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Abstract. In this paper dynamic analysis, closed loop 

voltage control and experiments on a self excited induction 
generator are presented. Electromagnetic torque, active power 
and reactive power are controlled under dynamic conditions of 
varied load, excitation capacitance and shaft speed, A closed 
loop voltage control scheme using a PWM Voltage Source 

Converter (VSC), dc link capacitor and a P-I voltage controller 
is proposed and implemented. This scheme generates constant 
voltage and variable frequency using the converter which also 
acts as a reactive power compensator. The frequency of stator 
voltage and current is varied by changing the error proportional 
gain making it attractive for wind energy conversion system. 
The simulation is done using MATLAB environment and the 
experimental results are also presented in this paper. 
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1. Introduction 

Windy areas, waterfalls, reservoirs, high tide locations 

are extremely helpful for generating clean and 

economical electrical energy by proper harnessing 

mechanism. Throughout the globe in last three to four 

decades generation of electricity out of these renewable 

sources has created wide interest. Growing interest in 

water  management and sustainable environment toward 

a sustainable world has awaken new sources of hydro 

energy. Among these are the run-of-river plants to 
produce electricity using induction generators. The 

induction generator self excitation phenomena is 

reviewed in [1]. The brushless construction, robustness, 

low maintenance requirements, absence of DC power 

supply for field excitation, small size, self protection 

against short circuits are the advantages of asynchronous 

generator over the synchronous and DC generators. The 

relatively poor voltage and frequency regulation and low 

power factor are its weaknesses [1]. The frequency and 

magnitude of voltage generated by the self excited 

induction generator (SEIG) is completely governed by 
the rotor speed, the excitation and the load [2]. There 

exist minimum and maximum capacitance for the self 

excitation to occur i.e., voltage build up at a particular 

speed. Also it requires a minimum cut in speed for 

successful voltage build up  and it has a maximum 

speed limit considering mechanical safety for a fixed 

excitation capacitance [3-4]. The effect of dynamic 

mutual inductance on voltage build up process of SEIG 

is discussed in [5]. The application of power 

semiconductor devices, controlled converter circuits, 

and control algorithms has resulted in suitable 

regulating schemes for self excited variable speed 

squirrel cage generators. From the electricity company 

standpoint, accurate controls of voltage and frequency 
can limit the electrical and mechanical stresses in the 

power system and deliver good quality energy. Already 

many circuits are proposed to control the output voltage 

and/or frequency [6,7,8]. Dynamic performance of 

SEIG feeding different static loads is discussed in [9]. 

Constant voltage operation using optimization tools is 

discussed in [10]. The above papers did not mention the 

effect of speed, excitation capacitance, mutual 

inductance on dynamic power variations and frequency 

of power exchange and line voltage. This paper exploits 

the possible ways to generate electrical power by 
analyzing the machine at loaded and varied speed 

conditions to extract the information regarding dynamic 

active power, reactive power and torque variations. The 

viability of a constant voltage and variable frequency 

generation scheme is analyzed. Experimental results are 

presented. As wind speed is statistical in nature, this 

scheme could be extended to a variable speed, constant 

voltage and variable frequency wind energy conversion 

system. 

 

2. Dynamic Analysis of SEIG 

A three phase induction machine can operate as a SEIG 

if a suitable capacitor bank is connected across its 
terminals and rotor speed is sufficient to have a negative 

slip when driven by a prime mover. Capacitor banks 

provides the necessary magnetizing current to start the 

voltage build up process which is determined by feeding 

the machine as an induction motor without load and 

measuring the current as a function of the terminal 

voltage variation.  A complete dynamic equation of 

SEIG involving an RL load in stationary reference 
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frame is developed and represented in a state space 

matrix form is given in Equation 1. 
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Where ids, idr, iqs, iqr are respectively the stator and rotor 

currents in direct and quadrature axis and vds and vqs are 

the initial direct axis and quadrature axis applied voltage 

and  
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1 21 ( )mK L L L
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As the magnetizing characteristic is nonlinear in nature, 

the magnetizing current is found for each iteration in 

terms of stator and rotor currents as 
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The magnetizing inductance is calculated from the 

experimentally plotted magnetizing characteristic relation 

between Vg and Im, through curve fitting to find the 

constants in the nonlinear equation and is given by [11]: 
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The per phase active and reactive power is given by the 
relation: 
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Developed electromagnetic torque relation is given by: 
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d-q stationary reference frame to abc phase 

transformation is given by the relation: 
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3. Experiments on Self-Excited Induction 

Generator 

 

Schematic diagram for SEIG is shown in Fig.1. 

Magnetization characteristic is experimentally plotted 

for the 10 hp, 50 Hz induction machine whose details 

are given in Appendix A., by moving the shaft of the 

machine by a dc shunt motor. It is shown in Fig.2. 

Mutual inductance as a function of magnetizing current 

is also experimentally determined and shown in Fig.3. 
Operating point should be chosen in the negative slope 

zone known as stable operating region. 

 

 

 

 

 
    Prime Mover      SEIG 
 
                                          Capacitor Bank 
 
                                                                                Load 

Fig. 1. Self excited induction generator system 

 
 

 
Fig.2. Magnetization characteristic of induction machine under 

consideration 

 

 
Fig.3. Variation of Mutual Inductance with Magnetizing 

Current 
 

Photograph of the experimental setup is shown in Fig.4. The 
oscillogram of stator voltage during a voltage build up process 
is shown in Fig.5. In this case prime mover speed is set at 
1115 rpm. Stator voltage is taken through a 10:1 probe. 
Oscilloscope settings are 13.6 V/div and 20 ms/div. At this 
speed of 1115 rpm, SEIG is loaded using a lamp load of 
200W/phase. The corresponding stator voltage waveform is 
shown in Fig.6, with same oscilloscope settings as in Fig.5. 

The stator voltage waveform during a build up process at 1440 
rpm is shown in Fig.7. The stator current waveform when it is 
loaded with 200W/phase is shown in Fig.8. Stator voltage 
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waveform during a build up process at 1750 rpm is shown in 
Fig.9. Fig.10 shows that for low values of speed (in this case 
1090 rpm), the voltage collapses and fails to build up. 

 

 
Fig.4. Experimental set-up 

 

 
Fig.5. The voltage build up at a prime mover speed of 1115 rpm 

 
 

 
Fig.6. Stator voltage with a 200W/phase lamp load at a prime 

mover speed of 1115 rpm 
 

 
Fig.7. The voltage build up process for a prime mover speed of 

1440 rpm 
 

 
Fig.8. For a 200W/phase lamp load the phase „a‟ current 

with prime mover speed of 1440 rpm 

 

 
Fig.9. Voltage build up at a prime mover speed of 1750 rpm 

 
Fig.10. Voltage could not build up and collapses for a prime 

mover speed of 1090 rpm 
 

The rating of capacitor bank is 2.6 kVAr, 415V, 5.1A. 

Each of three capacitance value comes out to be 48µF. 

 

4. Voltage Control of SEIG 

 
A voltage control scheme for SEIG is shown in fig.11. 

The induction machine for dc link voltage control is 

modeled in stationary reference frame. Induction 

machine, pulse width modulated voltage source inverter, 
dc link capacitor and load, each component of the 

scheme is modeled separately. A 24 V battery is used 

for a period of 2 seconds for supplying the necessary 

magnetizing current through a pulse width modulated 

voltage source inverter to establish flux in the air gap 

required for self excitation. A DC link capacitor of 

500µF in parallel with the diode maintains the voltage at 

set value. The voltage across the dc link capacitor is 

sensed and compared with the reference output voltage 

and passed through a discreet PI controller. The output 

of PI controller is converted to three phase reference 

waveforms and compared with a 5 kHz triangular 
carrier to generate the sinusoidal modulated gate pulses. 

The voltage source inverter acts as a reactive power 

compensator. The switching instants are tracked by the 

PI controller from SEIG. The power flow to dc link 

capacitor is through a three phase diode bridge 

converter and the input power to SEIG is through a 

three leg IGBT converter. 

 

 
Fig.11. A voltage control scheme for Self-Excited Induction 

Generator 
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The dc link capacitor is modeled as : 
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id
v

dt C                                

)14(

 

dc a ea b eb c eci S i S i S i
                      

)15(
 

 

The set point of  Vdc must be greater than the peak value 

of the machine line voltage in order to force the desired 

line currents. 

 

The voltage error at the kth sample is given by 

( )( ) ( )err ref mcal kV k V k V
                        

)16(
 

 

The output of the PI controller, at the kth sample is 

expressed as  

( ) ( 1) ( )I samp errk k K T V k
 

( ( ) ( 1))P err errK V k V k
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Where „KP‟ and „KI‟ are the proportional and integral 

controller gain constants. The gain constants are given in 

Appendix A. 

 

5. Simulation Results and Discussion 

 
MATLAB code is used to predict the generated voltage 

from a 10 h.p. three phase squirrel cage induction 
machine with an initial residual voltage of 10 volts 

rotating at a given speed with appropriate capacitors 

connected at the stator terminals to provide the necessary 

magnetizing current to establish the required flux in the 

air gap. The simulation results show that self excitation 

can be established and speeds on self-excitation 

investigated. Fig.12. shows the voltage build up in phase 

„a‟ of induction machine with per phase excitation 

capacitance of  48µF  at a rotor speed of 1200 rpm. It 

took about 2.2 seconds to settle to its steady state voltage 

of 300 volts. Fig.13, Fig.14 and Fig.15 show the 
generated voltage, line current, load current, active 

power, reactive power and electromagnetic torque 

responses. The load is 50Ω and 5mH. Fig.13 is for a 

speed of 1400rpm with excitation capacitance of 48µF. 

Fig.14 is for a speed of 1800 rpm with 48µF excitation 

capacitance. Fig.15 is for an excitation capacitance of 

100µF, at 1800 rpm speed. It can be observed from all 

these figures that as the speed increased from 1400 rpm 

in Fig.13 to 1800 rpm in Fig.14 keeping the load same at 

50Ω and 5mH, the reactive power variation too increased 

to the range of -800VAr to -1200VAr from the range of -

170VAr to -200VAr. In Fig.15 as the per phase 
capacitance value increased to 100µF for a speed of 1800 

rpm there is a considerable increase in the reactive power 

from -1000VAr to -1300VAr. The increase in active 

power variation and electromagnetic torque is also 

observed as a result of increase in speed and per phase 

excitation capacitance. Results are shown for a period of 

0.2 seconds from 5 seconds to 5.2 seconds. Load is 

given at 4.5 seconds. As the speed increases the voltage 

build up starts early as a result of mutual inductance 

variation. It reaches to its saturation value early 
increasing the steady state voltage. As the mutual 

inductance depends on magnetizing current which in 

turn depends on direct axis and quadrature axis current, 

which is continuously increasing till the voltage reaches 

steady state, drawing more reactive power. Line current 

too is increased. The frequency of exchange of power is 

too increased so the frequency of line voltage and line 

current as the speed is increased as it can be observed 

from Fig.13 and Fig.14. 

 

 

 
Fig.12 The terminal voltage build up for 48µF at 1200rpm 

 

 
Fig.13 The generated voltage, line current, load current, active 

power, reactive power and electromagnetic torque for a rotor 
speed of 1400 rpm for a load of 50Ω and 5mH with C=48µF 

 

As the per phase excitation capacitance is switched to 

100µF from 48µF  the distortion in line current is 

apparent apart from the decrease in frequency as 

observed from Fig.14 and Fig.15. It happens because of 

a comparative delay in saturation of magnetizing 
inductance. Fig.16. shows the dc link capacitor voltage 

profile as it tracks the reference value of 400 volts at 
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about 10 seconds. Fig.17 shows the generated voltage, 

line current, load current, active power and reactive 

power and electromagnetic torque variation when the 

machine runs at 1400 rpm and is excited by a dc link 

capacitor through a pulse width modulated voltage source 

inverter with an error proportional gain of unity. Results 
are shown between 17 seconds to 18 seconds for a load 

of 600W and 500VAr. Reactive power varies between -

50VAr to -70VAr. The line current is a distorted 

sinusoidal. Same results are shown in Fig.18 with error 

proportional gain of 0.8. The line current gets a nearly 

sinusoidal shape with an increased frequency of about 

150 Hz. The voltage remains constant at 400 volts. 

Reactive power also increases.   
 

 
Fig.14 The generated voltage, line current, load current, active 

power, reactive power and electromagnetic torque for a rotor 
speed of 1800 rpm for a load of 50Ω and 5mH with C=48µF 

 
 

 
Fig.15 The generated voltage, line current, load current, active 
power, reactive power and electromagnetic torque for a rotor 
speed of 1800 rpm for a load of 50Ω and 5mH with C=100µF 

 
Fig.16 DC link capacitor voltage profile for 48µF at 1800rpm 

 

 
Fig.17 The generated voltage, line current, load current, active 
power, reactive power and electromagnetic torque for a rotor 

speed of 1400 rpm for a load of 600W and 500VAr with dc 
link capacitor of 500µF with unity gain 

 

 
Fig.18 The generated voltage, line current, load current, active 
power, reactive power and electromagnetic torque for a rotor 

speed of 1400 rpm for a load of 600W and 500VAr with dc 
link capacitor of 500µF with 0.8 gain 
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6. Conclusion 

 
This paper discusses the operation of an induction 

machine under standalone generating mode and a 

generating scheme for constant voltage and variable 

frequency by a proportional gain control technique. A 

laboratory test is performed where the induction machine 

is controlled as a self excited induction generator. The 
dynamic analysis of a self excited induction generator is 

done and the effect of rotor speed and excitation 

capacitance is observed. From the simulation and 

experimentation, it is confirmed that as the capacitance is 

increased at a particular speed, voltage builds up faster 

and the magnitude of voltage increases due to availability 

of more VAR. But frequency remains constant. As the 

speed increases at a fixed capacitance, both magnitude 

and frequency of generated voltage increases. The 

capacitive current is limited to a value less than the 

current rating of the induction generator. The effect of 

increased speed and higher capacitance on dynamic 
reactive power variation, voltage and frequency of output 

voltage is also observed. The output voltage is controlled 

to give a constant voltage by a simple scalar dc link 

voltage control scheme. The frequency of the current can 

be controlled by varying the error gain of the discrete PI 

controller. The PWM VSC between generator and dc link 

is also controlled as a static VAr compensator to provide 

VAR to the induction generator. 

 

Appendix A 

 
Induction Machine parameters 

 
Rating of the induction machine 10 hp, 415 V, 14.6 A, 4 

pole, and its parameters are as follows: 

sR 0.6837Ω; rR 0.451Ω; lsX lrX 1.304Ω. 

 

PI Controller Gain Constant 

PK  23;   IK  14. 
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