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Abstract— It has been well established that, Induction 

Generator (SEIG) is one of the most effective device for 

generating wind energy followed by wind turbine due to some 

added advantage of asynchronous properties, rugged design 

and brush less operation. Wind power is found to be most 

suitable for small rural areas, where abundant quantity of 

wind is available. Mathematically it is found that excitation 

of SEIG is the function of load, motor speed, output 

frequency and magnetizing reactance. The magnetising 

reactance can be found out experimentally. In this paper an 

attempt has been made to focus the optimal value of 

excitation required for different machines under the variation 

of the three functional variables within a certain range and 

keeping the output voltage above a certain level. The main 

objective of this paper is to study how output voltage and 

frequency with optimal excitation of the capacitor bank 

(under variation of the above three variables) vary with the 

machine ratings. Genetic Algorithm is applied for global 

search to find the optimal point of excitation of the different 

machines. 
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I. INTRODUCTION 

Sometimes it is not possible to deliver sufficient amount of 

power to the rural areas, because of the distance and the cost 

of generation. In the present day, researchers giving stress on 

the available energy sources among those areas, where it is 

easy to generate energy as cheap as possible. Wind energy 

found to be the best alternative among all [1].Induction 

Generator is one of the best machines, which is required to 

generate energy followed by wind turbine, due to the specific 

advantage[1],[2].Today self-excited induction Generator 

shows better performance in the field of power generation by 

renewable energy sources. 

Induction motor, when runs faster than synchronous 

speed, it is called synchronous generator or asynchronous 

motor. It converts mechanical energy to electrical energy, 

which released through the stator. It starts absorbing reactive 

power when reaches above synchronous speed. The reactive 

power is supplied by the capacitor bank connected to it. The 

output characteristic such as voltage, frequency, loading 

capacity is largely influenced by the excitation of the 

capacitor bank and optimal value of which, varies from 

machine to machine. Squirrel cage induction motor can be 

made to operate in two modes. The first type is that, which is 

connected to the grid system, when runs above the 

synchronous speed. Second one is the capacitor bank is 

connected instead of Grid [3][4][5]. In this paper an 

equivalent circuit of Induction generator is developed in order 

to frame an objective function which is the excitation of the 

capacitor and an equation to find out the output frequency. 

Optimized value of the excitation is determined for the four 

machines having rating 4kW, 7.5kW, 15kW, 37kW with the 

help of Genetic algorithm. The final result of variation is 

plotted and validated in Simulink. Fig.1 shows the diagram of 

SEIG.  

 
Fig. 1: Schematic Diagram of SEIG 

II. EXCITATION PROCESS 

The process of Excitation is quiet similar to the Self excited 

D.C. Generator. There must be some residual magnetism in 

the core in order to build up initial voltage of SEIG. A 

Capacitor bank of suitable value is connected across the stator 

terminal for providing the reactive power [6], [7]. 

III. GENETIC ALGORITHM 

Choice of optimization tool is one of intelligent step to solve 

the optimization problem. It depends on the nature of the 

objective function. The objective function in this particular 

problem is nonlinear constraints' optimization and attempt 

has been made for global search by Genetic Algorithm within 

an area bounded by lower and upper bound of variables. Step 

by step approach is made for GA such as choose the no. of 

variables, no. of generations, bounds of the variables, 

constraints function etc. and then with the proper coding in 

mat lab the function is converges to optimum value with large 

no. of iterations. 

The steps involves for the algorithm as follows. 

Step1: Generate random population.  

Step2: Evaluate the fitness of each chromosome. 

Step3: Create a new population.  

Step4: Select two parent chromosomes from a population as 

per fitness.  

Step5: Use new generated population to run the algorithm 

further. 

Step6: Test the end condition -is satisfied then stop, and 

return the best solution. 

Step7: Go to step 2. 

Section: Individual strings are determined by their 

fitness function given below. 

Probability   =        
𝐹(𝑋𝑖)

∑ 𝐹(𝑋𝑗)
𝑛

𝐽=1

⁄  
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Cross over: New chromosomes are produced with 

the combination of two chromosomes. Cross over produces 

new chromosomes better than the parent chromosomes. The 

cross over may be single point, two point, uniform, 

Arithmetic and Heuristic. These methods are selected on the 

process, how the chromosomes are encoded.  

Mutation:  The operator maintains the diversity of 

genes from generation to generation. It is important operator, 

which helps the population to concentrate towards the point 

of minima. 

IV. VARIABLES AND CONSTRAINTS 

Excitation of the Induction generator plays an important role 

for which, it is delivering power to the required area and 

unless it is excited properly its output voltage cannot build 

up. A care has been taken while framing an objective function 

and variable are chosen which governs the objective function 

i.e. load, output frequency and speed. The variables are 

allowed to vary within a certain range for example load and 

frequency are given 20-30%variation. 

Output voltage is selected as inequality constraints 

(g(x) ≤0), which is dependent on frequency and not to less 

than a certain value below [8], [9]. 

V. OBJECTIVE FUNCTION 

The equivalent circuit of the Induction generator is derived as 

follows: 

 
Fig. 2: equivalent circuit of Induction generator 

An objective function is framed from the above 

equivalent circuit, where resistive load is considered. 

Capacitive reactance is taken as the objective function which 

is to be optimized and found it is a function of load resistance, 

output frequency and speed. The function can be expressed 

as: 

Minimize │𝑓(𝑅𝐿 , 𝐹, 𝑉) │= 

[𝐿𝑋1𝑋2
2 +𝑀𝑋1𝑋2𝑋3]/[𝑃𝑋1 + 𝑄𝑋2(𝑋2 − 𝑋3) + 𝑅] 

The frequency of the generated voltage can be 

calculated as:    𝐴𝑋3 + 𝐵𝑋2 + 𝐶𝑋 + 𝐷 = 0 

Variables are bound with their lower and upper 

bounds. Genetic algorithm is chosen for the optimization 

problem under inequality constraints, such as output voltage 

should not below a certain limit [10], [11]. Optimal excitation 

is reached by approximately thousands of iterations, the first 

hundred’s convergence data’s of 4kW machine shown 

graphically below in Fig.3 and first thirty convergence data 

of the graph is shown in table.1 

 

 

 
Fig. 3: Graph of convergence 

 
Table 1: first 30 convergence data of the above graph 

VI. CASE STUDY 

A case study has been made for the four machines having 

different ratings of 4kW, 7.5kW, 15kW and 37 kW 

respectively. 

The following table.2 depicts the value of the 

parameters taken in p.u. 

( p.u) 𝑹𝒔 𝑹𝒓 𝑳𝒍𝑺 𝑳𝒍𝒓 𝑳𝒎 

4.0kW .0351 .0348 .0458 .045 1.352 

7.5kW .0346 .0347 .0448 .044 1.827 

15 kW .0201 .0206 .0291 .029 1.89 

37 kW .0190 .0116 .0526 .052 1.97 

Table 2: equivalent circuit parameters 

Capacitive reactance is found out for each machine 

as a function of the three variables with their upper and lower 

bounds in p.u. 

Genetic algorithm has been taken up as an 

optimization tool for the global search within the search space 

created by the bounds of the variables [12], [13], [14]. There 

are approximately thousand iteration takes by GA tool to 

reach minimum point and in each iteration the function has 

been checked whether it is violating the constraints or 

not[15].  

VII. RESULTS AND CONCLUSION 

Optimized output parameters is shown in Table.3, which are 

capacitive reactance, generated voltage per phase and the 

output frequency in p.u for different machines. Optimized 

results is obtained by varying three function variables 
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namely, load (1-1.4p.u), frequency (0.9-1.4p.u) and speed 

(0.9-1.3p.u).The generated voltage is calculated in each case 

by the equation, which is a function of output frequency and 

magnetizing reactance.  

To predict the variation of excitation, output voltage 

per phase and output frequency, two graphs is plotted in fig.4 

and fig.5 and different rating of the machine. 

( p.u) 𝑿𝒄 𝑽𝒈 F 
4.0kW 0.7044 1.3576 0.9571 

7.5kW 0.7000 1.3250 0.9584 

15 kW 0.6886 1.3000 0.9762 

37 kW 0.2779 1.2751 1.2140 

Table 3: optimized output 

Fig.4 below contains two lines green and red,The 

green color represents the variation of frequency in p.u 

against rating of the machines in kW*10 scale. It is clear from 

the graph that frequency remains almost constant up to 7.5kW 

and then increases up to 37 kW machines. The red color line 

shows the variation of excitation in p.u against rating, which 

is almost flat in case of low rating but falls sharply when 

rating increases. 

 
                                   M/c rating 

Fig. 4: excitation and frequency with m/c rating for optimal 

excitation 

Fig.5 Showing the variation of the output voltage in 

p.u for the different machine. The output voltage remains 

almost constant for small machine up to 7.5kW but it is going 

down as further capacity of the machine increases. 

 
Fig. 5: Constraints (voltage) vs. m/c rating for optimal 

excitation 

Simulation is performed in mat lab for the result of 

4kW Induction generator to test the output voltage profile. 

The results of optimization for 4kW machine give 

the minimum excitation of 0.7044 p.u against the output per 

phase of voltage of 0.67p.u. The computer simulation in Fig.6 

gives the above results of 0.66 p.u. with a base of 415 volts 

against time reference. 

 
Fig. 6: computer simulation of SEIG voltage 
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APPENDIX 

Constants of objective function  

(4 kW machine): 

L = 0.1010604, M= - 0.050717 

P = 0.03513, Q = 0.2564, R= 0.001714 

A= 0.4250X1, B= - 0.4250X1X3, 

C = - [2.0752(X1+0.0306) f+0.000221X1] 

D = 2.0752(X1+0.01904) X3f 

Generated voltage expression from saturation curve: Vg = 

(1.6-0.36Xm) X2  


