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 Background: Today for improving the power electronics by the use of FACTS (flexible 
alternating current transmission system) that widely used to improve the quality of the 

power and other components specially in high voltage in the line transmission. 

Switching frequency is restricted to line frequency since the reflexive power is injected 
into available power system. The proposed work made an attempt to better realize 

decreasing harmonics for having better output. Generally, there are different power 

conditioners, which chipped in to the power decadence because of switching the power 
semiconductor systems effect generated in the convertor. Therefore, filters are used to 

decrease the harmonics but this is always unsufficient way. FACTS controllers are 

extensively used to make the quality better of the power and dynamic control of it is 
specially in the transfer line. STATCOMs are installed to the A.C distribution with 2 

and 3 zone of VSI in this study. In this work the software MATLAB used to analyze the 

collecting data and SPS software also used to analyze the statistics data obtained from 
this research work and the results are presented to show the effectiveness of the 

proposed control strategy. 
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INTRODUCTION 

 

 Power quality determines the fitness of electrical power to consumer devices. Synchronization of the 

voltage frequency and phase allows electrical systems to function in their intended manner without significant 

loss of performance or life (J. Delgado2002). The term is used to describe electric power that drives an electrical 

load and the load's ability to function properly. Without the proper power, an electrical device (or load) may 

malfunction, fail prematurely or not operate at all. There are many ways in which electric power can be of poor 

quality and many more causes of such poor quality power (M. McGranaghan2002). 

 The electric power industry comprises electricity generation (A.C power), electric power transmission and 

ultimately electricity distribution to an electricity meter located at the premises of the end user of the electric 

power (EPRI2000). The electricity then moves through the wiring system of the end user until it reaches the 

load (M. McGranaghan2002). The complexity of the system to move electric energy from the point of 

production to the point of consumption combined with variations in weather, generation, demand and other 

factors provide many opportunities for the quality of supply to be compromised (M. Bollen2000 and D. 

Chapman2001). 

 While "power quality" is a convenient term for many, it is the quality of the voltage rather than power 

or electric current that is actually described by the term (] Mendis, S.R., Bishop, T.M. and Witte, J.F. 1996). 

Power is simply the flow of energy and the current demanded by a load is largely uncontrollable. 

The quality of electrical power may be described as a set of values of parameters, such as: 

 Continuity of service 

 Variation in voltage magnitude (see below) 

 Transient voltages and currents 

 Harmonic content in the waveforms for A.C power (N.G Hingorani 1998). 

 Power Quality (PQ) related issues are of most concern nowadays. The widespread use of electronic 

equipment, such as information technology equipment, power electronics such as adjustable speed drives 

(ASD), programmable logic controllers (PLC), energy-efficient lighting, led to a complete change of electric 

loads nature. These loads are simultaneously the major causers and the major victims of power quality 
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problems. Due to their non-linearity, all these loads cause disturbances in the voltage waveform (H. Darrelmann 

2000 and P. Ribeiro, B. Johnson, M. Crow, A. Arsoy, Y. Liu 2001). 

 Table 1 shows the Most common Power Quality problems and figure 1 illustrates power quality and 

reliability. Although many efforts have been taken by utilities, some consumers require a level of PQ higher 

than the level provided by modern electric networks. This implies that some measures must be taken in order to 

achieve higher levels of Power Quality. 

 Figure 2 represents a multi level invertor with an extension of single and three phase of invertor. 

 

 
Fig. 1: Power Quality and Reliability. 

 

 In this picture you will see four IGBT circuits are installed into three various legs and the diodes are 

installed in parallel to each legs in the opposite direction. The loads are installed to two IGBT circuits for each 

leg. There are several advantages of using multi level invertors than single and three phase invertors instead. 

 When the output includes multiple D.C levels the multi levelinvertors have higher capability of decreasing 

the harmonics. 

 Multi level inverters could be used for higher voltage as well.  

 As discussed before, the reduction of harmonic today is one of the most important aspects of a system. on 

the other hand, it is very essential to delete from A.C output too.  

 
Table 1: Most common Power Quality problems. 

1. 
Voltage sag (or dip) 

 

Description: A decrease of the normal voltage level between 10 and 90% of the nominal rms voltage at 

thepower frequency, for durations of 0,5 cycle to 1 minute. 

Causes: Faults on the transmission or distribution network (most of the times on parallel feeders). Faults in 
consumer’s installation. Connection of heavy loads and start-up of large motors. 

Consequences: Malfunction of information technology equipment, namely microprocessor-based control 

systems (PCs, PLCs, ASDs, etc.) that may lead to a process stoppage. Tripping of contactors and 
electromechanical relays. Disconnection and loss of efficiency in electric rotating machines. 

2. 

Very short 
Interruptions 

 

Description: Total interruption of electrical supply for duration from few milliseconds to one or two seconds. 
Causes: Mainly due to the opening and automatic reclosure of protection devices to decommission a faulty 

section of the network. The main fault causes are insulation failure, lightning and insulator flashover. 
Consequences: Tripping of protection devices, loss of information and malfunction of data processing 

equipment. Stoppage of sensitive equipment, such as ASDs, PCs, PLCs, if they’re not prepared to deal with 

this situation. 

3. 

Long interruptions 

 

Description: Total interruption of electrical supply for duration greater than 1 to 2 seconds 
Causes: Equipment failure in the power system network, storms and objects (trees, cars, etc.) striking lines or 

poles, fire, human error, bad coordination or failure of protection devices. 

Consequences: Stoppage of all equipment. 

4. 

Voltage spike 

 

Description: Very fast variation of the voltage value for durations from a several microseconds to few 

milliseconds. These variations may reach thousands of volts, even in low voltage. 
Causes: Lightning, switching of lines or power factor correction capacitors, disconnection of heavy loads. 

Consequences: Destruction of components (particularly electronic components) and of insulation materials, 

data processing errors or data loss, electromagnetic interference. 

5. 

Voltage swell 

 

Description: Momentary increase of the voltage, at the power frequency, outside the normal tolerances, with 
duration of more than one cycle and typically less than a few seconds. 

Causes: Start/stop of heavy loads, badly dimensioned power sources, badly regulated transformers (mainly 

during off-peak hours). 
Consequences: Data loss, flickering of lighting and screens, stoppage or damage of sensitive equipment, if the 

voltage values are too high. 
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6. 

Harmonic distortion 

 

Description: Voltage or current waveforms assume non-sinusoidal shape. The waveform corresponds to the 

sum of different sine-waves with different magnitude and phase, having frequencies that are multiples of 

power-system frequency. 

Causes: Classic sources: electric machines working above the knee of the magnetization curve (magnetic 

saturation), arc furnaces, welding machines, rectifiers, and D.C brush motors. Modern sources: all non-linear 
loads, such as power electronics equipment including ASDs, switched mode power supplies, data processing 

equipment, high efficiency lighting. 

Consequences: Increased probability in occurrence of resonance, neutral overload in 3-phase systems, 
overheating of all cables and equipment, loss of efficiency in electric machines, electromagnetic interference 

with communication systems, errors in measures when using average reading meters, nuisance tripping of 

thermal protections. 

7. 
Voltage fluctuation 

 

Description: Oscillation of voltage value, amplitude modulated by a signal with frequency of 0 to 30 Hz. 

Causes: Arc furnaces, frequent start/stop of electric motors (for instance elevators), oscillating loads. 
Consequences: Most consequences are common to undervoltages. The most perceptible consequence is the 

flickering of lighting and screens, giving the impression of unsteadiness of visual perception. 

8. 

Noise 

 

Description: Superimposing of high frequency signals on the waveform of the power-system frequency. 
Causes: Electromagnetic interferences provoked by Hertzian waves such as microwaves, television diffusion, 

and radiation due to welding machines, arc furnaces, and electronic equipment. Improper grounding may also 
be a cause. 

Consequences: Disturbances on sensitive electronic equipment, usually not destructive. May cause data loss 

and data processing errors. 

9. 

Voltage Unbalance 

 

Description: A voltage variation in a three-phase system in which the three voltage magnitudes or the phase 
angle differences between them are not equal. 

Causes: Large single-phase loads (induction furnaces, traction loads), incorrect distribution of all single-phase 

loads by the three phases of the system (this may be also due to a fault). 
Consequences: Unbalanced systems imply the existence of a negative sequence that is harmful to all three 

phase loads. The most affected loads are  three-phase induction machines. 

 
 

Fig. 2: Multi level inverter. 

 

Total Harmonic Distortion: 

 The total harmonic distortion, or THD, of a signal is a measurement of the harmonic distortion present and 

is defined as the ratio of the sum of the powers of all harmonic components to the power of the fundamental 

frequency. THD is used to characterize the linearity of audio systems and the power quality of electric power 

systems. Distortion factor is a closely related term, sometimes used as a synonym. 

 In audio systems, lower THD means the components in a loudspeaker, amplifier or microphone or other 

equipment produce a more accurate reproduction by reducing harmonics added by electronics and audio media. 

 In radio communications, lower THD means the pure signal emission without causing interferences to other 

electronic devices. Moreover, the problem of distorted and not eco–friendly radio–emissions appear to be also 

very important in the context of spectrum sharing and spectrum sensing.  

 In power systems, lower THD means reduction in peak currents, heating, emissions, and core loss in 

motors.  

 To understand a system with an input and an output, such as an audio amplifier, we start with an ideal 

system where the transfer function is linear and time-invariant. When a signal passes through a non-ideal, non-
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linear device, additional content is added at the harmonics of the original frequencies. THD is a measurement of 

the extent of that distortion. 

 When the main performance criterion is the ″purity″ of the original sine wave (in other words, the 

contribution of the original frequency with respect to its harmonics), the measurement is most commonly 

defined as the ratio of the RMS amplitude of a set of higher harmonic frequencies to the RMS amplitude of the 

first harmonic, or fundamental, frequency. 

 

 
where VN is the RMS voltage of nth harmonic and n = 1 is the fundamental frequency. For many standard 

signals, the above criterion may be calculated analytically in a closed-form. For example, a pure square 

wave has THDF equal to 

 
The saw tooth signal possesses 

 
The pure symmetrical triangle wave has THDF of 

 
For the rectangular pulse train with the duty cycle μ (called sometimes the cyclic ratio), the THDF has the form 

 
and logically, reaches the minimum (≈0.483) when the signal becomes symmetrical μ=0.5, i.e. the pure square 

wave. Appropriate filtering of these signals may drastically reduce the resulting THD. For instance, the 

pure square wave filtered by the Butterworth low-pass filter of the second-order (with the cutoff frequency set 

equal to the fundamental frequency) has THDF of 5.3%, while the same signal filtered by the fourth-order filter 

has THDF of 0.6%. However, analytic computation of the THDF for complicated waveforms and filters often 

represents a difficult task, and the resulting expressions may be quite laborious to obtain. For example, the 

closed-form expression for the THDF of the sawtooth wave filtered by the first-order Butterworth low-pass 

filter is simply 

 
while that for the same signal filtered by the second-order Butterworth filter is given by a rather cumbersome 

formula 

 
Yet, the closed-form expression for the THDF of the pulse train filtered by the pth-order Butterworth low-pass 

filter is even more complicated and has the following form 

 
where μ is the duty cycle, 0<μ<1, and 

 
Simulation: 

 In this research two and three levels of VSI supported by STATCOM are installed to A.C system while the 

total harmonic distortion is computed. In this purpose, 1 KW of parallel RLC added to the system as a load. 

 Figure 3 shows two level of VSI connected to the A.C system by the use of STATCOM. 

 In order to improve the power quality such as decreasing the total harmonic distortion of two level VSI is 

installed to the A.C system while loaded. Adding the load can be done by three different phases of A.C voltage 

source followed by voltage measurements.  
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Fig. 3: VSI System Joined to A.C System. 

 

RESULTS AND DISCUSSION 

 

 The harmonic content while A.C line connected to capacitors are shown as below. 

 

 
Fig. 4: THD connected to A.C line. 

 

 As the figure implies when capacitors pass the line of 0.12 % for a load 1000 watt of harmonic content 

therefore, the harmonic content should be decreased to improve the power quality.  

 

 
 

Fig. 5: THD connected to A.C line for two faces. 
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 The figure clearly prove that the harmonic content decreased to 0.06 %  whereas, by comparing above case 

it is clear that the harmonic content decreased, therefore the power quality improved. 

 

 
 

Fig. 6: THD connected to A.C line for three faces. 

 

 Figure 6 shows that the contents are decreased while increasing the number of faces. It could be concluded 

now from figure 4, 5 and 6 that the three faces of the THD of STATCOM is very useful to improve the quality 

of the power. 

The summery of the all results are shown in table 2 
 
Table 2: Summery of the results. 

List of connection to A.C line % THD 

Capacitors connected to A.C line 0.12 

Capacitors connected to A.C line for two faces 0.06 

Capacitors connected to A.C line for three faces 0.04 

 

Conclusion: 

 The availability of electric power with high quality is crucial for the running of the modern society. If some 

sectors are satisfied with the quality of the power provided by utilities, some others are more demanding. It 

could be observed that the transmittable power via transmission line could make the power quality high. The 

voltage profile of the transmission could be controlled by some amount of compensated and to provide a faster 

response. This could be make the voltage source converter a significant part of FACTS controllers. STATCOM 

circulates power by the help of connected network and reflexive force deriving from the energy directly instead. 

Figure 4, 5 and 6 have been proved that the three faces of the THD is very useful and significant to improve the 

quality of the power. 
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