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Abstract 

Industrial power plants are able to generate electricity with appropriate quality 

and power factor using Instrumentation.  

These plants use traditional methods to avoid the heavy compensation that may 

be imposed on them, and also use capacitive banks or newer solutions such as 

SVC and STATCOM, which are too expensive to improve power factor. They 

also use separate active filters to reduce current harmonics. This paper proposes 

that dynamic capacitors that are based on inverters used as a capacitive dynamic 

controller with an active harmonic filter make this system cost less than SVC and 

STATCOM. 

Introduction 

Power factor correction is one of the best ways to focus on investing and reducing 

energy costs, which funds will be returned in a short amount of time [1-2]. 

Advances in recent years have increased the reliability and capacity of the 

compensation system. In many cases, system design and estimation of dimensions 

has become more difficult due to the annual increase in harmonics in low and 

medium pressure networks [3-5]. Power converters, motor controllers, fixed 

frequency converters, televisions and computers inject harmonic currents into 

networks and these harmonics may be amplified by network impedance and 

capacitors [6-8].  

Compensators such as SVC and STATCOM are used for power of 20-100 MVAR 

and at a voltage level of 350 kV. Compensators such as SVCs are controlled by 

thyristors, reactors and fixed capacitors. These compensators have been in use for 

30 years. Also, STATCOM, which is based on DC / AC inverter for reactive 



power control, has been used commercially for about 3 years. Active filters on the 

market have less penetration in the market due to low reliability and high relative 

cost [7]. 

The conventional solution for modifying the power factor using a capacitive bank 

can be changed with a shunt. Its single-line diagram is shown in Figure 1-A. This 

capacitor bank from 6 to 3 electromechanical switches that inject reactive power 

into the circuit in the form of step changes according to Figure 1-B to correct the 

power factor. In order to prevent harmonic current, an active filter with high 

switching frequency and an inverter with DC / AC bandwidth control should be 

used. In fact, this system has a high cost and a lot of complexity [9]. 

 

Dynamic capacitor: 

The dynamic capacitor consists of a small AC and LC chopper (Lf1, Lf2, Cf) and 

capacitor C, which is used to suppress the harmonics caused by the switches and 

to modify the power factor. 

The structure of the D-CAP is shown in Figure 2-A. This dynamic var 

compensator has the same performance as STATCOM. [4] 

 

 

 

 

 

 

 

 



If the AC chopper is modulated with the cycle D = k0 at high frequency f, the 

equations Vc and Ix are obtained from the following equation: 

 

 

In fact, the D-Cap works like a dynamically variable capacitor. It is like a 

thyristor-controlled reactor (TCR) in which the effective amount of inductance is 

controlled. Unlike TCR, however, it does not produce low-frequency D-Cap 

harmonics, and can control it quickly. In addition, each phase operates 

independently of the other two phases [3]. 

 When the task factor equal one, the maximum reactive power is transmitted from 

the capacitor to the network (C + Cf), and when the task factor D equal zero, the 

minimum reactive power is injected into the system. 

The effective value of Var can be controlled by sub-cycle response time by 

controlling the task factor. Therefore, the amount of capacitor C is selected based 

on the amount of reactive power required to produce the appropriate power quality 

during the day.  The values of Lf1, Lf2, Cf affect the switching frequency, which is 

used to reduce the harmonic effect of switching [4,5]. 

Active filter control strategy: 

The control strategy of active filters depends not only on the purpose of 

compensation and the amount of nominal capacity of the filter, but also on the 

characteristics of the filters in transient and permanent states [9-11]. 

There are two types of control strategies for active filters: one is the p-q 

instantaneous power theory in the time domain only for three-phase circuits and 

the other is Fourier analysis in the frequency domain. 

 Most active filters today use instantaneous reactive power theory as a control 

strategy. 

In this paper, the active filters work based on the interaction of the switches. These 

switches are controlled by pulse width modulation (PWM) [6]. The working cycle 

of the switches is obtained from the following equation [12-14]. 



 

  

  

  

The mathematical equation of the current injected by the D-Cap when the 

switches are disconnected and connected to the duty cycle D (t) are:  

 

  

  

  

  

  

  

simulation: 



This simulation is performed with MATLAB software. The general model of the 

system is shown in Figure 0, where a nonlinear load consisting of a three-phase 

rectifier diode is connected in parallel to a set of loads. Three single-phase D-Caps 

connected to one line from one side and all three from the other side, which have 

been used to reduce the harmonic of the network and modify the power factor. 

 

In this simulation, instantaneous power theory is used to control D-Caps, which 

includes two general control loops. One loop is used to reduce the harmonic due 

to switching and the other loop is used to modify the power factor. Each harmonic 

control loop is used to remove a specific frequency harmonic The power factor 

correction loop in the main frequency first uses the abc to dq conversion, which 

is the same as the direct-quadrature-zero. Then we set the component q to zero. 

The integral output is then obtained from it to obtain a constant value that 

determines how much reactive power should be injected into the system. 

Each of the harmonic current control loops similarly converts abc to dq. After 

integration, output converts to abc again. The output of the loops is concluded 

together. Where the function D (t) is obtained. The function D (t) is then 

modulated In Figure 4, we notice the control loops of power factor correction and 

harmonic reduction of 5 and 7. 

          



 

An example of a single-phase designed system is shown below. 

 

Simulation results: 

Matlab software has been used to simulate the system. The studied system is 

shown in Figure (3). To analyze the system and study its actions, the system is 

first simulated without the presence of D-Cap and the waveforms are shown. 

The simulation results show that the current is out of sinusoidal state due to the 

nonlinear load at the end of the line. Due to the harmonic analysis, we conclude 

that the line has harmonics 5, 7, 00 and 00(The value of each harmonica is given 

as a percentage of the original frequency in Appendix 0) Which is THD = 31.44%. 

After connecting the D-Cap, the following results are obtained by controlling the 

reactive power injected into the line by the switches.  

 



The simulation results show that the line current becomes sinusoidal after 

connecting D-Cap. 

 

 Due to harmonic analysis we conclude that the harmonic values of 5, 7, 00 and 

00 have decreased.  

 

(The value of each harmonica is given as a percentage of the main frequency in 

Appendix 0) which is THD = 0.65% 

 

 

Harmonics with and W/O D-cap 
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Conclusion: 

In this paper, we present an integrated method for reducing harmonics and 

modifying the power factor. This method, known as dynamic capacitors, is based 

on inverters as a capacitive dynamic controller with an integrated harmonic filter 

to be used at the expense of this system. Less than SVC and statcom due to the 

shown waveforms obtained from two modes with D-Cap and without D-Cap, it 

was shown that this new method reduces THD. 

Appendix 0 The value of each of the harmonics as a percentage of the main 

frequency in the state without D - Cap 

The value of each harmonic as a percentage of the main frequency in the case with 

D-Cap 

* The reason for using inductors and capacitors in the following circuit: 



The converter consists of a small LC chopper (1Lf2 Lf, Cf) used to suppress 

switching harmonics and a capacitor C to modify the power factor. 

The VQS method is a method that controls the voltage across the axis and can 

control the harmonics and the phase and amplitude of the output voltage. 

Assume that Vin is the input voltage, which we consider on the d-axis, and Vo is 

the optimum output voltage, which is shifted by φ relative to the input voltage. 

The output voltage is obtained from the sum of the two components of the q and 

d axes. Figure 1 shows the equivalent circuit of the chopper when the controller 

is with EHM, and Figure 2 shows the input voltage and the voltage of the q axis 

with the main frequency and three times the main frequency, Figure 2 shows the 

input and output voltages that are harmonically affected. 

In this method we have: 

Due to physical limitations 

In order to obtain the desired output voltage, 0 = θ must be obtained 

If the control variable is Vqo, if it is φ3=2 , then it is the minimum level of the third 

harmonic that must be injected into the system to achieve the desired control. This 

can be calculated by the function. 

It is simplified to the following form 

* A comparison of the D-CAP topology in each phase with the capacitor bank and 

VSI inverter topology is shown in the figure below. 

VSI is a reactive power compensator with only a relatively small capacitor on the 

dc side. The following figure shows the single-phase diagram of a VSI and the 

input phase diagram of VSI voltages and line voltages. 

As can be seen, the VSI is connected to the system by an inductor, which is used 

to filter out additional harmonics. This inductor shows a large impedance against 

high frequency harmonics and prevents the flow of those harmonics. 



As shown in the fuzzy diagram of the pre-phase mode, the output voltage of the 

VSI is less than the mains voltage, the reactive power is absorbed by the VSI; The 

network is injected. 
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