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ABSTRACT

The project is designed to minimize penalty for industrial units by using
automatic power factor correction unit. Power factor is defined as the ratio
of real power to apparent power. This definition is often mathematically
represented as KW/KV A, where the numerator is the active (real) power and
the denominator is the (active + reactive) or apparent power. Reactive power
1s the non working power generated by the magnetic and inductive loads, to
generate magnetic flux. The increase in reactive power increases the
apparent power, so the power factor also decreases. Having low power
factor, the industry needs more energy to meet its demand, so the efficiency

decreases.

In this proposed system the time lag 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. It
displays the time lag between the current and voltage on an LCD. The
program takes over to actuate appropriate number of relays from its output
to bring shunt capacitors into the load circuit to get the power factor till it
reaches near unity. The microcontroller used in the project belongs to 8051

family.

Further the project can be enhanced by using thyristor control switches
instead of relay control to avoid contact pitting often encountered by

switching of capacitors due to high in rush current.
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CHAPTER 1.
INTRODUCTION

1.1 LITERATURE SURVEY

The literature survey for this purpose was done with the intention to get the
theoretical and statistical data about the project and to plan the execution of
the project with success. Technical paper and research material were read
and the relevant data and the concept were used in our project. The

important research was listed below:

1. Power factor improvement of induction motor using capacitor bank

This paper was issued in the year July 2013. The author of this paper is
Sapna Khanchi and Vijay Kumar Garg. The paper described about
importance of power factor, paper describes improvement of power factor
and saving of energy. It helps in reduction cost of electricity and can be
achieved by improved power factor and it also helps in reducing load on

network component.

2. Automatic power factor correction using capacitive bank
This paper was issued in the year Feb. 2014. It is a research paper and author

of this paper is Mr. A Kunal Tiwari.

3. Design & implementation microcontroller based controlling

of PF
This paper was issued in the year April 2013. The author of this paper is
Murad Ali. This paper show measuring of PF from load is achieved by PIC

microcontroller.



4. Power factor correction using PIC microcontroller

This paper was issued in the year October 2013.The author of this paper is
Pranjali Sonje. The paper described about the sizing of the capacitor bank
and specifies hardware components and the controlling of power factor with

the leading and lagging current voltages.

5. Microcontroller based automatic power factor correction

This paper was issued in the year April 2015. It was proposed by
International journal of innovative research in science, Engineering and
technology (IJIRSET). It says above the causes of power loss and the
improve the power system performance which is further improved by using
the power factor and sizing of capacitors which in further gives reduction in

reactive power.



1.2 PROBLEM STATEMENT

An electrical loads operates on alternate current that requires an apparent
power which consists of real power and reactive power. There is an immense
power loss due to the presence of reactive power on the load. It is minimized
by using the capacitor bank in parallel with the load which in turns provides
the better power usage. Reactive power is the non-working power generated
by the magnetic and inductive loads, to generate magnetic flux. The increase
in reactive power increases the apparent power, so the power factor is also
decreases, having low power factor, the industry needs more energy to meet
its demand due to the large current and voltage requires to drive the circuitry,

so the efficiency decreases.



CHAPTER 2.
PROJECT DEVELOPMENT

2.1 POWER FACTOR IMPROVEMENT

e Alternating current circuits

Unlike Director Current Circuits, where only resistance restricts the current
flow, in Alternating Current Circuits, there are other circuits aspects which
determines the current flow; though these are akin to resistance, they do not
consume power, but loads the system with reactive currents; like D.C.
circuits where the current multiplied by voltage gives watts, here the same
gives only VA.

Like resistance, these are called “Reactance”. Reactance is caused by either
inductance or by capacitance. The current drawn by inductance lags the
voltage while the one by capacitance leads the voltage. Almost all industrial
loads are inductive in nature and hence draw lagging wattles current, which
unnecessarily load the system, performing no work. Since the capacitive

currents is leading in nature, loading the system with capacitors wipes out it.
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FIG: WAVEFORMS FOR CAPACITIVE LOAD

e Capacitors for power-factor improvement

Whatever the power factor is, however, the generating authority must install
machines capable of delivering a particular voltage and current even though, in a
particular case, not all the voltage and current products is being put to good use.
The generators must be able to withstand the rated voltage and current regardless
of the power delivered. For example, if an alternator is rated to deliver 1000A at
11000 volts, the machine coils must be capable of carrying rated current. The
apparent power of such a machine is 11 M V A and if the load power factor is unit
this 11 MVA will be delivered and used as 11 MW of active power i.e. the
alternator is being used to the best of its ability. If, however, the load power factor
is say, 0.8 lagging, then only 8.8 MW are taken and provide revenue, even though
the generator still has to be rated at 1000A at 11 kV. The lower the power factor,
the worse the situation becomes from the supply authorities’ viewpoint.
Accordingly, consumers are encouraged to improve their load power factor and in
many cases are penalized if they do not. Improving the power factor means

reducing the angle of lag between supply voltage and supply current.



e Location of power-factor improvement capacitor banks

Any installation including the following types of machinery or equipment is
likely to have low power factor which can be corrected, with a consequent saving

in charges, by way of reduced demand charges, lesser low power factor penalties:

1. Induction motors of all types (which from by far the greatest industrial load
on a. ¢. mains).

2. Power thyristor installation (for D.C. motor control and electro-chemical
processes).

3. Power transformers and voltage regulators.

4. Welding machines

5. Electric-arc and induction furnaces.

6. Choke coils and magnetic system.

7. Neon signs and fluorescent lighting.

Apart from penalties like maximum demand charges, penalty for low power
factor, the factory cabling and supply equipment can be relieved of a considerable
wattles or reactive load, which will enable additional machinery to be connected to
the supply without enlarging these services. Additionally, the voltage drop in the

system is reduced.

The method employed to achieve the improvements outlined involves
introducing reactive kVA (kvar) into the system in phase opposition to the wattles
or reactive current mentioned above the effectively cancels its effect in the system.

This is achieved either with rotary machines (synchronous condensers)



2.2 POWER FACTOR CORRECTION

The power factor of an AC electric power system is defined as the ratio of
the real power flowing to the load to the apparent power in the circuit, and is a
dimensionless number between 0 and 1 (frequently expressed as a percentage, e.g.
0.5 pf=50% pf). Real power is the capacity of the circuit for performing work in a
particular time. Apparent power is the product of the current and voltage of the
circuit. Due to energy stored in the load and returned to the source, or due to a non-
linear load that distorts the wave shape of the current drawn from the source, the
apparent power will be greater than the real power.

In an electric power system, a load with a low power factor draws more
current than a load with a high power factor for the same amount of useful power
transferred. The higher currents increase the energy lost in the distribution system,
and require larger wires and other equipment. Because of the costs of larger
equipment and wasted energy, electrical utilities will usually charge a higher cost
to industrial or commercial customers where there is a low power factor.

Linear loads with low power factor (such as induction motors) can be
corrected with a passive network of capacitors or inductors. Non-linear loads, such
as rectifiers, distort the current drawn from the system. In such cases, active or
passive power factor correction may be used to counteract the distortion and raise
the power factor. The devices for correction of the power factor may be at a central
substation, spread out over a distribution system, or built into power-consuming

equipment.



e Power factor in linear circuits

In a purely resistive AC circuit, voltage and current waveforms are in step
(or in phase), changing polarity at the same instant in each cycle. All the power
entering the loads is consumed. Where reactive loads are present, such as with
capacitors or inductors, energy storage in the loads result in a time difference
between the current and voltage waveforms. During each cycle of the AC voltage,
extra energy, in addition to any energy consumed in the load, is temporarily stored
in the load in electric or magnetic fields, and then returned to the power grid a
fraction of a second later in the cycle. The "ebb and flow" of this non productive
power increases the current in the line. Thus, a circuit with a low power factor will
use higher currents to transfer a given quantity of real power than a circuit with a
high power factor. A linear load does not change the shape of the waveform of the
current, but may change the relative timing (phase) between voltage and current.
Circuits containing purely resistive heating elements (filament lamps, strip heaters,
cooking stoves, etc.) have a power factor of 1.0. Circuits containing inductive or
capacitive elements (electric motors, solenoid valves, lamp ballasts, and others)

often have a power factor below 1.0.

e Definition and calculation

AC power flow has the three components: real power (also known as active
power) (P), measured in watts (W); apparent power (S), measured in volt-amperes
(VA); and reactive power (Q), measured in reactive volt-amperes
The power factor is defined as:

In the case of a perfectly sinusoidal waveform, P, Q and S can be expressed

as vectors that form a vector triangle such that:



If is the phase angle between the current and voltage, then the power factor
is equal to the cosine of the angle, and:

Since the units are consistent, the power factor is by definition a
dimensionless number between 0 and 1. When power factor is equal to 0, the
energy flow is entirely reactive, and stored energy in the load returns to the source
on each cycle. When the power factor is 1, all the energy supplied by the source is
consumed by the load. Power factors are usually stated as "leading" or "lagging" to
show the sign of the phase angle.

If a purely resistive load is connected to a power supply, current and voltage
will change polarity in step, the power factor will be unity (1), and the electrical
energy flows in a single direction across the network in each cycle. Inductive loads
such as transformers and motors (any type of wound coil) consume reactive power
with current waveform lagging the voltage. Capacitive loads such as capacitor
banks or buried cable generate reactive power with current phase leading the
voltage. Both types of loads will absorb energy during part of the AC cycle, which
is stored in the device's magnetic or electric field, only to return this energy back to
the source during the rest of the cycle.

For example, to get 1 kW of real power, if the power factor is unity, 1 kVA
of apparent power needs to be transferred (1 kW + 1 = 1 kVA). At low values of
power factor, more apparent power needs to be transferred to get the same real
power. To get 1 kW of real power at 0.2 power factor, 5 kVA of apparent power
needs to be transferred (1 kW + 0.2 = 5kVA). This apparent power must be
produced and transmitted to the load in the conventional fashion, and is subject to
the usual distributed losses in the production and transmission processes.

Electrical loads consuming alternating current power consume both real power and

reactive power. The vector sum of real and reactive power is the apparent power.
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The presence of reactive power causes the real power to be less than the apparent

power, and so, the electric load has a power factor of less than 1.

e Power factor correction of linear loads

It is often desirable to adjust the power factor of a system to near 1.0. This

power factor correction (PFC) is achieved by switching in or out banks of
inductors or capacitors. For example the inductive effect of motor loads may be
offset by locally connected capacitors. When reactive elements supply or absorb
reactive power near the load, the apparent power is reduced.
Power factor correction may be applied by an electrical power transmission utility
to improve the stability and efficiency of the transmission network. Correction
equipment may be installed by individual electrical customers to reduce the costs
charged to them by their electricity supplier. A high power factor is generally
desirable in a transmission system to reduce transmission losses and improve
voltage regulation at the load.

Power factor correction brings the power factor of an AC power circuit
closer to 1 by supplying reactive power of opposite sign, adding capacitors or
inductors which act to cancel the inductive or capacitive effects of the load,
respectively. For example, the inductive effect of motor loads may be offset by
locally connected capacitors. If a load had a capacitive value, inductors (also
known as reactors in this context) are connected to correct the power factor. In the
electricity industry, inductors are said to consume reactive power and capacitors
are said to supply it, even though the reactive power is actually just moving back
and forth on each AC cycle.

The reactive elements can create voltage fluctuations and harmonic noise

when switched on or off. They will supply or sink reactive power regardless of

10



whether there is a corresponding load operating nearby, increasing the system's no-
load losses. In a worst case, reactive elements can interact with the system and
with each other to create resonant conditions, resulting in system instability and
severe overvoltage fluctuations. As such, reactive elements cannot simply be
applied at will, and power factor correction is normally subject to engineering
analysis.

An automatic power factor correction unit is used to improve power
factor. A power factor correction unit usually consists of a number of capacitors
that are switched by means of contactors. These contactors are controlled by a
regulator that measures power factor in an electrical network. To be able to
measure power factor, the regulator uses a current transformer to measure the
current in one phase.

Depending on the load and power factor of the network, the power factor
controller will switch the necessary blocks of capacitors in steps to make sure the
power factor stays above a selected value (usually demanded by the energy
supplier), say 0.9.

Instead of using a set of switched capacitors, an unloaded synchronous
motor can supply reactive power. The reactive power drawn by the synchronous
motor is a function of its field excitation. This is referred to as a synchronous
condenser. It is started and connected to the electrical network. It operates at a
leading power factor and puts VARS onto the network as required to support a
system’s voltage or to maintain the system power factor at a specified level.

The condenser’s installation and operation are identical to large electric motors. Its
principal advantage is the ease with which the amount of correction can be
adjusted; it behaves like an electrically variable capacitor. Unlike capacitors, the

amount of reactive power supplied is proportional to voltage, not the square of

11



voltage; this improves voltage stability on large networks. Synchronous condensers
are often used in connection with high voltage direct current transmission projects

or in large industrial plants such as steel mills.

e Non-linear loads

A non-linear load on a power system is typically a rectifier (such as used in a
power supply), or some kind of arc discharge device such as a fluorescent lamp,
electric welding machine, or arc furnace. Because current in these systems is
interrupted by a switching action, the current contains frequency components that
are multiples of the power system frequency. Distortion power factor is a measure
of how much the harmonic distortion of a load current decreases the average power
transferred to the load.

e Non-sinusoidal components

Non-linear loads change the shape of the current waveform from a sine wave
to some other form. Non-linear loads create harmonic currents in addition to the
original (fundamental frequency) AC current. Filters consisting of linear capacitors
and inductors can prevent harmonic currents from entering the supplying system.

In linear circuits having only sinusoidal currents and voltages of one
frequency, the power factor arises only from the difference in phase between the
current and voltage. This is "displacement power factor". The concept can be
generalized to a total, distortion, or true power factor where the apparent power
includes all harmonic components. This is of importance in practical power
systems which contain non-linear loads such as rectifiers, some forms of electric
lighting, electric arc furnaces, welding equipment, switched-mode power supplies

and other devices.

12



A typical millimetre will give incorrect results when attempting to measure
the AC current drawn by a non-sinusoidal load; the instruments sense the average
value of a rectified waveform. The average response is then calibrated to the
effective, RMS value. An RMS sensing multimeter must be used to measure the
actual RMS currents and voltages (and therefore apparent power). To measure the
real power or reactive power, a wattmeter designed to work properly with non-

sinusoidal currents must be used.

13
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2.4. CIRCUIT DIAGRAM
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2.5. HARDWARE REQUIREMENTS

e HARDWARE COMPONENTS:

7.
8.
9.

. TRANSFORMER (230-12V AC)

VOLTAGE REGULATOR

. RECTIFIER

FILTER

MICROCONTROLLER (AT89S52/AT89C51)
RELAY

RELAY DRIVER

LCD

LM339

10. CURRENT TRANSFORMER

11. INDUCTIVE LOAD

12. SHUNT CAPACITOR

13.LED

14. 1N4007

16



2.5.1 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.

FIG: A TYPICAL TRANSFORMER

The input coil is called the primary and the output coil is called the
secondary. There is no electrical connection between the two coils; instead they are
linked by an alternating magnetic field created in the soft-iron core of the
transformer. The two lines in the middle of the circuit symbol represent the core.
Transformers waste very little power so the power out is (almost) equal to the
power in. Note that as voltage is stepped down and current is stepped up.

The ratio of the number of turns on each coil, called the turn’s ratio,
determines the ratio of the voltages. A step-down transformer has a large number
of turns on its primary (input) coil which is connected to the high voltage mains
supply, and a small number of turns on its secondary (output) coil to give a low
output voltage.

TURNS RATIO = (Vp / Vs) = (Np / Ns)

17



Where,

Vp = primary (input) voltage.

Vs = secondary (output) voltage

Np = number of turns on primary coil
Ns = number of turns on secondary coil
Ip = primary (input) current

Is = secondary (output) current.

e Ideal power equation

The ideal transformer as a circuit element

If the secondary coil is attached to a load that allows current to flow,
electrical power is transmitted from the primary circuit to the secondary circuit.
Ideally, the transformer is perfectly efficient; all the incoming energy is
transformed from the primary circuit to the magnetic field and into the secondary
circuit. If this condition is met, the incoming electric power must equal the

outgoing power:
-!Jinocrming = -!pup = -'H:rutgoing = -'![s Vs;

18



giving the ideal transformer equation

Vi NI
I’

o N

Transformers normally have high efficiency, so this formula is a reasonable

approximation.

If the voltage is increased, then the current is decreased by the same factor.
The impedance in one circuit is transformed by the square of the turns ratio. For
example, if an impedance Z; is attached across the terminals of the secondary coil,
it appears to the primary circuit to have an impedance of (Np/NS)ZZS. This
relationship is reciprocal, so that the impedance Z, of the primary circuit appears to

the secondary to be (NS/Np)zZp.

2.5.2 VOLTAGE REGULATOR 7805
Features:

e QOutput Current up to 1A.

e Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V.
e Thermal Overload Protection.

e Short Circuit Protection.

e OQutput Transistor Safe Operating Area Protection.

FIG: VOLTAGE REGULATOR
19



e Description

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.

e Internal Block Diagram

FIG: BLOCK DIAGRAM OF VOLTAGE REGULATOR

20



2.5.3 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 state diodes, 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 project, 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.
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FIG: BRIDGE WAVE RECTIFIER
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2.5.3 FILTER

Capacitive filter is used in this project. 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. Below

figure can show how the capacitor charges and discharges.
ik

AV l

”*a/\@”‘

A 7
Bridge \"‘ —

Rectifier i

Load

]
e

/ \ / \ / \ / \
ovd V V y \

Resultant Output Wawefarm

FIG : WAVEFORMS FOR INDUCTIVE LOAD

22



2.5.4 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 non volatile 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 non volatile 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
I/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.
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Features:

» Compatible with MCS®-51 Products

8K Bytes of In-System Programmable (ISP) Flash Memory

— Endurance: 10,000 Write/Erase Cycles

* 4.0V to 5.5V Operating Range

* Fully Static Operation: 0 Hz to 33 MHz
* Three-level Program Memory Lock

* 256 x 8-bit Internal RAM

* 32 Programmable I/O Lines

* Three 16-bit Timer/Counters

* Eight Interrupt Sources

* Full Duplex UART Serial Channel

* Low-power Idle and Power-down Modes
* Interrupt Recovery from Power-down Mode
» Watchdog Timer

* Dual Data Pointer

» Power-off Flag

* Fast Programming Time
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e Block Diagram of AT89S52
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FIG: BLOCK DIAGRAM OF AT®&9S52
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e Pin Configurations of AT89S52

(T2y P1.0 O
(T2 EX) P1.1 O
P1.2

P1.3 O

P1.4
(MOSH P15 O
(SO P16 O
(SCK) P1.7 O
RST O

(RXD) P3.0 O
(TXD) P21 O
(INTO) P22 O
(INT1) P23 O
(Toy P24 O
(T1) P2.5 O
(WR) P2.6 O

|: .':I P27
XTALz
XTAL1 O
GHO O

= @k WN =

P T " S (i W
B @M =20

15
16
17
18
19
20

22
21

1 WiCC

1 P00 (ADOD)
1 PO (AD1)
1 Po.2 (AD2)
1 P0.2 (AD3)
1 P04 (AD4)
1 P0.5 (ADS)
] PO.& (ADS)
1 PO.7 (ADT)
1 EANVPP

1 ALE/FROG
1 PSEN

1 P2.7 (A15)

7 [ P2.6 (A14)

1 F2.5 (A13)
L1 F2.4 (A12)
1 F2.2 (A11)
1 F2.2 {A10)
1 F2.1 (Ag)
1 P20 (AZ)

Figure taken from a datasheet provided by ATMEL™

FIG: PIN DIAGRAM OF AT&89S52

e Pin Description:

VCC:
Supply voltage.
GND:

Ground.



e Port0:

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port, each
pin can sink eight TTL inputs. When 1s are written to port 0 pins, the pins can be
used as high-impedance inputs. Port 0 can also be configured to be the multiplexed
low-order address/data bus during accesses to external program and data memory.
In this mode, PO has internal pull-ups. Port 0 also receives the code bytes during
Flash programming and outputs the code bytes during program verification.

External pull-ups are required during program verification.
e Portl:

Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 1
output buffers can sink/source four TTL inputs. When 1s are written to Port 1 pins,
they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source current (IIL) because of
the internal pull-ups. In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the timer/counter 2 trigger input

(P1.1/T2EX).

e Port2:

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 2
output buffers can sink/source four TTL inputs. When 1s are written to Port 2 pins,
they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source current (IIL) because of
the internal pull-ups. Port 2 emits the high-order address byte during fetches from
external program memory and during accesses to external data memory that use

16-bit addresses (MOVX (@ DPTR). In this application, Port 2 uses strong internal
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pull-ups when emitting 1s. During accesses to external data memory that use 8-bit
addresses (MOVX @ RI), Port 2 emits the contents of the P2 Special Function
Register.

e Port3:

Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3
output buffers can sink/source four TTL inputs. When 1s are written to Port 3 pins,
they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source current (IIL) because of

the pull-ups.
e RST:

Reset input. A high on this pin for two machine cycles while the oscillator is
running resets the device. This pin drives high for 98 oscillator periods after the
Watchdog times out. The DISRTO bit in SFR AUXR (address 8EH) can be used to
disable this feature. In the default state of bit DISRTO, the RESET HIGH out

feature is enabled.

e ALE/PROG:

Address Latch Enable (ALE) is an output pulse for latching the low byte of
the address during accesses to external memory. This pin is also the program pulse

input (PROG) during Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator
frequency and may be used for external timing or clocking purposes. Note,
however, that one ALE pulse is skipped during each access to external data

memory.
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e PSEN:

Program Store Enable (PSEN) is the read strobe to external program
memory. When the AT89S52 is executing code from external program memory,
PSEN is activated twice each machine cycle, except that two PSEN activations are

skipped during each access to external data memory.

e EA/VPP:

External Access Enable. EA must be strapped to GND in order to enable the
device to fetch code from external program memory locations starting at 0000H up
to FFFFH. Note, however, that if lock bit 1 is programmed, EA will be internally
latched on reset. EA should be strapped to VCC for internal program executions.
This pin also receives the 12-volt programming enable voltage (VPP) during Flash

programming.
e XTALI:

Input to the inverting oscillator amplifier and input to the internal clock

operating circuit.
e XTAL2:

Output from the inverting oscillator amplifier.

e Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively, of an inverting
amplifier which can be configured for use as an on-chip oscillator, as shown in
Figure 1. Either a quartz crystal or ceramic resonator may be used. To drive the

device from an external clock source, XTAL2 should be left unconnected while
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XTALT is driven as shown in Figure 6.2. There are no requirements on the duty
cycle of the external clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maximum voltage high and

low time specifications must be observed.

GHIC

FIG: OSCILLATOR CONNECTIONS

MNC XTAL2
EXTERNAL
OSCILLATOR — XTALA
SIGMAL

FIG: EXTERNAL CLOCK DRIVE CONFIGURATION
e Idle Mode
In idle mode, the CPU puts itself to sleep while all the on chip peripherals

remain active. The mode is invoked by software. The content of the on-chip RAM

30



and all the special functions registers remain unchanged during this mode. The idle

mode can be terminated by any enabled interrupt or by a hardware reset.
e Power down Mode

In the power down mode the oscillator is stopped, and the instruction that
invokes power down is the last instruction executed. The on-chip RAM and
Special Function Registers retain their values until the power down mode is
terminated. The only exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should not be activated
before VCC is restored to its normal operating level and must be held active long

enough to allow the oscillator to restart and stabilize.

2.5.5 RELAYS

A relay is an electrically operated switch. Many relays use an electromagnet
to operate a switching mechanism mechanically, but other operating principles are
also used. Relays are used where it is necessary to control a circuit by a low-power
signal (with complete electrical isolation between control and controlled circuits),

or where several circuits must be controlled by one signal.
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A relay is an electrically operated switch. Current flowing through the coil
of the relay creates a magnetic field which attracts a lever and changes the switch
contacts. The coil current can be on or off so relays have two switch positions and

most have double throw (changeover) switch contacts as shown in the diagram.

FIG: RELAY SHOWING COIL AND SWITCH CONTACTS

Relays allow one circuit to switch a second circuit which can be completely
separate from the first. For example a low voltage battery circuit can use a relay to
switch a 230V AC mains circuit. There is no electrical connection inside the relay

between the two circuits; the link is magnetic and mechanical.

The coil of a relay passes a relatively large current, typically 30mA for a
12V relay, but it can be as much as 100mA for relays designed to operate from
lower voltages. Most ICs (chips) cannot provide this current and a transistor is
usually used to amplify the small IC current to the larger value required for the
relay coil. The maximum output current for the popular 555 timer IC is 200mA so

these devices can supply relay coils directly without amplification.
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Relays are usually SPDT or DPDT but they can have many more sets of
switch contacts, for example relays with 4 sets of changeover contacts are readily
available. For further information about switch contacts and the terms used to

describe them please see the page on switches.

Most relays are designed for PCB mounting but you can solder wires
directly to the pins providing you take care to avoid melting the plastic case of the

relay.

The supplier's catalogue should show you the relay's connections. The coil
will be obvious and it may be connected either way round. Relay coils produce
brief high voltage 'spikes' when they are switched off and this can destroy
transistors and ICs in the circuit. To prevent damage you must connect a protection
diode across the relay coil.

The figure shows a relay with its coil and switch contacts. You can see a
lever on the left being attracted by magnetism when the coil is switched on. This

lever moves the switch contacts.

DIODE

FIG: RELAY WITH ITS COIL AND SWITCH CONTACTS
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There is one set of contacts (SPDT) in the foreground and another behind
them, making the relay DPDT.
The relay's switch connections are usually labelled COM, NC and NO:

COM = Common, always connect to this; it is the moving part of the switch.

NC = Normally Closed, COM is connected to this when the relay coil is off.

NO = Normally Open, COM is connected to this when the relay coil is on.

ULN2003

RELAY DRIVER:
ULN2003 is a high voltage and high current Darlington transistor array.

DESCRIPTION:

The ULN2003 is a monolithic high voltage and high current Darlington
transistor arrays. It consists of seven NPN Darlington pairs that feature high-
voltage outputs with common-cathode Clamp diode for switching inductive loads.
The collector-current rating of a single Darlington pair is 500mA. The Darlington
pairs may be paralleled for higher current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED gas discharge), line
drivers, and logic buffers.The ULN2003 has a 2.7kW series base resistor for each
Darlington pair for operation directly with TTL or 5V CMOS devices.

FIG: ULN 2003
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Temperature, Operating Range:-20°C to +85°C
Transistor Polarity: NPN
Transistors, No. of:7

Case Style:DIP-16

Temp, Op. Min:-20°C

Temp, Op. Max:85°C

Base Number:2003

Channels, No. of:7

Current, Output Max:500mA
Device Marking:ULN2003 A

IC Generic Number:2003

Input Type: TTL, CMOS 5V
Logic Function Number:2003
Output Type: Open Collector
Transistor Type: Power Darlington
Voltage, Input Max:5V

Voltage, Output Max:50V
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e PIN Diagram:
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FIG: PIN DIAGRAM OF ULN2003

2.5.7 LIQUID CRYSTAL DISPLAY

This is the first interfacing example for the Parallel Port. We will start
with something simple. This example doesn't use the Bi-directional feature found
on newer ports, thus it should work with most, if not all Parallel Ports. It however
doesn't show the use of the Status Port as an input for a 16 Character x 2 Line LCD
Module to the Parallel Port. These LCD Modules are very common these days, and

are quite simple to work with, as all the logic required running them is on board.
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e LCD

Frequently, 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.

Fortunately, a very popular standard exists which allows us to
communicate with the vast majority of LCDs regardless of their manufacturer. The
standard is referred to as HD44780U, which refers to the controller chip which
receives data from an external source (in this case, the 8051) and communicates

directly with the LCD.

FIG: LCD
e 44780 LCD BACKGROUND

The 44780 standard requires 3 control lines as well as either 4 or 8 I/O lines
for the data bus. The user may select whether the LCD is to operate with a 4-bit
data bus or an 8-bit data bus. If a 4-bit data bus is used the LCD will require a total
of 7 data lines (3 control lines plus the 4 lines for the data bus). If an 8-bit data bus
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is used the LCD will require a total of 11 data lines (3 control lines plus the 8 lines

for the data bus).

o7
ul=3
DS
D4

Enzble
Register Seledt

FIG: LCD BACKGROUND

e The three control lines are referred to as EN, RS, and RW.

e The EN line is called "Enable." This control line is used to tell the LCD that
you are sending it data. To send data to the LCD, your program should make
sure this line is low (0) and then set the other two control lines and/or put
data on the data bus. When the other lines are completely ready, bring EN
high (1) and wait for the minimum amount of time required by the LCD
datasheet (this varies from LCD to LCD), and end by bringing it low (0)
again.

e The RS line is the "Register Select" line. When RS is low (0), the data is to
be treated as a command or special instruction (such as clear screen, position

cursor, etc.). When RS is high (1), the data being sent is text data which
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should be displayed on the screen. For example, to display the letter "T" on
the screen you would set RS high.

e The RW line is the "Read/Write" control line. When RW is low (0), the
information on the data bus is being written to the LCD. When RW is high
(1), the program is effectively querying (or reading) the LCD. Only one
instruction ("Get LCD status") is a read command. All others are write
commands--so RW will almost always be low .Finally, the data bus consists
of 4 or 8 lines (depending on the mode of operation selected by the user). In
the case of an 8-bit data bus, the lines are referred to as DB0, DB1, DB2,
DB3, DB4, DBS, DB6, and DB7.

2.5.8 CURRENT TRANSFORMER

In electrical engineering, a current transformer (CT) is used for
measurement of electric currents. Current transformers, together with
voltage transformers (VT) (potential transformers (PT)), are known as
instrument transformers. When current in a circuit is too high to
directly apply to measuring instruments, a current transformer
produces a reduced current accurately proportional to the current in
the circuit, which can be conveniently connected to measuring and

recording instruments. A current transformer also isolates the
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measuring instruments from what may be very high voltage in the

monitored circuit.

2.5.9 INDUCTIVE LOAD

FIG: INDUCTIVE LOAD

A load that is predominantly inductive, so that the alternating load current
lags behind the alternating voltage of the load. Also known as lagging load. Any
devices that have coils of wire in there manufacture can be classed as inductive
loads. E.g. motors, solenoids and contactor coils are a few. Example of resistive
loads can be baseboard heaters, filament light bulbs, toasters and stove top

elements.

2.5.10 SHUNT CAPACITORS

n

e

FIG: SHUNT CAPACITORS
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Shunt capacitor banks are used to improve the quality of the electrical
supply and the efficient operation of the power system. Studies show that a flat
voltage profile on the system can significantly reduce line losses. Shunt capacitor
banks are relatively inexpensive and can be easily installed anywhere on the

network.

2.5.11 1N4007

Diodes are used to convert AC into DC these are used as half wave
rectifier or full wave rectifier. Three points must he kept in mind while using any
type of diode.

1. Maximum forward current capacity
2. Maximum reverse voltage capacity

3. Maximum forward voltage capacity

fe Swa moaas — e aen
ooooooo na || T
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The number and voltage capacity of some of the important diodes available in
the market are as follows:

o Diodes of number IN4001, IN4002, IN4003, IN4004, IN4005, IN4006 and
IN4007 have maximum reverse bias voltage capacity of S0V and maximum
forward current capacity of 1 Amp.

« Diode of same capacities can be used in place of one another. Besides this
diode of more capacity can be used in place of diode of low capacity but
diode of low capacity cannot be used in place of diode of high capacity. For
example, in place of IN4002; IN4001 or IN4007 can be used but IN4001 or
IN4002 cannot be used in place of IN4007.The diode BY125made by
company BEL is equivalent of diode from IN4001 to IN4003. BY 126 is
equivalent to diodes IN4004 to 4006 and BY 127 is equivalent to diode
IN4007.
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2.6. SOFTWARE REQUIREMENTS

2.6.1 KEIL MICRO VISION (IDE)

Keil an ARM Company makes C compilers, macro assemblers, real-time
kernels, debuggers, simulators, integrated environments, evaluation boards, and
emulators for ARM7/ARMY/Cortex-M3, XC16x/C16x/ST10, 251, and 8051 MCU
families.

Keil development tools for the 8051 Microcontroller Architecture support
every level of software developer from the professional applications engineer to
the student just learning about embedded software development. When starting a
new project, simply select the microcontroller you use from the Device Database
and the pVision IDE sets all compiler, assembler, linker, and memory options for
you.

Keil is a cross compiler. So first we have to understand the concept of

compilers and cross compilers. After then we shall learn how to work with keil.

2.6.2 CONCEPT OF COMPILER

Compilers are programs used to convert a High Level Language to object
code. Desktop compilers produce an output object code for the underlying
microprocessor, but not for other microprocessors. I.E the programs written in one
of the HLL like ‘C’ will compile the code to run on the system for a particular
processor like x86 (underlying microprocessor in the computer). For example
compilers for Dos platform is different from the Compilers for Unix platform So if
one wants to define a compiler then compiler is a program that translates source

code into object code.
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CHAPTER 3.
DESCRIPTION

¢ 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 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.e., 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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e BRIEF DESCRIPTION OF WORKING OF RELAY

A relay is an electrically operated switch. Current flowing through the coil
of the relay creates a magnetic field which attracts a lever and changes the switch
contacts. The coil current can be on or off so relays have two switch positions and
most have double throw (changeover) switch contacts. Relays allow one circuit to
switch a second circuit which can be completely separate from the first. For
example a low voltage battery circuit can use a relay to switch a 230V AC mains
circuit. There is no electrical connection inside the relay between the two circuits;

the link is magnetic and mechanical

e ULN 2003 RELAY DRIVER IC

ULN2003 is an IC which is used to interface relay with the microcontroller
since the output of the micro controller is maximum 5V with too little current
delivery and is not practicable to operate a relay with that voltage. ULN2003 is a
relay driver IC consisting of a set of Darlington transistors. If logic high is given to
the IC as input then its output will be logic low but not the vice versa. Here in
ULN2003 pin 1 to 7 are IC inputs and 10 to 16 are IC outputs. If logic 1 is given to
its pin no 1 the corresponding pin 16 goes low. If a relay coil is connected from +ve
to the output pin of the uln2003,(the relay driver) then the relay contacts change
their position from normally open to close the circuit as shown below for the load

on (say a lamp to start glowing). If logic 0 is given at the input the relay switches
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off. Similarly upto seven relays can be used for seven different loads to be switched
on by the normally open(NO) contact or switched off by the normally closed
contact(NC)

ULN2003A 8 ULN2003A

Load off Load on

3.1 OPERATION EXPLANATION

e CONNECTIONS

The output of power supply which is 5v is connected to the 40" pin of
microcontroller and gnd to the 20™ pin or pin 20 of microcontroller. Port 0.1 to 0.4
of microcontroller is connected to Pin 1to 4 of relay driver IC ULN2003. 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.
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e WORKING

The output of the regulator 7805 is given to the Microcontroller 40™ pin. The
pulsating dc is fed to R;; and Ry4 Resistor’s. The unregulated voltage is fed to
7812. 7805 output which is 5v is fed to 40" 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.

e Description of ZVS and ZCS:

pulsating dc from current sense

pulsating dc

<} 7 &
_
1

7
4k7
I 7 1naes VOLTAGE SENSE

FIG: VOLTAGE SENSE FIG: CURRENT SENSE

CURRENT SENSE

In order to generate ZVS (Zero Voltage Sensing) 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 LM339 part A. The comparator generates the zero crossing pulses
by comparing this pulsating D.C with a constant D.C of 0.6 V forward voltage

drop across a silicon diode.
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Similarly for ZCS (Zero Current Sense) the voltage drop proportional to the
load current across a resistor of 10R/10W is taken and is stepped up by a CT to
feed to a bridge rectifier to generate pulsating dc for the comparator to develop
ZCS as explained above like ZVS. The zero crossing pulses from a pulsating D.C
both for ZVS and ZCS are shown in the figure below.

3.2 CIRCUIT EXPLAINATION

This circuit consists of DC power supply unit, zero voltage crossing detectors,
Micro-controller, LCD display, Relays and Capacitor bank and Load circuit. 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 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 is. Micro-controller
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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 relays through the relay driver. Then the required numbers of
capacitors are connected in parallel to the load. By this the power factor will be

improved.
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CHAPTER 4.
CONCLUSIONS

It can be concluded that power factor correction techniques can be applied to the
Industries, power systems and also households to make them stable and due to that
the system becomes stable and efficiency of the system as well as the apparatus
increases.

The use of microcontroller reduces the costs. Due to use of microcontroller
multiple parameters can be controlled and the use of extra hardware such as timer,
RAM, ROM and input output ports reduces. Care should be taken for
overcorrection otherwise the voltage and current becomes more due to which the
power system or machine becomes unstable and the life of capacitor banks
reduces.

This project work is carried out to design & implement the automatic power factor

controlling system using Microcontroller (AT89C52). Microcontroller senses the
PF by continuously monitoring the response from the ZCD.
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