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Optimal Design of a Humanoid Joint Motor Using a Machine
Learning-based Surrogate Model
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Abstract: This paper presents the optimal design of a joint motor customized for humanoid robots. An initial design satisfying the
required torque was first established, and a machine learning-based surrogate model was constructed for efficient optimization. The
resulting motor design achieved five times the continuous torque of a commercial motor with identical dimensions. Furthermore,
demagnetization analysis at high temperatures and currents confirmed stable performance of the optimized motor even under severe
environments. Compared to the initial model, the optimal model achieved a 12.22% improvement in maximum torque and a 68.02%

reduction in torque ripple at the continuous operating point.
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Table 1. Operating points and electrical specifications.

A& =4 351.86 W
AL ES 0.8 Nm
A& A& 4,200 RPM
Al =49 879.65 W
A 23 4.0 Nm
A IHE= 2,100 RPM
A At 72 Ve
AF A 50 Ak

2 7|EAE AT AL

Table 2. Specifications of the conventional motor.

A Motor B Motor
A& =4 351.86 W 490.09 W
A& EL 0.8 Nm 1.3 Nm
A& 4= 4,200 RPM 3,600 RPM
Ao =4 527.79 W 1361.36 W
AN E= 2.4 Nm 4.0 Nm
A IHEE 2,100 RPM 3,250 RPM
A= Ak 48 Vpc 48 Vpc
HZF Aol 10 mm 12 mm
A7) 974 /WA 73.8/32mm | 92.6/59 mm
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Fig. 1. Configuration of the initial model and design variables.
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Table 3. Specifications of the initial design motor.

TEIERESF 28/24
A Q7 /WA 63 /32 mm
B AR 97 /WA 73.8 / 64.6 mm
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Fig. 2. No-load condition analysis result of the Initial design motor.
(a) Phase BEMF. (b) Line-to-line BEMF. (c) Cogging torque.
(d) Magnetic flux density.
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Fig. 3. Load condition analysis result of the Initial model. (a) Input

current at constant operating point. (b) Input current at

maximum operating point. (c) Output torque at constant

operating point. (d) Output torque at maximum operating point.

(e) Magnetic flux density at constant operating point. (f)
Magnetic flux density at maximum operating point.
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Table 4. Range of optimal design variables.

X, 0.6 mm ~ 1.8 mm
Xa 0.6~0.9
X3 2.5 mm~ 3.5 mm
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Table 5. Prediction accuracy (R? score) of surrogate models.
E3 &A% 0.93

B ESH) 0.96

E 6 2| AAR H A A AA W gl A At
Table 6. Design variables and analysis results of the initial and
optimal models.

Z7) AAY A AA L
X, 1.2 mm 1.72 mm
X, 0.8 0.87
X3 2.5 mm 3.39 mm
AN EA 61.56 mNm 12.15 mNm
} BEMF THD 11.00 % 5.69 %
417+ BEMF THD 2.98 % 2.73 %
B EF (A% 0.84 Nm 0.89 Nm
E3gE @S 6.16 % 1.97 %
B EF () 4.01 Nm 4.50 Nm
E3gF ) 3.43% 2.11%

7 4. HF AALS
4. Geometry of the optimal model.
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Fig. 5. No-load condition analysis result of the Optimal model. (a)
Phase BEMF. (b) Line-to-line BEMF. (c) Cogging torque. (d)
Magnetic flux density.
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Fig. 6. Load condition analysis result of the Optimal model. (a) Input

current at constant operating point. (b) Input current at

b
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maximum operating point. (c) Output torque at constant
operating point. (d) Output torque at maximum operating
point. (¢) Magnetic flux density at constant operating point.
(f) Magnetic flux density at maximum operating point.
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