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Development of Advanced Carbon-Carbon Composite

for Spaceplane Application
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Synopsis:

Advanced carbon-carbon composites for spaceplane application
have been developed which have high mechanical properties and
good oxidation resistant coating. The C/C composites are reinforced
with two-dimensional carbon fiber fabrics and coated with multiple
SiC layers by chemical vapor deposition. After the evaluation of
the mechanical properties, the C/C composites have been exposed to
an oxidative atmosphere in a temperature range between 500°C and
1700°C. The C/C composites have exhibited a tensile strength of
323 MPa, tensile modulus of 132 GPa, flexural strength of 417 MPa,
flexural modulus of 119 GPa, compressive strength of 264 MPa, and
compressive modulus of 129 GPa.

The multilayer coating has been found capable of protecting the
C/C composite against air oxidation up to 1 700°C.
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Photo 1 Conceptual illustration of *“HOPE” proposed to NASDA by Kawasaki Heavy Industries, Ltd.

Photo 2 Spaceplane in the future illustrated by Kawasaki
Heavy Industries, Ltd.
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Fig. 1 Estimated temperatures on spaceplane surface
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Table 1 Classification of carbon-carbon composites by reinforcement structure

Reinforcement

Vi
structure Advantage

Total

Limitation .
evaluation

UD (Uni-directional) - High fiber volume fraction

- Highest in-plane strength

sotropic composites)

- Fiber orientation flexibility (easily get some ani-

- Conformability for complex shaping | Fair

2D (Two-directional) » Formability and conformability for complex shap- « Fiber orientation possibility Excellent
ing by wringing technique
- High in-plane strength as UD in case of quasi-
isotropic stacking
3D (Three-directional) | - High interlaminar shear strength - In-plane strength Good

- High fracture toughness

« Preformability and conformability

for shaping
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® Carbonization
® Graphitization

4

Carben-carbon composites

® Impregnation by
resin or pitch

Fig. 2 Production scheme of the carbon-carbon composites by
resin impregnation process
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Table 2 Mechanical properties of the carben-carbon composite

Density {gfem?®) 1.63
Vi %) 34.8
Tensile strength {MPa) 323
Tensile modulus (GPa) 132
Flexural strength (MPa} 417
Flexural modulus (GPa) 119
Compressive strength {MPa) 264
Compressive modulus {GPa) 1 129
Short beam shear strength {(MPa) 23
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Photo 3 Comparison of fractured surface of the developed
C/JC composites of 417 MPa fiexural strength (a) with
a trial product of 137 MPa (b}
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Fig. 3 Critical factors for oxidation-protection coating for
carbon-carhbon composites
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Table 3 Techniques for ceramic coating

Glass-type ceramic coating
Ceramic/metal coating
Selution ceramic coating
Plasma spray
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Fig. 4 Thermal expansion of ceramics

Photo 4 Delamination caused by direct deposition of CVD-SiC
on the carbon-carbon composite
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Fig. 5 Sketch of the plasma flame test equipment
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Fig. 6 Weight loss of the carbon-carbon composites with
multilayer couting after the plasma flame test
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Photo 5 Carbon-carbon composites with multilayer coating
before (a) and after (b) the plasma flame test at
1700°C
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Fig. 7 Thickness changes of the carbon-cathon composites

with multilayer coating after the plasma flame test
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Fig. 8 Weight changes of the carbon-carbon composites with
multilayer coating after the oxidation test by stagnant
air
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