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Abstract. Currently, submersible induction motors are widely used in electric centrifugal 
pump units, which provide the bulk of oil production in Russia. To maintain a given dy-
namic fluid level in the well, submersible pump control stations are equipped with closed 
systems  with  frequency  converters.  For  the  correct  synthesis  of  the  regulators  of  the  dy-
namic level stabilization system, it is necessary to know the transfer function of the induc-
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tion motor as a control object. It should be borne in mind that for matching a high-voltage 
submersible motor with a frequency converter, a step-up transformer and scalar frequency 
control of an asynchronous machine are used. Existing linearized mathematical models of 
an induction motor with this control method are approximate. Therefore, the purpose of 
this study is to obtain an updated model of a submersible induction motor. The article pro-
vides a well-known system of equations of an asynchronous machine with scalar frequency 
control. It is shown that this system is non-linear since a number of variables are multiplied 
in it. The linearization of the main nonlinearities was carried out by the method of their 
expansion into a Taylor series. In the linearized system, the frequency of the supply volt-
age of the stator is taken as the input coordinate, and the rotational speed of the rotor of the 
induction motor is taken as the output coordinate. Getting rid of the intermediate variables 
by the method of sequential substitution, we obtained the transfer function of a submersi-
ble induction motor with scalar frequency control. It is shown that the characteristic poly-
nomial of the found transfer function is of the fifteenth order. Analytical expressions are 
found that connect the coefficients of the transfer function with the parameters of the in-
duction motor and the coordinates of the starting point. The adequacy of the obtained 
mathematical model is estimated by comparing the modeling results of step response in a 
nonlinear system of equations and in a linearized one. It is shown that the discrepancy be-
tween the results does not exceed 0.54%.  

 
Keywords: submersible induction motor, scalar control, mathematical model, transfer 
function, linearization. 
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