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Abstract 
 

The electric energy transmission and distribution characteristic by AC 
current is the real power with reactive power. The control on the 
reactive power of the AC power system has been achieved by the use 
of Flexible alternating transmission system devices like thyristor 
Controlled Reactors (TCR), static synchronous series compensator 
(SSSC), static compensator (STATCOM), and Unified Power Flow 
Controller (UPFC). The sources of VAR have the disadvantages of 
slow response, reduced voltage ampere reactance support in fault 
conditions and High coast of STATCOMs Because of the large DC/AC 
inverters and High levels of energy storage.  
  To overcome these drawbacks, an approach to create STATCOM 
functionality without inverters has been studied. This gives needed 
dynamic Voltage Ampere Reactance support by bidirectional IGBT 
semiconductor switches that are arranged in direct AC to AC structures 
along with voltage ampere reactance (VAR) compensation capacitors. 
The principle of operation for the Inverter Less-STATCOM is 
described by an AC chopper which is kept between the AC line and the 
Voltage Ampere Reactive (VAR) capacitor to provide the desired 
VAR required. This is explained with the help of C-buck and C-boost 
cell configuration in the paper. 

 
1. Introduction 
The STATCOMs generally provide well behaved harmonic compensation that is not 
susceptible to nearby capacitor banks and does not easily excite resonances. But the 
level of market penetration continues to be small due to cost. The high switching 
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frequencies required and the substantial energy storage needed, result in high cost and 
poor reliability. Conventional sources which provide Voltage Ampere Reactance, such 
as capacitor banks and generators are too slow to give the desired impact. Static 
Compensator (SVC) is faster, responding in half to one cycle, but offers reduced 
voltage ampere reactor support under fault conditions. STATCOMs are faster, which 
allow dynamic control, but are much costly as they require large DC/AC inverters and 
significantly high levels of energy storage.  

A full-scale Inverter Less-STATCOM from C-buck and/or C-boost cells can be 
implemented using a certain number of paralleled low voltage AC chopper modules 
configured in buck or boost mode as required. In this paper work, five series stacked 
C-buck cell are used for single phase to implement a full scale Inverter Less- 
STATCOM with each cell operating under ‘Voltage Quadrature Source’ modulation 
control strategy for reactive power compensation. 

 
1.1 Dual virtual quadrature sources          
To achieve both node voltage and branch current control, we need to control both the 
amplitude and the phase angle of the voltage. The methods for achieving such control 
involve phase-angle regulators, transformers with cross-coupled phases and tapped 
windings that are used to provide the desired amplitude and phase. This is expensive 
approach, and has some problematic faults modes that can not provide dynamic 
response. The ‘VQS’ concept have mathematic analysis as given in reference [24] is 
simulated in MATLAB.  

 

 

Fig. 1 Fig. 2 Fig. 3 
 
The output voltage across the bridge and input voltage waveform are shown in 

figure (3) as figure (1) is simulated to verify voltage quadrature source concept [24] in 
simulink of MATLAB using the figure (2) block set. The Duty cycle used in the 
simulation is chosen constant D = 0.7 that gives the output voltage as Vo = 0.7ൈ100 = 
70V. Thus we conclude that the magnitude of the output voltage of an AC chopper 
circuit can be varied by the duty cycle ‘D’. As when switch S1 is on and S2 is off the 
Vo achieves maximum value and the inductor current IL increases, now when S1 is off 
and S2 is on the Vo decreases to zero and the inductor current IL decreases. 
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1.2 buck and C-boost cell  
AC converter can be used with capacitor to realize dynamically controllable ‘Voltage 
Ampere Reactance’ as an AC chopper is inserted between the AC line and the 
capacitor ‘C’, which is controlled with a constant duty cycle ‘D’ at a relatively high 
switching frequency ‘fsw’. Higher switching frequency components are filtered by ‘Lf’ 
and ‘Cf’. The switches are operated by duty cycle ‘D’ and ‘(1-D)’ as shown in figure 
(4). At a duty cycle ‘D’, the effective net capacitive impedance on the output is seen to 
be (D.Xc). The capacitive ‘Voltage Ampere Reactance’ drawn can be varied from zero 
to the maximum nominal value [22]. ‘D’ can be varied with even harmonic modulation 
(VQS) to realize harmonic distortion suppression functions [24]. Figure (4) shows that 
the capacitance can be increased by configuring the ‘boost AC cell’. As ‘D’ is varied, 
the net capacitive impedance of the C-boost cell looks like ‘C/ (1–D).Xc’, where ‘C’ 
can be varied between 0 and ‘D’. The configuration of the C-buck and C-boost cell is 
described with their working which is verified by the simulation results.  

 

 
Fig. 4: (C-buck cell block 2)            Fig. 5: (C-boost cell block 2) 

 
The figure (4) and (5) shows buck and boost cell respectively. In both the C-buck 

and C-boost cell the voltage across the capacitor can be varied in a buck and boost 
mode. This can be understood with the help of simulation. The simulation of the C-
buck cell configuration is given in figure (6) and the C-boost cell circuit configuration 
is given in figure (7). 

 

Fig. 6: Buck cell circuit  
 

Fig. 7: Boost cell circuit 
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The switching pulses for switch S1 and S2 are generated by the ‘PWM’ bock shown 
in figure (6) & (7). These pulses are given to S1 and S2 switch by the ‘GOTO’ and 
‘FROM’ blocks. Signal generator block gives the sinusoidal wave with 50 Hz 
frequency and compared with unipolar triangular wave having 50 KHz frequency. The 
2-level sine wave PWM generator is used to generate pulses for S1 and S2 which 
having opposite polarity. The amplitude modulation index used in buck cell and boost 
cell is (0.2,0.4,0.6 & 0.8) and 0.22 respectively. The resulted waveforms are shown in 
the figure (8) & (9). 

 
 

 

Fig. 8: Variation of magnitude 
according to duty cycle in C-buck cell)   

 

 

Fig. 9: Resulted waveform of C-boost cell
 

From the results, the behaviour of the C-buck cell is obtained as the output 
capacitive voltage is less than the input voltage and can be increased to the maximum 
value of the input voltage. Now this can be understood by taking the different values of 
the duty cycle in each half period of the input voltage as given in the figure (8). Here 
four values of the duty cycle are taken in each half period of the input voltage. The 
value of the different duty cycle is indicated in each half period such as D= (0.2, 0.4, 
0.6, and 0.8). Now we can see that the output voltage is never exceeds the input 
voltage and the magnitude is varied according to increment in the duty cycle. The 
figure (9) shows the C-boost operation, where the value of the output capacitive 
voltage is higher than the input voltage and the equivalent capacitance at the input side 
is accordingly varied. The output voltage and the input voltage are indicated by the 
arrows in the figure (9).  From the analysis of buck-boost cell we find that the buck 
output capacitance can be equal to ‘D.C’ and the boost output capacitance can be 
calculated as ‘C/(1–D)’. Here ‘D’ has limit to (0  D  1). The figure (8) explained 
that how the magnitude of the output voltage of the buck cell can be varied by taking 
different values of the duty cycle. 
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2. System Consideration 
Implementation of a full-scale IL-STATCOM of 17 KVA rating is done with C-buck 
cell configuration and simulated by using the ‘Voltage Quadrature Source’ even 
harmonic modulation technique. The three phase system with non linear load is 
simulated in MATLAB given in figure (10). Where the C-buck controller is connected 
between the two buses ‘B1’ & ‘B2’, these buses is used to measure the instantaneous 
value of current and voltage. The C-buck controller is a shunt compensator which is 
used to supply the reactive power to improve the voltage profile of the system. The C-
buck controller has five C-buck cell per phase and each C-buck cell provide the 
dynamic ‘Voltage Ampere Reactance’ support to the line as the reactance of the C-
buck cell can be varied dynamically with ‘VQS’ modulation technique [24]. The three 
phase breaker in figure (10) is used to connect C-buck controller after the 0.1 sec delay 
for analysis and to observe the effect of the C-buck cell controller on system voltage. 

Parameters of C-buck cell controller:-  Cf=5µF, Lf=1mH, R1=10Ω, Cbuck=5µF, 
Snubber resistance R=1KΩ Forward voltage V=1V,  Ron=0.01, Bidirectional switches 
are S1,S2, Current and voltage measurement blocks= CM,VM. 

Carrier frequency in PWM block =15KHz 
Cf=5µF, Lf=1mH, R1=10Ω, Cbuck=5µF, Snubber resistance R=1KΩ Forward 

voltage V=1V,  Ron=0.01, Bidirectional switches are S1,S2, Current and voltage 
measurement blocks= CM,VM. 

 

 
 

Fig. 10: Full IL-STATCOM circuit. 
 

Fig. 11: 5-buck cell per phase. 
 

 
C-buck cell parameters;- AC voltage source Vs(peak)=600V, Carrier frequency  

=15KHz, Source frequency fs=50Hz, Rs=25 m Ω, Ls=1m H,Rl=50Ω, Ll=50mH 
 



Vivek Kumar 

 

108

 
Fig. 12: C-Buck Cell. 

 
3. Results 
The carrier frequency used in discrete ‘PWM’ generator is 15 KHz, which is compared 
with instantaneously generated sinusoidal waveform to obtain variable duty cycle for 
C-buck cell controller. The generated three trigging pulses for three phase system are 
applied to the C-buck cell controller. The switching variation in C-buck cell voltage 
causes to generator injection current. This injection current is used to improve the 
voltage profile of the system and to remove the distortion of the line current and 
voltage due to the nonlinear load as shown in figure (13) and (14) respectively. 

 

 
 

Fig. 13: Effect of C-buck controller on 
input current.                         

 
Fig. 14: Effect of C-buck controller on 

input voltage. 
 
The distortion in the line voltage as well as in line current which can be measured 

by the Total harmonic distortion (THD) obtained by Fast Fourier transform (FFT) 
analysis for input current and input voltage respectively. That gives the 21.29% THD 
in line current and 11.47% THD in the line voltage. The FFT analysis is achieved by 
the ‘SIMOUT’ block in the MATLAB tools. 
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Fig. 15: FFT analysis of distortionless 
input current.                    

Fig. 16: FFT analysis of distortionless 
input voltage. 

 
The THD in the input current and voltage is reduced by the C-buck controller by 

removing the significant distortion. The current THD is reduced to 3.52% and the 
voltage THD is reduced to 3.35% as shown in the figure (15) & (16) respectively. The 
fundamental frequency in all FFT analysis is taken to be 50 Hz. Using Labels within 
Figures. 

 
4. Conclusion 
The IL-STATCOM is implemented with the C-buck cells using ‘VQS’ modulation 
technique. The capacitors used in C-buck of IL-STATCOM are the compensating 
capacitor, which are used to provide the dynamic reactive power compensation and 
hence behaves as a reactive power compensating device like STATCOM without 
inverter. The IL-STATCOM consisting shunt VAR compensation capacitors coupled 
with IGBTs configured into direct AC converters (C-buck, C-boost cell) allows 
dynamic VAR control and harmonic isolation functions in the system by using VQS-
PWM technique. The stacking of C-buck cells controller is used to obtain higher 
voltage levels and it shows good controllability to provide a good voltage balancing 
function. The IL-STATCOM presents higher-performance than SVCs, and lower cost 
than existing STATCOM designs by removing energy storing devices like inverter. 
The main attribute of IL-STATCOM is, removal of energy storing devices, which 
reduced the size and cost of the system where as in the conventional methods, the 
energy storing devices increases the size and cost of the system. In achieving 
regulation of the capacitor voltage, some of the FACTS devices causes the complexity 
in the system, but in the case of IL-STATCOM there is no requirement of regulation 
and therefore reduces complexity in the system. 

 
 



Vivek Kumar 

 

110

REFERENCES 
 

[1] S. Bhattacharya, D. M. Divan, B. Banerjee, “ Active Filter Implementation”, 
IEEE  Industry Applications Magazine, Sept-Oct 1998, Vol. 4, Issue 5, pp.47-
63. 

[2] D. M. Divan, S. Bhattacharya, B. Banerjee, “Synchronous Frame Harmonic 
Isolator Using Active Series Filter”, Everyday Practical Electronics (EPE) 
Magazine 1991, pp.30-35. 

[3] Po-Tai Cheng, S. Bhattacharya, D. Divan, “ Operation of the dominant active 
filter under realistic utility conditions”, IEEE Transactions on Industry 
Applications, July-Aug 2001, Vol. 37,Issue 4, pp.1037-1044. 

[4] Deepak.Divan, Jyoti Sastry, “Voltage Synthesis Using Dual Virtual 
Quadrature Sources-A New Concept in AC Power Conversion”, IEEE Power 
Electronics Specialist Conference (PESC), June 2007, pp.2678-2684. 

[5] Rashid M.H, “Power electronics, circuits, devices, and applications”, third 
edition, pearson education, low price edition (LPE). 

[6] M. Noroozian, and C.W. Taylor, “Benefits of SVC and STATCOM for Electric 
Utility Application”,IEEE Transmission and Distribution Conference 
2003,Vol.3,pp.1143-1150. 

[7] Gyugyi L, “Power electronics in electric utilities: static VAR compensators”, 
IEEE Transactions on Power utilities, April 1988, Vol. 76, pp.483-494 

[8] Gyugyi L, “Reactive Power Generation and Control by Thyristor  
Circuits”,IEEE transactions on industry applications, September/October1979, 
Vol. 15, pp.521-531. 

[9] S E Haque, N H Malik, W'Shepherd Sen, “operation of a fixed capacitor-
thyritor controlled reactor (FC-TCR) power factor compensator”, IEEE 
Transactions on Power Apparatus and Systems, June 1985,Vol.104, pp.1385-
1391. 

[10] Laszlo Gyugyi, “Reactive Power Generation and Control by Thyristor 
Circuits”,IEEE Transactions on industry applications, October 1979, Vol. 5, 
pp.969-979. 

[11] Adapa, M. H. Baker, L. Bohmann K. Clark, “Proposed terms and definitions 
for Flexible AC Transmission System”, IEEE Transactions on Power Delivery, 
October 1997, Vol.12, pp.1848-1854. 

[12] Kalyan K. Sen, “SSSC - Static Synchronous Series Compensator:Theory, 
Modeling, and Applications”,IEEE Transactions on Power 
Delivery,January1998,Vol.13,pp.1410-1417. 

[13] K.M. Sze, L.A. Snider, T.S. Chung, K.W. Chan, “Applications of PWM based 
static synchronous series compensator (SSSC) to enhance transient stability of 
power system”, Proceedings of the 6th International Conference on Advances 
in Power System Control, Hong Kong, November2003, Vol.1, pp.409-413. 



An Approach to Inverter-less STATCOM by Using Dual Virtual Quadrature 111 

 

[14] J Nitish Saraf, P. H. Schavemaker, L. vander Sluis, “A Model of the Static 
Synchronous Series Compensator for the Real Time Digital Simulator” IEEE 
Transactions on Power Delivery, January 1997,Vol. 12, pp.6-12 

[15] V.K.Chandrakar, A.G.Kothari, “RBFN based Static Synchronous Series 
Compensator (SSSC) for Transient Stability improvement”, IEEE 
International conference on automation, robotics control and vision 
(ICARCV) 2006, pp.1-7 

[16]  Edvina Uzunovic, Claudio A. Ca~nizares, John Reeve, “Fundamental 
Frequency Model of Static Synchronous Compensator”, North American 
Power Symposium (NAPS), Laramie, Wyoming, October 1997, pp. 49-54 

[17] J. D. Ainsworth , M. Davies , P. J. Fitz , K. E. Owen , D. R. trainer ,“Static 
VAR compensator (STATCOM) based on single phase chain circuit 
converters”. IEEE proceeding Generation Transmission Distribution, July 
1998, Vol. 145, pp.381-386. 

[18] G´eza Jo´os, Jos´e R. Espinoza, “Three-Phase Series VAR Compensation 
Based on a Voltage-Controlled Current Source Inverter with Supplemental 
Modulation Index Control”, IEEE Transactions on power 
electronics,MAY1999, Vol. 14, pp.587- 598. 

[19] J.D Ainsworth, M. Davies, P. J. Fitz, K. E. Owen, D. R. Trainer, “ Static VAR 
compensator (STATCOM) based on single-phase chain circuit converters”, 
IEEE Transactions on Power Apparatus and Systems, July 1998, Vol. 145, pp. 
381-386. 

[20] Kalyan K Sen, “STATCOM - Static synchronous compensator: Theory, 
Modeling and Applications”, IEEE Westinghouse Electric Corporation 1998, 
Vol.2, pp.1177- 1183. 

[21] Subhashish Bhattacharya, Zhengping Xi“A Practical Operation Strategy fo 
STATCOM under Single Line to Ground Faults in the Power System”, 
IEEE Power Electronics Specialists Conference (PESC) 2006, pp.877-883.  

[22] Deepak Divan, Jyoti Sastry, “Inverter-less STATCOMs”, IEEE Power 
Electronics Specialists Conference (PESC) 2008, pp.1372-1377. 

[23] Deepak Divan,Jyoti Sastry, “Inverter-less Active Filter-A New Concept in 
Harmonic and VAR Compensation”, IEEE Power Electronics Specialists 
Conference (PESC) 2007,pp.2926-2932. 

[24] Deepak. Divan, Jyoti Sastry , “Voltage Synthesis Using Dual Virtual 
Quadrature Sources- A New Concept in AC Power Conversion”, IEEE Power 
Electronics Specialists Conference (PESC), June 2007,pp.2678-2684. 

[25] L.T Mohan,“Analysis and Design of a Three-phase Synchronous Solid-state 
VAR Compensator”, IEEE transaction on industry applications, Aug1989, 
Vol.25,pp.598-608. 

[26] Haroon I. Yunus and Richard M. Bass, “comparison of VSI and CSI 
topologies for single phase active power filters”, IEEE Power Electronics 
Specialists Conference (PESC), Vol.2, pp.1892-1898. 



Vivek Kumar 

 

112

[27] Deepak Divan, Jyoti Sastry, Anish Prasai, Harjeet Johal , “Thin AC 
Converters–A New Approach to Making Grid Assets Smart and Controllable”, 
IEEE Power Electronics Specialists Conference (PESC) 2008, pp.1695-
1701. 

[28] Deepak Divan, Jyoti Sastry , “Controllable Network Transformers”, IEEE 
Power Electronics Specialists Conference (PESC) 2008, pp.2340-2345. 

[29] NBndor Burlny, “safe control of four-quadrant switches”, IEEE industry 
applications society annual meeting, conference1989, pp.1190-1194. 

[30] A.S. Mehraban, M. Rahman, L. Gyugyi, S. Arabi, T. Reitman, “ Controlling 
the flow of real and reactive power”, IEEE Computer Applications in Power 
electronics, Jan 1998, Vol. 11, pp.20-25. 

[31] Hideaki F'ujita, Shinji Tominaga, Hirofumi Okayama, “Analysis and Design 
of an Advanced Static VAR compensator Using Quad- Series Voltage- 
Source”, IEEE industry applications conference1995, Volume.3, pp. 2565-
2572.   


