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Abstract. The paper describes the manner in which the components of the electromagnetic 

torque change their main characteristics with the change of the angular rotor speed at supply 

moment. These influences are referred to in the case of higher speeds and separately in the 

case of lower speeds, since the mathematical expressions of the components differ in the two 

cases. In the end, the situation of reversing the rotation direction (brake operating state) is 

presented. 
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1. Introduction  

Consider the case of an induction machine: the rotor is running at a constant 

angular speed rΩ . The stator supply voltage is connected in zero initial 

conditions. The interaction between the transient currents and fluxes in the 

machine produces a transient electromagnetic torque. The mathematical formula 

of the torque is extremely complex, comprising no less than six (sometimes five) 

components of which one is forced and five (four) are natural. [3] The number 

and nature of the components are dependent on the rotor’s speed at supply 

moment. The natural components can be non-periodic (three or one) or damped 

harmonic. (two or three). It is of interest, as in any transient operating state, its 

duration and peak values (overshoots) that occur immediately after the supply 

moment. These quantities are dependent on the damping time constants and the 

components’ amplitude. The influence on the final result is dependent on rΩ . 

In the present analysis we have considered a wide range of the rotor speed, 

from zero to values above synchronous speed (in both ways). A preliminary 

analysis based on the mathematical form of the transient response reveals two 

situations: 

 - the 0rr Ω<Ω  case i.e. three natural non-periodic components and two 

damped harmonic components 

 - the 0rr Ω>Ω  case i.e. one natural non-periodic component and three 

damped harmonic components 

 Although the mathematical expression is different in the two cases, there are 




