
 

Mission Concept Study for Japan’s Next Venus Exploration

 
*山城 龍馬1、中村 正人1、廣瀬 史子1、石井 信明1、中村 涼1、松本 岳大1、秋山 祐貴1、中塚 潤一1

、後藤 健太1、豊田 裕之1、戸田 知朗1、山崎 敦1、佐藤 毅彦1、阿部 琢美1、神山 徹2、今井 正尭2

、佐川 英夫3、佐藤 光輝4、高橋 幸弘4、田口 真5、福原 哲哉5、佐藤 隆雄6、村上 真也7、林 祥介8

、今村 剛9

*Ryoma Yamashiro1, Masato Nakamura1, Chikako Hirose1, Nobuaki Ishii1, Ryoh Nakamura1,

Takehiro Matsumoto1, Yuuki Akiyama1, Junichi Nakatsuka1, Kenta Goto1, Hiroyuki Toyota1,

Tomoaki Toda1, Atsushi Yamazaki1, Takehiko Satoh1, Takumi Abe1, Toru Kouyama2, Masataka

Imai2, Hideo Sagawa3, Mitsuteru Sato4, Yukihiro Takahashi4, Makoto Taguchi5, Tetsuya Fukuhara
5, Takao M. Sato6, Shin-ya Murakami7, Yoshi-Yuki Hayashi8, Takeshi Imamura9

 
1. 宇宙航空研究開発機構、2. 産業技術総合研究所、3. 京都産業大学、4. 北海道大学、5. 立教大学、6. 北海道情報大学、7.

慶應義塾大学、8. 神戸大学、9. 東京大学

1. Japan Aerospace eXploration Agency, 2. National Institute of Advanced Industrial Science and Technology, 3.

Kyoto Sangyo Univ., 4. Hokkaido Univ., 5. Rikkyo Univ., 6. Hokkaido Information Univ., 7. Keio Univ., 8. Kobe Univ., 9.

Tokyo Univ.

 
Japan's Venus Climate Orbiter, AKATSUKI has been observing Venus since its orbital injection in 2015,

and has made significant achievements in elucidating phenomena in the Venusian atmosphere, such as

super-rotation and gravity wave. Recently, a mysterious flash has been detected which could be a

promising sign of lightning strike. On the other hand, AKATSUKI is already in the late operation phase and

the end of its operation is in sight. We are considering the next generation of Venus missions to continue

to investigate this interesting and enigmatic neighboring planet and to understand its unknown

phenomena. 

 

As one such mission, we are considering a project to put small probes into orbit around the Lagrange

points L1 and L2 of Venus, respectively, to observe both the day and night sides of Venus continuously

and simultaneously. This project was named PLANET-D after PLANET-C, the name of AKATSUKI when it

was planned, and the two probes were named PLANET-D1 and PLANET-D2 respectively. Under the plan,

the two spacecraft will initially be carried as a single unit on the launcher, launched, and once in LEO, will

be injected into the Earth-Venus transiting orbit on a kick stage located between the launcher and the

spacecraft. The spacecraft will then be controlled by the propulsion system in the vicinity of Venus and

will first enter the L1 Lissajous orbit of Venus. After that, PLANET-D1 and PLANET-D2 will separate on the

Venus L1 Lissajous orbit, PLANET-D1 will keep the same orbit, and PLANET-D2 will transfer to the Venus

L2 Lissajous orbit. Each spacecraft will control its own orbit to maintain its orbit, and continue

observations of Venus from two directions via X-band using different stations or in the manner to halve a

visibility for each spacecraft. 

 

The Epsilon rocket, Japan's small solid rocket, was tentatively set as the launch vehicle, and the system

design of the spacecraft was carried out using the technical results of AKATSUKI and HAYABUSA2, and

the results of the subsystem study of the future mission, DESTINY+. The Orbital Maneuver Engine (OME)

for planetary transit is mounted only on PLANET-D1, while PLANET-D2 has only a small propulsion

system, the Reaction Control System (RCS), for transfer between Venus L1 and L2 and for maintaining and

controlling its own orbit, Venus L2 Lissajous. Due to the difference of the propulsion system, the mass of

PLANET-D1 and PLANET-D2 are different, 145 kg and 55 kg respectively. The timing of the launch is

better in 2031 than in the Earth-Venus meeting cycle. 
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Currently, the science community is discussing what should be observed on Venus from the viewpoint of

planetary science. In addition to the Venusian meteorology targeted by AKATSUKI, many new themes are

proposed, such as atmospheric chemistry, atmospheric escape, and geologic processes. The detail design

of PLANET-D will be revised and updated in response to a demand from the science community.
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