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STUDY ON MUTI-MATERIAL TOPOLOGY OPTIMIZATION OF SQUIRREL-CAGE INDUCTION MOTOR

USING STRONGLY COUPLED ANALYSIS OF MAGNETIC FIELD/VOLTAGE SOURCE
AND TIME DOMAIN ADJOINT VARIABLE METHOD
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In recent years, to prevent global warming, higher efficiency of motors is required. Although IMs
have inferior output compared to interior permanent magnet synchronous motors, they have advantages
such as robustness, low cost, and self-starting characteristics, so they account for approximately 41% of
the total domestic production of AC motors. A design optimization method that combines
electromagnetic field analysis and topology optimization (TO) has been proposed as one method to
improve the efficiency of IMs. When this method is applied to IMs, it is considered that including the
secondary conductor in the design domain in addition to the rotor core is the way to further improve the
performance of IMs. In addition, because IMs have many secondary conductors in the rotor, and there is
slippage, the magnetic field inside the motor changes rapidly. Therefore, to accurately consider
electromagnetic phenomena, it is necessary to perform TO based on magnetic field analysis and strongly
coupled analysis of voltage sources. Therefore, in this paper, we apply multi-material TO based on
magnetic field analysis and strongly coupled analysis of voltage sources to a squirrel cage IM. As a
result, the rotor structures with high torque and low torque ripple are obtained.
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Fig. 2. Conceptual diagram of initial value problem.
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Fig. 3. Conceptual diagram of terminal value problem.
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Fig. 4. Flowchart for topology optimization.
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TABLE Il OPTIMIZATION PARAMETERS
case | kom | kusm| To[N-m] | Sy [m?] hy ¢
a 0 | 50 0.9 2.86%x104|8.4x102| 0.1h
b |50 | 50 0.9 2.86%x10*|8.4x102| 0.1h
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Fig. 7. Optimized structure. (a) case a (with LSM). (b) case b (with
DM-LSM).
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Fig. 8. Magnetic flux density distribution (t = 133ms). (a) case a
(with LSM). (b) case b (with DM-LSM).
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Fig. 9. Eddy current density distribution (t = 133ms). (a) case a (with
LSM). (b) case b (with DM-LSM).
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TABLE IV OPTIMIZATION RESULTS

case | Tye[N*m] | T, [N-m]| S, [m?] | elapse time [h]
Ref.| 0.878 0.382
a 0.904 0.154 |2.88x10* 421
b 0.894 0.125 |2.87x10* 88.2
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