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This paper presents calculation results of time-varying behavior of no-insulation (NI) high temperature super-
conductor (HTS) field coil for synchronous motor considering armature reaction and slotting effect. Despite
the direct current (DC) operation in synchronous motor with HTS field winding, NI field coils are under
time-varying conditions caused by rotor field harmonics depending on armature winding configuration and
structural features of stator. Under the time-varying condition, current flows not only in the azimuthal path
but also in the radial path of the field coil due to the so-called “NI characteristics”, and such behaviors change
the magnetic field generated by the field coil and have a significant influence on the performance of the motor.
To investigate field harmonics effects on NI coil characteristics during steady state operation of synchronous
motor, the circuit parameters varying with position of rotor are stored as look-up tables and the dq equivalent
circuit simulations are implemented. For case studies, we select four NI HTS motor models having different
stator topologies divided into air-cored and iron-cored teeth, and armature winding layouts classified with
concentrated winding and distributed winding. Then, the following key characteristics are calculated: (1)
turn-to-turn radial leakage current; (2) flux linkage; and (3) Joule heating loss due to contact resistance. Con-
sidering these characteristics, we found the most advantageous stator topology and armature winding layout
in terms of performance parameters such as torque and efficiency of NI HTS motors.
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