FAN CASE REI NFORCEMENT |IN A GAS TURBINE JET ENG NE a Rel ated applications
[ 00091 This application is a continuation-in-part application of pending
PCT Intemational application No. PC 172005133504, filed Septenber 20,
2005, which is a continuation-in-part application of application Serial

No. 10/942.923, filed Septenber 23. 10 2004 and emtted "Method and
Apparatus for "inproving Fan Case Contai nnent and Fbat Resi stance in a Gas
turbine Jet Engine." BACKGROU ull test of a gas turbine
jet engine, a fan blade is dePE%é%ég%Fﬁ@%br%@ggﬁ$ fromthe hub at a maxi num
engi ne rotation speed by an e¥pr&ESSVERBBIRIEHESIGINOned at the base of the
fan blade, This test is used to denonstrate the engine carcass's ability to
contain the inpact of the fan bl ade and handl e the resulting

out - of - bal ance forces, "i'bis inpact is absorbed as vibration through the
fall case &ontai nnent system which surrounds the 20 engine. The fan arse is
an el enent |nRgm&gﬁlgggﬁscontalnnent systemand is typically the heaviest
conmponent of a i Ine jet engine due to its size, and due to the
strength reqlf® HnentsThhémﬁ%Wmeﬁgémﬂﬁympﬁggésmmﬁmﬁn@Gﬁﬂmgﬁﬁﬁnt pur poses.

In gas turbi nﬁntdwﬁ&on@lﬁ%ﬁlﬂﬁ@n NSUBELRsIiR, R4 BBkkbirk N8ys, @ﬁéﬁ@g air Travels
backward fromthe conbustor to the tan area, |ncreaS|ng the tenperature

within the faffiEeeAHeAreaRISH QR RPRlcEEn Feiiakhn U4 82D Blef Srpsapbaldr e. " These
hi gher temper mowamnmy“rbehca aﬁcamptpmﬁms for idetoeihgiicag doh@mnwhald vt eri al  the
fan case |s t ﬁmgtggnsé%q. d thntalnlng or reducing tie weight of the
fan case, i at® "thé m { nalntalnlng or inproving far, ca e
containnent strength and ut|I|2|ng fan case nmaterials that can w thstand
the fan case tenperatures is a denonstrated need in the att. 30) [0003]

BRI EF DESCRI PTI ON OF THE DRAWNGS FIG | shows a schematic di agram of the
overal | strucBOf&C8PUMPtypical gas turbine jet engine with a fan casing;

typi cal ofist hmopsi or aHa,fulFﬂe@oszgﬁt'ﬂ@W@Jeaen’él'hé)ﬁ?’dn%ﬁ@é1|s@@lb&'ﬁtel@-r&f&@%@ ng for a
fan casing tyelcal of the prior, art, 35 FIG 3 shows it cross section of a

forging for a'PARCERH HYFBI™ FEhe PREY SPEE RY i RARHE PPHPosiHoBRB AN HENt of t he
present descr bfplid fathladk, ﬁhs@cst14u&hMm@smmmngnsmtcmmab:m to@orit@ciht ne fini shed

fan casing haVI QLQE){__AI%)& b%a./dfénd h?li)tﬂf)elﬁe rf,sﬁlpi 3 aveG‘Ehceﬁorthﬁnsl rp}gzl 6A 613) and a

cont ai nnent ri een, shrink interference fit
to the fan ca§wwgmafWFW@%i@@mhmaﬁnenb@uhmmmn%@&m\ﬁhémpmewemm descri ption.

20 enpine. The fan ease is an element in a fan case containment system and is typically the
heaviest component of a gas turbine jet engine due to its size, and due to the strength
requirements the fan case may possess for containment purposes. In gas turbine jet engines
susceptible to backfiring, heated air travels backward from the combustor to the fan area,
increasing the temperature within the fan case and causing a rise in fan case

25  temperature, These higher temperatures may be a factor in determining from what material
the fan case is to be constructed. Maintaining or reducing the weight of the fan case, while at
the same time maintaining or improving fan case containment strength and utilizing fan case

materials that can withstand the fan case temperatures is a demonstrated need in the art.

30 [0003] BRIEF DESCRIPTION OF THE DRAWINGS
F1G. 1 shows a schematic diagram of the overall strueture of a typieal 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.



5 HG 4A shows a cross section Ma :aging for a first stiffener ling for the
far: casing of FIG 3 in an enbodi nent of the present description, FIG 5B
shows the first stiffener ring of FIG SA about to be shrink interference
fit to the fain casing of FIG 3 in an enbodi nent of the present
description. 10 FIG 6A shows a cross section of a forging for a second
stiffener ring for the fan casing of FIG 3 in an enbodi nent of the

present description. Fl seco rear. ring of FIG 6A
about to be shrink mt@?f e%‘gﬁégg?ss “E“'Ctnon ac}'?’éi”'étgg g gt Breg ™ in an

embodi ment of the piflesenvss (BESePHFiBi aoqhﬁA,l@*) FdQ corainshrowsg FIGRE3s 78ect i on of

a forging for a COmﬁt&ﬂaﬂm@ﬁtshrrdknlgerfeQﬁcetmﬁ) lfﬁtﬁﬁh caQ e Qfin H Ghodmlilo@n
enbodi ment of the resent descri ption. ows the containment ring

of FIG 7A about tU°BERHFTHRION nterfer ence f|t to the Fan casing of FIG 3
in an enbodi ment of theripresanks a GRSEEIPLS OBeing@r FF@ stiffershOSordhe$Hhemat i ¢

di agram of the airfl.ow ugh a urbine jet engine, FIG 9
shows a schematic diagr rf;Flr?r{;f)]"f gfuh%“bgﬁygfrlt%‘?% %ﬁ‘l‘”ﬁ“‘f"ypl cal gas turbine jet
engi ne susceptible to BFAGkIH sliomg.theFi@ stif@na howsofaricr mab&eoblberkhmﬁ( a

forging for it fanycasing qs tyllcnﬂﬂoc\éfﬁ% F% %? a'gleesrlmlbg i3 S lpe grcscPtl on of a

enbodi n:ert of the present descriptio a cross
machi ne fini shed f&¥¢riPbdsi ng having a ring of heat resi stant material that

has been stirink interf engngaeshbivia &cﬂ@sc&%ﬂ ope?-l%} i f@fy SBCEJ)&HI”Q‘DQF[] F@'nhc
embodi nent of the Eéesent qgsclaﬁn ption. f straws a sche

cross-secti onal Fashe offF %‘H’%"‘H&QWFQ’“&H" desgyirtiginer cont al nrrent rip
jr, an enbodi rrent of thﬁGp@Beﬂeﬂt ttdes@hd piffead.rink loGFIG.FAS WS e SEMRMAL I C

cross-sectional di %g:rﬂ?i%cgfﬂeb 12N G A3E ht)afF+‘]%\QS ]IQ aghegbegglragng;]ié nment ring in

an enbodi ment ofthe present descnpti om © B8¢ti on of a
machi ne fi ni shed f@nsm:amnng of an aI ternative enbodi nent having two

stiffener fS' ngs and a Cpfi@tﬁ.! Jﬂmcr& @E{IOB %fo@ﬁ%%ra?@%@@ﬁ:ﬁl rﬁ‘ugq’dr% fan_

interference fit to a fan case with t tween : hero.
FIG 15 shows a scHemtiifdccy E)%fseﬁéj@‘&‘f‘?%?fé‘ve PSEGIeATPEM. t he fan case of Fig.

14 having an inner Ccortig] 78eRkvs NhdGoRPPRE g SHFRE, Al hidenehe Ihitgs FIG 16
shows a schenatic dla am | IIust]Eﬂatl ng a bl ade strike contai nment region

of a fan case in aR“ERBSHiTEN " OR™ (AP ebiEnt TyeB cbptimegh.of Ficaresed7 shows a
schemati c cross- segkdripnal di agram of the fan bl ade of the

20 FIG. 8 shows a schematic diagram of thc airflow through a typical gas
turbine jet engine.
FIG. 9 shows a schematic diagram of the airflow through a typical gas
turbine jet engine susceptible to backfiring,
FIG. 10 shows a cross section of a forging for a fan casing for improved heat
25 resistance in an cmbodiment of the present description.
FIG. 11 shows a cross scction of a machine finished fan casing having a ring
of heat resistant material that has been shrink interference fit io the fan casing of
FIG. 10 in an embodiment of the present description.
FIG. 12 shows a schemalic 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 sectien 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 10 a fan case with the fan case disposed berween 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.



fan case of FIG to. c DETAILED DESCRI PTI ON [0004] Referring now to the
Figures, in which |ike reference nunerals and nanes refer to structurally
and/or functionally simlar elenments thereof, Figure | shows a schenmatic
10 diagram of the overall structure of a typical gas turbine | et engine
with a far. easing typical of the prior art. Referring nowto FIG 1, Gas
Turbine | et Engine 1{}41 has Fan 102 havi ng a pl ur ali ty of Fan Bl ades 104
housed wi t hin Fan Case 616 ;ll'hVS a]g 1t04d at e rer qh g rotation
along a centerline 107 16 BrdVide 5 '5tgr312”‘ BN Rt 5'@ eo%QP%V‘mTtBB is a
tow pressure conpps;é@svtﬁnfdmAQaschaﬁeetd@memIOéthc mtsenttioeddiigh Pressure Conpressor
Rotor 110 and its atta L.C nto
Conmbust or 112, |ncr eas?ni@q{lﬁgmsﬁgsg%ﬁ?@dcé%g ?eh%rgrﬁrﬂhea\régltnuér?éqeg?&ﬁ%e OF[rﬂ:et air,
H gh Pressure "t urfBi @& Roort 114 and its acconpanying bl ades and stators
are housedsw thin H gh Pressure -turbine Case 116, Low Pressure i Turbine
Rotor 118 and its acconpanying bl ades and stators are housed within Low
Pressure Turbine Case 120, Low Pressure Turbine Rotor 118 and its
acconpanyi ng DETaldes DasdrgTEMNes extracts 20 energy from the high-pressure,
hi gh- vel OCI tydags Pl ow 0 - gy to Low
Pressure " E)I nzl Shaf R@%ﬂ@ﬁcﬂv tgﬁﬁplé%res‘[ g’r“#%ﬁgl?e\r}gfg&'&%%rﬁgdfm rﬁ%\%lgdl ng nost
of thet hr ustheF Brsineasally ardyir fractipa!ly Eifg) irsemargQ hergoh Fteoye ﬁhg\tﬁrﬂéd@m@ﬁows a
cross sectjhonq@fraiofl R Gbidgsd Qfire @faftf’ﬂ'ba%lhﬂglc %mgﬁ@wm fah DSing RFikPEF art.
Referring nosy to FIG 2, Fan se For after machining yields Fan

Case 25 202, Yf‘éﬁ%%“ﬂ#“d%‘t‘a’t“@ﬁmd‘“r‘&el Gaﬂg bﬁréJ°‘|Eﬁg‘ﬂerﬁ0§h3é>€a’h’ﬂlzéﬂ"”lsan Case
For gi ng 200 i slufaby geichn Braodn ou Hohie&mtmmcﬁﬂadeﬂd@ﬂhb Ran00€roPitee 6:€an aXiB 6t Ooper ati ng
terrperatures an r.ac I‘IS'[I rticu as turblnejet

th r.
engi ne that FEI ?&éf "giﬁcé‘%rlgmées?ﬁmw afrémakﬁﬁr& “l’rgzt?of’séerlll ﬁﬁﬁreffé@e 202 be
made of titankcamyessbhehifoegs mgt avap gheh Pfe&nreChmsrcqs(aNOIOCLﬂﬂand 1Fsamacwse For gi ng

200 1 anpr gLl ‘)?’h‘}%m&mﬁocMﬁgtomfmc%%whcmsu 202 has a

flight weight of oxl mately 975 ounds as turbine Jet engines,
the fan case #ay°alge! Henfeiie Hish ’%‘W@ﬁl"ﬁlﬁﬁi‘o@tlééf”d I%Pccwwl%d’dﬁﬁ%ed from

conposite mat efd saloss,areG@ﬁa@aJﬁmtueH!gmr@frsmair@blﬁe/m@ﬂkI Yow PrOGhHO@bife IKR4r€
material, a reinforcing naterj materials are

a resi i nder
typically wootf, 20 6%09”8?1‘&‘”ﬁg‘ﬁ%f/&‘Hr‘i‘ﬁ‘mﬁélhﬁ?sfﬁ?‘&‘lhﬁ&%d’feé?”ﬁa e fdteude
fiberglass, carbonwbicher Tuame Roens ard(k Jecomagyingesidey asonponentcst ypi cal |y

I ncl udes le y%nsct erfrom t%lh.ln%l {egslecgfg@ ve%mﬂ QW[@%fom%%mgusstotr ?Pqné)ha%g‘grs i npr oves,

and t enperatures”go tur um num'cases are
of ten wr apped ewiayhe Ib(e»\/ﬂr%ﬁﬁllrlew*éne@hvfellédd@d 1rstt1méng=§ hanf18%, pfoasiding s oCont ai nment

pur poses. For ;evwemn, Q;@qurbgp% g,l;gmggod enper at ures not appr oprl ate for
alum numor steel, titaniumis used, which nay als pped with Keviait

if so needed f905hddi t iF&MEA 2 ShQYYeFiKt etiop @@6@&‘“&5{0? ?J’é‘f‘ Eﬁf"él% WP'&%PUF‘es of the
machi ned Fan gﬁ&@n.zﬂﬁcrh@ﬁbudﬂ?la 1,%1tn Qkd fob@1i20@afier machining yields Fan Case

25 202, shown in dotted line outline, In this cxample, Fan Case Forging 200 is forged from a
titanium cylinder in one piece. The operating temperatures and load characteristics of the
particular gas turbinc jet engine that Fan Case 202 is designed for may require that Fan Case
202 be made of titanium. The forging weight for this particular Fan Case Forging 200 is
approximately 3,347 pounds. After machining, Fan Casc 202 has a flight weight of

30 approximately 975.2 pounds, On gas turbine jet engines, the fan case may also be made of
aluminum, steel, or manufactured from composite materials. Composite materials typically
include a core material, a reinforcing material, and a resin binder. Core materials ar¢ typically
wood, foam, and honeycomb. Reinforcing materials include fiberglass, carbon fiber, and
Kevlar®, The resin component typically includes polyesters, vinyl esters, and epoxies. As

35  technology improves, and temperatures go up in the gas turbine jet engines, aluminum cases
are oflen wrapped with Kevlar® to give added strength for fan case containment

purposes. For even higher operating temperatures not appropriate for aluminum or steel,



Ring 204 and Second Stiffening Ring 206. These two stiffening, rings help
prevent Fan Case 5 202 from goi ng oval under the |oad and tenperature
condi tions experienced during engi ne operation. Accessory Flange 208 wi ||
have holes drilled through it and various engine conponents hung fromit,
such as gear boxes, tubes, wiring, etc. First Containment R ng 210
encircles the outsi de of Fan Case 202 and provides additional strength for
fan case con o] tai | es.the inside of
Far. Case 202t“%In used \fsﬁch rﬁ'zg agggys“rﬁ%l L:iholﬁlar% %?Oe"ﬁe %Fof ?)dsdlf”é\ﬁ case

cont ai nment . Wﬁ@gtéectl on of Fan Case 202 between F| rst Contai nnment Ring

210 and Secondodgept ai n@rﬂémrﬁlfémm%%ﬁhéxﬁacﬁ%Fﬁmspi@%mééﬁ!skﬁlffeﬁﬁ’g“ ai nment
regi on where a fan bl ade, such as Pan Bl ade 104 (F 1) w ITkely strike

should it br e&kﬂglz%@é SeorprRtilierinatipg 206 Biegedve Wéferg'i'gzr@%ffelptweeqta?ntCam ades 104,
whi ch typi gal 292 @degoidzhes u‘ld@ﬂ’tgﬂ&td aful t&tﬂpebit@%ﬁd]ild’l\s &p@'&ﬁceﬁ Wik BRinket engi ne,

this section of Fan exceptional |y strong.
"t hus, First aﬂéﬂtlg’écAgﬁ?fsoé’o &7 %"8 i }%ﬁ grﬂ%ﬁq‘“ﬁ'fén a’g "W”ﬂ%‘ E8%di ti onal
strength. [000%hpoRingure; Brsthouwk asacgboss wecwllnog] eiof liat Coraginny Rirgrz1@ f ar
casing in an emgghm&heg;fak E?SC %Zecxﬁ@&gwcf!:??o%[]m&q gt%ﬁ%ﬁﬁ% &h (09 now toFl;. 3,

a fan casing ofthe present description can he su itute or Fan Case 202
for use in théeré‘afrf@“@éscoﬂ%?%iﬂﬁ@flc?lé‘ﬂngéhbq"ﬁ’és thoipsigee! {ri (@be 208hmd@hase 202 was

desi gned ejot hQ)FovidE‘s addifi@hirs@Enstn fd?ffan%ﬂ.e Eohlafibe MO TIRNEGHBE: (Fhn ERe R02NEWEN
manuf act ur ed gine. Feat ures 8[ ﬁréesent description are appl icable to
Sc&wg

a Fan case of &8%‘”'?‘(5‘?%‘?’%@0?‘ aippeaipgt 1 B ndtate ikeappl i cat i ons
in which it faﬁhtalﬁiﬁeakﬁﬁonaﬂferearﬁﬂ bpt® 6lWE &F an Blladcusl (FISUG hvileipply seied | ons i ncl ude

avi ation, anph ther, applications For.gi ng,, 300 after
machi ni ng vyi el’ i(ljpgldlf[a ae@ase ro@dtihl% ﬁue n |ES'?(fj°otﬂfeF nl?[ICI%e ou‘f”fmhq.%p %“3? " his 25
exanpl e, Fan @adescRdrgilades 800 iushinlie engirorthjegtction ofiiza Cese @it oftcyl i nder in

one pi ece. s ndr:ng@d to%a@sgh&aumﬁngf %LQH“& AP RT oRaifh PR BEs SM3PE Whi Ch
sinplifies the forging process, but it is appreciated that the shape may

vary, dependi Rgvidpeiitierestisagt cular application. The forging weight for
Fan Case For gijem@7B00 i Skiguré3 ihbmambﬁalonemorga@pfr@&heatnghnyanZ 545 pounds,

?52 pounds I| ter t han Fan se. Fo ng 200 u i ni.ng, Fan. Case
505 hos T i APt RO R b R g PO b S oD ounde
Iighter than Emr@a&&ﬁ@ﬂxbmﬂ%dﬁ@ Farauer B f@atedh hhathe pheurbiad jerhgiesor W ei g' ht

and feat urgs ohkbe oI 08, A0RHBNNAL ooriEREDINGenc AN LG PR L oular

application. tructura ur es the mac 302
i ncl ude Fi at fBIdnlff#Cémdr?ggmleF??ngN@f lé%pr%udfaﬁw"wah@m PR&R 9% ORE 8§ Not ch

306 located iny&ndihadddi& @&rlﬁﬁ@ﬂe@ﬁfa?@ﬁat%% @aﬁl@h mgbntaﬂ-éé@:r%'pf(fdﬁ‘dai ng rings
fromtwo additional forgings. ;see 6A, and GB) w il be

seated in Fir é*irus’StSI“F}f"’é’ﬁli’“ﬁ’go”?ﬁnﬂbdeﬁﬁflé’ﬁ “S’Bﬂb‘&LﬁdndS@Eb?PB“CSF?“Ff SACHY Ring Notch
306 (sec FI Grorgthy) 3t0unbehaphifineNentratad: Daseodl dironncgoling lomal under the

Dependi ng. UpoR“HE GESTaHodr & Bar Ttk aronp 4 uad@riid B8P LA O ¢ oni ng
ring not ches reynpbethuforging2edhas anujp]t:rhbgmc weiyh ﬂg@l!lﬁgsdmfqumg process, but it is
appreciated that the shape may vary, depending upon the particular application. The forging
weight for Fan Case Forging 300 1s, in this embodiment, approximately 2,595 pounds, 752
pounds lighter than Fan Case Forging 200. After machining, Fan Casc 302 has a flight
30  weight of approximately 751.3 pounds, 223.9 pounds lighter than Fan Case 202. It is
appreciated that the materials, weight and features of the forging 300 may vary, depending
upon the particular application.
[0008] Structural features of the machined Fan Case 302 include First Stiffening
Ring Notch 304 and Second Stiffening Ring Notch 306 [ocated in 2 middle portion of Fan
35  Casc 302. Two stiffening rings from two additional forgings (see FIGS. 5A, 5B, 6A, and 6B)
will be seated in First Stiffening Ring Notch 304 and Second Stiffening Ring Notch 306 (sec

FIG. 4) to help prevent Fan Case 302 from going oval under the load and temperaturc



various positions on a surface of the fan case. Al though the stiffener
rings 502, 502 are depicted as being seated on an outer surface of the fan
case 302, it is appreciated that one or 5 nore of the stiffener rings my
be installed on an. inner surface of the fan case, depending upon the
particul ar application. Accessory Flange 308 towards the beck end of Fan
Case 302 may have holes drilled through it or other attachnent surfaces

boxes. ubes, PTG eaT e FBO00] ™ CONR Al TR RGNt e st Hel eo the
i nsi de of Panf@ase n81®32br 16 st fTmong mifuemogih¢singly bslutatcdta‘mélhﬁsy ontbeémweled iA cont ai nnment

ring froman @ggbstﬂog%'s orT QJug'éc@gftﬁcsf%?casth%ugl?{ﬁb %’ﬂgm]#x)g Wil doRg seated in

Cont ai nment Ri ng shows a cross- sectional schematic

di agram of t héePf%hd ,35 ‘?fé‘géea%Q“ ?WOPF@(‘:I“W piihedarca§te 4T Hivempreyaegharone °seat ed i n

t he inner Gonmiemnmameﬁeirn@sn@)t 6NnsB & on ThRnS @Gt efankan deasen:302 spanni ng
the wdth of the Cont nt Ri.n e far ade ri ke

cont ai nment  r 8435 P aéa ‘fa ‘B ﬁ“%asgw riaég%g]g}?w&g“ [E%?fcﬁngagllaﬁlgise? Glt will
li kel'y strikemshowt tbldstdrilpxdadogh 0osechanamedtt surfagd formidii o it, ®eedrioan of Fan Case
T e S SHIRORR o R B Kb, 245 B0G AN G, COnt &l nrent 11 g

from the addifiona eterfined shape to match
wi th Contai nn##f09] Ri ng qwfele'hen?ﬂi@g NpetoMp diectss &Gd}srﬁ? givat Cas¢ $8ngt h and

cont ai nmen f@!ﬂ&h'&?&ﬂna @ﬂh&?o%?en@oﬁccﬂﬁ&m@uﬁ nnéffn{n'l é}xta'd&ﬁonﬁlqmgﬁé (%E’J e to First
Cont ai nnent Rin ich may be omtted fromthe Fan Case 20 302 of the

present descrifptY: 5’!\ ‘"EPu"'é‘) ! tl"'h‘“é“céd'cﬁof‘?‘ﬂ‘ﬁ%ﬂ‘ Rigg P’é‘ﬁfg{lﬂ PiCold Gee asPst he
cont ai nnent r Isé’&lonalzr,@l%malfctdldgﬁlm&pmé 26 bat Bd fittiatihiaRodditien gborlesent s, a

second or additional containnment S be a de i on the
particul ar appidy rtcf’rbuﬁnme["gﬂf@fﬁ‘fhﬁ ﬁ}%éecg%? ‘}s/rﬁo'\/vsase 2?%‘5’% Efs)ge “‘Fgﬁﬁg

forgi ng for aCknngtensRing Nerreld rsn}ng"dnfbd)ade {tike corﬂaa:memasgmgvmrfe afdn@ladd i n an
enbodi ment, sof sﬁch%fﬂﬁﬁéﬁé‘g&ﬁ%c{)“m QB OHER 198, BPG.D G, 25 11 st

stiffener r|n abou Iinterference fit to the fm
easi ng of FI GseCBOTiOrﬁFa‘rﬁﬂéerﬁ%él'm‘éﬁﬁm@ﬁmtcﬁewbﬁwéé{ém"gd’é%H?F Feptaingwnt rRef er ri ng now

to FIGS SA andmdBaddiidn@lorgint, knfnéh%& 139 pRIAGm QS shape R RAQyvith@bh@hmdwachi ning to
a predeterm ned shgﬁe to match with Flrst Stiffening R%U?aﬁwtch 304,

yields First &MEMPEAHyrey! ?F@a@ﬁ?”al SRBANHATE AR U Oﬁ‘e &M FI ' sk

m this exanpl Gnrucﬁtd'o‘&ﬁlpaﬂbleftcf ERt nguammng RERRYI ngchS&IMQ bt Srmftﬂi’fQﬁdhefHa@[I’hs&ﬂ

al um numrjng n one, pi ece rgin ht rst. Stiffening R ng
For gi ng 50:’(9 33’ ‘br&e(?mc Q{)“ff/“ofgﬂf 0 h(%ﬁ% o %ﬁ@l pmv' Hb’ﬁghecoma "FS{"st i ff eni ng
Ring 5f 32 has 782 fil is ginteciwed ightn agifer tarpmlmmlmteednyOﬂﬂﬁdm@@mmmmfn@)mw] inthis

exanple, Firs ffeni M Zaridpblhgated separately fromthe fan
case 302, is grhﬁ)n%g (i%ntegr @%g‘%ge Eam Lll ntp('% First Stiffening R ng, Notch 304.

At anbi ent 35 [9%APler at Uiire ¥heovrisiateseetion it @eing for elimetitaey e diitig Ri ng 502
wi |l be slightdy.giymkkey. 3maramsdafmenmﬂthsbzd@mdjuaﬂafbﬁ:rammf.gﬁb sstho& iné f eni ng

Ring Notch 304, First Stiffenin es First
Stiffeni ngRi At 869 Breg BndA ag"r‘fhtf’ g‘g%‘f‘ﬁ‘dmf ?Fée”fﬁlglmdge Gl %i‘ﬁ’ﬁ% er%?tjt:ltsj, % di amet er
t hat is great anchhametthethoptsmndescditameReerringfhow to'FI6GS$. S8tand §lehirmg R ng Not ch
304, and givi %gf rnlmsg?lir;[g(?’orging 500, after machining to a predetermined shape to match with First
Stiffening Ring Notch 304, yields First Stiffening Ring 502, shown in dotied line outline in
FIG. SA. In this example, First Stiffening Ring Forging 500 is forged from an aluminum ring
30 inone piece. The forging weight for First Stiffening Ring Forging 5§00 is approximately 154
pounds. After machining, First Stiffening Ring 502 has a flight weight of approximately 4}
pounds.
[00011] In this example, First Stiffening Ring 502, fabricated separately from the fan
case 302, is shrink interference fit into First Stiffening Ring Notch 304. At ambient
35  temperature, the inside diameter of First Stiffening Ring 502 will be slightly smaller than the
outside diameter of First Stiffening Ring Notch 304. First Stiffening Ring 502 is heated,

which causes First Stiffening Ring 502 to expand, increasing the inside diameter to a diameter



First Ring Clearance 504, enabling First Stiffening Ring 502 to be
positioned as shown in Firs! Stiffening Ring Notch 304. In this position,
First Stiffening Ring 502 is allowed to coo), which shrinks in dianeter
and seats itself circunferentially into First Stiffening Ring Notch 5 304,
At anbient tertperanre, due to First Stiffening Ring 502 attenpting in
return toits snmaller inside dianmeter, but being prevented from doi ng so
duetothelar er outsi di apet er i ffeni h304 a
RO L 0 R S R G R A

ci rcunf er ent i &lrstRoe €eadawk A, etppPing Eidst bigtefag RingCaB ¢o BORsitmpedis sigtvn 8t i ffeni ng
Ring 502, an@;r&@ﬂ@nlngRﬁgmHM(ﬁf kil Asin n{))rpl’:?s‘?sdfﬁ:mﬂ?ﬁi'nbﬁﬁ H?loxfédﬁééooﬁt' ffening
Ri ng 502 by Fan Case . one e e radially conpressive
forces may be “dishitepled Ganaenandasasdisdfcrpaiaeiigh g Bry NES By Re_NeEr | i ne [ 07,
Al so, the radized, |4 a60PRESIME dhob GRS SEfetin@RRk bRAnGYIh] BudUsloys around the

entire Orcum‘erence of the First Stiffenin W t ho i nterruption.
[00012] i gur S8R SR ALTS e i S TP B8 Pobids oy P GERE st i [ ener

ring for theoffnt Srafsmmgnmgf NdtdhG04, 3 stirink &ih @rifatraneit resul & hethprdedent

descri ption, Qrgpr qubi &, qurerﬁlaqu\@ef be%g%%ﬁ%aﬁg%?l%qsc%Bi E; Fﬂ%ﬁﬂ%ﬁl@%}iﬁ)}c .HG' 6A

about to be shrl n |nte erence an cas in an
enmbodi ment of SPhendgimeanturdeger!ifptc iomplicRes mstStifent Wa@ZH@Ca$Aﬂ7and 611,

Second Sti fyf efM6]19eﬂdagneﬁptrhg#aﬁhgnﬁgﬁpres%fué @fceﬂ%ﬁlrgb El-,'n{égd Bxﬁ)th@a:&f £eekier m ned
shape to match with Second fenin , .yields Second

Stiffening R d&fn6d2, ce@ﬁ&m”ﬁr{\l%wf ee'al?wﬁ'épmsetﬁ forCFﬁearfi %PIPP@WMUSH n this
exanpl e, Secomaurattha‘ememngmﬁtdﬁ@ oF(hE grlrslﬂglfﬁﬁlﬁg R]ﬁg mrugm@t fnreet:rpuam 2 11)
alum numri nggbdbéglne pi The f ening Ring

For gi ng 600 i pr oxi r’lgé'tre?A e mgusﬁg S o%f peye r%%h“?{‘%ﬁ‘%" “h%fﬁ’
Stiffening R ng (602itgasFH. Blin aglqmqumegmme Qrfescalpipﬂcopuomn@hyumgn Gopounds.

[00013] Inthig S%wm(gk&u rﬁg%ﬁnﬂg EMJOEI% e@&n%rnafeéﬁé it o2 ghncc@;edorsepar ately

fromthe fan case iS°S |nter erence fit into Second Stiffening
Ri ni, Notch 308G 3Ap angrispdnent o2 rresgrpéosaipiinne Referree savsh HEGHPAmstor of Second

Stiffening Ri %Qcoﬁ@ﬁltﬁhh%\bh@?oﬁ;%hm@ |a§ft.r|nﬁ§§mﬁgh@-£‘pre&ehﬁmﬁ)ddts§dpgﬂ ndicAtes er of
Second Stiffening

econd Stiffeni n%ﬁ l,rx]gv [%? i s. heat ed,

whi ch causes §é‘6’6‘n%l'f§i“f'3$'é$ﬁ"?{ﬂ‘wﬁ&dﬁsé‘?”’fdé“g%#d“g SRR 5408 i nsi de
dianeter to a ou@lheamatcemt hatis d:x.‘amgé eado&rStmhramg lemgﬁmde fdgeamfemem of Second
Stiffening, Ring Notch 3 1vin e.to ond rance 604,

ri
enabl i ng Secodd™& " ‘I”%H]loﬁégp'ﬁie nThcgﬁ%nﬁ clghs %\@%c)cond%?ﬁ?mng é%ﬁmgﬁown in Second
Stiffening R ngprdiohady BOGounin ﬁtﬁlall gacpioisg, Secord StifetmaitingSi0R hfsaighigyeid® ng 602 is

al lowed to coql I el shEibnks i n di aneter and seats itself
circunferenti %I pprB?rr]n o g %on?jS Stiffening 8 Not ch 306. At anbi ent

tenperature, dW1Bb sedoHd corirs %ﬂﬁi”ﬁé“fﬁnﬂ’g R“E 82, SPr P EPHEY GOFEfurn to its
smal | er i nsi dgxdi, a8t &fshrifRierRRhR g RILBVRRL ﬁdfefﬁlﬁmgjﬂétﬂ@ﬁsOAtdtMB]entt o the

| arger outside dianeter of Second Stiffenin hrink with
an 35 i nt eff er'BHERY%G ﬁ ¢ pEdd! W‘“r%sfcf‘?“‘{ %igg%ﬂ‘ ”%&g'b'*rwgbsess g ﬁy (Eflﬁsr“gﬂﬁlf erenti al
force being appisidedarbeger Emconﬂ:an&nfﬂﬁ)Rmbyo@elﬂénﬁbc@tdlb‘hffemgri*glgﬁphgh@@Q, and

tensile circunferential i itk Bl e0l Ring 602 b
RhELBLeoh 6 TRl S AR 3o incroBEAME iRid L ARG R NG y
Fan Case 302. 11 6ne enb dglrrernt e radia {Pmc ressive

diameter that is greater than the out51de diameter ofSecond Su fening Ring Notch 306, and

giving rise to Second Ring Clearance 604, enabling Second Stiffening Ring 602 to be

30 positioned as shown in Second Stiffening Ring Notch 306. In this position, Second Stiffening
Ring 602 is allowed to cool, which shrinks in diameter and seats itself circumferentially into
Second Stiffening Ring Notch 306. At ambient temperature, due to Second Stiffening Ring
602 attempting to return o its smaller inside diameter, but being prevented from doing so due
to the larger outside diameter of Second Stiffening Ring Notch 306, a shrink with an

35 interference fit results, with radially compressive circumferential force being applied to Fan
Case 302 by Second Stiffening Ring 602, and tensile circumferential force is applied to

Second Stiffening Ring 602 by Fan Case 302. In one embodiment, the radially compressive



6 forces may be centered on the axis of rotation defined by center lire
107. Also, the radially conpressive forces are applied continuously around
the entire circunference of the Second Stiffening, R ng 50, wthout
interruption. Also, each stiffener ring is, in one enbodinent, fabricated
as a solid, unitary or one-piece continuous or seam ess nenber forged or
machined 5 in a closed | oop shape. I n another enbodi nent, a stiffener ring
may be fabricated s en. | d tr the ends

t oget her by V\B%rdL le1? erlgm?r'é'd onqpel axl1s Of IQI]J Ope?lnﬁlgéjbv CFrgts?'zlae fbg E%.Bg' ( 000114] | t
is appreC|atedommaﬁwqh@&gﬂvwﬂéﬁem“mpW99ﬂwuymh@mh@caméﬂmeiMm%memn@03|t|ons
ofa fart caseyirgdeRendi 6@gwmgﬂmsrhﬁmﬁpmsb G s @fmer I‘lﬁ'l%lssl\'l Eﬁ’érepng&{me‘?ippr eciated a

hat the sizes, dinension, 10 shapes, materials an earances ray vary,
dependi ng upor{abe?éEdﬁéﬁoi‘@:lHP’éi‘Fy Oéﬁrﬁrﬁ‘e(:%\‘tof"ﬁﬁouslo{Se?@e%ﬁ’ﬁ’ﬁ@é@a&eé@ t4sditcddue to
\léarl oug 1; ?Gt orisa rSM@d’llo@&hal’wanﬁJﬂ&C&mHoﬂhiE}dl%gg%/aneram§ﬁab}f ﬁcermlﬁ?édluﬁgg ﬁUCP aﬁ t he
irst Stdlenin e 0 cu ce of the
outer surface; EOOBQPEF‘? dz'ﬁsgﬁ’g r@ag)gon%@%.ﬁg?fgsrw%)?é I“éﬁimlg 8" Fp "t“’gf”?"faf eni ng
Ring 502 may @bmdmsfﬁ@ﬁ., of the circunference of the outer surface of
the Fan Case ?[%’14PUt t]hi@}%@ﬁl@{th&ﬁhﬁ%&ﬂhé%&% %ca}/ga& a{pogﬁgngl ﬂg upon the

particul ar application rdere I'Tst
Stifiening Ry %Qde@ﬂﬂﬁjpg esn thagiphdalion. @O?Tfp'ﬁ}éS@Pl\ﬁeatﬁbh@é!B sizeal dmegsitthe | engt h

of the cirgunfspeneferialfind dMrah0GEy Gh! & f Ind n%cldrﬁ the First
Stiffening Ri 1158;502 sf{/‘r?er?nt her Fi rsty "&gt eﬁ%%ﬂ ba : %gﬁlatg)fnslh?l nk

interference PR HHEERYEoys BoapIrh aslngnpﬁwtfﬁ@}dneabwié@veaftwumﬂat in sonme
app:c :c cations, ﬂnetFF]rm)&ftb@gap@rsop?t}&becngdg? mb%\ﬂfdne]glaauhreﬂ%e ok ﬁxﬁérﬁ&rfa&ehween a
stiffener rin Interference in .to g ran case such tnat the
conpressi ve f %rf;t?:‘eg‘mtq)}ef1 e\3‘\)/§2(a'n °f ?{ém@f’i‘a}cggﬂé}ﬂﬁnlnﬁgmﬁﬁ@ MYt §% 0T Mecase are
transm tted t kiromdgnentcd teiomersummt &nliedthy Cdse 302 onethembodtioffemn@tt,may barg | 1 ner

mat er i al dpﬁndﬁQﬁorﬂﬁ%ﬁRﬁﬂﬁﬁgﬁ%Q £ kRISl blideRa %Rheggr'stat ed that the

liner mat er| al or may have
Qt her propert |3é§e“”(3(30(3f97] aPF‘lleg[Pﬁ@“)’MmBIH@WBTO&EW@g@C%m pohe dtunefertge gi ng f or

a contai nnent g ih@ndr BFcul RRnti R tbhad-aRmE Bs ﬂgfeﬂﬁg fhg%oz%hbﬂh@ﬂrs@m@mgfmm 04
t he present desc[?lpftl on,  and Fi ﬁure 793 contai hment ring of FIG

7A about to be&'"¥ ﬁﬁlf&n%nt“&ffffé% fr}&thfFant%eﬁﬂi’e“fséwfhﬁra?grrﬁcgatftsifthdnn@mes in an
enbodi nent of apmxeunpmselsaﬁytbed@;s@fnmptolpamde Refeemiitrngben@en 4 QiffrleShig sifhkand 7; 9,
Cont ai nmen}ocon t&greﬁc%rfg!o&lqcm caseﬂbﬁ aﬁéelg%grgsls;w gesc%tweerpthc sqﬁ%n%h%ge shape to

match with ntal shown
in dotted |indtedutchicns lrrarrrvmmeghrdhﬂl thg lmertrmt@aB@ @x emtpldeentConiirai :natmua!t R| ng

Forging 700 i $na§' iy rgﬁ;lg ofcroﬂmeﬁlbrelnﬁg:ngf It ﬂ'aﬁ&&gaﬁgﬂﬁﬁhélwgrerﬂat&all r% n %&PCh as

I nconel 718, in one piece, rging wei ght for Contal nnment ng Forgi ng
700 is appr O%Whﬁﬁf@l“&?bﬁlB‘F“‘ﬁ‘BuHﬁgrm%ﬁ‘ﬂ‘@ﬂ‘hﬁfw&ﬁ’?fﬁi’sng to the predeternined

shape, Cont ai nog@At] R NGrigufl BRshBASa Rosf dehi@Rbr VB G for QEonﬁnﬁl@ﬂ)ﬁh[{fﬁF @ty 1381
pounds. it_is ap reC| ated that the cgnt ai nnent | ri ngdpw N cat ed at

ot her posi®i ofd 6188 ih 3 48 em by IR e P drEciHig™ 4 P is 35
further apprecbhatietntrhgbt Flte7Sitwasy bedhink nsdrornce Shapesyn camizel Fal. 3 uand

cl earances ma)én gn%o)fi’ment of the present description. Referring now to FIGS. 7A and 7B, Containment

Ring Forging 700, after machining 1o 4 predetermined shape to match with Containment Ring
Notch 310, yields Containment Ring 702, shown in dotted line outline in FIG. TA. In this

30 example, Containment Ring Forging 700 is forged from a ring of nickel-base super alloy,
such as Inconel 718, in one piece. The forging weight for Containment Ring Forging 700 is
approximately 467 pounds. After inachining to the predetermined shape, Containment Ring
702 has a flight weight of approximately 138.1 pounds. [t is apprecialed that the containment
ring may be located at other positions of 4 fan case, depending upon the application. 1t is

35  further appreciated that the sizes, dimension, shapes, materials and clearances may vary,
depending upon the particular application. For cxample, the Containment Ring 702 may be

made of other super alloys, steel, titanium or other appropriate materials to contain the blade.



dependi ng upon the particular application. For exarnple, the Contai nnment
sing 702 may be nade of other super alloys, steel. titaniumor other
appropriate materials to contain the blade. A so, the containnment ring is,
in one enbodi ment, fabricated as a solid, unitary or one-piece continuous
or seanm ess nenber forged or machined in a closed | oop shape. In another
enbodi nent, a contai nnment ring may be fabricated usi ng an open | oop- shaped
menber and bandi the ends to to forma
cl osed | oop s%ésﬁelpgcf’blﬁ'ﬁrf%‘f 't one °’8 dﬁ%ef“v\ﬁ rt%tﬁ(?%laﬁ n‘E” ?Ei"nﬁrgon%’ﬁce
fabricated sepamartoeigrsefam@mrtlmcrffarged or padecB30d 2lpsed Do fapenkn danphar f er ence fi t
into Contain t i out si de
di anet er of gﬁ%ﬁﬁnﬂﬁgBMF&m‘mﬁm&m@ be@a@ﬁ%@@gslﬁ 2 ovk%gﬁ%?g#&gﬁgr?ﬁd i nsi de
di aneter of c@mdeﬁﬁwevﬁst%ﬂh@bmﬂevg 1 erampigyto omca@@see@%hwheat ed, which

causes Fans Cas@1802 t Qn pxRMGIe, CRGILARIRAG 70D &blidARH S@arttli@IBh @ fIn0 a
dianeter that is re%t%é,tgan t He qu out si de%%%b rm;gr of Cont ai nnent Ring
702, and gi vi A5° A F 8 EORCHPRIE A M RN B B Mo 4 2BREBEY ng Cont ai nnent
Ring 702 to beenmasiuteitmmeﬁida@arﬁlmwﬁmhnmnﬁamRagmneﬂtl bRilipigly Negecthan 1810. In this
position, Fan S 2 1 wed t | i.C rinks. .i.n. diareter and
all ows Cont almrcls:%rreglf’%%rr?g&f m§ Olcp? {s?jel’F V@f%@ﬁ%ﬁm&’r‘@hwd} clagst\a;gg

Cont ai nment Rlcﬁij3ﬂbloe1tpd@il@creﬁtnglhanblﬁemmeﬁcem@rﬂalﬁ@rtéat ischeratet thanfizn Case 302

attenptingto oﬁﬁﬁwlﬂn&epoﬂéoﬁmmt k& 762n:§1'd rnvmgh?crméﬁﬁaﬂnn{]cﬁt Rstcibeihfg prevent ed
fromdoing so due to the er outsi iameter of Containnment Ring 702,

a shrink with4h e‘iaﬁlﬂ‘&‘:ﬁ)e‘?'é‘ﬁ Ripg ?”zr‘%@lPP%”éo,““\FF $hawp ddiealingent 8ing MNassi ve

glo r2 cunf gr ent i alto. 1h isG6sitidREtan gasa Pl it 81wt Eol, Q'ﬁlc}aéhgﬁmrﬁdrﬂe&ganﬁ@ﬁogg)z’ Ean Case
, an t ensi eCII‘C enti a or e t Yy

Cont ai nment Rldﬁﬁ eI ’I“Fn%%ﬁ%“@tﬁlﬁ%ff H@ﬁ‘fm“""flﬁépgéﬂ]‘%weﬁt lﬁ%méigwe for ces

may be cent er edbien tdripeatax de mfFamOasaMZ(amnqbefﬁgtmedmbty itcemtierinside diemd6H7 as 20

schemat i Caf 5| y bﬂ;ebg g@r&%@ﬂﬁ&é{ do‘%&rsgw?e :Alﬂ g“ouéﬁ@é d:An%thPfe(JO%gR%g dﬁﬁlﬁe et he

radially conp 4 cant ruous aroun ntire
ci rcunf erence 7@1 atsfhiek @omanditerfeesnee ereﬁthS %mhllﬂwpwﬁsw hecumair‘tntlftkﬁs@ 202

Wit hout i nterrups ép?ﬂ:d td EontathnRRRGEGHATA &nasozdm :$Qlevﬁ&lln%t,al fRetors such
as nonperfect round ness, a contal nnent ri ng{ﬂsuc as the Contai nment Ri ng

702 may not ERRJAYE FPOGIOABRY Ereineni ik 8t R ek FRodREiTElEur face of the

Fan Case 302. ch@fres2i%e eaeamﬂyeecewaed &Qﬁéais@mem:orﬁcngdKpam@ﬂmecnmt;act 70% of
the circu ere ce of t .t he anpunt

of cont act - Ga - ARSI 16 BN ‘a2 BAPT Tt A dRg AETOo e
Nonet hel ess, iftreds sre@pphsd <d>elrnechslyla@tmdtth:enﬂﬁanrcwa‘een@@mhaﬁmmwmrlhm aI ly

conpressive f Cﬁ‘o&ﬁ%t@dfﬂ@@a&&% 2b?@%ﬂr ifRfem hrga% i©1s E;%'He@far%é %E‘&ﬁe t‘afvarFobﬁ I nner

circunferential surface Contai n E% 0 when the Fan
Case 302 is srﬁr@qfﬁéuqthrwernpefcem%drﬁswqoajaltnn@tws ﬁf'&?ﬁ%ﬂrﬂmemwﬂ??oz it is

further apprecigtednd.fiood.Br $OORuRBRAL 6Bkd IRRSsurhde oMBYFR&ascaPPrAPri ate to
provide a liner materiral between a contai ?‘?&fé%” ng shrink interference U

to a fan Case*¥Rnht hapaitiiat Rignidr Basiepact ¢ PaP{EEnse Y Wht ai nnent
ring and the fsafuc€asie ras €ase Mzam»sm iriﬁcfaﬁioﬂsbmughy tdne dédemirg upatter i al . I n one

g.ggrogi:rg_?éd t H%mc“t]‘ﬁ pplllrrﬁlon 1\50%1 Iheles it 15 conrs%ered tRit he %%r@rcegﬁ n@)h rﬂ%{g?r al, it is

compressive forces along the Iength of the cwcumference of the inner cireumferential surface
of the Containment Ring Notch 310 when the Fan Case 302 is shrink interference fit to the

30  Conainment Ring 702. It is further appreciated that in some applications, it may be
appropriate to provide a liner material between a containment ring shrink interference fit to a
fan case such that the compressive forces between the containment ring and the fan case are
transmitted through the liner material. In one embodiment, the liner material may be made of
compressible material. it is appreciated that the liner material may in other embodiments be

35 relatively stiff or may have other properties.
[00017] For a fan case manufactured from composite matertal, Containment Ring 702

may be cooled with liquid nitrogen to reduce its outside diameter giving rise to Containment



35 relatively stiff or may have other properties [000171 For a In case
manuf actured from conposite material, Containnent Ring 702 nay be cool ed
with liquid nitrogen to reduce its outside dianeter giving rise to

Contai nnent 8 Ring Cl earance 704, enabling Containnent Ring 702 to be
positioned as shown in Containnent Ring Notch 310, to this position.
Cont ai nnent Ri ng 702 is allowed to warm up to anbi ent tenperature,
increasingin er, renrr.ferentially into

Cont ai nnent R n {a”cﬁ 7%?2}%]3“&% Oné?wjg'"%nlt%m% oA erap SmOQCdr a%“’P d' Cont ai nnent
Ring 702 5 at tlenptinsmgRing Nptelt P ninttigs IPOEIBOrgE@@nrmemdmgsﬁﬂaa aiived®tverm ubut  bei ng,

prevented from gr%'ieﬂgeﬁﬂra%m%r@asm% DR, e ngsltsaﬁc.ﬂhmm%ny pf, Contai nent
Ri ng Notch 310, an interference results radi al |y conpressive

G rcunf er ent i A°CMPBPERERBENAE HBphi 3@}9‘3?‘6‘3”(96’1%&“& ‘h’ﬁé’rﬁ"”ﬁ“ﬁﬁmm " Fan Case

302, and t ensialt@npbihgd 6 ke @nfrtddr oftOdeGiRimieSr, &pp&mgqﬁevmedﬁfbﬂ] doag e 302 by
Cont ai nnent ecoqni Zﬁ} that a

conbi nati on of‘heﬁgéif’ﬁﬂd%weﬁé%réogﬁ?“?f BA %\i%W' aﬂméeb%rﬂ‘cﬁ Vg A% rent Ri ng
702 may al so beha@yrpirrm;eesﬁhe|crncumardnaalrﬁarmbemgaztppl@ns: Coaghk@dlingd02 stmannk |it.

[ 00018] In on 4 1 tch 310 is
machi ned cir c?rr%grﬁggﬂf :IEPIItle C%mﬁfﬁgégl?%\%%%gf ta(j %&%?P}ij@%[aﬁqg&ﬁn i de
di amet er of Fdp- G?anséﬂ@@zﬂ Bt Wb epEniae thy dF‘éTsfsnﬂt’ e neahies Hap Sisel @02doagret er  of

Fan Case 302 afin Pl cRrainklQ RERPET miVBY%o ¥admpiol&i if koI kaRnuGaperiPa f an case,
ranging froth EfSt greater than 0= for a cylindrical case to an
r

appropriate dé wétt hat woul d depend upon the specific geonetry of a
conical fa n Qemas) Contlabxmrmn&dnﬂnngchQe’.’scrﬁ;ﬁioms;hmmﬁﬂt Kihg seedfxoential ly on

I ts out SI de Syl Eiﬁcgﬁlrcum% ntlaqﬁk&’ltpa SVLSI'aneeerl?L ﬁ}ﬂl lﬁ@ insi edranEFyg"gat 839%%? t he

Cont at anertt ence
t aper can add aepcint & isless then thyintide dwteardrarr@sc{lﬂhmaxomhﬁnfheﬁapcrgna?@@w from 20

sl i ppi ng a§| alflo}ﬁ f%ﬂ.af%far@?ﬁ@rm?lggg fr(llrpggé'lg Ier'lﬂan @0%11‘ (,Jy%rwdﬁ ba@e tggx?hl ning for

Fan Case 3 doné in'a Yits ction, such as radially, and the
machi ni ng for a%@ﬁl&ﬁeﬁ?ﬁéﬂﬁﬂhﬂww& dpmyad vy hpEedBrsOPRY &1 s@EHE™ direction, such

as axially, whhghchidRr&RiQr70k @%ﬁcma a@mfe@mlaay ort i@ olilige Jubtkics to dlitdhect i on.
since machining |leaves a spiral: ecord; _conti nuos %r oo{?{'te on the

machi ned surf deggme feﬁﬁscgar%fo@é@ %g*bwa@&&% Rug 7% il PieTEpicy i orR. a

cross- hat ch nmannesse s, tﬁﬂ@]h:rthﬁ@fe,xtrdﬁaﬁf@a@ﬂeﬁglllﬁel‘(&mﬂcahmé:ﬁthO@abz frdnor ces bet ween
the two su fac S andl egﬁ é}agﬂtoge potential 1'or spinning, of Containnment
Ring 702 RPESHE ig Notch 310. The plurality of grooves on
Cont ai nnent RI[D@WDZ Iwhddg bon,ieeymablgnity facfen 6fse 3 ol éb drage fsypiectial | oy, for

exanpl e, can Sgchqglragglf &ng% r&aaﬁnmfﬁr(%hﬂaﬁ\ﬁ{cm Ring 962% @S 4RRin&aRbAl nment Ring

Not ch 310 of 7?ran Cas be made of tltanlum or in other
fart casings, dyesigh Bich assiciglly, whieh ‘émﬁoh'ﬁﬁﬁpcrf"’@?‘c”é%éﬂ]‘b‘f fst dipprEomS¢Kel - base

super al l oy gnpeMes; eas dend, o fé&c@d E(hlﬁmﬁ@afgtr(ﬁ)be dni theaRchiRad s6t228) the @foval um num

r oov Al ternativel i | in
gngoossm)r Le onae'zgch Slﬁfdye wngolwn ina cross Latch magner 1o eac MerdmcsreanRg %e RlcnonBOt wel ded

forces between the two surfaces and reducing the potential for spinning of Containment Ring
702 within Containment Ring Notch 310. The plurality of prooves on Containment Ring 702,
which may be made of a nickel-base super alloy, for example, can be harder than the plurality
of grooves on Containment Ring Notch 310 of Fan Case 302, which may bc madc of

30 titanium, or in other fan casings, possibly steel or aluminum, for example. The nickel-base
super alloy grooves can dent into the softer titanium, steel, or aluminum
grooves. Alternatively, Containment Ring 702 could simply be spot welded in one or more
locations to Containment Ring Notch 3190, or bolted 10 one or more flanges secured to
Containment Ring Notch 310, to keep Containment Ring 702 from spinning in relation to

35 Containment Ring Notch 310. Machining in cross dircctions may also be applied or omitted,

as appropriate, depending upon the application.



| ocations to Contai nnent Ring Notch 310, or bolted to one or nore flanges
secured to Containnent Ring Notch 310, to keep Containnent Ring 702 from
spinning in relation to 35 Contai nnent Ring Notch 310. Machining in cross
directions may al so be applied or omtted, as appropriate, dependi ng upon
the application. 9 [00020] Figure 4 shows a cross section of a machi ne
finished fan casing havi ng two stiffener rings (FIGS. 54, 5B3, 64, and
611) and a eo I TEN rin 74. a een shri
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20 temperature and load conditions.
[00022] In this particular example, Table 1 below shows a comparison of the forge
and flight weights, and costs, of prior art Fan Case 202 compared to Fan Case 302 of the

present description,

Table |
Parv/ Forge Wt. Flight W1, Cost/1b Total Cost
Material (Ibs) {Ibs}
Fan Case 202 3,347.0 975.2 $8.00 €26,776.00
Titanium
Fan Case 302 2,595.0 751.3 £8.00 §2(,760.00
Titanium L
First Stiffening Ring 502 154.0 40.5 £1.50 §231.00
Aluminum
Second Stiffening Ring 602 148.0 40.6 $1.50 $222.00
Aluminum
Containment Ring 702 467.0 138.1 £7.00 £3,269.00
Inconel 718
Total 3,364.0 970.5 $7.28 $24,482.00
Savings -17.0 4,7 $0.72 $2,294.00 J

25
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of other suitable material. Since the same volume of aluminum or titanium is about 30%-55% of

15  the weight of the same volume of steel, substantial weight savings can resull. This weight
savings may translate into increased carge carrying capability or reduced fuel costs or a
combination of both,

[00025] In the gas turbine jet engine industry, the trend is toward making fan blades
longer to increase thrust. The tips of the fan blades can rotate at supersonic speeds, while the

20 base of the fan blades rotate at subsonic speeds. This can cause a harmonic vibration in the
blades resulting in the tips of the blades breaking off. To counter this problem, instead of
making straight fan blades, the blades are shaped more like wide paddlcs. These wider and
longer blades result in more mass that must be contained within the fan casing. Also, as
engines become more efficient, they tend to operate at hotler temperatures, potentially adding

25  more difficulty to the containment problem. It is believed that the present description can
greatly assist in mecting these challenges for greater fan case containment strength and
potentially less overall weight and lower cost, as well as provide other features in addition to
or instead of, depending upon the particular application.

[00026] FIG. 8 shows a schemalic diagram of the airflow through a typical gas

30 turbine jet engine. Referring now to FIG, 8, for a gas turbine jet engine not readily
susceptible to backfiring, Air Flow 824 flows into Fan Case 806 and into Booster 808, High
Pressure Compressor Rotor 810 compress Air Flow 824 as it enters Combustor 812, After
passing through the high pressure and low pressure turbines, Air Flow 824 fiows oul of the
back of Gas Turbine Jet Engine 800. The heated Air Flow 824 in Combustor 812 travels on

35 through and out of the back of Gas Turbine Jet Engine 800.

[00027] FIG. 9 shows a schematic diagram of the airflow through a typical gas

turbine jet engine susceptible to backfiring. Referring now 1o FIG. 9, in contrast to FIG. §,



15 the wei ght of the sanme volunme of steel, substantial weight savings can
result. This weight savings may translate into increased cargo Carrying
capability or reduced fuel costs or a conbination of both. [00026] in the
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dimension, shapes, materials and clearances may vary, depending upon the particular
application.
[00031] As deseribed above, the machining for Fan Case 1002 may be done in a first
dircction, such as radially, and the machining for Heat Resistance Ring 1112 may be done in a
30  second direction, such as axially, which is more or less perpendicular to the first
direction. Since machining can leave a spiral, or record, continuous groove on the machined
surfaces, the grooves on each surface may align in a cross-hatch manner to each other,
increasing the frictional forces between the two surfaces and reducing the potential for
spinning of Heat Resistance Ring 1112 within Heat Resistance Ring Notch 1012, The
35 plurality of grooves on Heat Resislance Ring 1112, which is made of titanium, may be harder
than the plurality of grooves on Ileat Resistance Ring Notch 1012 of Fan Case 1002, which is

made of aluminum. The titanium grooves can dent into the softer aluminum



Fan Case 1002. Fart Case Forging 1000 is simlar to Far, Case Forging 300

showmn in FIG 3. Fan C as,, Forging 1000 after machining yields Fan Case

1002. shown in dotted line outline, 15 which s simlar to Fan Case 302. In
this exanple, Fan Case Forging 1000 is forged from alumnumjr, one

pi ece, [00029] Structural Bangles o the machi ned Fan Case 1002 are simlar
to that shown in FIGS. 3 and 4 but also include Heat Resistance Ring,
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exanpl e, feat cgﬂﬁikaﬁikl?‘m%tiﬁ% ng C%s]c]lgﬂziaﬁd {5@% Hekt Resistance Ring 1112 may be

25 employed to secure the shrink interference fit. The titanium of Heat Resistance Ring 1112 is
not weakened structurally by the fan case temperatures, and serves as a buffer 1o the
alumipum Fan Case 1002 due to the different expansion rales between the two materials. The
titanium of Heat Resistance Ring 1112 is exposed to internal fan case temperatures, and some
of the heat is transferred to the aluminum Fan Case 1002. The titanium provides the strength

30 needed that the aluminum lacks at the higher lemperatures. Containment Ring 1102 may be
made from a super alloy. It is appreciated that due to various factors such as nonperfect
roundncss, a heat resistance ring such as the Heat Resistance Ring 1112 may not engage
100% of the circumference of the outer surface of the Fan Case 1002. For example, the Heat
Resistance Ring 1112 may contact 70% of the circumference of the inner surface of the Fan

35 Case 1002, but the amount of contact may vary, depending upon the particular application.
Nonetheless, it is considered that the Fan Case 1002 applics rudially compressive forces along

the length of the circumference of the inner circumferential surface of the Heat Resistance



titanium but may al so be nade of other materials that have a conbination
of heat resistant properties and strength properties to maintain the
structural integrity required for Fan Case 1002 such as steel, steel

al l oy, or any nunber of commonly used aerospace super alloys. Heat
Resistance Ring 1 t 12 may be fabricaated fromtitaniumsheet material that
is bent into a 15 cylindrical shape, wel ded al ong the seam and forned to
mat ch the insig I
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compared 1o the material of the fan case. However, since tht, Heat Resistance Ring 1112 may
be made substantially smaller in mass than that of the Fan Case 1002, the material of the Heat
Resistance Ring can be more expensive or more heavy than the material of the Fan Case 1002
and yet achieve savings in overall weight or expense or both, depending upon the particular

30  application.
[00035] As previously mentioned, FIG. 12 schematically illustrates a containment
ring 702 seated in a containment ring notch 310 formed in an inside surface of the fan case
302. Referring now to FIG. 13, it is appreciated that a containment ring 7024 may be seated
in a containment ring notch 3 10a formed in an outside surface of a fan case 302a as shown in
35  FIG. I3. In this example, the containment ring 702a applies radially compressive forces
directed toward the axis of rotation defined by center line 107 as schematically represented by

arrows in FIG. 13. In one embodiment, the radially compressive forces are apphied
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case further. [00034] First Stiffening Ring Notch 1104 and Second
Stiffening Ring Notch 1106 10 nay he made of alum num titanium or steel,
for exanple. Dependi ng upon the specific gas turbine jet engine being
considered, a containnent ring and one or nore stiffening rings may not be
necessary with a heat resistance ring, and a heat resistance rimnmy not be
necessary wth a contai nrrent ring and one or nore stiffening rings. The

present descri Bttllrr,'n?orll:sl Iar\éu% r;]he eP,'tlre c1rc9mdlnr%1‘15c_:g§fsllu%lon{a nme§§ rtcgﬁg%a \-itgs regar di ng

[materials, Stre resi's “Can be Conbi ned
to come up w tlmeramuqyptl mum design for a specific engine's gals and

requirements. ERIs6PXanDl e e, faNlaFRE sA0GLINL BE, DAL AN, BBt | vely

I'i ght wei ght but reI atively inexpensive material such as al um num and the
cont ai nnent r ilffgtiopoZongalFie rirde?- FoE- 1A shert averamrlavihialy? eeircéttideicydiey hi gher
cont ai nlrren]Es sthslt)@]rcagzdae ﬁl&b@&bp@sﬁe@coﬁﬂdﬁﬁémﬁhéﬂﬁb IAégﬁb“ZLSm cra@%&c?&mg(r) Sd to Igg
material of the fa S nce the nt ai nnent may

he made substaﬂ‘f‘ﬁf“ﬂl"f@% IhFéI\l?FFeﬁ”’f‘?H@éa”th’Er‘fO‘l’ %{’Ee”Uf”gtﬂ"ﬁ% HPEFAPCHYE 3,02, I nc
mat eri al of thmerfe@mmmmlmmmamgwmﬂe i@:ansekmzpmneneampemitheenﬂﬂahermﬁge heavy

than the mat erS’Ofl d?ﬂcec nr?q"nmenpm Il?c s?ffear‘lgrq'n 862 1sas.ct;rl;1ulaelv r% Ynlt ncc | .Over al |
ot h.-"depen 'hé i éa

wei ght or expense or ar 'application.
Simlarly, theofafn %5@21@@@6rﬁﬂWSbéO2rPaﬁ@n91bemerrethfaiﬂlffvet lwglf"@ii/\ﬂnﬁéat

resi st ance,gratgfidhentGHoRs 18l MﬁtﬁéWﬂg@ﬂﬁ d52, hﬁadhl%%toﬁ%'s@fﬁe%ﬂ Endfoitg 1 102
may be made of a 25 material havin rel atively higher heaf resistance

properly (sucHa{dn fis ERpH s Hr?)‘f‘deé'i{g‘FfﬁP’éT“”’a%‘ stgstfgarBelctdt PHE Hat eri al  of
the fan case. cblam@y@rmqgs'nme the Heat Resistance Ring 1112 may be nmde

of tho roat  ABEREl ancelils e RabTBhe aubdl il 5T RuF e Mtayy  han t ne

material of t helazl%alga rﬁaﬁﬁsw]:@laﬁﬂal saheb yetinuachd By eiffs@y Hingso, sD2owebal | wei ght
or expense or ndi.ng h | i 30 [00035]
| ?f’a ma?epq la_.vu& rigggéhl l%r u%‘{aﬁl'n?rg of?ﬁ fen@r{%&lr% g@it(éugpa‘s d

As previously nren i‘one Ica . a cont ai nnent
ring 702 seat edper iloa Inco A8 @ pihae mpemraileng, swdttmn@l qr @thfroprrerdiate magmld) asi de

surface of thecoﬁlga?ed%%@maé%ﬁ%ffﬁh%ngomw iR ik Girteded rindsisod, So2appHeci at ed
that a contai nnent rin be seated in a containment ring notch

310a forned mna&ﬁb%ﬂfﬂéi%bréméli?f Pa«@@“as*ﬂ thgt of B dﬂé&éﬂé%@%ﬂ%ﬁ‘§ﬁ%ﬁlﬁ%35 FI G

13. in. thi sf em@mbasgz thee ﬁl@ﬂ@ﬁ:)ﬁ}i@ﬂ[@ﬂﬁmd’ré m%]ﬂZ&caﬁﬁhdl@Sthi e icadel3y2
conpressive for irec r. ot t|on y center
line 107 as’ sc‘"’f‘ig?‘r‘ﬁf‘ﬁhk%@l Sla‘ﬁ)”gr‘éeborvér\é\{zm%}Horcifpensﬁﬂ%o\;}\}sd?pﬁ" Fe Iuﬁnca}espdr?furllarone
enbodi ment, t heplicatbnal | y conpressive forces are applied 14 continuously

around Lhe entpfgfLr Ul SLaNsE Chabe RoN 84 0aRRlyr Big, 7025 dhaut

i nt erruptl on 6] As previo menti oned fener R ngs may be
pl aced i n a varidbpfthofontanyeetRingT82 larh@ﬁ'g btﬂFFe‘"fkaPPn@ﬁ’é“‘?s@@“ 'H0gherga shows an

exanpl e in whi f&hblﬁie,@@éh as psfn EﬁJdL i(fcﬁpﬁf. l,ﬁ'ﬁﬁg§ portion of a fan blade may strike should it

25 ora portion of it break loose from its hub 102 or the remaining blade portion. In this
embodiment, the fan blade strike containment region 1600 extends from a hook portion 1601
at the forward end of the containment ring 702 to an aft end 1603 of the containment ring 702,
The containment region 1600 may be determined by appropriate computer medeling and/or
empirically through laboratory testing of the likely or potential trajectory of a separated fan

30 blade or fan biade portion. 1t is appreciated that in some embodiments, the width of the
containment ring may exceed the width of the potential strike area.
[00039] Within the fan blade strike containment region 1600 is a region 1602 in
which a fan blade or blade portion is likely to or potentially may first strike the fan case 302.
As shown in FIG. 186, it is believed that, for many engine designs, the width of the first strike

35 region 1602 extends from a line forward of the leading edge 1604 of the fan bladc 104, to a
line aft of the trailing edge 1608 of the fan blade 104. The forward direction is the direction

towards the front of the fan case 302 in which the air is taken in. The aft direction is the
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5 502, 602 are placed opposite a containnment ring 702b. As shown in the
cross-sectional diagramof FiG 15, the stiffener ring 502 and the
containment ring '02b are each shrink interference fit to the fan case 302
with the fan case .302 positioned between the stiffener ring 502 and the
contai nment -ing 702b. The stiffener ring 602 is simlarly shrink
interference fit to the fan case302 with the fan case 302 positioned

bet ween t he st 10 cont ai r 70.2b. The
stiffener rlnég&gﬁgﬁ&18£ﬂ9mn9%ﬁ%P¥?%n PoeERe] 2 “W% l@HPﬁ (Attions, may
in this enbodﬂwghwﬁ provi de further containnment strength to supplenent t hat

of the c(: 7t[o;bola@j‘ eft A’s'b&gsezplgk}rc CJOQQ%Z!]H] M@bmc tlh@flh:@fgn ﬁé&@o@@@ may be

made of a relati vely ? @J? relatively inexpensive material such
as al unmi ni um éﬁﬂ?j”&%‘ée E"’P FtheR ‘OWH@%”“BG? ‘%ﬁQ‘C}h‘%\‘W‘h"é}’e faresiifdes fofvad mat eri al
having a rail atdhecedmy daghear, te:ontiag eraigzensbs SMtheSid Hidie misnghsioi@ngl ke such as a

super all oy I n t her yS.. eel i tani um or ot her
appropri ate %Oi“g“‘h ﬁ‘ge"ds I%Bré%g’?séﬁ‘ gﬁ%h%[“ét?e ‘g‘fs"%ffdawgmf’ﬁ'} "ecase
However, si ncemttth@‘ tlstcprftzfnamrrmg|7ng$ar5@tzwst@@2vimy theeian mld érssarids trepini al |y
smal ler in mas,§02t [gf.gug [hg%gdtlpgflgcle&t{@ﬂm rgg% »\%Qr?mst&[lggm% @I‘Fg c@iulds fthe

stiffener rings ensive or nore eavy an al so

material of thestBan adiaserau2! peleadvg B?@tlé%f’(ﬁihe@é bada/i0hgsa fing aByEhal | wei ght

or expense;por ermﬁébdgcdl%QQMHeﬁQu BROM4t N aPAktahcQ Wad fan @Rﬁlstlnﬁ@JthQiHmenli 00030] As
schematically shown in FIG t he section_of Fan Case 302 sgannl ng the

wi dth of the EBPAFNRRhe Ndﬁd?*?i%’?‘aing‘e’t‘ﬁég?o? A2y BFad 8 °8% 'i°R'E °tBht ai nment
regi on [ 600 whetverdand aft@dhechbra 88 pndabciiuaisriekam (Bl aelie: rddh (664 dosholyn inl6) or a
portion of a fF | | ade may strike should it 25 or a portion of it break

| oose fromits hub 102 or the remaining blade portion, in this

enbodi nent ., ti®W®4flan bllate ilstirick entmdntdi thvemitinmegiimry0] 88 2hidgxesehds from a

hook portign 1§61 atrhettm&n&%wgco%ﬂm% nfzngqmr@mnm% ehbddhef07 to an ail
end 1603 of the contalnnent rin e contai nnent region 1600 may be

determi ned by S@fﬁfj%]@rprea%réplmtghéﬁonﬁﬁwém Fipgy7 A Y hisparatehinde T84 PY4et hr ough

| aboratory testpigt. ;ThOfhickdes rludylﬁgl:le‘{cnﬁﬁ]edlﬂtaﬂﬁ&phﬁ': cd;rrpauelaﬁctd@w of¥mpaicgiepar at ed
fan 30 bl ade or fan Flade ort|(g aﬁ Clat }(’je% laE] some

enbodi nent's, tHEBGRHE PPoBhePREC ‘Bﬁ?sé“?ﬁfﬁaﬁst n ‘fje e width of the
potential strifkgnatasd thc{ﬁ@@aﬁdfrh‘d\h{ahnaﬂommﬁzoﬁtamm ﬁr@aost ri ke contai nment
region 1609) %@g?fgl Orln gh6’dc.scr];b4.(pe b\cl)v(ti-ltl gnrtli(e {;?FESL?L asqﬁe l’lﬂés ?6%?& 2@%“ on is

likely to or iall KT Stostr ‘shown in
FIG 46, it is0béls evédretehatiescrfbaft asyivei pg/seweigi N@S@elstp@wh It $pereqibtgitthet of t he

rust strike 3 Le0mA H 'dﬂ% £ o MREeQfrixtE e @Adi ng edge
1604 of the fgﬁgﬁwo%%ﬂhm?g% f%&%gﬁ?’?\rel 12 of 2}5 trai I):jbrizg gdgeIEGOS of the

fart bl ade 10435TFF€C‘P@YC9\HF6"”6?SPé‘ﬁltoilbﬁ“‘f'@af'ﬁ%"céﬁ‘crdé%‘f}i on toward, the front of
the fan case 30da4sn whiIemcﬁn&ibaaémhio&imerake@nhgasucwmaharmgdimemud,mmzbj s the 15

?Inr ?ﬁtel ]9(r)ll’ é’agr gﬂig&r i@?lﬂ%lﬁgch Idesscr?b)éya cslgges%atgd’u?mhtrlpl?lnt%ﬁ'g!fnrggﬁtt\gthm’e(?a\{nl cgsee thrust
302, 302a. It appreciated that one or more of the rings fabricated separately from the fan case
302, may be affixed to the fan case to retnforce the fan case such that radially compressive
forces are applied between a ring and the fan case without utilizing a shrink interfcrence fit.
[0D044] Having provided the present description, it will be understood by those
30  skilled in the art that many changes in construction and widely differing embodiments and

applications of the description will suggest themselves without departing from the scope of

the present description,



(00040) As best seen in the cross-sectional viewof | AG 1 7 of the fan
bl ade 104, the |eading edge 1604 is the portion of the fan bl ade 104 which
extends the farthest in the forward 5 direction. Conversely, the trailing
edge 1608 of the "an blade 104 is the portion of the fan bl ade 204 which
extends the farthest in the aft direction. fn the illustrated enbodi nent,
the wdth of: he containnment ring 702 spans at |least the wwdth of the :'an
bl ade first strike region, 1602. Henge,, %’1e wi dt h of the containnment ring
702 when installed in an engine, extends at least froma line forward of
the | eadi ng edyulitg@neds: the far, blade 104, to a lire a of the 10 trailing
edge 1608 of the fan blade i04. it is appreciated that a fan bl ade strike
contai nment  region 1600 and the width of the containnment ring 702 nay
extend in dne or bbth™¥o% HEPIHMEr d and al | directions beyond the
bloundan es 20f a fi Erﬁtrclﬁg m dﬁ&rd’ﬁgﬂ@r@mﬂlﬁﬁrfﬂSofS)hOm coifaintidt rink@nd f@0041] I n the
(FIG 16) > TRER ki anmes o5 S0k G STEr e trr M 02 TR e
il lustrated erigbdiatendd,to rogtsfafonginents otroaipn evteinszipieecia gndeffarthaengfent ai nnent
et or i ned by Snr o e comsit o e el fis s L HREL ol RS e
upon: the rf’rolcéi?teé‘a‘ f@j‘rb’@bbﬂérﬂﬁé&a%ébea*ﬁ@ja ‘%Pél"éé‘igw“‘ﬁﬁ antippsr Gicggieresie! bl ade
fragments and shihge atnre%ngmtretcmﬁmemtngadd@le ifbldih@neRARL AN BE thd hidg 702, 20
(00042] In the de?crl b% enbodi rrents the rings such as the rings '702,
702a, 702b,8 5058 oTpglubyg g engingand e ach descri bed as being seated in an
associ at ed mnot ch. hplyagpadaay admpekssiv &trees ORAd Qiter BRI @ fe@dhtid Elﬁfddfclal’t@§lhf‘ abri cat ed
cer nf or ce- e e Eas 8 ERB e G TR S s et Qe el bt 0N SF8004) 1
the descri bed fertrddéarininsit reghve extindgs atdus frasd oie: [vading sigt 702¢h ff02ds 702D,
25 502, 60g, Ja&dlzle@snsﬂ&%hmﬁlﬁ &yl m%h%beﬁé (e SBRERAcHPinderShr i nk
interference fit wt fart case 302a it appréciated that one or
more of the rlcﬁ@@ftfr%?l SW&P“ed separ at eI y fromthe fan case 302, may be
affixed to 1th$ fan case to reinforce the fan case such that radially
conpressi ve orce re applied petween a and. the fan case without
utilizing & shri nk§ ﬁleéF%8$%fﬁ@8“ jierein T”ﬁ(ﬁa@ﬁh‘]g’} P G ETEPBRY B S 1 e present
descri pti ors, istrinsididrichecedinche s84 @oeinbys tilpos@iddarsdisel | ed in the art that many
changes in construction and widely differing enbodi nents and applications
scope o tre preseit dcsarrarron MRERG Y URBH SRR PRl 1 TR

[
met hod, con?pr|Ssﬂltlh@ﬂldzoréﬁ@i‘qﬂbﬂ”ibﬁg‘h‘aﬁ“‘Bﬂ‘tdé’ﬁ“eéw%lﬁ‘rﬁf@ﬁﬁﬁt“i %FPC%lﬁ’rSfca@e of one of
a contai nment ik G RREndink ARind dhAdRet ARlA DB RG] ORidfan 8 case of a
gas turbine jet engine having a turbine case having a

1 4. The method of cleim | wherein said radially compressive forces are directed to a

2 center located on said axis of rotation,

l 5. The method of ¢laim | further comprising machining a containment ring noich
circumferentially into an inner surface towards a front end of the fan case; and whercin said
encircling and applying includes seating said containment ring in said containment ring niotch

through a shrink interference fit.

[ Y A )

6. The method of claim | further comprising machining a containment ring

notch circumferentiaily into an outer surface towards a front end of the fan case; and wherein
said encircling and applying includes seating said containment ring in said containment ring

notch through a shrink interference fit.

Lth & W R

A method according to claim § wherein said machining further comprises

™~



4 turbine adapted to rotate along an axis of rotation within said fan case,
and a No having fan 5 bl ades coupled to said turbine and adapted to rotate
along an axis of rotation within said fan 6 case, each In blade having a

| eadi ng edge and a trailing edge, using an inner circunferential 7 surface
of the other of the containnent ring and the fan bl ade contai nnent region
of the fan 8 case of a gas turbine jet engine; and 9 appl yi ng radially
conpressi ve, forces. er ci r.cunf. ace a the 10
length of t cdlgr'('%l grco tdmmen#”%é]?[&lh mtﬁﬁae'r"”(’:elr?uéﬁ??foz?’%n Casf‘”?fl}n;?ace and al ong
the width of tdfrectmllyvhwnmbbladm@bawmoaﬁsnrrémtﬂctt@glahgneceootsemdmngur&te iheast forward
of the |eadi ng;,gdee;of each fan blade 12 and at |east aft of the trailing
edge of each fan blade, using said encircling inner 13 circunferenti al
surface- 1 2 2. Thé& nethsdhefaceyeto duerdithersaneisiadi al |y conpr essi ve force
appl yi ng i I’U3| udes pﬁor&hi’aldlﬂktcﬂ rﬁﬁcﬁtﬁﬁ@”@r@ﬁlgsaﬁd Joﬁthlﬁlge@ﬂrhgdn QrQrﬂ)te@L Rent ring to
said fan c %\ 5 gtof claiml %Irﬁ said radially conpressive
force appl ng |nclmﬂ gd"E Y g WU”Q%OSPE?%?[BE" Brio 1‘%‘@)"’%51‘ in a notch
defi ned by saidnttiamencageo@and shaped to secure 3 said containment ring

agai nst di sipl acenent in a direction longitudinal to said fan case. 1 4 The
nmet hod of aiml wherein said radially conpressive forces are directed to
a 2 center!|ocated on &ardodaiosdingfto vlgmgtviberin sadd @ntainnent et b dekedfrore] ai m |
further comprisiRGnABERLMHNE ofk ;;;éepwelrme.rannarehm sae&éahmmzhecgrcrugunf erentially
Jalto an inner surface towards front end of the fan cone; and wherein
said 3 enC|3rcI‘ioﬁsg*“%ﬁrﬂﬂStéfﬂypﬁ'lt"g'?i”ﬁ‘g"‘?kﬁ]cqai?d%f%é&t| ng said containment ring in
said containnent ring notch 4 through a shrink interference ¢ 6, The

met hod of claiml flml‘th,eIfnuﬂﬁtfﬁﬁfdr(ﬁrﬁgﬂ@clﬂﬁ(ﬂhihﬂkﬂﬁgai(ﬁcoﬁﬂiﬂfnaritIﬂﬁ@ﬂﬁichﬂhi‘ng\g 2 notch
g;;gumaﬁée%e?ﬂé?%r co tplgses.aﬁac%ﬁuf?er P uhlar suafcceal;sawa?n amment rtl’ng:?nta %qud 91r {;llgorr]lg fSZPd
cont ai nment3 riwgreine phadlid of emtas cnﬂ’@nmedtamdrwgmdomtd@htertsmf@ggwhalésescmdl nk
interference W .Gioh -, A method according to claim5 wherein said machining
further conprises '17 2 machi ni ng said containment ring notch into said
Anmer nsurfate of tMHEegiarhencad lngraurieqql aig contaigmenaiag ngish RGHRIE 819 SU4F ural ity

of grooves @r eoffad REinandrigd drgned @gathaaslara plurhm@rofgum@ma[u Mn&@irthce & first
di rection. A et hod accor r|S|n? 2pr|or to
ece

sai d notch ?mcsﬂ‘idﬁ?wmemfrl?? Q‘i"ﬂb‘ g%ﬁ‘dd’ LE‘IS‘H“t E]Frﬁ?“?‘é?ﬁ” Sf‘gﬂﬂc” BhY Y and 3
machi ni ng sai tosi@inbat fiipatign in b Agssthactampne deharanen édreshape ﬂtmmrahtorrhs wth said

9  between said containment ring notch and said containment ring and reducing the potential for

10 spinning of said containment ring within said containment ring notch.

! . A method according to claim 8 further comprising:
2 spot welding said containment ring to said containment ring notch in at least one

location to retard said containment ring from spinning in relation to said containment ring

Lo

4 notch.
5

1 12. A method according to claim 8 further comprising:
2 holting said containment ring to at least one flange secured to said containment ring

3 notch to retard said containment ring from spinning in relation to said containment ring notch.

! 13. A method according to claim 8 wherein said containment ring machining
2 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

L2

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

L



4 containment ring notch. ¢ 1 9. A nethod according to claim$S wherein said
eornainruent ring is forged from 2 a containnment material in one piece
wherein said material is selected fromthe group 3 consisting of steel,
titanium nickel -base super alley. 1 i0. A nmethod according to claim8
wherein said containment ring machining 2 further conprises machining an
outer surface of said containnent ri ng in a second direction, 3 wherein a
plurality of groov ar [ out e surfaceln sai d
second 4 dlqr ecti on(?‘18 ,?quodrmWﬁnﬁq é?a] |W(r§(r:1reelF1 Saéatsj'? g%l@g l1’r{h§al i"d"'E6nt ai nnent
ring notch 2andneshipio: iglsitce'ﬁﬂ"swlfra%eolcf@*l@fa reyaiiscitagzo mhierein mEnt infidenigrareofseat ed to

ether, said pliy@l daledi Qiﬁrﬂl%ﬁl@fb\f%d &Hatﬁzﬁén@nﬂgrﬁeﬁ'ﬁ 1o b @88roRfend i€ 1688k o
contai nnent ri ng not ch said pluralit (%r ooves on said eater surface

of said S c“ont%ﬁ%ﬂw‘ﬁ%ﬂe dfaf“h‘éf%{lﬂleéar‘?ci“ﬁa‘é SRCP’Eﬁs}@‘“h FHACRARAEH o %dch ot her,

i ncreasi ng ¢ haodked Gl OORkaid s€@8. 9 between said contai nment ring not ch and
said contai nnent ring and reducing the potenti aI for 10 spinning of said
cont ai nnment, ri ng WI hi n , S nt. rin nmet hod accordin
to claim8 lf urt her COFT’pI‘ i—ngth(gd accoa]tmé, t&"{TBmtS w(l:]erel Sdl sezgm;éfu:llﬁper or Tisest ng to Salgd
cont ai nment? ring nbtgl th@rfaraqasel\asaalse@mnmdmmtet%ﬂ saifl epnra@mamtdmsmlﬁdt t¢ont ai nnent
ring from spi NG th Nseb&h BhhAL taPis RRLANAHANL A RWERE ! drB8d cofaRREE R, | 2. A
met hod according to claim8 further conprising. 2 bolting said cont ai nnent
ring to at ﬁeaaé?“aﬂﬁtsmf“f”é’ﬁ@@resecur ed to said antannent ring 3 notch to
retard said contai Bdif&ilaﬁmg’saidl’dg'ltzfni’n&mrﬁh@ﬁrﬂ:ﬁhld B@tallrim(,ﬁt&in@.hm@lnarﬂio sai d
contaa|nnen6t ring diing to.claim8 wherein said

cont ai nment® ring ng[gcﬁ“ it g Cisef%‘ro?lﬁ%sra‘d@@ﬁﬁ?‘ gpere CCﬁFShr\gﬁad SCRPETEBNt ai nment
ring wth & r emghseh tb ape ro, deyvkvey feinnsad sfcbndsanBeontsd chél icii@ntateter, bft sai d

cont ai nrrent le@tfror% dgmé s%tbépa?fl (mmd% gmélg%fsald c&-?ﬂr;me%n%g a?aa#d §1§1er¥1 han a 4

second i nsi de I'amet er contalnment rin econd point away from
sai d front %endempegtyesgiging i s oltinkéncorrdicndt- t o cl aim 5 wherein said
machi ning further conprises 2 machining said containment ring notch with a

reverse taper, wherngi n @-mfztihﬁcﬁdccdrd?hﬁgitaﬁaiﬁiismﬁlﬁﬁal@ieallng fher oapriease at a
first point_ of salﬂ ConB%‘Jianrrent rin s said fi ontchqnd is less

than a 4 second i A¥'Y %Wéﬁ'%?aufffagf"ﬁ’g ‘f?ﬂew ég‘gc‘g‘f‘“”me?é@ Adpdi nt of said

cont ai nment3 riingeapad elrcmdbionatred away torn said front end. 1 15. A nethod

accor di ng tcp cl ai coolm%_lsgld(ei!np%r?nﬂ:nﬂmg%actd* e Juk%rdg E?&el&%mydlcgrﬁénmg)t ?ati ng the

tan case to cause an | sal d contal nnent ring notch to 3
i ncrease toS a teécond i sarmed dpmadatheicis stigyegpap diphas oaiidsarEiera! Wisairet er of

sai d contai @”%'Hallerr *h@rgsald second diameter of said containment ring notch;

7 positioning said containment ring in said containment ring notch; and

8 allowing the fan case to cool to an ambient temperature causing said containment ring

9  notch to decrease from said second diameter toward said inside diameter, and allowing said
10 containment ring to warm up to said ambient temperature causing said containment ring to

11 increase toward said outside diameter, giving rise to said shrink interference fit.

1 17. A method according to claim 5 wherein said seating further comprises:

2 cooling said containment ring to cause an outside diameter of said containment ring

[

1o decrease toward a second diameter, wherein said second diameter of said containment ring
is smaller than an inside diameter of szid containment ring notch;

positioning said containment ring in said containment ring notch; and

allowing said containment ring to warm up to said ambient temperature causing said
containment ring to increase toward said outside diameter, but resisted from doing so by said

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

Wwooee ] OGN bk B

shrink interference fit.



at an anbient tenperature; 5 positioning said containment ring in said
contai nnent ring notch; and 6 allowing the fan case to cool to said anbient
tenperature, causing said containment 7 ring notch to want to decrease
fromsaid second dianeter toward said inside dianeter, but 8 resisted from
doing so by said outside dianmeter of said containment ring at said anbient
9 tenperature, giving rise to said shrink interferer e fit.. i6. A nmethod
according to claim5 wherein said seating further conprises: 2 heating
the. far, case to Cs@useAaﬁahodLd@&hﬂ&o(éiaﬁ{@%ﬁﬁer frpR@id contai nment ring notch
to 3 increase to a second dianmeter; 4 cooling $ai'd contai nment ri ng to
cause an outside diTREBs 2 GESt e08sUIRBATIRE 1ivR FECuT feppgtialls infop sdefese efdledan t 0 a
second di anet etase;whier ei n sai d second di aneter of said containnment ring, is
6 smaller than sai dsc%ﬁca&rt'i di amet er. o[f sai d .contaj nment ring notch; 7

posi tioning said contar nnert & "Ag PR AdEF g T REYIEARR Ay ViR ch:  and 8

al l owi ng t hé fdienesegroise delfantoe fom ol cenindeenpeiral wheergatiSinfigorsai d

contai nnentgri : . e fro ai d second dianeter toward said
i nsi de di arrgt e?ﬁgergﬁﬁﬁlgtfrﬁ%\?m&eﬁaggogghgg%gir%% arnnent ri ng to warmup to said
anbi ent tenperature causing said containment ring to 11 increase toward
said outside di ametior o nginkd REbSER 18 3heleit Wd Al BLAL DRGANGRN LG, 17, A
met hod according to clai m 5 wherein said suiting _:furt er conprises: 2

cool i ng saitl cBHLET HHEAL! P Aycrgne sifsetiag pidsiffesirais Brihgaeepriesnt ai nment ri ng
3 to decrease towarhehtiag seiGoMohingdHaiBtakes . Whekie Darsad: df sreondindianet er of

sai d contai pre i n 4 is. |l er than i nsi de di ameter of said

cont ai nmentpri ﬂ‘t'g”“%fo‘f’ gﬁe;co'}g ”ﬁ)sbdgg%?%ﬁimﬁtg’s g’r ergpa(':](%f"ﬂﬁ' PERECTS S 4 i aed

cont ai nment 5 r i fiffemiestrok potgredarGimdrlehidsmpagtugai d cont ai nnment ring to warn up to
sai d anbi ent tenperat CAUS ald .7 eont al i t o .l ncrease
toward sai d& out si dgg%!itr%ﬁ%x er, Hﬁﬂ%9§'?%§i*§‘t7‘é‘geg l%%%”@%%é‘"é%y&gai d 3 inside
di aneter of 7sai d cohtvdrainesilferinpgnaioscehio sfd asdied! iemprsiabig cevergpeidat ur e, gi vi ng
rise to saigl Siffedig Mk d BEekS RIeRR8ebidinside dib@eterAo iRt DRGRGGH MNP, to claim
5 further c§)n’pr| si.n I’(l)’B.ChI ni | east gne stiffening ring notch

-2 ng at |¢e .
circunferentiaft Vs‘f[%j[fﬁ”’ad gart lﬁé@gBLf‘S‘qehié‘mF‘érrPfsagj ¢ gag onegHEFNiNs Spihg a
.stiff'ering rgivige isAtsait chriak inteefasitce one stiffening ring notch, wherein said
5 stiffening ring resists the Ear, case from going oval tinder a | ead and

t: mperaturg condibhofs qdfoPAREN PR, dil. ARCEALLON Rldie gas turbine
jet engine. 1 19. met hod according to claim 18 wherein said stiffening
ring notch #s bt fedompnmot yanggnésaidegitfieesat R it hrde plgsewate and said

seating sai g shiéfaenehg £ iR thiddiRh sCQBRhkELthan had oNEkANGsal d stiffening
ring to cause a first inside diameter of said stiffening ring to 4 increase
to a second,insi de qli fTELer, LAAl, IRl 2H985 rdNARAN QHLRLIG dipmet er of said

2 second material is a nickel-based super alloy,

1 22. The methed of claim 18 wherein said fan case is made of  first material
2 having a first strength and said stiffener ring is made of a second material having a

3 second strength higher than that of the first material.

] 23. The methed of claim 22 wherein said first material is aluminum and said

2 second material is a nickel-based super alloy.

! 24, The method of claim | wherein said containment ring has a thickness

2 sufficient 1o prevent piercing of said containment ring by a separated blade.

l 25, An apparatus for 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 casc, each fan blade having a leading cdge and a trailing edge, the apparatus comprising:
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5 stiffening ring notch at an anbient tenpcnture; 6 positioning said
stiffening ring in said at teas[ one stiffening ring notch; and 7 allow ng
said stiffening ring to cool to said anbient tenperature, causing said g
stiffening ring to decrease fromsaid second inside dianeter toward said
first inside diameter, 9 but resisted fromdoing so by said outside

di aneter of said at |east one stiffertirig rin notch, O giving rise to
sai d shrinksinterfer [ ein said fan
case is made ol a 13 |f?§1;b1?5% rlél‘)t@rdnﬁngrgﬁm&?&nnﬁwe% \?nmh(fnc d%pr%%l\rqgft]a%strength anal
sai d cont ai Anefaininay rdeivniniide of a second 3 material having a second

contai nnent ;str engtat}ormlﬂ%fr1r1gm§nngtan%ter@frcuﬁﬁ%nflﬂl nﬁfa(,errﬁtdezﬁhlﬁlumenﬂ-r r%l The
ni ethod of claim20 wherein said first material is alum numand said 2

second nat ef i aPeedos RN P dwpass WPRip saif frpgpse cpntaipmentiigoniacHb B¢ claim 1S
wher ei n sai d fanbeask theSvirnae fﬂfblaeslbb@slk st frad sa1d2arhﬁt\ﬂcﬁ@ar&mfniﬂ’@

strength a sal d st ffe V|nga3
second strgﬁ gt KRR Gh Dmafﬂﬂ A l(fahtg% leaﬁmﬁm%ée (ffe?cgﬁm%ﬁﬁeearng Waﬁle'ﬁé mi’mat hod of
cl ai m 22 whér e¢dge sfapad fafnlbtiast material is alumnumand said 2 second

material i g2 0 okelohassE AR AL ol JHELIEL HOgAt hai m | wherein
said containnent rin i ckness icient to prevent piercing of
sai d cont allhneﬁtilalbiCﬁ@PWWafOSCé‘p‘aP%ﬁ@UFﬁ!ceiél’éfe”“lﬂ PHace pfpaig seuramensinctor use in a
gas turbinesj eaxor%rarw}a@hfaame ARudrelchte BF AR rH3RB: DAV regioflofshit isie adapted to
rotate al ong an axis of rotation within said fan case, and a fan having fan
3 bl ades cdopl @H“T@’egﬁ‘i‘ #8%6r bi ne and adapted to rotate al ong an axis of
rotation within said fan 4 case, each fan blade having a | eadi ng edge and
a trailing édge, the. Zpparatusd conPs ivsirdrgsaid26htSingnfraghasGalsentsavi ng ar i

mter ci T at ade ri containnent
region; andéerrIau 6L§HHEF%%%J’%%$Sa“@ﬁ@??l&&gn&o ee?a%t?{l%%nf erential surface,
sai d contai hnent r |2ﬁgABaM’é"PngOp'éslntmg@ﬁ@ém%lF@ﬂmF hewingl REfe easvigg e hin sai d

fan case cont alu%@@apfe@&'rgﬂe 519!13%9@1@(”%@1@6 Hithisafaath Blcakles fah Havﬁnheanevent sai d
fan bl ades becone separated from sai an, said contai nnent .rin

ext endi ng f &r walRYs e Pl&"(“’F*’é‘h‘éﬁb‘”fFf@‘lf}@%foﬁ@"’"éd% PP EHRPR HUED 53 drand afl of

at | east the tead kichgn bﬂadelhaadgﬁemfnge@@h]dfaarﬁmbg a’ﬂ@@ihel@aﬁﬂhﬁﬁﬁipﬁsu&al d fan
bl ade contai_nnment re 13 1 radially’

conpr essi ve  Ar eas to&scﬁfeci‘av”ﬁﬁa%om ""?‘c’v[ﬁl?ﬁ m&gﬁst i gfﬁgdt“ nat{’(':"é“e rg)%ai @°&ont ai nnent
ring, 14 abongnirhefakemngthount sutfhe toiards sanf fenend ef lof feradagk haminohadeaid

contai nment ,re hé?’ﬁnao 1Pk thed &!:ﬂﬁ’JsaanYMm%Et‘hHﬂo‘?crh%Eﬂ .?e'dcr'?édﬁ]fre%f?auy?mc% The

appar at us mj aim 2 erein said containfirent ring hi ckness 2
sufficient fo pﬂl@mem cg5¢ efeqergy wihinsaid Gn SR AN HABHY feE‘P’hQ“doy a separ at ed
bl ade. 9 a containment ring adapted to be seated in said containment ring notch and extending

10 forward of at least the leading edge of each fan blade and aft of at least the trailing edpe of
11 each fan blade, to provide radially compressive forces applied from one of said fan case and

12 said containment ring to the other of said fun case and said containment ring,

i 28. The apparatus of claim 27, wherein said containment ring is adapted to be seated

2 through a shrink interference fit,
2 29. The apparatus of elaim 28 wherein said containment ring notch is machined
3 circumferentially into said fan casc inner surface towards a front end of the fan case.
4
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 und

1 wherein said material is selecled from the group consisting of steel, titanium, nickel-base
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1 27. An apparatus for use in a gas turbine jet engine having a turbine
case having a 2 turbine adapted to rotate along an axis of rotation within
said fart case, and a On having fail 3 blades coupled to said turbine and
adapted to rotate along an axis of rotation within said In 4 case, each
fan bl ade having a | eading edge and a trailing edge, the apparatus
conprising: 5 a fan case having a front end which includes a fan bl ade

cont ai nnent, and an 6 inner surface and an outer surface towards
said front eng ? t%e fan case wherein one of said 7 Her and outer
surfaces défines a containment ring notch machined circuruferentially into

8 said one ifan casg, sumfha@;gmamacwra]kyr@cmlzd iR Rhade anfpdment region;
and 9 a contai nnent nu ada&t‘ed to be seated in s id contai nnent ring not ch

and ext endi‘ng O TOMTBT WarT BT Gfee] BRLP PR ImEkE g ePHETEHERE AO'FEh bl ade and
aft of at Beaambkheumm@MMmﬂgnedganaﬁemh@meaemﬁéam1hhﬁdﬁmma0ﬁmeV|de
;Zldldalcloﬁt ;? nrrpn_;ﬁ Eﬁrlm}l/e%t rflnt(g);rngtet}s_lto ?‘rpgﬁse % a s%corg(gall g',r l%dt 1&S!aréu' lhdﬂ sa:d ou?%(s:gn?gldnnéﬁt
ring.. 1 28. 'ﬂh@t%\pﬁamfhctoulsmmtmUhmmlmgialdmetmemw sa& tdbwmtlwﬁmm ring is
adapt ed to de sealed, i ngtmémg}ls@m%m b RS L EF SREEnS rah casd coo 129 The
apparatus of claim28 wherein said contalnnment ring notch iIs nachlned 3
C|rcunfereﬂ%léWF?mWﬁ¥6m§%fﬂ‘falt case inner surface towards a front end of
the fan case. 4 1 30. The apparatus according to claim27 wherein said
cont ai nment! ring iszforgedmmamfkaﬁma46ammanmmeﬂhsmm@emhahuhmymmempiece and
is machined, to term wher e

sol ected f rom FREGOn s Rl TTgRE Pty YOFHEPE e S Tl Blase™ 21 4
super all ay 3lpwilheaidppasdtuss m@rcmecbmd\gsuﬂeahwiear rhtl2Janwhered sacoashpabut si de
diamet er of; 3l fom ERfchh TRl DrdrSaid b 8% hafggEnfan an | nside

di aneter of said containnent’ ring notch at an lent air tenperature,
and the fard cagenigetahtoads ?L@‘d@aﬂﬁﬂ@”@@iﬂ‘d’idﬁﬁ"ﬁ‘éﬁ‘aﬁe&net er of said 4

contai nment ring notch to increase to a second dianeter that is |ager than
sai d outside diangter leeaﬁﬁiads ac@@mhg’ibﬂlﬁ’ﬁﬂb wmgcin&nca‘wldclﬂgm&aidﬂsa&bnt ai nment
ring to be OSIOt zlur?ch%En Is 1 l er i 81%1%;51 e 1amet rolns drc](g)nsfa(i\'nrrlnegtl }{1' % I’I Se to said
shrink interferBREETE \h yfﬁé an'case ¢oo d"an

tenperature. 3@bicThe tapparatasihabe casdis hgiet © cmisa:sam iBide distveteraif prids ai d

cont ai nn’ent4 r 'cﬁﬂaaé}%ﬁ%g §Icht% m&@%&%&oméﬁne?er aﬁ&lsqrd%&t}nﬁﬁﬁ{rmé%chol@dhat a | ust
inside dianeter o Tﬂan case at a first point towards said front end
is less than doeseEenautiidrshmeteni srdoapingsnt ﬂ?ﬁé”ﬂe&f?aséét%@e‘é’f‘d dagd€ond point 4

away from sai duffeQnRiid &06hd dﬁﬂ@luﬂdt‘saﬁi&hﬂﬁmﬁ#\!ﬂﬁﬁr@hﬂnﬁ@drdla@ﬁmts@doﬁlﬂ@ﬂﬁetcfbfng is
machi ned 5 CII’ unferenti atl its outside sur e to tch said reverse

taper. 1 13 TR&® W&&rﬂé"%@c%’f‘?i’i“%@“dt%m?fI“?a‘i”}ﬁmgfgbe\m?é?oéf’ S out si de

di amet er of8 Saoflainment ring notch giving rise to said shrink interference fit when the fan case cools and

9  said containment ring warms up to said ambient temperaturc.

l 34, The apparatus according to claim 29 wherein an cutside diameter of said

2 containment ring is slightly larger than an inside diameter of said containment ring notch at an
3 ambient air temperature, and said containment ring is cooled to cause an outside diameter of
4  said containment ring to decrease to a second diameter, wherein said second diameter of said
5  containment ring is smaller than an inside diameter of said containment ring notch, enabling
&  said containment ring to be positioned in said containment ring notch giving rise to said

7 shrink interference fit when said containment ring warms up to said ambient temperature.

| 35 The apparatus according to claim 29 further comprising:

2 a plurality of grooves aligned in a first direction on a machined inncr surtace 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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2 containment ring is slightly larger than Jr.. inside dianeter of said
containnment ring notch at an 3 anbient air tenperature, and the fan case
is heated to cause said inside dianmeter of said 4 containnment ring notch to
increase to a second dianmeter, and said containment ring is cooled 5 to
cause an outside diameter of said containment ; ing to decrease to a second
di neter, 6 wherein said second dianeter of said containnent;ingis snaller
t han secon? d&ﬂﬂg@gg of .../ said containnment rung notch, enabling said
containment ring to e p&%itioned in said 8 contai nment ring notch giving
-ise to saPd shri rkeiemtvdet viddreesuffice ofghiad portafnenctitaing nddiged wolobst aride 9 sai d
contai NMemyr i PaWesBinRRk rhg S ahhe AP LIENE fiti§lMBReLRAD IRy of REo@PRALAL US
according to claim?29 wherein an outside dianeter of sSaid 2 containnent

ring i s slfght™§ syrirgraid RERINEEN MIOlR YisaARITaRtY BfETNTS P &t nment ri ng
notch at am sutfagbia@itont@hment @FREFEL MErGs-hBOChSadr 6 @ontkiat, aRDing fHeng 1S
cool ed toigau e.anHout%ng_dngefer of. 4T§a%d.?on§ainqent,%in 1o decrease
to a second di'ahBfer T SwASFErH” SAIE EeETNY A Bt &7 G Y ai"8 " EBMt ai nnent
ring i s snall éeptinein fanpinmg) of eridioatmert @t ringfwitbaisdd coninaemmepniotahi ng not ch,
enabling 6 said containnent ring to be positioned in said contai nnent Ting
notch giving rise 0 SahippafarShtdoitkng idWiAh hERARE Coniptisivhrien sai d cont ai nment
ring warnms _up to said anbient tenperature .t 3i, {he,apparatus according to
claim?29 farther CORPMCEiHY casong lsplipn 3eding saf coyfpigBerbEnedp FyfEY2 TR i r st
direction on angmehtdedcit EedonSidhtrae o ssianitk in Zlionbaiineeainmed Ag: not ch;
and 4 a pIHrak&Hy of grooves aligned in a second direction on a nmachi ned
otter surface"df 22 5 said contai nment ring; 6 wherein when said inner
sur-face o3said containnent ring notch and said outer surface 7 of said
contai nnent ring afe i rerLeLance shtd Mn bt hintLaRi AR, said plurality of
grooves on said 8 Inner surface of said containnment ring notch and said
plurality 8f groov@&pst e lgegegecod @paidcogginhgt Bregroclataciat PRFEAY ri ng
align in ajcrggsnbakeh sNBAMGE ok NaBRCHQLNRAA contaGeR@SE NGn tphingi0 fricti onal
forces between said contajnnent ring notch and said containnent ring and
reduci ng t'he 'HEPBREY Fm?ﬁpﬂgﬂmﬁﬁpﬁg of said containnment ring within said
contai nments ring notch. 36. The apparatus according to claim27 further
conprising: 2 a spot i d i t on don.welding said c or
t ai nmenf Wlng to s%r dmﬁth?)?pp?r%}%%%o%@%t%CI%'“?? #gﬁe%%%"%ﬁb%l}% prevent said
cont ai nment2 ring f#&nst swishifining ripgnoted maghirneheicemiSptall Bivteaifpsedithedinng 4
notch. 5 3%. The .,apparatus according to claimfurther conprising: 2 at
| east one flange secured to said contai nnent ring notch, wherein said
cont ai nnentt 3 rin@“ﬂ@“%ﬁﬁ%éﬁw?8S@%W&”ﬁ?“ﬁé@?ﬂg&%%NFWdﬂﬁg”Pﬁdretard sai d
cont ai nents 1 isfeenfng OFP iS RhtBdthdgghialhring irdd fe@ite 1iQ whati 6l sa@oir ffeing mBRiesind Nng not ch.

6  the fan case from going oval under a load and temperature conditions expericneed during

7 operation of the gas turbine jct engine.

! 39, The apparatus according to claim 38 wherein said stiffening ring is forged

from aluminum in one piece.

(VS T

40, The apparatus according to claim 27 wherein said stiffening ring notch is

machined into an outer surface of the fan case and an inside diameter of said stiffening ring is
slightly smaller than an outsice diameter of said at least onc stiffening ring notch at ambient
air temperature, and said stiffening ring is heated to cause said inside diameter of said
stiffening ring 10 increase toward a second diameter that is larger than said outside diameter
of said at least one stiffening ring notch, enabling said stiffening ring to be positioned in said

at least one stiffening ring notch giving rise to said shrink interference fit when said stiffening

I R Y .

ring coo!s to said ambient temperature.
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5 38. The apparatus according to claim 27 further conprising: 2 at |east
one stiffening ring notch machined circunferentially into a surfisce of the
fan 3 case; and 4 a stiffening rittl, seated in said at |east one
stiffening ring notch, wherein said 5 stiffening ring is seated through a
shrink interference it, wherein said stiffening ring resists 6 the far,
case from going oval under a | oad and tenperature conditions experienced
during 7 op;ration o the gas turbine ict engine. 9. The apparatus according
to claim38 wherein said stiffening ring is forged 2 fromalumnumin one
pi ece. 3 t 40. The‘appaftatmraae sordnng ceo Glvann 27 fwverei frsgidioch st i f f eni ng
ring notch 4s 2 mRchipeditdtQingR outer surface of the fan case and an

i nsi de diameter of said stiffening ringis 7 slightly smaller than an

out side diaheter of said at |east one stiffening ring notch at ambient 4
air tenperature, and sand, apdatafub @0briigy tolcBgh I7SvhBeA kIR antcBse GAMSER&Atd | nsi de

di anet er of sal enln H{ Eﬁ to increase toward a second di aneter

that is Iar%er”?H?ﬁOF o U HHeter 6 of said at |east one

stiffening ¥Ying notch, enabllng said stiffening ring to be positioned in
said 7 at Jeast o st gl r i rink
|nterferencL fit Sﬁgn sg% ???glﬁﬂﬁﬁQ%%hn YM%@g]th&£R8ﬂ§§m%%ap
tenperaturé2 Zﬁmgﬂwmpwﬁh@ﬂﬁﬂbaratus accordlng to claim 27 wherein the far,
case is forged darn one 2 of steel, titanium and alumnum s 1 4:2. The
appar at us accordln% to claim?27 mhereln the fan case is manufactured from
one of steel titanitim SKAPRATAIRASKRIATE |8 claim 3 riereidgpapsitediemgecdsdi ng to cl ai m
27 wher ei n 1 hecoht@Rm&as; it SightBndifcatihianedide Ziahd@ QT AideONPasdint @gmatien vl 44.

The appar at ys cordln n an er of said 2
contalnnentyrln%wﬁf"é %PFzm?éﬁg@PmPﬂ%%ngﬂs“ﬂ%gﬁémﬁ?%W§T@HE%?m¥ﬁPf
conta!nnent4rim@cmmmmhnamganhugw@mbsﬂmﬁdeHNWManematmmemdandesald

cont ai nment rhﬁ&w%?f§89hﬁ9u&9m9ﬂg&ﬁmﬁﬁm}ngﬁﬁ%bﬂﬁmﬂﬁﬂﬂﬁﬁ§&uﬁ$nn41§a'd
containment rin ecrease econ I anet er 'er than said
i nside 5 di %neiﬂ@rcomnnseaﬁ e EYA A FETERL 2P nfgrese Bwheesidsiontgmgaiie cont ai nment
ring to be posidnhoBef dnbicnbes@Lhrcont ai nment ring notch giving rise to an
interference fit when said containment ring 7 warns to said amnbi ent
tenperatur e[ 45, The apparatus of claim 27 wherein said fan case is made of a first
material having a first contaimment strength and said containment ring is made of a

second material having a second containment strength higher than that of the first

FE N UL N o |

material.

| 46. The apparatus of ¢laim 45 wherein said first material is aluminum and

2 said sccond material is a nickel-based super alloy.

1 47. The apparatus of claim 38 wherein said fan case is made of a first
2 material having a first strength and said stiffener ring is made of 4 second material

3 having a second strength higher than that of the first material.

] 48. The apparatus of claim 47 wherein said tirst material is aluminum and

2 said second material is a niekel-based super alloy.
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45. The apparatus of claim 27 wherein said fan, case is made of a first 2
material having a first coma nrneftt strength and said containnment ring 's
made o': a 3 second material having a second contai nnent strength higher
than that of the first 4 material, 1 46. The apparatus of claim45 wherein
said first material is alum numand 2 said second material is a

ni ckei - basgd s]lcjper allay. 47. Tae apparatus of claim 38 wherein said fan
case is made of a Fyrst first strength and said
stiffener I‘]I ng is rr('gde %gasrmg?edél%gg] at%hp&r\% 3 having a second strength

hi gher thar? that of fankee fdvingen weer eifchalereni8suri@hehisppelrds ugnofdecl ai m 47
whelr(e: nbsalgg fdokisbmdvelgrd;al is alumnumand 2 said second material is a
ni cke ased super allo as turbine jet eng i ne, copprising:
2 a fan easke havi ng "8 C?fﬁg?"”&ar“ifﬁll?ﬁa&? éeﬁf‘i f&?‘egla?ga*eé‘mr ' f‘ﬁ’(‘}i‘ Elé"é‘gpa I'n

bl ade 3I cont aknmaent region; 4 a turbine case having a turbine adapted to
rotate along an axi$ of .r c havi ng
fan bl adesn(goupl ed” a(r)]%asvérly 3a i %u etdt?o ld%abme aaé?dgﬁ?dot ?a%a'qn%d" afxgr?f axi s of
7 rotation W trhiiipngaind sfidkan gasseach éablhdelhnv”maei@émt\aizﬁmgaardihw@l;tngldedge and a
natling eage: and, GohiGARARNLER ofd BRLARNAG AR U Ebn i GURE er ent T al
surface, sald containment rin bei ng positioned around said "an to
contain sail fRiReppshigess aiopndspie faa (erebiais s df et e 9 e¥n1eid FedBAE separ at ed

fromsaid f@n, besiede @il &b BRIV, sdid dagaleﬁsénen@em@ndﬁ@rrmardopi[ ek thbcast the 11

Ieadlngedeof eac t of at |ea i|ing edge of
each fan bfaddsd Tée‘%ﬁéf é?hda@li%daa@aﬁ ﬁ1Easéfh&wfﬁie?ﬁ?éﬁffdd}é@%' of said In

case |m§ adapt ed t o wapph yidli3n sladicaldnmectonpnessaidve cﬁ.ﬁﬁst:féanldd(bo@all}fd out er
circunferenti rf f id. N in he | ength of
the cir cun%n}er gﬁ%gﬁo ;%‘pg§|519 f? g‘% lgidgﬁ%%rﬁﬁ%}%ﬁ%ﬁ rga'rce Ofls‘u%gon% sgigtdm% nne? 15
ci rcunf ereht i adlong tie feagil of t11€5€'r5@1ferﬁ'f‘meoie§ﬂ§]fdnéiaﬁ@emlmqngrealeﬂ dlsahwn49 furt her
conpri singjs 2 at,f&ash Me. Range secured to fan case, wherein said
containment ring is bolted to said 3 at least one flange to retard said
contai nnment®ring fromspinning in relation to said fan case. 1 51. The.
engi ne accordi ng tap.cl ar}meﬁgnefdafotdh@rmWmﬁheﬂg}n@naﬁg | east one stiffening
ring notch chi ned ci rcugfzglgcr en: surf.ace o 3 case;
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wherei n sai¥l atleast one flange to retard said containment ring from spinning in relation to said fan case,

] 51, The engine according to claim 50 further comprising:

2 at least one stiffening ring notch machined circumferentially inte a surface of the fan
3 case; and

4 a stiffening ring seated in said at least one stiffening ring notch, wherein said

5 stiffening ring is seated through a shrink interference fit, wherein said stiffening ring resisis
6  the fan case from going oval under a load and temperature conditions experienced during

7 operation of the gas turbine jet engine.

[ 52. The engine of claim 49 wherein the fan case has a middle portion having an

2 inner surface which defines a heat resistance ring noich machined circumferentially into said
3 fan case surface, the engine further comprising a heat resistance ring adapted to be seated in
4  said heat resistance ring notch to provide radially compressive forces applied from said fan
5 case to said heat resistance ring.

! 53. The enginc of claim 52, wherein said heat resistance ring is adapted to be seated

2 through a shrink interference fit.
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5 stiffening ring is seated through a shrink interference fit, wherein said
stiffening ring resists 6 the fan case from going ON under a | oad and
tenperature conditions experienced during 7 operation of the gas turbine
jet engine. 1 52. The engine of claim49 wherein: the In case has a mddle
portion having an 2 inner surface which defines anew resistance ring notch
machine' eircomferentially into said 3 M case surface, the engine further
conprising ja heat d.to be seat ed in 4 said heal

fesi stance ri ng no%ﬁ?{4 rtﬁ%ﬁoﬁﬁagr&{r%ﬂgpé ﬁQ\}? TSP LTI or ces appl i ed from
said fan 5 case tBMSuUt: Frewte froeehegwme arﬂF‘ng 53 The engine of claim 52,

wher ei n saixd heat rn%!]@ta&lm&?tut@ralﬂgaqwns@ﬁl@eﬁ)'&%ﬂae L2eRB s58ah8MH e £n L QUIh a
shrink i ntearference it ed of retrofitting a gas turbine

lie
j et engine. céiprl rg?eﬂ‘dmgSe?“’?’B’r?BU’i"?{é”%.‘mlfeéeﬁ‘“adé%@“efofﬁ‘ﬁfltbﬁé”‘? Bt Senipere; and 3
instal l'ingsa sulbskirtaftend anand ageedn caairtfa) @ddeengingesid Whained fan S, d
substitute.fa eat.ed .in

ci reunt er ent | g?lgésaoﬁg @Tﬁrm% EX?EH&P%@JS{&:&?%E%M# gcmﬁrzlagsedg':t(ﬁeaCh g tlmgitr’]'ziﬁdlés hri nk

i nterference Priafiang luedstiedng Wecrntchrar hranadadesust Mtﬂ(m thgsusaitut subst it ute
fart case, g6 Saicgtecontai nment ring extending forward of at |east the

| eadi ng edge of each said fart blade 7 and aft of at |east the trai l'ing
edge of eaqh sai d %;ar} %ﬁ en h ed within the substitute , fan case;
. 55. The rrethod of &P %A ?ﬂ’t“tsﬁ %B?Fﬁﬂn? 8% 1738 &t SoRg nwE! a”?c‘{’aﬁt ai nnent
ring in a 2 c|crrwmlﬁa‘r®nzémd:tcra:lfs.mbmm.lncumﬁmeamdt Juftive bf ted subunfedsirandeitabugsur f ace of
t he substi tjut ah i.;nterference fit; prior to
instal [ ing BSaI%C[THQ egft%:%t%a;{h&? 1ns§alhngsa§zgsgi)sp§1e fan B of oper atl ng a gas
turbine | et engi ne conprising; 2 rotating fan bl ades of a fan housed
within, a fan case’fudi B4 of WeBinge sai \Ghige Jarengind ©mpfisingg rot ati on to provi de

air intake 2and thr Mﬁtmg f@(ﬂdadés cﬁ@ﬁh%bd@@i \flﬁﬂlaazlnlcyse(ﬁﬂﬁﬂj)d’t%ﬁb MénofaPRGES tO an
outer circynferential sur. a 5 containnment ring and a fan

bl ade cont |nﬁ‘eﬂ'ton}oé’éqvﬁﬁ‘“r‘('S‘iﬁgeﬁ’i%‘hf”é‘rff8case using an inner 6
circunferenticl sumbaoe rafallg brmpa‘ssﬁmerforofs ¢ dvepuotitcan e surfatehf amchftahe fan

bl ade cont ai nqﬁmp i n i sal d_.out er or
circunferential sur ac%gld@al g + 08 ea‘f%ﬁmﬁrgén? “’é's‘éﬂ tb%'?% “for usm rb]enlnng appl i ed
al ong | nc. 6l engtumfegmtial tyerfagg ?fdmwl@fehﬁlet@iﬂ"mhe rinareg 1he|fwchm¢ eynesmimiesi]  sur f ace

9 and al ong th&%lo\‘i‘oﬂﬁ]bfaﬁfcas& Beirdiap s (ﬁQEuEQrﬂtfeéhtrﬁmmmcrﬁﬂ'r&iﬁll?&nﬁ%lﬂg at
| eas! forward of the eadi ng each fan bl ade and | east aft of

the trailifdg &Ute o ﬂa%lt?ﬁa'?f@%ﬁh%r"&@égthaﬂaumfFfe&CCaf tP“e’E'EeéEFCP’E‘jfcfeP“aée’ﬁrt“-‘ér
posi ti oned gor ,ancsad)r@ tgxvigthaff tl’feO'ﬁrﬁﬁl:ld@morﬁﬂnmeﬁm&,lmikadmpﬁt leaktabmaaa)fﬁﬂdrt her

conprising ap n dla ressiv rce

circunferefti gad'sfu?ogaceeac ai'?? aﬁ? it g%@‘c‘ a[ﬁ { ﬁcﬁa’ﬁnﬁae;%g‘i fin "é @T &lé{m? erential :
surface oflla dBecgt idfadcemempoditiong oelsmd wolof pgtisai d fan case outer
circunferential surface,

] 57. The method of ¢laim 56 further comprising applying radially compressive forces
2 toan outer circumferential surface of the fan case using an inner circum ferential surface of a

3 stiffenerring encircling said fan case outer circumferential surface,

| 58. The method of claim 56 further comprising applying radially
2 ecompressive forces to an outer circumferential surface of a heat resistance ring using

an inner circumferential surface of the fan case encircling said heat resistance ring

= S

outer circumferential surface.
59. An apparatus for use in a gas turbine jet engine having a turbine case having a
wrbine adapted to rotate along an axis of rotation within said fan case, and a fan having fan

blades coupled to said turbing and adapted to rotate along an axis of rotation within said fan

B T S R

case, each fap blade having a leading edge and a trailing edge, the apparatus comprising:
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| 58. --he nmethod of claimb56 further conprising applying radially 2
conpressive forces to an outer circunferential surface of a heat resistance
ring using 3 an inner circunferential surface of the fan case encircling
said heat resistance ring 4 outer circunferential surface. 1 59. An
apparatus for use in a gas turbine jet engine having a turbine case having
a 2 turbine adapted to rotate along an axis of r otation within said fan
case, and @ fan Dauhng: e o RhAAPRGOHRL Sfk L0 3l i WERLNS, ARGy pdant ed to
rotate along an axis of rotation wt dfan 4 case, each fan bla
havi ng a | ®adifeigend @fiec Gmerss yheted il irgerades defitrs 2 fap Pl eoniginmaiisEPs i ng: 26 5
a (hhr; cage i(nﬂ@‘ﬁicnﬁl‘eﬁeafabl@ menﬁleramldaahdasrmaﬁadswdfm%a@mh@mgglﬂﬁser surface
towards sajd 6 front end of the fan case wherein said inner surface

defines a fir®@"BIRg sEont AATENE618% i and a backfire heatabl e region
wherein sapd fan @&Sﬂmmﬁmma@emm&aaomﬂm&mmnamems@ﬁahﬂWwagmamﬁlm@t 8

cont ai nne stren nd.a f| st.__hea |sIa tai.npent ring

havi ng anq%utefmgl?%mﬁywwgﬁ?dapﬁgﬁ?)%@e TEE"a (mm?nSMdPOQMk“”HP | t) being
p03|t|onedlmn@thM¢&ndmﬁahw@agamm@ﬁﬁ@mwwbhnsmégm@mnﬁmrmmﬂmamm;sald fan

bl ades 'n15hemn%nhﬁgMﬁﬂ%mﬁéhﬂg&%QmQ&ﬁ%ﬁ%m@@&@gﬁoﬁﬁB%Yﬁ&ﬁﬂmgeQEbﬁa'd fan,
serf contai nnent g% extending 12 forward of at |east the | eading edge of
each al |l Bf ad%acfaﬁabl twfasfma?eldﬂaéab“ée@H@nrnﬂnafewrrfg‘&é%é%ﬁ“ qdapteie pPPvar , bl ade.

wherein said faalm)h;bagtess@@mcaa 10 BRI GuteF agm@f&emfal ssiAicd of i c@BSnchiSingdapt ed to
ressive forces to sai uter circunferential surface

apply 14 radi [of0)

oF s d" cot al LB RE PR eI SrT ST AR A R L G P e e of &
second matier i alendiahigingha iseciondirc ontdal;nment 16 strength higher than that
of the finst materj ated on said
fan case ozt er surafsgécnmylf‘ga dﬁstéd i g&%‘ﬂ% ok (ﬁg? %?reeaﬁe?g”écg alﬁNgfﬁ'(raow de radially
conpr essi & f@W@@@ﬂﬁpp&WewVﬁ¢@W@Q&P@W@%W¢$@ﬁmm@w¢ﬁwgﬁwbmﬁigmsagw an case
out er surfiacesang whenei éﬂrt&@'ar@i wfhw fengitedet MG id rﬁada@dﬁn&fmﬂwagz@rl al having
a 20. strength higher than that of the first rnareria:; arid 21 a Treat
reS|stanc§°r|ﬁ@mﬂﬂﬁﬁFbﬂ“VW“ ém§E%P@Hm6ﬂm%ald far. case inner surface within
said 22 backfl re ahﬁﬁfre@btla:&:ehﬁg}ddﬁm\:dtt@beﬂﬁa&‘dlodﬁldrf&waﬁl ihiyr oRpResiskae forces

appl i ed f E%Ltgﬁ%w(%ﬂ% e%lo?]logrow ﬁglal{vrcge@es%ve eSS ap q%d ?rom sau.bfsnaca(sje heat

resi st ancé I'stance of a
third natéﬁlabmh@whmgmamg@mmmddhsamwmathgammemhnghtmmmhanmmhaghof t he

first mat %I’ I al‘nade o}a ﬁgd m;ra’ | @919%5 ?eE(Hlﬁ hé?l ret tﬁkéﬂxgﬁ]%tM%? fnhe%t Qalgrjia'l‘.St

material i's alumnum sal cond materi al i ckel - based super all oy,
said stiffener ring material is a nickel- 3 based super aII%y and said
third matefial is & H%ﬂrﬁpeﬁﬁtusgfcéalrm—ﬁ wherein said first material is aluminum, sai

2 second material is a nickel-based super alloy, said stiffencr ring material is a nickel-
3 based super alloy and said third material is titanium.
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