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ceramic matrix composites (CMC), because of their capability of operating at
temperatures higher than can metal alloys, even with air cooling. However such
materials have mechanical properties that must be considered during design,
manufacture and application of an article such as a blading member. For example,
CMC type materials have relatively low tensile ductility or low strain to failure when
-compared with metallic materials. Generally, commercially available CMC materials
include a ceramic type fiber for example SiC, forms of which are coated with a
compliant material such as BN. The fibers are carried in a ceramic type matrix, one
form of which is SiC. Typically, CMC type materials have a room temperature

tensile ductility of no greater than about 1%, herein used to define and mean a low

1




formof which is SiC Typically, CMC type materials
have a roomtenperature tensile ductility of no
greater than about 1% herein used to define and nean
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One form of the present invention is such blading member with a platform comprising
a plurality of stacked layers of fibrous composite material interfused with the blading
member. The platform includes a plurality of spaced apart platform supports integral
with the platform shelf and angularly projecting away from the platform shelf and the
member first end or airfoil tip and toward the member second end. The supports are

interfused with the base first and second end surfaces.




menber. The platformincludes a plurality of spaced
apart platformsupports integral wth the platform
shel f and angularly projecting away fromthe platform
shel f and the nenber first end or airfoil tip and
toward the nmenber second end. The supports are
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Figure 3 is a perspective, diagrammatic fragmentary view of a portion of the turbine

blade of Figure 1 comprising a platform according to the present invention.

Figure 4 is an enlarged fragmentary sectional view radially through the base and
platform of the turbine blade of Figure 3.

Figure 5 is a diagrammatic fragmentary, perspective view of a tooling fixture of a

type that can be used in the method form of the present invention.




Figure 4 is an enlarged fragnentary sectional view
radially through the base and platform of the turbine
bl ade of Figure 3. Figure 5 is a diagrammatic
fragmentary, perspective view of a tooling fixture of
a type that can be used in the nethod formof the
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In one form of an axial flow gas turbine engine, blade 10 is attached to a typical
circumferentially rotating disk at its rim (neither shown), for example at a dovetail or
.base 20 in a manner well known and widely described in the axial flow gas turbine
engine art. Airfoil 12 is disposed in the engine’s fluid flow stream and is used to
impart to. or extract energy from the fluid. Platform 24 forms an inner wall of the

engine generally axial flow path to assist in controlling the volume of the flow stream.




In one formof an axial flow gas turbine engine, blade

10 is attached to a typical <circunferentially
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Platfaregaansobase de A@outingyi & bapgratnmetalli pldtfpum waspsowdded to
bea}ilscraé \(?vlith e SiC-SiC CMC material airfoil-base member in making such a blade.

However, it was recognized that sealing the interface or gap between the metallic
platform and the airfoil-base member was difficult due to tolerances and other
variations associated with complex airfoil geometry especially near leading and
trailing edges such as 16 and 18 in Figure 1. In addition to undesirable leakage
through such interface, use of a metallic platform resulted in a significant increase in
weight and complexity of the blade and the disk carrying the platform. Metallic
platforms have about three times the density of the CMC material and require separate
structure for their retention on a disk that requires more complex enhancement and

design space to accommodate and carry the additional weight and support structure,
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pl atform 24 and base 20. Accordingly, a separate
nmetallic platformwas provided to be used with the
SICSIiC CMC material airfoil-base nenber in making
such a bl ade. However, it was recogni zed that sealing
the interface or gap between the netallic platform

Fémth s@ePrédet InvBRSH MRADSEalinR probIbhk GH ke ﬂ%@faﬁ@ between the

tol erances and other variati ons associated with

pl@ﬁﬂm edudathef mmangﬂ@o rAdt thy lz-;lscife by aptioyidiiegaan | @m’qlbg cegxdensive,
F
mtt% Is?él 5 ﬁgg%slalé(g %{g ar@?mbe?ea slt?xeI neselll Hlvgntl(ﬁl ellmmates such

o un age I‘OU

pﬂoBIeﬁ’fsfaaﬁ:e:latelBﬁmhfthéiabmé-ﬂbédnbe@ g&iefrﬂftﬁbdf stybiridctotriposite blade
signjficant increase in ht _and conplexity of the

thgt igglud %CQIH@S&P§1€f%1a‘?439mﬁ=§‘lbﬁh‘éﬂtbla&ti$talﬂlﬁwp atorm| | i c
pl at f or ns have about three tines the density of the

ct JmRt ﬁfaﬂ ﬁ@f:hbaequ' &feﬂ&eg@gaﬁ emv&h{oﬁ%%ﬁeé ah 4if¥silbase

ention o a di sk that Ires nore conpl ex
_membansimmngemmdly ate36 im tlepparepectiva doagramdatice vemdot Erguye 2.

h iti | d t t t
MsfiBen a0, perdred, Tarfd 1 8RR, SO PRRL e Fonest ubieridl B Cmple
SinSier CRAE nRdrine S clubss aﬂbﬁtlb%@ 2RE 2bNhe the Rt @éi@c!te@fmmary
t he bl ade by prOV|d|ng an integral, coextensive,

orieptasionasedeserdredds ideteil Bbens ng menber. Thus the present
invention elimnates such problens associated with

1P Y AR D 1P B b M R fer BTRE L resent
invédtionaismet glhtforen Bhewh Ofenerallp rgr038 tlﬁ the gsbrspgctirdgrabiinatic

of the present invention includes an airfaoil-base
ﬁw&rys\ﬂ%w Jéawieat | Y 2PT98 Plymembernap ﬂf&ﬂ@l‘f@e’- is shown in

W
P g%ﬂ g aye sﬂeg’r s Plleﬂsogoff %é%nn%ecr)sly? {ggﬁn%‘% g%llgﬁm# fifhantom
atéﬁaon&gur@BGo&rﬁp@me mare rdlgarly demllsudﬁplaﬂonﬁcﬁSI Phxtfarnd 38
se 20 he fi sel ected pri nmar ent , ,as
BT Be BT ] 22 35y euning Bhe Botn ibels” ot et 36
comiprisBE oL AMBANL A PagD N8 IBRRS! wh a‘ﬁffoﬂ f@baﬁ§§mn to project

invention is a platformshown generally at 3
ragigly putward dradn @@tﬁmta”i& cPlatfma@ﬁﬁnndng}ewa plnraifty,Fﬁog @mnpie a
ortion of

3.
o o B e PG e S hecsBl FBRTST HeHer diegpl with
plAtEH shelt 423an‘é1|'}ﬁ$_1'écﬂu§“% AR Bwat rdh ﬁlaﬂfoﬁn%éﬁ’ 43 2@ blade tip
enphasi ze nore c detail s of platform 38.
orHirst engr I4 Gigure 1) toward base for second end 22. Platform 38 also includes
therethrough an airfoil shaped opening 43 defined by opening wall 45 which forms an
interface with a surface of member 36 disposed through opening 43. In the
embodiment of Figure 3, platform first support 44 was shaped substantially to the
shape of base first end surface 26 and platform second support 46 was shaped
substantially to the shape of base second end surface 28. Platform 38 was made of a
plurality of stacked layers or plies of composite material, in this embodiment a SiC-
SiC CMC material. During engine operation, forces on platform shelf 42 are different

from those on airfoil 12. Therefore, the composite material layers in shelf 42 were

disposed at a second selected primary orientation, different from the first primary




conprises a platformshelf 42 surrounding and at an
angle to the nenber 36 conprised of airfoil 12 and

base 20 in Figure 2, with airfoil 20 being shown to
project radially outward fromplatform 38. Platform

38 includes a plurality, for exanple a pair, of
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preform 38 and a pair of spaced-apart platform first and second support preforms 44

and 46, all generally related to those shown in and described in connection with
Figure 3. Provision of such preforms in this example was made using a split tooling
fixture of a type shown generally at 48 in the diagrammatic fragmentary, perspective
view of Figure 5. Fixture 48 included a cavity 50 defined in part by a pair of spaced-
apart removable projections 52 having opposed walls 54 facing one another. Cavity

50 included an airfoil shaped opening 56 therethrough.

‘Provision of the platform preform 38, including platform shelf preform related to

platform shelf 42, was made by disposing a stack of partially cured layers of the
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platformshelf 42 as well as in platformsupports 44
and 46, with such platform supports interfused

respectively at base end surfaces 28 and 26. |In one
exanpl e, conposite blade 10 of the present invention
was made by interfusing such platformsupports with

fibtul hasdl ehdthslbfanee SISiE aRTbRkSHM0 iRR&viB850. The layers
assenbl ed as shown in Figure 3 and 4, were in a
WiSES Birdgeq te Lacaerateoart iatrfodihshapsh platform sshelfcapeaimgdt idefined by

S ' D@ i n "green .
obFAEDER 588581 A BRBRUD Gl ol 5. e
5pr Sschntayems wedrt i teniged timitke ab@rspdescriosscosdl prinRSy @rientation

orm preform associ ated with 38 conprjsin

| f 8
S%?%tf‘%h REpVige pi%tﬁl%ﬂwlfa%?ewsthﬂsswr me ¢ gRise PEPRiSh.C Adsp the
la@@slegvéﬁl laidTlﬂﬁ tgg%&&ﬁf Hﬁﬂaﬁl?r%«?ﬂg WaHdeR & ?l’(ﬁ/tl 5¥ced-apart

She preform and a pal Spaced-apart platform
platfori suppdrtpeefonuls slat@biotplgfefoupportM4 adde46, al |
generally related to those shown in and described in
P

' with .Figure 3. Proyision of suc ref or
AS ARG ] stnsiit HHRGSine g o Sased Gl 15 member 36
sHowit 1l Eigite 28 WagRRovidedv BeipRr Wwithahe HaitfoRmtp#form in making
di agrapmatic fragnmentary, perspective view of Figure
blgde Ig-(? of the sresentiingentigad Tﬁe eufdil-§ass prafert related to pambenp was
i ] - i ectd. . .
A0 Lkt PRSP AL BRI AMBRLIRIBC Ry e
arran@bdi die theafirsBipfiary osémpRm afefdne HovidbeiElinbaiddhember 36
Provision of the platformpreform 38, includin

wih desiesdmeghanicalprepaties. r by Rreglieerds the R S aipfoil 12
' i . f ' o

o 8 SRS LR NSRBI DAL Sy i

shSped SpeRiVA3 nuft wniferm prefoma\Bist withGhe Hiréoil alymed plawren shelf

T S b o s LR e
m%ﬁ@e bEXAL-HAsE YRfdHY34. " PR ARoRb QiPpoR R ioRds 2% 'an{ gg Wefe in

] Such layers were arranged in t above- descri
Justapesiidomati relatiye snppmt attérfaves sethetht ecspectiver base sad surfaces 26

lagformshelf 42 with siLred nechanj cal .properties. ..
ooy B Tk et i 57 S esb iy dsrded B BRI thind
prafofl GisiBinl the presdr® nidilddl, de spaced-apart  platform

support preforns related to platform supports 44 and

46. As integral and coextensive airfoil-base preform
Therfhisd greform Ejugtassembledeyyptheats! in fixture 48 at a temperature and for a

time, for example in ranges well known and widely used in the relevant art, sufficient
to at least additionally partially but less than fully cure and bond or integrate the
preforms into a blading member preform in a condition less than fully cured. The
airfoil-base preform and the platform preform were bonded at interfaces with the
airfoil shaped opening wall and with the relative support interfaces. The blading
member preform was removed from the fixture and melt interfused or infiltrated with
a molten binder compatible with the CMC materials of the blading member preform,
in this example molten Si, at a temperature and for a time sufficient to substantially
fully cure the blading member preform. Such preform was then finished to provide
the final blade 10. '




shown in Figure 2, was provided to cooperate with the
platformpreformin making blade 10 of the present
invention. The airfoil-base preformrelated to nenber

36 was made of a plurality of partially cured stacked

| ayers of fibrous SIGSIC CMC material arranged in

The §rdstrtSihv@ftiolBa¥ REh 8BcAbbPh SSREAGAWIR PEQRE dRibodiments,
airfoil -base menber 36 w th desired mechanica
mgtepslsrandcomblipptions ef stowctses. t Hewprasdeshoulbbdantlerstong that they

i rfoil f . the airfoil-base preform 36 wa
oft kPt 6 atip b0 ot b B Ryl 3 Pregacope of e
pebapetvenpieni THoskIkilfedph did wiivupaeé HVE12E, ok tharbple as relate to
airfoil shaped platformshelf opening wall 45 of the
tusbine f enginssr dpoftefallic.j nan-aistdlic japd gempesilg maigrials, and their
coRbiREGAES Il Undersitl] BECaR! iRIDliGh |3 DEREHR' 8F Yaffhtflis and
The platform support preforns f and 46-"were I n
modificatiarsi withart departidgfromehesstppoof the appenidad elained.t h t he
respecti ve base end surfaces 26 and 28 of the
airfoil-base preform 36. Such assenbly defined and
provided a third preformused in the present nethod.
The third preformthus assenbl ed was heated in fixture
48 at a tenperature and for a tinme, for exanple in
ranges well known and wi dely used in the relevant art,
sufficient to at |least additionally partially but
| ess than fully cure and bond or integrate the
prefornms into a bl ading nmenber preformin a condition
|l ess than fully cured. The airfoil-base preform and
the platform preformwere bonded at interfaces with
the airfoil shaped opening wall and with the relative
support interfaces. The bl ading nenber preform was
removed fromthe fixture and nelt interfused or
infiltrated with a nolten binder conpatible with the
CMC materials of the blading nenber preform in this
exanple nolten Si, at a tenperature and for a tine
sufficient to substantially fully cure the bl ading
menber preform Such preformwas then finished to
provide the final blade 10. 8 The present invention
has been described in connection with specific
enbodi ments, materials and conbinati ons of
structures. However it should be understood that they
are intended to be typical of rather than in any way
limting on the scope of the




present invention. Those skilled in the various arts
i nvol ved, for exanple as relate to turbine engines,
to metallic, non-netallic and conposite materials, and
their conbinations, will understand that the
invention is capable of variations and nodifications
W t hout departing fromthe scope of the appended
“ﬂiﬁ&ﬁg IS CLAIMED IS: 1. A conposite bl ading
r|S|ng an airfoil including a nenber first
end, a base i ncluding a nenber second end, and a
1. pl at é@npbshetblwﬂeﬁg triember eb@prifihg h au’cﬂfiﬂi 1§tﬂﬁ<ﬁﬁ§i atmember first

t al rf and hase be| ng i ntegra coextensi ve and
end mgmber peaopd gh s%@c%é@tfplé? Belavesn thq member first

and Q%HQ%'nﬁg ﬂi{@t ?ffbﬂ"l geu ??‘iﬁge aﬂ',dédégteﬁm% Yha! do ﬁ'ré)nsﬁl

spaced- apart Pase en ach o r éspect
plurddig ef &tndmddwe*as:ef ﬁbmpscanﬂosmennﬁgnaij theibake mclmdﬁg bplayality
¢ the lurality of stack%d | a ers of
of sl 6 iR eash g o HsRaTEvE PRYOS pufacg shepg and

integhal" @Iths‘?’bﬁéét Sé’dyp EHeP@eYvnl $Ad dhirARy ANdadilag la?é@t(ffoﬁﬁ]ous

conprising a platformshel f surroundi ng and
Commgﬂ anaterial fie the siffoil|betngratimSiest selacked poimanh buentatien; and the

s b5} 61 S S5 S ] 8 BSCIRBA 5 o o

and ﬁmﬁmai th Airill preRets WhédteiniBe pia&dhﬁeomﬁﬁm}er ~and, a
plurality of spaced-apart supports integral with the

Iatf rmshel f and angularly  projecting away fromthe

- a Plum Y 08 RCTelavers 98 DORRUS ROmROsitd maksriah frderfusei vt the blading

memHEr"JQﬁq second end, each platform support being
Inferfused with a respective base end surface wth

which it cooperates. 2. The bl ading nenber of claiml
a pluraiiWIbfckpathba}mm segpotty iafegsal agitledh¢ pletfosmoshelff adat angularly

. eri al he atf a secand sel ect
proiegh vy figth B pldioBinBranil e men RO I enCiad the member
secoﬁ?f &R el PlBtford s@%ﬂbﬂeﬂ% e RED %ﬁthaasregﬁé%h{?@gaderbn‘al Rare

or 2 in which each platformsupport s shaped

Wlthﬁfbbéltlhﬁiﬂﬂpaltalﬁ,% to the respective base end surface with
which it cooperates. 4. The bl adi ng nenber as cl ai ned

2. ' “rl?e”éﬁa&'ﬁg I%mgérai)fngla 4o 1113 V\}hlchwﬁle &ura?‘?y of stacﬂed layers of
fibrous material in the platform is at a second selected orientation different from the

first selected orientation.

- 3. The blading member as claimed in claim 1 or 2 in which each platform support

is shaped substantially to the respective base end surface with which it cooperates.

4. The blading member as claimed in any one of claims 1 to 3 in which each of the

airfoil and base, and the platform are of low ductility composite material.

5. The blading member of claim 4 in which each of the low ductility materials are

a ceramic matrix composite (CMC).

10




airfoil and base, and the platformare of |ow
ductility conposite material. 5. The bl adi ng nenber of
claim4 in which each of the low ductility materials
are a ceramc matrix conposite (CMC). 10 --
------------ 6. The bl ading nmenber of claim5 in which
the CMC is a SiC Si C conposite. 7. The conposite

bl adi feclaim.2 Lo . whiech: .t ing .
6 enbe RO TG be S T8 hitad EMG i Sior St hosie
menber first end is a blade tip, the nmenber second end
7. i sThe dmpteitb bmdingnaémbkirnd chirpdiih wifickspaced- apart base
end surfaces integral with the base body
rebet ween, each, pl atform suypport is shaped
theb%i%&‘ﬁﬁ?‘ﬂ%l ' &%%Fh&eﬁégﬁéé?tﬁ‘;}&pﬂgé% end surface with
which it cooperates; and, the blading nenber is nade
the ¥mBepirdl ded islaimydep@lqposi te material. 8. A nethod for
maki ng the conposite blading nenber of claim1l
conprising the steps of: providing an airfoil-base
the Tﬂ?lgg@'r sceshgnd ds ggblede base eghuling: s deiren sRasediapdrbibase end
smfa@&qn&gﬁ?mm%@bﬁ%%giétﬁe}(eb%fwe%ha"ke.d layers of fibrous
conpoSite materi al Ing 1th abpartially cured
condition; providing a platform preformconprising a
each pllaifomini support is tleapke dubsiareiatly ab tipardspadtivy basy estl surface with
hi %i.br ous material and including a platformshelf
whicly 1 GOBPSrateR 80flng an airfoil shaped opening defined by
an opening wall therethrough, and a plurality of
the bRIARGEaAerARER i madd G o FBHRRVdpoRiEd hHeRRL. Providing a
third preformby inserting the airfoil-base preform
through the airfoil shaped opening in the platform
préfﬂéﬁ‘%hﬁ%% making thep epmpesitediladingmiembenpbeiin beomprising the
prfoil interface with the airfoil-based preform and
W th the platformsupport preforns in juxtaposition
at respective support interfaces with the base end
providingf amcasfoibbaschgrefiirmf @inhprising the integral coextensive airfoil and base,

steps

the plurality of stacked layers of fibrous composite material being in a partially cured

condition;

providing a platform preform comprising a plurality of stacked layers of partially cured
fibrous material and including a platform shelf perform, having an airfoil shaped
opening defined by an opening wall therethrough, and a plurality of spaced-apart

platform support performs;

providing a third preform by inserting the airfoil-base preform through the airfoil
shaped opening in the platform preform with the opening wall in juxtaposition at an
airfoil interface with the airfoil-based preform and with the platform support preforms
in juxtaposition at respective support interfaces with the base end surfaces of the airfoil-

based perform;

heating the third preform at a temperature and for a time sufficient to at least partially
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based perform heating the third preformat a
tenperature and for a tine sufficient to at | east
partially 11 but less than fully cure the third
preformand to bond the airfoil-base preformand the
platformperformat the airfoil interface and at the
respecti ve support interfaces into a bl adi ng nenber

e bl a nenber
but 1@£set;19ﬁ Eh%ﬁlﬁ ttlll'% t%frfi bpgéfg g%{j t(98 {:he .':}1% %%%lfﬁ? }'tvrﬁ@rm and the
platﬂmm peifamns apthetdidoip kraérdfaze np fa@ilﬁer fespaeelvé B&pport interfaces into a
airfoil-based preformand at a tenperature and for a

blad‘lngr%e’%hﬁﬂ%?@hta“@@@ubst antially fully cure the
bl adi ng menber preform 9. The nethod of claim8 in

interARingihet B’l&dﬂ%% Liﬁéﬂlﬂ)éryprefonﬁt afiked rr}o?t)éﬁ ind¥: Jo#mg;aﬁﬂﬁ w1th the

conposite material i'n the airfo base per
mategialsj afthe Q&tmmef@mmﬂytho rirfnil-based prefamd and e a temperature

[uralit tacked..| f t
R U
platformpreformis at a second sel ected primary

9. orTigsathodof diafrh €ieithichf rom the first selected primary
orientation. 10. The nethod as clained in cl aim8 or 9

hthefibr conposite material = of th

n whi 0
the Phﬁrﬁﬂft& of stggled | AYe$ %Eﬁbraﬂﬂccwmsrte msferial By e arr@rlbbwea@rﬁonn
is atﬁlfo‘l{?sitgeléﬁl ﬁ%ﬁh}é}qr{a{ta (BB ial. 11. The nmethod of claim

ity materials are a ceramc
matri x conposite (CMC). 12. The nmethod of claim 1l in
the phimiabity. of shekezdl\/[ayies ef 8buSi Gmyosipo sidtejal andhe glitorm shelf

prefo%?xI gfetﬂe k}’)llaqgnn preform is a% a second selected primary orientation different

from the first selected primary orientation.

10.  The method as claimed in claim 8 or 9 in which the fibrous composite material
of the airfoil-base preform and of the platform preform each are a low ductility

material.

11.  The method of claim 10 in which the low ductility materials are a ceramic

matrix composite (CMC).
12. The method of claim 11 in which:
 the CMC is a SiC-SiC composite; and,

the molten binder is Si.
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