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Abstract. Synchronous motors are increasingly used in industry, and they need to be made more energy 

efficient. To do this, it is possible to optimize the rotor of the synchronous motor by changing the design, 

obtaining the best option due to topological optimization. But the standard design of a synchronous motor is 

quite complicated for calculations by the finite element method, so it is necessary to simplify it as much as 

possible. To make all elements the simplest from the geometric point of view (rectangles, straight lines as 

much as possible, etc.), and to make for calculation not the complete model, but the smallest sector for 

which topological optimization can be adequately calculated. To do this, it is necessary to calculate the 

magnetic moment for a standard design, for each step of structural change, and compare these values. If 

there is a slight discrepancy in the data, it will be necessary to choose the sector correctly and confirm the 

adequacy of the model by comparison. All these calculations should be performed for the predicted model, 

which should be obtained after topological optimization. 

1 Introduction 

It has long been known that permanent magnet 

synchronous motors (PMSM) have better technical 

characteristics than conventional asynchronous motors, 

but from an economic point of view, they are much more 

expensive [1,2]. One reason is the high cost of rare earth 

magnets, which are used in permanent magnet 

synchronous motors [3]. Thus, if you use fewer magnets, 

then we can reduce the payback period, and make the 

use of synchronous motors more attractive. 

According to the design of the rotor, synchronous 

motors can be classified into 2 types: 

- surface permanent magnet synchronous motor 

(SPMSM); 

- interior permanent magnet synchronous motor 

(IPMSM). 

Built-in magnets can provide a higher torque value, 

but they are more difficult to manufacture, and the exact 

same number of magnets is used as for surface magnets 

[4,5]. However, it is possible to make the rotor in such a 

way that the magnets were located in it, not just in the 

form of trapezoid or rectangles, but of arbitrary shape, in 

order to reduce the number of magnets. And in order to 

determine the optimal design of the rotor, it is necessary 

to use topological optimization, and iterate over the 

options not just by enumeration, but by a genetic 

algorithm [6]. However, if you try to optimize the 

standard design of the synchronous motor, then there 

will be difficulties with the number of finite elements, 

and it is necessary to simplify the design element as 

much as possible, which will be shown in this article. 

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 

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]. 
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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 Model modification 

An example of calculating the magnetic induction for an 

engine is presented in Figure 1, these data agree with the 

values that we obtained during the tests. 

The grooves were set as follows A +A + B-B-C + C 

+ A-A-B + B + C-C-, the current density was calculated 

based on the current and the area of the groove, and 

amounted to 7 A/mm2. 

The magnets are made of neodymium, and the 

direction of the coercive force is selected based on the 

location of the magnet, the stator, concentrator and air 

are set by standard values for magnetostatics tasks. 

For the same example, we can get the value of the 

torque, however, for the optimization to be correct, we 

need to get the moment for the engine to rotate 90 

degrees, and for these parameters calculate the root mean 

square moment. The Labelmover subroutine allows you 

to rotate the engine, in our case it is 18 steps of 5 

degrees. 

 

Fig. 1. Magnetic induction motor. 

Modification of the synchronous motor model will be 

as follows: 

1. Change the design of the grooves. Let's move from 

the complex design of the grooves to the simplest in 

terms of geometry (Figure 2). The difference between 

the moments of the first and last option is 9%, and the 

form of the graph of the change in the moment in time is 

preserved, so that it can be argued that this simplification 

can be used. 

 

Fig. 2. Changing the design of the groove. 

2. In the ELCUT program, the most accurate torque 

is calculated using the automatic grid sampling step, and 

thus for the engine the number of grid elements is about 

100,000, which is impossible to calculate topological 

optimization. Therefore, it is considered possible to 

make a grid with a manual sampling step of 2.5 mm, the 

shape of the graph of the change in time is also saved. 

It is important to clarify that during optimization we 

will compare a specific design and design after 

optimization; therefore, the accuracy of the obtained 

torque is not important to us, but an increase in its value 

is important. 

3. Given the symmetry of the engine, you can take 

half the engine, and check whether the torque decreases 

by about half. In the calculation, we got a decrease of 2.2 

times, and maintaining the shape of the graph (Figure 3), 

and based on the shape of the magnetic field, we came to 

the conclusion that you can use the sector at 45 degrees. 

 

Fig. 3. Engine sector torque. 

4 Actions to Improve Optimization 
Efficiency 

First you need to take cells of 5 mm each, select local 

maxima from them (you cannot compare them at this 

stage, just collect the set). We can say that we have a rms 

moment of more than 10 Nm for example - these are all 

local maxima. And then, based on these local maxima, 

carry out the calculation, reducing the cell size. But in 

general, anyway, one local maximum will be obtained 

with one version and the geometry of the windings 

[10,11]. 
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Accordingly, the problem can be rephrased: not 

searching for the best option, but searching for local 

maxima, because at this stage we will not find the best 

option. Cells should be taken at 3 mm for optimal 

construction. Anything more than 50 Nm is acceptable - 

we assemble into a set. 

Then, at the next stage, these local maxima can be 

clustered by neural networks. And then on clustered to 

conduct in-depth study. Or manually cluster, but it will 

be too time-consuming task. 

And for the most effective solution, it is necessary to 

divide each square diagonally in both directions and sort 

through both options for dividing each square with a 

diagonal. So, an even shape can be obtained, but not 

square faces, because of which the moment can be 

considered 2 times more or less [12]. 

And the turn can be removed and collect everything 

that at the 10th step more than 50 Nm gives the moment, 

so reduce the search time [13]. And plus, we use sectors 

of 22.5 degrees (easier calculation). If we perform all 

these operations, we can also count for 3 mm cells. 

And it will also be necessary to carry out cleaning, it 

looks as follows: 

We check the cell, if the cell above and below and 

left and right are not equal to the value of this cell, then 

the cell takes such a value, which are larger around. If all 

the cells around are different, then any value presented is 

accepted [14]. 

It is also important to consider that this optimization 

will not contain cells with air material for ease of 

calculation, however, it is obvious that this is 

impractical, therefore this point will be taken into 

account in the subsequent optimization of thermal 

characteristics, though also topological optimization. 

And in the end, a strength calculation will be performed 

to verify the resulting design [15]. 

5 Conclusion 

Topological optimization provides the concept of a 

magnetic system, i.e. a rough picture of the arrangement 

of magnets. And then you can optimize the design by 

varying the width and height of the magnets in order to 

achieve the practical implementation of the rotor design. 

This article demonstrates how you can go from the 

complex standard design of a permanent magnet 

synchronous motor to the simplest one (sector - 45 

degrees, shown in Figure 4). 

 

Fig. 4. The final version of the sector for calculation. 

While the adequacy of the model remains at a high 

level, and with this model it is possible to carry out 

topological optimization through genetic an algorithm. 

The speed of calculations will increase with the help of 

computer software more than 10 times. 
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