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REDUCING WEAR BETWEEN STRUCTURAL FIBER
REINFORCED CERAMIC MATRIX COMPOSITE AUTOMOTIVE
ENGINE PARTS IN SLIDING CONTACTING RELATIONSHIP

BACKGROUND OF THE INVENTION

TECHNICAL FIELD:

This invention relates to fiber reinforced ceramic matrix composite parts in
sliding relationship to one another and, more particularly, to @ method of forming a
structural fiber reinforced ceramic matrix composite part having improved erosion
resistance of its outer surface comprising the steps of forming the part from a
pre-ceramic resin having fibers of a woven or non-woven generic fiber system disbursed
throughout; firing the part at a temperature and for a time which converts the resin into a
ceramic; and, coating the wearing surface with an erosion-resistant material.

BACKGROUND ART:

Composite material structures are very popular for various uses. The most widely
known such structure is that of so-called "fiberglass” which is used for everything from
boats to bathtubs. Such structures are easy to construct employing amold. Fora
fiberglass boat, for example, the inside of afemale mold is first coated with a parting
agent to prevent the final boat from sticking to the mold. The mold is then covered with
color coat of a resin material. The resin material is a viscous liquid to which a hardening
agent is added at the time of use. Due to a chemical reaction, the resin turns hard after
a short period of time without the need for any further action. Once the color coat is in
place, the builder adds layers of a glass fiber cloth mat material which are saturated with
the liquid resin containing the hardener. The cloth mat containing the resin is rolled and
pressed in place to add strength to the final structure. When the resin has hardened, the
boat is removed from the mold. At that time, seats and other required parts can be
added to the interior of the boat. '
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More recently, fiber reinforced ceramic matrix composite (FRCMC) structures
have been made avaliab!e for use where due to high temperatures (greater than 400°F)
fiberglass is not suitable. While fiberglass will burn readily, FRCMC, being a ceramic,

withstands heats that can destroy even metals. The typical prior art FRCMC structure

is made in the manner depicted in Figures 1 and 2. A cloth mat ofa generic fiber system
of, for example, alumina, Altex, Nextel 312, Nextel 440, Nextel 510, Nextel 550, sificon
nitride, sificon carbide, HPZ, graphite, carbon, or peat is used in place of the glass fiber
cloth mat of fiberglass. A pre-ceramic polymer resin such as silicon-carboxyi resin sold
by Allied Signal under the trade name Blackglas, alumina silicate resin (commercially
available through Applied Poleramics under the product description CO,), ora
cementatous resin modified to emulate polymer composite processing teéhniques such
as monoaluminum phosphate (also known as monoalumino phosphate) resin is
combined with the mat 10. The structure is then heated under pressure to form a dense
pre-ceramic "polymer form". The as-formed pre-ceramic shape is then heated for a time
to a temperature, as specified by the materiat suppliers (typically between 1,500°F and
2.000°F)' which causes the resin 12 to convert into a ceramic material. The resuitant
FRCMC structure 14, therefore, comprises a ceramic resin 12' containing fibers 16 of
the waven or non-woven cloth mat.

There are many methods which can be used to manufacture fiber reinforced
ceramic matrix composites. The polymer-derived FRCMC fabrication method described
herein is only one such method. Other methods include depositing the matrix around the
fiber preform by means of chemical vapor deposition, reaction bonding, hot melting of
glasses, and sintering of ceramic powders under extreme pressures and temperatures.
The polymer-derived FRCMC manufacturing method is emphasized in this invention

because it is the preferred method of the present invention. Additionally, there are many _

manufacturing methods available under the Polymer Derived FRCMC fabrication
umbrelia. Some of these other polymer processing methods include, but are not limited
to, resin transfer molding (RTM), short fiber injection, casting, hot prassing, and
pultrusion, filament winding (also known as toe placement). Also, the. use of a wide
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range of fiber forms is possible when using polymer process ted*midues. Fiber canbe
supplied in rigid or binderized preforms, woven or braided preforms, random mat
preforms, fabric, toe (thread), or chopped toe or fabric. Each of the polymer composite
manufacturing methods can be used with one or more of the bulk fiber forms .

To date, the prior art has used FRCMC materials for parts which are not
intended to be in a predominately sliding, contacting relationship such as aircraft hot
structural components. Attempts by the inventors herein to employ FRCMC structures
for parts in a sliding, contacting relationship such as a piston in the cylinder of an
automobile resulted in the eventual deterioration of the parts at their interfacing surface.

The reason can be seen and understood with reference to Figure 3. While shown
exaggerated for purposes of easy understanding, the fibers 16 of the cloth mat are
waoven in the usual manner for cloth materials. Thus, there is a bending of the fibers 16
as the "fill" and "warp" fibers pass over and under one anocther. As the two FRCMC
structures 14 are slid over one another in contacting relafionship as depicted by the
arrow 18, the tips of the fibers 16 at the surface break and chip. The material of the
fibers 16 being harder than the ceramic resin 12/, the broken and sharp ﬁps of the fibers
16 dig at and eat away the surrouriding ceramic resin 12'. And, the disintegration is an
increasing process. As more of the fibers 16 are released from the constraints of the
surrounding ceramic resin 12' as it is eaten away, there are more broken fibers 16 and
longer exposed fibers 16 to dig deeper within the structure, further erode, and ultimately

" destroy it. Although this wear phenomenon is most prevalent in woven fabric

composites, similar and less extensive wear phenomenon of this nature occur in all
FRCMCs regardiess of fiber architecture.

Wherefore, it is an object of this invention to provide a FRCMC structure
regardiess of fiber architecture and method of manufacture which will withstand sliding,
contacting interaction without erosion thereof.
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Other objects and benefits of this inverition will t_:ecome apparent from the
description which follows hereinafter when read in conjunction with the drawing figures
which accompany it.

DISCLOSURE OF THE INVENTION

The foregoing objects have been attained by the method of the present

~ invention for forming a structural ceramic matrix composite part having improved erosion
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resistance of its wear contacting surface comprising the steps of, forming the part of a
pre-ceramic polymer resin having fibers of a woven or non-woven generic fiber system
disbursed throughout; firing the part at a tempsrature and for a time wﬁich converts the
resin into a ceramic; and, coating the outer surface with an erosion-resistant material.

The step of coating the surface with an erosion-resistant material may comprise
plasma spraying the surface with the erosion-resistant material. And, the

erosion-resistant material may comprise alumina or mutlite.

The surface may be prepared by regutarly grooving the surface with a plurality of

. shallow, close spaced grooves or by grit-blasting the surface to create divots and

expose underlying fibers. Grit-blasting is presently the preferred approach .
Add‘:tionally, the erosion-resistant materiat can be mixed with fibers of the
generic fiber system and the pre-ceramic polymer resin before the firing thereof.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a greatly enlarged parfially cutaway drawing of a portion of 2 woven

material as employed in prior art composite material structures.
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Figure 2 shows the woven material of Figure 1 after a ceramic binding material
has been added.

Figure 3 depicts the problem that occurs when two structures such as those of
Figure 2 are slid together in frictional engagement.

Figure 4 depicts a first embodiment of the present invention for solving the
problem of Figure 3.

Figure 5 is a simplified side view drawing of a FRCMC piston wherein the
surface thereof has been grit biasted to form a surface which will grip the
erosion-resistant coating that is applied thereto.

Figure 6 is a simplified side view drawing of a FRCMC piston wherein the
surface thereof has been grooved to form a surface which will grip the erosion-resistant
coating that is applied thereto

BEST MODES FOR CARRYING OUT THE INVENTION

A first embodiment of the present invention employing a woven or non-woven
cloth mat 10 of fibers 16 is depicted in Figure 4. In this embodiment, the contacting
surfaces 22 of the structural fiber reinforced ceramic matrix composite component 14
are covered with an erosion-resistant coating 24 which bonds tightly to the wearing
surface of the FRCMC structures 14. For this purpose, the erosion-resistant coating 24
proferably comprises mullite (i.e. alumina silicate Al,Sis), alumina (i.e. ALOs), or
equivalent materials, applied via a plasma spray generally according to techniques welt
known to those of ordinary skill in the art, '
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The erosion-resistant coating 24 is applied as follows. Prior to the application
of the erosion-resistant coating 24, all holes for spark plugs, valves, wrist pins, etc. are
machined. Commercial grade diamond cutfing tools are recommended for this purposs.
Any other machining as described later is also done &t this point. Upon the completion
of the machining processes, if any, all sharp edges on the surface of the part are
knocked down using diamond paper.

If the part has been machined, it is placed in an oven for a time and temperature
adequate 1o assure "bum off” of any of the cutting lubricants used in the machining
process. (Typically 2Hrs A 700°F, but is lubricant dependent.)

The key is getting the erosioni-resistant coating 24 to bond to the FRCMC
structure 14. If the surface of the FRCMC structure 14 is not properly prepared, the
erosion-resistant coating 24 can simply fiake off and provide no long-term protection. In
the preferred approach depicted in Figure 5, the surface of the FRCMC structure 14 is
lightly grit-blasted to form smal! divots 26 within the ceramic matrix of the FRCMC
structure 14. |t is also believed that the light grit blasting exposes hairs or whiskers on
the exposed fiber of the generic fiber system which the erosion-resistant coating 24
can grip and adhere thereto. Typical grit blasting that has proved successful is 100 grit

. @20 PS!.

According to a second possible approach, the surface of the FRCMC structure
14 can be provided with a series of thin, shallow, regularly-spaced grooves 28 simitar to
fine “threads" of a nut or bolt, as dépicted in Figure 6 which the erosion-resistant coating -
24 can mechanical lock into. Essentially, the surface is scored to provide a roughened
surface instead of a smooth surface. The depth, width, and spacing of the grooves 28 is
not critical and can be determined for each part or component without undue
experimentation. In general, the grooves 28 should be closely spaced so as to

" minimize any large smooth areas of the surface where there is a potential for the

erosion-resistant coafing 24 to lose its adhesion and fiake off. Thus, over-grooving
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would be preferable to under-grooving the surface with the exception that over-grooving
requires the application of additional wear material to provide a smooth wear surface
after final grinding. The grooves 28 should be shallow so as to provide a mechanical
locking area for the erosion-resistant coating 24 without reducing the structural
strength of the underlying FRCMC structure 14 to any appreciable degres.

After surface preparation, the part is cleaned by using clean dry compressed air
and then Joaded in an appropriate holding fixture for the piasma spray process. Direct
air blowers are used to cool the opposite side of the part during the application of the
erosion-resistant coating 24. |

The plasma sprayed erosion-resistant coating is then applied using a deposition
rate set to 5 grams per minute or more. The holding fixture speed, plasma gun
movement rate across the surface, and spray width are set to achieve a barber pole
spray pattern with 50% overlap. The spray gun is set relative to the sprayed surface
from 0.1 inches fo 3 inches away. Particle sizes used for this process range from 170 to
400 mesh. Enough material is applied to allow for finish machining.

After the application of the erosion-resistant coating 24, the coated surface is
smoothed out with diamond paper or an appropriate form tool (commercial grade -
diamond tools recommended) to achieve the final surface contour.

Additionally, the plasma sprayed coating can be applied and then the part with
the erosion-resistant coating 24 attached can be further reinfiltrated with the pre-ceramic
polymer resin and then converted to a ceramic state. The result is an additional
toughening of the coating 24 by essentially incorporating the coating into the mixed or
combined ceramic matrix composite formed from the combination of the FRCMC and a
ceramic matrix reinforced monolithic wear coating integrally bound together by the
common ceramic matrix. In an completely different approach according to the present
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invention, the erosion-resistant material in powder form 24 may be dispersed within the
matrix material prior to forming the component for improved wear resistance. ©

It is also noted that an improved structural FRCMC material has been developed =~ *
by the inventors of the present invention which imparts a hiéh breakage resistance to
the material. This improvement involves coating the aforementioned fibers with one or
more interfacing material layers prior to the addition of the resin. Each layer is afew
microns thick and preferably consists of one or more of the following materials, i.e.
carbon, silicon nitride, silicon carbide, or boron nitride. The interface material prevents
the resin from adhering directly to the fibers. Thus, when the resin has become a
ceramic, there is a weak disbond layer between the ceramic matrix and the fibers. ltis
this disbond layer which gives the material its improved breakage resistance. This
improved structure can be employed in any of the embodiments of the present invention.

>

8
SUBSTITUTE SHEET (RULE 26)



10

15

20

23

This Sheet Has Been Replaced

SR |1 —

Wherefore, having thus described the present invention, what is claimed is:

1. A method of reducing erosion of the surface of a structural
fiber-reinforced ceramic matrix composite part comprising the step of:
coating the surface with an erosion-resistant material.

2. Themethod of claim 1 wherein said step of coating the surface with an
erosion-resistant material comprises:
plasma spraying the surface with the erosion-resistant material.

3. The method of claim 1 wherein said step of coating the surface with an
erosion-resistant material comprises:
plasma spraying the surface with at least one of mullite and alumina,

4. The method of claim 1 wherein said step of coating the surface with an
erosion-resistant material comprises:;
a) covering the erosion-resistant material coating with a pre-ceramic
polymer resin; and,
b) firing the resin to form a ceramic material.

5, The method of claim 1 wherein said step of coating the surface with an
erosion-resistant material is preceded by the step of:
grit-blasting the surface to create divots and expose fiber hairs thereof.

6. The method of claim 1 wherein said step of coating the surface with an
erosion-resistant material is precaded by the step of:
regularly grooving the surface with a plurality of thin, shallow,

| N
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7. A method of forming a structural ceramic matrix composite part having
improved erosion resistance of a wearing surface thereof comprising the steps of:
a) forming the part of a pre-ceramic polymer resin having fibers of a
generic fiber system disbursed throughout; _
b) firing the part at a temperature and for a time which converts the |
resin into a ceramic; and,
c) coating the wearing surface with an erosion-resistant material.

8. The method of claim 7 wherein said step of coating the wearing surface
with an erosion-resistant material comprises:

plasma spraying the wearing surface with the erosion-resistant material.

8 The method of claim 7 wherein said step of coating the wearing surface

 with an erosion-resistant material comprises:

plasma spraying the wearing surface with at least one of mullite or
alumina.

10. The method of claim 7 wherein said step of coating the wearing surface
with an erosion-resistant material comprises;
a)  covering the erosion-resistant material coating with a pre-ceramic
 polymer resin; and,
b) firing the resiﬁ to form a ceramic material.

11.  The method of claim 7 wherein said step of coating the wearing surface
with an erosion-resistant material is preceded by the step of: .
regularly grooving the wearing surface with a plurality of thin, shallow,
close-spaced grooves.

12.  The method of claim 7 wherein said step of coating the wearing surface
with an erosion-resistant material is preceded by the step of:

) R T
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grit-blasting the wearing surface to create divots and expose underlying
fiber hairs thereof.

WO 97/07254 PCT/US96/11771

13. A method of fonming a fiber-reinforced structural ceramic matrix
composite part having improved erosion resistance of a surface thereof which is in
sliding contact with a mating surface of another fiber-reinforced structural ceramic matrix
composite part comprising the steps of:

a)  forming the part of a pre-ceramic polymer resin having fibers of a
non-woven generic fiber system disbursed throughout:

b)  firing the part at a temperature and for a time which converts the
resin into a ceramic; .

c) texturing the surface to grip and hold an erosion-resistant material;
and,

d) coating the surface with an erosion-resistant materiat.

14.  The method of claim 13 wherein said step of coating the wearing
surface with an erosion-resistant material comprises:
plasma spraying the wearing surface with the erosion-resistant material.

15.  The method of claim 13 wherein said step of coating the wearing
surface with an erosion-resistant material comprises:
plasma spraying the wearing surface with at least one of mullite or
alumina.

16.  The method of claim 13 wherein said step of texturing the surface to grip
and hold an erosion-resistant material comprises:
regularly grooving the wearing surface with a plurality of thin, shallow,

& A
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17.  The method of claim 13 wherein said step of texturing the surface to grip
and hold an erosion-resistant material comprises:
grit-blasting the wearing surface to create divots and expose underlying
fiber hairs thereof. '

18.  The method of claim 13, additionally comprising the step of :
disposing an interfacial material over the fibers of said generic fiber
system prior to dispersing them throughout the resin, said interfacial material preventing
said resin from adheririg directly to said fibers thereby increasing the breakage
resistance of the completed fiber-reinforced structural ceramic matrix composite part .

19.  The methed of claim 13, wherein:
said interfacial material comprises at least one layer of at least one of
carbon, silicon nitride, silicon carbide, and boron nifride.

20. A method of forming a fiber-reinforced structural ceramic matrix
composite part having improved erosion resistance of surfaces thereof which may come
into sliding contact with a mating surface of another fiber-reinforced structural ceramic
matrix composite part comprising the steps of:

a) mixing an erosion-resistant material in powder form with a
pre-ceramic polymer resin to form a slurry;

b) mixing the slurry with fibers of a generic fiber system to form a
mixture;

c) . forming the part; and,

d) firing the mixture to form the structural wear-resistant
fiber-reinforced ceramic matrix composite component.

21.  The method of claim 20, additionally comprising the step of :
disposing an interfacial material over the fibers of said generic fiber
system prior to mixing them into the slurry, said interfacial material preventing said resin

swssrmore oo |IAIEITIN
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from adhering directly to said fibers thereby increasing the breakage resistance of the
completed fiber-reinforced structural ceramic matrix composite part .

22. The method of claim 13, whersin:

said interfacial material comprises at least one layer of at least one of
carbon, silicon nitride, silicon carbide, and boron nitride.

_
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