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Because the energy consumption of motor accounts for over 60 % of the total consumption in Japan, the
design of high-performance motor is strongly required. The topology optimization (TO) which is one of
powerful design methods is actively applied to the practical design of electrical machines. Since TO is
capable of introducing the novel structure, the design from the new viewpoint is carried out. On the other
hand, TO has some drawbacks: the overhead of the sensitivity analysis and the complexity of resultant
topology. Although the first “sensitivity analysis” is indispensable to realize both the fast convergence of TO
and the derivation of continuous structure, the second “complexity of resultant topology” should be avoided
when the solution derived from TO is applied to the design of electrical machines as it is. Then, TO
incorporated with PDE (Partial Differential Equation) filter is investigated in the maximization problem of
average torque of the outer rotor type synchronous permanent magnet motor. It can be seen that PDE filter
works well to reduce the complexity of the motor structure without deterioration of convergence
characteristics of objective function and constraint conditions in comparison to the simple smoothing which is
carried out by averaging the sensitivity on adjacent nodes.
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COMPLEXITY REDUCTION OF OPTIMIZED STRUCTURE OF OUTER-ROTOR-TYPE SPM MOTOR
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Fig. 1. Simple smoothing method.
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Fig. 2. Analysis model for outer-rotor-type SPM.
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Table 1 Parameters for Magnetic Field Analysis
n_ [[I][Arms] |S[deg.] [ f[Hz][ B, [T]] &, | L [mm]
20 3.0 90 90 10.539|1.21] 27
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Fig. 3. Initial value of direction of remanence. (a)
optimization of only direction of remanence. (b) optimization

of material density and direction of remanence.
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Table 2 Parameters for Optimization
koo | Vo | Gax [deg.]] 6, [deg.]
300 0.726 1.0 0.5
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Fig. 4. Optimized direction of remanence on case 1.
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Fig. 5. Torque characteristics on case 1.
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Table 3 Optimization Result on Case 1

changeable elapsed
case parameter fo [Nm] | 2, [Nm] time [h]
1 direction of |, g0 | 0333 | 072
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reference — 0.822 0.542 —
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Table 4 Conditions on Case 2 and 3

case changeable parameter N, R
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3 + direction of remanence 0
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Table 5 Optimization Result on Case 2 and 3

" changeable elapsed
case parameter fo [Nml | 7, [Nm] |V, time [h]
2 iron + magnet 0.840 | 0.544 |1 0.726 | 0.77
3 _ lron+ magnet + 1076 | 0.168 | 0.726 | 0.83
direction of remanence
reference — 0.822 | 0.542 — —
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Table 6 Optimization Conditions Among Case 4 and Case 7

case | smoothing type | N, | R
4 |simple smoothing -
5 PDE filter 0.5
6 | PDEfiter | 20|15
7 PDE filter 2.5
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Fig. 9. Optimal structures with some smoothing methods. (a)
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R=2)5).
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Table 7 Optimization Result

case |7, [Nm]|7,[Nm]| V.. gﬁgsﬁﬁ
4 1.085 | 0.397 0.719 0.82
5 1.050 | 0.297 0.724 0.89
6 1.113 | 0.470 0.724 0.84
7 0.980 | 0.183 0.726 0.84
reference| 0.822 | 0.542 - -
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