted in the support extending substantially continuously around the
support to defi Aeplwdldy i ¢nshrosdr segmentst mayetedhipuilic swppetrbexiendi@rei n t he

i nner sur.f IS . machin rindin he . suk radi u f . between
about Ty b BRSMEERY of S % MifnE i B9 bBeRe Rl Sl 28

0. O madsembBAl iwherein fifel infér suefafgiscanthiiedany dien@rface te rediad of of the
support, grindin the surface to a radius_of between about 14.375 (365.13
0. 01nhytwesr abersul4.380 gohes (EHSs (3¥mug} apd gboutnt4Uhmghesa(368d6rd gri ndi ng

cont op oD SRl bR b Binesp ity 0 ol of hORBBI Tt 0T 1\ D

assenieysuifaas tv & dadihooRkBetseed bbsat ad. 3761 (365.d8 206.014en) Sad pbolit, 14.3950 gri ndi ng
the surface to a radius_of between about 14.370 inches (365.00 0.01mm

and abwhes 35830+ @em) @bey. 5 eecopd rindjngasenier efftehapept}- P huinggctent er

of f se | QG t Ry A j | i b4 ng center
in a goe'%g%? %n?rggﬁ ?n%ggﬁset%giﬁﬁglgocggtggl te tr%)t @%%%tésdtd%arbggtt ?%n. 17. A
shr oudegressefdih vi tap of die dsserhbly micasirad wlotkbwish droeh an tftaideadi ths supportyvhi ch t he
i nner -surfage i s ground abgu he first grinding center is about 14.400

(365. 2@ .ﬁl’n@}g)tilﬁﬁjﬂfﬁ(.f?ctﬁésrp lf\l;,g% anf!eﬁg al?(?}‘%\/!ﬁﬁgﬁ 1’8?*@.5 G20 £ G 4® | s gr ound
about ﬁﬁd%ocﬁi@%@@o ifkHel gjébgs(?:e. W, Sk $ aBRR Y thﬁé-g%ﬁﬁidﬁg&g%g ofR65463 0. 01m),

and the radius to I the inner surface Is grou ut the third
gr i ndi0g5 dactiee (038 -al0MImkY fid90 saidcies gfiBding S@nfer if).a0davond direction

generally opposite to said first direction.

17. A shroud assembly as set forth in claim 16 wherein the radius to

which the inner surface is ground about the first grinding center is about 14.400 (365.76 =

~ 0.0lmm) inches, the radius to which the inner surface is ground about the second

grinding center is about 14.395 inches (365.63 + 0.01min}, and the radius to which the

inner surface is ground about the third grinding center is about 14.390 inches (365.50
0.01mm).
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13 SHROUD ASSEMBLY AND METHOD OF MACHI NI NG SAMVE ABSTIBQ\g;{lg{;ﬁ

DI SCLOSURE A nethod of machining an inner surface (56) of shroud
assenbly (42) extending generally circunferentially around a central axis
(18) of a gas turbine aircraft engine (10). The nethod incl udes

determ ning pre- during flight between tips
(26) of rotor ﬁ@%ggﬁﬁ%‘%@ﬁﬁgiﬁﬁ%abg Iﬂ‘ﬂ@IGgéMEace (56) of
t he shroud assenbly (42) at each of a plurality of circunferentially spaced
| ocati ons around the shroud assenbly (42). The inner surface (56) of the

shroud ABSI@EALY QEL'EMBI&@@SMBE based on the pre-nmachi ned radial
Cl car ance. (60) dufy RETPY P RECchBtRci mp s ipe CPbBE A Shrpod REePOR )] ades
5] e e, S g1 o 1
2 engine (10). The method includes determining pre-machined radial clearances (60)
o during flight between tips (26) of rotor blades (20) in the engine (10) and the inner
surface (56) of the shroud assembly (42) at cach of a plurality of circumferentially spaced
locations around the shroud assembly (42). The inner surface (56) of the shroud
assembly (42) is machined based on the pre-machined radial clearances (60) to provide a
generally uniform post-machined radial clearance (60) during flight between the tips (26)
_of the rotor blades (20) and the inner surface (56) of the shroud assembly (42) at each of

the circumferentially spaced locations around the shroud assembly (42).

Figure 2
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