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Development of power electronics based devices help to improve transmission loss and increase the power 

transfer capability of power system. Parameters like voltage, real and reactive power flow can be controlled 

by using FACTS devices in transmission lines. . Power sources act as non linear loads, drawing a distorted 

waveform that contains harmonics. These harmonics can cause problems ranging from telephone 

transmission interference to degradation of conductors and insulating material in motors and transformers. 

Therefore it is important to gauge the total effect of these harmonics. The summation of all harmonics in a 

system is known as total harmonic distortion (THD). Harmonic Distortion is the degree to which a waveform 

deviates from its pure sinusoidal form. Shunt Flexible AC Transmission System (FACTS) devices such as SVC 

and STATCOM, when placed at the midpoint of a long transmission line, play an important role in controlling 

the reactive power flow to the power network and hence both the system voltage fluctuations and transient 

stability. A three phase transmission system has been studied first without using any compensating devices. 

The voltage and current waveform of the uncompensated system has been observed. Then the system is 

studied with the connection of compensating device STATCOM in parallel with the system at the middle end 

of the transmission line. The STATCOM consists of Voltage Source Converter fed by a dc reference voltage. 

The pulses to be given to the converter are fed from the PI Controller, which compares the system voltage with 

the reference voltage and produces the necessary error signal. Results has been shown through MATLAB 

Simulink 
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I. INTRODUCTION 

The economic and environmental factors 

necessitate the location of generation at places 

away from load centre. The restructuring of power 

utilities has increased the uncertainties in system 

operation. The regulatory constraints on the 

expansion of the transmission network has 

resulted in reduction of stability margins and 

increased the risks of cascading outages and 

blackouts. This problem can be effectively tackled 

by the introduction of high power electronic 

controllers for the regulation of power flows and 

voltages in AC transmission networks. This allows 

'flexible' operation of AC transmission systems 

whereby the changes can be accommodated easily 

without stressing the system. Power electronic 

based systems and other static equipment that 

provide controllability of power flow and voltage are 

termed as FACTS Controllers. 

The loads can be characterized into linear and 

non linear loads. Linear loads draw current that is 

ABSTRACT 

International Journal for Modern Trends in Science and Technology 

Volume: 02, Issue No: 12, December 2016 

ISSN: 2455-3778 

http://www.ijmtst.com 

http://www.ijmtst.com/


 

 
59     International Journal for Modern Trends in Science and Technology 

 

 

Anchal Ambwani and Durga Sharma : Minimization of Total Harmonic Distortion for Long Transmission Lines using PI 
Controller 

sinusoidal in nature so they generally do not 

distort the waveform. Most household appliances 

are categorized as linear loads. While Solid state 

electronics is based on the use of semiconductors 

which have non linear voltage current 

characteristics. Power sources act as non linear 

loads, drawing a distorted waveform that contains 

harmonics. These harmonics can cause problems 

ranging from telephone transmission interference 

to degradation of conductors and insulating 

material in motors and transformers. Therefore it is 

important to gauge the total effect of these 

harmonics. The summation of all harmonics in a 

system is known as total harmonic distortion 

(THD). Harmonic Distortion is the degree to which 

a waveform deviates from its pure sinusoidal form. 

II. DETAILS ABOUT UPFC 

To understand the unified power flow concept, 

consider a power system with two machines 

connected by a transmission line of reactance X, 

(purely inductive) along with two voltage sources 

Vsh and Vse representing the UPFC as shown in Fig. 

1.3. The voltage sources denoted by Vsh and Vse in 

the Fig. 1 are connected in shunt and series 

respectively at the mid- point of the transmission 

line. Voltage source Vsh, is connected to the 

transmission line through a transformer 

represented as a reactance Xsh. It is assumed that 

the voltage sources denoted by Vsh and Vse have the 

capabilities of varying their magnitude and their 

phase angle. 

To understand the operation of the source Vsh the 

source Vse is disconnected Reactive power flows 

from the voltage source Vsh to bus M if the 

magnitude of the voltage source Vsh is greater than 

the mid-point voltage VM, and the phase of them 

are the same. 

 
Figure 1  A power system with two machines connected by 

a transmission line with voltage source Vsh and Vse 

representing the UPFC 

If the phase angle of the voltage source Vsh leads 

the phase angle of mid-point voltage VM, and the 

magnitude of Vsh, is greater than VM, then real and 

reactive power will flow from the voltage source Vsh 

to the bus M. Conversely, if the magnitude of the 

shunt voltage Vsh is less than the mid-point voltage 

VM but the phase angle difference between them is 

zero, then only reactive power will flow from the 

bus M to the bus P. In this process, the voltage 

source Vsh is consuming reactive power. If the 

phase angle of VM leads the phase angle of Vsh then 

both real and reactive power will flow from bus M to 

bus P and the voltage source is said to be 

consuming both real and reactive power. In 

summary, by controlling the magnitude and phase 

angle of the shunt voltage source Vsh the direction 

of real and reactive power flow to the bus M can be 

controlled. Alternatively, the voltage source Vsh can 

be made to function as a load or as a generator for 

the power system. In the above operation, if the 

phase angle difference between the voltage at bus 

M and that of Vsh is maintained at zero, then by 

varying the magnitude of Vsh reactive power cm 

either be consumed or generated by Vsh. This 

operation cm be compared with that of a thyristor 

controller reactor with fixed capacitor (shunt 

compensator) that generates or absorbs reactive 

power by altering its shunt reactive impedance. It 

should be noticed that the function of a shunt 

compensator is being duplicated by the voltage 

source Vsh. 

III. LITERATURE SURVEY 

Voltage collapse is a major problem of power 

system and it occurs due to voltage instability. 

There are many analysis methods for determining 

voltage stability based on power flow. Steady- state 

stability is the ability of power system to control 

after small disturbances e.g.:- change in load [1]. In 

[2], dynamic performance of two area power system 

with and without UPFC have been studied and 

compared with other FACTS (Flexible alternating 

current transmission system) devices. Various 

types of FACTS controllers and their performance 

characteristics have been described in [3]. It is 

essential to analyze voltage stability for a secure 

power system. Static VAR compensator (SVC) and 

Thyristor controlled series capacitor (TCSC) 

increased system stability by placing SVC Flexible 

AC transmission system controller at different 

places steady- state stability of system can 

improved [4]. 

FACTS (Flexible alternating current 

transmission system) are mainly used for solving 

instability problems. Recently it has been noted 

that FACTS controllers can also be used for power 

flow control and stability enhancement control. 
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Use of FACTS controllers for improving transient 

stability of a system has been investigated in [5]. 

Comparison of the Power electronic controllers 

were first introduced in HVDC transmission for 

improving power flow and system stability. There 

are four types of controllers in FACTS device 

family. Series controllers are used to inject voltage 

in series with the line and directly control voltage 

and current performances of shunt capacitor, 

FC-TCR type SVC and STATCOM using 

MATLAB/SIMULINK software has been done [6]. 

IV. OBJECTIVE 

Modern power system is complex and it is 

essential to fulfill the demand with better power 

quality. Advanced technologies are nowadays being 

used for improving power system reliability, 

security and profitability and due to this power 

quality is improved. Voltage stability, voltage 

security and power profile improvement are 

essential for power quality improvement. To 

achieve optimum performance of power system it is 

required to control reactive power flow in the 

network. Construction of new transmission lines 

and power stations increase the problem of system 

operation as well as the overall cost. Regulatory 

limitation on the expansion of system network has 

resulted in reduction in stability margin thereby 

increasing the risk of voltage collapse [3]. Voltage 

collapse occurs in power system when system is 

faulted, heavily loaded and there is a sudden 

increase in the demand of reactive power. Voltage 

instability in power system occurs when the system 

is unable to meet the reactive power demand. One 

of the most important reactive power sources is 

FACTS (Flexible A.C transmission system) device. 

FACTS may be defined as a power electronic based 

semiconductor device which can inject or absorb 

reactive power in a system as per requirement. The 

benefits of employing FACTS are many: 

improvement of the dynamic and transient 

stability, voltage stability and security 

improvement, less active and reactive power loss, 

voltage and power profile improvement, power 

quality improvement, increasing power flow 

capability through the transmission line, voltage 

regulation and efficiency of power system operation 

improvement, steady state power flow 

improvement, voltage margin improvement, loss 

minimization, line capacity and load ability of the 

system improvement. 

V. PROBLEM IDENTIFICATION 

The lines operating at different voltages are 

connected through transformers which operate at 

high efficiency. Traditionally, AC lines have no 

provision for the control of power flow. The 

mechanically operated circuit breakers (CB) are 

meant for protection against faults (caused by 

flashovers due to over voltages on the lines or 

reduced clearances to ground). A CB is rated for a 

limited number of open and close operations at a 

time and cannot be used for power flow control. 

(Unlike a high power electronic switch such as 

thyristor, GTO, IGBT, IGCT, etc.). Fortunately, ac 

lines have inherent power flow control as the power 

flow is determined by the power at the sending end 

or receiving end. 

The large interconnected transmission networks 

(made up of predominantly overhead transmission 

lines) are susceptible to faults caused by lightning 

discharges and decrease in insulation clearances 

by undergrowth. The power flow in a transmission 

line is determined by Kirchhoff's laws for specified 

power injections (both active and reactive) at 

various nodes. While the loads in a power system 

vary by the time of the day in general, they are also 

subject to variations caused by the weather 

(ambient temperature) and other unpredictable 

factors. The generation pattern in a deregulated 

environment also tends to be variable (and hence 

less predictable). Thus, the power flow in a 

transmission line can vary even under normal, 

steady state conditions. 

VI. METHODOLOGY 

The PI controller used in the above diagram is 

based on the abc to dq0 transformation technique. 

The detailed diagram for PI controller is as shown: 

 
Figure 2 Proposed UPFC 
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The voltage and current waveform after 

compensation are obtained through Simulink and 

THD for voltage and Current is observed and 

recorded. 

 
Figure 3 Simulink Diagram of PI Controller 

VII. CONCLUSION, RESULTS & DISCUSSIONS 

 
Figure 4 Voltage Waveform at source side without 

compensation 

 
Figure 5 Current Waveform at source side without 

compensation 

 
Figure 6 Current Waveform at source side after 

compensation 

 
Figure 7 THD of the voltage before compensation 

 
Figure 8 THD of the current before compensation 

 
Figure 9 THD of the voltage after compensation 

 
Figure 10 THD of the voltage after compensation 
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