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Abstract. The article presents a method for calculating the magnetic systems of volume models by the finite
difference method, taking into account the separation of dissimilar media for an axially symmetric system. A
special feature of the presented calculation method is the automation of determining the boundaries of the media
of volumetric models by taking into account the magnetic resistance of adjacent nodes relative to the calculated
node. The results of the program for calculating the magnetic field pattern are presented on the example of a three-
dimensional model of a synchronous generator with a two-core magnetic system used as part of a wind generator.
Three-dimensional graphical dependences of the change in the magnetic induction value inside the stator winding
coil of a synchronous generator are constructed for a rotor with an external magnetic core, for a rotor with an
internal magnetic core, and for a rotor with two magnetic cores simultaneously. The calculation of the magnetic
system is presented in article, the method of the example synchronous generator with dual magnetic system,
determining the maximum value of magnetic induction, penetrating the winding of the synchronous generator in
the direction of the r axis. Based on the picture of the three-dimensional distribution of the magnetic induction
vector and the constructed three-dimensional graphs of the changes of the values of the magnetic induction vector
along the r axis for an external magnetic core, the magnetic core and the double-core magnetic system is
determined by the efficiency of the use of the dual magnetic system, where the magnetic induction inside the stator
winding increases in average 2 times, which entails an increase in the power of the synchronous generator 4 times.
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Introduction

Calculation of magnetic systems of electric machines, in particular synchronous generators on
permanent magnets, is one of the most important tasks in the field of design. There are programs that
allow to perform calculation of volumetric models of magnetic systems, such as ELCUT and the like,
but their high cost and complexity in the development limit their use. The solution is to develop methods
for calculating magnetic systems by the finite difference method [1-6].

The elements of the magnetic systems of synchronous generators are heterogeneous, they contain
permanent magnets, a magnetic core made of electrical steel, copper windings, and air gaps. The
standard model for calculating the finite difference method of magnetic systems does not allow for a
reliable calculation, since it is impossible to take into account the separation of the magnetic system
media and this method requires improvement. Let us consider the method of calculating the
axisymmetric sector system of a synchronous generator with a two-core magnetic system. In the article
[7], a planar model of a magnetic system was previously calculated using the finite difference method.
In this article, we present a method for calculating the volume model of a given sector of a synchronous
generator and the results of calculating the magnetic induction vector from the normal component.

The problem of calculating the magnetic potential by the finite difference method is that it is
impossible to determine whether the adjacent points of the calculated node belong to a particular
medium or to a section of media. The introduction of additional points to adjacent points of the
calculation node in the calculation of the magnetic system by the finite difference method allows to
determine the belonging of adjacent points to a particular medium, or to determine their location on the
media section.

Let us consider the use of the finite difference method on the example of calculating the model of
a synchronous generator on permanent magnets.

Materials and methods

A three-dimensional model of the calculated sector of a synchronous generator with a two-core
magnetic system is presented, and the rotor with external and internal rings, the stator and the
synchronous generator are also shown in Figure 1.

DOI: 10.22616/ERDev.2021.20. TF177 792



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 26.-28.05.2021.

Fig.1. Volume model of the synchronous generator sector: 1 — magnetic core; 2 — permanent
magnets; 3 — pseudo-poles; 4 — stator windings rotor; stator and synchronous generator assembly

The synchronous generator consists of a magnetic core 1, on which neodymium magnets 2 and
additional poles 3 made of electrical steel are fixed, between the external and internal core there are
windings 4 of the stator made of copper. The stator windings are stationary, the generator is operated
due to the movement of the magnetic system of the rotor relative to the stator of the generator.

A model for calculating the magnetic potential in the generator nodes for bulk bodies is shown in
Figure 2.
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Fig. 2. Model for calculating the magnetic potential in a node for three-dimensional shapes

An improvement of the finite difference method for calculating the magnetic potential at a node for
bulk bodies is the introduction of additional pointS A,_1 » + 11m; Azr+ 1m+ 1Az + 1r+ 1ms Az—1rm + 1)
Az,r + 1,m—1; Az + 1,r,m—1; Az,r—l,m—l; Az—l,r,m—l; Az +1rm+ 1 Az,r—l,m +1; Az +1r-1m+ 1’ Az—l,r +1m
allowing to determine whether adjacent nodes lie A, i1m; Az+1rm Azr—1.m Az—1rm’
Azrm+1; Azrm—1 the calculation node on the section of magnetic media.

To determine whether, for example, the point A, ; ., lies on a section of media, or belongs to
one medium, the magnetic resistance of the material is determined at points A, 1 1 ,—1m; Az + 1rm-1;
Az v 17 +1m Az + 1rm + 1. If the additional melon points of the adjacent point of the calculated node
have the same magnetic resistance, then the point A, ; 1 ,.,,, belongs to the same medium, but if the
magnetic resistances are different, then this point lies on the media section, which must be taken into
account when calculating the magnetic system.
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Based on the Poisson and Laplace equations, we write an expression for determining the magnitude
of the magnetic potential in a node by the finite difference method, taking into account the section of
heterogeneous media for bulk objects.

Az,r,m = (AZJ” +1m [vAz—Lr +1,m + VAz,r +1m+1 + Va4 1r+1,m + vAz,r + 1,m—1] +
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)

where v —magnetic resistance of the material;
r, z, m — coordinates of the model;
i —grid step.

Denoting

= +VA +VA

+ vy
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+ VAz,r+1,m—1 + Va, 4 1,r,m—1 + vAz,r—1,m—1 + T vAz—l,T,m—l +
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We get the following expression

Az,r,m = (Az,r +1,mVy VAsri1im + Az 1,rmVy VA, 4 1rm + Az,r—l,mvz Vazr—1m

+Az—1,r,mVZvAz_1rm + Az,r,m+1VZvA + Az,r,m—1VZvAzrm_1)/

Zrm+1

<(§ vs vAZ’r’m) (6 __Ar+Am -;-ir-sin(Az))) (2)

The resulting expression is used to calculate the magnetic potential of non-current-carrying parts.

Expression (3) is used to calculate the magnetic potential of current-carrying surfaces, expression
(4) is used to calculate the magnetic potential of permanent magnets.
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where hy, h;, hn — scale along the axes;
H. — coercive force of a permanent magnet;
Jj — current density in the conductor.

Results and discussion

Based on the obtained expressions, translating them into a computer model using the Object Pascal
programming language in Delphi 10, with the number of calculated nodes 107640, the graphical
dependences of the change in the magnetic induction vector over the normal component are presented.
B, are presented, taking into account the fact that B = rot A. The plane, in which the magnetic induction
vector is constructed from the normal component, is shown by the red line in Figure 3. The L value is

45 mm, the M value is 40mm.
B, Tl

M, mm

Fig. 3. Change in the magnetic induction vector B, along the internal cross-section of the stator
winding of a synchronous generator with a double-core magnetic rotor system
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Fig. 4. Change in the magnetic induction vector B,. along the internal cross-section of the stator
winding of the synchronous generator: a — rotor with an external magnetic core;
b — rotor with an internal magnetic core

The normal component of the magnetic induction vector B, for the rotor of a synchronous generator
with a two-core magnetic system, shown in Figure 3, reaches a value of 0.51 TI, when using a rotor with
an external magnetic core, this value is 0.33 TI, when using a rotor with an internal magnetic core, the
value of the magnetic induction vector was 0.15 TI. Thus, the use of a two-core magnetic system of the
rotor of a synchronous generator makes it possible to increase the value of the normal component of the
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magnetic induction vector inside the stator winding by an average of 2 times, which leads to an increase
in the power of the synchronous generator.

Conclusions

1.

2.

An improved method for calculating the magnetic systems of axisymmetric volumetric models is
presented, which allows taking into account the media section of the model under study.

On the basis of the obtained mathematical dependences a model is constructed and graphical
dependences of the change in the normal component of the magnetic induction vector B, along the
cross section of the stator winding of the synchronous generator sector are presented. The use of a
two-core magnetic system allows to increase this value to 0.51 T.
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