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Abstract. The BLDC motor design is currently greatly simplified by the use of FEM 

software. This article deals with the possibilities of realizing such a design in the ansys 

electronics software. 
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1 INTRODUCTION 

Because first electric vehicle is more then 100 years older, is problem of electric drive 

very actual. Main parts of production of BLDC (Brushless DC electric motor) motors 

are produced in China. In this time, when is global trade difficult, is know how about 

construction of BLDC motor in Europe guarantee of independence. The aim of this 

study is to find out the possibilities of the design environment ansys electronics 2019. 

2    MATERIALS AND METHODS 

 

The BLDC motor, like all motors, works on the Lorentz force principle. This force 

is converted into torque in the air gap thanks to the bonds in the bearings. In terms of 

electrical properties of the source, the topology of the control circuit for simulations is 

designed in the circuit design software ansys elelctronics. 

 

One of the basic parameters of a BLDC motor is its power, or the torque it exerts on 

the shaft. In Ansys software, the moment is calculated from the forces acting on each 

element in the volume according to the equation [1] 

.                                      (1) 

 

For the simulation, the RMxprt module is used first, which tries to design a motor with 

the highest possible performance with the given parameters. The design is based on 

analytical equations, so it is very fast, but it does not take into account a significant part  
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of the events in the magnetic circuit and assumes that all magbetic induction flux will 

pass from the stator perpendicularly to the rotor. 

 

 

 

 

Fig 1.Topology of electrical circuit 

 

As Figure 1 shows, the motor is powered by 30 V and is controlled by a 4 quadrant 

inverter. All important constraints such as transistor recovery times and on-state re-

sistance are built into the software. The basis here is also the model of the winding, 

which is energized from the inverter. The winding is represented here by two coils and 

one resistor. Their values are determined by the RMxprt module itself. The coil is di-

vided into two, the first is linear and the second from Maxwel 2D represents the mag-

netic circuit. 

3 RESULTS AND DISCUSSION 

Calculating in the Maxwell 2D module we get results that are much closer to the real 

engine than RMxprt. The FEM calculation is demanding on machine time and therefore 

only an eighth is calculated, which we can afford because the motor is symmetrical and 

contains 8 equal parts around the circumference. It is only necessary to set the boundary 

conditions on master and slave. 

If the motor is running  operating rotating and is loaded with a certain torque (in this 

particular case 900 rpm and 15 Nm), we get the result of the 3 following figures (FIG. 

2-4). It can be seen from Figure 2 that for this condition (amplitudes) both the stator 

and the rotor are oversaturated in small areas. 
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Fig.2 Flux density in motor -  magnitude 

Figure 3, which shows the magnetic induction vectors, gives us the information 

that the supersaturation is only in a small area around the winding slot. In addition, 

the direction in which the induction is issued here is not radial. The problem is that 

the software does not allow you to arbitrarily set the groove geometry. This groove 

shape has already been optimized for the minimum dimension of the groove end. 
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Fig. 3 Flux density in motor - vector flux 

Figure 4 shows the current distribution in a section of the motor. The magnetic sheets, 

air gap and neodymium magnets are shown here in green. The green area has minimal 

(up to zero) current density. So we can say that current does not flow in this area. The 

windings in the stator were outlined in other colors. The cut is made in the "amplitude" 

time, but even so the current density achieved here is below 4 A/mm2. The maximum 

possible value for continuous operation is 5 A/mm2 due to Joule heat. 
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Fig.4 Current density in motor 

 

For the simulation, the engine is loaded by the calander characteristic and of course also 

by its own moment of inertia. Starting from 0 to full speed is required. The speed de-

pendence graph at start-up is in Figure 5. 

 
Fig.5 Motor speed - calender characteristics 

As shown in Figure 5, the takt motor starts up after approx. 150 ms to an operating 

speed of approx. 900 RPM. 
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 .  

Fig. 6 Kvasi Torgue charakteristic 

Figure 6 shows the obtained torque characteristic, which was obtained by plotting the 

dalambert torque as a function of speed from the engine start-up data. 

 

 
Fig.7 Currents in stator winding 

Figures 7 and 8 describe what happens in the winding. As can be seen from Figure 7, 

there is a significant current peak of about 80 A when the motor starts up, while after 

starting up to the rated speed the current is about 10 A. However, what is more inter-

esting is what happens in the voltage, where 300 V should be induced, as Figure 8 

suggests, which does not quite correspond to the supply voltage, which is ten times 

lower, but same problem have not another autors [2,3]. With a suitable design, after a 

few iterations, the flow of the current was smoother than the authors indicate in the 

publications [4,5] 

 
 

Fig. 8 Induced voltage in windings 
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4 CONCLUSIONS 

It was possible to design a BLDC motor for several iterations, which has operating 

processes in its stator and rotor within limits where it is not saturated with magnetic 

induction and current density. The actual construction of the engine has not yet taken 

place due to time constraints. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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