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Introduction

Nowadays the use of wind energy is developing in the direction of large and medium wind generators, which are able to work in parallel with the
grid or independently. The most common solution for such systems is a direct-drive synchronous generator, which provides high efficiency and
installed power factor [1].

A conventional induction generator possesses a number of advantages — such as high reliability and stability when working to the power grid [2].
However, it also has some significant disadvantages — e.g. the low efficiency and power factor when the number of pole pairs is greater than ten.
They are impossible to use as direct driven wind generators for small and medium wind turbines. Accordingly, the direct driven generators are
based on synchronous machines with controlled or permanent magnet excitation systems [3].

In this project we overview the practical application of multipole induction machines as generators for small and medium wind turbines. In the
considered model all the windings are placed on the stator and the rotor is tooth-like with no windings.

1. Special features of the multipole induction generator with a single-phase secondary winding

Figure 1 shows the construction diagram of an induction generator whose primary (A — X, B — Y, C — Z) and secondary (a — x) windings are
situated in the slots of stator 1. Accordingly rotor 2 is tooth-like and has no windings. Each tooth 3 of rotor 2 corresponds to one pole pair. The
total number of teeth can be rather big, which does not lead to enlargement of winding coils of the stator and, therefore, of the magnetizing
current. The secondary winding is single phased and is also placed in the stator’s slots. In the secondary circuit capacitors and electrical devices
(load) Ry; —Rys are arranged. The secondary winding plays a major role in magnetizing the system and reducing the losses of the electrical
machine. The system requires neither brushes nor slip-rings.

Owing to the single phase secondary winding the number of coils in the stator is limited. In this case, at the number of pole pairs equal to 22,
there are four coils in each phase. The primary windings, A-X, B-Y and C-Z, are situated in pole extensions 4. Each pole extension between two
slots can have up to five smaller teeth with a step ¢.,, which is equal to the step t, for the teeth on the rotor.
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Figure 1. The construction diagram of the induction generator with primary and secondary windings on the stator: A-X, B-Y, C-Z — primary
windings; a-x — secondary windings; 1 — stator; 2 — rotor; 3 — rotor teeth; 4 — pole extension; 5 — teeth on the pole extension; C;, C, — capacitors
in the primary and secondary circuits; Ry ; — Ry s — controlled secondary load resistance; tz, tzp, t;, t, — stator and rotor tooth steps; k; — k, — NC
contacts

The practical application of the single-phase secondary winding is that it simplifies the transfer of energy to the load. At rotation the rotor teeth
change their location with respect to the stator pole extension — from teeth to grooves, which, in turn, cause a periodical change in the magnetic
conductivity from maximum to minimum. The conductivity of the K-th pole extension can be described by a Fourier’s periodic function series
[4] as

/lk=a0+a1cos(ZRa—gok)+a2c0s2(ZRa—gok)+ 0

+a, cos3(ZRa —(pk)+...+av cosv(ZRa—gok)

To avoid the total harmonics distortion (THD), the width of stator’s teeth has to be tz/3, and the groove between the teeth should be
calculated assuming the radius of tz/3 [4]. Accordingly, equation (1) can be rewritten as

A, =a,+a, cos(ZRa - (pk) (2)

where
ap 1s the constant magnetic conductivity of the pole extension;
a; 1s the amplitude of first harmonics of a pole extension’s magnetic conductivity;
Zg 1s the number of rotor teeth (pole pairs);
or 1s the phase angle.

The periodic change in magnetic conductivity causes a periodic change in the magnetic-flux linkage, which means the generation of energy
transferred to the power grid and to the secondary load.
2. The power control of multipole double fed induction generator

To increse value of the current in the secndary circuit and power generated to the grid from the primary circuit, the operating mode of the
induction generator has to be close to the resonance mode. This mode can be achieved by switching the capacitors in secondary circuit, which
total capacity equals

6
C= s ®
4r°f"L,s
where
f1 —the frequency of the power grid,
L, — the impedance of the secondary winding;
s = (n;—n)/n; —slip.

For the prototipe of the generator the impendance L, =0,222 H, which together with its active resistance R, = 1,5 ohm, provides sharp curve
current resonance in secondary circuit. That is why the capacity of the secondary circuits and resistance of the secondary load should be
controlled due to achieving maximum output power s= - (1,0...1,1). The capacity for this generator changes in a wide range. According to (5) the
limits of the capacity C, = 1540 — 37 pF and the resistance R, =0 — 16,5Q.

Figure 2. The principle of comutating the secondary circuit into five steps
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In the Figure 2 is shown the option of controlling the parameters in the secondary circuit into five steps. Unfortnatley this cause major power
fluctuations when slip s= (-0,14..-1,11). That kind of power fluctuations are not allowed for the power generation.
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Figure 3. Power collected from the secondary circuit by five step capacitor system

If the amount of capacitor steps are inreased to ten, then it is possible to decrease the fluctuation for about 2 times. This can be used as an
example of making a control model for this generator. According to that the slip jumping from one step to another increases 1,23 times. It is
possible to make a row of slip walues for each step: -0,172; -0,212; -0,260; - 0,32; -0,354; -0,484; -0,596; -0,733; -0,901; -1,108.
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Figure 4. The princpile of operating the secondary circuit into ten steps

In the Figure 4 is shown the circuit diagram for the secondary circuit. The capacitors and resistors of the secondary load are divided into ten
steps. The step values of the capacitors should strictly follow together with the frequency in the secondary circuit in each step.
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Figure 5. The curve, which shows the power collected from the secondary circuit by ten step capacitor system

The control of the frequency f> = fs is done by a microprocessor, which switches the capacitors according to the value of the f,. The frequencies
for swithcing the capacitors are as follows. If frequency f> in the secondary circuit increases the commutation for next step should be handled at
these values 7, 10, 12, 15, 18, 22, 27, 33, 41, 50 Hz. If it decreases then it should be done at these values 49, 40, 32, 26, 21, 17, 14, 11,9, 6 Hz.
In the Figure 5 is shown an example of the capacitors and resistors in secondary circuit, which are used for the prototype multipole double fed
induction generator. From the calculations it is seen that the capacity of the capacitors is rather big, esspecially for the generators with
comparatively increased power. That is why it is more reasonable to use the semiconductor devices (e.g. IGBT transistors) instead of the
capacitors. The fluctuations of the power then will be rather small [6].

Conclusions

The research was targeted at extension of the practical application of directly driven induction machines in the wind turbines. For small powers
(400 — 500 W) it is possible to use a generator with 8..10 pole pairs and a squirrel cage rotor. The conventional design cannot provide increasing
output power with simultaneous decrease in the number of pole pairs. In the proposed low-speed induction generators all windings should be
placed on the stator, with a tooth-like windingless rotor. To increase the output power of such a generator it is recommended to use a double fed
system. The number of pole pairs in a generator can reach >50. The research was done for a 52-pole induction machine with three-phase primary
and one-phase secondary windings, and with tooth-like unwound rotor. The results have shown that with such a machine a reliable power
generation and high efficiency can be achieved.
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Auneg I., Axoocon 3. Ynpasnenue mouwiHocmo MHOZONOIIOCHO20 ACUHXPOHHOZ0 8eMPO 2eHEPAMOpa

Ilpeonazaemcs ucnonb308ams MHOONOMOCHbIE ACUHXPOHHbBIE MAUUHBL 8 Kauecmae NPAMONPUBOOHbIX 2eHepamopos 8 8empoyCmMaHo8Kax Malol u cpeonell mowHocmu. Ilpu
OobLUWIOM UUCTIe NAP ROTIOCO8 Cledyem NPUMEHAMb KOHCMPYKYUU, KO20d U NepeUdHas U 6MOPUYHAS 0OMOMKU PACNONONCEHbL HA cmamope, pomop 3youamblii 6e3 00MOmox,
20e Kkaoicowlll 3ybey onpedensiem napy noniocos. Hauboaee npocmo u Hadéxcno maxas 3a0aua pewaemcs npu 00HOQAZHOM UCHOIHEHUU 6MOPUYHOU Yenu, obecneuugaioujel
apexmusnoe ynpasnenue pescumamu padomuvl. C HOMOWbIO BMOPULHOU YENU GO3MOJICHO YEEIUYUBAMb OMOABAEMYI0 MOWHOCMb 2eHepamopa Gvlude HOMUHATLHOU.
Mownocmb 2enepamopa 603MOACHO pazdenums Ha 08e YACMU — MOWHOCHb NEPEUYHOU OOMOMKU U MOWHOCMb 6MOPUYHOU odMomKu. Mownocmy 2enepupyemas nepeuyHoll
06MOMKOU OMOAEMCsL HA OOWYIO Cemb, A MOWHOCMb BMOPULUHOU OOMOMKU BO3MONCHO OMOAMb HA He3asucumyilo om uyacmomul Haepysky. Conpomuenenue 6mopuiHou
Ha2pY3KU OO0MHCHO MEHSAMbCS NPOROPYUOHATLHO dacmome epawjenus cenepamopa. OCHOGHOe Ycaogue: Npu KOMYMAayuu SMOPULHOU HAZPY3KU HEOOXOOUMO, COXPAHAMb
8eNUYUHY 8MOPUYHO20 MOKA OIUKOU K HOMUHATILHOLL.
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