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 : I Qf | t bly nounted on
the stator. %@8@%@%%%@&%@@%@%3@&@ 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“@‘ I &l adanbips result
from ng::q?}gésfggﬁﬁg?n%gf]kaglf |§ h%irel I?/I%gus'e %%Jye%g%]lggl??}l?%ségpﬁlfl% 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 clgaEanges @y Might of nechanical strain and ther mal growt h.
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 engi ne operatio t at or

Gl | ecErBReT Staid oM Sirabie At | PP FoRrPRS B Rg Sor FBURSrt (ons of
the st gfr@durel VI UEBse! A8 TBB sy the BuRIeS rélafe! WRKIh GRS stafR! ebnikAdnei 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,lrcﬁund 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 conpensate for this out-of-round condition, the inner surfaces of
t he st aTheclearaacewisdiivaarltht 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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12 August 2005 so they are substantially round during §@g§ﬁgﬁggggected
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 stator so its inner surfaces are substantially round during
either of these conditions results in the inner surfaces being out of round

during actual flight. Because the inner surfaces . are out, of round durin
£11 ght SO1theY are SHsHBEALY &0 ade flerinth somF Aeclerisd SRAtioRe 1f ThePa¥yuMaces of -

the st abtQEleMad YorRlitloa Wi @ith Satoy sBiFRES defd Ruid8iaf BithedReheA iR &edl | Y | ar ger
than need be. As a result, engine efficiency is lower than it could be if
t he st atasrstappaéor sdheh dbe sngins was cnderzdingiangrofind ddst.. HSUMMMRY hayr bagae

| NVENTI A t he .several features of the present invention,my be noted
the. pr SUPLT S gy MASHREE G BIor ARl TRAGERT e FoaurAlE Tor L B o
assenbleyh@dranckeREndiEDRY RLNK inGhé SMEF Surgitel abihg oaf 8FRfind duERE alalexi s of a
gas turbine aircraft engine. The engine includes a disk nounted inside the

shr oud flaghd eBexdaysef the innst awrfapes atsownt of hamnd alwring flight) the slearanpes hatigeave and a

plurality.,of circ erentiall ac rotor. bl ades. ext endi eperal ly

Pt al 7 e G P bl of PR Af Srota BRIt mE 3 R st

ext endand kRTodally'1a@kr B8 InktdBE K AErRERingiftefBtibty WiléREl @hn @fcoblde di sk to
atip Bg$ltl oned outboard from the root. The method conprises determ ning
a pr e- haifthe stgtor mensurBicesyveaisgeumbduiggflighthe tips of said plurality of
rotor blades and the inner surface of the shroud assenbly during flight of
the aircraft engine at each of a plurality of circunferentially spaced

'l ocat i gnVRIARMGOR TEE IRVENTIassenbl y. Further, the nmethod incl udes

machi ning the inner surface of the shroud assenbly based on the

pre-machi ned radi al clearances to provide a uniform post-nachined radi al

cl eara i [ et L ps: of r r Rl : t he inner
sur t ac gy the rsrd SR SIS brlodf brBRioR by B el i A SIon B2

Ci r cunpRifiesdt balhachipacad haeakirdns &f qusitold esshibhy dxapdmgbsherdlly anot her
aspect, the present invention is directed to a shroud assenbly for use in a

gas t girenmisreatigily arounder seumlisiis ek acgndstugene plisafl enginey fber @wines) |y
around; r | of . t i ircr. I ounds a
o QU S e Bk S AP o B R i

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
2




2 12 August 2005 the engi ne. Each of the bl ades eXte”dﬁzBFFMﬁﬁﬁb§° atip.
The assenbly conprises an inner surface extendi ng generalTy
circunferentially around the engine and outside the rips of the bl ades
when the shroud assenbly is mounted in the engine. The inner surface has a
radi us which varies circunferentially around the central axis of the engine
before flight but which is substantially uniformduring flight to mnimze
en the inner surfac s.of the bl ades.

operating cl earance bet and the ti
In anof}}?e?ngg?pg@&_‘ oF el Fe@H A AT Grf thh@P%_ﬂ?S@@ﬁbw B8 Bhr oud
- assenmbinef QS ExtbMlinPo @y ‘é{ralrﬂﬁreﬁﬁﬁlj"ﬁ]gulﬁxﬂlg RALNG 2P OREAE thé tips

circunterentially arouhd a Central axis of the gas turbine aircraft engine
and supf thebihides whemp thershi-dudyasedmidy acmeunted at thblepgimeubiteadnérrsutthee hasngi ne,

each of said bl ades extendin utward to a tip, id shroud a |y
conpr | &t wheh e s iratal mand ieenit ks Lah el HE RNy ar ound
the enghinghfhdisO WitsttdlBally SinifbiR SdulingS fight Rb UnRliti SferRideRaMb&R t he
shroud assenbly is nounted in the engine, an inner surface spaced froma

cent r abetwees thefinndn surfaugiand thyytips aditlet blades. whi ch varies circunferentially
around the central axis of the engine when the engine is stopped. The

i nner surface has irst lLocall xi mum di,st ance en e.engi.ne is
o1 onmelt frigieF af % S hikbent S5Rutidh FRE RfblivalE HSud fRenb bR 85 o (e
assenbh paanisbihe eAgide, RXkSdnidirgNgenafally @irchteréntiafllf @foundecentrabixis o€kl y nmaxi num
di stance i s about 0.010 inches (0.25nm larger than a m ni mum di stance of

t he i naesrtushife icealt anming andeurreunding @ phaality o§ bledesdrotatahbamopnted it them di st ance

thet oteift ok Bist ARP BBl R BRMand ta R SRS B e T

about  gh Haer durbe exteillidd p¥ferdIBf @rRumifdramidiferdindi the B gdhSiminagsi@d thehe |1 nner
surface. In yet another aspect of the present invention, there is provided

a shrotips ekwedplugalite of bledenyhere thershroud assenalelirfie monnted in yheergingl 28 centr al
axi s OInn %?%%eygp%&le ifrgl [ gr&E’lﬁal gﬁg'oqethgtnﬁ?}él%{%?%ﬂ Gllstggceawn%%cw %ﬂetsy of

bl ades rot ata nmoun in € €ngine, assenbl'y conprises an
annul atirGiapRatialioxoned theGRifrdlaxGosfRs 9@%&& Alieih thel diginkds Atopped. T8ROS5 centr al
S

axis of the engine; and a plurality of roud segnents nmounted in the
suppor fnner 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




extendi ng substantially continuously around the suppor } said
i nner surface of the shroud assenbly. The inner surfag%hggaﬁggﬁ?ned by

grinding the surface to a radius of between about 14.380 inches (365.25
0.01m and about 14.400 inches (365.75 0.01mm about a first grinding
center corresponding to the center of the support, grinding the surface to
a radi us of about 14.375 inches (365.13 0.01m) and about 14.395 inches

(365.63 0,01 bout, a secon i ndi center offset about 0.015 inches
(0.38 Fema) fmr%rgfftﬁs 8RR §fur3%tw3 e cieeen s mahed 18 theysPRRSFY on _
ext end 'eﬂ%?c%iﬂg ?’%\ist%?ﬁl)g EHtRESusly HBufd gﬁégsr@Eoﬁ R& dRRRETRA YnlP 3aHA&D €] OCkw se

froman a t he support, an ding the surface to a radius of
about thk Siréud assdrebly( BBSmDOr $urfade xlmmghingidbya ponding the3@dfaca the sadii®65. 50

0. 01 mpt Prgires bt a8 nghion a0k Hoarrng 2080 b Cres B0 géner al |y
gmpffsi 01 abshifd mdt gargﬁlgé lcBfter gnl?@s'i)_oﬁtﬁg:%%6€§16Qfenfe9_€‘ofpﬂ1‘ésﬁlﬁ}boﬂt,nVent ion

be I n part apparen in part point out hereinafter. 3a 12 August
2005 BRHEfnPESCRIrRTE GN aGBdTHET B INGS SFinghes I(36% 12 +s@.Abms) iapd \abowti cal cross

t] ' ' t ine, Fig. 2 i tajl ti cal
sect i ontaps IS (3t B4 0BG Sbpwct oot eristing e et e by 05,6 R o °5°
is a sehapRig s o @?&nﬁﬁ?ﬁdxﬂ%aﬁaﬁﬁf‘ gﬁﬂdi]glgeeeﬂhamaoﬁrsd Hﬁ&lti%n%xitéhﬁﬁigg; 2

showi ng a shape of an'inner surface of a shroud assenbly of the high
pr essuplout UBbidegreeChomes puneli thg asssible neswed clackwise fiomdae aftsideorfr espondi ng

parts _throughout,the several vie of ..t he .draw DETAI CRI PTI ON

CF TSR P RBROTRERT SRS 1 R4l o S0P He Lar KIS S0 ThZpar ¢ cul ar
to Fi go.0tmn®) ARSabddk M0tk aBE5.80% 091inn) Ssut ANALEdyridding SerRéit i rety by
the reference nunber 10. The engine 10 includes a |ow pressure rotor

( gener affbgt atewti ALY awhes (0138 + H{Hmemhfrgm snid Sisyl resindiggneniey ém e rsa¢dng

(JZI_E)SI ?ga{re 1[0%3%4 113581%1?(}31 Ql[(}/sari’ﬂ)ffr% glxljec%gn_a stator (generally designated by

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

hereinafter.
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- about a central axis 18 of the engine. The rotors 12, 14 Q‘%\\‘ffngﬁdes 20
~arranged in circunferential rows extending generally raé y outward from
axi-al 'y spaced disks 22 nounted inside the stator 16. As illustrated in

Fig. 2, each of the blades 20 extends outward froma root 24 adjacent an

outer dBRIEF HESERIPIFOSOOFaHIONRAWIRIGRK 22 to a tip 26 positioned
-outboard fromthe root. As further illustrated in Fig. 1, the engine 10

i ncl udes_a_hi gh pressure_ conpressor general |y designated by 30) for
conpr esEignd 1§ # sshigmatic aextical eross depgon pf dggHurbiee dragafhengine; conbust or
(general ly designated by 32) downstream fromthe conpressor for heating the

Gownst r n? 1F Pl HRuSubEeR R Subod ok d SRR e BEERES cleor

Furt herengiteg afpthgi ne 10 includes a | ow pressure turbine (generally
designated by 36) downstreamfromthe high pressure turbine 32 for driving
a fan (I%eg,gr al |y designated, by .38). positioned upstream fromthe high
pr essurlg8coifFiselapatioggoss sectipnigkrndp thegdancof line B3gp Fag- eshowingiaghape ¢ he
stator &6niisnd sA0& ¢ d Mrd S an annul ar case 40

i 5 'ﬁ‘ﬁ‘i’gs;%g Jﬁﬁ% Fi';gﬁ &)Y&QB{? t@bﬁgb

and an annul ar shroud asse nera esi ghated by 42, extending
generally circunferentially around the central axis 18 (Fig. 1) of the
engi ne 10. The sHewmespondingnivtfyreage i dedrardes amlicutm udarespompiing t pais nount ed

. locally,insjd he case. 40 nd.a plurality of shroud segnents 46 (e.g., 46
segrren%gﬂou h?‘gﬁfﬁ ?Fd'e?gﬁﬁet“é?rﬂfi%é‘?‘lhﬂ“g%nti nuously around the support.: The

segnents 46 are nounted on the support 44 using a conventional arrangenent

of hangers 48, hooks 52 and clips 54 to define a substantially cylindrical

i nner surface 56 ofthe shroud assenbly 42 which surrounds the bl ade tips
26. of the_previ OUS|¥I described features of the aircraft engine 10 are

Al l
conventtBIAILER PESLHRIPTIGN QF Thts RREFERRED EMBORIMENT i | . As will be

appreciated by those skilled in the art, it is desirable to mnimze

cl ear apGeS iR nBEHYBE YD !E;a!n@' t i .56. .of the
shroud- asseg‘gl y t42 to \Pﬁ]ﬁrp%)‘s&eiﬁl nglﬁlég[g??lf%iléag@sl angﬂeraz'g%%:fg&&ng%\gat h gas
t enper desigmged Imits emtitety byotheadfecencehemebet 11 6arThecaging0,0 inbkidehadoret assenbl y

42 ( angrers?t{rg 1%?0rrt {g%gtlar%ﬁ)l/ ydcts.lhg%ated 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.




suppor t 44) I's cooled to reduce the radius of the mnerlz% rghfl%()?(s Thi s

cooling is acconplished by withdrawing rel atively cool romthe

conpressor flowpath (e.g., fromthe fifth and ninth stages of the

. conpressor 30), and directing this cool conpressor air through pi pes (not
shown : | t ¥ R bet ween

t he c;sjgg(gﬁ%%ﬁg lguqil%o??t h&zﬁ éﬁgﬁégg g%gﬁ%aﬁgrtﬁ%é%{] ?u\rgrkté &?garn of the

| ow pramsslar easeddlanden Abnlb ghrovld) asserhiblg, @nerdlig(mhxgyate@by 42 teh't&:rﬂirfgt or 16 to

hermal . defl ecti Beca se, the({{\g is_introduced at discrete

reduce its on

ci rcunf@?‘@’i‘?ili”é?rc?’ag%?‘?tlﬂyé’ aéP‘HEIﬁ@etoﬁ’étm S bt Leofgthe eggingd8utThey degr ees,
about t 5 degr ees,
and ab%&%@%%?ggg%lﬁeas u?ﬁgﬁ%?%rﬁpghgé; mggﬁeﬂgﬁgﬁg%ldéﬁg% ef%?) om a

posi ti emdaf pllm:ﬁhtymf slupqnbrst:gmenthd&@erg),o% sédmestsy extending esdbstmitiabtlynd y over
the entire c poce. result %éhe su ort econes thermally

di st or {88t "é‘f?d’s{yé"r ?6@?8 f SEaTaents; ?Iﬁéﬂ dl‘%” HIRBRTAddsNBonever

when t Bgosa@tioRsl aﬁlaﬁgéda@fwafﬁa.fgewﬁ@okstsh%na eﬁpﬁzﬁoﬁéfu&eeé Sb&Sndafly
substantially circular configuration. The neth of the present fnvention

mi ni m zpbndrivel whessusface §6 eﬁhdsiurpn@ammgb'tfnavhnah stpmamss tetbbdesipe26ly st at e
oper at i ndi ti.on S ui s condl | on. cause the I,ne 10
oper at e‘gﬂfogﬂ]el P&ﬁ‘&"ﬂsé}’ 8%?%8?1 ??%??FS th Afffia entgHg %rﬁtcg’é‘fe“é'f’f“ﬁé'ggncy and
t enper gFimet beddsetibeindenRéd detaipr € real i zed by mnim zi ng cl earances 60
during this 5 12 August 2005 operating condition. In order to mnimze the
cl earances 60 during flight, the stator inner surfaces 56 nust be -
substantial |y ci Asuwil bélﬁﬂpfﬁjlﬁﬂﬁd ghitthoser skifed imdbe artoft isHissiraMertosur f ace
56 var | th r_than
opt | maapet SUFESEBD BtaotnBOMAR, bl AR inhe b TS o AL IROP AT e

- moni rrumsemmwsz tdhmlilgvé hﬁglﬁetemxﬂemtv anﬂhedwmmpam @ﬂ@t&ﬂ;ﬁ:ﬁ’atu@s pIg- machi ned
t-of the aircraft engine is determ ned at

r adi al Jgeara r|n fllgp

each ofr 'éﬁfi‘ 986 eaemq%éf’ &spud pspemblic 4y (andanerc pagicalastyithe t he

shroud rmd)xs %Boleﬁdtmem hBirsdilE L P ﬂﬁ@ &grfmysé?_ermd@% Qe Qt her ways,
y examning hrs

I n one od| ment S determnation is m fotical data

f r om aadcopgplishyd b)ewghdmsvmgfwlathely cdl talvofiigin thé eonbpteasor flatpatin (q@y be made

th 0;[ Eﬁgwgﬂtgﬁﬁ% al?tﬁ%lmhcwl A Clél re%p);[nlp?elslsa/r 3% ﬁ%zl’legt?naét %r}:%o cro(grlljprll'gssgp e assenbly
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 coél 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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determ nation is made at |ocations corresponding to thg,cj enti al
center of each shroud segnent 46. As will be understogé%{gﬁ%ihrgggé skilled
in the art, when the pre-machined clearances 60 are determined from
historical data, it is unnecessary to determine either the radius of the
rotor bhadeifd db%dﬁﬁmd ‘Iﬁ bﬂagr f |n'119ﬂ1t|129fhetclfh%rdrﬁgé 60 dshinpaliaBeiie Safor finek he shroud
assenbly 42 during flight at the aforesaid plurality of circunferentially
spaced $whses iﬁmuatﬁmwn‘dstarhmllyshcwarﬁlamhw If‘liitatf Ehblﬂs oftrainpersupfaehi ned

| 60 d f di al
Cengt b £ A SHECRIPREGY Aoadde Seraobney tansdea prr il BHERGEE (0% hei v
tips 26whebdisreini dHied thyrathf id BRRF thaH itcramikinmGhdibeUsihg Gednatis@obl y  42.

Because the dianeter of the rotor blade tips 26 is recorded when the engi ne
10 is theipgsand inyensian, a pre-machined qadizlirlefiranpstad dusing fight ofhike aireraft £ | i ght

represents tw.ce the.a t | ight due to
The ¢ e i aeehi ATBR o p bty BEER I Ferialy bERESIGUOR AT O

wher e tihesizbad gsskinbEr £0 Afivhgk itedddibienihaiermaibd ade inotiet wahs in &l oud
assenmbly 42 during flight are det erm ned by visual .ipspection after flight.

From tqn@mragstethxﬁadqtmnatmes maélr:rmc?ﬁ%amgmtpwgﬂtda@ ramah Heet ofan be

det erm n S '
througﬁggﬁ)efh 'ﬁ%g‘t ]PO gl nedseYandgaB ?lf g‘ragnbé Hfar(lllbﬁta‘?tﬂ%:rl feilléllﬁgénrgg(geproduce
di f f-er effcusdataidlypgiatel iwatbdi drbyindticaatmblynd2) inghte ehbadimentthe can be
det erm ned using_conventional and well_ understood anal.yses ternativel Y,
it is dglerinsten iy made atlecqiions erEeRPREYING |t%§1fa%¥9@§l ?fﬁpﬂ%éeats{ %Ahed by
exam mSH‘qunE%ﬂEéf%l data fromthe particular engine 10 for which the

shroud as i's being nachined rather than by exam ning data froma
fleet of engines. Still further, it 6 12 August 2005 is envisioned that
rat her Ashetl lmaardlemlatgl tyi thoger skalkdd id dheart,ovibattbe mmatthquﬂ@e:mh 6fed

cl earance oretical in f ht cl earances nma d at a
ol tra Preegming T Pl ot sty REGEm B SPE BEAS R B scope of
the presgnblaHOMBND6 Alring NGt Bhﬁae%tﬁam%lhé&ﬁhrﬁ 65thaRRRed 6&ea1w,r getermi ned,
the i nner surface 56 of the shroud assenbly 42 is machi ned based on the

pr e- madhiirgHightal the afiressidaploendity of gravmfgentallysnseedlacytiansiaramg the
post - MRGHl P& et RarkdrSRL ARCEadUhdd Gedrhh @00 BRI G A%y RLRriR) 20€

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 relﬁresents 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 patierns, 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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ti.ps 26 and the inner surface of the shroud assenbly a he
circunferentially spaced |ocations around the shroud 2%2&21%%@60%3 w il be
appreciated by those skilled in the art, the anount of material renoved
fromthe inner surface 56 at any circunferential |location is inversely

pr opor tis@Rdlsidned (e r%il}@r{-tﬁgﬁ Bi D lﬁéfoﬁeﬂed(?@toac}e}%ﬁyﬁ%ﬁﬁ)%—h%@hirfbe‘a

illustrated in Fig. resul ting shroud asse as an 1 nner
sur f acecleBgames of, i theorspad ed fligbtrclehmncentnag baxhkulh&doht hhslueidigy R 10 by a

di stance 70 ich varies _.circunferenti al around the central axis before
T rrhmippf SRS pa hCIPor e o ibe saPs AL IRt PUCRion. i vo
operating clearances 60 between the inner surface and the blade tips 26.

Al t houghndehth® pei BheHIfd! of SarRds YO R delerRiRET, TNEYSer Ui RQLE (gﬁ &Lirbhg fromthe
e

scope of the present invention, in one enbodinent inten or use in a
hi gh prassesally 42 isripp¢hin@bbaskd anChrgee Inashiriederadiahicleatiinees tooprodidd a

| nt er nat.i onal a_corporati o f. France, the i.nner surface, has an
over al fgeﬁgr% ﬁmlrﬁ g p 3§&£%$53§?g%8%{?n(§n5%|tgglﬂ’e&r ee"éﬁ%ﬁﬂtoﬁélggﬁegr ees
measur ahs Gleosanhe enidr Qitfacd OPthé BhRfudt ReedbadiRhih 42 dRNGrdib@BcatialhPsi ti on
aft of the surface. This maxi num di stance 72 is about 14.410 inches or

about spacgddogagionsaroprd theshiond asssmbilyni Aswillbe apmedatzd bythashekilledér sur f ace

56. Alt; ' r ve other..m ni mum di st ances wi t hout
depart ?%%Hg?l(])ém&ﬁ%%d@g%gg léﬁilfe?rﬁ?gégrroéﬁ?eﬁﬁ? I%?eg\si'é'ﬁ?cleéﬁ ,atwgﬁcé”%%ﬁe&& nt the

m ni nuiociish digeerd8yipsoptotial i GPe-nebhiRd cldatinch 60 at ikat RR&GeILOdi ment t he
I nner surface 56 has a locally maxi num di stance 80 at an angle 82 of about

315 de%réeﬁs r;g%;u&:ed cl ockwjse fromthe top 76 and fromthe aft position.
This sé&SREUatRdinFie- fethe pisHitimesprondastsmbly 42 hagan maersoHaserhwhichis about

0. 005 | r@er N,; LAl i st - ' face 56.
A ui| PSSR BEcchBANLOR STV AU Bh ! R B o Histinck ' WA vals 200 0%

may becspagiedntalmatoned dereptral azestefae fhghtbul @hich it substamgalheuriforiny ot her
SCo t he present .i nventi on.

di stanges 70. wi t hout departj.ng fromt e of.

For - exanetieh opiaimie PRusliRg sicuies MER rn it iopsrudiecanatedIats. | ¢ ho

di st anggs2d 0Alithduel this ERafdy7 ;rgq;,l ades. If

t he bl agis 7 12 %gufsst 2805_2%1%3??]2{)%[%5‘8&‘0 |ﬂ%ﬁz§@%a§§€%g§5% \an noni nal ,
t he di sropheéthenuesmay inyentiend ik ete pyabodingo interpled for wserintadiigh peesbirades. As

willf H.%iﬂé‘ ¥} Qfa é?MS%-Ci t%tg%ge a%i]gbrlg Fon® &FM E(iieninﬂiotngﬁ SA, a corporation of
' France, the inner surface 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
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art, aircraft engines other than the CFMb6-3 engi ne w hh Aok f erent
di stances 70, 72, 78, 80, and different angles 74, 82. ﬁ]h%isi&i nner surface
configuration can be obtained by grinding the surface - 56 to a radius of
about 14.400 inches about a first grinding center 18 corresponding to the

center ; . he surfage s ground,to radi us of
about 12&?&)‘2%%@%‘6&% Sz}i;gnglggltglr’]&l Oéwﬂdﬁ'r?g(?“%gﬁeéggéﬂa%})? §‘é‘ﬁ]°5§ % di stance
86 of ab®0 ifthed b inawhelse bladen. tArewfli fusther BE Agpiédied BY HRNse 3Billed imthki T St

direction extending about 135 degrees fromthe top 76 of the assenbly.
nmeasur edrtcAisEgEnganes ogher thandhe CEMAO-3 engine willbpisidiffarent distaagesy/0, The surf ace
56 is - | out 14.390 inches about a third grinding
center %%S’?g‘%‘ie?’f%f“g%@?%?éfn%g 90 of about 0.015 inches fromthe first
grinding center 18 in a second direction generally opposite to the first

di r ect i Bhis ider wirfdce benfigppatiai @indd obitdidsaraking thelsirfact 56 t@4 tadiusdft er nat i ve
I nner s “rfaig ag.cgnfi uratij ons. r(rj?r%/ be obtai ned by grinding the surface to
di f f er ettouf &P inchas ahsd @ firgfgrinditseente JPcomesponding g tae centex; ¢fghengi ne 10
s asseqphed 42M FHnSHO birPiceBeaid  toldVRdfR Y labfRY i o match -
t he sh?r@ke]r bI_ades.n I f theCe bl a eos 200are glgggtab%%lfg@i%?g%ésse%ﬁ& er than
nomi nal secombgnuding cemgr $rboffsad byeddibtanéz BR Of about e Stinclreatfndin tiefilst ades.

Even though the hod.described abave may result ip a larger injtial

ver agebtiting el T8 abs ARt oER s Dot 133 3lsarecs ro@he ha oidhe | o

acconpl jsshifly wedabise@ LRk wite g aft Hle ofihe N0 ligﬁdlghg{eﬁgﬁﬁéﬁ & reduced.

This reduced clearance at cruise results in’inprove I ci encies
and | oviegrdqundiparadinsefipdout 1422 inthdstabaht athaid gsindng denttr 88 péSetthyed t he

fl owpath .t e rat ur . be decreased by as nuch.gs six degrees Cel sius or
ror o bR O 0T st RS i o F R bl e an

f r equeehyraBy bppussite ethe firstUirommat 4 WiMRapbitcRfed bylthbse sRRleUGYSE aithat using
the method of the present invention can significantly increase the tine
bet weeRitgmaieHucEtRTfAse A0snafgswatioringy bVwalﬂqﬁth(ﬂmlﬁXmﬁgﬂT@I sanfeee 0 of t he
presents;.d | Fa L ar e |_rent ( thereaf. the,articles
P o IRl Tl e CROCEHBN, G he e TR PR oo
nor e ofwitthshoeteebladéss20, Therddiirmay be sh@tdngt ig'match the lshiotitdidlade’d If figvi ng” are

i ntended to_8 12 August .2005
%Fades 20 are about%.OSZO in(g]es 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




be inclusive and nean that there may be additional el eggns,abge than the
‘listed elenents. As various changes could be nade in ?EeH%Bove
constructions and nethods without departing fromthe scope of the
invention, it is intended that all matter contained in the above

1 et s PUAReCAR e R AR LGSl T ahes b BEFRI T 0 °°

nmet hod &émemehi ni ng an i nner surface of a shroud assenbly extending
generally circunferentially around a central axis of a gas turbine aircraft
engi ne, said engine including a disk mounted inside the shroud assenbly for
rot ati oS VaBist chapgescenid de madesingthe iahave gepsyacuors andoymgheds pythept

ci rcunf i . i V. i y outward
From art B op Tk URRE6HEof Bk ahuenBpAIER (kR A PR el A e Y o
root padiové dasdipidhawestiovithin digt secottipanging rdrafvirigheshdil He interpretdd fis
positiQﬂed out board fraoamthe root, said nethod conprising: determning a

pr e- madHPHEYVE 3d Bpt IR adHPUMESeBEt ween the tips of said plurality of rotor
bl ades and the inner surface of the shroud assenbly during flight of said
aircraft engine at each of a plurality of circunferentially spaced

| ocations around the shroud assenbly; and machining said inner surface of
t he shroud assenbly based on said pre- nachined radial clearances to
provi de a uni form post-nmachi ned radi al clearance during flight between the
tips of said plurality of rotor blades and the inner surface of the shroud
assenbly at each of said plurality of circunferentially spaced | ocations
around the. shroud assenbly. 2. A nethod as set forth in claiml wherein
determning the pre- nmachined cl earances includes anal yzing historical data
froma fleet of aircraft engines. 3. A nethod as set forth in claima1l,
wherein the pre-machined clearances are determ ned without determning a

. radius of the tips of said plurality of rotor bl ades




during flight or determ ning radial displacenents of t ssenbly
during flight at the plurality of circunferentially sggégghﬁg@g?ions
around the shroud assenbly. 4. A nmethod as set forth in claim3 wherein
~determ ning the pre- machi ned cl earances includes neasuring 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 GlkdIMBroud assenbly. 10 12 August 2005 5. A
method as set forth in claim4 wherein determ ning the pre- machi ned

cl earances includes visually determning after flight where the tips of

said plurality1ofs bhaees Fonbastis 4mendeh N@kfaddIlofag ahRfudt ARedbroud
assenbly during flight. 6. A nethod as set forth in claim3 whefein

det er eitpiding ghecrplle cirpero ferentially | aseunsine esntral caxisl o avgasu@ittine discraftni ni ng

after fl.i ght. where the . tips,of sai I ity of, bl ades .contacted the
nnor U aid"GR nBiislh Bk Bfios Rsiderh Wiel X B TR S senbi y
for ugiRut thécgag] akishdffie @AGine Gind OX bRIAAIHH & f I8 Bdrbtiall§| spassal @kant i al |y
around a central axis of the gas turbine aircraft engi ne.and surrounding a

~ pl ur ablades extendingiganeradly sadipily owwiard &ami an euier dageiseot dadliskorachaifd bl ades
ext engdj. u t ti sat d _shroud assenbl y._conpr i si n_i nner
sur f a%é&] glffi gsné@fﬁ%dq‘b%ﬁ%‘%a 1{058/{ P %S?t}oél ant' d ag%l}t?lé l{llgra(ﬁ%rﬂﬁtgp ?#1%6 g r%lg{ ié%?lét and

OUtSiﬁlﬁpbéiﬁoﬂddmﬁltbbfarcsﬂblﬁtﬁtﬁﬂfoﬁJshﬁMﬂﬁﬁoch:c&d%ﬁsiﬂﬁien the shroud assenbly is
mounted in the engine, said inner surface having a radius which varies
ci rcunf erenti al igferapBRgR Premeehined radisli deaspnoepeetwegyy the Bips of saifl] j ght but

o1 corahBe P AR ts ik TRiE e i o Sl REAERGBRSE 1) o1

bl adegrcrdit edypifd) o vgthash € plrylita of setcuin@rédiially spacd Modatious tap@mdchepr i si ng:
an annul ar support; and a plurality of shroud segnents nounted on the
suppotroudassapblygands ypst anti al |y continuously around the support to define

sai d inner sur fﬁﬁ&ifﬁfﬂgts Nl iﬁgéroéﬁgfacé’lgP &I’é%'{,ﬁ’oud%ssé%ﬁﬁ? rb%% & ?a?mlé[ for use in

a .gas turbine engine, “extendi ng genera
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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circunferentially around a central axis of the gas turhi Ll ft engine
and surrounding a plurality of blades rotatably nnuntgggﬁﬁﬁ#ﬁ@bgngine,
each of said blades extending outward to a tip, said shroud assenbly
conprising an inner surface extending generally circunferentially around
the engine and outside the tips of said plurality of blades when the
'shroud assenbly is nmounted in the engine, said inner surface being spaced

fromthe centra Anmahed ashst dogh e dgimn Adivderaie dleigaménng ghe @ge-
ot opp BEEhEEd Ralated fles ISMARNUE B o aibAPyRAE OF A0SR B0E B00 O 1S

t he ephirdlity o$ batenpathctedthd Bdemiuraboot thd Srotée gisemblynRaimgfight. cl ockwi se from
a top of the assenbly and froma position aft of the surface, said first 11

12 August 2005 | ocal l xi mum di st.ance bei ng about 0.010 inches (0.25m)
larger than a npniﬁwﬁ?gth%ﬁéf ¥t dogh ‘f‘h%lalfrhr?’el“’%@{ﬁ“? getermudee AhSdend | ocal | y

maxi Myl &%lé%ﬁag%}efﬁ fulles SRBANPILSrmiRingPARY RbnERRYEL R fipdegisafRs measured

cl ockw se ?romt e tog andgl;gro%et%em(li1 t%p05| tf?%}rll saig sgcong ocal l'y

maxi mplwaity babladedrenmgted blozinnér. Heface oftthe shrp0d 43amplyl durmerlightan. t he mi ni num
di stance of the inner surface. 10. A shroud assenbly as set forth in claim

9 wherein said fifst |qcall xi mum di stance i s an overall I mum

di stance of t he 1 haerudarembly BF bW & g S mecoae: S BLE BN | n o ai m
10 whei&inifetdnBal0y f0ahd a céfteal FHFLHIRIAY6RbRAE aliBaftiAPRE Rl EkAGRdIng bet ween
about 14.39 inches (365.5 0.l and about 14.417inches (366. 0.1mm).

12. Aagfwrelity of bledés sptaiebly ano n the edgianecadh whenidi Pladdseextandingl | naxi num

di stance of. the inner syrface.is about 14.41 inches (366.0 O.lLm). 13. A
ahr oufaelhing G s8R R, SRt TP AR iR OS] ance. of
~the i &E&{mfétbﬁfiﬂgearbﬁn@@k\éﬁ e 3@ bhtsitd tﬁegtépmﬁi fl3@fity3of blfddsRllenand about
14. 40 inches (365.8 O Intgf. 14. A shrou assenblé as set forth in claim13
a

wher efhe shrpudrassenthlyris mipentehiethefenging, sarhisnesw—rfage baving alsedivs Whidh0 i nches
gg?rg-r.?ég%‘eﬁgzhlcu%qéren%glly%rgu%EIQHg cétral g}t{){ls e gn%%nefb%rférg flightgolu% Iwqﬁchgisf urther
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
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an annul ar support; and a plurality of shroud segnents ghops the
support extending substantially continuously around the support to define
said inner surface of the shroud assenbly. 16. A shroud assenbly extendi ng
generally circunferentially around a central axis of a gas turbine
aircraft engine and surrounding a plurality of blades rotatably nounted in
the engi ne, said shroud assenbly conprising: an annul ar support having a
cent er lemily espamdinndjstancd being ebdut 2.0 HXxinsheaf(0.26hen)elacgen ghananshiri@uid? August

2005 a pluraljty.of shroud segnents nted in the support extending
subst afistagcs 9fL @amqeﬁ%%ﬁ,fné@oﬁﬁﬁmlﬁgﬁ@uﬁ%m siaa¢s WReste GNRIARLY surface

of the | s i I by grinding
R e e R R R B G
and abeatl sédon@d0callycinesin(ud6 Bistice beinGlabogt ab@fuinches {0 Imimg)y langkr nigancent er
corresponding to,the center of the support, grinding the surface to a
radi us mH’é‘?c;\‘r}E‘eddSt% thegnaerSupiaed 13 0. 01m) and about 14.395 inches
(365.63 t 0.01nm about a second grinding center offset about 0.015 inches
(0.38 0.01 mm fromsaid first grinding center in a first direction

ext endi ng about 185A shempdesserhblymsaset fipthah ddim 8 sgendh paiddastuloealyc| ockwi se
froman aft side of.the support, 8{1]? %ri ing the.surface to a radius of

‘et wee MAXHBYR IIIANST s an o el masgBuR, hEFTAsGUt 14. 390 i nches
(365.50 0.01mm) about a third grinding center offset about 0.015 inches
(0.38t 0.01lmm fromsaid first grinding center in a second direction
general |y opposi & Aoslgaid aksenstly disrset tforin in FaimAlQ hwlnreinaths exviofa)l as set

forth in claim16 wherein the radius to i C e inner.surface .is ground
hout ptatni ShsteheP e Ratelhes ts Kot SRUGHRS Seb&as 3 5085m, °: Rches.
the radhdigbdu® 1981 Gthtd@6b0Nes. 1) ace is ground about the second grinding
center is about 14.395 inches (365.63 0.01nm, and the radius to which the

i nner surface is ground about the third grinding center is about 14.390
i nches (365.50 f 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

12




0.01nm. 13 SHROUD ASSEMBLY AND METHOD OF MACHI NI NG S@\Q/@ug@ﬁgﬁ%d OF THE
Dl SCLOSURE A net hod 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). The nethod includes

determ ni ng pre-nmachi ned radi al clearances (60) during flight between tips
(26) of rotor blades (20) in the engine (10) and the inner surface (56) of
t he shroud assefbplprglidp)ofashiong hsagmeatspmgauaicdt yn ghe csuppertf extendingl | y spaced

| ocat L BB A B RSB of f8ine THE MR SIreRuIhaReuhRR) Of Che

L .
shroua 4dse S nachine on pre-machined radi al

cl ear agembly( 6Mkrdind tHe iBdérdRirface Bangdhidddybyuphiddifignteosifab®edh ratlug afi al
cl earance (60) during flight between the tips (26 of the rotor bl ades

(20) hefevoem abpwinkd- 3% ichee (3656)5 H10-Qlwam} aad @hows ipchepB6a{6each of the
(z:i " CUBloThE bl a\’ﬁépﬁ%%%é OS5t QRS pBEANDED b Sertll R4 AFHSHPENndif?) - Figure

the surface to a radius of between about 14.375 (365.13 + 0.01mm) and about 14.395

inches (365.63 = 0.01mm) about a second grinding center offset about 0.015 inches

(0.38 & 0.01mm) from said first grinding center in a first direction extending about 135

degrees from a top of the assembly measured clockwise from an aft side of the support,

and grinding the surface 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 center offset about

0.015 inches (0.38 + 0.0lmm) from said first grinding center in a second 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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