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Abstract 

The paper presents an application of Teaching Learning-Based Optimization (TLBO) algorithm to 

improve the performance of self-excited induction generators (SEIG). Two control methods of 

SEIG have been studied. The first method, the TLBO algorithm is applied to generate the optimal 

capacitance to maintain rated voltage with constant prime mover speed. The drawback of this 

method is the generator frequency decreases with load and to overcome this disadvantage, the 

other control method is proposed. In the proposed method, the TLBO is used to obtain optimal 

capacitance and prime mover speed to have rated load voltage and frequency. The Static VAR 

Compensator (SVC) of fixed capacitor and controlled reactor is used to control the reactive power. 

The parameters of SVC are obtained by using TLBO algorithm. The performance of the SEIG at 

different loads and prime mover speeds using TLBO algorithm is realized. A whole system of 

three phase induction generator and SVC is established under MatLab/Simulink environment. The 

performance of the SEIG is demonstrated on two different ratings (i.e. 10 hp and 2hp). An 

experimental setup is built-up using a 2 hp induction motor to confirm the theoretical analysis. 

Good agreement between results confirms and signifies the viability of the proposed TLBO-based 

methodology. 

 شبى الولخص الع

انرغزيح. ٔقذ  راذى انحثى انًٕنذنرحسيٍ اداء  (TLBOالايثم عهى اساط ) يقذو انثحث ذطثيق خٕاسصييّ انرعهيى ٔانرعهى

انطشيقح الأنى يرى فيٓا ذحذيذ قيى انًكثف انًثهى تاسرخذاو عضٔل. ًذًد دساسح طشيقريٍ نهرحكى فى خٕاص اداء انًٕنذ انحثى ان

ثثاخ سشعّ انًٕنذ. ٔيرًثم عية ْزِ انطشيقّ فى ذغيش ذشدد انًٕنذ  عُذانًٕنذ عُذ كم الاحًال  نرثثيد خٓذ( TLBO)خٕاسصييّ 

يع ذغيش الاحًال. ٔنرلافى ْزا انعية ذى اقرشاح انطشيقّ انثاَيّ حيث ذى ذعييٍ انقيى انًثهى نكلا يٍ انًكثف ٔسشعّ انًٕنذ تاسرخذاو 

كم الاحًال. فى انثحث ذى اسرخذاو يعٕضاخ انقذسج انغيش انفعانح انساكُّ نرثثيد خٓذ ٔذشدد انًٕنذ عُذ ( TLBO)خٕاسصييّ 

. ٔذى اسرخذاو تشَايح انًاذلاب/ انًحاكاِ نثُاء ًَٕرج يركايم يحاكى انًٕنذ ٔيعٕضاخ انقذسج نهحصٕل عهى قيى انًكثف انًطهٕتّ

 10ذى عًم انذساسح عهى يٕنذيٍ تقذسذيٍ يخرهفريٍ نذساسّ خٕاص اداء انًٕنذ. فى انثحث  ٔيُظٕيّ انرحكى انغيش انفعانح انساكُّ

حصاٌ نهرحقق يٍ انُرائح انُظشيّ ٔكاٌ انرقاسب خيذ تيٍ  2حثى ثلاثى الأخّ حصاٌ. ذى عًم ًَٕرج يعًهى تاسرخذاو يٕنذ  2ٔ 

 كلا يٍ انُرائح انُظشيّ ٔانعًهيح.

Keywords: Self-excited induction generators; constant voltage; constant frequency; static VAR 

compensator; teaching learning based optimization 

 
1. Introduction 

 

The self-excited induction generators (SEIG) have 

been received great attention during last decades. 

SEIGs are the most suitable power solution for 

remote areas because of their lower unit cost, 

inherent ruggedness and maintenance simplicity 

compared to DC and synchronous machines. These 

machines are available in the ranges of fractional hp 

to MW capacities [1]. In a common practice, the 

required reactive power for the generator and its load 

can be provided by the terminal static capacitor 

banks. The value of the capacitance required for 

excitation depends on the load current, power factor 

and the rotor speed, causing unsatisfactory voltage 

and frequency regulation problem [2-3].Various 

researches have discussed the issue of voltage 

regulation of SEIG and they suggested somehow 

effective solutions [4-10]. A very simple method uses 

controlled capacitors connected to the generator 

terminals [4-7]. Another method uses switched 

capacitor in order to change the capacitance with 
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load variation to provide a good voltage regulation 

by simple and fast control method using GTO and/or 

IGBT switches. A static VAR compensator (SVC) is 

used to have a combination of switching capacitors 

and controllable reactors in order to provide 

continuous control of the reactive current [8-10]. 

Poor frequency regulation due to the SEIG’s loading 

appears as another serious problem standing in the 

operation of SEIG. Many researchers have been 

attempted to solve this problem using the 

development of power electronics [11-15]. They 

suggested to convert the terminal voltage of the 

induction generator from AC to DC voltage using 

rectifiers and then from DC to AC by using PWM 

inverters with certain frequency. The other solution 

of frequency and voltage problems of SEIG is to use 

an Electronic Load Controller (ELC) for regulating 

its voltage and frequency under varying load 

conditions [16]. However, this solution generates 

harmonics on AC side of the SEIG system. 

During last three decades, meta- heuristic algorithms 

are used to solve complicated engineering problems 

and to improve the performance of electrical 

machines [17-20]. One of the recent algorithms 

namely, Teaching Learning Based Optimization 

(TLBO) algorithm is developed [21-22]. The 

advantageous of TLBO algorithm is less controlling 

parameters viz. only population size and number of 

generations which save lot of efforts. As a result, 

TLBO can be said as an algorithm’s specific 

parameter-less algorithm. [23-24] 

This paper presents an application of TLBO 

algorithm to study the steady state and dynamic 

performance of SEIG. Two different modes of 

operations have been presented. The first one is the 

operation at constant voltage by controlling capacitor 

and constant prime mover speed. The second one is 

the operation at constant voltage and frequency by 

controlling both capacitor and prime mover speed. 

The TLBO algorithm is used to obtain optimal 

capacitance in the first mode of operation. The TLBO 

algorithm determines the optimal capacitors and 

prime mover speed to have constant voltage and 

frequency in the second mode of operation. The SVC 

is used to have continuous variation of excitation 

capacitors to have rated load voltage. The modeling 

of the SEIG, SVC and PI controller is developed 

using MatLab/Simulink. The accuracy of the 

proposed model and simulation is validated by 

building an experimental model of 2 hp induction 

motor. 

 

2. Steady state model of SEIG 

 

The steady state operation of the SEIG is analyzed 

using the equivalent circuit shown in Fig. 1[4].Nodal 

admittance technique is used to solve the equivalent 

circuit. The generator frequency varies with the load 

current and the rotor speed. Moreover, the generator 

reactance values changes with the frequency. 

Therefore, the ratio between the generator frequency 

and the base frequency must be taken into 

consideration. 
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Fig. 1 Equivalent circuit of self-excited induction 

generator 

 

where;  is the frequency ratio (  
 

  
 ,  is the 

actual frequency,   is the base frequency,    is the 

stator winding resistance,    is the stator leakage 

reactance (          ,    is the magnetizing 

reactance (          ,    is the referred rotor 

winding resistance,    is the referred rotor leakage 

reactance (          ,    is the load resistance, 

   is the load reactance (          ,    is the 

capacitor reactance (             and   is 

generator slip. 

The equivalent circuit has four unknown variables ( , 

 ,    and   ).For an assumed values of   and  , the 

other two unknown variables (   and   ).can be 

calculated as Eqs.(1) and (2). 
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The rotor speed can be given as: 

        
       

 
 

(3) 

Where;   is the number of poles. 

The Excitation voltage ( ) is obtained using ( ), 

     and magnetizing curve of the generator. 

The stator current (   , load voltage (   and load 

current (    are given as: 
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The presumed values of   and  , are acceptable if the 

generator voltage and speed equal reference values. 

A Computer program is developed based on 

MATLAB package to obtain the optimum values of 

excitation capacitance to generate rated voltage at 

prime mover speed using TLBO algorithm. 

 

3. Dynamic model of SEIG 

 

The dynamic model is developed to study the 

dynamic performance of SEIG under step change in 

load and speed. The mathematical model of SEIG in 

stationary reference frame is described using the 

following equations after many simplifications [25-

27]. 

The d-q stator and referred rotor currents 

(                      are given as:  
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(10) 

where;   is the stator self inductance,    is the 

referred rotor self inductance,    is the magnetizing 

inductance,   is the rotor speed in electrical rad/s. 

and    is defined as shown in Eq. (11). 

          
  (11) 

After solving the a for mentioned differential 

equations, the magnetizing current (   is defined as 

shown in Eq. (12). 

   √         
           

  
(12) 

The electromagnetic torque (    of the induction 

generator is defined in Eq. (13) and the mechanical 

dynamic equation of the generator is described in Eq. 

(14). 

   
 

 

 

 
  (             ) 

(13) 
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Where;  is the moment of inertia in Kg.m
2
,   is the 

rotor friction coefficient and    is the rotor speed in 

mechanical rad/s. 

The d-q load current (    and     can be described in 

Eqs. (15) and (16); respectively. 
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(15) 
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(16) 

The previous Eqs. (7-16) are used to develop a 

dynamic model of three phase SEIG using 

MatLab/Simulink. 

 

4. Teaching Learning Based Optimization 

(TLBO) algorithm 

 

The TLBO is a nature-inspired algorithms 

optimization method developed by Rao [21-

22].TLBO algorithm uses a population of solutions to 

have the global solution. The population is 

considered as a group of learners and consists of 

different variables which are similar to subjects of 

learners. The algorithm of TLBO consists of 

‘Teacher Phase’ and ‘Learner Phase’. The learners 

are learning from the teacher in the ‘Teacher Phase’, 

and learning from each other in the ‘Learner Phase’. 

Similar to other evolutionary methods, the random 

initialization of the student population is the first step 

of the TLBO process. Then, the mean of each subject 

(variable) is calculated. 

The Teacher-phase starts by selecting the best student 

of the class which is considered as a teacher 

(         and the other students learn from him to 

improve their qualities by using the following 

expression shown in Eq. (17) [21]. 

 

                                (17) 
 

Where;        is the updated new solution,        is 

the old solution,    is a random number in the range 

[0,1],   is the mean of each subject (variable) and    

is a teaching factor that determines the learning 

intensity and decides the value of mean to be 

changed. Its value can be either 1 or 2, which is 

decided randomly with equal probability as: 

 

        [           {   }] (18) 
 

As shown from above equation, in this phase, all 

students learn from both class (by using the mean 

values) and teacher (best solution) qualities The new 

solution is accepted if it is better than the previous 

one. After updating solutions, the second learning 

phase (Learner-phase) starts by selecting randomly 

any two solutions    and   . The objective function 

of    and   (      and     ) are calculated and used 

to updated the solutions according to the following 

equation. 

 

{
                (     )                   (  )

                (     )           (  )        
 (19) 

 

The new value of the solution (    ) is accepted if it 

gives a better function value and the process is 

terminated if the termination criteria are satisfied.  
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5. Simulation and results using TLBO algorithm 

 

The three phase induction motor used in this study 

has the following nameplate data and parameters: 7.5 

kW, 4 poles, 415 V, 50 Hz, 14.6 / 26.2 A,    = 1 Ω, 

   = 0.77 Ω,    =0.004774 H,    =0.004774H and 

J= 0.1384 kg.m
2
. 

The magnetization curve of the machine is described 

as: 
  

 

{
 

 
                                                                

          
                                     

     

  
                                                                  

 
(20) 

 

5.1 Constant voltage operation at constant speed 

 

In this mode of operation, the excitation capacitor is 

controlled to operate SEIG at rated voltage when it 

driven from constant speed prime mover. The TLBO 

algorithm searches for the values of capacitor (C) and 

frequency ratio (   to minimize the Objective 

Function (OF). The OF is the error between the load 

voltage (  , rated value (        and error between 

generator speed (  , prime mover speed 

(              as shown in Eq. (21). The TLBO 

adapted parameters are, class size=50 and 

iterations=100. 

           {|        |

   |              |} 
(21) 

  
At a given load current, power factor and prime 

mover speed, the TLBO is run for 20 times and best 

solution is picked up. The trend of variation the 

objective function versus iteration is shown in Fig. 2 

at no load and prime mover speed is adjusted at 1500 

rpm. It can be notice that the TLBO converges 

steadily and in smoothly. Table 1 summarizes the 

performance measures out of 20 runs at no load and 

speed of 1500 rpm. One can notice obviously the 

deviations between results of each run are very small 

and the value of standard deviation is insignificant 

(see Table 1). 

The variations of generator characteristics versus 

load current of unity power (UPF) at different 

constant speed are shown in Fig. 3. It’s shown that 

the output voltage is maintained constant at rated 

value by controlling the capacitor as shown in Fig. 

3(b). The generator frequency depends on load 

current and generator speed. It decreases with load 

increasing but for the same load current it can be 

increased by increasing speed as depicted in Fig. 

3(c). The generator develops the same load current 

with lower stator current when the generator speed is 

increased as shown in Fig. 3(d). The stator current 

has full load value 14.6 A when the load current of 

10.9 A and UPF. 

The waveform of the output voltage when load 

varied from no load         to resistive load 

           (10 A, UPF) at t=6 s and constant 

speed of 1500 rpm is shown in Fig. 4. It’s shown that 

the output voltage is maintained at rated value 

because the excitation capacitor is increased from 

           at no load to            at load of 10 

A as calculated using TLBO algorithm from Fig. 

3(b). 

 

 
Fig. 2 Convergence of TLBO objective function 
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Table 1 Statistical analysis of TLBO results at no load and 1500 rpm 

Statistical 

function 
                 

Minimum  0.999360991067669 88.0196113861336                        

Maximum  0.999360991445124 88.0196114687359                        
Mean 0.999360991221912 88.0196114300202                        

Standard 

Deviation 
                                                          

 

 
Fig. 3 Variation of load voltage, frequency, capacitance and stator current against load current of UPF and 

different constant speed 

 
Fig. 4 Waveform of the load volatge against time at different loads and            

 

5.2 Constant voltage constant frequency 

operation 

 

In this mode of operation, both excitation capacitor 

and prime mover speed are controlled to operate 

SEIG at rated voltage and frequency at all loading 

conditions. The TLBO algorithm searches for the 

value of capacitor (C) with keeping frequency ratio 

(   at unity. The OF is the error between the load 

voltage (  , rated value (        as shown in Eq. 

(22). 

 

            {|        |} (22) 
 

The TLBO results are used to calculate the steady 

state performance of SEIG when its load has been 

varied from no load to 14 A at UPF as shown in Fig. 

5. It’s shown that, the load voltage and frequency are 

maintained at rated values (240 V and 50 Hz) over 

all range of loads by controlling both excitation 

capacitor and prime mover speed as described in 

Figs. 5(b) and (c) respectively. The stator current has 



Mahmoud M. Elkholy "  OPTIMAL PERFORMANCE OF SELF EXCITED INDUCT…." 

 

 

 

Engineering Research Journal, Menoufiya University, Vol. 39, No. 2, April 2016 
 

112 

full load value 14.6 A when the load current of 11.2 

A and UPF as given in Fig. 5(d). It’s shown from 

Fig. 6, the waveform of the load voltage has constant 

amplitude and frequency at different loads by 

changing capacitor and speed from            , 

1500.957 rpm at no load to             , 

1552.844 rpm at load current of 10 A(        ). 

 
Fig. 5 Variation of load voltage, frequency, capacitance, speed and stator current against load current of UPF 

with controlled capacitor and prime mover speed 

 
Fig. 6 Waveform of the load volatge against time at different loads with controlled capacitor and prime mover 

speed 

 

6. Dynamic performance with SVC controller  

 

In this section, the excitation capacitor is controlled 

using SVC to regulate the generator voltage at its 

rated value. The generator frequency is fixed at rated 

vale by controlling the prime mover governor. The 

SVC consists of fixed three phase capacitors parallel 

with thyristor controlled reactor (TCR) as shown in 

Fig.7. The effective capacitance (     of the SVC is 

controlled by changing the firing angle (   from 90
o
 

(fully conducting) to 180
o 

(non-conducting) as 

described in Eq. (23) [28]. 

 

            
 

   
(  

  

 
 

     

 
) (23) 

  
Where;   is the TCR inductance and        is the 

capacitance of fixed capacitor. 

The inductance of TCR is calculated by using Eq. 

(24) to have the desired range of controlled capacitor 

from minimum value at no load (    ) to maximum 

value at full load (     . 

  
 

             
 (24) 

The following results are simulated with      
       ,             (L-N) and             

(L-N). The constants of proportional-integral (PI) 

SVC are       and       . The simulation 

sampling time is         . 
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The effective capacitance of SVC varies between 

minimum and maximum values by firing angle 

variation as shown in Fig. 8. 

The complete control system of 7.5 kW, 415 V three 

phase induction machine is tested with two different 

scenarios. The first scenario is the dynamic response 

under constant speed and SVC control with different 

loading conditions. The other one is the response 

with controlled speeds and SVC. 

The Simulink connection diagram of the SEIG 

dynamic model, SVC and controller is revealed in 

Fig. 9. 

 

6.1 Response with Constant Speed and SVC 

 

In this scenario, the prime mover speed is constant at 

1500 rpm and the load is varied as described in Fig. 

10(a). The load current is changed from no load 

(       to 4 A with UPF ((          at t =6s 

and to 8A with 0.8 lagging power factor at 12s 

(                                    . The 

SVC varies the firing angle to increase the excitation 

current (increase effective capacitance) with 

increasing in load current as shown in Fig. 10(b). 

This variation in SVC current regulates the 

generated voltage at rated value (240 V) as shown in 

Fig. 10(c). The generator frequency decreases with 

load current increase as described in Fig. 10(d) 

because the prime mover speed is constant at 1500 

rpm. It’s shown that, the waveform of the load 

voltage has constant amplitude and variable 

frequency with increasing in load current as shown 

in Fig. 11. 

 

6.2 Response with controlled Speed and SVC  

 

In this scenario, excitation capacitor and prime 

mover governor are controlled to have rated voltage 

and frequency with load current variation as shown 

in Fig. 12(a). The prime mover speed and SVC 

current are controlled as shown in Fig. 12(b) to have 

rated voltage and frequency as shown in Figs. 12(c-

d). The waveform of the output voltage is sinusoidal 

with constant amplitude and frequency at different 

loads as shown in Fig. 13. 

 

 
Fig. 7 SVC configuration 

 
Fig. 8 Variation of SVC capacitance against firing 

angle 

 

 
Fig. 9 Simulink diagram of SEIG and control system 
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Fig. 10 Variation of load current, SVC current, load voltage and frequency versus time and            

 
Fig. 11 Variation of phase voltage waveform versus time with load change and             

 
Fig. 12 Variation of load current, SVC current, load voltage and frequency versus time at constant load current 

and different speeds 
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Fig. 13 waveform of load voltage against time with constant load and different speeds 

 

7. Experimental work 

 

An experimental model is built up to validate the 

steady state and dynamic models of SEIG. The 

experimental work is carried out using 2 hp, 4 poles, 

220/380V three phase induction machine having the 

following parameters;    = 5.03 Ω,    = 5.94 Ω, 

  = 0.0176 H and   =0.0176 H. 

The magnetizing curve of the experimental motor is 

described as: 

 
  

 

{
 

 
                                                                                         

          
           

                           
      

  
                                                                                    

 (24) 

 

A synchronous motor is used as a constant speed 

prime mover and all results are recorded using data 

acquisition system of Feedback 68-600 multi-

channel power sensor which is a combination of 

hardware and software to capture and display signals 

on the integrated DSP instrumentation in Espial as 

shown in Fig. 14. 

 

a

b

c

  Feedback    

    68-600     

power sensor

Synchronous 

Motor

3 phase SEIG 
loads

Capacitors

Espial Software 
Package 

 
Fig. 14 Experimental Connection Diagram 

 

The experimental and theoretical waveforms of the 

generator line voltage at no load at excitation 

capacitor of       and       with speed of 1500 

rpm are shown in Fig. 15(a-b). It’s shown that the 

both results are very close together and this 

agreement validates the simulink model of SEIG. 

The variation of load voltage and stator current 

against load current at constant speed of 1500 rpm 

and different capacitors of       and       is 

shown in Fig. 16(a)-(b) respectively. The agreement 

between theoretical and experimental validates the 

steady state model of SEIG and TLBO results.  



Mahmoud M. Elkholy "  OPTIMAL PERFORMANCE OF SELF EXCITED INDUCT…." 

 

 

 

Engineering Research Journal, Menoufiya University, Vol. 39, No. 2, April 2016 
 

116 

    
(a) 

   
(b) 

Fig. 15 Experimental and theoretical waveform of the line voltage at no load and 1500 rpm   

 Fig. 16 Experimental and theoretical load voltage and stator current against load current   

 

8. Conclusions 

 

In this paper, the methodology based on TLBO 

algorithm has been proposed to study the 

performance of self-excited induction generator 

(SEIG). The TLBO algorithm is used to produce 

optimal excitation capacitors required to have rated 

voltage at different load currents, power factors and 

speeds. The operation with constant voltage and 

constant prime mover speed has been studied. The 

operation with constant voltage and frequency has 

been achieved by controlling both capacitor and 

prime mover speed. The SVC method is used to 

have continuous change in capacitor to maintain 



Mahmoud M. Elkholy "  OPTIMAL PERFORMANCE OF SELF EXCITED INDUCT…." 

 

 

 

Engineering Research Journal, Menoufiya University, Vol. 39, No. 2, April 2016 
 

117 

rated voltage. The proposed TLBO algorithm is used 

to generate the value of SVC fixed capacitor. The 

dynamic performance of the 7.5 kW induction 

generator with SVC and PI controller under different 

step load changes and speeds are demonstrated using 

Matlab/Simulink. The good agreement between 

experimental and theoretical results of 2 hp SEIG 

validate the feasibility of the proposed TLBO 

algorithm, accuracy of steady state and dynamic 

model of SEIG. 
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