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A Milli-Scale Hexapedal Robot using Planar Linkages

A AP

Dong-Sun Kim', Sun-Pill Jung?, Gwang-Pil Jung'

Abstract: A small and lightweight crawling robots have been actively studied thanks to their
outstanding mobility and maneuverability. Those robots can navigate into more confined spaces that
larger robots are unable to reach or enter such as debris and caves. In this paper, we propose a
milli-scale hexapedal robot based on planar linkage design. To make this possible, two necessary
conditions for successful crawling are satisfied: thrust force from the ground and aerial phase while
running. These conditions are achieved through a newly developed leg design. The robot has a pair of
legs and each leg has three feet. Those feet alternatively moves based on 1DOF planar linkage. This
linkage is installed at each side of the robot and finally the robot shows the alternating gait and aerial
phase during running. As a result, the robot runs with the crawling speed of 0.9 m/s.
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[Fig. 1] A milli-scale hexapedal crawling robot
[Table 1] SCM based milli-scale crawling robots
Size Mass  |Speed .
Leg mechanism
e @ Jos [
RoACH? 3 24 0.03 oar mechanism
DASH! 10 16 1.5 oar mechanism
VelociRoACHP! |10 30 2.7 oar mechanism
HAMR-VP™! |24 127|044 spherical 5 bar
CardBot!"” 8.5 26.39 10.25 anisotropic leg
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[Fig. 2] SCM based milli-scale crawling robots
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[Fig. 3] Walking process of the hexapedal crawling robot
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[Table 2] Mass Budget
Components Mass (g)
Transmission (2ea) 19.92
Li-Po Battery 8.95
Control board 5.29
Body 15.61
Total 49.77
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[Fig. 4] (a) Trajectory of the middle point foot. The ‘A’ is
minor axis and the ‘B’ is major axis. (b) The position of point
feet at particular moment. The dotted lines are trajectory of
point feet
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[Fig. 5] Modeling of (a) the middle leg and (b) the right leg
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[Fig. 6] Trajectory of the point feet. (a) modeling data and (b)
experimental data
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[Fig. 7] Position fluctuation of the center of mass
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[Fig. 8] Crawling distance vs. time
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[Fig. 9] Snapshots of the robot crawling
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