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Abstract

Recently, as the sense of crisis over global climate change has grown, the international community is implementing carbon
emission regulations and carbon neutrality policies. Efforts to reduce emissions are being strengthened in the transportation and
transport sectors, which account for 25% of global greenhouse gas emissions. In response to these regulations and policies, efforts
are being made to apply eco-friendly electric propulsion technology to aircraft, ships, and automobiles. Researches are being
conducted to improve power density and efficiency by using superconductors that have a high current density compared to the
copper wire and whose electrical resistance becomes “0” below the critical condition. Among the electromagnet technologies
utilizing the high-temperature superconductors (HTS), the non-insulated (NI) winding technique that removes insulation between
winding turns can dramatically improve thermal, electrical, and mechanical stability compared to the existing insulation method.
However, technical problems arise due to current leakage, such as magnetic field charging-delay and -loss. Especially, when
applying the NI technique to the field coil of a HTS synchronous motor, the output responsiveness may be degraded due to current
leakage when the motor speed or load changes. Therefore, in this paper, the dynamic characteristics of a HTS motor were analyzed
by changing the contact resistance of the NI field coil, which determine the current leakage. By modeling the d—q equivalent circuit
for a HTS motor, the motor speed, torque, field leakage current, and field voltage according to the change in d-axis current were
analyzed when controlling the maximum torque operation per unit current.
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Fig. 1. d-q equivalent circuit model for high-temperature
superconducting synchronous motor using non-insulated
field coil.

TABLE |
SPECIFICATION OF 140 KW CLASS HIGH-TEMPERATURE
SUPERCONDUCTING SYNCHRONOUS MOTOR.

Parameters Unit Values
MOTOR
Rated Power kw 140
Rated Speed RPM 3600
Rated Torque Nm 375
Rated Voltage Vpeak 750
Rated Current Apeak 180
ARMATURE WINDING
Armature Resistance R mQ 96.5
D-axis Inductance Lq mH 3.9
Q-axis Inductance L, mH 3.2
D-axis Mutual Inductance Lmg mH 10.1
FIELD WINDING
HTS Field Coil Inductance, L¢ mH 34
Critical Current I, A 196
Critical Voltage V. @ 1uV/em mV 10
n-value - 25
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Fig. 2. Normalized leakage current in the field coil as a
function of the R when a step current is applied to the
d—axis of the armature.
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TABLE III
FIELD COIL’S PARAMETERS ACCORDING TO CONTACT RESISTANCE
Parameters Unit Values
Ret uQ-cm? 10? 10° 10° 107
N - 100
| mm 403
lin mm 85
Tout mm 91.86 97.55 100
Wy mm 0.14 0.25 0.42
R¢ mQ 0.09 0.85 85.46 83‘11'0
d-q Equivalent Circuit
R @y Ly L\.t Vi
vd% T—md Re } %lf

Motor Dynamics System

Rotor g - Load Torque

- Torque

Fig. 3. Simulation model of 140 kW class HTS
synchronous motor using ANSY'S Electromagnetics Suite.
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Fig. 4. Speed-torque characteristics of motor’s load.
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Fig. 5. Motor starting characteristics according to changes
in the contact resistance of field coil; (a) d—q axis current,
(b) leak current in field coil, (c) azimuthal current in field
coil, (d) torque, (e) speed, and (f) loss of field coil.
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