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Abstract. Permanent magnet synchronous motors are increasingly used in the oil industry. These motors
need to be made more energy efficient. To do this, it is necessary to optimize the rotor of a synchronous
motor by changing the design through topological optimization. Designing an electrical machine as a
heuristic process does not guarantee finding the best solution. Methods are needed that complement the
experience and intuition of the designer to find the optimal (rational) solution. Topological optimization is
currently performed using the finite element method to reduce mass and improve the stiffness of structures.
The proposed method allows you to transfer topological optimization to electromagnetic processes in
permanent magnet synchronous motors to determine the direction of magnetization and the size of
permanent magnets, for a given mass-dimensional parameters. Optimization of the rotor of a serial
permanent magnet motor based on a genetic algorithm is proposed. A new topology of the rotor of the
motor was calculated and an increase in the torque was obtained by 18.2%, which indicates that topological

optimization is promising for synchronous motors with permanent magnets.

1 Introduction

Permanent magnet synchronous motors (PMSM) as part
of a sucker rod pumping unit during oil production are
distinguished by the fact that instead of an excitation
winding on the rotor, they have permanent magnets that
create an exciting magnetic flux. The stator of permanent
magnet synchronous machines is similar to the stator of
an induction motor (IM) and has a three-phase winding
[6].

The use of PMSM instead of asynchronous motors to
drive pumping units will improve the energy efficiency
of oil production.

Permanent magnets in a synchronous machine are
used to create a constant magnetic flux. As a result of the
interaction of the constant magnetic flux with the stator
field, a torque is generated. Consequently, the energy,
weight, size and dynamic performance of a permanent
magnet synchronous machine depends on the properties
and topology of the materials used in the manufacture of
the rotor [1,2,5].

A variety of permanent magnet rotor designs are
known. The greatest advantages in terms of obtaining the
best performance of the electric motor are possessed by
the collector magnetic system of the rotor. Its efficiency
is higher than that of a magnetic system with a radial
magnetic flux.

The main advantage of the collector design of the
rotor magnetic system is the maximum use of the energy
of the magnets. The collector design allows for a higher
magnetic flux density in the air gap than in a radial
magnetic system [3,4].
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Thus, a 15 kW motor was calculated and the
following result was obtained. The torque was 180 Nm.

The task is to achieve more torque due to topological
optimization of the rotor of a synchronous motor.

2 Initial data

For optimization, the engine was selected 11 DVM
(valve engine), hereinafter referred to as the "engine".

The engine refers to general-purpose products, both
continuous and cyclic, non-repairable. The engine is
designed to work with a special semiconductor converter
(electric drive).

This machine has the following characteristics:

- shaft rotation frequency of 750 rpm;

- voltage in the DC link of the electric drive 520 V;

- without rotor position sensor, climatic modification
B2;

- rated power 15 kW;

- long-term permissible motor current at a moment of
load on the shaft - 40 A;

-lonely permissible moment of load on the shaft at a
speed of 100 Nm;

- operating ambient temperature from minus 60 to
plus 50;

- relative humidity of the environment of 80% at a
temperature of plus 27;

- degree of protection of the IP55 engine.

According to the number of permissible operable
states, engines belong to products of type 1, which
during operation can be either in an operable state (state
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with nominal efficiency) or in an inoperable state (state
of failure) [7].

Depending on the application mode, the engines
belong to equipment operating in continuous use mode
and the main part of the operating time is in operation
mode [8,9].

We have chosen this engine, since it is a rather
simple design for topological optimization, and already
based on the algorithm for our PMSM we will develop a
universal optimization program.

To check the optimization, we will use the ELCUT
program. ELCUT is a modern program for engineering
modelling of electromagnetic, thermal and mechanical
problems by the finite element method, which is suitable
for calculating torque. ELCUT contains a magnetostatics
module that can be used to calculate and analyse devices
such as a solenoid, electric machines, magnetic screens,
permanent magnets, magnetic disks, and the like.

3 Calculation algorithm

The following topological optimization algorithm is
proposed (using the example of a permanent magnet
synchronous motor with an internal rotor, the stator
design and stator current are assumed to be given).

The design area of the rotor, which is a cross section
(the problem is axisymmetric), is divided into a network
of cells - finite elements with a material inherent in each
cell (for example, air, steel, varieties of magnets with
different directions of magnetization, which are
designated 0, 1,2, 3,4, 5, etc.) [10, 11].

Each topology is coded with a unique code. Based on
the genetic algorithm, the search for the best solution is
carried out. The two initial samples are randomly
selected. Several cells are then selected for exchange by
homogeneous crossing and as a result two new samples
are created [12,20].

The new samples inherit the best characteristics of
the previous samples, then the process is repeated. The
samples are evaluated by the highest value of the
objective function, which is the result of calculating the
electromagnetic moment [13,21,22].

In order to speed up processor computations, a
multithreaded (with threads independent of each other)
approach is used (the program reserves from 1 to 16
threads depending on the processor idle time) [14,18,19].

A procedure for cleaning materials is proposed to
obtain homogeneous structures in the projected area (for
example, without air pockets in magnets), which makes
it possible to simplify the manufacture of a prototype
[15,16,17].

Fig. 1. Calculated version of the rotor topology.

When carrying out topological optimization (based
on a genetic algorithm) and changing the rotor design
(practically realizable), we got that the shape of the
magnets should take the form W or V. For the first
implementation, we chose the option with the form W
(the calculated version of the rotor topology is shown in
Figure 1).

Thus, this synchronous motor was calculated and the
following result was obtained (the magnetic induction in
the motor is shown in Figure 2). The torque was 220
Nm, thus, the increase in torque occurred by 18.2%,
which indicates the prospects of topological optimization
for permanent magnet synchronous motors.

Fig. 2. Magnetic induction in the motor.

4 Conclusion

A modern method of designing and optimizing rotors of
permanent magnet synchronous motors (PMSM) through
the use of genetic algorithms is proposed. The operation
of synchronous machines instead of asynchronous sucker
rod pumping units for electric drives will make it
possible to obtain higher energy efficiency parameters.

The proposed method makes it possible to transfer
topological optimization to electromagnetic processes in
the PMSM to determine the location and direction of the
magnetization of permanent magnets in the rotor for a
given mass and dimensional parameters.
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