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Optimal Design of a High-Power Permanent Magnet Direct-Drive

Motor with Multi-Branch Configuration for Port Applications
ZHOU Zhiyong, CHENG Xiang*, ZHANG Bingyi
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract . [Objective] High-power permanent magnet direct-
drive motors for port transmissions are usually designed with
high voltage ratings. However, this solution poses significant
challenges in terms of electromagnetic design, manufacturing
precision and maintenance reliability. For variable-speed
drive systems, relying on high-cost power electronics for
frequency conversion greatly increases the production cost. To
address these problems, a low-voltage multi-branch structure
design for permanent magnet direct-drive motors is proposed
in this paper. [Methods] Firstly, according to the design
requirements of high-power permanent magnet direct-drive
motor for port transmissions, the electromagnetic scheme of
the motor was designed to use multiple low-voltage inverters to
supply power, and the total current of the whole motor was
shared by each branch circuit. Then, the stator winding of
the motor was designed with multi-branch structure, and the
coupling between different branch windings and the
electromagnetic performance of the motor when different
branches were put into operation were analyzed by finite
element simulation to theoretically verify the feasibility of the
multi-branch motor. When different branches were put into
operation, it increased the unevenness of the air-gap magnetic
field and affected the stability of the motor. Finally, the
cogging torque of the motor was optimized by opening an
auxiliary slot in the rotor. [Results] Simulation results
showed that the low-voltage multi-branch structure scheme,
which effectively solved the problem of high current in the
low-voltage scheme, put different branches into operation
according to the load demand and improved the overall
efficiency of the motor. When a certain inverter failed, the
reliability of the motor drive system was greatly improved by
controlling other inverters and increasing the current so that

the motor output the rated torque. The peak-to-peak value of

cogging torque of the un-slotted motor was 2 419.5 N-m, and

after opening the rotor auxiliary slot optimization, the peak-to-
peak value of cogging torque was reduced to 1 136.7 N-m, a
reduction of 53.02%. [Conclusion] The low-voltage multi-
branch structure optimization scheme proposed in this paper
effectively solves the high cost and high current problems of
high-power permanent magnet direct-drive motors for port
transmission. The scheme can decide the number of branches
to be put into operation according to the load requirements,
which improves the efficiency of the motor and provides a
certain reference for the design of high-power motors.

Key words: permanent magnet direct-drive motor; multi-

branch ; low-voltage; auxiliary slot; simulation
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Tab.1 Technical requirements for permanent

magnet motor
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Tab.2 Comparison of three design schemes
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Tab.3 Main electromagnetic parameters of permanent

magnet direct-drive motor

SHATR ZHE
SEF N SME/mm 1.020.1 250
%¥4M2/mm 1015.6
Bt K BE/mm 1 060
B/ mm 2.2
LIRS 60
TE T 72
FKRE AR /mm 40x16
TKRE AR RS N38UH
20° A A RGBT/ (kA -m™") 915
20° B K RE AR TR R 25/ T 1.23
T A 38
SRLAPEIE 1
PRI a0 4
RHLTERE | BE/mm 7.94.2.69
SEFHETE MR/ mm 25.60
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Fig.1 Multi-branch winding wiring diagram

2 XE—ETFHREAZELZE
Fig.2 Stator winding wiring diagram of

branch one

B3 MxsEER

Fig.3 Four-branch winding location diagram
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Fig. 4 No-load back electromotive force for

full four-branch operation

B S5 MEZEEMBEITRNZEEUZTRE
Fig.5 No-load magnetic flux density distribution

for full four-branch operation
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Fig. 6 No-load magnetic field lines for full

four-branch operation

B7 DNEXZBREIMIEITREEEES

Fig.7 Output torque for full four-branch operation

B8 M&XEEMIZITHNSEES
Fig.8 Air-gap flux density for full four-branch

operation
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Tab.4 Motor inductance parameters

H1J8%/ mH

ba

Al A2 A3 A4
Al 22.52 1.123 0 1.122
A2 1.123 22.51 1.120 0
A3 0 1.122 22.52 1.121
A4 1.122 0 1.120 22.52
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Fig.9 Load air-gap flux density for

three-branch operation

B 10 =&ZEIBTRHNEHEE
Fig. 10 Output torque for three-branch operation
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Fig. 11 Load air-gap flux density for two symmetrical

branches operation

B 12 MENRIZEIEITHRAOEHES
Fig.12 Output torque for two symmetrical

branches operation
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E 13 WHERESIZREITHEARSERES
Fig. 13 Load air-gap flux density for two adjacent

branches operation

B 14 REEPIHISITRRHEE
Fig. 14 Output torque for two adjacent branches

operation
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Fig. 15 Load air-gap flux density for one branch

operation

B 16 —&KZEIE{TREBLEE
Fig. 16 Output torque for one branch operation
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Fig. 17 Output torque at increased current operation

of the three branches
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Fig. 18 Cross-sectional view of rotor lamination

B 19 HEEKEXEEREEN RN
Fig. 19 The influence of the major axis of the auxiliary
slot on the cogging torque
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Fig. 20 The influence of the minor axis of the auxiliary

slot on the cogging torque

B 21 HRALETS AR R
Fig.21 Cogging torque waveforms before and

after optimization

B 22 fRALETEH R R
Fig.22 Output torque waveforms before and

after optimization
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