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Analysis of landing impact force of the one-legged robot vertical hopping

LI Zhe, GAO Jun

(School of Naval Architecture and Ocean Engineering, Harbin Institute of Technology, Weihai 264209, Shandong, China)

Abstract: Studying the dynamic regulation of the landing impact forces and influence factors for landing impact is
the basis of analysis of the dynamic stability of robots. Considering that the rubber mat in landing phase is in large
deformation during the landing process of robot, the dynamic model and simulation model of the landing impact
process that consists of the dynamic models of robot’ s leg and body, the viscoelastic model of rubber floor in large
deformation and the thermodynamics model of gas in cylinder chambers are built. In addition, the simulation results
show that the change of foundation elastic reaction and damping force in the compression phase makes impact force
increase quickly, reach a maximum and then decrease, that the maximum impact increases as the falling height and
the storage module of rubber increase, decreases as the thickness of the rubber increases, and that the larger ratio,
the smaller maximum impact when the ratio of the dissipative energy scale factor to the vibration frequency is less
than 0.01, and the larger ratio, the larger maximum impact when the ratio is more than 0.01. The maximum relative
error of simulation results and experiment results of the robot for 0.1 m free fall is less than 7.6% , which verifies the
simulation results.
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Fig.1 Diagram of the robot and dynamics analysis model
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Tab.1 Initial value of parameters of robot system

z3/m  p;/MPa p, /MPa  z;/m R/m m;/kg  m/kg

0.09 0.3 0.3 0.1 0.04 19.88 1.78
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Tab.2 Initial value of parameters of rubber mat

a/MPa n R/m h/m

1.5 0.01 0.04
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Fig.3 Simulation result of the robot for 0.1m free fall
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Tab.3  Simulation data under different falling height

& R MR REE A Rl
R BE/m Wi /N A /mm wkI/N A /ms
0.05 873.4 1.4 17.6 8.6
0.10 1369.4 1.6 5.0 7.8
0.15 1915.1 1.7 0.3 75
0.20 2394.7 1.8 0 6.5
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Tab.4  Simulation data under different the thickness of the

rubber mat
i R BiER s R
JBEE/mm Wi i/N BE/mm s JI/N O WFE/ms
3.5 1 663.4 1.3 2.7 7.0
4.0 1527.7 1.5 4.0 7.5
4.5 1 369.4 1.6 5.0 7.8
5.0 1257.9 1.8 6.3 8.2
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Tab.5 Simulation data under the different radius of the surface

profile of the foot

JERER T EEIN T SN R )R 1 1

4%/ mm i J1/N BT/ mm whili Ji/N - HE]/ms
30 1 370.5 1.8 4.5 8.3
40 1369.4 1.6 5.0 7.8
50 1367.3 1.5 4.8 7.6
60 1 368.3 1.4 4.2 7.4
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Tab.6  Simulation data under the different parameters a of rubber

WA/ K BBRK REE A R
MPa i f/N AE/mm i S/N S BHE /ms
1.0 1292.4 2.0 3.0 8.6
1.5 1369.4 1.6 5.0 7.8
2.0 1516.8 1.4 6.3 73
2.5 1 630.6 1.2 7.3 6.9
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Tab.7 Simulation data under the different parameters n of rubber
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Tab.8 The equipment list of experiment table

S IN BB R

e Wi /N AR /mm /N E]/ms
0.005 1580.2 1.8 0 5.7
0.010 1369.4 1.6 5.0 7.8
0.015 1379.1 1.5 69.7 75
0.020 1413.4 1.4 126.0 75
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Fig.4 Experiment table of the vertical constrained one-legged

robot
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Fig.5 Experimental data and simulation data of the robot for

0.1 m free fall
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