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Abstract

Carbon Fiber Reinforced Plastic (CFRP) is a composite material in which resin is reinforced with
carbon fiber. Compared to other structural materials, CFRP is lightweight and has excellent
specific strength and specific rigidity. Therefore, CFRP is useful as a structural material for
satellites, and was considered for use as the radiation rib material for the large deployable antenna
of the radio-astronomy satellite ASTRO-G. In space, there are environmental factors such as
radiation, vacuum, ultraviolet rays, and temperature cycles. In the ASTRO-G project, one of the
issues among the CFRP degradation caused by various environmental factors in the space
environment was the effect of radiation on the stiffness stability.

In this study, taking the issue of the space environment resistance of CFRP in ASTRO-G as an
example, we focused on the degradation caused by radiation among the space environment factors.
We used electron beams, which can irradiate large doses of radiation in a short time, to uniformly
degrade samples, and measured the mechanical properties before and after the degradation to
examine the causes of the degradation. In addition, in order to clarify the necessity of reproducing
the depth absorbed dose distribution in a real space environment using multiple accelerators and
the criteria for matching the distribution, we discussed whether the proton beam, which gives a
large absorbed dose to the surface layer of the CFRP sample, or the electron beam, which gives a
large absorbed dose to the deep layer, dominates the degradation of the material. The first is the
stiffness of the CFRP sample. First, we evaluated how the stiffness of CFRP changes with
absorbed dose by electron irradiation and gamma irradiation. Then, the depth-absorbed dose
distribution in a real space environment and data on the stiffness change behavior of CFRP in
response to absorbed dose were used. By using a mathematical model for the bending stiffness of
composite beams, it was clarified whether the high absorbed dose region in the surface layer or
the low absorbed dose region in the deep layer dominates the change in bending stiffness of CFRP
due to degradation in the space environment.
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