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Development of Three Dimensional Composite with Extremely Low Thermal Expansion Properties
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Three dimensional carbon fiber reinforced carbon ( 3DC/C ) composites have been used for rocket motor nozzle parts and
other applications requiring heat-resistant properties for about ten years. We have developed two types of fabrication process
of 3DC/C, the HIP carbonization process, and the large nozzle 3DC/C fabrication process. 3DC/C manufactured from these
fabrication techniques has been applied for the C/C rocket nozzle throat. 3DC/C composites have another important characteristic
of low thermal expansion. Three dimensional composites with extremely low thermal expansion properties have been newly
developed by utilizing the thermal characteristics. This paper reports the fabrication processes and properties.
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Fig. 1 C/C composite rocket nozzle ( unit : mm )
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Fig. 2 Fabrication process of 3DC/C nozzle throat
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Fig. 4 Bulk density vs. number of densification cycles
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Fig. 5 Coefficients of thermal expansion vs. temperature
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Fig. 6 Porosity vs. number of densification cycles
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Fig. 7 Optical microstructure of 3D low C.T.E. composite
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Fig. 8 Temperature dependency of C.T.E. ( 3D low C.T.E. composite )
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Fig. 10  Comparison of coefficients of modulus
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Table 1 Comparison of mechanical and thermal properties
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M M | GPa/( g/em?) 72.0 30.8 17.6 17.1 36.0
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Fig. 11 View of 3DC/C+Al composites
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