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Fig. 3 Experimental equipment
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Fig.4 Steel brush combination in form of 2 x 2
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Fig. 5 Three measurements of the dynamic friction force changed with time in the positive and negative directions
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Table 1  Value of parameter identification for steel brush in form of 2 * 2
s (m™1) o) o1 02 (s) 0.(m™ 1) g, (m™ ) w, (rad/s)
226. 45 1.64 9.96X10 * 6.96X10° 125. 82 142.42 1.28
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2 % 2 changed with velocity
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Fig. 7 Steel brush combination in form of 3 * 3
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Table 2 Value of parameter identification for different contact pairs

Materials o (m ") oo o1 02 (8) 0.(m ") 0, (m ") w, (rad/s)
Aluminum 226.45 1. 64 9.96X107* 6.96x10"° 125. 82 142.42 1. 28
Nylon 179. 54 0. 90 1.05X10°* 1.00X10°° 115.35 135.09 1. 94
Ceramic 244.99 1. 91 1.03X107% 9.67X10"" 59. 34 87.02 2.18

3 FENBNSRABEREERNA

T B R AR X B R B AR Y A R L IR THE %

BT A ACHLAR N B 52 00 AR SOR A STk 21 17 Y
PO B AR A R LR AL A AT 10 F 8 14 3 1 B2 AL
(1PN

B10 ST X AL g A &7 4k 3l I 2 Al
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Table 3 Typical parameters of a simplified dynamic model for a single leg of a planar biped robot

m, (kg) my (kg) my (kg) I, (kg * m*) I,(kg+m?) I,(kg+*m®) L, (m) L(m) L,(m) L;(m) Ly(m) 7,,(N*m) 7z, (N e+ m)

7.5 2.0 0.28 0.1 0.016 0.01

0.05 0.05 0.6 0.3 0.3 35 35
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Trajectory optimization results with target velocity of 8 m/s
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Fig. 13 Theoretical calculation results of planar contact forces for different postures
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Asymmetric Bristle Model for Steel Brush and Its Application

Weixiang Zhong Yongbin Jin Xiaoling Jin Ronghao Bao Zhilong Huang

(School of Aeronautics and Astronautics, Zhejiang University, Hangzhou, 310027)

Abstract In this paper, an asymmetric bristle model based on the combination of bristle model and
LuGre model is proposed to explain the direction-dependent friction (i. e. , asymmetric friction) phenome-
non exhibited by steel brushes. In this model, friction is generated through the horizontal frictionless con-
tact between asymmetric bristles and the contacted substrate. Numerical simulation and expreimental re-
sults demonstrate that the asymmetric bristle model can effectively illustrate the direction-dependent fric-
tion phenomenon. Furthermore, in a simulation study of a planar biped robot, results show that applying
this model can improve the maximum motion speed of the planar biped robot compared to using a symmet-
ric friction model. Additionally, exmprimental resutls indicate that compared to rubber materials, steel
brushes possess the advantages of high friction and abrasion resistance. Therefore, due to these propter-
ties, steel brush structures may have great application prospects and potential benefits in the field of legged
robotics.

Key words asymmetric friction, bristle model, LuGre model, planar biped robot
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