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Abstract: In response to the growing demand for aviation
power systems in multi-electric aircraft, a high-speed solid-
core permanent magnet synchronous motor with a rated power
of 75 kW and a rated speed of 65 000 r/min is designed in
this paper. The type of high-speed motor operates at high
speeds and has a high loss density, and its design is
constrained by multiple physical fields. The motor
performance, rotor strength, and cooling system are designed
from three perspectives: electromagnetic field, mechanical
field, and temperature field, through finite element
simulation. And the accuracy and rationality of the design is
verified by experimental results. The analysis results provide
a reference for the motor products of the multi-electric aircraft
power generation system.
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Fig.1 Structure of solid cylindrical rotor
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Tab.1 Performance indicators of the motor

SR ZHUE
e T2 kW 75
HEREH/ (r - min") 65 000
LRI/ A 400
JiifR/kg <20
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Tab.2 Main dimensions of the motor
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Fig.4 Three-dimensional model of the rotor
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Fig.8 The relationship between convective heat transfer

coefficient, flow resistance, and width of waterway
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Tab.3 Thermal parameters of some motor materials
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Fig.9 Motor modeling
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Fig. 10 Motor temperature distribution
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Design of High-Speed Solid Permanent Magnet Synchronous Motor for

Aviation Power System
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(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 211106, China)
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More-electric aircrafts, which replace a portion
of the secondary energy system with an electric power
system and drive most onboard equipment and control
systems with electricity, are developed to enable the
electrification management of aircrafts. The increased
demands for electricity impose higher requirements
on the capacity and quality of the power supply of the
aviation  power  system. Permanent  magnet
synchronous motors with many advantages such as
high-speed

high power density, high efficiency,

operation capability, and fast dynamic response

performance, are suitable for use as starter/
generators for auxiliary power devices due to their
short-term operation characteristics.

This paper presents the design of a high-speed
permanent magnet synchronous motor (PMSM) with
a rated power of 75 kW and a rated speed of
65 000 r/min, specifically tailore to the starting/
generating needs of a small unmanned aircraft. The
high power density and high safety reliability of such
motors pose significant challenges to the design
process.

Firstly, the power density is a critical factor.
Unlike conventional motors, these motors operate at
high speeds. Due to the limitations of the tensile
properties of rare earth permanent magnetic materials
and the critical speed of the rotor, the outer diameter
and length of the rotor cannot be designed too large.

the of

magnetic materials at high temperatures and the

Moreover, demagnetization permanent
restriction on the output current of the motor at rated
times indirectly limit the power density of the motor.

Secondly, in terms of the temperature field, the

S6

high power density also results in a larger loss
density. The design of the cooling system needs to
ensure that the working temperature of the permanent
magnet will not be too high to ensure its safety. In
particular, the design of the water-cooled cooling
system needs to strike a balance between the
convective heat transfer coefficient and the flow
resistance.

In the mechanical field, the design of the
protective sleeve thickness must be reasonable. An
overly thick sleeve not only increases the weight of
the entire motor system, but also requires additional
air gap space for installation. Conversely, a design
with too thin a sleeve cannot ensure the safety of the
permanent magnet. The design of the interference
also needs to take into account the protection of the
permanent magnet, the difficulty of assembly, and
the yield strength of the material itself.

Therefore, how to complete the design of such
motors while taking into account the electromagnetic
field, mechanical field, and temperature field is a
core issue.

The stator material of the motor is 20WTG1500
silicon steel sheet. The rotor has a slender structure
with an outer diameter of 40 mm and a length of
195 mm, and the total weight is not exceed 20 kg.

During load operation, the magnetic flux density
of each part is not exceed 1.5 T, and the designed
magnetic circuit is linear, ensuring the precision of
control. The sheath is made of a high-temperature
nickel alloy material with a thickness of 5 mm, and
the interference fit is 0.08 mm.

The cooling system is a spiral water cooling

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



design on the stator, with the waterway arranged in a
spiral along the shaft, totaling 10 turns. This design
ensures a high power density, while being very
reliable in terms of mechanical strength, and the

cooling effect is also very nice.

Finally, the accuracy and rationality of the
design is verified by experimental results. And the
analysis results provide a reference for the motor

of the

generation system.

products multi-electric  aireraft  power

Fig.1 The full process of motor design
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