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Design and performance verification of a high—performance permanent magnet
motor based on liquid hydrogen cooling

ZHANG Jiayi', JIANG Yudong’, WANG Qian', ZHANG Feng', LI Anran', YAN Pengju', YANG Huilin',
ZHANG Heng’, RUAN Jingang’

(' Zhongshan Institute of Advanced Cryogenic Technology, Zhongshan 528400, Guangdong, China; * Hunan Guoci Power
Technology Co., Lid., Zhuzhou 412007, Hunan, China)

Abstract: High—power—density permanent magnet motors face pronounced temperature-rise constraints during
continuous operation under high load, while conventional water cooling provides limited support for further power
enhancement. To address this issue, a shell-type liquid hydrogen (LH,) cooling structure was proposed for an 80 kW
commercial water—cooled permanent magnet motor. A heat—transfer model of the motor cooled by LH,/cryogenic
hydrogen was established, and prototype fabrication and experimental validation were conducted. Axial,
circumferential, and columnar flow channels were compared by numerical simulation. The results show that the
axial channel provides the best overall performance in terms of cooling effectiveness, pressure drop, and
manufacturability. Based on the optimized design, an LH,~cooled permanent magnet motor prototype was developed

and tested under steady operating conditions from 64 kW to 100 kW. The experimental results indicate that LH,
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cooling maintains the maximum winding temperature at approximately 78 °C, far below the design temperature limit
of 180 ‘C. With nearly unchanged motor mass, the original 80 kW motor can operate stably at the 100 kW level,
increasing the specific power by approximately 30%. These results demonstrate that LH, cooling can effectively
improve the temperature margin and continuous output capability of permanent magnet motors under high—load

conditions, providing a feasible technical route for cascade cold—energy utilization and high—power—density motor

design in LH, energy systems.

Keywords: hydrogen; permanent magnet motor; thermal management; optimal design; experimental validation
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Fig. 1 Research object—80 kW water—cooled motor
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Table 1 Main parameters of the research object
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Fig. 2 Motor heat transfer simulation model
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Table 2 Simulation conditions for different motor

operating conditions
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Fig. 3 Meshing of motor heat transfer simulation model
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Table 3 Comparison of heat transfer simulation for

different motor cooling methods
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Fig.5 Schematic diagram of common cooling methods for motors
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Fig. 6  Different flow channels of hydrogen—cooled motors
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different flow channel forms
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Fig. 8 Temperature cloud map of thermal simulation of different flow channels for 80 kW motor
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Fig. 11  Thermal simulation evaluation results of hydrogen—cooled motor
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Table 4 Experimental results of liquid hydrogen cooled motor
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