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Research on Modeling and Behavioral Characteristics of Bionic

Kangaroo Leg Suspension with Circular Arc-Buffer Structures
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(School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: To pursue a vehicle suspension with better overall performance, a three-link bionic
kangaroo leg suspension with circular arc-buffer structures is investigated based on the kangaroo
leg structure jumping in complex terrain for long time (hereinafter the bionic suspension). A
double circular arc-buffer structure is designed to simulate the buffering and damping effects of
tendons, muscles and the other tissues in the kangaroo leg jumping motion, and it is arranged at
the three bionic joints. For exploring the behavioral characteristics of the proposed suspension, a
1/4 vehicle dynamics model is constructed by Lagrange equations. A three-dimensional circular
arc-buffer structure is established via Pro/E and imported into ADAMS for suspension dynamics

simulation analysis. It is found that there is a serious nonlinear coupling relationship among the
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kinematic parameters of the bionic suspension, which leads a difficulty in solving the dynamics
equations; the solid modeling and motion simulation can be carried out by connecting the sub-
element structure with the flexible body and imposing the constraint to the sub-element structure
to create a double circular arc constraint; with the increasing road grade and vehicle speed, the
values of dynamic characteristic parameters rise up, but they are all within reasonable ranges; the
relative growth rate of the body acceleration decreases and the overall transmissibility (10. 7% —
2%) shows a downward trend; the tire dynamic displacement transmissibility (8. 6% —10.6%)
increases and the transmissibility change is relatively gentle. The results indicate that the
designed suspension structure is reasonable and the bionic suspension is endowed with good road
adaptability, high speed comfort, stability and impact resistance. The characteristic parameters
of the bionic suspension are better than those of the traditional suspension in the comparative

literatures. The bionic suspension has resonance peaks around 2 Hz and 14 Hz, which avoids the

sensitive frequency range of human body to demonstrate the good frequency response characteris-

tics.

Keywords: suspension; three-link imitation kangaroo legs; circular arc-buffer structure;

behavioral characteristic; dynamics
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Fig. 1 Construction of the three-link bionic kangaroo leg

suspension with circular arc-buffer structures
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Table 1 Design parameters of the bionic suspension
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Fig. 2 The dynamics diagram of the three-link bionic

kangaroo leg suspension with circular arc structure
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Table 2 Modeling parameters of circular arc spring
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Fig. 3 Flexible circular arc spring
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Fig. 4 Simulation model of the bionic suspension
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Fig. 9 Body acceleration at different speeds on class-C road
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Fig. 15 Relative growth rate of tire dynamic displacement
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Fig. 17 Body acceleration response on impact road
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Fig. 18 Angle response of bionic joint on impact road
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