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B. D-Statcom 
It is a custom power device which is employed to eliminate the harmonics from the source currents and also balance them in 
addition to providing reactive power Injection to regulate the load bus voltage or improve power factor. 
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Figure 2: D-STATCOM 

C. DVR (Dynamic Voltage Restorer) 
A DVR is a device which can work as a harmonic isolator to stop the harmonics within the source voltage reaching the load in 
addition to balancing the voltages and providing voltage regulation. 
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Figure 3: DVR 
 

II. CONTROL ALGORITHM 
The control algorithm is based on synchronously rotating reference frame transformation i.e. abc to dq0 transformation technique or 
Park’s transformation. The expression of Vsa, Vsb, and Vsc in terms of V0, Vd, and Vq can be described as follows: 

 
 
Where Vsa, Vsb, Vsc are the supply voltage, V0, Vd, Vq are the zero axis, direct and quadrature axis voltages. 
The supply voltage to the load is given in equation (2). When rated balanced voltage is applied and .The respective V0, Vd, and 
Vqare calculated  in the following equations. 
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From equations (3),(4),(5)we can analyse that quadrature axis voltage and zero axis voltage are of zero value and direct axis voltage 
is a DC quantity of Vm. 
At the point when uneven voltage is applied and by understanding the condition (2) the quadrature hub voltage and zero pivot 
voltage are not zero worth. The quadrature pivot voltage is air conditioning voltage with a recurrence of double the stockpile 
recurrence and zero hub voltage is air conditioning voltage with recurrence of supply recurrence. 
The immediate hub voltage is a throbbing voltage with DC amount of normal estimation of, and air conditioning amount with a 
recurrence of double the stockpile recurrence. 
Conditions above characterizes the change from three stage abc to dq0 reference outline. Right now, a-hub is adjusted to the d-pivot 
which is in quadrature with q-hub. Here ωt is the point between stage a-pivot and the d-hub. 
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Figure 4: Reference Voltage Signal Generation Block Diagram. 
 
Reference Voltage Signal Generation for Dynamic Voltage Regulator (DVR): 
Right now every one of the voltages are taken in per unit framework in light of the fact that continuously reenactment the control 
technique is created in per unit framework. This control calculation screens the inventory voltage persistently. At whatever point 
there is any unsettling influences (hang/swell, unbalance) in the source voltage there will be a prompt deviation in the dq0 parts of 
the source voltage from those of the heap voltage of one for every unit. The reference infused voltages Via*, Vib*, Vic* are 
determined as clarified underneath. 
The source voltages are changed to dq0-change by utilizing abc to dq0 change by utilizing the condition (1).The adjusted direct 
amount Vd is extricated by utilizing low pass channel under uneven voltages. By keeping quadrature voltage Vq and zero pivot 
voltage V0 to zero, the reference infused voltages are determined by changing V0, Vd, and Vq to abc change or reverse dq0 change 
given in condition (6). A PLL square is utilized to synchronize produced voltages of Voltage source inverter (VSI) with line 
voltages. Sinusoidal PWM method is utilized to create terminating heartbeats to voltage source inverter. 

  

 

The reference injected voltages Via*, Vib*, Vic* are calculated from equation (7), and the references injected voltages are used for 
the generation of pulses to inverter to fire IGBTs. 
 

III. SIMULATION RESULT 
The presentation examination of the Dynamic voltage Restorer (DVR) with various stockpile voltage conditions (voltage list, 
voltage swell, and voltage unbalance) to R-L load. The total model of the DVR is built in Simulink condition (MATLAB). 
The model comprises of source, inverter, control square, EMI channel, Injection transformer, comparator, and load. The distinctive 
stock voltage unsettling influences are created by utilizing source. The inverter is utilized to change over DC supply to AC supply. 
The yield of the inverter contains essential voltage and the voltages of exchanging frequencies and products of exchanging 
frequencies. The voltages of exchanging frequencies and products of exchanging frequencies are wiped out by utilizing EMI 
channel. The beats are created by the comparator by contrasting sinusoidal sign and triangular sign. The AC voltage of the inverter 
is infused in each period of the line by utilizing infusion transformers. The reference signs to the PWM inverter are produced by 
utilizing control square. 
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A. Case I: Balanced Supply Voltage 
The voltage across the load is maintained constant for different supply voltage disturbances. When rated balanced voltage is applied 
to the load, the injected voltage by the voltage source converter is zero ideally but supplies very small voltage to compensate drop in 
injection transformer. 

The following equations represent the Balanced source voltage. 
 

 
Figure 5: shows the waveform of Balanced Source Voltage (simulation is done in Matlab Simulink). 

 

 
Figure 6: shows the waveform of Load Voltage (simulation is done in Matlab Simulink). 

 

 
Figure 7: Direct, Quadrature and Zero axis voltages 

 
Figure 7 shows the waveform of Direct, Quadrature and Zero axis voltages under balanced supply Voltage (simulation is done in 
Matlab Simulink).The Quadrature and zero axis voltages are of zero voltage after converting the source voltage to synchronously 
rotating reference frame (abc to dq0). 
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B. Case II: Balanced supply voltage (sag) 
The following equations represent the balanced sag voltage with 20% of sag .The line to line voltage of 415V and the peak value of 
phase voltage is 338.846V. 

 
Figure 8: source voltage 

 
Fig.8 shows the waveform of Balanced Sag Source Voltage (simulation is done in Matlab Simulink). The voltage sag is supplied 
from 0.08 to 0.2 seconds. 

 
Figure 9: Load voltage 

 
Figure 9 shows the waveform of Load Voltage (simulation is done in Matlab Simulink).The voltage is injected by DVR from 0.08 
to 0.2seconds. From the waveform it can be observed that the voltage across load is maintained to rated voltage. 
 

 
Figure 10: Injected Voltage 

 
Figure 10 shows the waveform of Injected Voltage (simulation is done in Matlab Simulink). The voltage is injected by DVR from 
0.08 to 0.2 seconds. 
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Figure 11: Direct, Quadrature and Zero axis voltage 

 
Figure 11 shows the waveform of Direct, Quadrature and Zero hub voltages under Balanced Sag supply Voltage (reenactment is 
done in Matlab Simulink. By watching the waveform of 6-8 under Balanced Sag Supply voltage the immediate amount voltage is a 
DC voltage with abundancy of stage voltage. From the wave structure it very well may be seen that there is a plunge in Direct 
Quantity voltage from 0.08 to 0.2 seconds where the hang voltage is applied. The Quadrature and Zero hub voltages are of zero 
voltage in the wake of changing over the source voltage into synchronously turning reference outline (abc to dq0). 
 

 
Figure 11: Matlab simulink Active and reactive power without UPQC. 

Figure 12: Matlab simulink Active and reactive power with UPQC 
 

From fig. 11 and 12 we conclude that after using the UPQC the active and reactive power will increase. 
 

IV. CONCLUSION 
This paper analyses the performance of the DVR and D- STATCOM with different supply voltage conditions (voltage sag, voltage 
swell, and voltage unbalance) to R-L load. We analyzed the DVR with PI controller the load voltage during fault (or due to nonlinear 
load) is almost equal to the desired load voltage. DSTATCOM is proved to compensate voltage level under faulty condition. Using PI 
controller harmonics have been reduced considerably. Due to nonlinear load the power quality issues are increased. By using the 
UPQC the active and reactive power will also improve. Hence, it is conclude that, UPQC has a scope in improving power quality. 
 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue V May 2022- Available at www.ijraset.com 
     

 
2785 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

REFERENCES 
[1] K.R. Padiyar book “Facts controllers in power transmission and distribution” publication,2007 
[2] P. pillay, M. Manyage “Definitions of Voltage Unbalance” IEEE Power Engineering eview, May 2001. 
[3] D. Daniel Sabin, and Ambra Sannino, “A Summary of the Custom Power Application Guide” Transmission and Distribution Conference and Exposition, 

IEEE, 2003. 

[4] Masoud Aliakbar Golkar, “Power Quality in Electric Networks: Monitoring and Standards” the second world engineering conference, pp. 137-141 July 2002. 
[5] N.G. Hingorani and L Gyugyi, Understanding FACTS –the Concepts and Technology of Flexible AC Transmission Systems, IEEE, 2000. 
[6] N.G. Hingorani, Flexible AC Transmission", IEEE Spectrum, vol. 30, 1993. 
[7] Yash Pal, A. Swarup, and Bhim Singh, “A Review of Compensating Type Custom Power Devices for Power Quality Improvement” IEEE Power India 

Conference, pp. 1-8, 2008. 
[8] Fawzi AL Jowder “Modeling and Simulation of various System Topologies for Dynamic Voltage Restorer” Electric Power and Energy Conversion Systems, 

International Conference, IEEE, 2009. 
[9] JohnGodsk Nielsen and FredeBlaabjerg “Control Strategies for Dynamic Voltage Restorer Compensating Voltage Sags with Phase Jump”, Applied Power 

Electronics Conference and Exposition, IEEE, 2001. 
[10] H.P. Tiwari and Sunil Kumar Gupta “Dynamic Voltage Restorer against Voltage Sag” International Journal of Innovation, Management and Technology 

2010. 



 


