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 dubhe &mblafssfrsecaivg AR R AN GRIEFuSenNnEyTaign Phject

I NVENTI ON 1 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



30 Decenber 2004 According to one aspect of the present ingﬁ?)téi on thare S
provided a fan blade conprising an airfoil having a root i ﬁ?‘&"‘?rf i ned
to a platform leading and trailing edges extending fromthe root to atip
t hereof, and opposite first and second sides extending therebetween; the
pl atform having forward and aft ends and arcuate first and second sides
extendi ng therebetween; the airfoil root being laterally offset closer to
the platformfirst sjde than the second side; and the platform second side
conforns with tAscadingte opg aspedtiddhgquesant dmeentiondithgye is pgevidedm fame

trailing H@?ﬁ \ A tralli : ' e t
failure naegﬂgg cgc or g}%é&?gﬁm%ﬁl@&%@* (1)1?@ ggé%g@ h‘gégp‘!é’g% ﬁ%@ﬁ’greflﬁﬁlghe
trailing bimdiading ej?m@&td:ddmgﬁ@an gh:ecmo;ﬂitdilg tiptiepedthand @p 6911? ﬁi‘sttdﬁfﬁ
present invention, there is proyided a_ fap conprising a plurality o

bl ades ext$55and §1desfxiending therebaiween; she Hﬂ%’fg{r& ﬂaﬁpg orwarl and pliggndshe

pl ades | nehiflkacfspahli SbbodtP¥iBY oL RANNORID ALY Y 2if8HGDPELRRY NG
fromroot to tip, with opposite first and second si'dés extending
t her ebet welatgraly pifset closer rio ehe gllatfoinnifiveti side thae dier §eviondagidehandote, and

having for d and aft .ends, and arcuate fif[s nd second sides extending
t her ebet me]él‘,%’?fronphge%qdf %‘ﬁle FUHOIBE WY Ié’lee?lé qlt/ f’gﬁ'ﬁ‘ sidle ’é‘?%@értﬂ? deadiag

platform fd ' t e I fen ot H]'gaﬁ yde of
one of theé(}o aﬁgqgggﬁpﬁ%%d#@bm}? ?ﬁe)mavd\n%t tﬁelj?%illr OIHE@?{H@{?%{J%&%% an
adj oi ni ng autefaturemap| bl ascoramply hdispitattédrfor redocing séake lqudifig liastheei ng

shal | ower jn,.contour than corpesponding profiles of adjoining first sides
of the ai rtfﬁilpg%ﬁ%g&ﬂ%'ﬂag% ‘%Phe_r aspect of the present invention,
there is provi dggecrdirERidabiibr LGRUE LRIIPRAGR: IveRbANIRIE i Braviged hon Of
one of a row of fan blades nounted to a Support disk,” conpriSing:

of f set t i nofaai ecmprtisingfa phealityacfeblades rextariding madially yovdwaydliyr foomr @speeet i ve

(1l 110 ol e gk Bl oL oo P O [T S g O
a7t g ) RSS9 Pop A it ot oty siges
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



t her ebet ween during ejection of one of the bl ades under ce%ﬁqft:urgﬁl fﬁrce.
BRI EF DESCRI PTI ON OF THE DRAW NGS 2 30 Decenber 2004 The i § ‘?rzlo 4
accordance with preferred and exenplary enbodi nents, together with further
obj ects and advantages thereof, is nore particularly described in the

foll owi ng detail ed description taken in conjunction wth the acconpanying
drawings in which: Figure 1 is an axial sectional view through a fan in a

gas turbine engipe iiﬁvexﬁmrdﬁﬁcs?wﬂange %ﬁﬂplﬁeyer?éﬁm%ﬂenéx@ﬁ fape
present invention. Figure is a front-facing-aft radial view o % portion
of the farembodisnends.etbgetherrwithr firthernobjeatsemdiadmgntagee tRer2of Fisgmioee 3 i s a

top, partl ectional vie f ortion of the fan illustrated in Figure
2 B akaiprlFdag Y rethedin fe ful%ihe destled dscuPlon pin WWERIBUGh o
portion ofwihkhadechapasyin '(ﬁﬁ{,ﬁg%“h&jhgéﬁ:e 3 and taken along |ine 4-4.

Figure 5 is a top sectional view Through the ejected blade and adj oi ni ng
trailing bl ade Fighuest isamwdxiah sitipmab vievatitonghk arfanlim agaks itubife SngiRETM LED

DESCRI PTI ON OF, THE I.NVENTION Jllustrated in.Figure |.is ortion of fan 10
of a tur bochﬂrc&ggem Phe* BRI & &ﬁf%gﬁ%@ﬁpgqreﬁg@\gp{qqgio n aircraft in
flight. The farFi}Qrd 3is ﬁ%&ﬁ%&h%fﬁ?kacﬁﬁ%&w%ﬁ@ﬁ@h{diﬂbﬁ e fah iltidtRlted

centerline axis and includes a plurality of fan rotor blades 12 extending
radi al | y ootiigwel hand taken adomgpbne2rdy rotor disk 14. The fan is di sposed

i nside an annul@ar_nagcelle in ich an annul ar .2a 30. De 20004 fa
cont ai nnent shi@gﬂrei% 1§ E%BPSB%@&S‘?C@P@HQS%PM I Wﬁtﬁg%ﬁﬁﬁé}'ﬂt t he
fan bl adeqnﬁgﬁr@ZQng\k@ﬁtalﬁfg BnéRagle- out node of failure in which a fan
blade is liberated fromits Supporting disk.
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

2a



Each of the blades 12 illustrated in Figures 1 and 2 includes an airfoil 18
extending radially outwardly froman integral platform20 PRDgembsr£004or

' one- piece construction. As shown in Figures 2 and 3, each airfoil 18

i ncludes axially opposite leading and trailing edges 22,24 extending
radially froma root 26 to a tip 28 at opposite ends of the span thereof.
The airfoil also includes a first, generally concave pressure side 30, and
a circunf er eahicohtayin@eROSHER] 36 &0didpoRaNRE abborbi @rﬁ?rsdfﬁf alﬁh%e 2

ext endi ng between the |eading and t?ailing edgegﬁggﬁ oot gﬁﬁ ti .&%S best
shown in Fi dardlalesddn the gventroha bladetoat naideyofj feilnedint whichen fainfladd is at

Its root 26,;. latform has ;axially forward and aft edges or ends
34, 36 extegllggmggﬁag Sgppgﬁﬁﬁéﬁgﬁtially opposite first and second sides

or edges 38,40 vmacﬁrbfachemr@lmus@ate&mg{}eﬁ%%d?mq%%&ﬂ@gi gesent

invention. Also in accordance with the pres I nvent1 on, earr r oot
26 is circuitending iradially eutivardly £tdm aof integral platforma( irea pingtbfyoonvhér st
side 38 tharliiﬁé)eéo?s gl.atform second side 40. As initially shown in Figure
2, the disk | 8'{’1?%9:1 countercl ockwi se for channeling air 42 between
the adj acent - ai r @ khowR. inBighf@P and &1 Gk Saidioil L1CirRILdes4id 2l 1y
aft fromthe | eadin .ed‘g_e 22 to the trailing egge 24 ancfs' éﬂafé@gﬁ%ﬁlezed by

iS
t he aer odyndfiding g edges 37,24 extending tadlialhefrour aabotr 26 tir a tipa2fatr  of

the airfoil sjides 2. shown in Figure the .air 42 flows axially aft
bet ween adj a@gﬂ)t%ﬁ%fégpgiqfstﬁ% lsé’aﬂ\é@‘ﬂ?@f'ai o"i’lréﬂr Q}‘?%t”édHG%?ed‘@Fc&?Pﬁ on
the suppor tidgcaie preswbifec SideS3d, 0@ a ldiseliintb@ntighy dppokitd borst Pamgi ngly,
the airfoil pressurbe_si des 30 lead the correspo%dipr?g suc%lébon'sq%ggs 21in
the circunf OBNEX guctinm giglei hexending bitues the deading windhtrailingdidges and

Cor r espondi r}%l v &Hﬁ platformfirst sides 38 define |eading sides which
precede the p a?‘[f second sides 40 which define trailing sides relative

to the rotational Asibéstehb@ iafFigive 3eadeplaBends Htegrilly 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.



- 30 Decenber 2004 Figure 3 illustrates schematically an exe ar I - out
occurrence in which one of the fan blades is |iberated fr%ﬁéﬁgﬁéﬁgﬁti ng

~disk and is ejected radially outwardly by centrifugal force. This is
illustrated in nore detail in Figure 4 wherein the centrifugal force is
designated F and ejects the fan blade radially outwardly during rotation.
Al t hough the blade is liberated fromthe supporting disk, it is wthin the
circunferential Fiphae dlakharb sthembfi@illy 49 eRédpRey WMdd-out odctirepopkgt el y
ejected fromthe fan and typically confained wthin the shield 16

i | | ust r at edWhictFpye eé the fantfladesds libgtated froonshe supporting sliskoaadiés ¢jedied at i on

pact st her sy p bR dol R b0 T ROIBSEHeLi ool %
Referring agiiute tdowhieghin ehél cedtyifh @il €ordel iy debfppatcd PAnHNGecd HfanShladet ovar d

the | eading sides; 38 of the platforns, the corresponding trailing sides 40
of the pl afddiaky oupwasdly duringselafiondj acent to the pressure sides 30 of the

trailing bl ades. t ng .of..a bl ade-out failure, the.trail,i.ng, side 40
of the Iiberat ed‘%h&%@@ﬁg\(’%‘#ﬁsm@qﬁ% kit ?ﬂ%&‘@&é’%&é@é%&‘@?‘&s 30 of
the. traili eic@nfdrehtialSiol§ pdth dfSthel @dithi thdestRs@l i&h@&é&g;_letiﬂy ﬁe&t@@act
wi |l correspondingly occur at a relatively small or |ow radius as

i | 1 ust r at ed fiom Ehyfancang wpiraly senteined wishin the shield[16d8wsteted ireFiglure he f an,

. which L ' ] | fr.ihe. .airfoil . .l dj
o the i af Rapswerplain 8% g & ladt ibHSuBh o Mo SR ARl TS
- relatively tid stanijaceftiralingtbladd dnpdoton@dibettad blddel 4 iBlisteAtbd dRbtbre

- locations along the span where the airfoil tapers with reduced thickness.
" In this myﬁeﬁ%e'lli%ﬂ@tal oads are first carried by the stronger |ower

. portion of the ai ld. .S OF: I (o NI | pagt t.hereto

© during bl ade- o_ugek‘%?hgh%%/\% f“’nﬁ'ﬁugg %i{_a.bg,q-a. e p‘?%ﬁ%&ngqq' %?@gggsﬁ"ﬁ’é“ﬂo
preferably elnleadirg sides 38 iofthapRidimspiief ddrfespbhdingteaifihg fsitlds 40r@fShir e

: side 30. In this way, the platform .

: platforms are more closely adjacent to the pressure sides 30 of the trailing blades.

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



trailing side 40 of each blade conforns in profile with th irfojl
pressure side 30 of the next adjoining trailing blade so_Sﬂi%ec?IH{’?rt’?@%vent
+of a blade-out failure, the corresponding inpact site is relatively |ong
along the chordal direction of the 4 30 Decenber 2004 airfoil for spreading
the inpact | oads and thereby | essening inpact damage. Accordingly, a
substantial reduction of damage in the fan nay be obtai ned during the

bl ade- out f adirfoflefot Bprahilicly the emphctiibedd A Me?&ﬁsleés@ W H8ma %ect ed

 radi ally outwardly fromits supportlng disk. The airfdils 18 of

i ndi vi dual bl ades®georginglpf fsaubstantial nfeduetion x0f fainage him the den i may obe
rotation and Lve tra n s.4Q .of the, integral
pl at f or ms ZOObQﬁ% &IFI%E% %&?ﬁ%&%ﬁ?f@uﬁ %‘gr%%],e gﬁ'ﬂﬁﬂ%ﬁ%ﬁ‘? the F9%ifred i n
profile wit he]éaéﬁeﬁﬁhalgr oRFRSEAY FrérhdRs saggsliut rtég?a&' r owaf Srek i@ by

nt a

trailing airfojls for aX|aIIy spreadi ng | oads t herebetween urlng
ej ecti on of HKlividyal Bldend2 prereisct girgamferentially i dIfrmtm of Antatfommmd n

Figures 4 an conf r n
profile wit hg‘P’aX %@f @{e?{e%ﬁéésgé’ﬁrﬁmi‘f‘&g’ﬁ gﬁé’fﬁlqﬁgwe T 2U. "Hhe

cor r espondi nglatfeeinstraibingfsiddieitparel Ridifordly édiforthéd B réﬂﬂ@rv@ﬁlfl Te Hﬂ' gL abl y,
the conformng profile occurs nearer the airfoil roo where the airfoil

i s t hi ckest , Prafatire; HidendQ op s cirpemésyeniiallyn trailipgr airfeils tftbleaaaﬁj'(spre sure
ide 30 i | b t t he | eadi dt dges, 22, 24,
and the pf acToiiact IofaBRERYS &, HaRRe SEcadkC BL ARy Bt arbarS: Lorioex

therewith frem fdree.bl ade. Preferably t he platformtralllng si des 40
conformwith the airfoil pressure sides 30 nearer the | eading edges 22
than the trailingASdhe¥pm Figrendwand b thegplaoan traling sides 4@ psefexablyal | v

her eor . “TrelRBAp B i Ml MR o) Sl lrBRly eRatE 38 1 P°
| i nes bet weecortésp me 06of thesirfod8 sindihleinidipanithéRbl. Prdferdlydithé he

- | eadi ng edge 22 pr ecedi the trailing edge
: conforming pro e 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



24 in the circunferential rotational direction of the bl adg$ Accor%iagly,
each platformtrailing side 40 preferably confornms in pro Pscgpber 20
"curvature with the airfoil pressure side 30 near both corresponding
airfoil root 26 and |l eading edge 22. Figures 4 and 5 illustrate an :
exenplary inpact of the trailing side 40 of a |iberated platformw th the
next trailing blade. As shown in Figure 5 the platformtrailing side .40

has a gener gehyratignviitcle UsY adonfernRT R0l ek e&)ﬁlﬁlﬁ%&%ﬁ?ﬁ%@ﬂ%ﬂlﬁ@%ave |

generally match or conformw th the conpl enenta @E | y concave
curvat ure ofCufyausg offthe pirfpibprasswresidp3(30 the exprst pactditempadndisated. As

i ndi d , ' | ativel y. £l he airfoil
and pri mar i £y Ohgant g CRFbe e A oAb E ArfPuRBPtar bRy BTt 1o
general |y t hefoil thadiigr ed@f fidif thalealiig edde &HE(%&&M\XF{}J &E&-%hbiahgﬂpga di ng

detail the aerodynamc twist of the airfolls I ch cause t
edge regionaéﬁfoﬂ-he airfoil to first inpact the |iberated platform wth

direct fon of ot SHBS THEAALE 505k B AR APpeTanty isEoE the REIS to be
i npact ed by viiieh 6L c@asd adlgeading ddpgr RERIE o e alitfollOld ifR6t ﬁﬁﬁéét%ﬁtge

platform needs little, if any, conformance in side profile wt

recedi ng af tibgeated glatéerm,t wathather trpilingr edgauregien oé . thejairfeil theing amcliveddes

et uae.ar v fevarii R AIRERR SR PRNGH T SR RRRaRn o h Lol it o
may be int er%éeﬁleb&eaﬂg' mb@jéc&rdmha@,iahartﬁefeif&@&héaﬁﬁﬁ@ﬁ of khdplafiriy the

ability to assenble the indiVidual blades in positiorn between ‘adjacent
bl ades. The N§ees Hitle, 6 amyh sopfartancenin sisiel profleswithstheaypceding efopertivava a

shal | ower . - al,Lhey correspondi ng concave contour of the adjoining
pressure si g@@%@#gﬂp@r@m %?1r<]ige assenbly w thout obstruction or interference

by adj oi ning ai Sitdel 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

6



Once the desired profile of the platformtrailing side 40 is_selected, the
profile of the corresponding platformleading side 38 may ?ﬁ@r‘i’c%berzom
‘determined to conformwith the platformtrailing side 40 of the next

adj acent platformfor providing a relatively small circunferential gap

t herebetween for reducing air |eakage therethrough during operation.
Accordingly, the platformtrailing side” 40 is configured to conformwth

the expect edubdtRagdl ®irfSuPdof i BLaé g%altfo?ﬁ%,s %seﬁ{;?ﬁf gr&@ngst Igﬁ??ﬁé&ﬁ% «t

conpl ementary platformleading side I's conflgure n

adj oi ni ng pkketitbe imdividdal bipdss de.dibpped eadially lintot paitem acoppased calalkial how
one of the fan blades 12 th e assenbl ed between two previously

i nstal | ed fgwem%@%cwgﬁq%@&%&nﬁaéﬁsm ly dropping into position

bet ween adj acent pphal d;BMéFfed &fbY4 rﬁfill&&f‘aégﬁl %PF@%E@YHEE dri0d jadbakagt i al
curvature of the blade platforns, the asse y process nay require that

t he i ndi vi dpalrabtyadéexially dipapgk dpaddiraiular fimsoldpedending aswapdlysednt @ axi al
i nsertion as commﬁlé4%ound for fan blades. In the preferred enbodi nent

i |1 ustrat ed PHRYYHAREY the disk 14 includes a plurality of axially

spaced apart ann hAS; ' 6.

- Correspondi ngly, @éﬁeﬁb?ﬁ %%%?#%%@%@g& %‘éﬁu Qé‘dgé)%p% | ;ﬂlof
supporting anpportingaanshot3angs ¢hektegdirgiiaalidlly imwardly frdm dhe tetfaia0or m 20
and directl el.ow.t he.coryespondi ng.ai.rf oi. 8... The axi ally, spaced apart
tangs 48 a%@gic"‘fe&ﬂéﬁiﬁl?v&ttéﬁlc ?ﬁpoﬂ'%é“%ﬁﬂ"%éfs]p%nm‘%ﬁ“?‘ﬁﬁép da?igﬁqﬁé\gﬁde a

common { hr agalrealediphatidl Ghid afeeREIioning R Uehdl hchiey\@RtRoAxi al Iy

therethrough for retalni ncghthe,bl ade to the supporting .rins. The pin

mount i ng of thuemghrhble irdwhiich arespectiiesretayiongin S @xterdsianiatlytherethroaghi onal

- manner, wth the.stacki s, 0f the airfoil extending radially inwardly
t hrough t he'df tg‘??’%xtgzlae?‘mwrpﬁgr%?respondi ng tangs for carrying

- centrifugal | oadgHenin Mdenths of"thBindrbidulifin RIS EOHAY BB 48 TRD!
| 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 dovetéils may be found in the fan blades, the amount of curvature of the
platforin 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



al so permts substantial curvature of the platforml eadi ng3§ d -trgli I(#OB%
sides 38,40 without preventing assenbly of the individual ade8°¢" e
‘disk. In an alternate enbodi nent (not shown) in which conventional axial-
entry dovetails may be found in the fan bl ades, the amount of curvature of
the platformsides may be limted by the ability to axially engage the
dovetails in the corresponding dovetail slots. fornmed in the disk

peri meter wittdiling blastey utiei aosulbingt hebakesat 6f phat frefo 56 dglSe Bhagktr out
testing of tté1e i nprqved fap blade with conformng offset platfornms has
been conduc $SROB: erffie aflengihy Tegyirpmentbsfar. ofhersheipr | and Filgtores 2

and 4, a fai Cck15h i I | ade t{an 4 t the .

cor respondi gﬂ{rpgtn%%ﬁ %‘rﬁ%it \rél\@glbé Rﬂ?ﬁgﬂg@?‘(}%&%ﬁ% ﬁ’%aye})%é'%‘ilécegf g?fereafmmg

oper ati onal thepeerhlf emighitethd tompldxitysofofher@itee icdlgirdd O%Q%éﬂévé&%ffsétai ling
bl ades notw t hst andi ng platforminpact therewith.” Since thé inproved

pl at f or m ef CEREATYENG RSBy RO a sy Deigistie bevefitleyondibeitipunddiatte
itself. wthaute, | 0ss of additional material fromthe inpacted 7 30
Decenber 20 frailing blade, the resulting inbalance of the rotor is also
limted. Corresightlengeie hake IsdehedgidribedObireaiBihatl QFe @bhGAcreat &5 N
stator conponents subject to the rotor inbal ance | oads nay be reduced, for
reduci ng t FEeiSHEda andegxgmplanyd esabpslimnantsy eff theepresent eirepgiion. other

poyond thei 1 e dREH07 Yook o B Wanatefi e SRABA G Tt B0 1
what are corheé tichihgsthebein, andites, dredoet, dusirg] &F be sstheed Eﬁﬁlﬂﬁéa]géeﬂd&ﬁ
present inveption, %ﬁgﬁr@ &?ﬁ' ficatigns of the invention shall ‘be apparent

to those skiclamg alh alioRs andall suithinnths Hueapirit and saopesof the
t her ef ore, i to be secured in the appended clains all such
modi fications as fall within the true spirit and scope of the invention.

- Accordingly, what is desired to be secured Letters Pitent of the United
States is the invention as defined and differentiated in the following claims in
which we claim:



Accordinglyr what is desired to be secured Letters |atent t he Uni
States is the invention as defined and differentiated in tﬁ@nﬁ‘a?mlaﬁmhg‘?
clainms in which we claim 8 30 Decenber 2004 CLAIMS: 1. A fan bl ade
conprising: an airfoil having a root integrally joined to a platform

| eading and trailing edges extending fromsaid root to a tip thereof, and
opposite first and second sides extending therebetween; said platform
havi ng forgpnagd aft ends and arcuate first and second sides extending
t her ebetween; said airfoil root being laterally offset closer to said
platformfirst side than to said second side; and said platform second
side conforns with said airfail first side nearer said |eading edge than
said trail iﬂg eég@n@@dwfﬂnﬁﬂémgécordi ng to claim1 wherein said platform

second side confornse .. wth said airfoil .first side betwen.said, root
thereof and a n‘?%lg%i(ﬁl }ﬁnﬁv@ai%f"&r P}tﬁgrla.hy a %gpgcéatafg%}'\%aﬁﬁ-gt ‘Hl‘l:{réﬁ%z
wherei n saj I ; 1§l f kt ' ' [ I i de
nearer sai ddjgrago?&%lﬁgﬁkgg?@nﬁmlggggtn?&%% clerggié é&:(gg?g?sﬁ{gé 1g§tc éilére;éofa 2, or
3 wher ei n ddeglestiendiniglthéicbstwednge is concave between said | eadi ng and
trailing edges, and said platformsecond side 1is conplenentary convex

therewi th. 5. Asaiddetiome daging fervvartznd aftvindseind amuatepfisstfandnsecondnd
our than said concave contour of said airfoil

side has a.,shallower con
first sidesidg e’ﬂe‘&ﬁ\@géﬁ%@bﬁ“&% to any one of claims 1 to 5 wherein said
airfoil twsts f Al oo h 1o, i . 5]
conforms with ssaa:cl(ggiaflf(?l? g‘lg?t H%?Ilg % fsaf[i’ellglllgeoffﬁ%grcﬁ%%fkoosl.sagé h?dg?drr?rgiﬁfﬂ% %ﬁi@'ﬁd
| eadi ng edgeai®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.



30 Decenber 2004 7. A blade according to any one of the pr di ng, cl ai
wherein said platformfirst side conforms in profile vm'thgé eﬁergﬁ’%tzﬁgg;
second side. 8. A blade according to any one of the preceding clains
wherein: said airfoil twists fromsaid root to tip; said airfoil trailing
edge is inclined away fromsaid platformfirst side toward said platform
second side between said root and tip; and said platform second side is
convex cloger ta $§ i i i d kAl rbol bt radd i ng
edge. 9. A bl ade ggdcc%r g!l:d;]cfgrﬁ?iog gﬁ;ﬁiﬁgngﬁf%é Bjr?g%ée(ﬁ?‘?ﬁgag’lnzél rr‘él?%]élr 3?19 sai d
pl at f or m f plagformrfirss side cdnfordesingrrefidevithasaid platforst deebadsidect ween sai d
trailing edge of said airfoil and a md-chord thereof. 10. A bl ade
according to any one of the preceding clains further conprising a

plurality gf su rt tangs. extendi ng fromsaid.platformhbelow said airfoil,
and having coa%%gf‘%l?/a%qqgéwgotor?&yeg%eiﬁ@ﬁ@rﬁ‘&%ﬁ%?%'llﬂﬁ&f&ﬁe%r receiving a
retention pin. Qaldaﬁ*ftgl? a9RtCHER Hid%0d ocdp'i! m 10 in conbination with a

rotor disk having a plurality of annular rims extending outwardly froma

common hub, wi tdaid aiirfoilt Raitingacige v figlinall hway FrordsAid YEAFNND FirSA5HePi N
extending axially through said rinms for retaining said blade thereon. 12.
A fan conpiovardgaidplptforraiseegndsidp batieecnesaid nadtrapdrtiptizaid v outwardly from a

rotor disk; and .ea of said blades including: an ajyfoil. having | eadin
and trailing ed§¥ Pi@&f iSﬁ@O’%fPé & BofOREX Fig’,%ermtsﬁl({)ﬁﬁ&ﬂ H%a Fﬁgsﬁtdgﬁnd )
second si qﬁgn%g}g‘aqiﬂgﬂgﬁiﬁgggé\?en; 10 30 Decenber 2004 a platform

integrally joined to said a at said root, and having forward and aft
ends, and arcuate first and second sides extendi ng therebetween;

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 airfoil root being laterally offset closer to said pl bormfi ra{) si de
than to said second side; said platformsecond side of one’ GFC 2BP4des
conforms in profile with said airfoil first side of an adjoining one of

sai d bl ades; and said platformsecond side profiles being shallower in
contour than corresponding profiles of adjoining first sides of said
airfoils. 13. Aa%l&tfomcmdgrﬁlgy jained &0 said 2iMbid mekaidsebd alddtidvigteaecedd side
of one of said blades conforns in profile with said airfoil first side of

an adj oi niangl afhends, andarchatt fdysindesgcend sigies ekwadingthempstweenin sai d

trailing edges. 14., A.fan according.to clainms 12 or,1 ergin each of said
b TToil's tr st said pisfhibas Heg Ty Briehesen § PR sHeatae
conforms w.th. saj i.ffoil first side near both said airfoil root and
| eadi ng e ges.glcﬁ“?cgg‘\afsgéne’accor ding to clains 12, 13 or 14 wherein said

airfoil first sksldsplarermcessaysidecsiarnofadid bladsdi aithfants i préfilagvihiges,
and said platformsecond sides are conpl enentary convex therewith. 16. A
f an accor diaidjairfoibfiyst side off arcadjpiveng 2ne of sdidiedes; andai d pl atform first

side of said one_blade confornms in profiJe with sai | at.f orm second si de
of an opposi téabdaljlg?‘rfpﬁﬁ serongr sy @r‘Bﬁﬁ’aeg%mEY.Sﬁﬂﬂ?"g?F AR cEPYPRY WA any

i ext eaciteapou R e U e Ao Rl S BT RERrBIE, bl 2lles rirther

includes a plurality of supporting tangs extending fromsaid platform
bel ow said corresponding airfoils; and 11 30 Decenber 2004 respective
retention §3.ns &xhenadcoudinmg ko clabmol®yivherdih saal platfomgssezodd sidsof dboe of
retaining said blades thereto. 18. A nmethod of reducing dajage in a fan

during e e@id blades contorap ig nrefile withy smd preib dirsiotide o4 apadiongene ofi sk,

COMPT ST NYid 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



of fsetting airfoils of said blades circunferentially away mre ive
trailing sides of integral platforms thereof; and conform %@%f&?rﬂg%&g)bf‘or m

trailing sides in profile with respective pressure sides of
circunferentially trailing ones of said airfoils nearer |eading edges of
said airfoils than trailing edges thereof for spreading contact | oads
therebet ween  digspddRivel REHIM l?zhs RREerdll axgally thtcugbshbothdald e Entugms
force. 19. A nethod according to claim 18 further conprising conforn ng
sai d pl atfooretatmng saidgpladatethewito.h said airfoil pressure sides near
respective roots and | eading edges thereof 20. A nethod according to
clains 18 or 19 ftuther conprising providing convex curvature in said
platformtyaili hdaes Q i.th .c ; r VY re of
[§ prBdufhd8d Ba6a Whaleah £ MIPASTER bRGHon ST SISV

said airfo _ gds turbine rncluding a tan bl ade
in accor d%ﬁq)lméshngﬁﬂtegqgacgﬁlppgﬁ?i@ coniptisldg: 22. A gas turbine engine

including a fan in accordance wth any one of clains 12 to 17. 12 30
Decenber 2004 Gsiffctihvg NGTRILADEGRM BlndeBlokoamiBRETRALY BFay HOMDIrSGcCEVRE A
fan bl ade (12) includes an airfoil (18) having a root (26) and an i ntegral
pl at f or m (Qalingpidesidntegrahnlaidomactherenfnand and aft ends (34, 36) and

fi d d sid ) h b -fh i i i
"hteral 1y of fscAONPHOLE 0 PREGTL IR PHeC R it ool e§ b e
| mpact | 0aggedhk Qn@gﬁff@x‘gﬁ?ﬁﬁy t&a@ﬁ'ﬁg Glel T i 89810 NearkRilbaiRy l%_rd%es of

accordingly distribute or”reductng peak loading in the trarling bl ade
and damagesaid hf@lothahitenilidg kdges thereof for spreading contact loads therebetween

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.
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