COMPOSITE BLADING MEMBER AND METHOD FOR MAKING
BACKGROUND OF THE INVENTION This invention relates to turbine
engine blading members, for example, blades vanes and struts. More
particularly, it relates to composite gas turbine engine blades, especially

those madgrejatevsausHlicMAIBUAISRANES RIFSTAMIS Rl ANTResIte.

Current axial flow turbine engines include a variety of types of blading
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metal alloys, even with air cooling. However such materials have
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example, CMC type materials have relatively low tensile ductility or low
train, to fajlyre when compared with metallic materials. Generally, . .
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al.

Current development of turbine section blades, vanes, struts, shrouds, etc. has
suggested use of relatively low ductility ceramic base materials, commonly called
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
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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 tensile ductility material. Generally CMC
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member second end, and a platform between the member first and
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comprising a plurality of stacked layers of fibrous composite material, the
Asedreiuging @ poratityrhspanediapart base end surfaces each of a
respective base end surface shape and integral with a base body
therebetween, the plurality of stacked layers of fibrous composite material
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platform bétween the member first and second ends, the airfoil and base being iniegral,
coextensive and comprising a plurality of stacked layers of fibrous composite material,
the base including a plurality of spaced-apart base end éurfaces each of a respective base
end surface shape and integral with a base body therebetween, the plurality of stacked
layers of fibrous composite material in the airfoil being at a first selected primary
orientation; and the platform comprising a platform shelf surrounding and at an angle to
the airfoil and base and from which the airfoil projects, wherein the platform comprises: a
plurality of stacked layers of fibrous composite material interfused with the blading
member; and, 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
toward the member second end, each platform support being interfused with a respective

base end surface with which it cooperates.



the airfoil and base and from which the airfoil projects, wherein the
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DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective, diagrammatic view of a blading member, according to an

embodiment of the present invention, in the form of a turbine engine turbine blade.

Figure 2 is a perspective, diagrammatic view of a portion of the turbine blade of

Figure 1 comprising an integral and coextensive blade airfoil and blade base.

* 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 2

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



Figure 1 is a perspective, diagrammatic view of a blading member,
according to an embodiment of the present invention, in the form of a
turbine engine turbine blade. Figure 2 is a perspective, diagrammatic
view of a portion of the turbine blade of Figure 1 comprising an integral
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generally from the engine axis, in a typical axial flow turbine engine. One
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in the perspective, diagrammatic view of Figure 1. Blade I0 comprises an
PeFRsieve, diagrammatic view of Figure 1. Blade 10 comprises an airfoil 12

including a radially outer first end or blade tip 14, a leading edge portion 16 and a
trailing edge portion 18. Blade 10 includes a base, shown generally at 20 at a radially
inner second end 22 of blade 10 and connected to airfoil 12, and a platform shown
generally at 24 surrounding and projecting angularly in respect to airfoil 12 and base
20. Base 20 includes a pair of spaced apart base first and second end surfaces, 26 and
28 respectively and of base end surfaces first and second shapes, integral with a base

body 30 therebetween.

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.



including a radially outer first end or blade tip 14, a leading edge portion
16 and a trailing edge portion 18. Blade 10 includes a base, shown
generally at 20 at a radially inner second end 22 of blade 10 and
connected to airfoil 12, and a platform shown generally at 24 surrounding
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forces experienced by the airfoil during engine operation.

Such first selected primary orientation approach has, prior to the present invention,
prevented the integration of platform 24 with the combination of airfoil 12 and base
20 into a single, integrated blade 10 comprising integrated portions of airfoil 12,
platform 24 and base 20. Accordingly, a separate metallic platform was provided to
be used with the 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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material, for example stacked layers or plies of SiC fibers in a SiC matrix,
sometimes called SiC-SiC CMC material. The plies in such an airfoil-base
member were arranged in a first selected primary orientation in a manner
well known and widely used in the composite art to enhance mechanical
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during engine operation, Such first selected primary orientation approach
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remainder of the blade by providing an integral, coextensive, interfused
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composite blade that includes a composite airfoil-base member with a
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NEMEES aD piAfARASRelf 42 surrounding and at an angle to the member 36

comprised of airfoil 12 and base 20 in Figure 2, with airfoil 20 being shown to project
radially outward from platform 38. Platform 38 includes a plurality, for example a
pair, of spaced-apart platform first and second supports 44 and 46 integral with
platform shelf 42 and projecting angularly away from platform shelf 42 and blade tip
or first end 14 (Figure 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



member shown generally at 36 in the perspective diagrammatic view of
Figure 2. Member 36, comprised stacked layers or plies of composite
material, for example SiC-SiC CMC material, includes airfoil 12 and base
20 at the first selected primary orientation, as described in detail above.
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this embodiment a SiC- SiC CMC material. During engine operation,
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Therefore, the composite material layers in shelf 42 were disposed at a
I6eeRNsk selgsledRpMaL/ RN BtMhd Fierent fiorantis fivek PRBaBy fhterfusing
orientatign of the layers in member 36, tg enhance mechanical properties
SB?lblg%f%m supports with such base end surfaces while members 36 and 3§,
assembled as shown in Figure 3 and 4, were in a partially cured condition.

Sometimes such condition is referred to in the art as being in the “green state”.

According to a form of the method of the present invention in this example, provided
was a platform preform associated with 38 comprising a plurality of stacked layers 40
of fibrous SiC-SiC CMC material. The platform preform included a platform shelf
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 toeling
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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38 responsive to forces experienced by the platform during engine
operation. In turbine blade 10 comprising member 36 of Figure 2 and
platform 38 of Figure 3, platform first and second supports 44 and 46
were interfused respectively with base first and second end surfaces 26
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surface of airfoil- base preform 36. The platform support preforms 44 and 46 were in
juxtaposition at relative support interfaces with the respective base end surfaces 26
and 28 of the airfoil-base preform 36. Such assembly defined and provided a third

preform used in the present method.

The third preform thus assembled was heated 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.



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 7 fibrous material, in this example SiC-SiC CMC
material, in cavity 50. The layers were arranged to generate an airfoll

‘Bhapedalaiiammrheiongeind4daringdbyineneningweldsify embodiments,

extending the layers outwardly from and about gpening 56, Figure 5.

THERASYEIS HOSBIBTHANG S M BeE SRR shoaib R prifssyod that they

Dedntaiinl seleetegiapravidaalatdaimnshal 42awithiesyeh MRchapcabs the

roperties. Also, the layers were laid up to extend gutwardly along walls

R B a e e Ry SR BrER PR RSB ROFAte (0

tatiipertsndshed)d 46 nAgalnie g iad prteuextendveaifolitasaeaiosMand  their

shaped to relate to member 36 shown jn Figure 2, was provided to, .

QIR it e ASTSHbrEhmih SRR b IRABIY pragafipns and

nd@fitaionshelbisioittgastny dfoimirekige oMemprmdedwsnmade of a

plurality of partially cured stacked layers of fibrous SiC-SiC CMC material

arranged in the first primary orientation selected to provide airfoil-base

member 36 with desired mechanical properties. In practice of the present

method, the airfoil 12 of the airfoil-base preform 36 was inserted radially

inwardly to hang through airfoil shaped opening 43 of platform preform 38

with the airfoil shaped platform shelf opening wall 45 of the platform

preform in juxtaposition at an airfoil interface with a surface of airfoil-base

preform 36. The platform support preforms 44 and 46 were in

juxtaposition at relative support interfaces with the respective base end

surfaces 26 and 28 of the airfoil-base preform 36. Such assembly defined

and provided a third preform used in the present method. The third

preform thus assembled was heated 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
WISNPROEineriecas. 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
1. moltancSimatsiti¢e bidingtumeralnel forraptiisiogs afficieftonsliggtaraiaigmiegly first

_en&??ﬁg&qm%ﬁrﬂ@ﬁﬁrewn@éﬁﬂ%ﬁ@%iﬁ(ﬁérﬁh%%iﬂ@ﬁé%ember

~ provide the final'blade 10. 8 The present invention has been described in
firg ARRRSFORMAPAS R R I BRARAER (RS A METRIR S EBRTBIR RGO BIPr SN
a §Iﬁb_§ltbyfaﬁ- Hm&erdya’eomﬂdibﬁ)ym@m@mﬂéhli,aﬁ?&irﬂmemmdb&g a
ph}yﬁltc%f) fsrgatba%r-égiﬁ L QL %M‘&awﬁgg&ge%%ﬁh& 0 %Q&R}‘be bBE[@S&% surface
fVehtion Those akilled in the various ars involve , for example as relate

shepeaisiristesrgingith © PretdiRNGRRRANIFE ANl L SMRIBIEl miadipsl 42 vaig of
fioFo8Y q%%@gﬁgti@eﬁ%r}’&@”w'ﬂ@ﬁ?ﬁhm%@ﬁ@ t@ﬁémff%ﬂﬁéﬁéﬁe@%ﬂﬁhﬁ?ﬂﬁréentation;
variations and modifications without geparting from the scope e
e R e B OO A PR e AT S K S BN BLAE Aiaifdg e airol
ancheassesrcoinvprisinigtatharicdiinciieig wheksingbe fisti g arases:
including,a member secondeends apihadlatiosmiRemasnihaseRewin the

first and second ends, the airfoil and base being integral, coextensive and
blzdRgpmemgea pitrality of stacked layers of fibrous composite material, the

basednsiluding &f phaalihaphspistshaparbbade ersurfatethegubtioha shelf

respective base syrface. sha i ral With 3 has Ner first and
e Tl e R S R

- towetHethrfoeneing BeePfifstseie SR pAAET O RERRMbRSRA RS HEHoNHN 2
reGPBRRAVSIHELE PRQIM shitrsWiRHde RRtkat an angle to the airfoil

2. The blading member of claim 1 in which the plurafity of stacked layers of

fibrous material in the platform is at a second selected orientation different from the
first selected orientation.

3. The biading member of claim 1 in which each piatform support is shaped

substantially to the respective base end surface with which it cocperates.

4. The blading member of claim 1 in which each of the airfoil and base, and the
platiorm 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}).

8. The biading member of claim 5 in which the CMC is & SiC--SiC composite.

7. The composiie blading member of ciaim 2 in which:

the blading member is a gas turbine engine rotating biade;

10



and base and from which the airfoil projects, wherein the platform
comprises: a plurality of stacked layers of fibrous composite material
interfused with the blading member; and, a plurality of spaced-apart

platfoun supparts egraL i e plathShelk-d AR Y IR Tase

away fr e platrorm shelf and the member first end toward the

INGHEIRBE FH0RH BPRESSAPARI ARSETRET SErasEm IRESAL LAY Wi, Rase body

théRsReOwEYA hash enstistacppithisvstichddcoapasatesiy2oThe apintve base

emper of%ﬂalm JE’[ which tthe pIu&allty of stacked layers of fibrous
a

en It COODEY,
hatefarin f ormis ata second selected orientation different from

the ﬁhﬁ@em@mmmamﬁﬁgﬁwmﬁaﬁw PRGSO in which
each platform support is shaped substantially to the respective base end
surface with which it cooperates. 4. The |ng mer%berapf clal

8. which BRI 105 BIFFSCRINE P t}ﬁ B]gtﬂ%?ﬁ? ST dUC(fcflt Fising

theamposite material. 5. The blading member of claim 4 in which each of the

lOW %%R/M n%%‘?ré?rk%i%%s@ BRLAITIC &ﬁéﬁ%c <} agslpﬁ MdeQtehRe airfoi

blading member of claim 5 in which th SiC--SiC composite. 7,
anﬁhaa@@mﬁﬁsﬁ@m%.ﬁ@ RRsiRe I aeEarth fﬂﬁ%ﬁﬂﬁﬂ?ﬁé“@lé&ﬁ%ﬁfﬁleﬁﬁﬁa g 2
paRBAG turbineoRagine rotating blade; 10 the member first end is a blade

tip, the member secand end. is a bl i
spacgaQ a%ar? bas@ e%nd Surk Ezlrc%es m%qgrpgf% %e?n %ﬁg}% E;f'jlygtggmd layers of
pahaféfbemwbﬁbéa@rpﬁﬁmhagdppéwwghap@afﬁlﬁﬁs@i’rﬁibwqf@&rﬁe having an

alF%ﬂp%ky@deé@mﬁ@%%@P%WM WEhY GRAPERRRARM, thedbiagiDgaiity of

member is made of low ductili omp05|te material. 8. A method for
S RAGRIEPHE B TOSTHP BRLRA ?‘nber of claim 1 comprising

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-base preform and with the platform support
preforms in juxtapesition at respective support interfaces with the base end surfaces
of the airfoil-base preform;

heating the third preform at a temperature and for a time sufficient to at ieast
partially but less than fully cure the third preform and to bond the airfoil-base preform
and the platform preform at the airfoll interface and at the respeciive support
interfaces into a blading member preform; and then,

interfusing the biading member preform with a molten binder compatible with
the materials of the platform preform and the airfoi-base preform and at a

temperature and for a time sufficient to substantialiy fuliy cure the blading member
preform.

9. The method of ciaim 8 in which:
the plurality of stacked layers of fibrous composite material in the airfoil-base
preform is at a first selected primary orientation; and,
" the plurality of stacked layers of fibrous composite material in the platform
shelf preform of the platform preform is at a second selected primary orientation

different from the first selected primary orientation.

11



the steps of: providing an airfoil-base preform comprising the integral
coextensive airfoil and base, 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
flbro s material apd.incl dJn or shelf reform, havin irf
shape}? ﬁ%tﬂﬁfjg e ‘ﬁ’gbl 9'?QF}E%airtif'lng%/va Sthé)rré1 Ors(r’;r%uégPﬁam%’a plﬁ?a%l)/rfOII'
baof mp&eedaapmﬁmmﬁbtmreupm@rrp@mhwge B vidiingtéitinmatprgiorm by
inserting the airfoil-base preform through the airfoil shaped opening in the
platform preform with the opening wall in juxtaposition at an airfoil
HMinterfdt& W?ﬁeoél%i%éé)é'br‘%?ﬁ%taﬁJWt HAH BBIPH G G ceramic
mdarefoomsdaite xtaOogition at respective support interfaces with the base
end surfaces of the airfoil-base preform; heating the third preform at a
temperature and for a time sufficient to at least partially but less than fully
12cure The et gsrefctiainand to wbika: the airfoil-base preform and the
platferandeicsns gtdhg@ir@gﬂqggga{ga%@nd at the respective support
interfaces IE{%%G% din member preform; and then, interfusing the
bladli% 'E) Ftm'with a molten binder compatible with the
materials of the platform preform and the airfoil-base preform and at a
temperature and for a time sufficient to substantially fully cure the blading
member preform. 9. The method of claim 8 in which: the plurality of
stacked layers of fibrous composite material in the airfoil-base preform is
at a first selected primary orientation; and, the plurality of stacked layers of
fibrous composite material in the platform shelf preform of the platform
preform is at a second selected primary orientation

12



different from the first selected primary orientation. 11 10. The method of
claim 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--Qe GPHRPRHS: [ IS S
BLADING MR A ME T AbD B MaR M R R e
DISCLOSURE A composite blading member includes an airfoil and a
C ' terial layers and a platform of composite material
AB %@%&&Et@ﬂ&%ﬁﬁﬁ@% and base. The platform comprises a
platform shelf and a plurality of spaced-apart platform supports integral
A opitahiee phidtfon sieetben doicitelés sed aiithils unfd ce daddhef hasep@Sitehmaterial
layepg 79 Bl&tg%%%ﬁﬁ’i‘?;%z%“ %qsﬁ legtrécx%p i%gegs F%%E%'ﬂﬁ% %uﬁﬁ&l %gef:oel&}?m Gnd base,
pre a platfor rfol ng

orm‘an perform, including an airfoil shaped openi
Thetipdgtithro ugimanidep refgriatéooint rebeffl atborm supditts. ofhepaiddibpaseplatform

| 1 ht irfoil shape ening whereb
S e e ST 8 B, S
bladingrengnibstaposivieds Byepperidimgsaventidibateddd paftiiyaseaner¢fiom and a

S SR i R eSO S e e
platfoigurergports.  The airfoil-base preform was inserted through the airfoil shaped
opening whereby cooperating surfaces of the platform perform and airfoil-based
preform were in juxtaposition. The performs were heated to partially cure them
together. Then they were interfused with a binder compatible with material of the

preforms under conditions to substantially fully cure the structures.

Figure 4
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