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Abstract— These are the Self-excited induction generators 

(SEIG) which are serving significantly so as to power the 

three-phase load connected at remote places where it is quite 

impractical for the extension of the grids. The three phase load 

connected to these machines is generally unbalanced and 

sometimes the required excitation to these machines may also 

differ in various phases. Such unbalancing will certainly arise 

over voltage and over current in various phases of the SEIG. 

The work presented in the paper shows performance of   

different induction machines which will decides the suitable 

machine considered for unbalanced load operation. The circuit 

as presented results an objective function which includes its 

variables voltage unbalanced factor, generated frequency, 

magnetizing reactance of positive sequence and negative 

sequence networks. These associated variables have been solved 

through particle swarm optimization.    
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I. INTRODUCTION 

Renewable energy resources are being considered on large 

scale in the area of electric power generation. Day by day 

increasing demand of electric power is forcing our minds to 

utilize these renewable resources to mitigate the gap between 

demand and supply. Wind which is a clean renewable energy 

source and available in plenty of quantity are forced to rotate 

the wind turbines. Self-excited induction generator (SEIG) 

connected to wind turbines is utilized for the production of 

electric supply. It is the dominance of induction generators 

over other generators to use it in the area of power production 

through wind energy. These induction generators in self 

excited mode are generally used in isolated mode where the 

grid extension is quite impractical. In such mode a capacitor 

bank is adopted to supply the reactive power to load and the 

machine as well.  

Loop impedance and nodal admittance are the two well 

known approaches generally used to analyze the SEIG. These 

two well known approaches come to two simultaneous 

equations that are non linear. Nodal admittance method in the 

circuit of SEIG earns a mathematical expression [1] that 

contains real as well as imaginary parts. The electrical 

equivalent of induction generator [2] supplying a balanced 

resistive-inductive load with core loss branch may be used for 

obtaining generated voltage and generated frequency of  

 

SEIG. Same is also applicable to find the minimum excitation 

capacitor required so as to maintain the constant voltage 
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across the machine terminals. Research persons [3] analyze 

the performance of various capacitor connected self-excited 

induction generator. A new iterative technique [4] for SEIG 

with less computational efforts was developed and the same 

was considered also for study of such generators that includes 

core loss in the short-shunt & long-shunt compensation of 

induction generators. A model of self-excited induction 

generator that contains a quadratic expression with other 

machine parameters was presented by [5]. It is found that 

speed of the machine, load resistance and excitation 

capacitance affect the machine performance quite more in 

comparison to other parameters. Right handling of these key 

parameters may lead to the performance as per the desire. An 

implementation of genetic algorithm optimization [6-7] was 

considered in SEIG for finding of known variables associated 

in it also to maintain the constant voltage & constant 

frequency in SEIG.  

The operation of self-excited induction generator in isolated 

mode generally suffers with the unbalanced loading in 

different phases of the generator which leads the generators to 

unbalanced mode. Some times the value of required excitation 

capacitance across the stator terminals also differs that also 

results it to unbalanced operation of the generator. A concept 

of excitation balancing [8] was presented using symmetrical 

component theory. A focus on mathematical models was 

presented for many generator-load combinations [9] in order 

to obtain performance characteristics of isolated three-phase 

self-excited induction generators with balanced and 

unbalanced loading as well. Comparative presentation of 

many theory of voltage unbalancing was given by [10]. 

Unbalanced operation of such machines generally leads to 

complexity due to many variables. The efforts in computation 

of these variables were reduced [11] by taken the positive 

sequence network and negative sequence network as well. 

Here the generated frequency (p.u) was taken equal to speed 

of the machine (p.u) where as source branch in negative 

sequence network was removed. A model based on two port 

network [12] also be considered for such analysis under 

unbalanced conditions. Many optimization techniques have 

been implemented under balanced conditions of SEIG. The 

comparison among them suggests to adopt these optimization 

techniques in unbalanced operation of SEIG as well [13]-[16].  

II. MODELING OF MACHINE 

Circuit as shown in figure-1 represents a delta connected 

three-phase load which is suppose feeded by a three phase 

self-excited induction generator. The voltages and currents in 

various phases of the machine is Va, Vb, Vc & Ia, Ib, Ic 

respectively. Admittances of combination of load resistance 

and excitation capacitance across each phases are Yal, Ybl, Ycl 

respectively. 
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Fig. 1 Delta connected three-phase SEIG 

 

Application of KCL at all three nodes of SEIG [13] and the 

use of symmetrical component theory results in to ratio of 

negative to positive sequence circuit may be written as: 

 

 

Where Vp & Vn are the voltage components of positive 

&negative sequence and Y1, Y2, Y3 are represented as: 

 

 

 
Fig.2 Positive sequence circuit of SEIG 

 

 
Fig.3 Negative sequence circuit of SEIG 

 

Following equation may be formed from positive sequence 

circuit of SEIG and negative sequence circuit of SEIG as well:              

 

 
 

Equating (1) & (3) results in to following quadratic expression 

in K : 

 

 

For the induction generator having certain values of load 

and excitation running at a particular speed, equation (4) may 

be solved for its variable by adopting algorithm based on 

Particle swarm optimization. 

III. PSO TO COMPUTE SEIG VARIABLES 

The strong capabilities of PSO to solve the problems based on 

non linear optimization are attracting to compute control 

variables in the engineering field. The methodology is focused 

on bird’s flock motion whereas the swarms move in a group 

[18] for searching their food. Every individual solution of 

these swarms is nominated as a particle and its possible 

solutions are termed as swarms. Every particle moves with its 

velocity in the group having a certain positions. The process of 

searching the food depends on the particle owns skill and 

other member’s as well. The best position occupied by particle 

is represented as Pbest, while best position occupied by swarms 

is represented as Gbest. Equation 5 and 6 shows the velocity 

and the position of swarm given as:- 

 

 
 

 
 

Here d = 1, 2… n represents dimension of the problem and i = 

1, 2… S, represents the size of swarm of the problem. The 

constants c1 and c2 are represented as scaling and learning 

parameters as shown in table-1.  Here values of parameters C1 

& C2 may be takes as 2.2 and R1 & R2 in range of [0,1]. 

 In this research work, PSO algorithm has been adopted in 

order to compute the  variables generated frequency, speed of 

machine,  reactance of source branch in positive and negative 

circuits as well. Initially Frequency and speed has taken 0.95 

p.u while magnetizing reactance is taken as their unsaturated 

value. 

IV. RESULTS AND DISCUSSION 

The modeling of SEIG as presented in the paper has been 

implemented to forecast the performance of three SEIG,s of 

different ratings [14-15] under unbalanced conditions. At 

starting these generators are bound to operate at rated values 

of voltage and current at balanced loading. After it the 

unbalancing has been created in load resistance and 

capacitance of various phases of the generators. Operating 

speed of all generators was maintained at 

1.027p.u.throughout the operation. Figure 4 to Figure 9 

shows the simulation results on three generators under testing. 

(a) Unbalancing due to load variation of one phase of 

SEIG 

In this section, unbalancing in the load has been set up by 

creating variation in the load resistance of phase-a only while 

load resistance of other two phases remains the same.   

Simulation results over generators of different ratings for 

phase voltages are shown in figure 4 to 6 whereas simulation 
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results for phase currents are shown in figure 7 to 9 where as 

figure 10 show the variations in degree of unbalance. The 

operating speed of generators was kept fixed (1.027 p.u) 

throughout the operation.   
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Fig 4:  Variation in voltage of phase-a due to load resistance 

of one phase 
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Fig 5: Variation in voltage of phase-b due to load resistance 

of one phase 
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Fig 6: Variation in voltage of phase-c due to load resistance 

of one phase 
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Fig 7: Variation in current of phase-a due to load resistance 

of one phase 
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Fig 8: Variation in current of phase-b due to load resistance 

of one phase 

 

0.4

0.6

0.8

1

1.2

10000 500 50 20 2.078 1.727 1.628 1.586 1.5 1.362 1 0.6

Ral(p.u)

C
u
rr

e
n
t 

o
f 

P
h
a
s
e
-c

 (
p
.u

)

22kw 15kw 5.5kw

 
Fig 9: Variation in current of phase-c due to load resistance 

of one phase 
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Fig 10: Variation in Degree of Unbalance due to load 

resistance of one phase 

(b) Unbalancing due to load variation of two phases of 

SEIG 

In this section, unbalancing in the load has been set up by 

creating variation in the load resistance of phase-a and phase-b 

while load resistance of third phase remains the same.  

   

0

0.2

0.4

0.6

0.8

1

1.2

10000 500 50 20 2.0785 1.727 1.628 1.586 1.5 1.362 1 0.6

Ral(p.u)=Rbl(p.u)

V
o

lt
a

g
e

 o
f 
P

h
a

s
e

-a
 (

p
.u

)

22kw 15kw 5.5kw

 
Fig 11:  Variation in voltage of phase-a due to load 

resistance of two phases 
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Fig 12:  Variation in voltage of phase-b due to load 

resistance of two phases 
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Fig 13:  Variation in voltage of phase-c due to load resistance 

of two phases 
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Fig 14:  Variation in current of phase-a due to load resistance 

of two phases 
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Fig 15:  Variation in current of phase-b due to load 

resistance of two phases 
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Fig 16:  Variation in current of phase-c due to load 

resistance of two phases 
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Fig 17:  Variation in degree of unbalance due to load 

resistance of two phases 

 

Table 1: Safe operation of machines with load variation in one 

phase 

Rating of 

machines 

Value of Ral 

(p.u) from 

balanced 

operation 

Degree of 

unbalance 

(%) 

 Higher 

side 

Lower 

side 

Higher 

side 

Lower 

side 

22KW 18.35 1.4 10000 0.5 

15 KW 12.48 1.362 10.12 1.0 

5.5 KW 15.69 1.23 50 0.5 

 

Table 2: Safe operation of machines with load variation in two 

phases 

Rating of 

machines 

Value of ( Ral =Rbl 

) from balanced 

operation 

Degree of 

unbalance (%) 

 Higher 

side 

Lower 

side 

Higher 

side 

Lower 

side 

22KW 15.88 1.4 10000 0.45 

15 KW 12.11 1.362 10.02 0.9 

5.5 KW 2.078 1.0 20 0.5 

 

Simulation results over generators of different ratings for 
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phase voltages are shown in figure 11 to 13 whereas 

simulation results for phase currents are shown in figure 14 to 

16 where as figure 17 show the variations in degree of 

unbalance. The operating speed of generators was kept fixed 

(1.027 p.u) throughout the operation.   

The simulated result shows the variations in voltages and 

currents in various phases of the generators due to load 

resistance of one phase only. During simulation it is found that 

function of these generators towards higher values of load 

resistance of phase-a produces the values of voltages and 

currents in various phases which are quite high from their 

rated values.  Under such high voltages and currents, 

generators may operate for a short duration only but its 

operation is restricted for longer periods due to damage of the 

insulation, burning of windings etc. Further it has been 

observed that due to reduction in load resistance, such 

generators might be collapsed as the voltage across the phases 

approaches to very low from its rated values and machines will 

not be able to generate the power. 

V. CONCLUSION 

The research work as offered is based on the examination of 

performance analysis of different rating induction machines. In 

order to reduce the control variables, generally the source 

branch responsible for generation in the negative sequence 

network of SEIG has been cut off by the scientists. But in this 

work the same branch has been incorporated and with use of 

symmetrical component theory it results in to a new 

multivariable objective function. It is the PSO which is well 

known for simplicity and for fast convergence rate as well has 

been considered for obtaining the appropriate values of the 

variables associated with the objective function. The finding of 

results from the algorithm as presented in the paper will 

decides the suitable machine considered for unbalanced load 

operation. 
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