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Numerical simulation of walking for a tensegrity robot driven by the
post-buckling of flexible rods
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Abstract: Compared with traditional wheeled and footed robots, spherical tensegrity robots offer advantages such
as a high strength-to-mass ratio, excellent cushioning performance, and superior terrain adaptability, making them
highly promising for deep space exploration. While cable-driven modes are commonly used for tensegrity robots,
the excessive number of actuators requires for walking complicates manufacturing and control. This study
proposes a novel driving mode based on the post-buckling deformation of flexible rods. Numerical simulations of
the walking process of a spherical tensegrity robot are conducted, and the efficiencies of cable-driven and rod-post-
buckling-driven modes are compared. The exact solution for the post-buckling deformation of a single rod is
obtained using the elliptic integral method. Based on this, a rigid-flexible coupling dynamics simulation model of

the spherical tensegrity robot is established in ADAMS, with considering the post-buckling deformation of the
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rods, as well as contact and friction. The walking gait of the spherical tensegrity robot is determined through joint
simulation using ADAMS and Simulink software, employing a greedy search algorithm. A control system model
is established in Simulink to facilitate the robot’s walking control to any target points under the rod-post-buckling-
driven mode. Compared to the conventional cable-driven mode, the post-buckling-driven mode reduces the
number of actuators required for continuous robot walking from 18 to 6 and increases the walking speed by
43.78%. The results provide theoretical guidance for the design and manufacture of new tensegrity robots.

Keywords: spherical tensegrity robot; post-buckling driven; greedy search; drive efficiency; walking control;
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Fig. 1 Geometric model of spherical tensegrity robot
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Table 1 Parameters of a spherical tensegrity robot model

L€ HfE e N HUE
FFE TR B /mm 400.00 WL /N 9.50
FF 20T 5 2 kg 0.55 HEE NI BE 22 80/(N-mm™) 0.38
FF G242 /mm 15.00 HER e ZB/(N-s-mm™) 0.05

AT FF ] R B /mm 200.00
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Fig. 2 Design of the cable-driven spherical tensegrity robot in ADAMS
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Fig. 3 Design of the rod-post-buckling-driven spherical tensegrity robot in ADAMS
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Fig.4 Post-buckling of the rod
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Fig.5 Spring force of the tensegrity robot
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Fig. 6 Model of rolling direction control system for a rod post-buckling-driven tensegrity robot
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Fig. 8 Finding process of basic gait of the rod-post-buckling-driven tensegrity robot based on greedy search algorithm
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Table 3 CO-OC gaits driven by cable

CO K 3y S g 45 9 M THT OC Bk 3 5w 45 A H THT
2-4,3-6 (2,3,9) 2-5,3-9 (2,5,9)
3-4,2-9 (2,4,10) 4-13,5-10 (4,10, 13)
4-10,2-3 (3,4,6) 6-13,3-12 (3,6,12)

x4 FHFEAEI CO-0CHE
Table 4 CO-OC gaits driven by rod-post-buckling

CO B 3y 5 45 R T OC BK 3 5w £ ST
8-9,3-13,6-7 (3,4,6) 3-13 (3,6,12)

2-12,6-7,4-5 (2,3,9) 4-5 (2,5,9)
2-12,10-11,8-9 (2,4,10) 10-11 (4,10,13)
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Fig. 10 Periodic gaits
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Table 5 Efficiency of the two drive types
F) H AR 27 I E] /s

SR
4 5K 3 FFPF I T i 9K 5
A (1460, 38.81) 234 108
B (-1389, 95.05) 216 198
C (-895.51, -550) 108 84

D (839.9, -1158) 156 126
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