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Abstract

Electric motors, as the core of modern electric propulsion platforms, face increasing demands for high power density and
lightweight designs. Conventional electric motors, relying on copper windings and iron cores, encounter significant limitations in
meeting these requirements, particularly in applications such as aircraft and heavy-duty vehicles. High-temperature
superconducting (HTS) tapes, characterized by their superior current-carrying capacity under critical conditions, offer a promising
alternative. Motors incorporating HTS tapes demonstrate exceptional power-to-weight ratios, driving extensive research into
replacing conventional motors. However, for mobility applications, HTS motors require optimized support structures designed to
meet weight constraints. Unlike static applications of HTS coils, the support structure for a rotating superconducting rotor must
ensure torque transmission and maintain cryogenic conditions while addressing both structural and thermal factors. This study
focuses on the optimized design of the support structure for a superconducting rotor equipped with HTS coils. The proposed design
is evaluated through finite element method (FEM) analysis, verifying its mechanical and thermal performance under operational

conditions.

Keywords: critical angular speed, cryogenic, heat loss, HTS motor, mechanical support, vibration

NOMENCLATURE
Symbol Definition Unit
A Cross-sectional area of the support m?
d; Inner diameter of support m
do Outer diameter of support m
) Deflection of support m
T Temperature K
E Elastic modulus Pa
fn Natural frequency Hz
g Gravitational acceleration m/s?
r Torque N-m
I Moment of inertia m*
I, Polar moment of inertia m*
K Stiffness Pa
k Thermal conductivity W/m-K
L Length of the support m
m Mass of the rotor kg
N, Critical angular speed RPM
[ Critical angular frequency Hz
0 Heat transfer rate W
Oeq Equivalent stress Pa
T Shear stress Pa
w HTS rotor weight kg
Z, Polar section modulus m3

* Corresponding author: seokho@changwon.ac.kr
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Fig. 1. 500 kW HTS electric propulsion platform P&ID.

Fig. 2. Components of the HTS rotor: (a) 3D modeling, (b)
cross-sectional view.

TABLE |
GEOMETRY AND OPERATING CONDITIONS OF THE HTS ROTOR

Parameter Value
HTS coil temperature <30K
Ambient temperature 293 K
Rated operating speed 3000 RPM
Rated power 500 kW
Torque 1591.5 N'm
Load shaft both sides
HTS coil length 300 mm
Total HTS coil & reservoir mass 30 kg
Total torque tube length <200 mm

Support inner diameter 70 mm (both sides)

TABLE Il
PROPERTY OF SS304 AND GFRP G-10
Parameter Value
Temperature 293 K 161 K 30K
k (W/m-K) 15.1 115 35
$5304 Yield strength
(MPa) 233 234 344
E (GPa) 198.2 208.1 210.1
k (W/m-K) 0.85 0.59 0.23
GFRP Tensile strength 240
G 10 (MPa)
E (GPa) 28.0 35.1 39.3
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