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ABSTRACT   
An investigation of a three phase solid state voltage regulator (SSVR) control using PWM, reference source current based 
hysteresis current control and one cycle control (OCC) techniques are considered to regulate the voltage and frequency of a 
self-excited induction generator (SEIG) is presented. It is isolated from the grid with two loop (voltage/frequency) control 
supply electricity to the remote communities. In order to solve the above cited problems a D.C. chopper circuit and VSC is 
implemented.  Control of VSC operation controls the reactive power consumed both SEIG and loads there by voltage is 
regulated. A d.c chopper circuit having dump load control the active power generated by the SEIG, therefore frequency is 
maintain constant. Along with frequency control through single point operation of SEIGs driven by wind turbines, the 
electronic controller (EC) comprises with VSC control meets the power quality standard an IEEE- 519 and it keeps the total 
harmonic distortion (THD) of the terminal voltage and generator currents within the limit of 5%. Simulation results are 
presented to demonstrate the capability of proposed controller for an isolated generating system. 
KEYWORDS – SEIG, voltage and frequency regulation, PWM, reference current, one cycle control.

1. INTRODUCTION 
Air pollution and global warming have become serious 
concerns because of increased consumption of the 
fossil fuels. Therefore, there have been many studies 
related to the natural energy generation system 
effective to cope with these problems. The small size 
hydro and wind power generating units are the most 
useful generation systems harnessing this renewable 
energy in remote and isolated areas where grid supply 
is not accessible. The squirrel cage asynchronous 
generator with its least maintenance and simplified 
controller appears to be a good solution for such 
applications. For its simplicity, robustness, and small 
size per generated kilowatt, an asynchronous generator 
is favoured for small hydro and wind power generating 
systems [1-4]. However, the major drawbacks of the 
SEIGs are reactive power consumption and poor 
voltage and frequency regulation under varying loads 
and speed. The traditional methods of reactive volt-
ampere compensation using static VAr compensator 
(SVC) consisting of a switched capacitor or fixed 
capacitor and a phase controlled reactor coupled with 
passive filters are increasingly being replaced by the 
state-of the-art approach, known as STATCOM[5]. 
However the development of static power converter 
has facilitated the control of the output voltage and 
some investigations on voltage and frequency have 
been carried out in the area of renewable energy 
application [6-16] of SEIGs. 

In case of SEIG-based power generating systems, 
if the controller responds is poor during voltage dips, it 
may result in temporary demagnetisation of the SEIG. 
Moreover, the SVC-based voltage regulating schemes 
inject lower order harmonics into the generator 
windings which cause excessive heating and 
subsequent derating of the SEIG. Invention of fast 
acting switches like insulated-gate bipolar transistors 
(IGBTs) and recent advances in reactive power 
compensation methods have replaced SVC with 
voltage source converter (VSC)-based static reactive 
power compensators (STATCOMs). It provides shunt 
compensation in a similar way as the SVC but exhibits 
superior dynamic response and does not inject lower 
order harmonics into the system. One cycle control 
(OCC) technique [17] is implemented in active power 
filter [18], load compensator [19] and voltage regulator 

[20]. The main aim of this investigation is on dynamic 
response of the controller used to regulate the voltage 
and frequency of SEIG. Consequence of that, double 
loop control technique is considered and implemented 
to study the performance of SEIG during static and 
dynamic conditions. Furthermore hysteresis current 
control, reference source current generation and one 
cycle control technique based gating pulse generation 
is used to execute the operations of converter such as 
leading reactive volt-ampere (VAr) or lagging VAr 
generator.  

The system configuration and its operations are 
presented in section-2, modeling of the prosed system 
in section-3, simulated system results presented in 
section- 4. Conclusions presented in section-5. 
2. SYSTEM CONFIGURATION  
Figure 1 shows the schematic diagram of simple 
power system with SEIG as a generator. The proposed 
solid state voltage regulator (SSVR) comprised with a 
three-phase capacitor bank connected in parallel with 
SEIG terminals using a three phase TPST-1 switch 
and the SSVR and the consumer loads are connected 
using the switches TPST-2 and TPST-3 respectively. 
The SSVR consists of a three-phase VSC and DC link 
capacitor. During the load perturbation frequency 
variation of SEIG’s is unavoidable. It is necessary to 
control the active power generated by the generator, 
therefore, a d.c chopper circuit is implemented using 
the switch S is shown in Fig.1.  

 
Fig.1 Schematic diagram of SEIG with load and VSC-

DC chopper 
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2.1. Principle of Operation 
Since SEIG is driven by an unregulated wind turbine 
mechanical power to the SEIG is uncontrollable. As 
soon as the rotor speed of SEIG’s exceeds the rotating 
magnetic field (RMF) speed SEIG generates voltage 
and builds up the voltage because of the excitation 
capacitor bank (TPST-1 is closed). The generated 
voltage and frequency may exceed their rated values 
because of full load capacitance and wind turbine 
speed. It is necessary to control the voltage magnitude 
and frequency.  

The SSVR control the voltage magnitude by 
drawing lagging current (TPST-2 closed). It is true if 
the full load is suddenly thrown off also, SSVR 
controllers will response as per the load perturbations 
(TPST-3 closed). To keep the system frequency 
constant, it is essential to balance the power between 
turbine and SEIG. Therefore, a separate d.c chopper 
control circuit is included along with SSVR, to 
balance the active power generated by the SEIG 
between load and dump load, by controlling the duty 
cycle of the chopper. 

As the system under investigation is an isolated 
system, any sudden load changes may severely affect 
system voltage profile and sometimes may lead to 
demagnetisation of the generator. To avoid those 
voltage fluctuations SSVR employs a voltage control 
unit using a modified control of VSC.            It either 
injects or consumes instantaneous reactive power, 
thus SEIG’s terminal voltage is regulated during 
dynamics of loads. 

The generated SEIG power is constant for this 
investigation moreover further investigation of the 
controller is attempted using the model presented in 
the forthcoming paragraphs.    
3. CONTROL STRADEGY 
Figure 2 illustrates the block diagram of SEIG control 
strategy for a stand-alone mode of operation. It is a 
two loop control. The inner loop controls the SEIGs 
terminal voltage and frequency controlled in outer 
loop. 
3.1. Frequency Control 
The value of the inverter AC voltage can be made 
constant if both the DC voltage and the modulation 
index do not vary. The exceeding power can be 
consumed by a controllable load which is a dumping 
resistance situated in the dc side of the PWM inverter 
enabling the total power supplied by the generator to 
match the sum between the consumer’s loads and 
dump load. 

 
Fig.2. Control stagey block diagram of SEIG 

The estimated source power using sensed terminal 
voltages and source currents is compared with 
reference power (Pr) and error power Per(n) at the nth 
sampling instant is calculated as: 

)1()()()( ngnrncr PPP    

Where )(nrP  is the reference source power and it 

is taken equal to the rated power (1kW) of the SEIG. 
The generated power of the SEIG is estimated as 

   )2(( )
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An increase in Vdc indicates that the electric power 
generated is higher than the power of the ac load 
connected to the generator. Conversely, a decrease in 
Vdc indicates a deficit in the generated power. 

The second-order low-pass filter composed of Lc 
and CE guarantees sinusoidal waveform at the PCC. 
The cut off frequency fc is calculated as follows: 

)3(21 Ecc CLf   

The control is attained by comparing the Pg sample 
with a reference Pr using a summer as shown in Fig.2. 
The error signal Perr is tuned through a PI controller 
should be set to maintain Vdc in an allowable variation 
range, in order to avoid voltage variation (flicker 
effect) in the ac side. The DC resistance is switched 
on when the DC voltage exceeds Vmax and, once 
connected, to be switched off when the dc voltage 
returns to Vmix. Thus, the system’s power balance is 
reduced to the DC capacitor voltage control. 
3.2. Voltage Control 
Figure 3 shows single line diagram of the system in 
on state of voltage regulating mode. A three-phase 
voltage source converter with dc capacitor represented 
as a current source Icon. Figure 4 shows the Phasor 
diagram of Fig.3. 

 
 Fig. 3 single line diagram SEIG supplying power to load  
When the load draws current from the SEIG, the 
terminal voltage V falls below the open circuit voltage 
E. Then the change in voltage V can be written as 

)4(Ls IZVEV   

Where, I - is the load current may be written as 

)5(VjQPI   

 
 Fig. 4 Phasor diagram of SEIG (a) without SSVR (b) 

with SSVR 
From Fig 4(a), if V be the reference voltage, then the 
change in voltage V may be written as:  
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From equation (6), the voltage drop V has a in phase 
component of voltage VR and quadrature to V is Vx 
with respect to the open circuit voltage E. it illustrates 
V depends on both real and reactive power. 

Now a compensator is added in parallel with the 
load. By adjusting the compensator impedance is such 
a way that          |V| = |E| is called load compensation. 
It is emphasized by a reactive compensator alone. 
Therefore the SEIG voltage may be written as 
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Solution of equation (7) gives the values of QSSVR 
required to achieve the condition |V| = |E|. 
By applying the parameters of the proposed system 
and required compensator (Xcom) is obtained as 38.3 
ohms, i.e.1.5 kVAr including the load reactance and 
full load capacitance and change reactance of the 
machine as and when load changes. 

In order to get the required reactance values 
different techniques are compered and are presented 
in the following sections. 
4. CONTROL TECHNIQUES 
4.1.Sinusoidal PWM Pulse Generation  
For the SEIG terminal voltage regulation, the 
controller parameter “m” is controlled by using the PI 
controller, as shown in Fig.5. The input to the PI 
controller is the difference between the set reference 
peak voltage per phase and the measured peak voltage 
per phase. 

 
Fig.5. Sinusoidal PWM pulses generation  

The three-phase SEIG terminal voltage waveforms are 
balanced sinusoidal; hence, the peak value of the 
voltage per phase can be calculated as 

  )8(
3

2 222
cnbnanmV VVV   

From the previous expression, the calculated peak 
voltage is compared with the set reference peak 
voltage. The voltage error at the k th sample is given 
by 

      )9(kmeaslVkrefVkerrV   

The output of the PI controller “m,” at the kth sample 
is expressed as 
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Where “kP” and “kI” is the proportional and integral 
controller 
gain constants. The value of “m” is responsible for 
setting the terminal voltage of the SEIG. A unit 
amplitude sine wave generated at the set reference 
frequency, which has been multiplied by “m,” and 

then, passed on to the PWM pulse generator to 
generate PWM switching states for the inverter 
IGBTs. 
4.2.Reference Source Current Control 
The control algorithm is based on the power balance 
theory. The control algorithm is realized to estimate 
the reference generator currents to control indirectly 
the three - leg SSVR switching. Terminal voltage of 
the SEIG are considered sinusoidal varying and their 
amplitude is obtained as 

)11(
222

3

2
cVbVaVtV   

The unit amplitude of the voltages in phase with Va, 
Vb and Vc are obtained by 
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The unit amplitude of voltage in quadrature with Va, 
Vb and Vc are obtained by using transformation [17] ; 
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4.2.1. Quadrature Component of Reference  Source 
Current 
To obtain the quadrature component of the source 
current, SEIG terminal voltage is update by 
calculating the error voltage as;                

)14(meareferr VVV   

Where, Verr is error voltage between the reference 
terminal voltage Vref and the measured terminal 
voltage Vmea. The error voltage applied to the PI 
controller. Output of the controller current for 
maintaining SEIG terminal voltage constant is 
obtained as 

  )15(**
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Where, Kp and KIa are the proportional and integral 
constant. The quadrature components of the reference 
source currents are obtained as: 

)16(;; ******
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4.2.2. In-Phase Component of Reference Source 
Current 
The DC bus voltage error is updated as: 

)17(dcmeadcredc VfVerrV   

Where, Vdcref is the reference d.c voltage and Vdcins is 
the instantaneous d.c capacitor voltage. To maintain 
the d.c voltage a separate PI controller is used and its 
values are updated as follows: 

  )18(
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Where, Kpd and Kid are the gain of the PI controller. 
From this equation (15), the in-phase reference source 
current obtained as: 

)19(;;
******
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The total reference source currents are obtained by 
adding all the in-phase and quadrature components of 
reference source currents
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4.2.3. PWM Controller

 
The state of the power switches is decided by the 
gating signal applied to the switches that are on/off.  
The reference source current is compared with the 
measured source currents Isa, Isb and Isc. The current 
errors are calculated as: 
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A Proportional integral controller amplifies the error 
signals, and is compared with the ramp signals. 
Output of the comparator is a pulse, and applied to the 
power switches. 
4.3. One cycle Control technique  

Initially, the reference current signal is generated 
using the measured value of load current (IL) and 
SSVR (Icom). Harmonic presents in the load current 
filtered by a low pass filter and added with the 
compensator current. Both currents are applied to the 
PI controller, output of the PI controller multiplied 
and integrated. A high pass filter is used to filter out 
the low order harmonics and added with the load 
current will generates the reference current is shown 
in Fig.6.  

 
Fig.6 One cycle control concept  

Next, the measured dc voltage (Vdc) is compared with 
the reference voltage of 230V results the error signal. 
It is applied to the proportional integral controller. 
Output of the PI controller is integrated by an 
integrator circuit. Output of the integrator is a ramp 
signal. It is compared with the generated reference 
current will generates a pulse. The generated pulse is 
one of the inputs for SR flip-flop and other input is a 
clock pulse which is generated with constant 
frequency of 1 kHz. 
Both inputs are activate the SR flip flop and generate 

two pulses Q and  Q  . These pulses 1g and  4g  are 

gated the same leg IGBT switches 1S and  4S  of the 

SSVR. Thus the remaining switches 3S , 6S , 5S and  

2S are gated by the output of other two SR flip-flops 

namely the gating signals of 

3g , 6g , 5g and 2g respectively with 120 degree 

phase displacement is shown in Fig.7.  

 
Fig.7 One cycle control concept with constant frequency 

switch 
5. SIMULATED RESULTS 

The block diagram of SEIG-SSVR shown in Fig.1 
developed in the MATLAB/Simulink software.  The 
developed model was simulated using the ordinary 
differential equation (ODE) 23s solver. Simulation 

completed over a 10 simulation seconds for the wind 
speed of 12 m/sec. Initially, excitation capacitor bank 
and SSVR connected to the stator terminals of SEIG to 
builds up the voltage at rated value. Load switch is 
closed at 4.5seconds and open at 8 seconds for the 
completed studies. This procedure is repeated for 
PWM pulse generation control, hysteresis current 
control, reference source current control and one cycle 
control techniques. The following paragraph describes 
control outputs in details.  
5.1. PWM based Current Control  

Figure 8 and Figure 9 illustrates the simulated 
voltage and current waveforms of SEIG, SSVR and 
load. The active and reactive power wave forms are 
shown in Figure10 (a) source (d) compensator and its 
extracted waveforms at different intervals are (b), (c), 
(e) & (f). Figure 11 illustrates the active and reactive 
power (a) load (d) dump load and its extracted 
waveforms at different intervals are (b), (c), (e) & (f) 

 
Fig. 8 Voltage waveforms of (a) source (c) compensator 

(e) load and its extracted waveforms (b),(d) & (f)  

 
Fig.9 current waveforms of (a) source (c) compensator 

(e) load and Its extracted waveforms (b), (d) & (f) 
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Fig. 10 Active and reactive power (a) source (d) 

compensator and its extracted waveforms at different 
intervals are (b), (c), (e) & (f) 

 
Fig.11 Active and reactive power (a) load (d) dump load 
and its extracted wave forms at different intervals are 

(b), (c), (e) & (f) 
The harmonics at point of common coupling is shown 
in Fig.12. A total harmonics distortion is around 
0.89%. 

 
Fig.12 Current harmonics at PCC 

  5.2. Referece Source Current based Control 

 
Fig. 13 Voltage waveforms at (a) source (c) compensator  
output (d) load voltage and its extracted waveforms (b), 

(d) & (f) 

The line voltages (Vab, Vbc & Vca) and currents (Iab, Ibc 
& Ica) are shown in Fig, 13 and Fig.14 are sensed at 
source, PCC and load. From the measured PCC 
voltage and current a set of in-phase and quadrature 
unit templates are obtained. 

 
Fig. 14 Current waveforms at (a) source (c) compensator 
output (d) load voltage and its extracted waveforms (b), 

(d) & (f) 
Figure 15 illustrates the voltage waveforms at (a) 
source (c) (compensator output (d) load voltage and 
its extracted waveforms (b), (d) & (f) 

 
Fig. 15 Active and reactive power at (a) source (c) 

compensator output (d) load voltage and its extracted 
waveforms (b), (d) & (f) 

 
Fig. 16 FFT Analysis of current harmonics at PCC 
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The harmonics at point of common coupling is shown 
in Fig.16. A total harmonics distortion is around 
1.31%. 
5.3. One Cycle Control Technique  
The simulated voltage and current wave forms are 
shown in Figure17 and Figure18. 

 
Fig. 17 voltage waveforms of (a) source (c) compensator 

(f) load and its extracted waveforms 

 
Fig. 18 current waveforms of (a) source (c) compensator 

(f) load and its extracted waveforms 
Measured active and reactive power at (a) source (c) 
compensator (f) load and its extracted waveforms are 
illustrated in Figure 19. 

 
Fig. 19 Measured active and reactive power at  (a) 
source (c) compensator (f) load  and its extracted 

waveforms 

The harmonics at point of common coupling is 
shown in Fig.20. A total harmonics distortion is 
around 0.71%. 

 
Fig. 20   FFT analysis of current at compensator 

6. CONCLUSISON 
SEIG operated in standalone mode is a one of the 
solution for remote area power supply. It is necessary 
to regulate the terminal voltage and frequency of 
SEIG operated in standalone generator. Solutions to 
solve these problem different techniques are presented 
in the literature. This work describes the difficulties 
and significant of few techniques such as PWM and 
reference source current control. 

 An attempted to solve the problem is completed 
using one cycle control technique. The results are 
summarized and shown in Table-1. It concludes that 
one cycle control technique is more feasible than the 
other technique. 

Table 1 Comparison of SEIG, voltage regulation 
and frequency control  

Parameters 
Sinusoidal 

PWM 

Reference 
Current 

Generation 
OCC 

V 240.94 246.1 230.2 
F 49.42 49.61 50 

THD of 
Current at PCC 

0.89 1.31 0.71 

PLL Required Not required Not required 
Dynamic 
Response 

Low High Very high 

Among the control techniques, one cycle control 
technique has the following salient features 
 Low total harmonic distortion and unity power 

factor can be achieved by one integrator with 
rest as the several logic and linear components 

 It is simple and reliable 
 No multipliers are required 
 Constant switching frequency which is desirable 

for industry applications 
 Only two switches are operated in high 

frequency and switching losses are less 
compared with PWM pulse generation 
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