Journal of Korea Robotics Society (2019) 14(4):245-250
https://doi.org/10.7746/jkros.2019.14.4.245

ISSN: 1975-6291 / eISSN: 2287-3961 245

CrabBot: ©]% 4% J35 283 27 ZA 8 73 =5

CrabBot: A Milli-Scale Crab-Inspired Crawling Robot
using Double Four-bar Mechanism

Al F &2y 3t
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Abstract: Milli-scale crawling robots have been widely studied due to their maneuverability in
confined spaces. For successful crawling, the crawling robots basically required to fulfill alternating
gait with elliptical foot trajectory. The alternating gait with elliptical foot trajectory normally generates
both forward and upward motion. The upward motion makes the aerial phase and during the aerial
phase, the forward motion enables the crawling robots to proceed. This simultaneous forward and
upward motion finally results in fast crawling speed. In this paper, we propose a novel alternating
mechanism to make a crab-inspired eight-legged crawling robot. The key design strategy is an
alternating mechanism based on double four-bar linkages. Crab-like robots normally employs
gear-chain drive to make the opposite phase between neighboring legs. To use the gear-chain drive to
this milli-scale robot system, however, is not easy because of heavy weight and mechanism
complexity. To solve the issue, the double-four bar linkages has been invented to generate the oaring
motion for transmitting the equal motion in the opposite phase. Thanks to the proposed mechanism, the
robot crawls just like the real crab with the crawling speed of 0.57 m/s.
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[Table 1] Milli-scale crawling robots and applied alternating mechanisms

Size (cm) Mass (g) Speed (m/s) Alternating mechanism
iSprawl® 15.5 300 23 Crank slider with 180° phase difference
MiniWheg"’ 9 146 0.9 Gear-chain drive
HAMR!! 44 1.27 0.37 Separately controlled piezo actuators
DASH®! 10 16 1.5 Kinematically coupled hip joints
VelociRoACH™® 10 30 2.7 Kinematically coupled hip joints
CardBot"" 8.5 26.39 0.25 Crank slider with 180° phase difference
MutBug!'” 10 36.5 0.53 Kinematically coupled hip joints
CrabBot 15.6 49.39 0.57 Oaring mechanism using double 4-bar linkages
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[Table 2] Mass Budget
Components Meass (g) Ratio (%)
Transmission 16.62 33.7
Li-Po Battery 8.95 18.1
Control board 5.29 10.7
Body frame 18.53 37.5
Total 49.39 100
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[Fig. 6] Smart composite microstructures (SCM) process
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[Fig. 7] Modeling for the foot trajectory
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[Fig. 8] Foot trajectory of the front foot. The modeling data (left) and the experimental data (right). The shaded circles are when the leg
goes outward in the air and the non-shaded circles are when the leg comes back.

[Fig. 9] The crab-inspired crawling robot runs at a speed of 0.57 m/s
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[Fig. 10] (a) Position of COM during crawling. (b) Crawling distance vs. time
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