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FIG. 1 shows a schematic diagram of the overall structure of a typical gas
turbine jet engine with a fan casing typical of the prior art.
FIG. 2 shows a cross section of a forging for a fan casing typical of the prior

art.

35 FIG. 3 shows a cross section of a forging for a fan casing for fan case

containment in an embodiment of the present description.
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FIG. 12 shows a schematic cross-sectional diagram of a fan case having an
30 inner containment ring in an embodiment of the present description.
FIG. 13 shows a schematic cross-sectional diagram of a fan case having an
outer containment ring in an embodiment of the present description.
FIG. 14 shows a cross section of a machine finished fan casing of an
alternative embodiment having two stiffener rings and a containment ring that have
35 been shrink interference fit to a fan case with the fan case disposed between them.
FIG. 15 shows a schematic cross-sectional diagram of the fan case of Fig. 14

having an inner containment ring opposite outer stiffener rings.
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i iMatgriak ence fitting Containnet®) Ring 70308y the —
i ndptfescianet er of Fan Case 302'° ps oppo?ég to t &% 826.776.
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First Stiffening Ring Notch 304 and Second Stiffening
Ring Notch 306 respectfully. First Stiffening R ng 502
wao7sesasnd Stiffening Ring 602 provide stifferimys1005/041822

prevent Fan Case 302 from deform ng out-of-round, or
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[00027] FIG. 9 shows a schematic diagram of the airflow through a typical gas
turbine jet engine susceptible to backfiring. Referring now to FIG. 9, in contrast to FIG. 8,
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potentially | ess overall weight and | ower cost, as
wel | as provide other features in addition to or
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1112 apply force to each other in a shrink
interference fit. Alternatively, Heat Resistance Ring

wd 1d2/08t894 be cooled with liquid nitrogen, redupdmnygsions041822
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of of hRaterial Kdvhik @ FeiC€ly Bithet boatainieatrstrangthdsueh arasnper alloy Inco 718)

surface of . the Hea e n .

e g e Sl T S L
20Re bk ma@ngl@tamnaﬂg snma_nmzm miags thag tifatefithedian Ggsp P&k hametirial hthe

' n (ﬁ&gﬁmaﬁ)mnlgqai daR BSmork ExpdRWve Q?m&gﬁéaopfhh@ﬁ‘n@mﬁt@ndmf)ﬂh{d g8
liner materi al between a heat resist an%?th)éjlepegdls rin

| nCTTR BHOE FREvesH g el LSS PR ng upor the

co W;aﬁ@ h}ypﬂicaftlﬁﬁ sanilalgtivweanCisheotaaal be asdest aretadvaly log heat

22?%%5 nge- ma elg]lgl ochzl 2r em%nrn% gﬁc’c{ﬂw tlllﬁgR%sg{agce% nétl 16> 1Jn+)n)% madebof a
25madetegil haomgor relgichyl higherehed rdsiafiance propérty (sush Fsettﬁﬂna{ﬂe ér F*@awle) as

t h%o#nﬁaﬂ:grto tﬂ@&%ﬂlﬂbf tHB¥n éaE‘e cﬁo%{;er gixbosi H@a‘ﬂk@snstﬁﬁce ng 1112 may
relatively stiff or may have other propert

S SucC
Cirameba eataly et TR (P et e geh L Bt BE R PR e
C aR@siftancd mﬁg can[b@ Ql@ﬁé](peﬁdﬁefbfr m&elhﬁafv@ fhaf the Matagjal Dbthe PanCheA1 002
grgﬂf be}ﬁgw}/e Sf'l\élﬁqs n}ﬁwe lrl w§ l% é)r eprnger Ol‘ébogl é‘ﬂi Xndg%eg(}%qﬁ pgxftlcular
30up@1mhtcehlen specific gas turbine jet engi ne being

rl]?d 51 ed, ﬁs&%u@& MR Rbed! FI@QI?SQH’enQH@aIl?ﬁIuHF&[e@a containment
tiffening rings may not bé necessary wt

a
r eélif‘&?‘)&rféaéedr‘i‘ ﬁgomaammamﬁ agjeh HB &reedip elémFlFf‘rfgrf?Fa;?? fﬁ%f*’“ frse
NEGEeS SafringinbW tAFIGOTH, RisRpRediatddititga CoRtin@REt ridf 700 My be seated

2:115{ %%Q%Q&eéhlgg ncprﬁ)n{} gaolgr e ennatnrogtgl g o nctg Iomgfag Ica\llsee?OZta Qseshown in
35weiFttl3, Inghis exagbleshe @ntdinihewtring @& spmlmedlalmvpmmaw‘/b forces
co %’Hééf'kl %v&apd tﬁé)eg(,?s of Bbta \g{})ﬁ Jﬂeﬁﬂtgi b%&dt&ﬂﬂﬂé ﬁiﬁ% &Hen(agEal@ represented by

specitic engine s go U|renents For eXanpl e,
t herregrin Bk é3- %Qnmybo%ewfﬁbrera@ glly gopprpssive {paqes are applie

i ght wei ght but relatively inexpensive material such

as al um num and the contai nnment ring 702 may be nade
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of a material having a rel atively higher containnent
strength (such as a super alloy Inco 718) as conpared

wo ooovhssismt erial of the fan case. However, si neer/Ubkmo05/041822
Cont ai nnent Ring 702 may be made substantially smaller

I N ciRRoudPABurdMiRten@t citdRifrabe FaRT oR@idmert RégTadaasithalt of
the Contal nnent Ring 702 can be nore expensive or nore

he S P¥An the material of the Fan Case 302 and yet
aciposse] savigseviansipwmentiahdd, thestiffener Ringe npyebrsrdacet inlp varlsty of
dego%%%lnp %)ag%?%%ge 3B§r]§]bCM| gcéwsgap Qialrr&ﬁtnll Qfkch agﬁamolf ﬁff*eb(er rings

tively | ow heat
5r e$9% 6Qraeerlarad ePPLiE 2 §Q§’éﬂ*fmt§§t rige APRbn dhehee i1t thecrpisggctional

Regia ?B?ﬂlGRl 9the %{mermﬂg S(QQmth Eon@finnnt ik G01bake Jééh\/shﬂtgc
aflre lve er I Sta I.0

£ e T Dt O o O Singr afF rB R biea e g rne
t heoZ b the ag&tainrdavwingel02b. Siha erdffendn eingHeatis SReibrls staink intdRiergppe fit
11 S I 1}

t h%%%h%%X feﬁgi’,dé%gtﬂ 8’%[‘&1 c%%ggﬁ FASLMW%%(&_‘V%?] éhe' Sﬂff&ﬁﬁéﬂg I?g@ﬁhd the

10 Re spnginppeneringR) 7ﬁ§3 dhe stﬁ@nqamp@ 5@2, 6% & ag@tuaprto Hiﬁ}fr étlff?élag, gpnctlons

t hafy Ieis SRboRIneRd, profidd thﬁheFéUﬂtaQﬂféﬁ st t@QPplyRdnt MEHF By e
savi ngs i n_overal f wei ght or expense or both,

de SUYRATDRY i8It he particul ar applicati on. [00035] As
pr ¢00007IS| v nAgdain, maEdLCaEd:(GZ mhP besiodvie whd ielpavelylightweight but

| lr%l'zﬁ&&ﬁg@fpe]?sw%% eﬂ IQQ%%}MPH% Z%i%hés%ﬂ%r@fjnﬂgg 502, 602 may be

In an 1 nside surface
15 of maareoffaarnteedshewlmelamwrahprwgmmwm o stiffeging ptygengthy(suphyas a

apRERLABY fido TRk otflerG@RE Ql'omm tnfahiﬁlﬁn of & aﬂﬁ&pri@@ nﬁ&ﬂil@ds
in a Contal nment rrng not c

L e bR S5, el Sl P e i SO R R be
t hinadeabyigatidly sinhieer Biasathaniean bf the Fag CZQ302, dpphategigl of th.e stiffener
r ad' as'tsg1 |6g%n5r eﬁaﬁr'ée‘é)?%ﬁs‘?\%gﬁﬁmr@h a%g’éhi%%%\%ﬁ of HEFAEaS: 302
205 C Iaasimt dcbiaye sgvings i @@@H Weightlyy exgensoidothrdepinding ggpn therpagipiar
emjopiaBnt ., the radially conpressive forces are

app i edcontinuously around, the entire, ci u
t' hd9 ‘@éﬁl ai nndyseh qqaﬁﬁill)?w‘gn i Ftlﬁ olgtt ¢ Sr?fté)ln Iptl‘-r;ﬁn 3%9 spannmg the

[ OQGBIOHS tRSCaaTaBMieMURSAg/702B el faTteade sttikeecofhinfibre magron R600gehere a
rrai'zgﬁ%dgl acl%ed aln%Aa%e X@{ ngé X ﬂSf) or n_ppio%}oh gpa:\%ﬁtlg&%a% Q&iké s%?uld it

25st iof 4 pomténn of it higak 1662 fro8 @thévrlé2 pl thererdinpplfadepartign. Inthis

co %ﬁédﬂﬂeﬁp the rfén%dz QAR coMSin SR YRIoh Moo RReddk 6% ‘aﬂi@dkt;io@lﬁﬁl 601
di agram of FI G 15, the stiffener rin

contths e end P’ﬁ‘@e cppipmaptEing AP0 vt st 9@3@@% &ﬂﬂ@w&’émﬂ"% 702.
t 0 Thh@nfafheRagionIO® Mdytth détbrtrinkd by Ha®eriBODmpasi hddelingdnd/or

bet ween .t ng.,5 and t

ri ﬁ&lpl-l?baélﬁ roluﬁé iaé?rat{miy éeﬁ{én ogthe Qgeé)b(f pot errﬂ:%l t:f‘r?%l o%’ & %ﬂw&rate?( fan
30i nibladé @rferbtde portiont dt ig mreﬁland @asresoaﬁﬁmwdtmﬁntsﬁbe Vidih of g e

3020 fiShdnt HRGEhy Q?Jemﬁ@wm%f Ak b&&@mrnka hig 602 and the

contal nnent ring /7 . The stiffener rings 502, 602
o 168381 | on Vet e bgafiff W‘@NP%“‘P%@@‘% 0 is7gfgion ophins
emymdh mtbladpér(b‘bﬂgﬁ)rﬁdﬂlﬁi ReF tEapbahtANE by ﬁt’étrs&ﬂtg thh fan@ase 302.

suppl enent _th ai nnent ring 702h

Ag 218 ﬁho“inhréFIéaﬁg &és gﬁ 6(5% r; rBany ﬁ%lee dg%l 5, tree dtth L)P tg%) ﬁth-I strike
351 i gipiond !S(ngﬂxtebdstfronel lme fqv\edrg/oﬁ th’ﬁdxq.dell sdee d6Qetf the |f@|bla§gt§]4 toa

as il #de %Waﬁ’ingecfgp 603 bF th B 6hde 10 IPhe T ard A EctiBRIY tHR Girection

towards the front of the fan case 302 in which the air is taken in. The aft direction is the
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made of a material having a relatively higher

containnent or stiffening strength (such as a super
w@bdooysdisco 718 or ot her super alloys, steel, PQCT/ES1005041822

or other appropriate materials) as conpared to the

MelyRectidd in Vhich € af RRxIEASEN froFONEGIhe toPrdViEe tHrlikeinSHel fbrivaiaer

rings 502, 602 nay be nmade substantially smaller in

mad€ecitan that of the Fan Case 302, the material of
th @oormo]f f eneAs tebtRepa ibBcros B8R tigmhvidyeofifibB.d 7@k ihe fus blade 194, the
m)rle%dm éy 16t0h %qhe QSIO%F e faffi‘l)lla%flox Qﬁcf%n@ﬁ@fa% lﬁ{ﬂg forward

ve SaVI gs 1 n overa % or expense or
5botdhect1@te onGrsly. fhp@mhrthégedé@& Gf ghgIfaaroladp H)4 igthe pestion of the fan

[ 08R3804 Anich SRE&RABRInE E&hdsYin %l%@%lrécﬂod:in@le 1ﬂ@trat%ch§n&&16ﬁhtplﬂe

R iresa e B peades Sietes by e BB eeion
16Q602nHaice the Width ofthadetaingiere hing 202 Faan Btallte inlad 4ngikel G’_ten.dﬁ at
16)leasq ro% aﬁgg ¥or\?z{rld ?tfthbeqegdag %0 %’(ﬁ oY fa%fah%ﬁ)ﬁt@%héjafd dr the

fromits
10r ertmuhm fnige tﬂoéd@h‘p@lﬂ bladsri 04, Iﬁlstal’ﬂf eciaegth feplade strike C‘f“é?ﬁ‘me“t

bl @%ﬁ)nﬁgd‘d HEthe %Htl@(’)ffﬂlm%@ﬁtalﬁrﬁtg\k mg 750 By 8xdne ﬂﬂﬁle b A oo the
hook portjon 1601 at the f

coRrAPAARAAR PG 5iong et e EhAdH 808 5o g2 sshown in

conﬂ(almmsnt ring 702. The contai nment region 1600 may

(U ‘gfa t}%ym%ﬁei?{doe@{bbc%&t Q&m&%em&%% & aQEanQJS T

{hrou oratory testing o
150r (P6t it |Th¢ thtcmfsébqfélreyﬂommaenwpxdﬁ&tsea tffealivsib%}t%icfélb%mem

fanudliafe ﬂ?&@rtt' Qang J)ftthé c%nﬁﬁ’lﬂén@ fihg2to8 By b Bihratedbl& T84 or blade
enmbodi nent s, egtﬁt’cont ai nnent r

o TRV HSS TR B9 STty FRTOPEET Topasr BRI e
W tid3firig badee uiﬁcﬁmhebir@dﬂ:dﬁbt sHsdeeedarasstaad mmny ofitegpilaia oSO i S
a rﬁ%gmen an06 t(ge Stre{l%ﬂ\‘{\lhé tﬁ rfu%enaﬁ(g}‘ ﬂ% ?n { § por t I on I S

the fan case
2030 IOOOAg] s hOV\m thep;les}rtxb;d er_‘[lgodlrpqnts; tge ek pusty esOthQ Tngs 70% Af2a, 702b,

many,; e a@%%hgi@s%nbetdtﬁ?béﬂﬂgqu%d@lf art R cifited SdichSk E;ipkéalated that
region 1602 extends froma i rvvard f th

e
ed Gee a0 Bherngs Boyifate] %"éa“’ibgom fhg fag cpse A% APy O ﬁf‘e’i"ﬂ f 1 fan
t r @hsk to1GinPELG a]erﬁlaﬁse@#nhblh atilfzing abhsaabzted @dtch. The f or war d
dir, t' nis the d| 0 [ ds ]
f ar]; gé 30 21n .the de cr1 h i men?svﬁe rlr{gs EJlﬁ a{ t['nngllMFﬁ 26%?(?9, 702b,
25di 156% 69 ! 1|2$reteh@die$ceb€td|a§)bﬁmgnew¢|"@:hshtlhleiﬂwfﬁreﬂcs fit with the fan case
exRgiggRdy gﬂp%ma{eg' ﬁlat%ﬂg bnﬁ‘oré S R RYd 5ichdd ééﬁztratél? frbk e fan case

forward direction. [00040] As best seen in
cr 383 meebe aibred o the @W"*’é? toprgiggoreg the Bp cgspgch gt reﬂl%{'éfémmsswe
t heortes al‘éiaﬂgleﬁﬁ@\ﬂeeﬂﬁgﬂg ang tHeltgn cﬁﬁrvstlﬂhﬁlﬂl ufilfzinglA@hrink intdfepede fit.

i%(%g4ﬁh e&ﬂ’ \}gf’p‘g‘ovrded Ih?{;]rtestg:{? dtescrlléhon 1 wnfll%e \ﬁ%%gtoo? by those

30f arsklbédaml the 2@ thaf rgany hl@ngns it doustrugsion @rkdew@%)rﬂlfﬁralé emb@iiments and
whi ! £6ihg Bn thé Sope of
i e g
conltearenerscrivtiply 702 spans at | east the mndth of the
fan blade first strike region 1602. Hence, the width
of the containnent ring 702 when installed in an
engi ne, extends at least froma line forward of the
| eadi ng edge 1604 of the fan blade 104, to a line aft
of the trailing edge 1608 of the fan blade 104. It is
appreci ated that a fan bl ade stri ke contai nment region
1600 and the width of the containment ring 702 may
extend in one or both of the
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forward and aft directions beyond the boundaries of a
first strike region 1602 as shown in FIG 16. [00041]
WO movhgsisd | ust rat ed enbodi ment, the contai NMeENRCT/USIY05/041822
702 has a thickness T (FIG 16) . The thickness T of
the containnment ring 702 i sgLAmmst he il 1 ustrated
enbodi ment, sufficient to prevent piecing of the
coithatingimedisi ng 702 by a separated bl ade 104 or bl ade
fragnent. The thickness may be determ ned by
,appropriaje deling or enpirical testing
based upo‘Ir\1 eﬁggg?ntép%élg ‘ed or observed nmass and vel 00|ty
20f the bicadios erour amqureaga‘reﬁfase ofeee efljcondainragabing apq a fan

3t E %laﬁ@éo%i’nﬁ\‘erg Qefg% Refak 043¢ @a%@ﬁ'ﬂbmé jeN&hgif® Kavu{gQQlQﬂ@& cabdhaving a

t he descri odi ment s, S as t
470 furbingpsiapted g pate alens an g oL r%afmwa*f'g aéfffé%caa% §'bdrﬁwg'b*&“32 fan
sbe Ib[&&s%ﬁiﬂeﬂ‘fb daid t@binghd @dﬁp&ﬂ e)dothloﬁg anlakis afxotatei vathgckaid fan

t hat on . .
f case eﬁ(.% f?nabrl]adg a%Véngfd?E%ﬁa );e e %Pmé(&%% %gin? ﬁp ﬁl#eg% Fclgéégeéentlal
7t o smr&pmf@lre@@]et dfehefcgpfaipmenering and the fan (lade q‘.oziamglelgﬁeglon of the fan
gas%gg bia;gqgtum{eﬁg engiftOf443] I'n the described

nmbodi nent s erlnssuch as the rings 702 | 0
9702b 5w'y"%§ha”1iwr%if'ée fargesrio spiequter e m&‘éﬁ“ﬂ% Slﬁ 684tong the
10S eadng:d of e drcfetente df sﬁicemee tien@erdniidl sufatdant] hlend terwicltif the

ﬁ b?’ag %optamn}er?tg‘g roencext%rtl nél aE Q?& forwna?%c%l%eg%adlgl QJ egge%ch fan blade

12b e aaf #t lengt dlft 0fghet thaelmg a@e@&@ﬂeh fawblads; yringsdie eftch@mg émercase
135UGhRouti@tnibiddicRl | y conpressive forces are applied
between a ring and the fan case without utilizing a
Ishrink interference fit. [00044] Having provided the
2pr esent 2.0B&GietHol bOdlimil twhidvkin kaibedidicempiessdd fdrye dpplpigincludes
Ll construction

an aLr\Mﬁ énéc?r%reafe%}ttmlglszﬁé coeng nm&ntyrmﬁPo sag§31 appl i cations of

the description will suggest thenselves w thout
ldepart | ﬁ]ngfe,nmthog hEcliaim @ ydergin satiﬁ@dlplllyé@@ﬁ{esswe force applying includes

20e3GkihdNaldQBntshdnbEnMAtn d ridtch UtinBES) said fin cAse afd ﬂi@ﬁeh @hecure
COlTpr| SI Ng. encl rcl I%S% an outer. cir

S PP BT epiaiE s BORPeRHE ARG P B st
contai nment region of fan case of a gas turbine jet
lengi ne haVliemgpttmd oirldin i evherais saithadinlivcompreesivsiforess atg djsecesd to a

ot ocgrggr%ge@(;nqglg 2B0oA¥h®n0f rotation within said fan
case a fan aV|ng fan bl ades coupl ed to sald

turblne and adapt tateaon an _ ax

Irotatiof Wet'?ﬁﬂl‘?%g‘i 3 Ui Eracg'é’pr'sgﬁé’%cﬁ“gﬂg ‘b‘foggg‘mﬁ'ét gy

21 eadwﬁgeretﬁgl@ iata en Andrsaifacéd tn@ar nt eulSIOﬁ'ge fan casgyad wherem sald
3C g CcLiIrrcTPCmer ec{l1 gpp@nng%n%{uag% atlgé sa‘dh:gxlng &t rif in Eah(?contamment ring notch

e contal nnent region
4oftmﬁghﬁdnmbagéﬁwﬂxétgas turbine jet engine; and
sappl ying radially conpressive forces to said outer
circunferential surf@ge al ohg]the,le

ggt h .of the. i

Ici r cunf Br encEeatethod prFlaim i Syrthercppristng MY pIng @ hRLRY ring

2anGorh argmieratialy tthanalutet duefadearwabils adentecohofabefaeste; and wherein
rofe Ieag 01er? ltng Qrg agglémg mclu@e% tSearupg A3~ Q]taqgme%n%glir?ﬁ% c%gtaiﬁrqgﬁ ring

4  notch through a shrink interference ﬁt.

5

1 7. A method according to claim 5 wherein said machining further comprises
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and at least aft of the trailing edge of each fan

bl ade, using said encircling inner circunferentia
wewo7mssass 2. The met hod of claim 1l wherein saiBCT/US2005/041822

radi al |y conpressive force applying includes shrink

2l NhREfiaREARRokthihhénd Qng&@tcﬂ 1rﬁ‘d)§afdarilriafﬁﬂfﬁce lof th¢)fah Oass &l adirdtan
ai d,radi

case. ..3. The net haod e

3C oﬁﬁ?cggtglwg%relp Sp@éaﬂgfﬁggrﬁ?vr%arl nc e\:lljgh eci 51 on sald mner durfacé/ in said
4corfirsadirsdont ring wthin a notch defi ned by sal d fan
jcase and Shamgmwac%&&lugf%cam ArGARtahBRERL ring

agai nst di splacenent 1n a direction Iongltudlnal to
2sai d f apriesseseid ngtch mpchiningy, Foingorid Cpnsdinment (igdp enerpiessipf
3r adl al | Yoa@hR s&i8 SbriBnrie iR So Afredetiniifiishbe tmachCALseid
I ated on. sald axis of rotation. 5. The nethod of
cIﬁWﬁ?T“?%?%ﬂQF:conpr|5|ng machi ni ng a cont ai nnent
s5ring notch circunferentially into an inner surface

t owar dS a f ng‘Fethg@ c&ﬁmé a%lafn‘rflg]wﬁ%#saldadagtamg{t ?ihé‘ls %ﬁéeq from

enC|rcI|ng an I ncludes seating sa
2c ofeerit#RrRAt m?tr-rﬁg; mnOﬁe @aﬁe cvh%'n said Mg is peleripd r‘?’@t"d‘l‘? group
3t Nicond@ingtof 5841 i titdhivint) hickel-Bdsequp@ aflot . 6. The net hod of
claim11 further conprising machi ning a contai nment
r i ng no'i(? h C)\ %Hlné g cor?%% %lcla 8 Q’BCQCH?.QIKPC% i §I’H %%‘E&hm
tomards a front an case; an wherein sa
2endirther qomgrlsahma@ppllgw pitieriswréaceefead se@anmsgt ripgjirp second direction,
3C O tharein %nﬁfahw dJt grob%s SRIFSImELAY &l ABEH saib biker sOPEc6 th said second
rough a shrink interference fit. 7. A nethod
4ac dB5e Phg to claim5 wherein said machining further
sconpri SeR&Es Whén sang ifmad sdrf@@ﬁﬁsalid RoEdiment nng naeh el shid b@er surface
3|a|rogsc idncgr?tglmalgnrt mé% are soe];tﬁcf to%et}]er tsalc? @Frght?/ ooq%ogesaoﬁl esal mner sarface of
Tandaidtdntpimengntaing setrtoand saieplurglify f@s@wsméaﬂ elutmsvréqce of said
gdi rc&ﬁzhllnﬁ)erﬁt rifg-aligh I%Q:Q%a@ﬁ Giahd} t@gacil ch@lj ﬂlbr@élegftﬂérﬁtl@@ﬁal forces

nprising: prior to said notch pachinin
96 aPEEHSHA FoNIIREnT finggotciyang jaid epniamment g af%d&%c ﬁ’@ pdsigl for
10C ORpiAdikyBFBdid EdnfAfhindet ring Pitkifl &fiddonfainmeht sihggpecht 0 mat ch
11vvith said contai nnent ring notch. 9. A nethod
according to claim8 wherein said containnent ring is
If orged 1From Amctind scoidiento clain Bfurthdr comprising: pi ece

owher ei Ny 3l 44ilPlRl cofthintheht S 6 S PBnhinRBR kg n(QJhQH 3 least one
consi sting of steel, titanium nlckel-base su

3al llqsgtion fqyetand Sﬁ*éPﬁW‘%FeHH}g&‘i°H‘gTP‘P'8“%'|“ &3HoB A £ t%m%eaf ipe
4combh.nment ring nmachining further conprises machining
an outer surface of said containnent ring in a second
direction, wherein a plurality of grooves are forned
land al i thed dmethad dcadingio chim § figkercpmpiging: second

odirecti Qcﬂt’mg%Q E&hﬁxﬁmmg$ﬂt thadt GMang%%Eéu?e@l@o Qfd Sahifiment ring
contai nment” ring notch and said outer surface of said

3comeigh AwHE s4id sogtaament sas e SR hsationda s3 gpigingeytyipe noteh.
of grooves on said inner surface of
13. A method according to claim 8 wherein said containment ring machining

further comprises machining said containment ring with a reverse taper, wherein a first
outside diameter of said containment ring at a first point towards a front end is less than a

second inside diameter of said containment ring at a second point away from said front end.

AW N -
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said contai nment ring notch and said plurality of

grooves on said outer surface of said contai nnment ring
w@bdiogn3sisy a cross-hatch manner to each ot her, PCT/US2005/041822

increasing the frictional forces between said

jcont ai npent X hﬁﬁocﬂ&t&&]n@tﬁ dlaﬁrﬁi dhe@@rﬂiaﬁli rﬁlﬁﬁﬁﬂhg rfilrﬂ@r @hgrises

2 TR RS R S SRR IRo e e
311 the Aannedehodfimtpomr dfisaid cdngringieati rimg Sotch}pwhéqsa@dwptrqng isrggs than a
4899&09(@1,941 'amt%y thﬁeqm ALWELE onki pBifh Jf i @hBinGRALAL ReENt

rin In at least one location to retard sard
5coﬂﬂ°§F¢ﬁY@Mfr°F’|S?f@ffP?‘6?ﬁ spinning in relation to said

contai nment ring notch. 12. A nethod according to
1cl ai m 814. urt,hefethemﬁpcrriilsg taglainb®Whdreigsagiosealing Gmthericommpises:

1 ng t On i g tﬁeaf?irtl ca(s)ep tt% auls? 9% 10%%&gx£t§rdof d St agl.ment ring notch to
cont ai nhents retard sald contal nnent ring
3fr mesqgltmmepsgld |dmmptetl that isdweer dan e qitsidle Aemptarad mid ?qnﬁg‘mem ring

4NOLCH - ambidnt téngiRtaQd according to cl a| m 8 wherein said
cont ai nnent ring machi ni n further, conpri seﬁ\ﬂfr}gchl ni ng

’said ¢ omsﬁ'io’i’f%ﬁ’td R f‘ i sy V@??E‘e?té‘ﬂ%i’m rein a
6f i rst oaltosiingehecthradisd te toobfo ssidarsbigpRnpéranme ausingrigid adntagnment
. I rﬂ%t nch |t5]£vat QO%Cr %e ﬂ‘org Ea(i)cpsteco% glaﬁléelj t(?v?a?d gamnslcﬁa d%:lgl%gp Gut

Tind ter o contal nnment ring a second
8po |rqqtsteda€4m d@mmm by stidioftyidgriiamsteriofpaid Cqﬂtaﬂfétehfdd‘gab%@raﬂlpﬁﬂ

ot O 1l pRafiteDgiVE iR thsafBhhkTRERkdALI W, f urt her conpri ses
machi ning said contai nment ring notch with a reverse

tata pgrf I ﬂ;er e‘%f“ﬁ% %?c gp% Siag eSa gnerrreél}] %aldr seagmg th%e{}c%rr}lprcl:s%ge
2t owar dshaamgihef fancise oISt lhsaisdlamhtarrpf aalci;em@mdlentnslg detch to
5 di mgsg PlecdBQialnda, case at a second point of said

cont al nment ring notch |ocated away fromsaid front
4end. 15co0lipgpaidiseriainiBbiiRg I ERUCEHN CPIEGHIBNSHE; aF B|dfoyajprpent ring
ssead debr@ast tr dsB&hd Gl@lﬂ@éri WiREein S aicbxﬂgdl.'inhz&r besaideas@nrhdt ring is

ausﬁ1 3 I nsi de anet e gif aid ﬁgnt aj pent ring

6 notBf'ef §2n i seRBLdipariar oLaid ST H. hat is |arger
7t han anpsiibsingl@idbostaenhenr rigf in sad eneomertiringeaith; aridng  at
gan anbi ﬁmmn%qm%el% Sool BAF hrhbiGH B er&@ﬂeQalﬁﬂFEa?d &‘)Hﬁﬂﬁlent ring

ring in sald contai nment ring notc oW ng@}
9f aRotelnie dearegsectinm saidcsecond diameias fanyaed spid ipsidp dipmster, and aflRyyipgsaid
10S lcShtdiMUn B3 1® Whrnt dp@&saﬂﬁ%fénﬁt&nﬂéﬁﬁﬁe daﬁblr@eﬁlﬂ e(aﬁefi‘rlrlﬁeflﬁiﬁg to
sai,d second, dj anete

1 LT E A G T Eb e B r P TR o
sai d contai nment ring at said anbient tenperature,
1gi vi ng t1.se A oethad deading laklainnt whereir wisseating furthpgompyises:

et hod Sofity sq{ngntﬁlQn&llt @r\g% S8 L&kl Bathetkr SRl cB™ainment ring
further conprises: heating the fan case to cayse

an

3i n&q dsereate ionRtderseond dameter BRI SPifresTendriany holtse C‘f'lsa'“mem ring
41 NGYspAke tﬁaﬁ)a@nﬁmtedbfamabmammmngmgmm aid

cont ai nnent .ri 0 _.cause an oyt si de r

3cont ai nRERPRPS ?fi‘gi PUHLE “ré%m i ﬁ‘ag dott&l

é6wher ei nalbaing ssié coreihngntaing teewarpfup ®ahid ambmtéamme OPlllSn’g said

7I S containment ring to increase toward said outside diameter, but resisted from doing so by said

a%f sai d

8  inside diameter of said containment ring notch at said ambient temperature, giving rise to said

9 shrink interference fit.
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smal l er than said second di aneter of said contai nment

ring notch; positioning said containnent ring in said
w@onvasnsent ring notch; and allow ng the fan PEEES1005/041822

cool to an ambient tenperature causing said

contai nment ring notch to decrease fromsaid second

1di anet ers.t OV\@hﬁthScﬂicdoanﬁ@iodFaindi furtadr esmpprigingt al | owi ng

2Sal d Cont mm aplteas{ J)nrégtlttfeglné\@B%TAQ% cﬂ&nﬁéér%almog%rface of the fan

t enper a ar e causi n nment ring to increase

3t owmesdndai d out si de di ameter, giving rise to said

4shri nk iRl Gf&MHzSink infsaid ltﬁeasﬁsnémtfﬂaﬂﬁlg AEGRicAl WigrefnQaid
claim5 wherein said seatin gﬁgfurt er

C
Scodtiffge 5ag weivohe & 56 o™ EF o gz g LB g’ﬁ“%’ﬁﬂ‘fgﬁt“a" conditions
6di axneti@icedafuritpopdrat@df ehe gaspabing jenygih® decr ease toward a
second di anmeter, wherein said second di anmeter of said
containment ring is smaller than an inside dianeter of
Isaid cohtat mmﬁacmrﬁ@ tasleisht8 vdesintspid piiffsping Hpgpotch is machined in

2C 0@& Qlité}rgﬁ‘r?atce 6f1tl'ﬂzg‘ad &sesaﬂh %l@@ﬁh@keﬂf@m&nel‘ HipOrumRt Edhprl's?e@d
| owi n sal contal nnent rin

St ent e sa 58 T BE GG BiHE SO e AT g e o

4I n Giceas o 4 @vdaid thsRlatidmeerttisit @ éarghr thaednentsidbdibmetarsif saidoal least one
t{?fenmﬁelﬁ% no?ch aYanSa%J{bgeH terﬁpega?urgl g%f :L t OI eﬁ;“e?a ture,

6g| Vi ng pQSSenlnwsasieﬁilﬁfe@‘rgrrlnew spid dlpeeane piiftening fingytchyend

et hod QBqu{uﬁ SitteRing HfY tmc&l tOLéﬁlB Qlﬁlflerﬁ &maérht%ien&usmg said
machi ni ng at | east_one stif

r| n

Sci Peélfmeraniidgireaye fom idsesns waéfég %évafﬁéﬂd frstigsidefjigmeter,
9s e i réxghted fxﬁfnldﬁﬁg B9 BYyGsaid iottgjdd diansesr of saitd at leasdne etiféening ring notch,
105t [ ff.enll ng L ngpl&erth nc\é\ﬁggr ein said stiffening ring

10y e SIVIE LIRS ?an case tromgoing oval under a Ioad and
tenperature conditions experienced during operation of

It he gas2% ghBmsod eftclaim §wheein seid facasgs mads of e 865t BRI t o
2Cl ahmg]agirélt’@&ﬁﬁlhrﬁbnﬁﬂﬂeﬁ’gtls&nﬂfszfx@wnta@méthtlﬁlgg R@fa@drofiaSecond

rrahln i.n an outer  surf f t as aid
L b R R b
said stiffening ring to cause a first inside dianeter
lof sai d2ktTht methpdef claimeéd visrdimseiddias mategnl i alwimirnt fdd de

2d| mﬁoel{latérﬁﬁgahiékél %Q(?Jupérlal@d} an outside di ameter of
said at |east one stiffening ring notch at an anbi ent

[tenpera ur tioni sal, fenin n

lat | eas{z oﬁ‘é "@%P‘% ?tjé;%l' gi’gwi‘eﬁeéf’ ﬁ%%tf%caseé%’a%gl lr o{\?rvl‘“nmates”éilﬂ d
2st inhfirg firg strdnpl abdsaicOffentroring & thdenfii seqond tatend h%vingrae
3¢ a4k tr§@th§1i§%} hd S B8 ikt Cflttegaldecr ease from said

secon laneter toward sald first inside
dlamster but resnstedfromdougg sai d ou

Idi amet ef3- Jehe @uthed oficlaim 2% wheggisaid iyt Plétﬁ‘il%gs ww%@

201 e thdt&RI ik @ nisiadl-BasedWupdildlidynt er f erence fit. 20. The
nmet hod of claim1l wherein said fan case is nade of a

f Irst mgf elrh ﬁ'!ethgcﬁgf'c%gn ?wﬁér&ﬁ'&u&%ﬂt&%%ﬂé hé%(lﬁ&%p and

sal d contai nnent ri second mmteri al
2havwifigjend tosraeverm dtieecingto wﬂmmm@w éPﬂjtYH‘ spragetrd Pleifhan t hat

j0f the H4r st ANBp&htuddor use in a gas turbine jet engine having a turbine case having
2 aturbine adapted to rotate along an axis of rotation within said fan case, and a fan having fan
3 blades coupled to said turbine and adapted to rotate along an axis of rotation within said fan

4  case, each fan blade having a leading edge and a trailing edge, the apparatus comprising:
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2 1. The method of claim?20 wherein said first

material is alum numand said second material is a
woemkessikased super alloy. 22. The nmet hod of cb@i/Ish85/041822

wherein said fan case is nmade of a first nmateri al

5havi ng @fah cdss havilgla® Rgértirainderaaibidugict vhie@tludes A gnibiade

< a seconddrmterl al having a second strength

hi é?fg?"r?et‘i’%\rﬁg'?%aaf“ of the first material . 23. The

7met hod @fontinaient rd@ hawirerag iovtersirFwinférentigh surfase.cpid gontdirgnent ring

gal lﬂ@ﬂl@bﬁ@?ﬁ%@ ar%@rlncfjsaiﬁ%h%g WiB &Lk ?a'n cdsS ccﬁ‘ltamnfékterla@@ﬂﬁ @&tam said

super . The nethod of claim1l1 wh
90015%“&1‘%4?%?1{13 FYeﬂbsaﬁef béadﬁ%hetqm?é%rageeffm“é?l%f% Sf"s C%‘Ff’é%%t ring
10Pi @kt6idRg f6rivaid AF & 1aQHeadaDE Eige b dagh fyblAie addudlr A bilehst the trailing
yparatus for use in a gas turbine jet -

“enﬁ?gﬁé’f??ﬁ\'/faﬁgla *t urbi ne case having a turbine adapted
12t 0 r ot awvhkereih sfambladecbaimhent wian ofoaid fintcist i adapitad td 2pply
13C a‘? Jall?@&np@esgl@é’%g@s\/tb $00] Ju?cp Cl%ﬁgﬁfﬁtl& apbest sle@co%ﬁln%ent ring,

i ne and pte to rotate along an aXISO
14r otam Bplepgth Pﬁ the cirgprpferengs ofsgidefan blade Fonfainimep| ragien {839 WEra

15| eabévigerediaeudne a traili ng edge, the apparatus
conprising:a fan case having an inner circunferential

ls’ur]c aceZthh allgﬁlL thc%ﬁm25 t’vﬁ‘aelp a?ddc%m%]%&ﬁ‘!n n%thr&gésp n,
and a contar nment ring having an outer cireunterenti al
2s uptffigient tosmvelnt@t@rwwolﬁ iiﬂéjrﬂomﬁli“ﬁ@“t bed g sposidibbed ar ound

1Sal d fap cassp %&tﬁ%ﬂ’hs@ﬁ\'a@asf t@r‘BmS ﬁﬁ&lgﬁ]@ﬁﬁvﬂigﬁﬁiﬁﬂﬁe Ea€Ha0ifg a
contain sald fan bl ades. |

2bI Abine 3gantgidp rOéaé?)aé?n&taJé g5 9% 6?.}?%% ahlfl sai }mé casy anc{ a fan having fan
_ 3cOmtaddsRompit ta daldqureiné ﬂrddderpg:d imm&awngﬁn aais of wagen withén said fan

| ea C rising®

| SR S0 L AR i
Sbl ade coFfnaishheving arfiont cos whith iselidss ¢ n bladescentpigmery agioacend an
6t O idRRLMack &l aalolit¥r SRR iRk Vifid frnk é}ﬁ%f ﬁl@ fa @dsd wﬁéﬂzlﬁ bne of said

CI rcunferential surface of said co gnecg g{gt Iy int
Tal SHG PHEIFSHEGER GHnE RETEITETTE PaE B e Pl imo
8bl adeorcecrm oasermme art‘degthﬁnaldffan?n)&ddcomainelbnt cigioopamfler ent i al
g ur fac ea con amrmlen rm% Q(Pa%{eg% ed ?r! s@ild g%;rﬁeﬁnrx@ﬂﬂr r%l nrtltcﬁ erdqextendmg

cont ai nnen as a ness S I cl ent prevent
10pi dorevird gf abfeasy ahedieaélemdap ﬁfrPE‘P*i'tfa'r ilgdg ansiafipf étéi?atrt%&t@dmg edge of

110! LS fandlade @pr@ﬂ%ﬁ&ll&%o&x&@ssN@ %rdeﬁapﬁheﬂax%mtddé bt s6i@ fdnRhse and
engi_.ne having. a turbine case aw(gﬁ% a turbi ne adapted

12t o S?‘%f“&faé‘“ﬁ’l‘tdﬂé tofhe ofher 8f B SES AP GRIAPIHIMACS BT f an

case, and a fan having fan bl ades coupled to said

It ur bi ne2&antheagiepinecf tlaimr 251 wleerireshid ngntammeakiing ipddapted to be seated
ro fan case, each fan bl ade having a

2 Hﬁ&% éﬁge angéﬁk?}alllng edge, the apparatus
conpr|3|ng a fan case having a front end which

1includes a fan bl ade contai nnent region, and an inner

2 eI LB PRl U L S
3surfraodgentiatfy inte saidifag cast mnerwfate towards arfo:tncehld whibhfanege.

circunferentially into said one fan case surface and

within said fan bl ade contai nnent region; and
| 30.  The apparatus according to claim 27 wherein said containment ring is forged

2 from a containment material in one piece and is machined to a predetermined shape and

3 wherein said material is selected from the group consisting of steel, titanium, nickel-base
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a containment ring adapted to be seated in said
contai nnent ring notch and extending forward of at
wo emsn3tibe | eadi ng edge of each fan bl ade and edt/Usfoos041822

| east the trailing edge of each fan blade, to provide

47 adipad diyy.conpr essi ve forces applied fromone of said
fan case and said containnment ring to the other of

Isaid fan case and said containment ri ng. 28. The

1 appar at 3is of The lagyaran® ‘a’qconddmg rogilaim 8@ ivdiereio at eutsidretrmeter pigpaid

%Qa%grﬁeg%hné% J?gh@%% ?@La &*alaﬂ,eé%#smb cdn&trﬁx{eﬁﬁfng RGh at an

a| m 2 erein said
3 c onmbzprﬁ BB FEMPEIRtHTY, 376 the fany cssemat@ﬁFdrfe gavgs iduintids dismeternfsajd

4l ntc@rta?rﬁx'legt AR RoRRRAndrARA6 a SHbrldARMetONR s gat tHfah Caid ot

of the fan case, 30. The ar atus accordi

57 SAREFTEI S g B TR PGEHUPEY Y Q%f"&'ﬁ?“ed sl

6 C O RérddinmRNingBicke giviag riseno mdeshmkemerfemmde fitsvhamth b fan e@he t@!sdo
pr pe and wherein said material is

7 g@{.ﬁ%&} ﬁgrﬁﬂg group consisting of steel, titani um
n| ckel basesuper alloy. 31. The_ap Earat Us accordl ngg Q;
Il ai m 28 whethsieppasiys airpiding & Aim Abtvagreip faidgpigimment ring notch is

2CO lﬁfa&hrﬁﬂﬁzﬁtﬁ a Edv&ﬂe ther Sikch Qhtalflyst |nalﬂ<g<ﬁﬁmdtdﬂ afthafan ca43s atadirst point
dl ov%ards salé)tfr?n'? end 1S lessgﬁaﬁlﬁgerggn msmfe ggm@t ?%e?&nd}% a{e‘ml:o%gii)omt

an case' s hea to cau

4s ala‘daM fmm dd fwmmmweqi fugher svhgrein saicheoateinmeniring ismgciiedc h to

51 ngﬁ'c%ﬁﬁe@enhgly%n%t@&gn&% s@f@%r%ch%ﬁ@kvér& thRf.ger than said
out si de dianeter of said containnent ring, enabling
said contain r|n to be nedi

T'cont aj nirent iﬁeﬁﬁpafﬁﬂs froing %’ Fég Tg" &t cfub“dgﬁlralmﬁﬁ%mfsa'd

2i ntendimncaning if dlightiheger tHaeaf iasideciiapetecafhig cangrirgmenring notch at an
amgmgleré ai %&ﬁgrgt%euaﬁg theg cas-gh&eﬁgoot@ %&Eé‘s%m%ﬁﬁ rdf'iln@ﬂr 3 Qaid

h said contalnnent ring notch is

4 e etritaieenimingiiogh fodnasgassdo  ssend dinmetsr alpid gontqinagnt fingds ¢oaled
sdi Y BELEN &ftsx&ehﬁanfeﬁpotcs@xa Qordinn®en{ rlnrg$5 dePr@isBto dsesvad gismaé] d
front end, is less th second JnS|de] dj anet er

61 A VEE SVLTEoar GRTHGA GO HECUTAY 'PF BATQT T PURre-Bl domcer o
7aneaid whtalm&fent\mg h&tH) er&almg said tinainfAERTing fo e gositednediio aihed
CI I;:(():n arpltn?er rli]nt In‘rc:)l gém%n ise t§ sa?d'ﬁmﬁrﬁkqﬁ‘teﬁelr’c{ngea@%hgrpthg% Qge §(%|lsdmd
reverse <§ Fl aratus according to claim?2
9wh eal@;mtaalmemulﬂg welrms ¢ mersi @Yﬂblelft tewer@tuont ai nnment ring
is slightly larger than an inside dianeter of said
1cont ai NENt  THeRfparbals Gcftoﬂtng claiT9 @hdreid b outseigdamatetifegid
3In gﬂt%e{lqrg?e%gr?nggs ﬁ%xéhtb'gshrgear_ %ﬁrﬁ%nn Psndec alr“{isé%r ?]19 {:onpa‘?r{rx]l%rgt rglg notch at an
3a smbiendir timpenatueyr and agidicosRinchewoing alcmﬂ\@m cauerpg) OPtS'd%:@@mfé@ of
4t 0 %@%‘?‘nﬁmﬁ'@nt(?“& & HlEAl @%Ec@ﬁd d:?ime?’e@' whefeRRhid sBRMianfeteP8F said

ecrease to a second di ameter, wherein said second
5 d| amwenmngssmnall@élm &7 iApigs fhianpeten gf spid car{ainmeat ringgeh.eazblng

6S€ Gﬁ?@nﬁlnﬂﬁﬁtrﬁé tde pSintﬁo@lecCiQ Eﬁi&oﬂﬁﬁﬂkm frih £ @otdhQiNaikY rise to said
ena in ment. ri ost i n
S ar“’lH‘"lf Hﬁetréfem.f.é‘ﬁ f"g?’} S c%all%enbx%\g Wﬁéms up sa{doamS gntgem;ﬁaratur?(
interference fit when the fan case cools and said
Icont ai ndfent Triempparetus rerordne tarlaim2® ferihbl comprisngper at ur e.

234. The, AnRAL 3k é}§ov@§£@ﬁe‘a'1&gﬁr§t%r§&1@ﬁ &M A& iR sidface of said

outS| de di aneter of said
3 containment ring notch; and

4 a plurality of grooves aligned in a second direction on a machined outer surface of
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containment ring is slightly larger than an inside
di aneter of said containnment ring notch at an anbient
w@ee7nEsTRer at ure, and sai d contai nnent ring i SPCDUS®0O5/041822
to cause an outside dianmeter of said contai nment ring
st 0 sl@emBasRnirRegd second di ameter, wherein sai d second

e SR af s P 9080 v
7en abiaidl’bgntaamd‘nt nmgmamterfemrtce shrmg fit together, prodpluralgn eteroayes on said
SS aln%er sgltﬁc@ pﬂ?ﬁr&)ntg & tq @Qh v lcu@ glufa!h%f Ergo@@brdsaﬁlhﬁdep k
i nterference en sal cont ai nnent rlng war ns
9t o surfaceiof S p@\tﬂmqeém@hgmp écrogglatclq-ﬁ@narﬁbgarc piher mcreasmg the

IOaC GitighaD ﬂ)rJePbét?\Lre'éh Eﬁld’ZC%niEMﬁ’lEm ﬂ?g £OIRRAd SidgataifmEit Hﬁg’?dnd i’éjlucmg
groove IS
Tl e R B S R L e

plurality of grooves aligned in a second direction on
la machi éed olieappasausfacpordingfiddiel 2¢ futheticamesistngr i ng;

2Wh erein, M?we@ Y aglehsp&%rloéﬁbrnf“ﬁﬁlﬁlgngld &ﬁ’ca%rrféﬁ’tﬁtn@ kdWARIRbntainment
ring notch and said outer surface of gll d cont ai nnent

3ri Aige Beteh P ArewETt BIdSARAINTEHY [iHadram Pinpigg I TRaton (g sgjd pontainment ring
4pl woh.i ty of grooves on said inner surface of said

contai nment ring notch and said plurality of grooves

on said outer surface of said containnent ring align

lin a cr&ss- hBlteehpamusraetording tegldn 26 fusder copprsingasi ng t he

of r'i cti onglasf AL ASge RESES Rid@hHinmeM rifk RSB vhdrdinhid @htaibment
and sai d contai nnent rjing and reducing t he pot ent i al

3t oring 5ibalHd/iysaiskat east enedlgpdedn 1ivedspid F?'%‘?g““%ﬁ“& rmgﬁ’°§‘a§P'G"'“g mn

4C OnR¢igion rRAK coritigmdndtigotcB6. The apparatus according to
5cI aim 27 further conprising: a spot weld in at | east
one | ocation welding said containnment ring to said

Icont ai nB&nt Thengpantisarrotdingpr daiwnil fishirdonphingl nnent

ring fr %Mn@giffgﬁné fing Rl ta@hel BrcSRAktnEARRS DEFRMALe of the fan
ring notch. 37. The apparatus according to claim 27
3fur°ﬁslﬁié\“dcon'pr| sing: at |east one flange secured to

4S al d co HEt&feﬁlﬂﬁ Ahg dehtEDin Bd & hhast‘dﬁk&hffén’hg&ﬁ{g dotclo Whertin st

S a| gff g {1(% %E%aﬁetd%lrrou&g a ]sl}rglﬁ{ngeatgrencerf]'? wheremngd %thfeg ﬁ% I%’gq'esxsts
6s altlda faroqaseetranmgsirtg oval mgdeneloemand &Blpermh@ cerijnsaxpesienced during

st | ?{rgloggfﬁlg It@ﬂ,lggjgt engitd t her conprising: at |east one

eni ng rF not ch nachi ned circunferentially into
asurface of thefan case; iffening.rin
Seared i oaTts R B iR Gimep &ﬁ?fﬁl@ S sigeripg de s foreed

Whefoi aluniidintlindhd gifceeni ng ring i s seated through a
shrink interference fit, wherein said stiffening ring
resists the fan case from goi ng oval under a |oad and
It enper atr e Treradbaratesrscortinsér ¢lim@d wherein sndstibpeipatineorichs

ot N&nGRSedtitth B er bitbacEt e B casd And ahRidRRRMERL d4Said stiffening ring is
according to claim38 wherein sal d stiffenpin

3 orsb@ay sRgllsy than ARORSiFS Sipmets et ?51] d@glgast one stlfffenmg rlgg notch%t an%blent

4  air temperature, and said stiffening ring is heated to cause said inside diameter of said

stiffening ring to increase toward a second diameter that is larger than said outside diameter

5

6  of said at least one stiffening ring notch, enabling said stiffening ring to be positioned in said
7  at least one stiffening ring notch giving rise to said shrink interference fit when said stiffening
8

ring cools to said ambient temperature.
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40. The apparatus according to claim27 wherein said

stiffening ring notch is nmachined into an outer
wenfagsasof the fan case and an inside di amet epcDUSBes/aH1822

stiffening ring is slightly smaller than an outside

odi anet er of said at |east one stiffening ring notch at

lﬁgglt th f" ttgnggagq?%%{:cﬁ mgndéa}lrgr%z t }éetfnlalg Fhe I?allni se 1sI tjg%ed f?om one

2stmfﬁehmmgmmtngamomwncrease toward a second di aneter

sthat is larger than said outside dianeter of said at

Ieast one stiffening ring notch, enabllng sai d

Isti ff enfhg rTI??g’PEaéat‘Bé"ﬁSES@igt“? Him a7 vherein thy Taprcasedsyngnuigppyred

2st iffofneoné BGstekl, GnitAla6dalghivilg i se to said shrink

interference fit when said stiffening ring cools to

said anbient tenperature.4 1. The apparatus accordi ng

It o cl ai #3.27 Vieppiraustabrerding o daim@7 wheréip thy dap chsedymasniactyred

25t @8k a binbRM KikraNd_al um num 42, The appar at us

according to claim 27 wherein the fan case is

3manuf actured from one of steel, titanium and

1al um num, 43Theﬁb&ra’&ﬂﬁ&foﬂﬁdg$o él:ﬁﬁ‘a@B d'h&gnhlﬁ)odlﬂiditidﬁﬁnﬁﬁr of said

meér}etz;ugrpgnpri% is gﬁ&? ﬁrﬁgi}g{'l a lnSI c:at('{)arm ?er off stalg corfctlamme 4%ng no%h at an
3wheméient agtengpeatasired @ddalamtaetmeurfrms alcdol@ddn raisqEoutsidg digmeter of
4 S sgib l:&taﬁrlnxmé rﬂ{%g@&crtegl@% ABcohd\GihifiRer HaPUGhSler Rhn 8Riifide
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a turbine case having a turbine adapted to rotate

al ong an axis of rotation within said fan case; a fan
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1 53. The engine of claim 52, wherein said heat resistance ring is adapted to be seated

2 through a shrink interference fit.
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said contai nment ring extending forward of at [ east
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wo emsp3tipe trailing edge of each said fan bl adecTmiisios/o41822
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event said fan bl ades becone separated fromsaid fan,
said contai nment ring extending forward of at | east

wo be7heasi ng edge of each fan bl ade and aft of pat/Uubmas041822
the trailing edge of each fan bl ade, wherein said fan
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resi stance ring adapted to be seated on said fan case
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paratus of claim59 wherein said first materi al
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22 backfire heatable region to provide radially compressive forces applied from said fan case
23 backfire heatable region to said heat resistance ring and wherein said heat resistance ring is

24  made of a third material having a second heat resistance higher than that of the first material.

60. The apparatus of claim 59 wherein said first material is aluminum, said
second material is a nickel-based super alloy, said stiffener ring material is a nickel-

based super alloy and said third material is titanium.
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