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Fundamental Research on Reduction of Impact Forces Using
Actively Controlled Landing Gear in Lunar/Planetary Landers

Shuhei Shigeto*®, Student Member, Hiroshi Fujimoto™, Senior Member, Yoichi Hori**, Fellow,
Masatsugu Otsuki***, Non-member, Tatsuaki Hashimoto™*, Member
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In the past, landers have landed on flat areas of lunar/planetary surfaces in order to avoid terrains that are rocky, or
that have craters or hills. For next-generation exploration, lunar/planetary landers will require sophisticated technology
to land on these areas as well for furture exploration. In this paper, we propose predictive control for actively controlled
landing gear with a ball screw linear actuator. The effectiveness of proposed method is shown through simulation and
experimental results.
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Fig.3. Experimental landing gear
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Table 1. Parameters of experimental setup

Mass of body | 6.1 [kg]
Mass of leg | 1.5 [kg]
Motor power | 400 [W]
Stroke 55[cm]
m,
m
k x I i xlT
< C
m, T
m, |X,

L
g kg% LTJC%
)

(a) flying model

7

(b) touchdown model

Fig.4. Phisical model of a landing gear

Table 2. Parameters of model

m, m Mass of Body, Leg

X1, X2 Position of Body, Leg
ki Spring Coefficient of Leg
[} Damping Coefficient of Leg
Ky Spring Coefficient of Ground
(A Damping Coefficient of Ground
gm Gravity of Moon
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Fig.5. Block diagram of impedance control
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Fig.6. Bode diagram of Q filter with unstable zero
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Fig.8. The velocities of leg and body before collision
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Fig.13. Simulation result of impact force (zoom)
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