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Review of Innovative Applications and Cutting-Edge Developments

of Additive Manufacturing Technology in Motor Design
Chen Xiwen'?, Qiu Xin'** | Qi Guoyang'”, Yang Jianfei"”, Yu Hao'?
(1. School of Electric and Automation, Nanjing Normal University, Nanjing 210023, China;

2. Jiangsu Key Laboratory of 3D Printing Equipment and Manufacturing, Nanjing 210042, China)

Abstract: [Objective] This paper focuses on the innovative
applications of additive manufacturing (3D printing) in the
field of electric motors, aiming to provide theoretical support
and practical references for the development of high-
[ Methods | Firstly, the additive

manufacturing technology is elaborated from aspects such as

performance motors.

industry background, process principles, technical systems,
and competitive advantages. Then, its innovative applications
in key motor components, including stators, rotors,
permanent magnets, windings, and cooling structures, are
systematically reviewed to clarify its cutting-edge development
directions. Finally, the trends and current challenges of
additive manufacturing in motor manufacturing are deeply
analyzed. [Results] By 2023, the global 3D printing market
value has exceeded $ 15 billion, with a compound annual
growth rate of over 20% . In recent years, researchers have
analyzed the materials adaptability such as high-temperature
alloys, composite magnetic powders, and conductive polymers
using mainstream processes like laser powder bed fusion and
binder jetting, while identifying technical bottlenecks in
precision, surface roughness, and post-heat treatment.
[Conclusion ] Additive manufacturing technology, with its
unique layer-by-layer deposition principle and design
freedom, has brought comprehensive transformations to the
motor field, ranging from material preparation to system

integration.
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Fig.1 Workflow of additive manufacturing
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Fig.2 SLM technology flowchart
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Fig.3 EBM technology flowchart
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Fig.4 LENS technology flowchart
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Fig.5 SLS technology flowchart
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Fig. 6 Tensile curves of a 0.5 mm thick sintered
Fe-6Si sample at RT
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Tab.1 Iron loss of 3D printed soft magnetic materials

under different heat treatment conditions
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= MRS IERIRE, RS IE AR/ H AL TEAR RE/
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Tab.2 Comparison of iron losses in soft magnetic materials

under different frequencies and heat treatment conditions

whE URSE, 750 °C,2 h 800 °C, 2 h
S/ Ha g Iy > Iy > 1
WE/T (Wekg™') B/ (Wekg™) A/ (W-kg™)

60 0.5 2.77 1.96 1.87
400 0.5 67.06 63.49 62.85
1 000 0.5 362 371 372
10000 0.1 293.63 261 259.5
20000  0.05 177.51 146.03 144.4
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Fig.7 Prototype of the novel LSSynRM
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Fig. 8 Comparison of FEM analysis and
experimental results
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Fig.9 Speed-torque curve of integrated motor

measured by dynamometer
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Fig. 10 Key concepts of 3D coil and cooling design
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Fig. 11 Comparison of magnetic flux density modules

in rotor air gap
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Fig. 12 Comparison of heat transfer coefficients for

various heat sinks
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