
 

 

 

 

       

 

                                                                                                      ISSN: 2456-1134 www.isjcresm.com 

                                                                                                         Vol-05 Issue-01 May 2020 

 

1 

 

ILxc 

ILxb 

Three phase 

balanced/ 

unbalanced 

Linear/non-linear 

load 

 

          Applying SRF Theory to the Simulation of a Three-Phase Four-Wire System 
 

Santhosh ,Anusha 

Department of EX 

Oriental Institute of Science & Technology Bhopal, MP, India 

Dr. Mounikaa 
Department of EX 

Oriental Institute of Science & Technology Bhopal, MP, India 
 

 
 

Abstract— Switching components have a significant effect on electrical demand as the power sector develops. All of these things 

deform lines, which raises line losses, lowers power quality, and makes sin waves less pure. A DC coupling capacitor and 

DSTATCOM's voltage source converter (VSC) operate in a back-to-back manner. Injecting power from the VSC and generating the 

reference current are both done at the point of common coupling (PCC) using the synchronous reference frame control method. T he 

PI controller isolates the harmonic components from the reference current, compares the reference to the real current, and th en 

adjusts the pulse width to regulate VSC. The method being suggested is based on the idea of using MATLAB software for 

simulation purposes. With the use of Fourier transform (FFT) analysis The measurement of line current's total harmonic distor tion 

(THD) is possible.  
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capacitor. 

(b) Neutral current compensation 

(c) Load balancing 

(d) Perform under non-sinusoidal supply condition. 

(e) Indirect current compensation. 

 

 
SYSTEM DESCRIPTION 

The system represents a three phase four wire system 

main components of system are Source followed by a VI 

measurement, nonlinear load for balance and unbalanced 

system and there is a DSTATCOM connected in parallel 

for which gating signals are provided by the pulse generator 

also including subcomponents as, Voltage source inverter, 

DC link capacitor, Reference current generator and 

Current Controller shown in Fig1. 

 

INTRODUCTION: 

 
A unit vector control technique requires only two 

feedback 

sensors for source voltages (Vsxa, Vsxb and Vsxc ), one 

feedback sensor for dc bus voltage (Vdcl) , one  feedback 

sensor for source currents(isxa, isxb and ixsc ), and last 

sensor for the third phase voltage Vsxc [-(Vsxa+Vsxb )] & 

current isc [- (isxa, +isxb )]. 

 

The main feature of unit based template control technique is to reduce number of feedback sensors which will improve performance of 

DSTATCOM, It is the effective solution to mitigate harmonics, load unbalancing, power factor correction, reactive power control and 

neutral current compensation [7]. 
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III. RESULTS AND DISCUSSION 

Vdcle  = Vdcl∗  − Vdcl (10) 

Vtte = Vtt∗ − Vtt (11) 

 
Vdc∗and Vdc are the reference voltage and actual voltage of DC bus and Vt and Vt∗ are amplitude of PCC voltage and the reference   

voltage   at    PCC    respectively.Vdcle  is error in DC bus voltage, Vtte is error in amplitude of the PCC voltage PI controllers output 

corresponds to required current for self 

supporting DC bus and voltage regulation at PCC as: 

 

Iccd  = Kpd Vdcle + Kid  ∫ Vdcle dt (12) 

Iccq  = Kpq Vtte + Kiq  ∫ Vtt dt (13) 

Kpq and Kiq are the proportional and integral gains of the PI controller over the PCC voltage, Kpd and Kid are the proportional and  

integral gains  of the PI controller over the DC bus voltage, the SRF control theory is based on the transformation of currents in 

synchronously rotating three to two dimensional frame d-q frame. The desired source current in d-q frame are obtain as, 

 
𝐼𝑠𝑥𝑑 ∗= 𝐼𝐿𝑑𝑑𝑐𝑙 +𝐼𝑐𝑐𝑑 (14) 
𝐼𝑠𝑥𝑞 ∗  =  𝐼𝐿𝑞𝑑𝑐𝑙  + 𝐼𝑐𝑐𝑞 (15) 

 
Where 𝐼𝑠𝑥𝑑∗  and 𝐼𝑠𝑥𝑞∗  are estimated dc components of active and reactive component of reference Source currents in d-q frame. 𝐼𝑐𝑐𝑞      

and 𝐼𝑐𝑐𝑑       are the output results of the DC voltage of Proportional integral controller and AC voltage PI 
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(a) Output waveform analysis of SRF based DSTATCOM with balance linear load for the compensation of harmonic 

components 

 
Under balanced system timings of circuit breakers are identical to each other also the load must having identical load parameters. 

 

Fig.4 The performance analysis for linear balance load 
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It is observed that the at time t=0 to t=0.1 sec the DSTATCOM is switched OFF the source current is out of phase with source 

voltage and distorted at time t=0.1sec the DSTATCOM is switched ON the source current is setting down at time t=0.3 sec and in 

phase with the source voltage as we desired ideally. 
 

 
 

Fig.5 THD analysis 

 
Fig.5 shows the harmonic distortion study of supply current before compensation the THD was 23.57% which is insupportable hence 

the harmonic distortion analysis of supply current after compensation the THD was 5.04%. 

 
(b) Results analysis of SRF based DSTATCOM with unbalance linear load for load balancing and neutral current 

compensation 
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Fig.6 
The performance analysis for linear unbalance load 

It is found that at t=0 to t=0.1sec when the controller was 

off the source voltage and  current are out of phase. Fig.6 

shows the performance analysis for unbalanced linear 

load. This figure shows that at t=0.1sec when the 

controller was on the source current settled down in phase 

at t=0.3sec. Fig. 7 shows the FFT analysis for unbalanced 

nonlinear load, The THD was 23.57% which is intolerable 

hence the harmonic distortion analysis of supply current 

after compensation. The THD was 5.17%. 

 

Fig.7 THD analysis 

 
      CONCLUSION 

 

A innovative control scheme based on 

synchronous reference frame (SRF) 

theory had been used for the four-leg 

DSTATCOM for three-phase four-wire 

distribution system to improve the 

performance under Balanced/ 

unbalanced linear load condition. The 

model was developed using Simulink 

and Sim Power System toolbox. The 

simulation was performed for balanced 

unbalance linear loads. It was seen that 

before the compensation for current 

was provided, the current and the 

voltage waveforms were out of phase 

not a pure sine wave . The SRF based 

DSTATCOM  was  connected in the 

system, the compensation for current 

was provided, and making the current 

and voltage waveforms in phase and 

make approximate sinusoidal 

waveform. The following objectives 

have been successfully achieved. 
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APPENDIX 

 
Table I-: Simulink performance parameters 

param 

eter 

Unit lanced linear  
load 

balanced linear  
load 

Vs Volts 600 600 

Is Ampere 25 25 

Vdcl 
Volts 630 630 

Vtt 
Volts 585 585 

ILX 
Ampere 14 14 

ILN 
Ampere 4 4 

ISN 
Ampere 2 2 

ICN 
Ampere 4 4 

ICC 
Ampere 25 25 

Thd % 4.97 5.17 

 
Three phase supply voltage=415V, 50Hz. Supply Impedance: Rs=0.01Ω, Ls=1mH 

Unbalanced/ Balanced Non-Linear loads: Three single phase diode bridge rectifier R=25Ω and L=8mH 

DC bus Capacitor Cdc=4000 μF 

DC bus PI Controller: Kp = 0.10, Ki = 0.1 

Low pass filter :25Khz pf:0.707 
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