30 Decenber 2004 CONFORM NG PLATFORM FAN BLADE BACKGROUND OF THE | NVENTI ON
The present invention relates generally to gas turbine eng?%£§”m§W32086re
:specifically, to fans therein. Passenger carrying aircraft are typically
powered by turbofan gas turbine engines. Arow of |arge fan bl ades is
supported by a rotor disk inside an annular nacelle. The engine powers the
~fan for producing thrust for powering the aircraft in flight. The fan

bl ades first receive anbi ent GDNRORMAENEG BURTECORM F AN BEIAGDE Obj ect  damage,
such as that caused by bird ingestion during flight. The fan bl ades are

relatively | arge and generate substantial centrifugal force as they rotate’

during oper agh, ti(lj‘ﬂf) \’Iﬁﬂfkﬁ{f?’l n bl ade which |iberates. the bl ade
fromits suppg?ttlng Sk ejects tha Cg ade radially outwardly fromthe

engi ne. Accordingly, the fan .casing surrounding the row of fan bl ades

typically includes a blade containnment shield which absorbs the energy of
the ejected bl adﬁle Hffée’é@ﬁﬂaﬁ“?@ f%%ga@@aﬂy(wrgbembmmmm@dﬂ merat ed
fromthe engg CLI%)[, Q}&Qe out node of failure, the blade is ejected
practically tﬁt aneous yet for abrlef instant is within the rotary

travel di rectlon Pdsstfiger ﬁewrcgmlf@aﬂraré d]lj&?&lfék‘éﬁ% v tirbdtan phaderbiqw. The
ej ected blade will then 'rrpact the traili ade cadusi ng da%ge t hereto.

Li berati on ANEPRS- eﬁ*é‘%‘t’é’é lagpe fan blades ’é§uPBt>6ﬁd brigarotercdislamgidecny ypdaxi ng

Structure. RIGHEr onty “Hamsoec il tan FEF ErGflolt Wk P RhIGRE the,
al so affect aintraftinfligit! ance, and |ead to considerabl e secondary danage.

Accordingly, it i dgas‘i {)ea ) provide a_gas turbine engine fan _having
reduced damage dubh¢ nblAgefrssgecaivg ﬁmbéerrtwean are subject to foreign object

damage, such as that caused by bird ingestion during flight. The fan blades are
reiletively large and generate substantial cenfrifugal force as they rotatéiduring
operation. Failure of even one fan blade which liberates the blade from its
supporting disk ejects that blade radially outwardly from the ehgine.

| Accordingly, the fan casing surrounding the row of fan blades typically
includes a blade containment shield which absorbs the energy of the ejected
blade, and contains the blade from being otherwise liberated from the engine.

| In such a blade-out mode of failure, the blade is ejected practically
instantaneously, yet for a brief instant is within the rdtary travel direction of the
following or trailing blades in the blade row. The ejected blade will then impact
the trailing blade causing damage thereto.

' Liberation of the ejected blade creates rotor iﬁ_tbalance and corresponding
imbalance loads which must be suitably reacted through supporting structure.
Additional damage to one or more of the trailing blades can also affect rotor
imbalance, and lead to considerable secondary damage.

Accordingly, it is desired to provide a gas turbine engine fan having

reduced damage due to a blade-out failure mode.

BRIEF SUMMARY OF THE INVENTION



BRI EF SUMVARY OF THE | NVENTI ON 1 30 Decenber 2004 According 0 onﬁ %iﬁECt
of the present invention, there is provided a fan blade c ﬂ%%?@? o}

airfoil having a root integrally joined to a platform |eading and
trailing edges extending fromthe root to a tip thereof, and opposite first
and second sides extending therebetween; the platformhaving forward and
aft ends and arcuate first and second sides extendi hg t herebetween; the
airfoil root being Jaterally offset closer to the platformfirst side than

the second si deACGding 0 OBE 38PeRt AISEE gHBsat dovaiony thereis proYided & famoi |
wlth a tr oy a8 Bypitind S2ELEAL nERE d ARR Bl ool Haor b e
Thor et o Aecord o to auat her aopect cor kb prea e e
provi ded asecpaa S&fﬁm&t%nﬁgg @%@ﬁ&é{f@% the pﬁatgnﬂs ﬁ%‘féps derward and afy ends
pavi ng. | sad EERalchR] andl sBbondiides Beténbing fiferdAiBEn, dip diffoll%oof Peft”' !

opposi t e flateallpndfseectoser 10 dhs phatferifivgt sideethehetheesstond gidef faatdnthe

integrally joined to the airfoil at the root, . having forward and aft
ends, and Lies¢qong: sids candopng ‘é’}tge%‘ee%rgﬂﬁgﬁ'@t piler derrendhe leading

airfoil r ' sall f I t I | ' t han
fo the  segetaRgneAkAling gl IaBacCINNS il o PRl IO Burhlh IAE T OAT
i n profil eoutwfailurehmagi bé actordingly distiébuséd dor adiloting ngeaknboaaling He theades;

and t he plat.f.or eco side_profiles being shallower in contour than
cor r espondf bnglﬁ?(fq@é{]‘g?ma%‘)d #Png first sides of the airfoils. According

2 e oAl BUIRED kDY BB e of i o0 o

mount ed t ofaa cumprasing éi pluralétyngll blides extdniding tradigllziovtentdydiromhe rbtaades
disk; and each of the blades including: an airfoil having leading and trailing
edges extending from root to tip, with opposite first and second sides extending
therebetween; a platform integrally joined to the airfoil at the root, and having
forward and aft ends, and arcuate first and second sides extending therebetween;
the airfoil root being laterally offset closer to the platform first side than to the
second side; the platform second side of one of the blades conforms in profile
with the airfoil first side of an adjoining one of the blades; and the platform
second side profiles being shallower in contour than corresponding profiles of
adjoining first sides of the airfoils.

According to another aspect of the present invention, there is provided a
method of reducing damage in a fan during ejection of one of a row of fan blades
mounted to a support disk, comprising: offsetting airfoils of the blades
circumferentially away from respective trailing sides of integral platforms
thereof; and conforming the platform trailing sides in profile with respective
pressure sides of circumferentially trailing ones of the airfoils nearer leading
edges of the airfoils than trailing edges thereof for spreading contact loads

therebetween durihg ejection of one of the blades under centrifugal force.

BRIEF DESCRIPTION OF THE DRAWINGS



circunferentially away fromrespective trailing sides of i ral. pl.atfornms
thereof; and conformng the platformtrailing sides in pro%ﬁ’gcw}f’%zﬁ&
respective pressure sides of circunferentially trailing ones of the
airfoils nearer leading edges of the airfoils than trailing edges thereof
for spreading contact |oads therebetween during ejection of one of the

bl ades under centrifugal force. BRI EF DESCRI PTI ON OF THE DRAW NGS 2 30

Decenber 2004 Thee | G, i) GEEAUARRE S With " MERIRLA ©4ndNdeLAaAmLArY

enbodi nents, together wth ’fur.t her objects an vant ages ther nor e
parti cul arémbodisaarthetdgetharhwithofurthdrnopjdetsaand dddestmgep thereof alsemors

| ti W th t i d j in which: Fi 1.i i al
sect onal rrtiiibrly sliSeted B e oyl defifed festtpligh sokehirceaminietns s b an
exenpl ar y Pithed ABOSmBhntiAE RadaREd ir Wesdki on. Figure 2 1s a
Vi

front-facing-aft radia w a portion of the fan illustrated in Figure
| and taken al drgurd hés an axiakseptianab viesv throogh afantih g gesderbimaenginewy of a

ti f the, fan i.ll ustrat i nFi 2 and tak | line 3-3.
Do 0", acb R ER ol S R S St S R e o, 1 nS % g
ej ected in Fi gurigure 20fla tfAKRITasing Mt kA8l dhed: ottFar g?{tﬁnﬁof fhggfgh?p@?&éd onal

vi ew t hrough the ejected bl ade and adj oi ni ng ing b ustrated in
Fi gure 4 andigatechand takgnlalerg Bng2-DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Illustrated in&iqure.l is a portion of fan 10 of t ur bof S .turbine
engi ne confi gured eo? 1%, 8\i8P PFUy S BPE?IaY]FWi’ r?9f3I P‘ﬂﬁpp Gﬁﬁ@efﬁﬂqﬁﬁsqée&
axi symet rih@ﬁ%u@bpaﬁd@aldeﬁ%%ﬁgiﬁhéléls’.or axial centerline axis and includes a
plurality of fan rotor blades 12 extending radially outvvardlz froma
supporti ng Figure 4 is a front elevational view through a portion of a blade being
ejected in Figure 3 and taken along line 4-4.
Figure 5 is a top sectional view through the ejected blade and adjoining

trailing blade illustrated in Figure 4 and taken along line 5-5.
DETAILED DESCRIPTION OF THE INVENTION

INustrated in Figure 1 is a portion of fan 10 of a turbofan gas turbine
engine configured for powering an aircraft in flight. The fan 10 is
axisymmetrical about a longitudinal or axial centerline axis and includes a
plurality of fan rotor blades 12 extending radially outwardly from a supporting

rotor disk 14. The fan is disposed inside an annular nacelle in which an annular
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rotor disk 14. The fan is disposed inside an annular nacelle_in which an
annul ar 2a 30 December 2004 fan contai nnent shield 16 is dP¢pssgRberg04
" absorbing energy and containing the fan blades 12 in the event of a

bl ade- out node of failure in which a fan blade is liberated fromits
supporting disk. Each of the blades 12 illustrated in Figures 1 and 2

I ncludes an airfoil 18 extending radially outwardly from an integral

pl atform 20 fafi cantihinaiy sKIBIOTE s disBERACRRALEMBINS Brerdy SROWhLiRild G es 2
and 3, each airfoil 18 includes axigl |y opposite g)I e%x??ng a%ttral gllr%g

edges 22, 24 fanbladssdgd indhie avent dfreobladeoubmeie afdadutd jm @Bichta faoripadd ise ends

of the span f he airfqgil also includes a first, generally concave
pressure si J“e&g%t,ga%oﬁggé}?gmcﬁ%ial | y opposite second, generally _
convex suction sifehd? th bealisng iNeiwsaen it ik i | 4] es and
root and tip. As_best shown in Figure 3, ea%%?gta?%r%%éﬁqﬁtdgg@gfpﬁ?%j oi ned
to the airfdpdtending iradialpeutwardlpdtbre aehingdgral platfohms2(uin aluinjtafyoomene and

aft edges or_.end 4. 36 extending between circunferentially opposite first
and second sﬁ’lgée%scsoﬁﬁggﬁ%% 38,40 which are generally arcuate in accordance

with the present AfI¥RGWNOR: Figu$& P RAndCT ALRNGHM 18h; r ' tion,
the airfoil root 26 is circunferentially or | gteraﬁﬁ‘%f%ﬁ@% 8;3}26!5%0 the
pl at f or m f i rigadisggadagailingredges £Aa4 epteatding radéallyofrdms a deotdZ6 tohs tiprd& atal | y

hown in Fi ik 14 i ated count er cl.ockwi se f hannel |
i 42 Det wileplie SdF STRE HinrBerr T oo SRl aleS tACH B ACDY sy 43
flows axial lopnaite pi@BuichGidecs]ing 8daRuiRelentibile &gq?dsgé @@ctﬁﬁg%e%é{] d is

pressurized by the aerodynamic profile of the ai7f ue to t curvature
or canber oPNVRe sHEtiasidesiZiexteadingobetween the leading and trailing edges and

root and tip. :

As best shown in Figure 3, each platform is integrally joined: to the airfoil
at its root 26, and each platform has axially forward and aft edges or ends 34,36
extending between circumferentially opposite first and second sides or edges
38,40 which are generally arcuate in accordance with the present invention.

Also in accordance with the present invention, the airfoil root 26 is
circumferentially or laterally offset closer to the platform first side 38 than to the
platform second side 40. _ : o

As initially shown in Figure 2, the disk 14 is rotated counterclockwise for
channeling air 42 between the adjacent airfoils 18. As shown in Figure 1, the air
42 flows axially aft from the leading edge 22 to the trailing edge 24 and is
pressurized by the aerodynamic profile of the airfoil due to the curvature or

- camber of the airfoil sides 30,32. _

As shown in Figure 3, the air 42 flows axially aft between adjacent airfoils
18 as the airfoils rotate counterclockwise on the supporting disk, which is from
right-to-left in Figure 3. Accordingly, the airfoil pressure sides 30 lead the
corresponding suction sides 32 in the circumferential direction as the blades
rotate with the disk. Correspondingly, the platform first sides 38 define leading
sides which precede the platform second sides 40 which define trailing sides
relative to the rotational direction of the blades and disk.



. As shown in Figure 3, the air 42 flows axially aft between gg.ace t
airfoils 18 as the airfoils rotate countercl ockwi se on t ha¥ HspBPei 2994

~disk, which is from right-to-left in Figure 3. Accordingly, the airfoil
pressure sides 30 | ead the corresponding suction sides 32 in the
circunferential direction as the blades rotate with the disk.
Correspondingly, the platformfirst sides 38 define | eading sides which
precede the pl at Figure Seitiongats dekerARti¥liyCih dRémpPRiry bidd-6@t s¢E@fencé ghat i ve
to the rotational direction of the bladés and disk. 3 30 Decenber 2004
Fi gure 3 il Whigh apeof thenlamdrlndes is Jibgrated &ipon she/ suppatting disloand iy gected i n

~ which he f is |i d fromth ting disk .and i
 ejectedralitfy SRy shocl ol TRE kol SR & AhrhiilE (5
~ nore detai | Figure i glieseid M@éxﬂiiﬂx%dlﬁfofc@ﬂh 'debigaated PRAE disctd B nablade F and

ejects the fan blade radially outwardly during rotation. Although th
bl ade is |i Btalpautwendly durisgppletionng disk, it is within the ‘

Gl coted  from t e RRPELRe Byble s Mhst B e soF HReHRG flsts s Bl e © Y
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I gure ) e
el

as illustrated firstly in ext-adjacent trailin | ade

i mpact st he fionk Erexfandinsi tygécally confairad within the shigld 16ddesirdted in Figyae &. 5.
Referri ' ' 4, | {.yof.f set ti heeaiffoils 18, t d
the | eadt ngt ardatch Guft} e onclial it Bkl 3 MTle AR e ace 40

of the pl atiionet-aljRenPirailiokdfale/indshichC@lilidetatbd Blddeasilusrfbd 8¢ niiteof the
trailing blades., _In the event of a blade-out failure, the trailing side 40

of the Iibedgtadldndiiges®es m will nore quickly inpact the pressure side 30 of
the. trailing aigf

| l. Si Lt ps r LV 0se. theretp. I,s 1 npact
© Wi ll correspondi nge?%/rhggc%%ﬁh%& glgru%? gt_ ﬁkg{ltﬁmgjr%?%’%qng @W %ﬁ%ﬂﬁ;ﬁ% warl
: the leading sides 38 of the platforms, the corresponding trailing sides 40 of the
platforms are more closely adjacent to the pressure sides 30 of the trailing bladés.
In the event of a blade-out failure, the trailing side 40 of the liberated platform

will more quickly impact the pressure side 30 of the trailing airfoil since it is

relatively close thereto.

This impact will correspondingly occur at a relatively small or low radius
A, as illustrated in Figure 4 and measured from the axial centerline of the fan,
which corresponds with the lower end of the airfoil span closely adjacent to the
platform. At this airfoil location, the airfoil cross section is relatively thick and
substantially stronger than it is at outboard locations along the span where the
airfoil tapers with reduced thickness.

In this way, the impact loads are first carried by the stronger lower
portion of the airfoil span for reducing initial impact damage thereto during
blade-out. 7

As shown in Figure 5, the platform trailing side 40 preferably conforms in
axial arcuate profile with the airfoil pressure side 30. In this way, the platform
trailing side 40 of each blade conforms in profile with the airfoil pressure side 30
of the next adjoining trailing blade so that in the event of a blade-out failure, the
corresponding impact site is relatively long along the chordal direction of the



" thereto during blade-out. As s

A as illustrated in Figure 4 and neasured fromthe axial g nterljne of the
fan,. which corresponds with the |lower end of the airfoil §Qf?°€‘?‘ ?&0@4
radj acent to the platform At this airfoil location, the airfoil cross
section is relatively thick and substantially stronger than it is at
out board | ocations along the span where the airfoil tapers with reduced
thickness. In this way, the inpact |oads are first carried by the stronger
| ower  porti ainfoilffot BgreadiniGht impact 16&ds rRUtekdls lesehird in ge
B Eown in Fi gureé}%, %yﬁe ﬂéygragng?rqg?‘lil ng side

40 preferably conf6rorsiingly, axsuhstantialatedughion i ofe dainage tine thd fami mapressur e
side 30. In ' . orm traili si de f .,each bl ade conforns
in profile vmé%ﬁ}e\rqg&%ﬁ]éé] %}efgl%ﬁ%gg{ﬁaéluﬁ la'tewg%hqﬂeqfﬁge %é‘x}ﬁa ?ﬂ‘Bitﬁ?ﬁ%WIS
trailing bl agected #ad@dllyi Butigrddy FRImOfts @ugb@ﬁt&rgoﬁﬁskf aﬁhﬁf&fgﬂ]@e%a_ of tlt1e f
al direction o

corresponding jnpact site is relatively |ohg along the chor
the 4 30 DecBwbeiduabbladgs 12 ere offsst cirgnaderentaliyén irectionanfsrotatibrt dred eby

the.fan ay BRabTOMEE refRie i Bnk aide 1) S 3R% ifteerd] Blaftemmo 20 offepe
fan bl ades i platfoeny @uiling siddsef) £@ ddl @sﬂfwﬁﬁéﬁs&mgwﬂﬂbi&ﬁh%ﬁ%ﬁ% ng
disk. The airfoils 18 of the i ndividual | ades 12 are offset

ci r cunf er ent PEgSpYre) sidend) of the cireumigrentallyt treflingairfollavdgr fxialy tspeeading

respective trgllin ' f _the_.integral atforns 20, The ~platform

trailing si d%(g{té g)ra éga g’i'eﬁ?tc‘fg%qq UGk gg‘fﬂﬂ‘ Bk AV oPi¢ é’%vﬁhﬁhgﬁg%%é’efjﬁ/e

pressure si destdfugl féro@ circunferentially trailing airfoils for axially

spreadi ng contact | gads therebetween during Sjection of any one of the
o

bl ades under cenf$iheya i Sigsaes Aanshbuthe platforur ailing asidess40 phefersibly f or m

~ trailing sid ps.ef | ¥,:0.C AN profil e w t iLfoil pressure

sides 30 rad® {}nbgﬁk@gé@tmm R QR pr@ssure sides t.B-H ra al%( bebweer the
corresponding roots 26 of the airfoils and the midspan thereof. Preferably, the
conforming profile occurs nearer the airfoil roots, where the airfoil is thickest, -

than the midspans.

As shown in Figure 5, the airfoil pressure side 30 is generaily concave
between the leading and traﬂing edges 22,24, and the platform trailing sides 40
are preferably complementary convex therewith from blade-to-blade.
Preferably, the platform trailing sides 40 conform with the airfoil pressure sides
30 nearer the leading edges 22 than the trailing edges 24. ‘

As shown in Figure 3, the fan blades typically include a substantial
amount of angular twist B between the roots and tips thereof. The twist angle B
is defined between the corresponding chord lines between the tip and root
sections, with the airfoil ﬁp 28 at the leading edge 22 preceding the trailing edge
24 in the circumferential rotational direction of the blades. Accordingly, each
platform trailing side 40 preferably conforms in profile or axial curvature with

the airfoil pressure side 30 near both corresponding airfoil root 26 and leading
edge 22,

Figures 4 and 5 illustrate an exemplary impact of the trailing side 40 of a
liberated platform with the next trailing blade. As shown in Figure 5, the
platform trailing side 40 has a generally convex curvature preselected to

5



corresponding roots 26 of the airfoils and the m dspan the bly,
the conforming profile occurs nearer the airfoil roots, \A,h@ﬁ)&c‘frﬂé rz%%?ml

"is thickest, than the m dspans. As shown in Figure 5, the airfoil pressure
side 30 is generally concave between the leading and trailing edges 22, 24,
and the platformtrailing sides 40 are preferably conplenentary convex

therewith from bl ade-to-bl ade. Preferably, the platforn1tra|I|ng si des 40

conform wi t lgehtrallgi niath oF @®96En SWidS theOcdifplefentdly g%ﬁé‘ﬂa'ﬂ 8385022
than the trailing e d es 24. As shown in Figure 3 t he'fan bl ades typlcally

i ncl ude a sGBEYaARE ¢flthe girfnihprassugrsida 3 att §¥p@t¢§buxmm SItheAtsmmhsatadd tips
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rotational dlrectlon of he bl ades. Accord| ngly, eac pl atformtra I ng
side 40 prefaéfrf@Lbly conforms in proflle or axial curvature with the airfoil

ressure side 30 near rres rfoil root 26 and_| eadj edge
22. Figures 4 an I$§‘L‘fsﬁﬁé‘¥ ﬁ%&élra@ gdynagpic fwist phithe ﬁﬁPoé]iSde 20
of a [Iiberatlgehphit chﬁéE hd ﬂez{cﬁﬁ%ﬂﬂgb felo@irl 'oPQch@'ﬁ%ﬂ &5 1241080 ;[aa& {regur e

5, the platformtrailing side has a generally convex curvature

pr esel ect ed libsrated plaiberanbwitho feu trgidingr @dgeyre@mrc lof dhe cinfoid riing ticlined

I t foi,l de 30
at The oxpodiel Tikdhe turRIR iRl ot Ballig sifee pgrobrs bisTE s sy ™
relatively abdeempactelibydtheleficted lalle, 3 thEicitrelthy aRRItibASS t %ﬁ&bhn
| eadi ng edge, fromthe leading edge aft to generally“the md-chord of

airfoil. Figereés Bttlo ifiany soaformange i sidetprofile withabe gegeding @ftt portionaif the

airfoils . the airfoil pressure side.

- Since the fan blades illustrated in Figure 3 are assembled closely adjacent
to each other and include airfoils with relatively high twist, the amount of
curvature which may be introduced in the platform trailing sides 40 may be
limited by the ability to assemble the individual blades in position between
adjacent blades. The profile of the platform trailing sides may therefore have a
shallower contour than the coﬁesponding concave c¢ontour of the adjoining
pressui'e side for permitting assembly without obstruction or interference by
adjoining airfoils.

Once the desired profile of the platform trailing side 40 is selected, the
profile of the corresponding platform leading side 38 may then be determined to
conform with the platform trailing side 40 of the next adjacent platform for
providing a refatively small circumferential gap therebetween for reducing air
leakage therethrough during operation. Accordingly, the platform trailing side
40 is configured to conform with the expected impact site on the airfoil pressure
side, and then the complementary platform leading side 38 is configured to
match the next adjoining platform trailing side.

Figure 3 illustrates schematically how one of the fan blades 12 may then
be assembled between two previously installed fan blades By twisting and
radially dropping into position between adjacent platforms. In view of the



which will cause the | eading edge region of the airfoil to_first t the -
liberated platform with the trailing , edge region of the33DFgn er@@ﬁ
‘inclined away fromthe direction of rotation The trailing edge region |s
thusly less likely to be inpacted by the ejected blade, and therefore the
aft portion of the platform needs little, if any, conformance in side
profile with the receding aft portion of the airfoil pressure side. Si nce

he f bl
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each other and include air I's Wlt atlvel y
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limted by the ability to I ndi vi dual bl ades in position

bet ween FIREE ?ﬁ%{é‘%@‘ f‘%ﬁ%’“ﬁ%ﬁf aé‘elﬂ?d?%e platformtrailing sides may
therefore have aIn SHEbreANREd eﬁ%@lﬁﬂéntﬁﬁ‘@éhét@@u@?i?ﬁfﬁg%g 1%%81@1§8 s gontour
of the adjoining pressure side for permtting a 1y W thout obstruction

or interf er phoelity of agjally ipagedapéni drsulandmst Heextesdimgdoytwat dlyefrofn &he

platformtrailin 40 is selected, the profile of the correspondi ng
pl atformle&ﬂﬁ"ﬁ@g‘%?‘ €i§‘8 may then be deternmined to conformwith the
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- relatively small circ Ial gap ther arr ({Peakage
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illLustrates schematically how one of t e fa bl ades 12 may then
assenbl ed bé&maugh haleirpwiidhoasdspedtivst retenéidnfpin 50leatirsls laguaﬂlwtheneﬁg-oagh

_ gagba&ge%gtﬁ)lp‘?é i nttﬂe%?adeto%ﬂesueptlﬁlo\er%n mJ\Sacent pl at f orns. .I n view of the

The pin mounting of the individual fan-blades fray be effected in any
conventional manner, with the stacking axis of the airfoil extending radially
inwardly through the offset platform and into the corresponding tangs for
carrying centrifugal loads into the disk rims 44. ‘This pin mounting arrangement
also permits substantial curvature of the platform leading and trailing sides
38,40 without preventing assembly of the individual blades to the disk.

In an alternate embodiment (not shown) in which conventional axjal-
entry dovetaﬂs may be found in the fan blades, the amount of curvature of the
platform sides may be limited by the ability to axially engage the dovetails in the |
corresponding dovetail slots. formed in the disk perimeter without obstruction

by the arcuate platform sides.

Blade-out testing of the improved fan blade with conforming offset
platforms has been conducted in component and full engine tests. As shownin
Figures 2 and 4, a failure crack 52 was induced in the blade tangs 48 at the
corresponding retention pin 50. Liberation of the ejected blade at operational
speed resulted in no loss of material from any of the trailing blades
notwithstanding platform impact therewith.

Since the improved platform effectively contains blade-out damage to the
liberated blade itself without loss of additional material from the impacted



substantial curvature of the blade platforns, the assenbly oces
require that the individual blades be dropped radially in?@iﬁﬁﬁpﬁﬁgﬁ%ﬁs
"opposed to axial insertion as commonly found for fan blades. In the
preferred enbodiment illustrated in Figure 1, the disk 14 includes a
plurality of axially spaced apart annular rins 44 extending outwardly from
a common hub 46. Correspondingly, each fan bl ade preferably al so includes
a plurality teflingupladef i the acalitigt anbsladde esft em@i REorads ahky Linweigd! y from
the platform 20 ana,direc_ly bel ow the corresponding airfoil 18. The
axially spaggﬁuﬁﬁﬁp ingdygdhe 2gtrangthy regriremientt & vather t¥egor oancks patati ng

rims 44 and . i ichya respective ,retention
bi 50 ext ersdn iR SRRERS e KBk Blpyahe |G b L e irRaee
suppor ting rthereveidieweightrauhtomplexityt dfethenaitite dugind. aThbliagRsvam b ha
effected in an conventional manner, with the stacking axis of the airfoi
ext endi ng r&&FéwgiPi%é?rﬁwhpﬁlmw  IsEnerpistie tbepefit beyomdathdiriimmoedinte
correspondi Rg L@ngs for carrying centrifugal |oads into the disk rins 44.
This pin mounting arrangenment also permits substantial curvature of the
pl at f or m | eadi ng While t thaid ihage Shed@s dedBibdl Merehouihatr GMeRbhdldess ertiey Of
the individual, blades to the disk. In an alternate enbodi nrent (not shown)
in which coﬂ%ﬁ?ﬁegneﬂndaﬁxﬁmpl@m rgmbesliments sofngthe bprésenh dinvantion fodher

bl ades, the [0l . Of | at f i des, . .be, limted by
the ability to a%%ﬁsy%é%g&ﬁ?gl Sd%\h}lg?eaﬁ’@”?ﬁ{ ﬁw@“’g% a?ﬁgﬁa%ﬁh? ﬁ%l %%Wet ai |
sl ots. formehe 'teachh?sdieséﬁxmmd ieeib Stheydfbie) dbsiflb o bE bécited Y thdgppériiedt ©

pl atform si e-out testing of the inproved fan blade w th conform ng

des. Bl : ] .0
of fset pl aﬁf%ﬂﬁégdbéeﬂdlé'éﬁm agl falh wishipothenirug epiritiandesngpaech thet s.  As
shown in Figugs 2 and 4, a failure crack 52 was induced in the blade
tangs 48 at the corresponding retention pin 50. Liberation of the ejected
bl ade at -oper at i chabrdingly, what is desired to be secured Letters Ptent of the United

States is the invention as defined and differentiated in the following claims in
which we claim:



speed resulted in no loss of material fromany of the trail | bl ad
ngtvm' t hst andi ng pl atform inpact therewith. Since the i npro%éeﬁ%ﬁ‘?%l?qrgﬁ%
effectively contains bl ade-out damage to the liberated blade itself.

wi thout .loss of additional material fromthe inpacted 7 30 Decenber 2004
trailing blade, the resulting inbalance of the rotor is also |imted.
Correspondi ngly, the strength requirenent for other rotor and stator
conponent sCsMIMSt to the rotor inbalance | oads may be reduced, for
reducing the overall weight and conplexity of the entire engine. The

i nproved offset conformng platfornms thusly enjoy a synergistic benefit
beyond their imredi ate. benefit. Wiile there have been described herein
what are cbnsi dér@&lﬂ%ﬂ%@mﬁﬂé‘ﬂg'rred and exenpl ary enbodi nents of the

(O ti . ot. . modificati .of 1t [ ti hal | t
o those aki 11 ot fiktihGrdpl dtophfitt @iy dfinetiG e Ao, Rafkit snd Ealtil™ °"
to those siillet A P8ht? .
moai 11 cat | il TRl Rt 1o 8" FRAEDE b BpBOTR: Ryt M econd, o,

Accor di ngl sidesvsstendmgdhsicbetivéem; be secured Letters latent of the United
States is the invention as defined and differentiated in the follow ng
claims in whicspideplatfermmhagign fomasdiand aft endelandvacuate firdtandseanad

conpri sing;.,an _airf.oil. hayi a root integrally joined to a platform
| eadi ng antide} SfteR gﬂé‘%‘&ég&g‘?@endi ng fromsaid root to a tip thereof, and

opposite first andafeGPRcht being laterally offset closer to said platform first side than
to said second side; and
satd platform second side conforms with said airfoil first side nearer said

leading edge than said trailing edge.

2. A blade according to claim 1 wherein said platform second side conforms

with said airfoil first side between said root thereof and a midspan of said airfoil.

3. A blade according to claim 2 wherein said platform second side conforms

with said airfoil first side nearer said root than said midspan.

4. A blade according to claims 1, 2, or 3 wherein said airfoil first side is
concave between said leading and trailing edges, and said platform second side

1s complementary convex therewith.,

5. A blade according to claim 4 wherein said platform second side has a

shallower contour than said concave contour of said airfoil first side.

6. A blade according to any one of claims 1 to 5 wherein said airfoil twists
from said root to tip; and said platform second side conforms with said airfoil

first side near both said airfoil root and leading edge.



si des extending therebetween; said platformhaving forward @?9 af %Bag and
arcuate first and second sides extending therebetween; sard-&FfPo o)
being laterally offset closer to said platformfirst side than to said
second side; and said platformsecond side conforns with said airfoil first
side nearer said |eading edge than said trailing edge. 2. A blade
according to claim1l wherein said platformsecond side conforms wth said

airfoil figst sjid t WeGHdRR 9o T e i id aisrfoil.
3. A bl adev'accojﬁd?}latg&to cl glﬁ% govﬁﬁ}r glhﬁ égﬁlge ﬁ}g(t: 5%@2@% l’é&lﬁ‘ e g%n or s
with said platfoonl fifst sise confterncianmofiaivithrsadd pldormssscdndisiizpan. 4. A bl ade
according to clains 1, 2, or 3 wherein said airfoil first side is concave
bet ween said | eading and trailing edges, and said platformsecond side is

caid platt o Bt AOGRBa S o ol PfiEpriGiibe Bna VAR concave |
contour of sai ; hi i i .ade according to any one of
claims 1 to 5 \?\%ﬁggi{rﬁm{ﬁgﬁ?kﬁrﬁ)@m dtrg\?tst?gm’from said root to tip; and said
pl at f or m secondsaid dérfoldnfailing sdgeisshictinail rdwdy frdm rsaid Eﬂ@kﬁyrﬁeaﬂrsb@fde sai d
airfoil root and |eadi ng edge. 9 30 Decenber 2004 7. A blade according to
any one oftopraed pridqdaiferm seeondssida detieersssid rogtl andftip;ranidi r st si de conf or ns

in profile with sai | at f orm second side. 8 A blade acgording to any one
of the precedi rﬁ’“@lpi"i‘tﬁ%m@\ﬁé%ﬁli?‘ esL BORYS% elasex §p saul F‘Fg%{ 3%4 ng ggget o
tip; said i kd: qtead il : is inclined away fromsaid platformfirst
si de tovvafrPl Eﬁ?é}d&rﬁpo@%@ gg%% si de between said root and tip; and
9. A blade according to any one of the preceding claims wherein said
platform first and second sides are substantially straight between said trailing

edge of said airfoil and a mid-chord thereof.

10. A blade according to any one of the preceding claims further comprising
a plurality of support tangs extending from said platform below said airfoil, and
having coaxially aligned holes extending therethrough for receiving a retention

pin.

11. A blade according to claim 10 in combination with a rotor disk haviﬂg a
plurality of annular rims extending outwardly from a common hub, with said
tangs adjoining said rims, and receiving said pin extending axially through said

rims for retaining said blade thereon.

12. A fan comprising:
a plurality of blades extending radially outwardly from a rotor disk; and
each of said blades including:
an airfoil having leading and trailing edges extending from root to tip,

with opposite first and second sides extending therebetween;

10



said platform second side is convex closer to said airfoil 6§adi nqg?éaggf
than to said airfoil trailing edge. 9. A blade according t9° &f§"® t he
preceding clains wherein said platformfirst and second sides are
substantially straight between said trailing edge of said airfoil and a

m d-chord thereof. 10. A blade according to any one of the preceding clains

further conpri s platfoampintsgahlly yoinkd s paidrairfoag saidxoendindhdvingfaaiagd

pl atform bel ow said airfoil, and having coaxially aligned holes extending

t her et hr owagld #foendss @il aireupte firgtasdiscopng pides extending tgechetwormi ng to claim
of

10 in conbination w th a rotor disk hayin | urali nnul ar_rins
ext endi ng out vvaﬁabci?‘r% IBFH‘)&%@ rﬂﬂﬁ,o\ftﬁe?ﬂ%@%@ Sﬂf‘iﬁi_féf% ﬁ?sﬁisﬁ% thap g
rims, and i Vi jd pin extending axially through said rins for
retaining tégéﬁgi%%cggg%ﬁeér eon. 12. A fan conprising: a plurality of bl ades

ext endi ng radi akdig lktfeah GeYord Sidedoff @ie0sf sHid KiladRceorfaghs ¢ phdtild withdes
I ncluding: an airfoil having |l eading and trailing edges extendi ng fromroot

to tip, vaaidaiofipbSistside ofsan &ijdingeg ond of saiddladaseadng t her ebet ween; 10 30

Decenber 2004 a platformintegrall|ly joiped o sai irfoil at said, root,
and havi ng forvi#fdl Plaarms secaids sidéng" fesabing; Fgﬁl?%"ﬁ%r B cEPRIOUT ghan

ext endi ng t her ebet. X i L .f Q) ' I |1y offset closer to
said plat f%ﬁﬁ*?’&%‘ﬁgﬁ}gfeﬁq@ﬁgﬁ J#%ﬁgﬂtlﬂé?gfedggﬁgg%d e, islg‘i d pl atform second
side of one of said blades conforns in profile with said airfoil first
side of an adjoining one of said blades; and said platformsecond side

profiles bi.ng Atfahlaceerdingte olaimul? wherein said platform second side of one of
said blades conforms in profile with said airfoil first side of an adjoining one of

said blades nearer said leading edges than said trailing edges.

14. A fan according to claims 12 or 13 wherein each of said airfoils twists
from said root to tip; and said platform second side conforms with said airfoil

first side near both said airfoil root and leading edge.

15. A fan according to claims 12, 13 or 14 wherein said atrfoil first sides are
concave between said leading and trailing edges, and said platform second sides

are complementary convex therewith.

16. A fan according to any one of claims 12 to 15 wherein said platform first
side of said one blade conforms in profile with said platform second side of an

opposite adjoining one of said blades.

17. A fan according to any one of claims 12 to 16 wherein:

said disk includes a plurality of annular rims extending outwardly from a
common hub;

each of said blades further includes a plurality of supporting tangs

extending from said platform below said corresponding airfoils; and
11



correspondi ng profiles of adjoining first sides of said ai rég)l 1 A fan
according to claim 12 wherein said platformsecond side of> gegpber

bl ades confornms in profile with said airfoil first side of an adj oini ng one
of said blades nearer said | eading edges than said trailing edges. 14. A
fan according to clains 12 or 13 wherein each of said airfoils twsts from

said root to tifgsp e?ﬁtﬂze%téhtﬁ:lnaﬁﬁl@resrtﬁﬁlcmdll?ltﬂﬁ)@rﬁcﬁhrﬁmdﬂtah@s s@addigist f oi |
first side near both said airfoil root and |eading edge. 15. A fan

accor di ng for retamiing sdid, bladesathetetomherein said airfoil first sides are
concave between said | eading and trailing edges, and said platformsecond
sides are corrpl enentary convex therewith. 16. A fan according to any one

Conor i 16 pr o etiRic S chg diileedh® b Giring bREGh o7k AR BH°
ad) of ni N ARG IAlesSAbIEAd ASuphdrt A AnfRAoREI NG Lo any one of ¢l aim 12

to 16 wherein: said disk includes a plurality of annular rims ext endi ng
outwardly from effsettngairfbild of saich bhides aiictuini fecasiallyr away from Irasjmtlare

plurality of _ supporti ng tangs extending fromsaid platform bel ow said
cor r espondirgidingstdesiafdntegral platf @@ﬂ)@’@é@f%eﬁn $004 respectl ve retention pins

Theroto g, Hfﬁ{f"aﬂf‘n&bé’aﬁ@a%%f | fafeles I Brofiid wiftPERpBUAR BRGNS 20C%
a row of 41 %géﬁgﬁ&lé ﬁﬂ'ﬂttfhlﬁn lH%BQr&f i $ kirf6R8REARE N8adiRk fedgbt ioTg
of said es circ

airfoils nferetlaly away fromrespective railing

si des of igui¢girébilpihanfteriling tedgeetiferecidr sprdadimg ogntact lbagé therebetwteeni | i ng

sides in profile with respective pressure
during ejection of one of said blades under centrifugal force.

19. A method according to claim 18 further comprising conforming said
platform trailing sides with said airfoil pressure sides near respective roots and

leading edges thereof.
20. A method according to claims 18 or 19 further comprising providing
convex curvature in said platform trailing sides to conform with complementary

concave curvature of said airfoil pressure sides.

21. A gas turbine engine including a fan blade in accordance with any one of

claims 1 to 11.

22. A gas turbine engine including a fan in accordance with any one of claims

12 to 17.

12



sides of circunferentially trailing ones of said airfoils pearer I eading -
edges of said airfoils than trailing edges thereof for sp?@REremP "cf@rqpéct

| oads t herebetween durinR eiection of one of said blades under centrifugal
force. 19. A nethod according to claim 18 further conprising conform ng
said platformtrailing sides with said airfoil pressure si des near
respective roots and |eading edges thereof 20. A method according to

clains 18 or 19 ftuther A&I vature in said
platformtrailing sides g@fm{aﬁ MNWB oncave curvature of
said airfoil pressure sides. 21. A gas turbine engine including a fan bl ade
in accordance with any one of <clains | to 11. 22. A gas turbine engine

i ncl udi ng a ABRTRAGCOSTIREAREISWMLOSURE one of clains 12 to 17. 12 30
Decenber 2004 CONFORM NG PLATFORM FAN BLADE ABSTRACT OF THE DI SCLOSURE A
fan blade (12) includes an airfoil (18) having a root (26) and an i nt egral

platform (20). The toh Bldderm) deluiannlararde s ial h rebdiast 3d and

arcuate first and second sides (38,40) there root is
laterally ofmt@rahpbﬁermt(aol Hﬁlqoplatfbmrmf:lu@ feivdardt arahafitleads @4}3@ si de.

accor di ngty 2] pRifBherd Pechug e 5o e g AR PR bl ade

and damage Ihféi‘é.l@jr @ffsé:ti c%se% td the platform first side than the second side. Impact
loads with a trailing blade during a blade-out failure are accordingly
distributed for reducing peak loading in the trailing blade and damage

thereto.

Fig. 1
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