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Contact Modeling between the Ground and the Galloping Quadruped Robot
Considering Statistical Characteristics of Coulomb Friction Coefficients
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Abstract

The effects of the statistical properties of the Coulomb friction coefficients on the dynamic responses of a
galloping quadruped robot are investigated in this paper. In general, the Coulomb friction coefficients are
assumed to be deterministic for a controller design to achieve required motion characteristics. However, the
friction coefficients between the ground and the robot legs are not constant in reality. Therefore, statistical
characteristics of the friction coefficients need to be considered for a multi-body modeling of the robot
galloping on the ground. The effects of the statistical properties on the dynamic responses of the quadruped

robots are investigated.
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k:Spring Coefficient

c :Damping Coefficient
o : Peneration
ml:Stiffness Exponent
m2 : Damping Exponent
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Fig. 1 Relationship between relative velocity and
friction coefficient in commercial codes
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Fig. 3 Tree structure of the governor mechanism
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3l Spring Coefficient <} Dynamic Friction

Coefficient 2] Ztoll &25 &3} T).

Table 1 Specification of 2D multibody dynamic

simulator
Caompaonent \alue Component \alue
Errnt Linld 0.12m Rear link1 0.15m
T TUOTTCTInNT 0_475kg 0.569kg
T 0.18m Rear link2 0.15m
T TUTTCTIInNG 0'479kg 0.306kg
ot 1L 0.10m Rear link3 0.10m
TTUTTCTIING 0'182kg 0.182kg
B aca Linl 0.25m Total mass | 20.01kg
DAST 1IN l77lkg
Head and Neck OKg Tail OKg
Front spring 80N/rad | Rear spring | 80N/rad
coefficient coefficient

Table 2 Values of the contact parameters

——Contact Parameter——————Value——
Spring Coefficient T.0E6
Damping Coefficient T.0E3
Stiffness Exponent 1.3
Damping EXponent T
INdentation EXponent 2
Static Friction Coefficient 1.0
Dynamic Friction Coefficient 04
Static Threshold Veocity 0.0
Dynamic Threshold Veocity 0.015
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Folerance—Displacement{m) (sec)
0% 551.703 225.707
10% 551,681 225.768
20% 551.953 225774
30% 551721 225698
40% 551.950 225.766

Table 3 Statistical characteristics of Angular
displacement (m)

Folerance+—MEAN SB MHN MAX
0% -0.0328 | 0.0993 | -0.1622 | 0.0862
10% -0.0328 | 0.0993 | -0.1620 | 0.0879
20% -0.0329 | 0.0996 | -0.1734 | 0.0938
30% -0.0330 | 0.1000 [ -0.178Z | 0.0929
40% -0.0331T 0.1004 -0.182Z 0.1005

Table 4 Statistical characteristics of contact normal
force at front link (N)

Foterance—MEAN SB MHN MAX
0% 512.76 792 | 491.51 | 546.70
10% 512.96 7.76 | 491.36 | 545.56
20% 513.06 851 | 481.28 | 54350
30% 51351 9.20 | 485.82 | 545.23
40% 51399 10.61 485.70 596.78
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Table 5 Statistical characteristics of torque at front

joint 1 (Nm)
Foterance——MEAN SB VHN MAX
0% -1325 | 3489 | -62.81 | 4440
T0% -1321 | 3494 | 6451 | 41.55
20% -1361 | 35.0I | -64.52 | 4358
30% -1354 | 34.73 | -64.03 | 44.36
40% -1I389 3452 -66.85 45.49
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