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Abstract  Dynamic voltage restorer (DVR) is a series compensation device with energy storage device, which can 
compensate reactive power and active power. DVR is composed of power module, action module, control module 
and sampling module. The core of the research lies in its topology and control strategy. This paper starts from the 
above two aspects, studies the working principle and structural characteristics of the dynamic voltage restorer, and 
analyzes the topological structure and the function of the structure of the dynamic voltage restorer. A voltage and 
current double closed-loop control strategy is proposed, which can effectively compensate the transient voltage. A 
DVR model is built in Matlab/Simulink, and power failure and three-phase short circuit are simulated. A double 
closed-loop control strategy based on voltage and current is applied. The simulation results show the feasibility and 
effectiveness of the control strategy. 
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1. Introduction 

The main characteristic of voltage sag is the 
instantaneous drop in voltage. Since the load is always 
connected to the power supply, the sag is easier to be 
ignored in the actual power consumption process than the 
interruption [1,2], but the voltage sag occurs more 
frequently. In many cases, voltage sags are a direct threat 
to sensitive electrical equipment, and may cause industrial 
shutdowns and ultimately cause major safety accidents. 
Due to the limited elimination time of the voltage sag 
caused by the fault and the wide spread from the 
transmission and distribution system to the low-voltage 
load, it is almost impossible to avoid the voltage sag 
problem at present [3]. The device can alleviate the sag 
problem to a greater extent by intelligently controlling the 
device or installing large capacitors in each device. In real 
power systems, dynamic voltage restorers (DVRs) are 
usually installed to reduce voltage sags and minimize the 
risk of load tripping during sags [4,5]. 

Reference [6,7] introduces that the battery energy 
storage DVR with adaptive neuron control can compensate 
for the voltage drop of the microgrid, and has  
strong dynamic response and anti-disturbance capabilities. 
Reference [8] proposes a DVR control strategy based  
on dual-loop vector decoupling control to improve the 
dynamic performance of the DVR in the compensation 
process. Reference [9] introduces a cascaded H-bridge 
dynamic voltage restorer, and proposes a control strategy 
that automatically adjusts the phase angle of the  
load reference voltage based on the minimum energy 
compensation when the DC side voltage is fixed. In 

reference [10], a control strategy based on multiple 
proportional resonance is proposed for the fundamental 
wave voltage extraction and harmonic compensation  
of dynamic voltage restorer in the single-phase voltage 
compensation process. Reference [11] studies the new 
dynamic voltage restorer (DVR) system based on 
supercapacitor energy storage, which effectively utilizes 
the extremely high charging-discharge capacity and 
charge storage capacity of the supercapacitor, so that the 
dynamic voltage restorer can quickly provide stable 
voltage when compensating the voltage 

It can be seen that the research on DVR mainly focuses 
on the control mode and topology. This paper studies the 
topological and the function of the structure of the DVR, 
and proposes a voltage and current double closed-loop 
control strategy, which has strong dynamic response 
ability and anti-disturbance ability. Finally, built an AC 
power grid system with DVR in Matlab/Simulink to 
simulate power failure and three-phase short-circuit failure. 
It is found that the DVR with this control strategy can 
effectively compensate the voltage and ensure the power 
quality and stability of the system. 

2. The Working Principle and Basic 
Structure of DVR 

2.1. Working Principle 
When the transmission system voltage is normal, the 

dynamic voltage restorer is in the bypass state to detect the 
system voltage. When the grid voltage drops, the dynamic 
voltage restorer responds quickly, and maintains the 
stability of the load voltage by generating a compensation 

 



103 American Journal of Electrical and Electronic Engineering  

voltage through the control system, so that the load 
voltage will not be affected by the outside world and 
nonlinear loads [12,13]. The dynamic voltage restorer can 
quickly respond to voltage sags and compensate. At the 
same time, DVR can eliminate the three-phase unbalance 
of the voltage and adjust the voltage deviation to ensure 
that the output voltage is seamlessly connected to the rated 
value and protect the load from normal operation. DVR is 
connected in series between the power supply and the 
protected load, and it will continuously monitor the input 
side power supply voltage. Once the power supply voltage 
is found to deviate from the rated voltage level, the DVR 
will generate a suitable compensation voltage through the 
three-phase full-bridge inverter system to ensure the 
stability of the output side voltage and make sure that the 
load is not affected by voltage changes. The topology of 
DVR is shown in Figure 1. 
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Figure 1. DC grid DVR's main circuit topology diagram 

The reactive power generated by the dynamic voltage 
restorer is produced internally and does not require reactive 
power components such as inductors and capacitors 
[14,15]. When the system receives a large disturbance 
from the outside, the inverter system connected to the DC 
side provides part of the power to the load. When the 
system is operating normally, the dynamic voltage restorer 
supplies power to the DC side energy storage element. 
The capacity of the DC energy storage component  
directly determines the performance of the DVR. Even 
without energy storage, the dynamic voltage restorer can 
directly generate a compensation voltage to compensate 
for voltage fluctuations. 

The dynamic voltage restorer provides power production 
users with the following functions: protect the equipment 
that is sensitive to external changes and expensive 
equipment from damage due to voltage sags; Reduce  
the loss of production and production quality due to 
production stagnation due to voltage sags; Reduce the 
insulation performance and operating efficiency of motors, 
transformers and other equipment caused by voltage sags; 
Reduce a large number of harmonics caused by voltage 
distortion to improve power quality [16,17]. 

2.2. Basic Structure 
DVR is composed of inverter unit, DC energy storage 

unit, control circuit, detection circuit and filter unit. 

2.2.1. Inverter Unit 
The inverter unit is connected to the DC energy  

storage unit and is mainly used to convert DC voltage into 
AC voltage to compensate for the voltage. Different 
systems correspond to different inverter structures. 
Common DVR inverter structures include three-phase 
full-bridge inverters, single-phase half-bridge inverters, 
and single-phase full-bridge inverters. The advantage of 
the half-bridge inverter circuit is that the structure is 
simple and the switching devices used are few. The 
disadvantage is that the output voltage amplitude is only 
half, and the DC side requires two capacitors in series, 
which is prone to errors. Therefore, it is necessary to pay 
attention to the voltage balance on both sides. Inverter 
system from a few kw to a dozen kw. The advantage of 
the full bridge is that the output power is large, the output 
voltage is not high, and the system stability is better. The 
disadvantage is that there are many switching devices, the 
drive is complicated, and a large number of harmonics are 
generated, which is suitable for high-power inverter 
systems. 

2.2.2. DC Energy Storage Unit 
The DC energy storage unit is the energy source of the 

DVR compensation voltage. It can provide a stable DC 
voltage to the system to ensure that the DVR has a stable 
energy input. There are two common DC energy storage 
units: 

a. Use rectifier circuits to obtain energy from the grid 
Rectification methods include non-rectification and 

controllable rectification. Uncontrollable rectification uses 
diodes as rectifying components. At this time, it is easy to 
control and low in cost, but it may cause an instantaneous 
increase in DC voltage. The reason is that the unity of 
energy flow has a greater impact on the accuracy of the 
compensation voltage. High-frequency harmonic components 
will not be generated, but the low-frequency harmonic 
components are large, and the DC voltage pulsation is 
obvious [18,19]. The output voltage is uncontrollable.  
The output voltage is determined by the grid voltage. 
Compared with uncontrollable rectification, controllable 
rectification is complex, expensive, and generates 
switching sub-harmonics, but the low-frequency component 
is smaller than uncontrollable rectification. The DC 
voltage is theoretically a constant value, and the output 
DC voltage is controllable. 

b. Use large capacity capacitors to store energy 
By using DC power supply to provide energy for  

super capacitors, capacitor energy storage makes the 
compensation equipment often use capacitor energy 
storage, so a large number of harmonics will be generated 
[20]. 

2.2.3. Filter Circuit 
The filter circuit is used to eliminate a large number of 

harmonics output by the DVR inverter device to ensure 
power quality and DVR operation reliability. Generally, 
LC filtering can eliminate a large number of harmonics. 
Installing the filter on the load side, inverter side or 
transformer side can ensure the output voltage quality and 
improve the transmission efficiency. There are three filter 
positions. Generally, the filter in the inverter circuit will 
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be installed on the inverter side. At this time, the filter can 
filter out the high-order harmonics generated by the 
inverter. The filter can also be installed on the system side. 
The leakage inductance of the capacitor and the 
transformer can reduce high-order harmonics. The 
influence of the leakage inductance of the transformer 
must be considered, which increases the calculation 
difficulty of the transformer, and it cannot make the 
dynamic voltage restorer have very good electrical 
isolation. The filter can also be installed on the line, this is 
mainly to filter the load voltage. This method does not 
need to transform the transformer and simplifies the 
structure of the transformer. However, because the filter is 
directly connected to the main circuit, the inductance and 
capacitance required by the filter circuit will increase, and 
the load side capacity will be reduced, which reduces the 
reliability of the system. 

3. Parameter Design 

3.1 Design of Filter Circuit 
The LC filter circuit is mainly used to filter out the 

harmonics in the compensation voltage output from the 
inverter circuit. The filtering effect directly affects the 
compensation effect of the dynamic voltage restorer. The 
structure of the filter circuit is shown in Figure 2. 
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Figure 2. Filter circuit structure diagram 

Generally speaking, the larger the capacitance and 
inductance, the better the filtering effect. But if the value 
is too large, it will increase the cost and slow down the 
response speed, which will affect the compensation effect. 
The transfer function of the filter circuit is: 
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In the formula, w is the fundamental angular frequency, 
n is the harmonic order, set w0 is the cut-off frequency, 
then 
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Therefore, the smaller the cutoff frequency, the better 
the filtering effect. But if capacitance and inductance is 
too large, it will also affect the compensation effect. So 
take L=0.5mH and C=2μF. 

3.2. Selection of Transformer Parameters 
The compensation voltage output by the inverter side is 

mainly compensated by a transformer connected in series 

to the main circuit. The transformation ratio of the 
transformer depends on the DC bus voltage and the 
compensation interval. 

 .dc

m
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K
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In the formula, set the transformation ratio to K:1, the 
modulation ratio of the output maximum compensation 
voltage is N, the DC side voltage is Udc, and the grid 
voltage amplitude is Um. 

Suppose the grid voltage amplitude is 380V. The DC 
voltage is 800V. The maximum compensation voltage 
modulation ratio is 1, and K<2.1 can be obtained. Here 
K=1, which means that the transformer here mainly plays 
the role of inputting the compensation voltage into the 
grid, and the role of transformation is not great. 

3.3. Control Circuit Design 
The voltage that needs to be compensated subtracts the 

voltage that is actually compensated, and then the amount 
of current that needs to be compensated is controlled by PI. 
The control equation is: 
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It can be obtained that the control effect is best  
when kvp=1.2 and kvi=0.08 under PI control, and the 
compensated waveform is the most stable. Also due to the 
coupling relationship between the d and q axes, assuming 
a certain loss, when the loss inductance L=0.51mH, the  
d-axis current multiplied by the inductance acts on the  
q-axis, and the q-axis current multiplied by the inductance 
acts on the d-axis. At this time, the compensation effect is 
the best, and can represent the coupling relationship 
between the dq axis. The control principle diagram is 
shown in Figure 3. 
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Figure 3. Control principle diagram 

3.4. DC Energy Storage Unit Design 
Capacitors are used as energy storage components to 

ensure the stability of the DC side voltage. The stability  
of the DC side voltage is the prerequisite for stable 
compensation voltage. In this paper, capacitors are used as 
energy storage components, which are easy to control and 
cost-effective. Therefore, the choice of capacitor size 
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determines the stability of the compensation voltage. The 
energy stored in the capacitor is 

 21 .
2 CE CU=   (5) 

In the formula, UC is the voltage across the capacitor. 
The energy storage of the capacitor must not only ensure 
the normal operation of the converter, but also compensate 
the active power of the load. According to the debugging, 
it is found that when the capacitor size is 1μF and the 
resistance size is 100Ω, the capacitor can maintain a 
voltage drop for a certain period of time, which is able  
to realize complete compensation and stable output of 
compensation voltage. 

4. Simulation Results 

The dynamic voltage compensator matlab simulates the 
power failure and three-phase short-circuit failure. The 
inverter system is through the SPWM system. That is,  
the difference between the modulating wave and the 
carrier wave is the PWM pulse, which is input into the 
three-phase bridge inverter system. The detection system 
uses an improved synchronous coordinate transformation 
detection method. The angle of the d-axis and the angle of 
the a-axis are arbitrarily selected. That is, the fundamental 
positive sequence voltage can be calculated from the 
direct current in the dq coordinate system. Convert all the 
variables to the dq coordinate system, and then pass  
the control module. The control module considers the 
influence of dq coupling, and obtains the compensation 
amount by comparing the reference voltage with the 
voltage after the sag is detected. Set up a branch to speed 

up compensation. By controlling the output current of the 
inverter system through the PI system based on the 
difference between the theoretical compensation voltage 
and the actual compensation voltage, the compensation 
process can be accelerated and the output more stable.  

The power supply voltage adopts a three-phase 
programmable power supply, the voltage effective value is 
220V, the phase is 30°, the frequency is 50HZ, the 
simulation time is 1s, the power failure time is 0.2s to 
0.26s, the voltage drop is 50%, and the three-phase short 
circuit failure time is 0.4s, and return to normal at 0.45s. 

4.1. Voltage Compensation 
As shown in Figure 4 and Figure 5, the dynamic 

voltage restorer compensates the load voltage. When the 
power fails, the voltage drops to 50% of the normal 
voltage. The compensation effect is better, and the 
harmonics generated are less. When a three-phase  
short circuit occurs, some harmonics will be generated.  
After many debugging, it is found that the larger  
the inductance, the better the filtering effect. So finally  
a filter element with a resistance of 0.1 ohm and  
an inductance of 10000 μH is added to make the 
compensation effect better. 

4.2. Power Compensation 

4.2.1. Active Power Compensation 
It can be seen from Figure 6 and Figure 7 that When 

power failure and three-phase short circuit occur, both 
active and reactive power will fluctuate. Therefore, In 
addition to voltage compensation, DVR also compensates 
for active power and reactive power. 
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Figure 4. Voltage before compensation 
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Figure 5. Voltage after compensation 
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Figure 6. Output active power waveform 
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Figure 7. Output reactive power waveform 

5. Conclusion 

This paper studies the working principle and basic 
structure of the dynamic voltage restorer, and introduces 
the corresponding function of each part of the structure. 
The parameter selection method is discussed for each 
component, and a voltage and current double closed-loop 
control strategy is proposed. And in the simulation, the 
power failure and three-phase short-circuit failure are 
simulated, which verifies the effectiveness of the control 
strategy. All in all , it can compensate the voltage in time, 
and also compensate the active power and reactive power. 
Propose a new solution for such problems in the future. 
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