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Abstract: Due to speed fluctuations of unregulated wind turbines, the terminal voltage may increase to
dangerously high levels which have been reported to cause capacitor failure at wind farms. In this topic this
paper examines a steady state performance analysis of stand-alone double stator induction generator self
excited with two independents capacitors banks. An impedance approach based on double three-phase
induction-generator  model  is  employed  to  derive  steady  equations  of the studied double stator SEIG.
Steady state characteristics of different configurations of the studied double stator self excited induction
generator are clearly examined and compared.

Key words: Double stator induction generator  DSIG  Self excited induction generator  SEIG  Stand-
alone Introduction (Heading 1)

INTRODUCTION systems. G.K. Singh in [4-10] studied the steady-state

In recent years, the self excited induction generator admittance method are solved by Newton Raphson
has been increasingly used in isolated power systems method and for different operating conditions. In [6-7],
employing renewable energy sources such as wind performance analysis of simple shunt and series
energy, biogas, solar and hydro potential, etc., [l], due to compensated respectively of six phase SEIG is discussed
its lower cost, brushless rotor, ruggedness and ease of showing its practical feasibility. Recently, H. Amimeur in
maintenance, etc. Multiphase induction machines are [9] presents a sliding mode control associated to the field
nowadays widely considered as potentially viable oriented control of a double stator induction generator
solutions for numerous variable-speed drive applications. based wind energy conversion systems. The operation

High phase number drives has many advantages and feasibility of the proposed analysis are explored in
over conventional three-phase such as reducing torque this paper. Mathematical models, useful for steady-state
pulsation, reducing the stator current per phase without calculations and computer simulations for generator
increasing the voltage per phase, reducing the rotor model, are presented and employed to investigate the
harmonic current and higher reliability, [1-2]. In particular, influence of variation of excitation capacity and speed
with loss of one or more of stator winding excitation sets, drive on the generator characteristics. Calculation and
a multi-phase induction machine can continue to be computer simulation results confirm the usefulness of the
operated with an asymmetrical winding structure and models.
unbalanced excitation. The investigation spread over last Practical applications of multi-phase induction
two decades indicates the technical and economic generator in renewable energy generation  scheme  such
viability of using number of phases higher than three in as wind energy and  hydropower  have  not  been
multi-phase induction machines. reported so far. To the best of the knowledge of the

In the literature, a variety of transformations has been authors,  there were only three references [16-18] available
proposed to indicate general feasibility of multi-phase so far. The generator scheme presented in [18]  is  based

performance of six-phase SEIG based on the nodal
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on the dual stator winding induction machine with Below we present a per phase equivalent circuit of a
displaced  power   and   control   three-phase  winding. double stator SEIG. Where R , R , R , X , X X , X , X r,
The power and control winding have the same number of X  and g represent the stator 1 and 2 resistance, rotor
poles. Refs. [16-17] deal with the double stator machine resistance (referred to stator), stator 1 and 2 leakage
with extended rotor common to both stators. In all the reactance, mutual leakage reactance between the two
three cases,  output  is  three-phase.  However,  one of stator, magnetizing reactance, rotor leakage reactance
the  major  drawbacks  of  the  stand-alone DSIG is its (referred to stator), excitation capacitor reactance and the
poor voltage and frequency regulation. Unless the DSIG generator slip respectively.
is  connected  to  a  utility  grid,   its   frequency  and When the double stator SEIG is driven by dc machine
stator voltage are free to vary with rotor speed and load. in which the shaft speed is maintained constant. All
The terminal voltage of an isolated SEIG increases parameters are fixed but both X  and g vary with the load
considerably for a small increase in speed. and hence they must be taken as variables. The

The  double  stator  machine  are divided into two parameters of the equivalent circuit are given below:
star-connected three-phase sets (labeled a b c  and a b c1 1 1 2 2 2

further on, respectively), with magnetic axes of the two
three-phase sets displaced by an angle of 30 electrical.
Neutral points of two three-phase stator winding sets are (1)
kept isolated.

The paper is organized as follows. Section 2 gives a
detailed model of the self-exited double stator induction
generator. System studies, simulation results including At note ‘B’ in Fig. 2, the relation between  and
steady-state performance of the self-excited DSIG, are can be written as:
presented  in  Section  3.  Conclusions are drawn in
Section 5. (2)

Mathematical Model: The model of double-stator
induction machine (DSIG) is composed of a stator with
two identical phase windings shifted by an electric angle

 = 0° and a squirrel cage rotor. Fig. 1 shows (3)
schematically the windings of the DSIG.

Fig. 1: Scheme of dual-stator windings induction machine (6) would be separately zero.

s1 s2 r s1 s2 sm m

c

m

where:

(4)

Hence, equation (2) can be written as:

(5)

Under normal operating condition, the stator voltage
 0 Therefore, the sum of the admittances must be equal

to zero.

(6)

This implies that both the real and imaginary parts of
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Fig. 2: Equivalent circuit of double stator self-excited induction generator

Fig. 3: Simple per phase equivalent circuit of double stator SEIG

Fig. 4: Schematic diagram of self-excited double stator induction generator

Fig. 5: Magnetization curve of double stator induction generator
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Fig. 6: Output stator voltage versus speed for different values of capacity. C  = 9.4µF, C  = 12.4µF, C  = 15.4.µF1 2 3

Fig. 7: Stator current versus speed for different values of capacity. C  = 9.4µF, C  = 12.4µF, C  = 15.4.µF1 2 3

Fig. 8: Variation of terminal voltage with capacitance at no load. w  = 293rad / s, w  = 314rad / s w  = 335rad/se1 e2 e3

Fig. 9: Variation of stator current with capacitance at no load. w  = 293rad / s, w  = 314rad / s w  = 335rad/se1 e2 e3

(7)

Resolution of (7) leads to find the values of frequency w  and magnetizing inductance L  for a given excitatione m

capacitor,  speed  and  electrical passive load, [4-11].
At note “A” in Fig. 2, the relation between  and  can be written as:
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(8) The resulting equations have excellent symmetry

When the two sets of stator three-phase windings
are identical, then we can write:

(9)

Using the simple method developed by [5], we can
predict the necessary parameters to evaluate the
performance characteristics of the dual stator SEIG.

Analytical Response of SEIG: To test the validity of the
proposed method of analysis and to investigate the
performance characteristics of double stator SEIG, the
machine parameters of the equivalent circuit and
simulation results have been considered. For the purpose
of simulation, A double stator induction machine, 220/380
V, 0.75A, 4-pole, 50 Hz, Y-connected, was utilized. No-load
and blocked rotor tests were conducted to determine the
parameters of the test machine for two schemes of
operation.

Simulation tests were carried out with the star
connected capacitors banks, connected to both three-
phase sets of windings. A detailed study of steady-state
performance of the double stator SEIG indicates that for
different operating conditions such as change in speed
and different values star capacity.

The magnetization curve shown in Figure (5) was
approximated by a polynomial of order 5.

Results depicted in Fig. 6 and Fig. 7 suggest that for
successful voltage and stator current build up; the speed
must increase some ‘threshold’ value for a given value of
series capacitance. The SEIG were operating at
synchronous speed.

The flowing figures shows the analytical variations
of no-load terminal voltage and stator current with
excitation capacitance connected to both the double
three-phase stator sets at three different speeds.

DISCUSSION

The no-load terminal voltage increases with
excitation capacitance and speed but, magnetic saturation
as well as the thermal capability of the machine winding
will impose an upper limit of the voltage at which the
machine can be operated. Results depicted in Fig. 6
suggest that for successful voltage build up; the speed
must increase some threshold value for a given value of
shunt (exciting) capacitance. 

which makes the analysis very easy, fast and accurate.
Good  agreement  between   the   computed  and
simulation  results  is obtained for sample test cases,
which in general verifies the accuracy of the proposed
methodology.

CONCLUSION

In this paper, a generalized mathematical model for
steady-state performance analysis of double stator
induction generator has been presented. Mathematical
model  and  the proposed method can be easily extended
to the analysis of the influence variation of excitation
capacity  and  speed drive on the generator
characteristics. Good agreement between the literature
and simulation results is obtained for sample test cases,
which in general verifies the accuracy of the proposed
methodology.
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