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Current Status of HTS Induction/Synchronous Machine Development 
 

Taketsune NAKAMURA* 
 

Synopsis: This paper reviews the current status of high-temperature superconducting induction/synchronous machine 
developments. The novel performance of the machine is explained through analysis and experiments. Furthermore, realizable 
uses of the machine in both large-capacity and intermediate-sized applications are discussed for industrial innovation. The 
development status of some applications in such machines as electric vehicles, electrified railway systems, generators and liquid-
hydrogen circulation systems, is summarized and discussed.		

Keywords: HTS induction/synchronous machine, electric vehicle, electrified railway, generator, liquid-hydrogen circulation�
pump 
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Fig. 1  Schematic diagram of the squirrel-cage secondary 
winding. 
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Fig. 2  Example of the load-test result at 77 K7). 
Quantity s is defined as (Ns-N)/Ns (Ns: rotating speed of 
air-gap magnetic field; N: rotor’s actual speed)7). 
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Fig. 4  No-load rotation test result for superconductor/ 
normal conductor hybrid cage windings8). Initial 
temperature is 77 K. 
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(b) Typical load-test result. 

Fig. 3  Evidence for the high torque density of HTS-ISM 9,12).

 

(a) Photograph of the fabricated HTS-ISM rotor. 
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(b) Analysis example of the energy losses for a certain operation 
mode of an electrified train (DC: Direct current motor; IM: 
Induction motor; HTS: HTS induction /synchronous motor). The 
train is driven from 20 s. 

Fig. 6  Simulations of energy conversion efficiency for an 
electrified railway system30). 
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Slip (s)

Torque�τ�

HTS-ISM

Conventional
induction 
machine

1 0

Motor mode

Generator mode

-1
|sm|

-|sm|

Slip (s)

Torque�τ�

HTS-ISM

Conventional
induction 
machine

1 0

Motor mode

Generator mode

-1
|sm|

-|sm|

 
Fig. 7  Schematic diagram of the torque (τ) versus slip (s) 
curves in a conventional (normal conducting) induction motor 
and HTS-ISM 33). 
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Fig. 9  Fabrication and load testing of the MgB2 motor for 
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(a) Photograph of the MgB2 rotor. 
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