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ABSTRACT

This paper mainly design the single phase open feedback loop SVC and improve power factor of the power
system using single phase loads are induction motors, arc lamps etc. These are inductive in nature and hence
have low lagging power factor. The low power factor is highly undesirable as it causes an increase in current,
resulting in additional losses of active power in all the elements of power system from power system down to
the utilisation devices. To compensate reactive power and improve the power factor by using a static VAR
compensator, it consisting converter (2-level SCR) with capacitor bank. This work deals with the performance
evaluation through analytical studies and practical implementation on an existing system
consisting of adistribution transformer of 1phase, 50Hz, 230V/12V capacity. The PIC controller

determines firing pulse of IGBT to compensate excessive reactive power component for PF improvement

Keywords: Capacitor bank, Microcontroller, Power factor, Reactive power, Static VAR
compensator.

. INTRODUCTION

We know that power loss is taking place in our low voltage distribution systems on account of poor
power factor, due to limited reactive power compensation facilities and their improper control. In
rural power distribution systems in wide spread remote areas, giving rise to more inductive loads resulting in
very low power factors. It is necessary to closely match reactive power with the load so as to improve power
factor and reduce the losses. The voltages at remote areas are low and farmers are using high power
motors operating at low load with low efficiencies. In this paper, a more reliable, fast acting and low cost
scheme is presented by arranging the thyristor switched capacitor units in four binary sequential steps.
. Power companies convince their customers, which are with the large loads, to increase power factors
of the supply above a specified amount( 0.90 or higher) or they should pay low power factor penalty.
Some consumers with large loads use power factor correction schemes at their industry to avoid these penalty.

The shunt capacitor improves the performance of feeder, shunt capacitor reduces voltage drop in the
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feeder & transformer. It provide better voltage at load end, improves power factor. It improves system security
with enhanced utilization of transformer capacity, increases over all efficiency. It saves energy due to
reduced system losses, avoids low power factor penalty, and reduces maximum demand charges. Static Var
Compensator is an automatic impedance matching device, it is designed to bring the system closer
to unity power factor. SVCs are used intwo main situations :a) Connected to the power system,
to regulate the transmission voltage (“Transmission SVC"). b) Connected near large
industrial loads, to improve power quality (“Industrial SVC"). This paper objective is design of single phase
SVC and improve the power factor with different single phase loads. a static VAR compensator, it consisting
converter (2-level IGBT) with capacitor bank. A static VAR compensator consisting of capacitor bank in
four binary sequential steps with a thyristor (SCR) controlled reactor of smallest step size is employed in
the investigative work. This work deals with the performance evaluation through analytical studies and
practical implementation on an existing system consisting of adistribution transformer of 1phase,
50Hz,  1KV/230V capacity. The PIC controller determines firing pulse of SCR to compensate excessive

reactive power component for PF improvement.

1. STATIC VAR COMPENSATOR
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Fig.1 A typical SVC Configuration

It a set of electrical devices for providing fast-acting reactive power on high-voltage electricity transmission
networks. SVCs are part of the Flexible AC transmission system device family, regulating voltage, power factor,
harmonics and stabilizing the system. Unlike a synchronous condenser which is a rotating electrical machine, a
static VAR compensator has no significant moving parts (other than internal switchgear). Prior to the invention
of the SVC, power factor compensation was the preserve of large rotating machines such as synchronous

condensers or switched capacitor banks. The SVC is an automated impedance matching device, designed to
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bring the system closer to unity power factor. SVCs are used in two main situations: Connected to the power
system, to regulate the transmission voltage (“Transmission SVC") Connected near large industrial loads, to
improve power quality (“Industrial SVC") In transmission applications, the SVC is used to regulate the grid
voltage. If the power system's reactive load is capacitive (leading), the SVC will use thyristor controlled reactors
to consume VARs from the system, lowering the system voltage. Under inductive (lagging) conditions, the
capacitor banks are automatically switched in, thus providing a higher system voltage. The figure.1. shows that
one-line diagram of a typical SVC configuration; here employing a thyristor controlled reactor, a thyristor
switched capacitor, a harmonic filter, a mechanically switched capacitor and a mechanically switched reactor By
means of phase angle modulation switched by the thyristors, the reactor may be variably switched into the
circuit and so provide a continuously variable MVAR injection (or absorption) to the electrical network. In this
configuration, coarse voltage control is provided by the capacitors; the thyristor-controlled reactor is to provide
smooth control. Smoother control and more flexibility can be provided with thyristor-controlled capacitor
switching. The thyristors are electronically controlled. Thyristors, like all semiconductors, generate heat and
deionized water is commonly used to cool them. Chopping reactive load into the circuit in this manner injects
undesirable odd-order harmonics and so banks of high-power filters are usually provided to smooth the
waveform. Since the filters themselves are capacitive, they also export MVARs to the power system. More
complex arrangements are practical where precise voltage regulation is required. VVoltage regulation is provided
by means of a closed-loop controller. Remote supervisory control and manual adjustment of the voltage set-
point are also common. The main advantage of SVCs over simple mechanically switched compensation
schemes is their near-instantaneous response to changes in the system voltage. For this reason they are often
operated at close to their zero-point in order to maximize the reactive power correction they can rapidly provide
when required. They are, in general, cheaper, higher-capacity, faster and more reliable than dynamic
compensation schemes such as synchronous condensers. However, static VAR compensators are more
expensive than mechanically switched capacitors, so many system operators use a combination of the two
technologies (sometimes in the same installation), using the static VAR compensator to provide support for fast

changes and the mechanically switched capacitors to provide steady-state VARs.
I DESIGN OF SINGLE PHASE SVC
3.1 .Design of single phase power supply

The circuit uses standard power supply comprising of a step-down transformer from 230Vto 12V and 4 diodes
forming a bridge rectifier that delivers pulsating dc which is then filtered by an electrolytic capacitor of about
470uF to 1000uF. The filtered dc being unregulated, IC LM7805 is used to get 5V DC constant at its pin no 3
irrespective of input DC varying from 7V to 15V. The input dc shall be varying in the event of input ac at
230volts section varies from 160V to 270V in the ratio of the transformer primary voltage V1 to secondary
voltage V2 governed by the formula V1/V2=N1/N2. As N1/N2 i.e. no. of turns in the primary to the no. of turns
in the secondary remains unchanged V2 is directly proportional to V1.Thus if the transformer delivers 12V at
220V input it will give 8.72V at 160V.Similarly at 270V it will give 14.72V.Thus the dc voltage at the input of
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the regulator changes from about 8V to 15V because of A.C voltage variation from 160V to 270V the regulator
output will remain constant at 5V. The regulated 5V DC is further filtered by a small electrolytic capacitor of
10uF for any noise so generated by the circuit. One LED is connected of this 5V point in series with a current
limiting resistor of 330Q to the ground i.c., negative voltage to indicate 5V power supply availability. The

unregulated 12V point is used for other applications as and when required.
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Fig.2. Block diagram of single-phase SVC with R-L load
3.2 Open loop feedback controller

In this paper controller designed using series of 8051 family of micro controllers need certain standard
connections. The actual number of the Microcontroller could be “89C51 , “89C52”, “89S51”, “89S52”, and as
regards to 20 pin configuration a number of “89C2051”. The 4 set of I/O ports are used based on the project
requirement. Every microcontroller requires a timing reference for its internal program execution therefore an
oscillator needs to be functional with a desired frequency to obtain the timing reference as t =1/f. A crystal
ranging from 2 to 20 MHz is required to be used at its pin number 18 and 19 for the internal oscillator. It may be
noted here the crystal is not to be understood as crystal oscillator. It is just a crystal, while connected to the
appropriate pin of the microcontroller it results in oscillator function inside the microcontroller. Typically
11.0592 MHz crystal is used in general for most of the circuits using 8051 series microcontroller. Two small
value ceramic capacitors of 33pF each is used as a standard connection for the crystal as shown in the circuit

diagram.
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Fig.3. Switching and converter circuit

Potential dividers are connected to the inverting and non-inverting inputs of the op-amp to give some voltage at
these terminals. Supply voltage is given to +V and -V is connected to ground. The output of this comparator
will be logic high (i.e., supply voltage) if the non-inverting terminal input is greater than the inverting terminal
input of the comparator. i.e., Non inverting input (+) > inverting input (-) = output is logic high HIf the inverting
terminal input is greater than the non-inverting terminal input then the output of the comparator will be logic

low (i.e., gnd) i.e., inverting input (-) > Non inverting input (+) = output is logic low.
3.3.1 Converter design

In this proposed paper design the 2-level SCR in anti-parallel circuit is shown in fig. it works during the positive
half cycle of main current, the current flows from phase to the load through SCR. During negative half cycle
flows from load side to the phase during this time another SCR comes into picture. Two SCR’S are connected
back to back and are triggered from opto-isolators. MOC3063 opto-isolator is a LED-TRIAC combination. Two
Opto-isolator input leds are connected in series while their output diac are used for triggering each SCR. Each
2uF capacitor such as C7 is connected in series with R28 and a pair of SCRs U7 and U8 connected in anti-
parallel. A 100K resistor such as R20 is used across the 2uF capacitor to discharge it at switch off condition.Rg

and Cg are used as a snubber network across the SCRs for inductive nature of load.

The output of power supply which is 5v is connected to the 40th pin of microcontroller and gnd to the 20th pin
or pin 20 of microcontroller. P0.1 and P0.2 of microcontroller is connected to pin 6 of U6 and U10 resp. P0.5 to
P0.7 of microcontroller is connected to Pin 4, 5 and 6 of LCD display. P2.0 to P2.7 of microcontroller is
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connected to Pin 7 to 14 of data pins of LCD display. Port 3.2 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.
DESCRIPTION OF ZVS: 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 same as above. The zero crossing pulses from a pulsating D.C are

shown in the figure.

V. RESULT

Fig.4. Hard ware component diagram of compensated power system

Table.1. Hardware components and ratings

S.NO EQUIPMENT NAME/RATING
1 Transformer 12V/1A

2 Voltage Regulator 1C7805

3 Rectifier (4 diodes ) IN4007

4 Filter (Capicator) 10uF

5 Micro Controller 1C8051

6 Opto Triac ICMOC3063

7 Thyristor TYNG616

8 Quads Voltage Comparator ICLM399

9 Current Transformer 0-12Vv/ 500Ma
10 Inductive load 40W,250V/0.4A
11 Shunt capicator 2MICO FARAD
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This circuit consists of DC power supply unit, zero voltage crossing detectors, Micro-controller, LCD display,
opto-isolator, SCR and Capacitor. Let us see how it operates. 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 ohms. 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
microcontroller 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 is. 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.

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 required to be connected in parallel through SCR
switches to improve power factor .While the by-pass switch is off, the choke acts as an inductor and same
current will flow in both the 10R/10W resistors. 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 DPDT S1
switch. While the DPDT switch is moved to right then 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 the DPDT switch is moved to left then the CT connects across right
10R/10W and the voltage drop proportional to the current is sensed by it to develop increased voltage at its
primary. While no capacitors are switched the voltage drop across both 10R/10W are same. This voltage drop is
proportional to lagging current. Thus the primary voltage from the CT provides lagging current reference to
thecurrent sensing circuit. The microcontroller based control circuit thus receives zero current reference and
compares with the zero voltage reference for calculating the power factor based on their time difference.
Microcontroller output develops logic high for appropriate no. of port pins to feed to opto-couplers to help
switching SCRs for capacitors to come in parallel to the inductive load that is the choke. So depending on the
time difference required no. of SCR switches are switched on ,there by switching additional capacitors till the
power factor is near unity. Once the capacitors are switched on the right 10r/10w current becomes compensated
while current flowing through left 10R/10W remains unchanged which is the lagging current. Thus depending
on the switch S1 position one can sense the lagging current or the compensated current and the display provides
accordingly the time delay between voltage ,current with power factor display. In case a linear load is required
switch by-pass is closed so that it by-passes the choke L2 and the CT in this case reads unity power factor. The
other common point of the DPDT switch is goes to the MC while its switching points are connected to +ve and

ground so that appropriate logic is placed on the MC for right kind of display.
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A Project on Flexible AC Transmission using a Static VAR Compensator is designed and constructed and the

results of the above mentioned project along with the graphs are presented here.

Fig.5. Experimental set up of single-phase SVC

When the model is switched on the input is a sinusoidal sine wave, taking a CRO and measuring the output
waveform for the R-Load and RL-Load is connected then the wave is a lagging pf wave the following wave can

be seen.

Fig.6. voltage and current waveform without compensation with R-load
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Fig.7. voltage and current waveform without compensation with R-L-load

When the compensator comes into action, the lagging pf is compensated and the below waveform is produced.

Fig.8. voltage and current waveform after compensation

V .CONCLUSION

A novel Flexible AC Transmission model using SVC has been presented. The proposed paper to improve the
power factor of transmission lines using SVC(Static Variable Compensator).Static VAR Compensation under
FACTS uses TSC (Thyristor Switched Capacitors) based on shunt compensation duly controlled from a
programmed microcontroller. Prior to the implementation of SVC, power factor compensation was done by
large rotating machines such as synchronous condenser or switched capacitor banks. These were inefficient and
because of large rotating parts they got damaged quickly. This proposed system demonstrates power factor
compensation using thyristor switched capacitors. Further the project can be enhanced to thyristor

controlled triggering for precise PF correction instead of thyristor switching in steps.
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