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ABSTRACT 

Increasing awareness and concerns regarding unacceptable power quality are causing 

a growing interest in custom power devices, used to improve power quality on distribution 

level. One of the most interesting types of custom power devices, due to its exibility and fast 

control, is the shunt-connected voltage source converter (VSC), also known as the static 

synchronous compensator (STATCOM). 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. 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. 

MATLAB/SIMULINK simulation results show the regulation capacity, the features of the 

mPPT algorithm for linear and nonlinear loads, and the frequency stability. 

1 INTRODUCTION 

In power systems, and especially distribution systems, power electronic devices are 

getting more common. They are used both as interfaces in client loads, and as an answer in 

the lattice itself. One explanation for the later, is the expanded enthusiasm for control quality, 

a term which focuses on the nature of the voltages and streams, concentrated on contortions 

from perfect power supplies. As for control quality, control electronic based burdens are, on 

one hand, more requesting than customary burdens.  

Power quality audit is a mind boggling subject and includes angles, for example, 

control framework, hardware displaying, control quality occasion relief and advancement and 

information investigation. The essential learning of the distinctive power framework 

aggravations is vital keeping in mind the end goal to decide the occasions and reasons for 

hardware disappointment and to apply moderation measures all the more adequately. Power 

framework unsettling influences are overwhelmed by voltage quality and music. Before, 

hardware used to control modern process was mechanical in nature, being fairly tolerant of 

voltage unsettling influences, for example, voltage droops, spikes, sounds, and so forth. A 

voltage regulator can be utilized as a temporary solution. The voltage regulator must have 

fast voltage regulation, reduced weight and easy installation. Using the proposed answer, the 
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grid energy best is reestablished and the PCC voltage is restored in a brief period of time. In 

the meantime, the permanent solution may be planned and set up in an appropriate time body. 

Once the exact solution is carried out, the voltage regulator may be disconnected from the 

grid and related to some other grid with similar troubles. In real packages, bad voltage 

regulation occurs whilst the PCC is some distance from the main grid transformer and the gap 

among the PCC and the transformer can without difficulty be in addition than a hundred 

meters. Access to grid voltage information can be difficult to obtain. 

To meet the voltage regulation requirement, a voltage-controlled DSTATCOM-based 

voltage regulator is proposed with shunt connection to PCC. The shunt connection avoids 

energy supply interruption whilst the voltage regulator is set up or disconnected. The 

proposed DSTATCOM permits the power company to postpone investments and 

complements the ability of grid control. Voltage-managed DSTATCOM can hold the PCC 

voltages balanced even under grid or load unbalances. The PCC voltage is immediately 

managed via the DSTATCOM and surprising load changes haven't any sizeable effect within 

the PCC voltage waveforms. Moreover, the voltage-controlled DSTATCOM decouples the 

grid and the masses, serving as a low impedance route for harmonic distortions due the 

voltage supply behavior. Current harmonic distortions from the loads have small impact in 

the grid and vice versa. The grid current quality, therefore, is exclusively given by the grid 

voltage quality. 

2. BASIC PRINCIPLE OF DSTATCOM: 

A DSTATCOM is a controlled reactive source, which includes a Voltage Source 

Converter (VSC) and a DC link capacitor connected in shunt, capable of generating and/or 

absorbing reactive power. The working concepts of a DSTATCOM are primarily based on 

the precise equivalence of the traditional rotating synchronous compensator. The AC 

terminals of the VSC are related to the Point of Common Coupling (PCC) an inductance, 

which may be a clear out inductance or the leakage inductance of the coupling transformer, as 

proven in Fig. 1. 

 

Fig.1 Block diagram of D-STATCOM 

The DC facet of the converter is connected to a DC capacitor, which contains the 

input ripple modern-day of the converter and is the main reactive energy storage element. Is 

capacitor may be stimulating by way of a battery source, or can be recharged by way of the 

converter itself. If choose voltage of the VSC is barely first-class to the AC terminal voltage, 

no alive gifts is introduced to the machine. If the take in voltage is manipulating superiors 
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than the AC terminal voltage, the DSTATCOM is inside the capacitive mode of operation 

and vice versa.  

The center of reactive strength flow is proportional to the difference in voltages. It is 

to be terrific go off at a tangent voltage tuning at PCC and power thing correction cannot be 

done simultaneously. For a DSTATCOM 2nd-hand for voltage adjusting at the PCC, the 

illuminate be obliged be such zigzag the serve currents must lead the deliver voltages; while, 

for power element correction, the supply modern-day should be in segment with the deliver 

voltages. The control techniques studied on this task are carried out on the way to analyzing 

the performance of a DSTATCOM for electricity factor correction and harmonic mitigation.  

3. SYSTEM MODELING 

To meet the voltage regulation requirement, a voltage-controlled DSTATCOM-based 

voltage regulator is proposed with shunt connection to PCC, as shown in Fig. 2. The shunt 

connection avoids power supply interruption even as the voltage regulator is installed or 

disconnected. The proposed DSTATCOM lets in the electricity employer to delay 

investments and complements the flexibility of grid management. Voltage-managed 

DSTATCOM can maintain the PCC voltages balanced even underneath grid or load 

unbalances. The PCC voltage is without delay controlled by using the DSTATCOM and 

surprising load adjustments haven't any giant effect in the PCC voltage waveforms. 

Moreover, the voltage-managed DSTATCOM decouples the grid and the masses, serving as a 

low impedance route for harmonic distortions due the voltage source conduct. Current 

harmonic distortions from the loads have small impact inside the grid and vice versa. The 

grid contemporary high-quality, therefore, is exclusively given through the grid voltage first-

rate. 

 

Fig. 2 Low voltage distribution grid under analysis with the voltage regulator 

  According to 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. 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 
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methods was usually adopted as the nominal grid voltage, 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. 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, proposes 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. In the authors 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.  

 

Fig. 3 Three-phase four-wire VSI with LC low-pass filter 

This project exhibits a voltage-controlled DSTATCOM-based voltage controller for 

low voltage dispersion matrices, utilizing a three-stage four-wire VSI with a LC low-pass 

yield channel, as appeared in Fig.3. Activity standards of the voltage-controlled DSTATCOM 

and the control system are exhibited. Moreover, two circles are incorporated to the proposed 

control system: the idea of minimum power point following (MPPT) and the recurrence 

circle. The MPPT keeps away from superfluous receptive remuneration, expanding the pay 

ability. The recurrence circle beats the useful trouble of synchronization by revising the 

recurrence of the voltage reference. This task proposes the blend of the two circles, giving to 

the power organization an answer for the poor voltage control in genuine appropriation 

lattices with predominant PCC voltage quality. Recreation results affirm the viability of the 

voltage controller and the features of both loops, separately and simultaneously. 

Voltage-controlled DSTATCOMs replace the PCC with three balanced voltage 

waveforms, adjusting their phase as the load and the dc bus require. For this paper, the 

DSTATCOM power rating was chosen as 1.0 p.u., the nominal load power. Taking into 

account the PCC voltage reduction performed by the MPPT algorithm, shows the 

DSTATCOM is able to compensate 1.0 p.u. load power with PCC voltage equal to 0.93 p.u. 
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3.1. Minimum Power Point Tracker (MPPT) 

The voltage amplitude to be regulated at PCC changes the power flow between the 

grid, load and DSTATCOM. Suitable VPCC makes the processed apparent power be 

minimal. When the VPCC is between the desired voltage limits, the MPPT minimizes the 

converter apparent power and no reactive power at the grid frequency is processed. Apparent 

power minimization means current minimization, which lower the losses and extends the 

equipment life cycle. For the MPPT analysis, apparent power is chosen to be minimized 

instead of reactive power due to: (i) active power in DSTATCOMs is a small fraction of the 

apparent power; (ii) the harmonic currents from the grid and load are also processed; (iii) the 

converter power rating and the losses are given by the apparent power; and (iv) apparent 

power is easier to calculate in comparison to extracting the reactive power at the grid 

frequency from distorted current waveforms.  

3.2 The P&O-based MPPT Algorithm  

The reduction of voltage regulator apparent power can be performed by tracking 

algorithms. An example of tracking algorithm is the Maximum Power Point Tracker (MPPT), 

which is widely used in PV systems. Among several MPPT algorithms, the Perturb & 

Observe (P&O) method was chosen to compose the mPPT algorithm due to its simplicity, 

low computational effort and a small number of sensors, although it has slow transient 

response and operates around a Maximum Power Point (MPP), which can be a local or a 

global MPP.  

 

Fig. 4 (a) P&O-based MPPT derivation (b) Example of the MPPT algorithm with voltage 

constraints 

Two parameters must be set to the P&O algorithm: perturbation amplitude and sample 

time. The perturbation amplitude defines the convergence time to reach the MPP and the 

amplitude of the oscillations in steady state. The sample period must be greater than the 

response time of the system to avoid instabilities. One interesting feature of the P&O method 

is its independency of PV arrays parameters. This feature makes the P&O not restricted to PV 
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systems. The P&O-based mPPT algorithm presents the same features of the P&O algorithm 

applied to MPPT, but is designed to achieve the Minimum Power Point (mPP) instead of 

MPP. The mPPT can be derived analyzing Fig. 4. (a). The marker 1 represents an increase of 

VPCC and the marker 4 represents a decrease of VPCC which leads to reduction of the Sinv. 

In these cases, the next perturbation will conserve the perturbation signal (positive for marker 

1 and negative for marker 4) and the mPPT will converge to the mPP. On the other hand, the 

marker 2 represents a decrease of VPCC and the marker 3 represents an increase of VPCC 

diverging from mPP. Therefore, the direction of the next perturbation must be positive for 

marker 2 and negative for marker 3. Comparing the perturbation logic of the P&O mPPT 

with the conventional P&O MPPT algorithm, one can conclude that the P&O-based mPPT 

can be obtained by simply changing the perturbation signal of the conventional P&O MPPT. 

The processed power at the mPP was intentionally considered as Smin, the minimal power to 

be processed. DSTATCOM losses and harmonic distortions contributions to the apparent 

power cannot be minimized to zero.  

3.3 Control Strategy  

The control strategy aims to synthesize three balanced voltage waveforms at PCC 

with adequate amplitude, low THD and also regulate the voltage of the dc bus capacitors. 

Therefore, the control strategy has three output voltage loops, one total and one differential 

dc bus voltage loop. The aforementioned controllers were designed with the parameters 

presented and evaluated for a range of the grid impedance (0.1 to 10 of Rg and Lg) through 

frequency response analysis. In this range the designed controllers work properly. 

Additionally, this paper includes two loops: a loop responsible for the PCC voltage amplitude 

and another one responsible for mitigating the grid frequency effect on the voltage regulator. 

Fig. 5 shows the complete control block diagram with the amplitude and frequency loops. 

 

Fig. 5 Proposed control strategy including amplitude and frequency loops. 

3.4 Output Voltage Loop  

The inputs of the output voltage loop are three voltage references (vref). The voltage 

references are composed of the dc bus controllers output, the mPPT and the frequency loop, 

as depicted in Fig. 5. To achieve adequate synthesis of the voltage references, the output 

voltage loop must have fast dynamic response. The output controller is a PID controller. The 

simplified output voltage loop block diagram can be seen in Fig. 6. The output voltage loop 

has active damping controllers to enhance the stability of the voltage regulator against grid 

impedance variations.  
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3.5 Grid Frequency Variation and the Total dc Bus Controller  

The DSTATCOM operation causes power losses in the power converter as a result of 

semiconductor switching. The losses diminish the total dc bus voltage (vo). As the 

displacement angle θ determines the active power flow at the PCC. Therefore, the total dc 

bus loop compares vo to the reference vo* and, through a PI plus pole controller, set a 

suitable θ to drain active power from the grid and reestablish the power balance between the 

grid, the loads and the DSTATCOM. The DSTATCOM is composed of three-phase four-wire 

VSI and the voltage balance at the split capacitors is required. The difference between the 

split capacitor voltages (vd) is compared to the reference (vd*) and a PI plus pole contributes 

to the reference generator with a small dc component (VPCC,dc). This dc component charges 

one capacitor more than the other and the voltage balance can be achieved. 

 

Fig. 6 Output voltage loop block diagram 

4. SIMULATION RESULTS 

Case:1- Grid Frequency Variation Impacts   

The effect of the grid frequency step on the total dc bus voltage can be seen in Fig. 8 

(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. 8 (b), the total voltage returns to 

nominal voltage. After the frequency step, the total voltage controller has a slope output. 

Without fref  update, Fig. 9 (a), the compensation angle decreases indefinitely, whereas with 

the frequency loop the compensation angle is constant, as shown in Fig. 9 (b). 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. 

 

Fig. 7 Simulation diagram of grid frequency variation impacts 
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Fig. 8 (a) 

 

Fig. 8 (b) 

Fig. 8 Total dc bus voltage during the grid frequency variation: (a) without and (b) with the 

frequency compensation 

 

Fig. 9 (a) 

 

Fig. 9(b) 

Fig. 9 Compensation angle during the grid frequency variation: (a) without and (b) with the 

frequency compensation 
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Fig. 10 Dc bus voltages during the DSTATCOM initialization 

 

Fig. 11 PCC voltages without compensation for linear loads 

 

Fig. 12 PCC voltages with compensation for linear loads 

 

Fig.13 Voltage regulator currents for linear loads 
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Fig. 14 Grid, load and voltage regulator currents for linear loads 

At the time t0 the auxiliary contactor (AC) closes and inserts the pre-charge resistors 

(PCR) in series with the DSTATCOM while the PWM is maintained disabled. The dc bus 

charges through the switches diodes, Meanwhile, the PLL circuit synchronizes the voltage 

references with the PCC voltages. The PCC voltage amplitude without compensation is 212 

V according to Fig. 10. One can see that the PCC voltages contain some harmonic distortion 

inherent to low voltage distribution grids. The compensated PCC voltage was arbitrarily 

chosen as 220 V. The PCC voltages are regulated with low THD (0.2%), as shown in Fig. 11. 

The compensation currents have different rms values for each phase, highlighting the natural 

unbalance of the low voltage grids. The harmonic distortion present in the grid voltage is 

compensated by the regulator. Fig. 13 presents the compensation current waveforms. The 

quality of the b-phase grid current (igb) for linear loads is shown in Fig. 14. The voltage 

regulator supplies the load with low THD voltages, as seen by the load current (iLb). The 

harmonic content in igb is given by the grid voltage distortions. 

 

Fig. 15 PCC voltages without compensation for nonlinear loads 

 

Fig. 16 PCC voltages with compensation for nonlinear loads 

International Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 158



 

Fig. 17 Voltage regulator currents for nonlinear loads 

 

 

Fig. 18 Grid, load and voltage regulator currents for nonlinear loads 

The considered nonlinear loads are three 2 kVA single-phase rectifiers with a 

capacitive filter, one in each phase added to 5.2 kW three-phase resistive loads. The PCC 

voltage amplitude without compensation is 203 V with 6.4% THD, as shown in Fig. 15. The 

compensated PCC voltage is depicted in Fig. 16 having three regulated and sinusoidal 

waveforms with 0.6% THD. The compensation currents contain the fundamental frequency 

for the reactive compensation and all the harmonic distortion from the nonlinear loads, as 

seen in Fig. 17.  The b-phase grid current (igb) waveform for nonlinear load is shown in Fig. 

18. The voltage regulator absorbs the harmonic content from the load current (iLb) leaving 

igb free of load harmonic distortions. Comparing igb from Fig. 18 and Fig. 15, one can notice 

the grid current waveforms present similar distortions from the grid voltage. 

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 the frequency loops. Simulation outcomes exhibit the voltage regulation 

functionality, providing 3 balanced voltages on the PCC, even under nonlinear masses. The 

proposed amplitude loop turned into able to reduce the voltage regulator processed apparent 

electricity about 51 % with nonlinear load and even more with linear load (80%). The MPPT 

algorithm tracked the minimum power point inside the allowable voltage variety while 

reactive energy compensation isn't vital. With grid voltage sag and swell, the amplitude loop 
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meets the grid code. The MPPT can also be applied in modern-day-controlled DSTATCOMs, 

reaching similar outcomes. The frequency loop stored the reimbursement perspective within 

the analog limits, increasing the autonomy of the voltage regulator, and the dc bus voltage 

regulated at nominal fee, thus minimizing the dc bus voltage consistent kingdom error. 

Simultaneous operation of the MPPT and the frequency loop become validated. The proposed 

voltage regulator is a shunt connected answer, that is tied to low voltage distribution grids 

without any strength interruption to the hundreds, without any grid voltage and impedance 

information, and provides balanced and low-THD voltages to the customers. 
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