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ABSTRACT:Modern power systems are enormous and interconnected to serve large, remote load regions [3]. In
recent years, voltage stability and voltage regulation have received wide attention [3][4]. Voltage control, voltage
regulation, reactive power control, steady state stability etc. are important problems of power systems. Flexible AC
Transmission Systems (FACTS) controllers can be used for solving these problems. This method is used either when
charging the transmission line, or, when there is very low load at the receiving end. Due to very low or no load a very
low current flows through the transmission line. Shunt capacitance in the transmission line causes voltage amplification
(Ferranti Effect). The receiving end voltage may become double the sending end voltage (generally in case of very long
transmission lines). To compensate, shunt inductors are connected across the transmission line. The lead time between
the zero voltage pulse and zero current pulse duly generated by suitable operational amplifier circuits in comparator
mode are fed to two interrupt pins of the microcontroller where the program takes over to actuate appropriate number
of opto-isolators interfaced to back to back SCRs at its output for bringing shunt reactors into the load circuit to get the
voltage duly compensated. The microcontroller used in this work is of 8051 families which is of 8 bit. The power
supply consists of a step down transformer 230/12V, which steps down the voltage to 12V AC. This is converted to DC
using a Bridge rectifier. The ripples are removed using a capacitive filter and it is then regulated to +5V using a voltage
regulator 7805 which is required for the operation of the microcontroller and other components. In this paper, work has
been done to improve Power Factor usingTSR based FACTS Devices.

KEYWORDS:Flexible AC Transmission System (FACTS) Ferranti Effect, SCRs, Microcontroller, Bridge Rectifier,
TSR

I.LINTRODUCTION

All electrical systems current flows from the region of higher potential to the region of lower potential to compensate
for the electrical potential difference that exists in the system. In all practical cases the sending end voltage is higher
than the receiving end, so current flows from the source or the supply end to the load. But Sir S.Z. Ferranti, in the year
1890, came up with an astonishing theory about medium distance transmission line or long distance transmission lines
suggesting that in case of light loading or no load operation of transmission system, the receiving end voltage often
increases beyond the sending end voltage, leading to a phenomena known as Ferranti effect in power system.In order to
compensate Ferranti effect various compensation methods like thyristor controlled reactor(TCR), thyristor switched
reactor(TSR) etc. are used.The embedded is now a day very much popular and most of the product are developed with
microcontroller based embedded technology. The advantage of using microcontroller is the reduction of cost and also
the use of extra hardware such as the use of timer, RAM and ROM can be avoided. [4]

Il. FACTS (FLEXIBLE AC TRANSMISSION) BY TSR

The term FACTS stands for Flexible AC Transmission System have been developing to an established technology with
the high-power rating. This has ample spread application, became a peak rate, most consistent one, based on power
electronics. The main reason of these systems is to provide the network as fast as possible with inductive (or) capacitive
reactive power that is modified to its specific requirements, while also improving the quality of transmission and the
power transmission system efficiency. [3] With the succession and growth in power electronics application, it not only
enhanced the performance of AC systems but also make it possible for long distance. Facts (Flexible AC Transmission)
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can also assist to solve technical problems in the consistent power systems. These are available in two connections like
series connection and parallel connection.The proposed system is intended to implement flexible AC transmission by
thyristor switch reactance. This is used either when there is very low load at the receiving end, due to this the flow of
current through the transmission line is very low. This causes voltage amplification. [18]

I1. TSR

A thyristor switched reactor is used in electrical power transmission systems. It is a reactance connected in series with a
bidirectional thyristor value. The value of thyristor is phase controlled, which allows the value of delivered reactive
power to be adjusted to meet changing system conditions. TSR can be used to limit the voltage rises on lightly loaded
transmission lines. The current in TSR is varied from maximum to zero by varying the firing delay angle. TSR can be
used to limit the voltage rises on lightly loaded transmission lines. The current in TSR is varied from maximum to zero
by varying the firing delay angle. The following circuit shows TSR circuit. When the current flows the reactor is
controlled by the firing angle of the thyristor. During every half cycle, the thyristor produces the triggering pulse
through the controlled circuit. [14]

ift)

Fig.1 Thyristor Switched Reactor

IV. HARDWARE REQUIREMNETS

1) TRANSFORMER
Transformers convert AC electricity from one voltage to another with a little loss of power. Step-up transformers

increase voltage; step-down transformers reduce voltage. Most power supplies use a step-down transformer to reduce
the dangerously high voltage to a safer low voltage. Step down transformer having turns ratio of 230/12V is used in this

paper.

-'Pincoming = Ip];’r;:n = -Poutgoing = IST,;;!

giving the ideal transformer equation

V. N, I,
V, N, I
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2) VOLTAGE REGULATOR 7805

The LM78XX/LM78XXA series of three-terminal positive regulators are available in the TO-220/D-PAK
package and with several fixed output voltages, making them useful in a Wide range of applications. Each type
employs internal current limiting, thermal shutdown and safe operating area protection, making it essentially
indestructible. If adequate heat sinking is provided, they can deliver over 1A output Current. Although designed
primarily as fixed voltage regulators, these devices can be used with external components to obtain adjustable voltages
and currents.

3) RECTIFIER

A rectifier is an electrical device that converts alternating current (AC), which periodically reverses direction,
to direct current (DC), current that flows in only one direction, a process known as rectification. Rectifiers have many
uses including as components of power supplies and as detectors of radio signals. Rectifiers may be made of solid
statediodes, vacuum tube diodes, mercury arc valves, and other components. The output from the transformer is fed to
the rectifier. It converts A.C. into pulsating D.C. The rectifier may be a half wave or a full wave rectifier. In this paper,
a bridge rectifier is used because of its merits like good stability and full wave rectification. In positive half cycle only
two diodes (1 set of parallel diodes) will conduct, in negative half cycle remaining two diodes will conduct and they
will conduct only in forward bias only.

4) FILTER

Capacitive filter is used in this paper. It removes the ripples from the output of rectifier and smoothens the
D.C. Output received from this filter is constant until the mains voltage and load is maintained constant. However, if
either of the two is varied, D.C. voltage received at this point changes. Therefore, a regulator is applied at the output
stage. The simple capacitor filter is the most basic type of power supply filter. The use of this filter is very limited. It is
sometimes used on extremely high-voltage, low-current power supplies for cathode-ray and similar electron tubes that
require very little load current from the supply. This filter is also used in circuits where the power-supply ripple
frequency is not critical and can be relatively high.

5) MICROCONTROLLER AT89S52

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K bytes of in-system
programmable Flash memory. The device is manufactured using Atmel’s high-density nonvolatile memory technology
and is compatible with the industry standard 80C51 instruction set and pin out. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory programmer. By combining a
versatile 8-bit CPU with in-system programmable Flash on a monolithic chip, the Atmel AT89S52 is a powerful
microcontroller which provides a highly-flexible and cost-effective solution to many embedded control applications.
The AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes of RAM, 32 1/O lines, Watchdog
timer, two data pointers, three 16-bit timer/counters, a six-vector two-level interrupt architecture, a full duplex serial
port, on-chip oscillator, and clock circuitry. In addition, the AT89S52 is designed with static logic for operation down
to zero frequency and supports two software selectable power saving modes. The Idle Mode stops the CPU while
allowing the RAM, timer/counters, serial port, and interrupt system to continue functioning. The Power-down mode
saves the RAM contents but freezes the oscillator, disabling all other chip functions until the next interrupt or hardware
reset.

6) MOC 3061/63 (OPTO TRIAC)
Opto-isolators, or Opto-couplers, are made up of a light emitting device, and a light sensitive device, all

wrapped up in one package, but with no electrical connection between the two, just a beam of light. The light emitter is
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nearly always an LED. The light sensitive device may be a photodiode, phototransistor, or more esoteric devices such
as thyristors, triacsetc.

7) THYRISTOR (SCR)
A silicon-controlled rectifier (or semiconductor-controlled rectifier) is a four-layer solid state device that controls
current. The name "silicon controlled rectifier" or SCR is General Electric's trade name for a type of thyristor. The SCR
was developed by a team of power engineers led by Gordon Hall and commercialized by Frank W. "Bill" Gutzwiller in

1957

8) LIQUID CRYSTAL DISPLAY

An 8051 program must interact with the outside world using input and output devices that communicate directly with a
human being. One of the most common devices attached to an 8051 is an LCD display. Some of the most common
LCDs connected to the 8051 are 16x2 and 20x2 displays. This means 16 characters per line by 2 lines and 20 characters
per line by 2 lines, respectively.

V. LCD-8051 INTERFACING IN PROTEUS
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Fig 2. Schematic Diagram

VOLTAGE SENSE CURRENT SENSE

VI.OPERATION EXPLANATION
CONNECTIONS

The output of power supply which is 5v is connected to the 40th pin of microcontroller and ground to the 20th
pin or pin 20 of microcontroller. Port 0.0 of microcontroller is connected to Pin 2 of opto-isolator U10. Port 0.5 to 0.7
of microcontroller is connected to Pin 4, 5 and 6 of LCD display. Port 2.0 to 2.7 of microcontroller is connected to Pin
7 to 14 of data pins of LCD display. Port 3.1 of microcontroller is connected to output of the OP-Amp (A) LM339. Port
3.3 of microcontroller is connected to output of OP-Amp (B) LM339.

WORKING

The output of the regulator 7805 is given to the Microcontroller 40th pin. The pulsating dc is fed to R11 and
R24 Resistor’s. The unregulated voltage is fed to 7812. 7805 output which is 5v is fed to 40th pin of Microcontroller.
The output of the 7812 regulator is 12v and is fed to op-Amp. In this circuit we have another bridge rectifier, it gives an
output as pulsating dc corresponding to the current flowing across the load. The LCD display is connected to
corresponding pins. Relay driver drive’s relay’s and the contacts of relays switch ON the shunt capacitors.
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VII. ZERO CROSING VOLTAGE PULSES

In order to generate ZVP (Zero crossing Voltage Pulses) first we need to step down the supply voltage to 12 V and then
it is converted into pulsating D.C. Then with the help of potential divider the voltage of 3 V is taken, which is given to
a comparator. The comparator generates the zero crossing pulses by comparing this pulsating D.C with a constant D.C
voltage of 0.6 V which is taken across a diode. Similarly, for ZVC (Zero crossing Current Pulses) the voltage drop
proportional to the load current across a resistor is taken and is stepped up to generate ZVC.

B

Fig.3 Waveforms

CIRCUIT EXPLAINATION

The circuit consists of DC power supply unit, zero voltage crossing detectors, Micro-controller, LCD display,
opto-isolator, SCR and Capacitor. The required DC power supply for Micro-controller and other peripherals is
supplied by the DC power supply. For the calculation of the power factor by the Micro-controller we need digitized
voltage and current signals. The voltage signal from the mains is taken and it is converted into pulsating DC by bridge
rectifier and is given to a comparator which generates the digital voltage signal. Similarly, the current signal is
converted into the voltage signal by taking the voltage drop of the load current across a resistor of 10 chms. This A.C
signal is again converted into the digital signal as done for the voltage signal. Then these digitized voltage and current
signals are sent to the micro-controller. The micro-controller calculates the time difference between the zero crossing
points of current and voltage, which is directly proportional to the power factor and it determines the range in which the
power factor lies. Micro-controller sends information regarding time difference between current and voltage and power
factor to the LCD display to display them, depending on the range it sends the signals to the opto-isolators that in turn
switch ON back to back connected SCRs (power switches) to bring the capacitors in shunt across the load. Thus, the
required numbers of capacitors are connected in parallel to the load as required. By this the power factor will be
improved.

POWER FACTOR TEST LAYOUT

An arrangement with supply source 230v, one lamp, 2 numbers low value resistors of 10R/10W for measuring current,
a choke are all connected in series. Capacitors are connected in parallel while SCR switches are used to switch the
inductor to improve voltage.A CT is used the primary side of which is connected to the common point of the resistors.
The other point of the CT goes to the one of the common point of a supply. The CT connects across left 10R/10W and
the voltage drop proportional to the current is sensed by it to develop increased voltage at its primary. This voltage is
given to the current sensing circuit. While no inductor is switched the voltage drop across both 10R/10W are same.
This voltage drop is proportional to leading current. Thus the primary voltage from the CT provides leading current
reference to the current sensing circuit. The microcontroller based control circuit thus receives zero current reference
and compares with the zero voltage reference for calculating their time difference. Microcontroller output develops
logic high for appropriate no. of port pins to feed to opto-couplers to help switching SCRs for inductor come in parallel
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to the inductive load that is the capacitor. So depending on the time difference required no. of SCR switches are
switched, there by switching inductor till the voltage is corrected.
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Fig.4 Power Factor Test Layout

VIIl. CONCLUSION

It can be concluded that in long transmission lines connected to light load encounters voltage amplification (Ferranti
effect), due to which the load connected at the receiving end may damage or become unstable. Power factor correction
techniques can be applied to these transmission lines to make them stable and due to that the system becomes stable
and efficiency of the system as well as the apparatus increases. These power factor correction technique includes the
use of reactors which are connected in shunt with the transmission line at the receiving end and nullifies the effect of
shunt capacitor. The use of microcontroller reduces the costs. Due to use of microcontroller, multiple parameters can be
controlled and the use of extra hardwares such as timer, RAM, ROM and input output ports reduces. Care should be
taken for over correction otherwise the voltage and current becomes more due to which the power system or machine
becomes unstable. Flexible AC Transmission System is a new technology used to give an opportunity to increase
stability, controllability and power transfer ability of AC transmission systems.
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