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Design Principles and Validation of a Human-sized
Quadruped Robot Leg for High Energy Efficiency

¢ 3 9! Dang Xuan Ba®-#] &®'
Hoyeon Yeom', Dang Xuan Ba?, Joonbum Bae

Abstract: This paper presents about design efforts of a human-sized quadruped robot leg for high energy
efficiency, and verifications. One of the representative index of the energy efficiency is the Cost of
Transport (COT), but increased in the energy or work done is not calculated in COT. In this reason, the
input to the output energy efficiency should be also considered as a very important term. By designing
the robot with customized motor housing, small rotational inertia, and low gear ratio to reduce friction,
high energy efficiency was achieved. Squatting motion of one leg was performed and simulation results
were compared to the experimental results for validation. The developed 50 kg robot can lift the weight
up to 200 kg, and during squatting, it showed high energy efficiency. The robot showed 71% input to
output energy efficiency in positive work. Peak current during squatting only appears to be 0.3 A.

Keuwords: Quadruped robot, Design of the robot, Energy efficiency
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[Fig. 1] Previously developed large-sized robots. (a) Bigdog
(b) HyQ ™, (¢) MIT Cheetah !, and (d) StarlETH
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1. Customized motor housing

The motor housing was designed to
increase energy efficiency by finding
optimal overhang length. Furthermore,
the motor housing was designed for
lightweight, but durable in radial
direction.

2. Small rotational inertia leg

By placing both hip and knee actuators
on the hip joint, rotational inertia of the
leg is low. It reduces mechanical work
during the movement, and further,
reduces energy loss during impact.

3. Rotary type actuating joint
Instead of using linear power
transmissive systems, timing belt was
used to increase the range of motion,
which can enhance task space of the
leg.

Permanent magnet  LOWwer overhang

(b)
[Fig. 2] 3D designs of the leg. (a) Design of the leg and proposed
design principles. (b) Overhang of the motor
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[Table 1] Percentage of failures when starting torque is applied

Frequency  |Measured upper overhang length (mm)

(Hz) 2.6 2.8 3.0 32
0.5 4% 1% 6% 18%
1.0 8% 2% 4% 2%
1.5 4% 2% 10% 4%
2.0 0% 4% 0% 2%
2.5 2% 0% 0% 0%
3.0 0% 0% 0% 0%
3.5 0% 0% 0% 0%
4.0 0% 0% 0% 0%
mean 2.25% 1.13% 2.50% 3.25%
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[Fig. 3] Control results of the system with respect to the

end-effector positions !
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[Fig. 5] Simulation results with various payloads were
compared to the experimental results. Left sides are results of
the hip joint, while right sides are the knee joints. Horizontal
axis of the graph indicates time in seconds
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