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Abstract: This paper presents a voltage-controlled 

distribution static synchronous compensator 

(DSTATCOM)-based voltage regulator for low-

voltage distribution grids. The voltage regulator is 

designed to temporarily meet the grid code, 

postponing unplanned investments while a definitive 

solution could be planned to solve regulation issues. 

The power stage is composed of a three-phase four-

wire voltage-source inverter and a second-order low-

pass filter. The control strategy has three output 

voltage loops with active damping and two dc bus 

voltage loops. In addition, two loops are included to 

the proposed control strategy: the concept of 

minimum power point tracking (mPPT) and the 

frequency loop.  

Keywords: DSTATCOM, frequency compensation, 

minimum power point (mPP) tracker, power quality, 

static VAR compensators, voltage control, voltage 

regulation. 

1. Introduction: 

Costumers connected at the end of low-voltage 

distribution grids may experience poor voltage 

regulation. According to Brazilian grid code [1], 

power companies have constrained deadlines (15 to 

90 days) to restore the voltage levels at the point-of-

common coupling (PCC) if the voltages are outside 

the admissible levels. The time needed for permanent 

solutions, like grid restructuring or capacitor banks 

installation, to be operational may exceed the 

deadlines. In the case of failure to meet the deadlines, 

the power company has to refund every customer in 

the distribution grid during the time that the poor 

voltage regulation persisted [1].  

Aiming to prevent refunds, a voltage regulator can be 

utilized as a temporary solution. The voltage 

regulator must have fast voltage regulation, reduced 

weight, and easy installation [2], [3]. Using the 

proposed solution, the grid power quality is 

reestablished and the PCC voltage is restored in a 

short period of time. In the meantime, the permanent 

solution can be planned and installed in an 

appropriate time frame. Once the definite solution is 

implemented, the voltage regulator can be 

disconnected from the grid and connected to another 

grid with similar problems.  

In real applications, poor voltage regulation occurs 

when the PCC is far from the main grid transformer 

and the distance between the PCC and the 

transformer can easily be further than 100 m. Access 

to grid voltage information can be difficult to obtain.  

To meet the voltage regulation requirement, a 

voltagecontrolled DSTATCOM-based voltage 

regulator is proposed with shunt connection to PCC 

[2]–[9], as shown in Fig. 1. The shunt connection 

avoids power supply interruption while the voltage 

regulator is installed or disconnected. The proposed 

DSTATCOM allows the power company to postpone 

investments and enhances the flexibility of grid 

management.  

2. Proposed System: 

Voltage-controlled DSTATCOM can maintain the 

PCC voltages balanced even under grid or load 

unbalances. The PCC voltage is directly controlled 

by the DSTATCOM and sudden load changes have 

no significant impact in the PCC voltage waveforms. 

Moreover, the voltage-controlled DSTATCOM 

decouples the grid and the loads, serving as a low-

impedance path for harmonic distortions due the 

voltage-source behavior. Current harmonic 

distortions from the loads have small impact in the 
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grid and vice versa. The grid current quality, 

therefore, is exclusively given by the grid voltage 

quality.  

According to [3], angular position reference is 

required for the voltage-controlled DSTATCOM to 

work properly. Before the DSTATCOM starts its 

operation, synchronization circuits generate the 

angular position to the voltage regulator [8]– [10]. 

Once the operation begins, the voltage-controlled 

voltage regulator replaces the PCC voltage and the 

grid voltage frequency and angle are no longer 

available. PCC voltage frequency and angle are then 

determined by the voltage regulator. For a real 

application, due to the distance between the 

transformer and the PCC, only the PCC voltage 

should be measured to compose the voltage reference 

of the DSTATCOM.  

In past years, the PCC voltage amplitude (VPCC ) for 

reactive compensation methods was usually adopted 

as the nominal grid voltage [2], [5], i.e., 1.00 p.u. 

However, Brazilian grid code determines a maximum 

(1.05 p.u.) and a minimum (0.92 p.u.) voltage 

amplitude for low-voltage distribution grids [1]. The 

PCC amplitude can be viewed as a degree of freedom 

and the processed power can be reduced with a 

suitable control loop.  

In this effort, Kumar and Mishra [8] propose a new 

method to determine the suitable PCC terminal 

voltage for reduction of the DSTATCOM power 

rating. The method is formulated according to the 

desired source current, aiming to achieve the unity 

power factor at the grid. However, this method 

requires information about the source current, grid 

resistance, and reactance.  

3. System Configuration 

In [9], Kumar and Mishra propose another method to 

determine suitable VPCC using the positive-sequence 

components of the load current to compute the PCC 

voltage. In both cases, additional information is 

required, increasing the process complexity, number 

of sensors, and the cost of the solution. To maintain 

the easy installation feature and reasonable costs, it is 

convenient to set the PCC voltage, in which the 

processed power is minimal, without monitoring any 

load or grid information and using only internal 

signals of the DSTATCOM, such as the PCC 

voltages and DSTATCOM output currents.  

This paper presents a voltage-controlled 

DSTATCOM-based voltage regulator for low-

voltage distribution grids, using a three-phase four-

wire voltage-source inverter (VSI) with an LC low-

pass output filter, as shown in Fig. 2. Operation 

principles of the voltage-controlled DSTATCOM and 

the control strategy are presented. Additionally, two 

loops are included to the proposed control strategy: 

the concept of minimum power point tracking 

(mPPT) [6] and the frequency loop [11]. The mPPT 

avoids unnecessary reactive compensation, increasing 

the compensation capability. The frequency loop 

overcomes the practical difficulty of synchronization 

by correcting the frequency of the voltage reference.  

This paper proposes the combination of both loops, 

providing to the power company a solution for the 

poor voltage regulation in real distribution grids with 

superior PCC voltage quality. Experimental results 

confirm the effectiveness of the voltage regulator and 

the features of both loops, separately and 

simultaneously. 

4. Simulation Analysis  

The MPPT allows the voltage regulator to operate at 

the minimum power point, avoiding the circulation of 

unnecessary reactive compensation. The frequency 

loop allows the voltage regulator to be independent 

of the grid voltage information, especially the grid 

angle, using only the information available at the 

point-of-common coupling. Simulation results show 

the regulation capacity, the features of the mPPT 

algorithm for linear and nonlinear loads, and the 

frequency stability. 

 

Fig.1. Simulation Implementation of proposed system 
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(a) 

 

(b) 

Fig.2. Total dc bus voltage during the grid frequency 

variation: (a) without and (b) with the frequency 

compensation 

 

Fig.3. PCC voltages without compensation for 

nonlinear loads 

 

Fig.4. PCC voltages with compensation for nonlinear 

loads 

The effect of the grid frequency step on the 

total dc bus voltage can be seen in Fig. 2 (a). The dc 

bus voltage has low steady state error (around 6 V) 

because of a large total dc bus voltage controller 

bandwidth. With the fref update, Fig. 2 (b), the total 

voltage returns to nominal voltage. After the 

frequency step, the total voltage controller has a slope 

output. Without fref update, Fig. 3, the compensation 

angle decreases indefinitely, whereas with the 

frequency loop the compensation angle is constant, as 

shown in Fig. 3. However, the compensation angle 

does not return to the previous value. Errors between 

fref and fPCC are accumulated in the compensation 

angle and the controller output may reach its limits. If 

imminent, a protective routine is activated, which 

adds a constant factor to fref, bringing the 

compensation angle back to 0 radians. After that, the 

frequency loop returns to normal operation. 

The mPPT can also be implemented in 

current-controlled DSTATCOMs, achieving similar 

results. The frequency loop kept the compensation 

angle within the analog limits, increasing the 

autonomy of the voltage regulator, and the dc bus 

voltage regulated at nominal value, thus minimizing 

the dc bus voltage steady state error. Simultaneous 

operation of the mPPT and the frequency loop was 

verified. The proposed voltage regulator is a shunt 

connected solution, which is tied to low voltage 

distribution grids without any power interruption to 

the loads, without any grid voltage and impedance 

information, and provides balanced and low-THD 

voltages to the customers. 

5. Conclusion: 

A three phase DSTATCOM as a voltage 

regulator and its control strategy, composed of the 

conventional loops, output voltage and dc bus 

regulation loops, including the voltage amplitude and 
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the frequency loops. Simulation results demonstrate 

the voltage regulation capability, supplying three 

balanced voltages at the PCC, even under nonlinear 

loads. The proposed amplitude loop was able to 

reduce the voltage regulator processed apparent 

power about 51 % with nonlinear load and even more 

with linear load (80%). The mPPT algorithm tracked 

the minimum power point within the allowable 

voltage range when reactive power compensation is 

not necessary. With grid voltage sag and swell, the 

amplitude loop meets the grid code.  
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