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Hopping Robot Using Direct-drive Method and Thermal
Modeling to Analyze Motor Limitation
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Abstract: A hopping robot can move through a confined environment while overcoming obstacles. To
create a small hopping robot, it must be able to generate a large amount of energy and release it at the
same time. However, due to the small size of the robot, there is a limit to the size of the actuator that
can be used, so it is mainly used to collect energy in an elastic element and release it at once. In this
paper, we propose a small hopping robot with a simplified design by removing ancillary parts and
enabling continuous hopping using only a small actuator based on a direct-drive method. In addition,
repeated actuation over the rated voltage can cause thermal breakdown of the actuator. To check the
safety of the actuator at high voltage, we perform modeling to predict the temperature of the actuator
and verify the accuracy of the modeling through experiments.
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[Fig. 1] Assembled Hopping Robot and Conponents
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[Fig. 2] (a) Hopping process. (b) Single jumping of the proposed
hopping robot. The hopper is jumping up to 20 cm
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[Fig. 3] Quartered cross-section of DC motor and block diagram
for lumped parameter thermal model of motor
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[Fig. 4] Diagram of experiemental setup showing motor, sensors
and applied load

[Table 1] Parameters Required for Modeling

Wire Specific Heat C, 0.8011 J/K
Magnet Specific Heat C, 0.00086 J/K
Case Specific Heat C. 0.0027 J/K

Coil Resistance R 82 Q

Room Temperature 77, 23°C
Motor Case Surface Area A 0.000168 m?
Convective heat transfer coefficient h 30 Wim’.K
Winding-Magnet Thermal Resistance &, 215.2°C/W
Case-Magnet Thermal Resistance &, 26.16°C/W
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[Fig. 5] (a) Actual motor temperature at 6V-0.12A (b) Predicted
motor temperature at 0.12A
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[Fig. 6] Current flowing to the motor when jumping
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[Fig. 7] (a) Simulated Motor Temperatures for a 0.46s period
square wave at 0-1.13 A. (b) A Magnified View of The Boxed Area
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[Fig. 8] Comparison of Actual and Predicted Motor Case
Temperatures
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