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Abstract. The paper presents the design of brushless motors for driving emergency 

protection mechanism of nuclear reactor. Inductor synchronous motors with electromag-
netic excitation provide the highest torque reaction with a short-term increase (forcing) of 
current. Design features of short duration operation of the inductor motors with electro-
magnetic excitation from stator are considered. A design methodology is proposed to avoid 
a magnetic circuit deep saturation, which leads to an unproductive increase in power losses 
and additional heating. First, the geometry of the stator magnetic circuit is formed in the 
rotor position at which the phase flux linkage takes on its maximum value, then the mag-
netization curve of the ferromagnetic sections of the magnetic circuit is calculated. The 
choice of the working magnetic flux point near the saturation section allows to determine 
the size of the air gap between the stator and the rotor of the motor, and its torque and 
energy characteristics. Methodology applicable to inductor motors with electromagnetic 
excitation, where it is necessary to repeatedly increase the rotating torque due to a very 
short-term operating mode.  

Keywords: inductor motor, emergency drive (of nuclear reactor), rotor, synchro-
nous drive, stator, electromagnetic excitation, electromagnetic loads.  

For citation: A.Yu. Smirnov, D.A. Ulyanov, P.G. Stasyuk and T.N. Usnunts-
Kriger, Design of inductor motors for driving emergency protection mechanisms of nu-
clear reactors Smart Electrical Engineering, no. 4, pp. 4-20, 2024. EDN YTAHAE 
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. 1.     

 Fig. 1. Design diagram of the emergency protection drive 
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VT

Fig. 2. Grid model of an inductor motor

displacement scheme (a) and inductor 
motor connection to asymmetrical bridge invertor, by one at every phase (b)
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 Fig. 4. Oscillograms during drive start-

temperature T (b) and engine temperature T ( )  

 4, 



16   

 
, 

 

 
 

2
cos ,2 2

mM
m Z J  (12) 

 
 Z2   

 

( ) 
 

  



17  

 

2024 4 
. 
 
 Table 1. 

The main dimensions and weight of the motors 
 

  
1 2 
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 156 87 

 120 121 
 0,25 0,35 

 1,44 0,354 
 6,89 4,65 

2 2 1474 3293 

 199 114 
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