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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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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1 tensile ductility material. Generally CMC type materials have a room
temperature tensile ductility in the range of about 0.4 - 0.7%. This is
compared with typical high temperature alloys having a room temperature
tensile ductility of at least about 5%, for example,in the range of about 5 -
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the base including a plurality of spaced-apart 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 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.
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radially through the base,and platform.of the tubi lade of Figure 8.5 1, an
By S LR i iigq‘%rggr%%{rll a‘r’;l/?‘georgé;%%\@g‘ iIe%vV o?a’tool_ing He
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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.



type that can be used in the method form of the present invention. 3
DETAILED DESCRIPTION OF THE INVENTION The present invention
will be described in connection with an axial flow gas turbine engine of
the general type well known and widely described in the gas turbine
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attached to a'typical circumferentially rotating disk at its rim (neither
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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.



engine generally axial flow path to assist in controlling the volume of the
flow stream. 4 During engine operation, there is a significant difference in
fluid pressure between a platform radially outer surface 32 and a platform
radially inner surface 34. In a gas turbine engine turbine section, the

Bownath Auid giacent Rlatéoym SUHAGE. 3R d3rakandeRPRIAIWR &RE: between a

pressure signiticantly higher than the fluid, for example coolin%air,

RiBieBhasaS RS Tatacs A A g B dledos i dribe iRt Tars fr idn a eas

tiFaEanLIHe (QriRkSPRESEING BHEINRHORSIENEfHCRNEANEIQAYRIE 32 is at a
excessive heating of and distress to the rotating disk, to avoid

ERESHPife e BRAGH O oW UM e ot Hitidsrfac e pbeianting air,
Ajatraepidifdianihe@uingdavnatihiavaisithe atatindidisk Rasygsrtant, in

0glgflde 10. Certain modem gas turbine enging blades are being designed to

el REEStresienc driter Al Sy drdsiocarificretiiiighspangsh and

| Jhﬁ%faﬁgtwerﬁx@afﬂﬁ,?m?B@ﬁ l@iﬂ&m&ellw/eeallﬁ]jg@@qi ﬁﬂ&:ﬁiﬁﬁr@iﬁi% from
irfoil and hase member af a fiborous CMC _material, for example stacke
H%}fg%no?‘& Bof S1E RIET SUEIehmafir e B S R R B dvard the

r@Magaadedairyihg ilids iv.such an airfoil-base member were arranged in
a first selected primary orientation in a manner well known and widely

RO AP MRITHS A LIREIANGS MEHIANICAL BIART TR BLIIS AHel casea
responsive to Torces expet%ncecf1 y e airoft urlﬁ% englnepopera ion.
tSoperfirse selé stertprimdityoosi dntatiporeppioaci hesfprio it the tiadsentch as
b. gnii preye the integration of .platform 24 with the combjnation
R b N R L T o A SR RO e
niategehiéat poutipls shekddilayRrs plaplors? 8 h fitras én20S Kt cantinglynsetimes
cﬁﬂ&?r%%@%aw ag‘%@ig@ S Eﬁ%\{lq?eds t?n bs%c 3%91 V\aliltr EIP-% Séci}%%be were
CMC material airfoil-base member iR making such a Blade. owever, |
ayyasgascoyaitest tdtded inginy interdtd®on gaprbeineendhdmetalliod widely
Safamand e aTlbas membenuas filicul due pgieraniesand.ve ¢
other variations associated with comr?l%x ai 0|Pgeome ry espemaliFy near
fowert rgyramgnoed ngted geb dublring &G ard pératiGigure 1. In addition to
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SiR§Hked %ﬁ&&f“ﬂ%%ﬂ?ﬁ%ﬂ&%% 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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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
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in Figare 3. [ ;

portion or member 36 of Figure 2 is shown in phantom
at 36 in Figure 3 to emphasize more clearly details of platform 38.
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angularly away from platform shelf 42 and blade tip or first end 14 (Figure
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rSHRAPOUAINAP 38 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



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
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platform supports interfused respective%gt base end surfaces 28 and 26.
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members 36 and 38, assembled as shown in Figure 3 and 4, were in a
SPEPREIRIGFEHEbItSRISHY BombarsesdserfastdtishdLfeferred to in the
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preforms 44 and 46, all generally related to those shown in and described

SoehREL R papdition is Teferred 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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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
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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.



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
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and with the relative support interfaces. The bladinﬁ? member preform was
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com
maodifitencecdvihatypicatiof Rhe tibamin atynwayfisnitirocemtte scope of
the present invention. Those skilled in the various arts involved, for
example as relate to turbine engines, to metallic, non-metallic and
composite materials, and their combinations, will understand that the
invention is capable of variations and modifications without departing

from the scope of the appended claims. 9 WHAT IS CLAIMED IS: 1. A
composite blading member comprising an airfoil including a member first
end, a base including a member second end, and a platform between the
member first and second ends, the airfoil and base being integral,
coextensive and comprising a plurality of stacked layers of fibrous
composite material, the base including a plurality of spaced-apart 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 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
wiplatiermishglEand the member first end toward the member second end,
each platform support being interfused with a respective base end
surface with which it cooperates. 2. The blading member of claim 1 in
1. which thenphsiitplefistckeddayemsrafrisibgoas mdtdriacindhe platemns first
endl 3 E%Q&%Eﬂﬁ@%@ﬂéiﬁ%@t%&{ﬁ%ﬁ@t gﬁ(&naﬂﬂﬁ’aﬁﬁ%sﬁé%ﬁﬁ the member

orientation. 3. The blading member of claim 1 in which each platform
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platform support is shaped substantially to the respective base end
PRSI W it cooperates; and, the blading member is made of low

ductlht)pmémosﬂewﬁ&taraiaﬂ phatiethad fporsakitgthlesdttnipe sitetioladinge!t

member m | hg st Qv
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re6PEEUOMase end surface with which it cooperates.

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



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

therg gg %gﬁ;&%& Blyality ago%oaseﬁ‘@méhm@;@ém@@ﬂerrspéem@sbase

providi ird preform by inserting the airfoil-base preform through the
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Interfaces W e Bage surfaces - of the airfoil-base preform; heating

the titiel tpéaémmramﬁtémmm@%m@w&ﬁ@ﬁ@@aﬁt@é?ﬁt%i%t least
partially but less than fully cure the third preform and to bond the
alrf0|l base preform and the platform %reform at the alrfo%mterf ace and at

8. the réHRI0E KipBBHi0RKARARRE = DALy HREMRBE b R8T SRYPTSne

ththmapindérfusing the blading member preform with a molten binder

compatiiad o Bmaledels:oldhe BAaIEHA glerRisgd e alaLbasa o

preform and-at a temperature and for a time sufficient to substantially fully
ansLiREHe Bl%cﬁhﬁa\ﬁérﬁbé?aﬁi%‘i‘oﬁﬁe@ Fhiash GaroPeRim B IRhieANR A" 2
pmmqllm@dsiaﬁlgm;kayers of fibrous composite material in the airfoil-base

preform IS, at a flrs Iected ar |o e pl
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pastighy plagorfibpredomatisial arﬁem@ﬁgae@t@éﬁﬁﬁmaﬁwﬂ@ﬁ%@mh havmg an
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claim 9 in which the fibrous comﬁ’osne material of the airfoil- base preform

SRACE SRR RIRHGI SHRRSFRPEIY Sre a low ductility material. 11. The
methecbofigigima 1N prafohthisy|dveettiotilithenatdvibtasterastemaniftough the

ANIX SR RRSHE (GMEL- chatrotREPRRIAR AR GlRIMR iy WIS 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 CMC is a SiC--SiC composite; and, the molten binder is Si. 12
COMPOSITE BLADING MEMBER AND METHOD FOR MAKING
ABSTRACT OF THE DISCLOSURE A composite blading member
includes an airfoil and a base of composite material layers and a platform

of c osite material layers interfused.with the airfoil. and base. .
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surfaces of the base. Such blading member was made by providing a

partially cured airfoil-base preform and a platform perform, including an .
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opening whereby cooperating surfaces of the platform perform and

airfoil-based preform were in juxtaposition. The performs were heated to
12partiding copth eserhciiigetidr Witeh they were interfused with a binder

compadipigavith-naterabofdhp obirefarras under conditions to substantially
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