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ABSTRACT: Induction generators are increasingly being used in non conventional energy systems. The self excited 

induction generators has some drawbacks such as poor voltage regulation, it requires reactive power source and while 

connecting non-linear loads the harmonics are injected. When single phase loads are connected to three-phase SEIG it 

cause unbalance in source current. The three-phase static synchronous compensator (STATCOM) connected at the 

point of common coupling (PCC) to compensate the unbalance current and to eliminate the harmonics. The hysteresis 

based control algorithm is used to generate the switching pulses to the STATCOM. The fuzzy controller is used instead 

of PI controller. The fuzzy logic controller gives better performance than conventional PI controller. This method is 

simulated using MATLAB/SIMULINK software. The simulated results shows that SEIG terminal voltage is 

maintained constant even with unbalanced loads using STATCOM based voltage regulation. 

KEYWORDS: Self Excited Induction Generator (SEIG); single-phase synchronous D-Q frame theory; Static 

Synchronous Compensator (STATCOM). 
 

 

І.INTRODUCTION 

 

In remote areas, plenty of non-conventional energy sources are available. These non-conventional energy sources 

are used as prime input for the generating systems. Externally driven induction machine operates as a self-excited 

induction generator (SEIG) with its excitation requirements being met by a capacitor bank connected across its 

terminals. The SEIG has advantages like simplicity, maintenance free, absence of DC, brushless etc. as compare to the 

conventional synchronous generator. 

 

Self-excitation phenomenon in induction machines although known for more than a half century. This induction 

generator is self excited by a suitable capacitor banks across the terminals. This phenomenon is known as capacitor 

self-excitation and the induction generator is called a “SEIG” [2]. A major disadvantage of SEIG is its poor voltage 

regulation requires a variable capacitance bank to maintain constant terminal voltage under varying loads. 

Attempts have been made to maintain constant terminal voltage by using passive elements [5], short –shunt [6] and 

long -shunt method for a three-phase SEIG [7]. fixed capacitor and thyristor-controlled inductor known as static var 

compensator (SVC) [10] for voltage compensation. By the invention of solid-state self-commutating devices, it is 

possible to make a static, noiseless voltage regulator, which can provide continuously variable reactive power to the 

SEIG with varying load to keep terminal voltage constant. This system called STATCOM has specific benefits 

compared to SVC [12], Schauder and Mehta [13] have derived governing equations of STATCOM to determine the 

response of the STATCOM.  
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In this paper, the single phase linear and non-linear loads are connected to the three-phase SEIG which cause 

unbalance current and draws non-sinusoidal current due to non-linearity of load which injects harmonics into the 

system. The STATCOM is introduced to eliminates the harmonics, provides load balancing and supplies the reactive 

power and feeding single-phase loads using a three-phase SEIG without de-rating the machine. The transient analysis 

of the SEIG-STATCOM system under balanced/ unbalanced single-phase linear and non-linear loads and simulated 

results show that the SEIG-STATCOM system behaves an ideal supply under these unbalanced loads. 

 

II. SELF EXCITED INDUCTION GENERATOR (SEIG) 

Induction generator 

The induction generators offer advantages over synchronous machines, resulting in a simplified installation with 
economy in first cost and in operating and maintenance expenses. The attractive feature of the induction generator is 
simplicity of operation. 

Process of self excitation 

When an induction machine is driven at a speed greater than the synchronous speed then there will be negative 

slip. By means of an external prime mover, the direction of induced torque is reversed and it starts working as an 

induction generator. When the slip is negative then the induction machine draws a current, which lags the voltage by 

more than 90. This means that real power flows out of the machine but the machine needs the reactive power. To build 

up voltage across the generator terminals, excitations must be provided by two modes (i.e., grid connected and isolated 

mode). In case of a grid-connected mode, the induction generator can draw reactive power either from the grid but it 

will place a burden on the grid For an isolated mode, there must be a suitable capacitor bank connected across the 

generator terminals. This phenomenon is known as capacitor self-excitation and the induction generator is called a 

“SEIG.”  

 

 
Figure 1: self excitation of induction generator 

 

III. STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 

 
 The static synchronous compensator is a shunt-connected reactive power compensation device which provides 
voltage support by generating or absorbing reactive power at the point of common coupling without the need of large 
external reactors or capacitor banks. 

Modelling of control scheme of STATCOM 

The control scheme of STATCOM is based on “bang-bang controller”. This controller uses a hysteresis current 

control technique with fuzzy logic controller. The control scheme for generating the switching signals to the 

STATCOM as shown in figure 2. The control algorithm needs the measurements of variables such as three-phase 

source current, DC voltage, inverter current. The current control block receives an input of reference current and actual 

current are subtracted to activate the operation of STATCOM in current control mode. 
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Figure 2: Block diagram of hysteresis current control technique 

 

In three-phase balance system, the RMS voltage source amplitude is calculated at the sampling frequency 

from the source phase voltage (Vsa ,Vsb ,Vsc) and is expressed, as sample template Vsm, sampled peak voltage, as,  
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The in-phase unit vectors are obtained from AC source phase voltage and the RMS value of unit vector as, 
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The in-phase generated reference currents are derived using in-phase unit voltage template as,  
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Where I is proportional to magnitude of filtered source voltage for respective phases. This ensures that the source 

current is controlled to be sinusoidal. The unit vectors implement the important function in the grid connection for the 

synchronization for STATCOM. This method is simple, robust and favourable as compared with other methods. 

The switching function for phase ‗a„ is expressed as 

                                                                 isa
< (isa

*
-- HB) Sa = 0                                                                           (4)                                                                   

                                                                 isa
> (isa

*
-- HB) Sa = 1                                                                           (5)                                                                  

 

Where HB is a hysteresis current-band, similarly the switching function can be derived for phases b and c. 

1) Hysteresis controller with PI voltage regulator 

The STATCOM controller for SEIG voltage regulation and harmonic suppression with voltage regulator is of 

proportional plus integral type as shown in figure 3. 
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Figure 3: STATCOM model with PI – Voltage Regulator block diagram 

 

2) Hysteresis controller with Fuzzy logic  

The fuzzy logic controller is fed by one input that is voltage error. This gives the reactive source current to the 

system as shown in figure 4. 

 

 
Figure 4: STATCOM model with Fuzzy- Voltage Regulator block diagram 

IV. SYSTEM CONFIGURATION AND PRINCIPLE OF OPERATION 

 

The schematic block diagram of SEIG with excitation capacitor, STATCOM, load and voltage reference based 

control scheme is shown in Figure 5. The system consists of an SEIG driven by renewable energy-based prime mover. 

The single-phase consumer loads are connected across “a” and “c” phases of the SEIG. The STATCOM is connected at 

point of common coupling (PCC). The hysteresis control algorithm can be modulated for generating switching pulses 

to the STATCOM. The out-coming signals from the SEIG are the three-phase AC voltages.  
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Figure 5: Block diagram of SEIG-STATCOM model 

 

The STATCOM is employed to compensate the unbalanced currents caused by single-phase loads that are 

connected across the two terminals of the three-phase SEIG. Therefore, the SEIG is capable of feeding single-phase 

loads up to its rated power. The STATCOM acts as a source of lagging or leading current to maintain the constant 

terminal voltage with variation in load. Moreover, the STATCOM suppresses harmonics injected by nonlinear loads 

and provides load balancing while feeding single-phase loads. The STATCOM consists of a two- level, three-phase 

IGBT based current controlled voltage source inverter and DC bus capacitor.  

For simulation a 3.7-kW, 230-V, 50-Hz, Y-connected induction generator has been used to investigate the 

performance while feeding single-phase loads. A Δ-connected 4-kVAR capacitor bank is connected across the 

induction generator terminals to provide self-excitation and a induction motor having 3.7-kW, 415-V, 50-Hz, Y-

connected is used to drive the SEIG. A three-phase two-level IGBT based VSI has been used as the STATCOM. The 

STATCOM is connected across the PCC through filter inductors. Both linear and nonlinear loads are considered for 

testing the system. A single-phase uncontrolled diode bridge rectifier feeding a series R-L load is used as a nonlinear 

load. 

V. RESULTS AND DISCUSSION 

 
The three-phase self excited induction generator feeding single-phase linear and non-linear loads with 

STATCOM is simulated using MATLAB/simulink software as shown in figure 6. While connecting single phase loads 

the THD value of the source current using FFT analysis without STATCOM are shown in figure 7. 

 
Figure 6: simulink model of SEIG-STATCOM 
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Figure 7: FFT analysis of source current waveform without STATCOM 

 

The compensating currents are generated as using the STATCOM to balance the unbalanced current caused by 

single phase loads and to reduce harmonics. The switching pulse generated is given to the three-phase two level IGBT 

based voltage source inverter. STATCOM absorbs or generate reactive power and in which the output can be varied to 

control the specific parameters of an electric power system. Figure 8 shows the compensating currents at the point of 

common coupling. The icoma, icomb, icomc are the compensating current to regulate the terminal voltage of the SEIG. 

The PCC voltage is found very stable and well regulated during the load perturbation. After the compensating currents 

the source current is balanced in the system. Figure 9 shows the source current and voltage after compensation.  

 

 

Figure 8: compensating current 

 

Figure 9:source voltage and current after compensation 
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The figure 7 and 10 shows the harmonic suppression from 26.92% to 2.92% when connecting STATCOM 

controller with PI. The figure 11 shows the THD value of source current from the FFT analysis with FLC based 

STATCOM, it is observed that the THD of the source current waveform of the test system with FLC based STATCOM 

is 1.42 %. Thus, it is observed that there is a further reduction in the THD value of the source current waveform. 

 

 
Figure 10: FFT analysis of source current waveform with PI  based STATCOM 

 

 
Figure 11: FFT analysis of source current waveform with FLC based STATCOM 

VI. CONCLUSION 

 
The proposed method of feeding single-phase loads from a three-phase SEIG with STATCOM combination 

has been tested, and it has been proved that the SEIG is able to feed single-phase loads up to its rated capacity. 

Hysteresis based Fuzzy controller of a three-phase STATCOM has been proposed, discussed, and experimentally 

implemented for current balancing of the SEIG system. From the simulated results, it is found that SEIG terminal 

voltage remains constant and sinusoidal feeding the three-phase or single-phase rectifiers with R and R-L loads. The 

proposed FLC based STATCOM have improved the power quality of source current significantly by reducing the THD 

from 26.92% to1.42 %. It is clearly presented that STATCOM with FLC gives better performance than STATCOM 

with conventional PI controller. Therefore, it is concluded that STATCOM acts as voltage regulator, load balancer and 

also harmonic eliminator. 
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