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Abstract:

Akatsuki is Japan’s first inner planet explorer that observes the atmosphere of the planet Venus. The distance of 0.7 AU
between Venus and the Sun leads to intense sunlight which is twice greater than that near Earth. The solar panels for
Akatsuki needed to be designed to operate under the intense sunlight at high temperature.

ESA’s Venus orbiter Venus Express had solar panels, half of whose front side was covered by optical solar reflectors
(OSRs) to lower the temperature. That naturally required larger solar panels and a larger launch vehicle. Akatsuki,
which was launched by an H2A rocket, was originally planned to be launched by a smaller M-V rocket. The solar
panels were required to fit the payload fairing with a diameter of 1.8 m, so its front side needed to be covered by only
solar cells to obtain required electricity. The rear side was covered by OSRs for efficient thermal emission and reflecting
thermal emission from Venus. With these measures, the maximum design temperature of the solar panels was still as
high as +185 °C.

Akatsuki was launched by a H2A rocket on May 21, 2010 (JST) from the Tanegashima Space Center, and approached
to Venus on December 7, 2010 (JST), but the orbit insertion failed due to a malfunction in the propulsion system. After
that, Akatsuki orbited around the Sun at a distance of 0.6 AU to 0.73 AU, which was partly shorter than the original
plan of 0.7 AU, for five years, though the design lifetime was 4.5 years. On December 7, 2015, Akatsuki approached
the Venus again and succeeded in the second try of orbit insertion using its thrusters for attitude control.

While Akatsuki was orbiting around the sun nine times in five years, there were concerns about some failure caused by
intense sunlight and high temperature especially in external components including the solar panels. The temperature of
the solar panels varied between +100 °C and +140 °C according to the distance from the Sun and did not exceed the
upper limit of +185 °C fortunately.

Radiation degradation of the solar cells, on the other hand, progressed over time by constant solar protons and four
unexpected solar flares. We evaluated the degradation using the relative damage coefficients (RDCs). Radiation
degradation caused by the constant solar protons was estimated using a proton environment model generated by the
SPENVIS, and compared with the telemetry. The comparison showed that the actual proton dose should have been half
of that estimated by the SPENVIS. This result is acceptable, because the solar activities in that period were calmer than
expected and the degradation might have been recovered more or less by annealing effects at high temperature. Proton
doses in unexpected solar flare events cannot be estimated unlike the constant solar protons, so we inversely estimated
the proton dose from the voltage drops observed in the telemetry. In this way, a model that predicts available electricity
over whole mission period including future was built.
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