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ABSTRACT

This paper presents the application of genetic algorithm for
the analysis of six-phase self-excited induction generators
(SPSEIG) by means of series compensation. A new, simple
and generalized mathematical model for the steady-state
analysis of SPSEIG with series compensation is proposed.
The mathematical model is formed directly from the
equivalent circuit of SPSEIG using nodal admittance method
based on inspection. The proposed model completely avoids
lengthy derivations of nonlinear equations which are
followed so far. Since the model results in matrix form,
inclusion or elimination of any equivalent circuit elements
can be carried out easily. Moreover, this model can be used
to find any combination of unknown quantities of the
equivalent circuit. The matrix equation is solved by Genetic
Algorithm (GA) to predict the steady-state performance of
SPSEIG with three capacitor excitation configuration such as
simple shunt, short shunt and long shunt. Comparative
performance evaluation of SPSEIG with simple shunt, short
shunt and long shunt configurations is also presented.
Computed results are experimentally verified to validate the
analytical approach presented in the paper.
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1. INTRODUCTION

During the last few decades, there has been a huge increase
in energy demand which has accelerated the depletion of
world fossil fuel supplies. Thus the development of suitable
isolated power generators by utilizing the renewable sources
has become great importance. Therefore, the study of self-
excited induction generators has regained importance as they
are particularly suitable for wind and small hydro power
plants [1]. Induction generators are considered as an
alternative choice to the synchronous generators because of
their lower unit cost, inherent ruggedness, operational and
maintenance simplicity. Three-phase self-excited induction
generators are normally used in such isolated renewable
energy generation. Initially, the mathematical modelling of
three-phase induction generators was based on separation of
real and imaginary components of complex impedance or
admittance [2-4]. However, this work is tedious because of
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its lengthy derivations of non linear equations. Later, the
author introduced a simple mathematical model for self-
excited induction generators by using graph theory concept
[5] to reduce the long and cumbersome derivations.

According to reliability point of view, multi-phase
induction machines (more than three-phase) are preferred [6-
7] particularly, six-phase self-excited induction generators
(SPSEIG) are becoming increasingly popular [8]. Although
six-phase induction generators have many advantages, it
suffers from inherent poor voltage regulation and its
applications to power system have been apparently reduced.
The voltage regulation is doubtless the bottleneck for the
wide employment of six-phase self-excited induction
generators. Due to the quick development of high power
semiconductor devices, different types of voltage regulators
can be employed. However, they are quite expensive and
complex. Hence series compensation such as short shunt and
long shunt configurations are proposed in this paper to
improve the voltage regulation of SPSEIG.

The modelling of SPSEIG using graph theory [5]
was presented in [9], in which three mathematical models for
simple shunt, short shunt and long shunt were presented.
But, a single generalized model can be used for all the three
configurations. Moreover, for SPSEIG, even simple and
generalized model can be developed instead of graph theory
based modelling.

Therefore, in the present paper, the author has
developed a further simplified and generalized mathematical
model of six phase self-excited induction generator in matrix
form using nodal admittance method based on inspection. In
the proposed model, the nodal admittance matrix can be
formed directly from the equivalent circuit of SPSEIG rather
than deriving it using graph theory approach. The advantage
of the proposed model is any equivalent circuit elements can
be easily included or eliminated. Also, this model is flexible
to find any combination of unknown quantities of the
equivalent circuit for various capacitor and load
configurations. The proposed mathematical model is also
more generalized such that the same model can be utilized to
determine the selection of capacitors and the steady-state
performance of SPSEIG for simple shunt, short shunt and
long shunt configurations (Fig. 1).

The matrix equations developed by nodal
admittance method are solved by Genetic Algorithm
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(GA).Since GA is a stochastic global search method, it is
suitable for the steady-state analysis. The experimental
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Fig. 1: Schematic diagram of the induction generator
system employing a SPSEIG.

2. MATHEMATICAL MODEL

The formulation of a suitable mathematical model is the first
step in the analysis of a SPSEIG. The model must describe
the characteristics of the individual components of the
SPSEIG as well as the relations that govern the
interconnections of these elements. Therefore, a
mathematical model of a SPSEIG using nodal analysis based
on inspection is developed from the equivalent circuit of the
generator. The developed model results in a matrix form that
proves convenient for computer solutions.

-iXsh1

Long Shunt Short Shunt

The steady-state equivalent circuit [9] of the
SPSEIG with four nodes is shown in Fig. 2. The equivalent
circuit is valid for any per unit speed v.
The branch admittances of equivalent circuit are:

Y1=1/[Re/(F-v)+ X];

Y2 =1/ [] XM],

Y3=1/[ Ximl;

Y4= 1/ [Rep | F+j Xo— Xioz / F;

Ys=1/[Ra/F+jXg—] X1/ F;

Yo=1/[-j X/ F?I;

Y7=1/[Rio/ F—j Xep | Fl;

Yo=1/[-j Xeu ! F7;

Yo=1/[Ruy/F—jXes ! F7;
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Fig. 2: Per phase equivalent circuit representation of six-phase self-excited induction generator.

The matrix equation based on nodal admittance
method for the equivalent circuit can be expressed as

[YT VI =[ls] ()

Where [V] is the node voltage matrix,
[1s] is the source current matrix
and [Y] is the nodal admittance matrix.

INe | Y] matrix can be Tormuiated airectly from the
equivalent circuit (Fig. 2) by inspection [10] as
Yi+Y+Ys-Y; O 0
=Y3Ys+ Yo+ Yo Ys- Y,

0 -YsYs+ Yg+ Yq0
0 -Y, 0 Ys+VYgtYy

(Y]
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@
Where
Y = > Admittance of the branches connected to i" node
Yj; = - ), Admittance of the branches connected between i
node and j" node

h

Since [Y] is symmetric, Yj = Yj. If there is no
branch between any two nodes, then the corresponding
element in the matrix is zero.

Since, the equivalent circuit does not contain any
current sources, [ls] = [0] and hence Eq. (1) is reduced as

[YI[Vl=0 @)

For successful voltage build up, [V] # 0 and
therefore from Eq. (3), [Y] should be a singular matrix i.e.,
det [Y] = 0. It implies that both the real and the imaginary
components of det [Y] should be independently zero.
Therefore to obtain required parameter which resultsdet[Y] =
0, genetic algorithm based approach is implemented.

3. PERFORMANCE EVALUATION OF
SPSEIG USING GENETIC
ALGORITHM

Genetic algorithm (GA) is a stochastic global search method
that resembles natural biological evolution [11]. An
application of GA method to obtain det[Y] = 0, which
provides solution for unknown quantities, is illustrated in
Fig. 3, which indicates the handling the population size and
generating new set of chromosomes at the end of every
iteration until convergence is reached. Thus satisfying an
operating point, the objective function whose value is to be
minimized is given by Eq. (4).

g (F.Xpmor Xg,) = abs{real(det[Y ])} + abs{imag(det[Y ])}
(4)
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Fig. 3: Flow chart for minimization of the objective
function using genetic algorithm (GA).
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In many optimization problems to obtain initial
estimates suitably, certain trials may be required. However,
in the present problem of the SPSEIG, it is easy to give the
range for the unknown variables Fand Xyor Xg,because in
well-designed self-excited induction generators, it is known
that the slip {(F — v)/F}is small and operation of the machine
is only in the saturated region of the magnetization
characteristics. So, the ranges for F can be given as 0.8 to
0.999 times the value of vand for Xyas 25% to 100% of
critical magnetizing reactance Xyo. Similarly for Xg, the
same range 25% to 100% of Cy;axcan be used, where Cyaxis
the maximum capacitance required under any conditions.
Thus, starting from such initial estimates, the final value of
Fand Xy0r Xqis obtained through GA. The air gap voltage
Vcan be determined from the magnetization characteristics
corresponding to Xy, as described in Section 4. Once the air
gap voltage Vis calculated, the equivalent circuit  (Fig. 2)
can be completely solved to determine the steady-state
performance of SPSEIG with and without series
compensation.

4. EXPERIMENTAL SET UP AND
MACHINEPARAMETERS

The machine used for the purpose of conducting experiments
(Fig. 4) is a six-phase, 4-pole, delta connected, 2.2kW,
230V, 5A, 50Hz induction generator which consists of two
identical three-phase stator winding sets namely winding set
abc (set-1) and winding set xyz (set-2). The base values of
the SPSEIG are

Viase = rated phase voltage = 230V

Ipase = rated phase current = 5/\3 =2.887A

Zpase = Vhasel Ipase = 79.6675 Q

Pbase = Vbase X Ibase =0.664 kW

Npase = 1500 rpm

foase = 50 Hz

The parameters of the equivalent circuit of the test
machine, obtained from the results of the standard tests are

Ry= Ry = 6.9944 Q. R,=1.0503 Q, Xg=Xg

=X;=3.6034 Q, X,;,,=0.7283 Q

Primemover

| v&x- _
1

Fig. 4: Photograph of six-phase self-excited
induction generator (SPSEIG) with capacitor
bank.

Magnetization characteristics of the machine play a
vital role in the analysis of SPSEIG. The magnetization
curve (Fig. 5) of the SPSEIG can be determined
experimentally by conducting synchronous speed test. The
machine is made to run at rated synchronous speed
corresponding to rated frequency, and the magnetizing
reactance for different input voltages is measured. The
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variation of V/F (in p.u) with Xy (in p.u) is non-linear due
to magnetic saturation and approximated as two straight lines
using piecewise linearization technique as given by Eq. (5)
and (6).

Vg/F= 1.21-0.22 Xy Xu< 1.82(5)
V/F= 266—-097 XyXu>182 (6)
1.2
1 -
5 08 JVy/F=121-022Xy
=
o 0.6 -
> 04 - V,JF = 2.66 - 0.97 Xy,
0.2 -
A - Expt.points
0 T T )
0 1 2 3
Xy (p.u)
Fig. 5: Variation of air gap voltage with magnetizing

reactance.

5. RESULTS AND DISCUSSION
The selection of capacitors and steady-state performance
analysis of SPSEIG as given below are presented in this
section using the generalized mathematical model given by
Eq. (2) and GA based approach as discussed in sections 2
and 3 respectively.
e  Selection of capacitors
o  Simple shunt configuration.
o  Short shunt configuration.
o  Long shunt configuration.
e  Performance characteristics
o Steady-state performance analysis of simple
shunt configuration.
o  Steady-state performance analysis of short
shunt configuration.
o  Steady-state performance analysis of long
shunt configuration.
e  Comparative analysis of simple shunt, short shunt
and long shunt configurations of SPSEIG.

Experiments were conducted (Fig. 4) on
uncompensated (simple shunt) and series compensated (short
shunt and long shunt) SPSEIG with different capacitance and
loading configurations.

5.1 Selection of capacitors

The value of simple shunt capacitance and series capacitance
must be chosen to yield the desired no load voltage at the
given speed and to obtain the desired voltage regulation
respectively.

5.1.1 Simple shunt configuration

There is a minimum value of shunt capacitance to self-excite
the SPSEIG at no load. A six-phase generator can be self-
excited and operated successfully with single/double
capacitor bank. But, value of shunt capacitance differs in
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both the cases. Hence a proper value of shunt capacitance
for six-phase induction generator has to be selected. The
value of simple shunt capacitance to achieve the desired no
load voltage for a particular speed can be predetermined by
taking the shunt capacitive reactance, X, and frequency, F
(Fig. 2) as unknown quantities.

3 12 - V11=Vq,

— Cshl = Cshz =45
=] 1 e e e o e e e e e + _
= No Load v Con=Cqp
%0.8 1 | . =25pF
S0.6 - I .
EOA i l A, X, + -
202 - 3duF I | ¢ Expt.
E o . - .
et
0.5 0.75 1 1.25
Prime mover speed (p.u)

b) 12 | Cyu = 70 UF

> +

S ! T1 .{:shl =50 HF
2,0.8 1 No Load |

[} .

=06 - I .

E I

= 0.4 - :

.EOZ- N Il OAX -
s 0 =60 uE I - Expt

|_

0.5 0.75 1.25

1
Prime mover speed (p.u)

Fig. 6: Open circuit characteristics when shunt capacitance
connected to: (a) both winding sets abc and xyz, (b) only
winding set abc.

The no load terminal voltage variation with prime
mover speed for different values of equal capacitance
connected to both winding sets abc and xyz is shown in Fig.
6a. It is observed that the value of simple shunt capacitance
corresponding to rated terminal voltage (1.0 p.u) and rated
speed (1.0 p.u) is found to be 33 pF.

Fig. 6b shows the no load terminal voltage with
prime mover speed for different values of simple shunt
capacitance when winding set abc alone is excited and other
set xyz is kept open. From Fig. 6b, it is noticed that the value
of simple shunt capacitor value is 60 pF for which the
terminal voltage and speed are equal to rated value of 1.0 p.u.

5.1.2 Short shunt configuration
In order to improve the voltage regulation under loaded
condition, short shunt connection is provided. For this
purpose, capacitance is connected in series with the load as
shown in Fig.1. This series capacitance can be used to
provide excessive reactive power for the generator as load
current increases. The combination of shunt and series
capacitance is considered to provide self-excitation and self-
regulation respectively. Depending on the required voltage
regulation, proper value of series capacitance can be selected.
The characteristic curve (Fig. 7) shows the change
in voltage (voltage regulation) with short shunt capacitance
value when both the three-phase winding sets are connected
as short shunt configuration, and are subjected to resistive
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load. The minimum voltage regulation of 10% is observed at
rated output power with shunt capacitance Cgy; = Cgp= 33
MF and short shunt capacitance Cg; = Cg; = 100 pF, for no
load voltage of 1.0 p.u at rated speed of 1.0 p.u.

20 (a) Both winding sets are loaded
18 equally Cy, = Cg,, = 33 pF

516

=14

j=2]

g 12 (b) Winding set -1
210 . (abc) is loaded

S 8 - i :CSh}:G:OuF:

150 . 250
Short shunt capacitance (Cg) in uF

Fig. 7: Maximum voltage variation with short shunt
capacitance when: (a) both the winding sets abc and xyz
are connected as short shunt configuration and
subjected to load. (b) single winding set abc is connected
as short shunt configuration and subjected to load with
windina set xvz is kept open.

The characteristic curve for short shunt
configuration of single three-phase winding set abc is also
shown in Fig. 7. It is observed that the minimum voltage
variation is 11% with shunt capacitance Cy,; = 60 pF and
short shunt capacitance Cg; = 125 pF, for no load voltage of
1.0 p.u at rated speed.

5.1.3 Long shunt configuration

In long shunt configuration, the series capacitance is placed
in series with the stator of SPSEIG (Fig. 1). As the long
shunt capacitors carry stator current, they have to be rated for
high current. Moreover, a short circuit across the load do not
de-excite the machine, because the long shunt capacitance is
still effective to supply the magnetizing reactive power.

- 24 (a) Both winding sets

S 22 are loaded equally

é 20 Con1 = Cypp =33 1

S 18 {b) Winding set -1

% 16 (abc) is loaded

214 Cqy = 60 pF

S 12 4 t t ———
50 150 250 350 450

Long shunt capacitance (Cy,) in pF

Fig. 8: Maximum voltage variation with long shunt
capacitance when: (a) both the winding sets abc and xyz
are connected as long shunt configuration and
subjected to load. (b) single winding set abc is
connected as long shunt configuration and subjected to
load with windina set xvz is kept open.

Fig. 8 shows the voltage regulation with the value
of long shunt capacitance when both the three-phase winding
sets are connected as long shunt configuration, and are
subjected to resistive load. From this, it is observed that the
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minimum voltage regulation is 16% at rated output power
with shunt capacitance Cq,; = Cqpp, = 33 PF and long shunt
capacitance Cj,; = Cj,, = 200 uF, for rated no load voltage
and rated speed of 1.0 p.u.

The characteristic curve for long shunt
configuration of single three-phase winding set abc is also
shown in Fig. 8. With the value of shunt capacitance Cq,; =
60 pF and long shunt capacitance C,; = 225 pF, the
minimum voltage regulation is found to be 15%.

5.2 Performance characteristics

The steady-state performance characteristics of SPSEIG are
determined under no load condition and connection of
resistive load with simple shunt, short shunt and long shunt
configuration with shunt capacitance connected to (i) both
the three-phase winding sets; (i) any one of the three-
phase winding set. The steady-state performance of all the
three configurations can be computed by using the same
generalized mathematical model as described by Eq. (2) with
appropriate modifications in the elements of equivalent
circuit (Fig. 2) along with GA based approach. The steady-
state performance characteristics of SPSEIG for a particular
speed can be obtained by taking Xy and F as unknown
quantities.

5.2.1 Steady-state performance analysis of

simple shunt configuration

For this configuration, the equivalent circuit elements Zg, Z-,
Zs and Z, are modified such that the terms Xg1, Xe2, Xio1
and X, respectively are made zero in order to eliminate the
effect of short shunt and long shunt capacitance. The
analytical and experimental variations of load voltage,
frequency, stator current and load current with output power
is shown in Fig. 9. In this case, shunt capacitance (Cgy; =
Csn2 = 33 YF) is connected to both the winding sets abc and
xyz and both winding sets are subjected to equal resistive
loading.

It can be noted from Fig. 9a that the load voltage
and frequency decreases as the load on both the winding sets
increases. In this mode of operation, it is observed that the
voltage regulation is 23% and decrease in frequency is about
2.4% from no load to full load. From Fig. 9b, it is found that
the stator current is below its rated value. The maximum
power developed in this case is 3.2 p.u.

Results depicting the variation of load voltage,
frequency, stator current and load current with output power
are given in Fig. 10 when shunt capacitance (Cg,; = 60 pF) is
connected to winding set abc only and is subjected to
resistive loading. Winding set xyz is kept open. From Fig.
10a, it can be stated that the voltage regulation is 20% and
drop in frequency is 1.3% from no load to full load. Also
from Fig. 10b, it can be observed that the stator current is
below the rated value. The maximum power developed is
15p.u.

5.2.2 Steady-state performance analysis of short

shunt configuration

For short shunt configuration, the equivalent circuit
components Xp; and X, in the elements Z; and Z,
respectively are made zero in order to eliminate the effect of
long shunt capacitance. Experimental and computed results
for variation of load voltage, frequency, stator current and
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Fig. 9: Variation of: (a) load voltage and frequency, and (b) stator current and load current of SPSEIG with output
power when both the winding sets abc and xyz are connected as simple shunt configuration ( Cg; = Cgyp = 33 uF ), and
are subjected to independent equal loading.
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Fig. 10: Variation of: (a) load voltage and frequency, and (b) stator current and load current of SPSEIG with output
power when winding set abc is connected as simple shunt configuration ( Cg,; = 60 pF ), and subjected to load with
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Fig. 11: Variation of: (a) load voltage and frequency, and (b) stator current and load current of SPSEIG with output
power when both the winding sets abc and xyz are connected as short shunt configuration (Cgn; = Cgnp = 33 pF and Cge; =
C..»=100 uF). and are subiecte
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Fig. 12: Variation of: (a) load voltage and frequency, and (b) stator current and load current of SPSEIG with output
power when winding set abc is connected as short shunt configuration (Cgy; = 60 pF and Cg; = 125 pF), and subjected
to load with winding set xyz is kept open.
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load current with output power when both the winding sets
abc and xyz are connected as short shunt (Cg,y = Cgp = 33 pUF
and Cg; = Cgp = 100 pF) and subjected to equal resistive
loading are shown in Fig. 11.

The effect of series capacitance (in short shunt
mode) on load voltage and frequency is shown in Fig. 11a. It
is observed that the voltage regulation is found to be 10%
from no load to full load. This indicates that the voltage
profile is improved when compared to the simple shunt
configuration in which the voltage regulation is 23%. Also
the drop in frequency is observed as 1.9% which is low when
compared to simple shunt configuration. Fig. 11b shows the
variation of stator current and load current with output power
and it is observed that the stator current is within its rated
value. The maximum power developed is 3.5 p.u.

Fig. 12 depicts the computed and experimental
variation of load voltage, frequency, stator current and load
current with output power when single three-phase winding
set abc is connected as short shunt configuration (Cg,; = 60
pF and Cg; = 125 pF) and is subjected to resistive load with
winding set xyz is kept open.

From Fig. 12a, it is found that the voltage
regulation is 11% from no load to full load. Also it is
observed that, the voltage profile is improved when
compared to 20% in simple shunt configuration. It is also
noticed that the reduction in frequency is 1.1% which is low
when compared to simple shunt configuration. The variation
of stator current and load current with output power is shown
in Fig. 12b and it is observed that the stator current is below
its rated value. The maximum power developed is 1.8 p.u.

a) 12 poh winding sets 1 & 2 are loaded equally
(] ’5 1 —— T
5208 5
£ Zos T Na=v
o c V. 7 =
224 |Cn=Cup=33F n e
8 8 " |Cio1=Cipz = 200 uF
—L0.2 {Speed=1p.u
X, A- EXpt.
0 T T T )
0 1 2 3 4
Output power (p.u)
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5.2.3 Steady-state performance analysis of long

shunt configuration

To compute the performance of SPSEIG under long shunt
configuration, the equivalent circuit components X.; and
X2 in the elements Zg and Z; respectively are made zero.
Experimental and computed results for variation of load
voltage, frequency, stator current and load current with
output power when both the winding sets abc and xyz are
connected as long shunt (Cgy; = Cgpp= 33 uF and Cyyy = Cjp =
200 YF) and subjected to equal resistive loading are shown in
Fig. 13.

Fig. 13a shows that load voltage and frequency
decrease as the load increases. It is observed that the full
load voltage regulation is found to be 16% which indicates
that the voltage profile is improved when compared to the
simple shunt configuration but it is not good enough when
compared to short shunt configuration. It is also noticed that
the reduction in frequency is about 2%. From Fig. 13b, it is
found that the stator current is below its rated value. The
maximum power developed in this case is 3.3 p.u.

Fig. 14 shows the analytical and experimental
variation of load voltage, frequency, stator current and load
current with output power when single three-phase winding
set abc is connected as long shunt configuration (Cg,, = 60
UF and Cy; = 225 pF) and is subjected to resistive load with
winding set xyz is kept open. From Fig. 14a, it is found that
the voltage regulation is 15% from no load to full load. Also
it can be noticed that the drop in frequency is 1.2%. From
Fig. 14b and it is observed that the stator current is below its
rated value. The maximum power developed is 1.7 p.u.

b)ll 2 -Bothwinding sets 1 & 2 are loaded equally
% 11 I, = |
3 508 . -
g 206 TCo=Cqp, = 33 F Ii =1
£ $0.4 - Cipy = Cipp = 200 pF
°5 - Speed=1p.u
S 302 P X, A- Expt.
< 0 T T T )
n

0 1 2 3 4

Output power (p.u)

Fig. 13: Variation of: (a) load voltage and frequency, and (b) stator current and load current of SPSEIG with output
power when both the winding sets abc and xyz are connected as long shunt configuration (Cg,; = Cgnp = 33 pF and Cyo; =
Cio2 =200 uF), and are subjected to independent equal loading.
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Fig. 14: Variation of: (a) load voltage and frequency, and (b) stator current and load current of SPSEIG with output

power when winding set abc is connected as long shunt configuration

to load with winding set xyz is kept open.

(Csn1= 60 pF and C,y; = 225 pF), and subjected



5.3 Comparative analysis of simple shunt,
short shunt and long shunt configurations
of SPSEIG

Fig. 15 shows the comparative performance
analysis of SPSEIG with simple shunt, short shunt and long

a) 1.2 4 Both winding sets 1 & 2 are loaded equally

5 1 Short shunt
08 Fr—— * imple shunt

EO.G 1 ALonﬁ shunt
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0 Speed=1p.u
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T
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shunt configurations when both winding sets and single
winding set is excited with shunt capacitance respectively.
It can be observed that the long shunt configuration can
maintain lower load voltages while the short shunt
configuration has better voltage regulation under higher load
voltages.

b)l_2 ~ Winding set -1 (abc) is loaded

—~

g_ 1 + Short shunt

5 0.8 - irﬁpleshunt
06 - ) AT e T

S |Cqu=60pF Long shunt
= 04 C,, =125 uF

[53

S 0.2 {Cp=225pF
0 Speed=1 p.u

X, +, A - Expt.

1

0 0.5 2

Output p%wer (p.u) 15

Fig. 15: Variation ofload voltageof SPSEIG with output power under simple shunt, short shunt and long
shunt configurations when:(a) both the winding sets abc and xyz are loaded equally, and (b) single three-
phase winding set abc is loaded.

6. CONCLUSION

In this paper, a generalized mathematical model for steady-
state analysis of SPSEIG with simple shunt, short shunt and
long shunt configuration is presented. The model developed
using nodal admittance method based on inspection is in
matrix form, which is convenient for computer simulation.
The proposed model is quite simple as it can be formulated
from the equivalent circuit directly by inspection. Also, the
model is equally applicable for all the three configurations of
SPSEIG under both the conditions when shunt capacitance is
connected across (i) both the three-phase winding sets, (ii)
single three-phase winding set. The analysis shows that
single three-phase capacitor bank is able to self-excite
SPSEIG. This shows that, even if one of the three-phase
windings lost its excitation the operation can be continued.
Since SPSEIG is able to deliver two independent loads, it is
possible to supply one load in the case of one winding fails
thus avoids complete shutdown. A comparative performance
study is also presented for simple shunt, short shunt and long
shunt configurations of SPSEIG. Based on the analysis, it is
observed that the short shunt configuration gives better
voltage regulation when compared to simple shunt and long
shunt configurations.  The experimental and computed
results are in close agreement which verifies the accuracy of
the proposed model and solution technique.
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