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with Robust Leg Structure Design
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Abstract: This paper presents research on the stability of control for a quadruped robot with two
different leg structure designs. The focus of the research is on the design and analysis of the leg
structures in terms of their impact on the stability and robustness of the robot’s motion. First, a static
analysis was performed in the simulation to compare the structural strength of the legs when the same
force was applied. Secondly, two quadruped robots were built, each equipped with differently designed
legs, and performed trot gait walking in the real world. And the states of the robots and the torques of
each joint were analyzed and compared. In conclusion, based on the results of structural analysis in
simulation and the actual walking experiments with the robots, it was demonstrated that the legs
designed to be structurally robust improved the control stability of the quadruped robot.
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[Fig. 1] Our single rigid body robot model coordinate systems
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[Fig. 2] Overall control framework
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[Table 1] Mechanical Properties aluminum 6061-T6

Property Value
Density 2.7 g/em?
Modulus of Elasticity 68.9 Gla
Yield stress 276 MPa
Poisson’s Ratio 0.33
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[Fig. 6] Displacement visual comparison on 200 N force
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[Fig. 7] Displacement comparison at calf on 200 N force
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[Fig. 10] Stress visualization of the leg-F on 200 N force
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[Fig. 11] Stress visualization of the leg-T on 200 N force
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[Table 2] Robot parameter

Robot Parameter Value
m 14.2 kg
Leg-F based L, 0.085609 kg:m’
Quadruped robot 1, 0.11548 kg-m?
I, 0.17193 kg-m?
m 16.0 kg
Leg-T based 1, 0.096811 kg-m”
Quadruped robot 1, 0.13058 kg-m?
I, 0.19442 kg-m?
[Table 3] Control parameter
Parameter Value
T it 0.6 s
F 100 N
m 0.5
Tax 30 Nm
Type 0.02 s
Trp 0.005 s
Swing PD gain (X, K},) 50,2
Stand PD gain (&}, K},) 10, 1
MPC orientation weight 30, 30, 30
MPC position weight 30, 30, 50
MPC angular velocity weight 0.1,0.1,0.1
MPC linear velocity weight 0.1,0.1,0.1
MPC force weight 0.00001
; — IE .. &
gt —
S E :

Leg-T based
Quadruped Robot

[Fig. 12] Quadruped robot trotting experiment
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[Fig. 13] Body position comparison with each robot [Fig. 15] Leg-F leg torque (Left Front leg)
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[Fig. 14] Body orientation comparison with each robot [Fig. 16] Leg-T torque (Left Front leg)
[Table 4] Error result on the Y axis [Table 5] Average error result on the Y axis
Leg-F Leg-T Average error Leg-F Leg-T
Average error 10.3 mm 3.7 mm Hip Roll torque 0.8699 Nm 0.6131 Nm
Max error 26.9 mm 10.9 mm Hip Pitch torque 0.8480 Nm 0.6863 Nm
Knee Pitch torque 2.2301 Nm 2.0402 Nm
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