
 
 
 

 1 of 1  

 

OS4-7 
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Development of equipment simulating deep space, 
Moon and Mars  
髙橋昭久 1, 山之内佐久也 1, 竹内和臣 2, 高橋祥吾 2, 田代睦 1, 日出間純 3, 東谷篤志 3, 安達拓也 1, Shenke 
Zhang1, Fady Nagy Lotfy Guirguis1, 吉田由香里 1, 永松愛子 4, 秦恵 5, 竹内邦人 2, 高橋亨 2, 関冨勇治 2,3 
 

Akihisa Takahashi1,*, Sakuya Yamanouchi1, Kazuomi Takeuchi2, Shogo Takahashi2, Mutsumi Tashiro1, 
Jun Hidema3, Atsushi Higashitani3, Takuya Adachi1, Shenke Zhang1, Fady Nagy Lotfy Guirguis1, Yukari 
Yoshida1, Aiko Nagamatsu4, Megumi Hada5, Kunihito Takeuchi2, Tohru Takahashi2, Yuji Sekitomi2,3 

1群馬大学重粒子線医学研究センター，Gunma University Heavy Ion Medical Center,  
2松尾製作所，Matsuo Industries, Inc., 
3東北大学, Tohoku University 
4宇宙航空研究開発機構, Japan Aerospace Exploration Agency, Tsukuba Space Center, 
5プレイリービューA&M 大学, Prairie View A&M University 

 
Abstract 

NASA has planned to return to the Moon by 2024 with a mission named Artemis. The mission will start 
building the Lunar Gateway and aims to be a trial for deeper space exploration. It will be an important step 
for landing humans on Mars. In deep space, exposure to space radiation increases as the mission duration 
increases. Space radiation with a low dose rate would be a constant risk for space travelers. In addition, it is 
important to promote life science research that not only simulates microgravity (μG) in spaceflight 
environments but also partial-gravity environments (0.165G ≒ 1/3G and 0.378G ≒ 3/8G) such as those on 
the Moon and Mars, respectively. The combined effects of space radiation and partial gravity such as on the 
Moon and Mars are unknown. The difficulty for such research is there is no good simulating system on the 
ground to investigate these combined effects. Therefore, we developed the Simulator of the environments on 
the Moon and Mars with Neutron-irradiation and Gravity-change (SwiNG) for in vitro experiments using 
disposable closed cell culture chambers. The device simulates partial gravity using a centrifuge in a three-
dimensional clinostat. Six samples are exposed at once to neutrons at a low dose rate (1 mGy/day) using 252Cf 
in the center of the centrifuge. The system is compact including two SwiNG devices in the incubator, one 
with and one without radiation source, with a cooling function. This simulator is highly convenient for 
ground-based biological experiments because of limited access to spaceflight experiments. SwiNG can 
contribute significantly to research on the combined effects of space radiation and partial gravity. 
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