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MULTI-MATERIAL STRUCTURAL OPTIMIZATION OF IPM MOTOR USING
TOPOLOGY OPTIMIZATION METHOD BASED ON STEEPEST DESCENT METHOD IN
COMBINATION WITH LEVEL-SET METHOD
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Because the interior permanent magnet synchronous motor (IPMSM) is one of the most
efficient motors, it is applied to many industrial machines. The electromagnetic characteristic of
IPMSM is dependent on many design parameters such as the position and shape of flux barrier,
the magnetization angle of permanent magnet, the current phase angle and so on. Then The
topology optimization (TO), which is an attractive method due to the wide design range with
high degree of freedom, is enthusiastically applied to the rotor design of IPMSM. In this paper,
two stage TO method has been proposed. Firstly, to widely search the rotor structure, the
steepest descent method (SDM) which handling gray scale is carried out. Next, the obtained
structure is set to the initial structure of level-set method (LSM), the local search is carried out
The performance of proposed TO method composed of SDM and LSM is compared with the
single TO method (SDM or LSM) in the design problem in which the object is the determination
of the rotor structure composed of permanent magnet, rotor core and flux barrier to improve
the torque characteristics and the magnet demagnetization.
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consaints | o | e | v | o | ime 1
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TABLE VI OPTIMIZATION CONDITIONS (LSM)

. changeable
constraints mater. and param. to[Nm] | Byl [T] | Kism
case 4-2- (a) h;=0 iron + mag 150
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Fig. 6. Optimization results derived from LSM.
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Fig. 7. Torque characteristics derived from LSM.

TABLE VII OPTIMIZATION RESULTS (LSM)

. ty t, trag ter | Vg / Vo | elapsed
constraints |\ | i | Nml | [Nm] | [o%6] | time []
standard 190 | 109 | 147 | 043 | 100
cased2-@) | h =0 217 | 131 | 180 | 037 | 999 | 1.2
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0:<0
812, hARwY—iguE g OME, BaORIEE 6%

Y. Bkl LC, SDM CTHIHIREGE &8 L= 72w,
B 4 OFER LB T EERE LN TS, LavL, KA
A OFRIEL, LSM OFHFHICE > THRLNIC/R> TN D
LR TE S, E£77, (0) 1X SDM DU & Hid
AL, KABEE BB R L TEVEE L 220, Bl
REEBTETWDZERDDD. BHNOBREENMET



TABLE VIII  OPTIMIZATION CONDITIONS (SDM-LSM)

. changeable
constraints mater. and param. to[Nm] | [Bol [T] | Kspm | Kism
case 4-3- (a) h,=0 iron + mag 150 | 150
case 4-3- (b) | h;=0,h,=0 iron + mag 0.5 150 | 150
case 4-3- (c) hi=0,h, =0, iron + mag 0.5 0.45 | 150 | 150
9,<0
Y B : magnet
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L
mag. S5[%)
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. |
air — X 0 ‘ L, |

(a) case 4-3-(a) (rotor structure) (b) case 4-3-(a) (Demag. rate)
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X
(c) case 4-3-(b) (rotor structure) (d)
y Il : magnet
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X
(e) case 4-3-(c) (rotor structure) (f) case 4-3-(c) (Demag. rate)
Fig. 8. Optimization results in derived from SDM-LSM.
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Fig. 9. Torque characteristics derived from SDM-LSM.
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