Introduction

N3CJUIEABAHE HA AKCHUAJIEH 'EHEPATOP C BbPTAIIlU CE

MATHUTU B CTATOPHUTE HAMOTKH

HUKOJIA TEOPI'MEB

Peslome: Paszeneoan e axcuanen cenepamop ¢ npomeneHa KOHCMPYKYUs, 8 KOAMO cd
0obaseny 8bpmMAWU Ce MASHUMU 8 cmamopHume Hamomxu. H3evpuiena e cumynayus ¢
memooa Ha Kpaunume enemenmu Femm 4.2 u e nonyueno pasnpedenenuemo wna
MazHumHama UHOVKYUS U UHOYKMUPAHOMO eNeKmpOoOSUdICeWo Hanpedicenue 6 eoHa
cmamopra Hamomka. Ilonyuen e mooen 6 OrCAD cpeda, ¢ koiimo ce cumynupa ¢azoeomo
HanpesiceHue gbpxy akmueeH moeap, Koemo e cpasHeno ¢ onumHo usmepenomo. B OrCAD
cpeoa e cumMymupama —ucxema Ha YO8OUMeN HA HAnpedcenue u Noay4eHomo @azoeo
Hanpedicenue e CPasHeHo ¢ UNPA6EeHOMo usmepero Hanpedsicenue. Ilonyuenume mooenu ¢
000pa moyHocm cumyaupam pabomama Ha U3C1e08aHUs 2eHepamop.
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STUDYING AN AXIAL GENERATOR WITH ROTATING

MAGNETS IN ITS STATOR WINDINGS

NIKOLA GEORGIEV

Abstract: An axial generator with modified construction has been considered here, with
rotating magnets in its stator windings. Simulation by the finite elements method Femm 4.2
has been carried out and both the distribution of the magnetic induction and the induced
e.m.f. in one stator winding have been obtained. A model in OrCAD has been created, by
means of which the phase voltage on an active load has been simulated and then compared
to the experimentally measured phase voltage. A scheme of a voltage doubler has also been
simulated in OrCAD and the obtained phase voltage has been compared to the measured
rectified voltage. The obtained models simulate with good precision the operation of the
studied generator.

Key words: axial, generator, rotating, magnets, permanent

efficiency in operation [1], while the considerable

Low power axial generators with permanent
magnets in their rotors find application in practice
most frequently as wind or hydro-generators due to
their simple, reliable and easy to produce
construction. There are no excitation windings or
current in these generators, which leads to high

air gap reduces the magnetic attraction between the
rotor and the stator, as well as the resistive moment
[2].

Single-phase axial generators are easier to
produce than the three-phase ones and the voltage in
them is higher. Papers [3] and [4] consider similar
single-phase generators with two rotors and a stator,
for which the flux linkage has been calculated by
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the finite elements method, from where the r.m.s.
value of the phase e.m.f. has been calculated.

The present paper presents a model of the
magnetic field in one stator winding in a low power
axial two-rotor generator with rare-earth magnets
and one stator with rotating permanent magnets in
it, developed by the finite elements method Femm
4.2.

2. Exposition

The axial generator, considered here, consists
of two steel rotors with dimensions D200xH4 mm
with sixteen rare-earth magnets each, measuring
20x20x10 mm. The stator, made of turbonit,
measures 240x 240x4 mm and has eight windings
with 600 turns of a conductor with cross-sectional
area S=0,385 mm” in each. The air gap (the distance
between two opposite magnets in the rotors) is
[=40 mm.

The two-dimensional method of finite elements
Femm 4.2 [5] is used in the process of modeling,
since this is the way of defining the magnetic
induction along the vertical for a stator winding of
the generator. After that the magnetic flux is
defined and the induced e.m.f. in one of the stator
windings of the generator with rotating magnets is
calculated at active load of 10 Q.
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Fig. 1 shows the constructive scheme of the
studied two-rotor generator with rotating magnets in
its stator windings and the notations in the figure
are as it follows: 1 — the turbonit stator; 2 — the
stator windings; 3 — the steel rotors and 4 — the rotor
magnets; by 5 the rotating rare-earth magnets in the
stator windings are denoted.

Fig.1. Generator with rotating magnets in its
stator windings

By means of the method of finite elements
Femm 4.2 the distribution of the magnetic field in
the two-rotor single phase generator is obtained at
different angles of rotation of the permanent
magnets in the stator windings — Fig. 2.
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Fig.2. Distribution of the magnetic field in the generator with rotating magnets in its stator windings

Fig. 3 shows the integral magnetic induction
for | m’ along the vertical B,,, as well as the volume
of the stator winding V...
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Fig.3.
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With their help the magnetic induction for the
volume of the stator winding B’. is calculated and it
is equal to

’
B =—2 T
¢ : (M

By means of the defined magnetic induction it
is possible to calculate the induced e.m.f. at
different angles of rotation of the permanent magnet
in one stator winding [6]

e(t)= NwAB. cos 0 ’ @

where: N is the number of turns in the winding;

o - the circular frequency;

A - the cross-sectional area of the
winding;

6 - the angle measured in degrees.

The circular frequency can be expressed by the
number of revolutions per minute # and the number
of pole pairs of the generator p

o= 2.7.p "
60 ) 3)

From expressions (2) and (3) for the induced
e.m.f. in one stator winding it is obtained

e(r)= NZLy 4B coso
30 : 4)

With the help of the expression (1) and Fig. 3
the change of the integral magnetic induction for the
volume of the stator winding is found — Fig. 4,
while the induced e.m.f. at different angles of
rotation of the permanent magnet in one stator
winding at active load is obtained from expression
(4) and Fig. 4 — Fig. 5.
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Fig.5.

By means of OrCAD — Fig. 6. — the instant form
of the e.m.f. for one stator winding of the generator
with rotating magnets in its stator windings is
modeled. By V1, V2 and V3 here the electromotive
voltages in instant form are denoted for the first,
second and third harmonics respectively, while the
active resistance and the inductivity of the stator
winding are denoted by R1 and L1 correspondingly.
R2 denotes the active load, connected to the
winding.
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Fig.6.
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The total e.m.f. in instant form for one stator
winding is the sum of the electromotive voltages of
the first, second and third harmonics

e(t)=e(t)+e, (1) +e () . ®)

Fig. 7 presents the simulated change of the total
phase voltage on the active load.
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Fig.7.
Fig. 8 shows the voltage on the load in in-

stant form for a stator winding with a rotating mag-
net, measured by an oscilloscope.

Fig.$.

When comparing the figures 7 and 8 it can be
seen that the instant form of the phase voltage for
one winding of the generator with rotating magnets
in its stator windings in OrCAD well simulates the
real phase voltage.

In order to test the simulations of the generator
with rotating magnets in the stator windings, their
phase voltage is rectified by means of the voltage
doubler as in Fig. 9. The rectified phase voltage
from the model in OrCAD is U,,,;~4,8 V at n=500
min™, Fig.10.

o U(D3:2)

Fig.10.

Table 1 presents the phase voltages, both
measured and calculated by the model, at n=100,
300 and 500 revolutions per minute for one stator
winding, as well as the relative error of the model in
OrCAD.

Table 1.
n, min”’ 100 300 500
Upod, V| 0,96 2,88 4,8
Upeas, V| 0,91 2,74 4,62
5, % 5,49 5,11 3,89

3.Conclusion

An axial generator with modified construction
with rotating magnets in the stator windings has
been considered. From a simulation by the method
of finite elements Femm 4.2, the distribution of the
magnetic induction at different angles of rotation
of the permanent magnet in one stator winding has
been obtained.

A model in OrCAD has been obtained, by
means of which the phase voltage on an active load
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has been simulated and compared to the
experimentally measured phase voltage. A scheme
of the stator winding, as well as of a voltage
doubler, have also been simulated in OrCAD and
the obtained voltage has been compared to the
measured rectified phase voltage.

The maximum relative error is comparatively
low 0=5,49 %, which confirms that the models,
obtained by means of Femm 4.2 and OrCAD,
simulate with good precision the operation of the
studied generator.
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