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ABSTRACT 
Among the promising solutions proposed for the mitigation of the voltage 

instabilities is a series compensator known as Dynamic Voltage Restorers (DVR) 

due to its flexibility and cost effectiveness. Dynamic Voltage Restorer (DVR) also 

known as Static Synchronous Series Compensator (SSSC) is a series 

compensation technique used in the distribution and transmission system. The 

power flow through the supply line is regulated by controlling the equivalent 

impedance of the line. The output voltage of DVR is fully controlled and 

independent of the line current In conventional DVR, capacitors or 

supercapacitors are used at the DC-link as energy storage elements. However, 

due to the self-discharge rate and gradual voltage loss of capacitors and 

supercapacitors, the stored voltage drops linearly as the capacitor is 

discharging, thereby making the DVR not suitable for voltage stabilization 

following a prolonged disturbance. In this study, the DC-link of conventional 

DVR is reinforced with Photovoltaic (PV) and battery with aim to mitigate the 

devastating impact of symmetrical and unsymmetrical faults on the load voltage. 

Specifically, the PV-reinforced DVR is developed to mitigate voltage sags( and 

harmonics) caused by three phase symmetrical fault as well as unsymmetrical 

faults. In order to mitigate the harmonics generated due to the injection of 

compensation voltage, a filter is implemented to lessen the effect. To verify the 

performance of the developed PV-reinforced DVR, the system is designed in 

MATLAB/Simulink where a time-based simulation is carried out. It is established 

that the PV reinforcement to the DC-link has significantly improved the DVR 

response to the voltage sag at the PCC. Similarly, the filter designed has led to 

remarkable reduction in the THD. For the three phase fault, the load voltage is 

improved from the faulted condition of 20.18V to 319.36V by   injecting a three 

phase voltage of 298.24V. The load voltage of 298.24V obtained represents 

22.56% improvement on the voltage of 260.5V obtained using the technique of 

PID-DVR. For the DLG fault, the phase voltages are improved from faulted 

condition of 126.4V to 323.66V in both phases, which represents 12.77% 

improvement over those obtained using PID-DVR. The Total Harmonic 

Distortion obtained using PV-reinforced DVR in the two scenarios were reduced 

from 3.64% to 2.84% (21.98% reduction), 5.10% to 3.96% (22.35% reduction) 

for the three phase, double line-to-ground faults scenarios respectively. 

 . 

1. INTRODUCTION 

Due to the massive expansion in industrial 

activities, technological advancement and 

stringent requirement to supply a qualitative 

power, the effort to improve the quality of 

electrical power have significantly increased 

(Abdelkader, et al., 2022). Introduction of 

sophisticated equipment for wide range of 

applications have made the quality of electrical 

power more essential. Power Quality (PQ) is 

concerned with characteristics of electrical 

power supply delivered under normal operation 

conditions that do not interrupt customer’s 

process. Poor power quality creates a number of 

problems ranges from equipment mal-function, 

which result to overheating of rotating 

machinery, random tripping of relays for 

protection of devices. PQ is a broad term that 

covers many issues concerning electrical supply 

interruptions or fluctuations (Callegari, et al., 

2021).  

 

Typical power quality issues include transients, 

flickers, voltage sags, swells, phase imbalances, 

frequency deviations and other distortions to 

the sinusoidal waveform due to the harmonics 
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(AlMathnani, et al., 2021). Some of these 

problems are sustained momentarily while 

others like the harmonics represent a steady-

state problem, for as long as the harmonic 

generating equipment in the system is in 

operation. One of the most essential power 

quality issues is voltage sag which contributes 

to about 90% of the problems. The major 

causes of voltage sag are (Dehnavi, et al., 

2022):2 

i. Short circuits, 

ii. Large motor starting, 

iii. The high inrush current in transformers, 

iv. Sudden load changes, 

v. Energizing transformer, depending on the 

transformer connections, 

 

A voltage sag can cause relays and contactors 

in motor starters (adjustable speed drives), 

process controllers to fail, since they are more 

sensitive to voltage sags (Berbaoui & Brahim, 

2017; Boonchiam & Mithulananthan, 2006). 

 

Moreover, a three-phase system can be 

subjected to major degree of imbalance because 

of the presence of single-phase loads and/or 

distributed generations (DGs) units (Callegari, 

et al., 2021; Farooqi, et al., 2022). Dynamic 

voltage restorer has been used to avert this. 

 

Moreover, in spite of the improvements by 

various research works on the operation of 

DVR, very few addressed the limitation of the 

storage capacity of the DC-link. The capacitor 

at the DC-link of DVR can be drained if there is 

prolonged voltage sagging, thereby making it 

inapt for voltage stabilization for a prolonged 

disturbance (Boonchiam & Mithulananthan, 

2006). As such, this study proposed reinforcing 

the DC-link capacitor with a battery and a PV 

system. Envisioned that strengthening the DC-

link energy storage, the DVR can mitigate the 

devastating impact of unsymmetrical faults and 

sudden load variations for longer time by 

injection of series compensating voltages 

devoid of draining the DC-link capacitor. 

Similar attempt was made in (Prasad & 

Dhanamjayulu, 2022), where a solar PV 

integrated DVR with aid of a rotating d-q 

reference frame controller to improve power 

quality issues. However, the study focused on 

the enhancement of the PV’s Maximum Power 

Point Tracking (MPPT) controller using 

Adaptive Neuro-Fuzzy Inference System. 

While improving the MPPT of the PV system, 

little or no attention was paid to its overall 

impact of the DVR’s DC-link and harmonic 

current injection to the system (Shakir & 

Sharma, 2019; Rao, et al., 2015).  

 

Therefore, the PV-reinforced DVR is designed 

to mitigate voltage sags initiated by 

unsymmetrical faults. For the suppression of 

the harmonics generated by the the injection of 

compensation voltage from the DVR, a filter is 

designed to lessen the harmonic effect. The 

voltage disturbances coming either from the 

supply or load side is mitigated at the Point of 

Common Coupling (PCC). The system is 

simulated in MATLAB/Simulink where a time-

based simulation is carried out. The results are 

validated using IEEE519 standards and a 

comparative analysis with a similar study using 

voltage sags and %THD as performance 

metrics. 

 

2. PV-REINFORCED DVR SYSTEM 

DESIGN  

The developed DVR is reinforced via the DC-

link with aid of Photovoltaic (PV) and battery 

so as to mitigate devastating impact of bolted 

three phase and unsymmetrical faults on the 

line voltage. The developed PV-reinforced 

DVR system is designed with aid of a three-

phase Voltage Source Converter (VSC), DC-

link integrated with PV system and battery, and 

a coupling transformer. A controller based on 

Pulse Width Modulation (PWM) technique is 

designed to extract error voltage signal and 

generate gate pulses for the switches in the 

VSC. 

 

2.1 DC-link design 

The DC-link of the developed DVR is designed 

so as to provide voltage support at the Point of 

Common Coupling (PCC). The source voltage, 

Vs at the PCC is chosen to be 327V (as in the 

(Farooqi, et al., 2022)). With the line-to-line 

voltage, VLL obtained using the chosen Vs, (1) is 

used to calculate the magnitude of voltage at 

the DC-link, 
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𝑉𝑑𝑐 =
2√2

√3
𝑉𝐿𝐿                                     (3.1) 

=
2√2

√3
× 327 ≅ 534V                        

 

To match the DC-link voltage to the grid via 

the VSC, the DC-link capacitor rating is 

calculated using (2). The equation represents 

the energy storage capacity of DC-link chosen 

as 100kW. 

𝐸𝑠 =
1

2
𝐶𝑑𝑐𝑣𝑟_𝑑𝑐

2                                      (2) 

Where 𝑣𝑟_𝑑𝑐 is the rated DC-link voltage for the 

DVR converter chosen as 1.41kV, and Cdc is the 

capacitance of DC-link capacitor. This implies 

that   

𝐶𝑑𝑐 =
2𝐸𝑠

𝑣𝑟_𝑑𝑐
2                                         (3) 

       =
2 × 100 × 103

(1.41 × 103)2
= 0.1006𝐹 ≅ 0.1𝐹        

Therefore, 100mF is chosen.  A 100kW PV 

array is connected to the DC-link capacitor and 

the VSC, as shown in Figure 1.  

 

 
Figure 1: PV-reinforce DC-link configuration. 

 

The PV array is connected to the battery and 

the DC-link capacitor via a boost converter to 

regulate PV voltage, Vpv. The AC output 

voltage of the VSC is then fed to the PCC via a 

filter and a coupling transformer. The coupling 

transformer maintains the voltage to the grid 

level and provides a galvanic isolation between 

the DC-link and the AC grid. Figure 2 shows 

the MATLAB/Simulink implementation of the 

DC-link of the developed DVR. 

 
Figure 2: DC-link MATLAB/Simulink Model 

 

 

Table 1 shows the parameters of the DC-link 

and that of the PV array.  

Table 1: Parameters of DC-link and the PV 

array 

Parameter Values 

No. Cell per module 72 

𝑽𝒑𝒗 

B
a

tte
ry

 

 

  
𝑪𝒅𝒄  

PV Array 

Boost Converter 

DC-link 

To coupling 

transformer 

via the filter 

VSC 

𝑮 

𝑻 



Zaria Journal of Electrical Engineering Technology, Department of Electrical Engineering, Ahmadu Bello University, 
Zaria – Nigeria. Vol. 12 No. 1&2, September 2023.  

76 
 

Max. Power (W)/module 305kW 

Open circuit voltage, Voc 45.2V 

Voltage at max. power point, 

Vmppt 

35.6 

Short Circuit current, Isc 9A 

Current at max. power point, 

Imppt 

8.6A 

Capacitance of DC-link 

capacitor, Cdc 

100Mf 

DC-link rated voltage, 𝑉𝑑𝑐 534V 

source voltage, Vs  327V 

 

2.2 DC-link voltage controller 

The system always check for deviation in the 

voltage at the PCC. When the voltage deviates 

from the reference line voltage, VLL, the DC-

link capacitor releases voltage via the VSC. 

When the DC-link capacitor discharges below 

an SOC of 90%, the battery is used to support 

the voltage and at the same time charging the 

capacitor. When the battery is discharged below 

an SOC of 60%, the DC-link capacitor is 

recharged to 100% using the PV array. When 

the PV power is unavailable and the battery 

SOC is more than 20%, then the voltage 

support is provided using the battery. As such, 

the DC voltage is maintained. The flow chart 

for the DC-link voltage control is shown in 

Figure 3 

 
Figure 3: Flowchart of DC-link Voltage Control 

 

Figure 4 presents the MATLAB/Simulink 

implementation of the DC-link voltage control 

developed. 

 
Figure 4: DC-link voltage control developed in 

MATLAB/Simulink 
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2.3 Voltage Source Converter (VSC) Design 

The compensating voltage is injected by the 

DVR, VDVR needs to be converted to AC since 

the power at PCC and the rest of the grid is AC 

form. A 3-arm, 6-pulse voltage source 

converter (VSC) is designed. A controller based 

on Pulse Width Modulation (PWM) technique 

is designed to extract error voltage signal and 

generate gate pulses for the MOSFETs in the 

VSC. A three phase reference voltage is 

generated according to equation (4) 

𝑉𝑓_𝑟𝑒𝑓 = √
2

3
𝑉𝐿𝐿                                 (4) 

From the reference voltage, a three-phase 

reference voltage is then generated using (5), 

(

 
 

𝑉𝑎_𝑟𝑒𝑓

𝑉𝑏_𝑟𝑒𝑓

𝑉𝑐_𝑟𝑒𝑓)

 
 
= 𝑉𝑓_𝑟𝑒𝑓

(

 
 

𝑠𝑖𝑛𝜔𝑡

𝑠𝑖𝑛 (𝜔𝑡 −
2𝜋

3
)

𝑠𝑖𝑛 (𝜔𝑡 +
2𝜋

3
)
)

 
 
           (5) 

 

Subsequently, parks transformation method is 

used to detect imbalance voltages in the system 

as expressed in (6) 

(

 
 

𝑉𝑑

𝑉𝑞

𝑉0)

 
 
=
2

3

(

 
 

𝑐𝑜𝑠(𝜔𝑡) 𝑐𝑜𝑠 (𝜔𝑡 −
2𝜋

3
) 𝑐𝑜𝑠 (𝜔𝑡 +

2𝜋

3
)

−𝑠𝑖𝑛(𝜔𝑡) −𝑠𝑖𝑛 (𝜔𝑡 −
2𝜋

3
) −𝑠𝑖𝑛 (𝜔𝑡 +

2𝜋

3
)

1

2

1

2

1

2 )

 
 

(

 
 

𝑉𝑎

𝑉𝑏

𝑉𝑐)

 
 

              (6)           

 

The imbalance voltage is then 

compared with reference voltage to generate an error signal, 𝑒𝑑𝑞0 as defined in (7) 

|𝑒𝑑𝑞0| = √(𝑉𝑟𝑒𝑓_𝑑 − 𝑉𝐿_𝑑)
2
− (𝑉𝑟𝑒𝑓_𝑞 − 𝑉𝐿_𝑞)

2
− (𝑉𝑟𝑒𝑓_0 − 𝑉𝐿_0)

2
             (7) 

The error signal is fed into first PI1 controller that stabilizes the error gain as expressed in (8) 

 

𝑉𝑐_𝑑𝑞0 = 𝐾𝑃1𝑒𝑡_𝑑𝑞0 + 𝐾𝐼1 ∫ 𝑒𝑡_𝑑𝑞0𝑑𝑡                   (8)           

  

𝑉𝑃𝐼_𝑑𝑞0 = 𝑉𝑐_𝑑𝑞0 − 𝑉𝑠_𝑎𝑏𝑐                                     

(9) 

 

Figure 5 presents the MATLAB/Simulink 

implementation of the pulses generation of the 

VSC developed. 

 
Figure 5: Switching pulses generation in 

MATLAB/Simulink 

 

2.4 Coupling transformer 

The coupling transformer steps up the voltage 

to the grid level and provides a galvanic 

isolation between the DC-link and the AC grid. 

The equivalent model of the DVR is shown in 

figure 6 below 

Figure 6: Equivalent Model of DVR 

 

The voltage at PCC is represented by VG and 

the voltage compensated by DVR is VDVR. 

Resistance R and inductance L are obtained 

from the impedance Z of the filter and injection 

transformer 

𝑉𝐿(𝑡) = 𝑉𝐺(𝑡) + 𝑉𝐷𝑉𝑅(𝑡) + 𝑅𝑖𝐿(𝑡) + 𝐿
𝑑

𝑑𝑡
𝑖𝐿(𝑡) (10) 

𝑋𝐷𝑉𝑅 =
𝑉𝐷𝑉𝑅
2

𝑆𝐷𝑉𝑅
𝑋 (𝑝𝑢)                                     (11) 

𝑅𝐷𝑉𝑅 =
𝑉𝐷𝑉𝑅
2

𝑆𝐷𝑉𝑅
𝑅 (𝑝𝑢)                               (12) 

𝑍𝐷𝑉𝑅 =
𝑉𝐷𝑉𝑅
2

𝑆𝐷𝑉𝑅
𝑍 (𝑝𝑢)                                  (13) 
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When a voltage disturbance occurs within the 

DVR's operational range, the bypass switch 

immediately opens, the DVR enters active 

mode, and it supplies the grid with the 

necessary voltage. The bypass switch will close 

and the compensation mode will be terminated 

once the voltage returns to its usual range. In 

order to reduce the power loss in the DVR by 

limiting the adverse effect on line voltage, the 

DVR is momentarily withdrawn through a 

bypass switch because it is not essential to 

inject voltage into the grid under normal 

circumstances 

 

To mitigate the harmonics injection by the PV 

system, an RC filter with R = 0.15Ω; and 

variable capacitor, C = 50 mF–250 mF is 

selected. 

 

 

3. RESULTS AND DISCUSSION 

The performance of the developed PV-DVR is 

ascertain by subjecting the system to three 

forms of faults; three-phase fault, Double Line-

to-Ground (DLG) faults and Single Line-to-

Ground fault. 

 

3.1 Three-phase fault, 

In the first scenario, the system is subjected to 

three phase symmetrical fault. Even though this 

type is not frequent due to its low probability of 

occurrence of 2 - 3%, however it has serious 

devastating impact. The fault is subjected 

within the time interval of 0.2𝑠𝑒𝑐 ≤ 𝑡𝑠𝑖𝑚 ≤
0.8𝑠𝑒𝑐. 
Due to the severe impact of the fault, the load 

voltage drop to 20.18V, which is 6.2% of the 

rated line voltage of 326.59V. Figure 7 and 8 

show the source voltage and load voltage after 

the occurrence of the fault. 

 

 
Figure 7: Source voltage 

 
Figure 8: Load voltage after the occurrence of the three-phase fault 

 

Having sensed the voltage deviation, the DVR injects a compensation voltage (shown in Figure 9) at 

the PCC. The DVR injected 278.06V to improve the faulted load voltage to 298.24V as shown in 

Figure 10. 
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Figure 9: DVR compensating voltage after three fault without PV support 

 
Figure 10: Load voltage after the three fault with DVR without PV support 

 

Without the support of the PV-battery 

arrangement, the conventional DVR was able to 

boost the load voltage to 91.32% of the 

reference source voltage. This is in violation to 

the IEEE voltage requirement of ±5% of the 

nominal reference voltage. Table 2 summarized 

the voltage support of the DVR prior to the PV-

reinforcement. 

 

 

Table 2: Summary of DVR voltage support with three phase fault without the PV 

Phase Source 

Voltage (V) 

Load voltage (V) % of VLOAD 

to VSOURCE 

DVR Injected voltage 

(V) Without DVR With DVR 

A 326.59 20.18 298.24 91.32% 278.06 

B 326.59 20.18 298.24 91.32% 278.06 

C 326.59 20.18 298.24 91.32% 278.06 

 

With the voltage support from the PV system, the PV-reinforced DVR injected a compensating 

voltage, VDVR of 299.18V as shown in Figure 11. This boosted the load voltage from the 20.18V to 

319.36V as shown in Figure 12.  
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Figure 11: PV-reinforced DVR compensating voltage after three fault 

 

 
Figure 12: Load voltage after the three fault with DVR with PV support 

 

Table 3: Summary of PV-reinforced DVR voltage support with three phase fault  

Phase Source 

Voltage (V) 

Load voltage (V) % of VLOAD to 

VSOURCE  

Injected voltage, 

VPV_DVR (V) Without DVR PV-reinforced DVR 

A 326.59 20.18 319.36 97.79% 299.18 

B 326.59 20.18 319.36 97.79% 299.18 

C 326.59 20.18 319.36 97.79% 299.18 

The PV-reinforced DVR was able to improve 

the voltage at PCC to 97.8% of the reference 

source voltage. It can be observed that the 

voltage has conform to the to the IEEE voltage 

requirement of ±5% of the nominal reference. 

Table 4.3 summarized the voltage support of 

the PV-reinforced DVRCompared to (Farooqi, 

et al., 2022), the PID-based DVR improved the 

load voltage to 300V in all the three phase 

when the three phase fault is subjected. 

 

From the FFT analysis carried out, the load 

voltage Total Harmonic Distortion (THDV) is 

found out to be 2.84%. Figure 13 shows the 

FFT analysis of the load voltage following the 

three phase fault.  

 
Figure 13: FFT analysis of the load voltage 

following the three phase fault. 

 

Table 4 compares the load voltages and the 

THDV obtained using the developed PV-

reinforced DVR and that of PID-DVR 

presented in (Farooqi, et al., 2022) 
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Table 4: Comparative analysis for three phase fault scenario 

Phase/ 

THDV 

PID-DVR     (Farooqi, 

et al., 2022) 

Developed PV-

reinforced DVR 

% Improvement 

A 260.5 319.36 22.56% 

B 260.5 319.36 22.56% 

C 260.5 319.36 22.56% 

THDV 3.64% 2.84% 21.98% 

 

From the comparative analysis, it can be seen 

that the PV-reinforced DVR performs better 

than the PID-DVR with voltage improvement 

capability of 22.56% 

 

3.2 Double Line-to-Ground (DLG), 

In the second scenario, the system is subjected 

to Double Line-to-Ground (DLG) 

unsymmetrical fault within the simulation time 

of 0.2𝑠𝑒𝑐 ≤ 𝑡𝑠𝑖𝑚 ≤ 0.8𝑠𝑒𝑐. This type of fault 

also has low probability of occurrence of less 

than 10%, however is more frequent than the 

three phase symmetrical fault.  

 

Due to the occurrence of the fault, the load 

voltage on the faulted phases (B and C) drop to 

126.40V, which is 38.7% of the rated line 

voltage, 326.59V. Figure 14 shows the load 

voltage after the occurrence of the DLG fault. 

 

After detecting the voltage deviation in the 

phase B and C, the DVR injects a series 

compensation voltage (shown in Figure 15) at 

the PCC to improve the faulted phase load 

voltage to 295.68V and 292.25V respectively as 

shown in Figure 16. 

 

 
Figure 14: Load voltage after the DLG fault with DVR without PV support 

 
Figure 15: DVR compensating voltage after DLG fault without PV support 
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Figure 16: Load voltage after the DLG fault with DVR without PV support 

 

Without the support of the PV-battery 

arrangement, the conventional DVR was able to 

boost the phase B and C load voltages to 

90.54% and 89.49% of the reference source 

voltage respectively. These violated the IEEE 

voltage requirement of ±5% of the nominal 

reference. Table 5 summarized the voltage 

support of the DVR prior to the PV-

reinforcement. 

 

 

Table 5: Summary of DVR voltage support with DLG fault without the PV 

Phase Source 

Voltage (V) 

Load voltage (V) % of VLOAD 

to VSOURCE 

DVR Injected voltage 

(V) Without DVR With DVR 

A 326.59 326.59 326.59 100% 0 

B 326.59 126.40 295.68 90.54% 169.28 

C 326.59 126.40 292.25 89.49% 165.85 

With the voltage support from the PV system, 

the PV-reinforced DVR injected two phase 

compensating voltages shown in Figure 17 to 

boost the load voltages of the affected phases as 

shown in Figure 18. 

 
Figure 17: PV-reinforced DVR compensating voltage after the DLG fault 

 
Figure 18: Load voltage after the DLG fault with PV-reinforced DVR 
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The PV-reinforced DVR was able to improve 

the voltage at PCC to 99.1% of the reference 

source voltage in both phases. It can be 

observed that the voltage has conform to the to 

the IEEE voltage requirement of ±5% of the 

nominal reference. Table 6 summarized the 

voltage support of the PV-reinforced DVR. 

 

Table 6: Summary of PV-reinforced DVR voltage support with DLG fault  

Phase Source 

Voltage (V) 

Load voltage (V) % of VLOAD to 

VSOURCE 

Injected voltage, 

VPV_DVR (V) Without DVR PV-reinforced DVR 

A 326.59 326.59 326.59 100% 0 

B 326.59 126.40 323.66 99.1% 197.26 

C 326.59 126.40 323.66 99.1% 197.26 

 

Compared to (Farooqi, et al., 2022), the PV 

reinforced DVR improved the load voltage to 

323.66V in both phases as compared to 304V 

and 287V in the phase B and C respectively of 

the PID-DVR From the FFT analysis carried 

out, the load voltage Total Harmonic Distortion 

(THDV) is found out to be 3.96%. Figure 19 

shows the FFT analysis of the load voltage 

following the DLG fault.  
 

Figure 19: FFT analysis of the load voltage 

following the DLG fault. 

 

Table 7 compares the load voltages and the THDV obtained using the developed PV-reinforced DVR 

and that of PID-DVR presented in (Farooqi, et al., 2022) 

 

Table 7: Comparative analysis for DLG fault scenario 

Phase/ 

THDV 

PID-DVR     (Farooqi, 

et al., 2022) 

Developed PV-

reinforced DVR 

% Improvement 

A - - - 

B 304 323.66 6.46% 

C 287 323.66 12.77% 

THDV 5.10% 3.96% 22.35% 

 

The comparative analysis shows an 

improvement of 6.4% and 12.77% on the 

voltages in Phase B and C of the developed 

DVR as compared to the PID-DVR. Also the 

THD was reduced to 3.96% from 5.10% which 

represents a 22.35% reduction 

4. CONCLUSION 

In this study, DC-link of conventional DVR is 

reinforced with Photovoltaic (PV) and battery 

with aim to moderate the devastating impact of 

symmetrical and unsymmetrical faults on the 

load voltage. Precisely, the PV-reinforced DVR 

is developed to mitigate voltage sags and 

harmonics caused by both symmetrical and 

unsymmetrical faults. The PV-reinforced DVR 

is designed to maintain a near-steady voltage at 

Point of Common Coupling (PCC). The 

developed DVR consists of a three-phase 

Voltage Source Converter (VSC), DC-link 

integrated with PV system and battery, and a 

coupling transformer. A controller based on 

Pulse Width Modulation (PWM) technique is 

designed to extract error voltage signal and 

generate gate pulses for the switches in the 

VSC. In order to mitigate the harmonics 

generated due to the injection of compensation 
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voltage, a filter is designed to lessen the effect. 

To ascertain the performance of the developed 

PV-reinforced DVR, the system is designed in 

MATLAB/Simulink where a time-based 

simulation is carried out. From the simulation 

results obtained, it can be concluded that the 

load voltage levels and THDV in all the 

scenarios are in conformity with the IEEE519 

standards. It is observed that for the three phase 

fault, without the support of the PV-battery 

arrangement, the conventional DVR was able to 

boost the load voltage to 298.24V which is 

91.32% of the reference source voltage. With 

the voltage support from the PV system, the 

PV-reinforced DVR injected 299.18V which 

boosted the load voltage from the 20.18V to 

319.36V. Following the occurrence of the DLG 

fault, the load voltage on the faulted phases (B 

and C) drop to 126.40V, which is 38.7% of the 

rated source voltage, 326.59V. With the 

injection of series compensating voltages, the 

load voltages were improved to 99.1% of the 

rated source voltage. Furthermore, with aid of 

the designed filter, a significant reduction in the 

THDV is obtained. Despite the improvement 

obtained, the PWM technique used for the 

generation of switching losses is characterized 

by high switching losses thereby impairing on 

the system efficiency. It is therefore 

recommended as further study to use better 

modulation techniques such as space vector 

modulation technique.  
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