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Abstract

Power factor is an indicator of health and efficiency of any power system. Power
factor has to be regulated in industrial sectors to avoid paying high tariffs. In most of the
industries, power factor correction is done manually. Poor power factor causes increased
losses and also penalizes the customer. This explains the mmportance of our project 1n
industrial environment. The reliability of this system is very low that it cannot adopt itself
to the ever-growing demand for energy. Thus we go for an intelligence system that

continuously monitors power factor and corrects it automatically.

Control of power factor leads to efficient usage of power. Penalty prevention will
not only improve the industry’s economy, but also automates the entire plant, thus
avoiding human errors.

Voltage and current waveforms are sampled using instrument
transformers. Then by using voltage and current sensing circuit actual values are
measured. Precision rectifier unit is used for this purpose. Power factor 1s measured by
finding the time difference between the high of voltage and current waveforms. The
measured power factor is compared with a preset value and capacitor banks are switched
on depending upon the difference between actual preset value and measured value. The
micro controller is programmed using Hitech C. It is suitably programmed such that ali

parameters are measured accurately and displayed on the LCD.

The contents of microcontroller are transferred to the computer for reference and
analysis. A suitable VB coding is written for the display of different parameters like
current, voltage, power factor and status of the capacitor banks. The circuits are designed

to give a highly accurate result.

This user-friendly system is very reliable and flexible. The power factor can be
limited to any value, since the coding in PIC is not protected. Thus this system monitors

power factor and corrects it automatically.
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INTRODUCTION




1. INTRODUCTION

1.1 Power factor

Power factor is the ratio between the KW and the KVA drawn by an electrical
load where the KW is the actual load power and the KV A is the apparent load power. It is
the cosine of the phase angle between the voltage and current waveforms. It is defined as
the ratio of the current drawn that produces real work to the total current drawn from the

source or supplier of the energy, such as the electric utility.

It is a measure of how effectively the current is being converted into useful work
output and more particularly is a good indicator of the effect of the load current on the
efficiency of the supply system. All current will cause losses in the supply and

distribution system.

A poor power factor can be the result of either a significant phase difference
between the voltage and current at the load terminals, or it can be due to a high harmomic

content or distorted / discontinuous current waveform.

Poor load current phase angle is generally the result of an inductive load such as
an induction motor, power transformer, lighting ballasts, welder or induction furnace.
A distorted current waveform can be the result of a rectifier, variable speed drive,
switched mode power supply, discharge lighting or other electronic load. A poor power
factor due to an inductive load can be improved by the addition of power factor
correction, but a poor power factor due to a distorted current waveform requires a change

in equipment design or expensive harmonic filters to gain an appreciable improvement.



1.2 Need for power factor correction

The electrical energy is almost exclusively generated, transmitted and distnbuted
in the form of altemating current. Therefore question of power factor comes to the picture
immediately. Power factor plays an important role in ac circuits since power consumption

depends on this factor, which explains its importance

e To reduce the losses in transmission line by improving the power factor of the

system particularly in the industrial environment.

e To prevent many industries from paying fines and high tanff to the electricity
board, due to the low power factor.

e Most of the loads (e.g. induction motors, arc lamps) are inductive in nature and
hence have low lagging power factor. This low power factor 1s highly undesirable
as it causes an increase in current resulting in additional losses of active power in
all elements of power system from power generation system down to utilization

devices.

1.3 Methods of power factor correction

Power Factor Correction (PFC) allows power distribution to operate at its
maximum efficiency. There are two types of PFC, Active PFC and Passive PFC. All of
our power supplies are either Active PFC Power Supplies or Passive PFC Power

Supplies.
Active PFC

The preferable type of PFC 1s Active Power Factor Correction (Active PFC) since
it provides more efficient power frequency. Because Active PFC uses a circuit to correct
power factor, Active PFC is able to generate a theoretical power factor of over 95%.
Active Power Factor Correction also markedly diminishes total harmonics, automaticalty
corrects for AC input voltage, and is capable of a full range of input voltage. Since Active
PFC is the more complex method of Power Factor Correction, it is more expensive to

produce an Active PFC power supply.



Passive PFC

The most common type of PFC is Passive Power Factor Correction (Passive PFC).
Passive PFC uses a capacitive filter at the AC input to correct poor power factor. Passive
PFC may be affected when environmental vibration occurs. Passive PFC requires that the
AC input voltage be set manually. Passive PFC also does not usc the full energy potential
of the AC line.

Traditional way of power factor control requires the human involvement, which is
bound to errors, as the humans are not optimal at all times. Also most of the applications
today are getting more and more automated, because of the human errors.

Power factor correction can be done with the help of microprocessors. But
external memory has to be interfaced, and there are no inbuilt features like timers, A/D
converters, and separate data memory. The number of instructions is more 1n
microprocessor. When external memory is interfaced then the system size increases. Also
the execution time is more.

The use of microcontroller overcomes all these disadvantages. It reduces the size
of the equipment, and the control and correction of power factor is easy, automatic and

quick so that "power quality” is maintained without human intervention.

1.4 Advantages of power factor correction

Power factor correction allows power distribution to operate at its maximum

efficiency.

e Power factor is a measure of how effectively the current is being converted into
useful work output, and more particularly, it is a good indicator of the effect of the
load current on the efficiency of the supply system.

s A load with a power factor of 1.0 result in most efficient loading of the supply and
a load with a power factor of 0.5 will result in much higher losses in the supply
system.

e Depending upon the utility we may be able to save energy costs.

e Reduction in I*R losses and to maintain better voltage regulation.

e To reduce clectrical cost.

e To reduce load losses of distribution system.

¢ To increase svstems capacity.



Methods to improve power factor

e Replacement of existing motor with more energy efficient ones with high power
factor.

e Specify and use of high power factor lighting ballast.

e Assure that motors are properly sized for their application and duty cycle.

e Install capacitor — their leading power factor will counter balance the inductive
lagging power factor.

» Having a bad power factor means that the distribution system is drawing more
current than what is required to accomplish the real work, and that the load losses
of the distribution system are greater. All utilities penalize customer with low

power factor
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2. METHODOLOGY

2.1 Problem description

Many loads are highly inductive in nature such as motors, transformers, ballast

that reduces power factor. When power factor is below a certain value, then the firm has

to pay compensation charges. These charges are high and vary depending upon the total

power consumption of electrical energy. The important constraints are continuously

monitoring power factor and turning on the capacitor banks whenever the value falls

below the specified value.

2.2 Working procedure

The main constraints are calculating line voltage, line current, power factor, status

of capacitors and displaying their value and status in the LCD display and computer. The

following are the steps involved in measuring these values and displaying them.

Both the microcontroller and the LCD used in our project uses +5 volt power
supply. Also the op amp used here requires a dual power supply. This requires
+12 volts and — 12 volts. Suitable voltage regulators are used for this purpose.

Thus power supply circuitry 1s designed.

The PIC microcontroller has got 5 ports. One port is connected to the LCD
display. Another port is connected to RS 232C IC for the purpose of interface.
One port is used for tuming on the relays. The first two pins of the ad channel are

used for measuring voltage and current.

The voltage sensing circuit used here calculates the voltage. The voltage 1s first
reduced to a lower value using a voltage divider circuit. This is then given (o a
inverting amplifier which acts us a precision amplifier. Thus ac voltage is
converted to a equivalent dc voltage. An inverting amplifier is used to convert the

negative to positive output. The working of current sensing is very much similar

L T Y o I R A T



The pulsating thus obtained from voltage and current sensing circuitry is fed to the
first two pins of ad channel. Suitable factor is chosen to convert the current and

voltage value to actual measured value. It 1s then displayed on the LCD.

The power factor is determined by finding the time difference between the highs
of voltage and current. Then this time difference is converted into equivalent

power factor value. Timer facilities are in built in the microcontroller itself.

The PIC is programmed using Hitech C. the program is converted to machine

language by using software called MPLAB.

The relays are turned using transistors, which are used as switches. The relays
have coils, which are normally closed or normally open. When this coil is exited
the switch 1s closed that connects the capacitors. The other end of the capacitor is
connected to the line. Thus relay closes the circuit. A free wheeling diode is
connected parallel to the relay coil, for continuous operation or otherwise switch

oscillates for a finite time.

The data’s are transferred to the computer via RS 232C IC. The D type 9 pin
connector interfaces the computer and micro controller. A suitable VB coding is
written to display the current voltage power factor value and the status of the

capacitor banks. The baud rate can be fixed using function keys.

Thus the power factor is measured and displayed on the LCD display and

computer.
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3. PROJECT DESCRIPTION

Intelligent power factor corrector corrects the power factor automatically.

The model designed has got the following sub systems,

o Design of power supply (5v & 12v).

e Design of AC Voltage sensing circuitry
* Design of AC Current sensing circuitry
e Relay triggering circuitry

s PIC Microcontroller

¢ RS 232 interface- Design

Apart from these designs current transformers and potential transformers are used
for sampling current and voltage waveforms. Also transformers are required for the

purpose of designing power supply (both 5v and 12v).

The above designs explain the hardware part of the project. Apart from this, there

is also software design. In software design there are two parts as follows,

¢ PIC microprogramming

» VB coding for system display

PIC microcontroller is programmed in C language. Then the C program is
converted to machine language using MPLAB SOFTWARE. C is used for programming
because of its flexibility and simplicity. It is converted to machine language and copied to

microcontroller using emulator.

VB coding is required to display the data from the PIC microcontroller to system.

Simple windows are used for this purpose.
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3.1 Microcontroller

Microcontroller is a semiconductor device, which has many, built in features to
support any application. Microcontroller differs from microprocessor in many features.
Microprocessor has many operational codes for moving data from external memory to the
CPU. But Microcontrolier has fewer codes. Microprocessors have one or two bit handling
instructions. But Microcontroller has many. Microcontroller has got many built in
features. Microcontroller works faster than microprocessor because of rapid movement of
bit within the chip. Microcontroller can function as a computer with the addition of no
external parts. This project uses PIC Microcontroller. PIC stands for Peripheral Interface
Controller. There are many features and packages. The different senes are 16,17, 18, 19,

etc. this project uses PIC 16877 microcontroller.

3.1.1 Special features

e Improved architecture - Harvard architecture
¢ Builtin 3 timers

e In built A/D converters

s Separate program and data memory

» High frequency operation

¢ Flexible programming

¢ [nstruction pipelining

¢ 51/O programmable ports

¢ Easy interfacing facilities



Architecture

PIC microcontrolier based devices have following architectural features to attain

the high performance

e Harvard architecture

¢ Long word instructions
s Single word instructions
¢ Single cycle instructions
¢ Instruction pipelining

» Reduced instruction set
e Register file architecture

e Orthogonal (symmetric) instructions

Harvard architecture

Harvard architecture has the program memory and data memory as separaie
memories and they are accessed from separate buses. This improves bandwidth over
traditional von Neumann architecture in which program and data are fetched from the
same memory using the same bus. These separated buses allow one instruction 0 execute

while the next instruction is fetched.

Instruction pipeline

The instruction pipeline is a two stage pipeline, which overlaps the fetch and

execution of instructions.
Reduced instruction set
When an instruction set is well designed and highly orthogonal (symmetric},

fewer instructions are required to perform all needed tasks. With fewer instructions, the

whole set can be more rapidly learned.



Central processing unit

The CPU is responsible for using the information in the program memory tc
control the operation of the device. Many of these instructions operate on data memory. I
is responsible for fetching the correct instruction for execution, decoding that instructiorn,
and then executing that instruction. The CPU sometimes works in conjunction with the
ALU to complete the execution of aﬁthmetic and logical operations. The CPU controls

the program memory address bus, the data memory address bus, and accesses to the stack.
Arithmetic and logical unit

PICmicro MCUs contain an 8-bit ALU and an 8-bit working register. The ALU s
a general purpose arithmetic and logical unit. It performs Arithmetic and Boolean
functions between the data in the working register and any register file. The ALU is 8-bits
wide and is capable of addition, subtraction, shift and logical operations. Depending on
the instruction executed, the ALU may affect the values of the Carry, Digit Carry, and
Zero bits in the status register.

The status register contains the arithmetic status of the ALU, the RESET status
and the bank selects bits for data memory.



3.1.2 Memory organisation

Memory organization has two blocks

e Program memory

¢ Data memory

Fach block has its own bus, so that access to each block can occur during the
same oscillator cycle. The data memory can further be broken down into General purpose

RAM and the Special Function Registers (SFRs).

Program memory organisation

Mid- Range MCU devices have a 13-bit program counter capable of addressing an
8K X 14 program memory space. The width of the program memory bus is 14 bits. Since
all instructions are a single word, a device with an 8k x 14 program memory has a spacc
for 8K of instructions. This makes it much easier to determine if a device has sufficient

program memory for a desired application.

Program counter

The program counter (PC) specifies the address of the instruction to fetch for
execution. The PC 1s 13 bits wide. The low byte is called the PCL register. This register is
readable and writable. The high byte is called the PCH register. This register contains the
PC<12:8> bits and is not directly readable or writable.

Reset vector

On any device, a reset forces the Program Counter to address Oh

Interrupt vector
When an interrupt 1s acknowledged the PC is forced to address 0004h
Stack

Stack contains the return address from this branch in program execution



Program memory paging
Some devices have program memory sizes greater than 2K words, but the CALL

and GOTO instructions only have a 11 bit address range.

Data memory organisation

Data memory is made up of the Special Function Registers (SFRs) area, and the
General purpose Registers (GPR) area. The SFRs control the operation of the device,
while GPRs are the general areas for data storage and scratch pad operations. The GPR

area is banked to allow greater than 96 bytes of general purpose RAM to be addressed.

General purpose registers
GPRs are not initialized by a power on reset and are unchanged on all other resets.
The register file can be accessed either directly, or using the File Select Register FSR.

indirectly.

Special function registers

The CPU and Peripheral Modules use the SFRs for controlling the desired
operation of the device. These registers are implemented as static RAM. The SFRs can be
classified into two sets, those associated with the ‘core’ function and those related to the

peripheral functions.

Banking

The data memory is partitioned into four banks. Each bank contains General
Purpose Registers and Special Function Registers. Switching between these banks
requires the RPO and RP1 bits in the STATUS register to be configured for the desired
bank when using direct addressing. The IRP bit in the STATUS register 1s used for

indirect addressing.

ACCESSED BANK DIRECT (RP1:RP0) INDIRECT (IRP) |
0 00 0 i

i 01 0

2 10 1 '

3 11 I -

_ R




3.1.3 A/D converters

The analog-to-digital converter module has up to eight analog inputs. The A/D
allows conversion of an analog input signal to a corresponding &-bit digital number. The
output of the sample and hold is the input into the converter, which generates the result
via successive approximation. The analog reference voltage is software selectable to
cither the device’s positive supply voltage (VDD) or the voltage level on the Vref pin.
The A/D converter has a unique feature of being able to operate while the device 1s 1n

SLEEP mode.

The A/D module has three registers. These registers are
A/D result register (ADRES)
A/D control register0 (ADCONO)
A/D control register] (ADCON1)

The ADCONO register controls the operation of the A/D module. The ADCONI
register configures the functions of the port pins. The /O pins can be configured as
analog inputs (one /O can also be a voltage reference) or as digital VO.

When the A/D conversion is complete, the result is loaded into the ADRES
register, the GO/DONE bit is cleared, and A/D interrupt flag bit, ADIF is set. After the
A/D module has been configured as desired, the selected channel must be acquired before
the conversion is started. The analog input channel must have their corresponding TRIS
bits selected as an input. After this acquisition time has elapsed the A/D conversion can

be started.

The following steps should be followed for doing an A/D conversion,

1. Configure the A/D module
e Configure the analog pins/ voltage reference / and digital I/O (ADCONT)
e Select A/D input channel (ADCONO)
o Select A/D conversion clock (ADCONO)

e Turn on A/D module (ADCONO)
i8



2. Configure A/D interrupt (if desired)
e Clear the ADIF bit
o Set the ADIE bit
e Set the GIE bt

3. Wait the required acquisition time

4, Start conversion

e Setthe GO/ DONE bit (ADCONO)

5. Wait for A/D conversion to complete, by either
e Polling for the GO/DONE bit to be cleared
Or
e Waiting for the A/D imterrupt

6. Read A/D result register (ADRES), clear the ADIF bit, if required

7. For next conversion, go to step 1 or step 2 as required. The A/D conversion time per
bit is defined as Tad. A minimum wait of 2 Tad is required before next acquisition

starts.



3.1.4 Timers

Timer 1

Timerl module is a 16 bit timer & counter consisting of two 8-bit registers which

are readable and writable. Tt increments from 0000h to FFFFh and rolls over to 0000h.

It can be operated in one of the following three modes
¢ as a synchronous timer
e as a synchronous counter
e as a asynchronous counter
The operating mode is selected by clock selection bit TMRICS and the
synchronization bit (T1SYNC). In timer mode, it increments for every instruction cycle
and in counter mode it increments on every rising edge of the external clock mput.

It can be turmed on and off using the TMR1ON control bit.

Timer mode

Selected by clearing TMRICS bit, the input clock to timer is Fosc/4. The

synchronize control bit has no effect since internal clock is always synchronized.

Synchronous counter mode

Counter mode is selected by setting TMRI1CS bit. The timer increments on every
rising edge of clock input on the TIOS1 pin when oscillator enable bit 1s set. or when
T10OSCEN bit is cleared. If TISYNC bit is cleared, then the external clock input is

synchronized with internal phase clocks.
Asynchronous counter mode
This type of mode is achieved setting the TISYNC to high which asychronizes the

external clock input. The timer continues to run during sleep mode, which can be used to

implement real-time clock.



Timer 2

Timer2 is an 8§ bit timer with prescaler, a postscaler and period register. The
overflow time is the same as a 16-bit timer. The TMR2 register is readable and writable
and is cleared on all device resets. It increments from 00h on reset increment cycle.

The match output of TMR2 goes to two sources
. Timér 2 postscaler
e SSP clock input
When postscaler overflows, TMR2 is also routed to synchronous serial port (SSP}

module.
Timer 0
1t has the following features

e 8 bit timer / counter

» Readable and writable

e Clock source selectable to be external or internal
¢ Interrupt on overflow from FFh to 00h

e Edge select for external clock

Timer mode is selected by clearing TOCS bit. Counter bit is selected by setting
the TOCS bit. In counter mode, timer 0 will increment either on every rising or falling
edge. The TMRO interrupt is generated when the TMRO register overflows from FFh to
00h. The response of the timer to the clock pulse can be made as positive edge trigger or

negative edge triggered.
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3.2 Hardware description

3.2.1 Design of power supply circuitry

Power supply unit
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As we all know any invention of latest technology cannot be activated without the source
of power. So in this fast moving world we deliberately need a proper power source which
will be apt for a particular requirement. All the electronic components starting from diode
to Intel IC’s only work with a DC supply ranging from +5vto_+12.

We are utilizing for the same, the cheapest and commonly available energy source of
230v - 50Hz and stepping down, rectifying, filtering and regulating the voltage. This will

be dealt briefly in the forth-coming sections.

Step down transformer

When AC is applied to the primary winding of the power transformer it can either
be stepped down or up depending on the value of DC needed. In our circuit the
transformer of 230V / 15-0-15v is used to perform the step down operation where a 230V
AC appears as 15V AC across the secondary winding. One alteration of input causes the
top of the transformer to be positive and the bottom negative. The next alteration will
temporarily cause the reverse. The current rating of the transformer used in our project is
2A. Apart from stepping down AC voltages, it gives isolation between the power source

and power supply circuitries.



Rectifier unit

In the power supply unit, rectification is normally achieved using a solid state
diode. Diode has the property that will let the electron flow easily in one direction at
proper biasing condition. As AC is applied to the diode, electrons only flow when the
anode and cathode is negative. Reversing the polarity of voltage will not permit electron
flow.

A commonly used circuit for supplying large amounts of DC power 1s the bridge
rectifier. A bridge rectifier of four diodes (4*IN4007) are used to achieve full wave
rectification. Two diodes will conduct during the negative cycle and the other two will
conduct during the positive half cycle. The DC voltage appearing across the output
terminals of the bridge rectifier will be somewhat less than 90% of the applied rms value.
Normally one alteration of the input voltage will reverse the polarities. Opposite ends of

the transformer will therefore always be 180 deg out of phase with each other.

For a positive cycle, two diodes are connected to the positive voltage at».’fhe_ft—t_);ﬁi""--
winding and only one diode conducts. At the same time one of the other two diodes.
conducts for the negative voltage that is applied from the bottom winding due to thé
forward bias for that diode. Tn this circuit due to positive half cycle D1 & D2 will conduct
to give 10.8V pulsating DC. The DC output has a ripple frequency of 100Hz. Since cach
alternation produces a resulting output pulse, frequency = 2#50 Hz. The output obtained

is not a pure DC and therefore filtration has to be done.

Filtering unit

Filter circuits usually consisting of a capacitor acting as a surge arrester
always follow the rectifier unit. This capacitor is also called as a decoupling capacitor or a
bypassing capacitor, is used not only to “short’ the ripple with frequency of 120Hz to
ground but also to leave the frequency of the DC to appear at the output. A load resistor
R1 is connected so that a reference to the ground is maintained. C1R1 is for bypassing
ripples. C2R2 is used as a low pass filter, 1.e. it passes only low frequency signals and

bypasses high frequency signals. The load resistor should be 1% to 2.5% of the load.



1000uf/ 25v = for the reduction of ripples from the pulsating.

10uf/25v = for maintaining the stability of the voltage at the load side.
O.1f = for bypassing the high frequency disturbances.
Voltage regulators

The voltage regulators play an important role in any power supply unit. The
primary purpose of a regulator is to aid the rectifier and filter circuit in providing a
constant DC voltage to the device. Power supplies without regulators have an mherent
problem of changing DC voltage values due to variations in the load or due to
fluctuations in the AC liner voltage. With a regulator connected to the DC output, the
voltage can be maintained within a close tolerant region of the desired output. IC7812 and

7912 is used in this project for providing +12V and ~12V DC supply.

Specifications

Resistors R1 and R2 maintain line load regulation.
At the secondary side of the transformer,

Applied voltage = 15V

Conducting drop across the diodes =2*0.6 =12V

Without capacitor:
Vavg = (15-1.2) V = 13.8c¢ pulsating DC
Frequency = 100Hz

With capacitor:
V =Vavg * 1.414( form factor )
=19.51v

Frequency = o Hz

With 7812 voltage regulator:
VO =+12V

With 7912 voltage regulator:
VO =-12V



3.2.2 AC voltage and current sensing circuitry

Voltage measurement

In case of voltage measurement, two PT's are connected across two phases of the
transformer under test. The PT is rated at 230V / 6V.The ac output voltage of the PT is
rectified, filtered and converted into pure dc 5V.

In the rectifier circuit, Al is an inverting rectifier. The output from Al is added to
the original input signal in A2 (summing mixer). Negative altermations of Ein results in
no output at E1 due to the rectification. Ein feeds A2 through a 20K ohms resistor and E!
feeds A2 through a 10K ohms resistor.

The net effect of this scaling is that, for equal amplitudes of Ein and E1, ET will
produce twice as much current flow into the summing point. This fact is used as an
advantage here, as the negative alternation of E1 produces twice the input current of
precisely half the amplitude which E1 alone would generate due to the subtraction of Ein.
It is the equivalent of having E1 feed through a 20K ohms input resistor and having Ein
non-existent during this half cycle and it results in a positive going output at
A2

AC VOLTAGE SENSING CIRCUITRY
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Now the output dc voltage obtained is pulsating and hence passed through a buffer
amplifier with provision for filtering out the ripples. Thus at the output of the buffer

circuit we get pure dc of 5V.

Current measurement

AC CURRENT SENSING CIRCUITRY
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Two CT's are connected in series with two phases of the transformer under test.

The CT is rated at SA/0.5A.A shunt resistor of value 1 ohm is connected across the CT.

Hence we have 0.5V ac given as the input to the rectifier unit and by a simular procedure
as seen in the previous case, we get pure dc 0.5V at the output stage.

The output 0.5V dc is converted into 5V dc by means of suitable buffer

arrangement.



3.2.3 Design of relay circuitry

Electromechanical relays

Relays are clectromagnetic switches, which provide contact between two
mechanical elements. Relays have a coil, which works on 12V dc power supply and
provides DPDT action as an output. In general, relays provide potential free contacts
which can be used for universal functions like DC, AC voltage switching and to control

bigger electrical switchgears.

The electromechanical relays are based on the comparison between operating

torque / force and restraining Torque / force. The VA burdens of such relays are high.
The characteristics of these relays have some limitations. Each relay can perform
only one protective function. Such relays are used for simple and less costly protection

purposes. For important and costly equipment mstallation static relays are preferred.

Protective relaying is necessary for almost every electrical plant and no part of

the power system is left unprotected.

The choice of protection depends upon several aspects such as

Type and rating of the protected equipment

Its importance

Location and cost

Probable abnormal conditions between generators and final load points



RELAY DRIVER CIRCUITRY
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There are several electrical equipment and machines of various ratings. Each need
certain adequate protection. The protective relaying, senses the abnormal conditions in a

part of the power system and isolates that part from the healthy part of system.

The relays used in this project are compact, self-contained devices, which respond

to abnormal conditions (relays can distinguish normal and abnormal conditions).



3.2.4 RS 232 interface
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The most common communication interface for short distance is RS-232. RS-232
defines a serial communication for one device to one computer communication port, with
speeds up to 19,200 baud. Typically 7 or 8 bits (on/off) signal are transmitted to represent

a character or digit. The 9-pin connector is used.
Max 232

Each of the two transmitters is a CMOS inverter pewered by +10V intemnally
generated supply. The input is TTL and CMOS compatible with a logic threshold of
about 26% of Vecc. The input if an unused transmitter section can be left unconnected: an
mternal 400K pull up resistor connected between the transistor input and Vee will pul

the mput high forming the unused transistor output low.

30



The open circuit output voltage swing is guaranteed to meet the RS232 specification +
5v output swing under the worst of both transmitter driving the 3K minimum load
impedance, the Vcc input at 4.5V and maximum allowable ambient temperature

typical voltage with SKQ and Vee =+. 9V.

The slow rate at output is limited to less than 30V / ps and the powered done
output impedance will be a minimum of 300£ with +2V—applied to the output with
Vec = 0V.The outputs are short circuit protected and can be short circuited to grounc

indefinitely.

Receiver section

The two receivers fully conform to RS232 specifications. Their input
impedance is between 3KQ either with or without 5V power applied and their switching
threshold is within the +3V of RS232 specification. To ensure compatibility with either
RS232 TP or TT1/ CMOS input. The MAX232 receivers have VIL of 0.8V and VIH of
2.4V the receivers have 0.5V of hysterisis to improve noise rejection. The TTLACMOS
compatible output of receiver will be low whenever the RS232 input 1s greater than 2.4V,
The receiver output will be high when input is floating or driven between +0.8V and -
30V.

Pin diagram of max 232

cre— B
V+ — 2 15 — GND
13 M 14 |
C1- A T1 out
C2+ —— 4 X 13 L R1in
Cz- 5 2 12 +— R1 out
] 3 -

V- 6 ) 1 T1in
T2out 7 10 T2in
R2in g g R2 out




Electrical characteristics of max 232

Ve =6V

V+=12V

V- =12V

Input voltage

Tlin, T2in = -0.3 to (Vece+ 0.3v)

Rlin, R2in = +30v or -30v

Output voltage

Tlout, T2out = (V+)+0.3V) to ((V-)+0.3v)

Rlout, R2out = -0.3V to (Vect0.3V)

Power dissipation = 375mW

Qutput resistance = 300Q



3.2.5 Instrument transformers

Instrument transformers are used in the measurement and control of alternating
current circuits. Direct measurement of High voltage or heavy currents involves iarge and
expensive instruments, rclays, and other circuit components of many Designs. The use of
instrument transformers, however, makes it possible to use relatively small and
inexpensive instruments and control devices of standardized designs. Instrument
transformers also protect the operator, the measuring devices and the control equipment
from the dangers of high voltage. The use of instrument transformers results in increasec

safety, accuracy and convenience.

There are two distinct classes of instrument transformers:

1. Potential transformer

2. Current transformer

Potential transformers

The potential transformer operates on the same principle as a power or distribution
transformer. The main difference is that the capacity of a potential transformer has ratings
from 100 to 500 volt amperes (VA).The low voltage side is usually wound for 115 V. The
load on the low voltage side usually consists of not only the potential coils of various
instruments but may also include the potential coil of relays and other control equipments.
In general the load is relatively light and is not necessary to have PT's with a capacity

greater than 100 to 500VA.

The high voltage primary winding of a PT has the same voltage rating as the
primary circuit. Assume that it is necessary to measure the voltage of a 3.3KV, single
phase line. The primary of the PT is rated at 3.3KV and the low voltage secondary is
rated at 110V. The ratio between the primary and the secondary winding 1s 3300/ 110

or30/1



A voltmeter connected across the secondary of the PT indicates a value of 110V.
To determine actual voltage on the higher voltage circuit, the instrument readings of
110V must be multiplied by 30. 110%¥30 = 3300V. In some cases, the voluneter 1s
calibrated to indicate the actual value of voltage on the primary side. As a result, the
operator is not required to apply the multiplier to the instrument reading and the

possibility of error is reduced.

This PT has subtractive polarity. (All instrument PT's now manufactured have
subtractive polarity). One of the secondary leads of the transformers in figure is grounded
to eliminate high voltage hazards. PT's have highly accurate ratios between the primary

and secondary voltage values. Generally the error is less than 0.5%.

Current transformers

Current transformers are used so that ammeters and the Current coils of other
instruments and relays need not be connected directly to high voltage lines. In other
words, these instruments and relays are insulated from high voltages. CT's also step down
the current in a known ratio. The use of CT means that relatively small anc accurate

instruments, relays and control devices of standardized design can be used m circuits,

The CT has separate primary and secondary windings. The primary winding
which consists of few turns of heavy wire, wound on a laminated iron core 1s connected
in series with one of the line wires. The secondary winding consists of a greater number
of turns of a smaller size of wire. The primary and secondary windings are wound on the

same COTc.

The current rating of the primary winding of a CT is 100A. The primary winding
has three tums and the secondary winding has 60 turns. The secondary winding has the
standard current rating of 5A, therefore the ratio between the primary and secondary
current is 100 / 5 or 20 / 1. The primary current is 20 times greater than the secondary

current.



Since the secondary winding has 60 turns and the primary winding has 3 tams,
the secondary winding has 20 times as many turns as the primary winding. For a CT.
then the ratio of primary to secondary currents is inversely proportional to the ratio of

primary to secondary turms.

CT is used to step down current in a 3300V, Single phase circuit. The CT is rated
at 100 to 5 A and the ratio of current step down is 20 to 1. In other words, there are 20 A
in the primary winding for each ampere in the secondary winding. If the ammezer at the

secondary indicates 4A, the actual current in the primary is 20 times this value ie 80 A.

The CT in the figure has polarity markings in that the two high voltage primary
leads are marked H1 and H2, and the secondary leads are marked X1 and X2. When H1 is
instantaneously positive, X1 is positive at the same moment. Some CT manufacturers
mark only the H1 and X1 leads. When connecting the CT's in circuits, the H1 lead 18
connected to the line lead feeding from the source while the H2 lead is connected directly
to the ammeter. Note that one of the secondary leads is grounded as a safety precaution tc

eliminate high voltage hazards.

Caution

The secondary circuit of a transformer should never be opened when there is
current in the primary winding. Then the entire primary current is an exciting current
which induces a high voltage in the secondary winding. This voltage can be enough to

endanger human life.



SOFTWARE DESCRIPTION




3.3 Software description
3.3.1 PIC programming

PIC 16f877A is programmed with the help of software called Hitech C. This is
then converted to hex decimal value using software called MPLAB. These values are
stored in the form of zeros and ones in the program memory. Emulator is the hardware
required to do the process of converting the ¢ to machine language. Following 1s the

algorithm and flowchart for writing the ¢ program.

Algorithm

STEP1: Start the program.

STEP2: Set the ports either input or output depending upon the requirement.

STEP3: Move suitable values to adcon registers to set it as input ports.

STEP4: Enable the peripheral and global interrupts.

STEP5: Send both data and command to the LCD display with suitable delay.

STEP6: Turn on the timer during the high of input signal.

STEP7: The measured voltage value is multiplied by a factor to display the actual value.

STEPS: Similarly actual current value is also displayed in the LCD.

STEP9: Power factor is measured by finding the time difference between voltage
and current wave forms.

STEP10: This data is also send to L.CD for display.

STEP11: Capacitor banks are turned on depending upon the difference between the

actual and preset value.
STEP12: Send these data to the RS 232 IC for system display.
STEP13: Continue the above-mentioned steps as long as power interrupt exists.

STEP14: Stop the program.



FLOW CHART:
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3.3.2 Visual basic coding

The VB program is written in order to display the value of the current,
voltage power factor and status of the capacitor banks. The data from the max 232 IC arc
continuously send to the PC at a presettable baud rate. These data’s are set within a patr
of braces. Now these data’s are received in the COM port 1 of the CPU. These data’s
should be first read and then displayed on the system.

Two variables are used to determine the starting brace and the
ending brace. Now the value between these braces are retrieved separately and displayec
continuously. Depending upon the final value in the data send the statuses of the capacitor
banks are displayed. The following is the algorithm and flowchart involved in the VB

coding.

ALGORITHM

STEPI: Start the program.

STEP?2: Initialize two variables to determine the starting and ending braces.

STEP3: Determine the characters between these braces.

STEP4: Read the current, voltage, power factor values and display the value in
the appropriate text box.

STEP5: Read the last data to check the status of capacitor banks.

STEP6: Display the status of the capacitor banks.

STEP7: Stop the program.
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4. RESULTS AND DISCUSSIONS

The main aim of the project is to reduce the monthly compensation charges for not
maintaining the power factor up to 0.85. The industry consumes a huge electrical energy
of about 50000 units. Thus the amount to be paid is about 200000 to 250000. Now if the

power factor is less than 0.85 then the company has to pay fine to the Electricity board.

Let us consider the power factor is around 0.77. Then the company has to pay &
compensation charge of 7 % of the monthly bill. This is approximately about 14000/- plus
the charges for energy consumption. This calculation is shown for a month. When this

calculation is done for a year, it will account to nearly 150000/-.

When a high power factor is maintained then rebate is paid by the electricity board
Suppose if the power factor of 0.95 is maintained then the rebate is 9000/~ per month.
When this calculation is shown for a year, the rebate approximates (o around 90000/-.
Thus by maintaining high power factor the company can make a lot of savings. A table

provided below shows the compensation and rebate charges for different power factors.

Penalty charges

Current consumption charges

1 —1500 units =Rs. 4.00/ unit

1501 & > =Rs. 4.70 / umt
Fixed charge bimonthly = Rs. 60.00
Tax=5%

For 1 KW =Rs 80.00 ( minimum )

Penalty
POWER FACTOR % OF CONSUMPTION CHARGE |
0.84 1.0
0.83 2.0

0.82 3.0




0.80 5.0
0.79 6.0
Q.78 7.0
0.77 8.0
0.76 9.0
0.75 10.0
0.74 16.5
0.73 18.0
0.72 19.5
0.71 21.0
0.70 22.5
0.69 24.0
0.68 25.5
0.67 27.0
0.66 28.5
0.65 30.0
0.64 31.5
0.63 33.0
0.62 34.5
0.61 36.0
0.60 37.5
0.59 39.0
0.58 40.5
0.57 42.0
0.56 435
0.55 45
0.54 40.5
.53 48
0.52 49.5
0.51 51
0.50 52.5




o The charges refer to the present penalty charges as on 1.3.2004
e When power factor is below 0.85 lag and up to 0.75 lag 1% of current
consumption charges for every reduction of 0.01 in power factor

e When pfis below 0.75 lag, the charges are 1.5% of consumption charges

Rebate ‘
POWER FACTOR % REBATE FROM COMPENSATION
CHARGES
0.91 0.5
0.92 1.0
0.93 1.5
0.94 2.0
0.95 2.5
0.96 3.0
0.97 3.5
0.98 40
0.99 4.5
1.00 5.0

e When power factor exceeds 0.90 lag, a rebate of 0.5 % of the current consumption

charges for every increase in 0.01 power factor is allowed.

Capacitor bank selection
There are two ways to correct poor power factor. One way is 10 use a capacitor
and the other way is to use a synchronous condenser. The choice depends upon the
application and our budget. If the load is less than 500 KV AR, capacitors can be used. [f
the Ioad is more than S00KVAR, then synchronous condenser should be considered.
Consider a motor % HP having power factor of 0.85. Current rating 1s 10 amperes
and voltage rating is 115 volts.
Apparent power =V * |
Active power =V ** COS$
Reactive power = SQRT((apparent "2) - (active™2))



The value of reactive power from the above calculation gives the power factor

correction needed.

Q=E2/X
X=E2/Q
C=1/2pifX

Thus the capacitance value is determined.

Inference

e Capacitance would be reduced as the square of the voliage

e Power factor correction capacitors are often rated in KVar instead of micro farads,

in order to indicate the reactive power injected in the system
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5. SCOPE FOR FURTHER WORK

Maximum demand indicator can be incorporated in the system by changing the
software part of the PIC microcontroller. This helps in preventing the penalty paid to the
electricity board due to exceeding the limit of maximum demand. Sometimes when the
demand crosses the maximum demand, the tariff nearly doubles. This system definitely

prevents this and improves the company’s economy.

Also presence of harmonics is one big problem in devices that draws non-
sinusoidal current. Due to this power factor value is lowered. Using circuits like harmonic

filter that eliminates non-sinusoidal currents completely can prevent this.

A keyboard can be interfaced with the microcontroller to set the value of power
factor and maximum demand. Thus the value can be preset to any value, depending upon

the requirement.

Tnstead of capacitors synchronous condensers can be used if the load is more than
SO00KVAR because it is capable of handling large swings in power factor value. Thus
from above discussion it is clear that both displacement factor and distortion power factor

are considered, thus maintaining nearly unity power factor.

Power factor correction can also be done for 3 phase lines since industries use 3
phase lines. Use of one microcontroller is sufficient. The number of sensing circuits 1s
increased to find out voltage and current of 3 phase lines. Power factor of any line can be

easily determined.
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6. CONCLUSION

This intelligent system measures voltage, current, and power factor and displays
the values accurately. Also the system corrects the power factor automatically by
comparing it with some preset value. Thus nearly unity power factor is maintained using

this system.

The demand for electricity is continuously increasing while the generation 1s
limited by many constraints. Therefore effective utilization of electricity is c¢f utmos:
importance. For this purpose, maintaining power factor at an optimum level becomes

imperative. Moreover, ‘Unit Saved Is Unit Generated’.

Intelligent power factor correction will be the trend in the near future. Many
industries will adapt to this system, since it is economical, fast, and reliable. This user
efficient system can be installed in hospitals, apartments, etc to maintain high power

factor.
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APPENDIX — A
Coding
PIC programming

#include <pic.h>
#include <stdio.h>
#include "delay.c”
#include <string.h>

static void interrupt IntRoutine();

void LCD_SendData(unsigned char dat);

void LCD_SendCmd(unsigned char cmd);
void CheckBusy();

int Cnt = 0,0flow=0,ipf=0,dval=0;

short int Flag = 0,Set=0,Hr=0,Lr=0;

int Adval=0;

float Acv=0,Acc=0,Pf=0;

short int First=0,Second=0,Third=0,Fourth=0;

char St[15];

void Send();

void Mscm();

void main()

{
TRISA = 0xff;
TRISB = 0x00;
PORTB = 0x00;
TRISD = 0x{0;
PORTD = 0x00;
TRISE = 0x00;
TRISC = 0x80;
PORTD = 0x0f;
PORTC = 0x03;
ADCONO = 0x81;

ADCONI1 = 0x382;
SPBRG = 64; // 9600 @ 10 Mhz Brgh =1
TXEN=1; -
SYNC =0;
BRGH=1;

SPEN =1,
CREN=1;
T1CON = 0x00;,
TMRI1IF=0;
TMRIIE = 1;
TMRIL=0;
TMRIH = 0;



GIE=1;// ;Enable global interrupts
LCD SendCmd(0x38);
DelayMs(100);
LCD SendCmd(0x38);
DelayMs(100);
LCD SendCmd(0x38);
DelayMs(100);
LCD_SendCmd(0x33);
DelayMs(100);
CheckBusy();
LCD_SendCmd(0x06);
CheckBusy();
LCD_SendCmd(0x0c);
CheckBusy();
LCD_SendCmd(0x01);
CheckBusy();
LCD SendCmd(0x02};
Msern);
for(;;)
{
if(RD4)
{
TMRION =0
TMRI1L =0;
TMRIH = 0;
TMRI1ON =1,
}
1f(RD5)
{
TMRION = 0;
Hr = TMRI1H;
Lr=TMRIL;

ADCONO = 0x91;

DelayUs(50);

ADGO =1,

while(ADGO) continue;

Adval = (ADRESH * 256) + ADRESL;
Acv = ({float)Adval;

Acv = Acv/ 4.01;

CheckBusy();

LCD SendCmd(0x82);

dval = (int)(Acv*10);
St[4] = (dval % 10)+0x30;
St[3]=""

dval /= 10;

St[2] = (dval % 10)+0x30;



dval /= 10;

St[0] = (dval % 10)+0x30;
CheckBusy();

LCD SendData(St[0]);
CheckBusy();

LCD SendData(St[1]);
CheckBusy();
LCD_SendData(St[2]);
CheckBusy();
LCD_SendData(St[3]),
CheckBusy();
LCD_SendData(St[4]);
ADCONO = 0x99;
DelayUs(50);

ADGO =1,
while(ADGO) continue;
Adval = (ADRESH * 256) + ADRESL;
Acc = (float)Adval;

Acc = Acc * 5.0

if(Acc < 100) Acc =0.0;
CheckBusy();
LCD_SendCmd(0x8a);
dval = (int)}(Acc*10);
St[9] = (dval % 10)+0x30,
St[8]1=""

dval /= 10;

St[7] = (dval % 10)+0x30,
dval /= 14;

St[6] = (dval % 10)+0x30;
dval /= 10;

St[5] = (dval % 10)+0x30;
CheckBusy();
LCD_SendData(St[5]);
CheckBusy();
LCD_SendData(St{6]);
CheckBusy();
LCD_SendData(St[7]);
CheckBusy();
LCD_SendData(St[8]);
CheckBusy();
LCD_SendData(St[9]);
Pf = (float)((Hr * 256) + Lr);
Pf=Pf/6.1;

if(Ace < 100)

{

St[13]=""

St[12]="CY

Q11T = "7



}

else

{

dval = (int}(Pf * 100);
St[13] = (dval % 10)+0x30;
dval /= 10;

St[12] = (dval % 10)+0x30;
St[11]="%

dval /= 10;

St[10] = (dval % 10)+0x30;
}

CheckBusy();
LCD_SendCmd(0xC6);
CheckBusy();
LCD_SendData(St[10]);
CheckBusy();

LCD SendData(St[11]);
CheckBusy();
LCD_SendData(St[12]);
CheckBusy();

LCD SendData(St[13]);
if(Pf < .200)

! PORTD = 0x0f;
ilse if(Pf < .350)

! PORTD = 0x0¢;
ilse if{Pf < .400)

{ PORTD = 0x0d;
g:lse if(Pf < .450)

{ PORTD = 0x0c;
;

else if(Pf < .500)

PORTD = 0x0b;

b
else if(Pf < .550)

{
PORTD = 0x0a;

H
else if(Pf < .600)
{

Y

PORTD = 0x09,



}
b
void Send()
{

PORTD = 0x08;
clse if(Pf < .700)
{

PORTD = 0x07;

j
else iffPf < .750)

{
PORTD = 0x006;
H
else if(Pf < .800)
{
PORTD = 0x05;

ilse if{Pf < .850)
PORTD = 0x04,

t}alse if(Pf < .900)
PORTD = 0x03;

h
else if(Pf < .925)

{
PORTD = 0x02;

}

else if(Pf < .950)
PORTD = 0x01;

else

PORTD = 0x00;
b

Send();
DelayMs(100);

while(!TXIF) continue;
TXREG ="{";
DelayUs(10);

while(! TXIF) continue;
TXREG = St[0];
DelayUs(10);

. - YT



DelayUs(10);
while(!TXIF) continue;
TXREG = St[2];
DelayUs(10);
while(!TXIF) continue;
TXREG = St[3];
DelayUs(10);

while(! TXIF) continue;
TXREG = St[4];
DelayUs(10);

while(! TXIF) continue;
TXREG = St[5];
DelayUs(10);

while(! TXIF) continue;
TXREG = St[6];
DelayUs(10});
while(!TXIF) continue;
TXREG = St[7];
DelayUs(10);

while(! TXIF) continue;
TXREG = St[8];
DelayUs(10);

while(! TXIF) continue;
TXREG == §t[9];
DelayUs(10);

while(!TXIF} continue;
TXREG = St{10];
DelayUs(10);

while(! TXIF) continue;
TXREG = St[11];
DelayUs(10);

while(! TXIF) continue;
TXREG = St[12];
DelayUs(10);
while(!TXIF) continue;
TXREG = St{13];
DelayUs(10);

while(! TXIF) continue;
Cnt = (PORTD & 0x0f),
if(Cnt <=9)

TXREG = Cnt + 0x30;
else

TXREG = Cnt + 0x37;
DelayUs(10);
while(!TXIF} continue;
TXREG ="}";
DelayUs(10);



if{TMR1IF)
{
TMRIIF =0;
Flag=1;

}

}

void CheckBusy()

{
TRISB = 0xff;
do
{
REOQ =0;
REl =1;
RE2=1;
DelayUs{(20);
RE2=0;
twhile(RB7);
TRISB = 0x00;
PORTB = 0x00;

void I.CD_SendCmd(unsigned char cmd)
{
PORTB =cmd;
RE0=0;
RE1 =0,
RE2 =1,
DelayUs(20);
RE2 = 0;
}
void LCD_SendData(unsigned char dat)
{
PORTB = dat;
REO=1;
RE1 =@,
RE2 = 1;
DelayUs(20);
RE2 =0,
}
void Mscrn()
{
CheckBusy();
LCD SendCmd(0x01);
CheckBusy();
LCD_SendCmd(0x80);
CheckBusy();
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LCD_SendData(:");
CheckBusy();
LCD_SendCmd(0x88);
CheckBusy();
LCD_SendData('T);
CheckBusy();
LCD_SendData(":");
CheckBusy();
LCD_SendCmd(0xC2);
CheckBusy();
LCD_SendData('P");
CheckBusy();
LCD_SendData('f');
CheckBusy();
LCD_SendData(':");



VB coding

Private Sub Form_Load()
MSComm1.PortOpen = True
End Sub

Private Sub Timerl_Timer()

Rstr = MSComm1.Input

vl = InStr(1, Rstr, "{")
v2 = InStr{vl + 1, Rstr, "}")

Ifvl >0 And v2 > 0 Then

Rstr = Mid$(Rstr, vi + [, v2 -vl - 1)
Textl.Text = Left$(Rstr, 5)
Text2.Text = Mid$(Rstr, 6, 5)
Text3.Text = MidS(Rstr, 11, 4)

v3 = Val("&h" & Right$(Rstr, 1))

If (v3 And &H1) = &HO Then
Label5.Caption = "Cap. Bank 1 Off"
Else

Label5.Caption = "Cap. Bank 1 On"
End If

If (v3 And &H2) = &HO Then

Label6.Caption = "Cap. Bank 2 Off”
Else
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If (v3 And &H4) = &HO0 Then
Label7.Caption = "Cap. Bank 3 Off"
Else

Label7.Caption ="Cap. Bank 3 On"
End If

If (v3 And &HS) = &HO Then
Label8.Caption = "Cap. Bank 4 Off"
Else

Label8.Caption = "Cap. Bank 4 On"
End If

End If

End Sub
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_PIC16F87X

»8/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873 + PIC16FB76
« PIC1EF874 « PIC16F877

Microcontroiler Core Features:

+ High performance RISC CPU
= Only 35 single word instructions to learn

- All single cycle Instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

Up to 8K x 14 words of FLASH Program Mesmory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up o 256 x B bytes of EEPROM Data Memory

+ Pinout compatible to the PIC16C73B/74B/76/77
+ interrupt capability (up to 14 sources)
+ Eight leve! deep hardware stack
+ Direct, indirect and relative addressing modes
+ Power-on Reset (POR)
+ Power-up Timer {PWRT) and
Osciitator Start-up Timer {OST)

» Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

« Programmable code protection
+ Power saving SLEEP mode
- Selectable oscillator options

» Low power, high speed CMOS FLASH/EEPROM
technology

= Fully static design

= In-Circuit Settal Programming™ (ICSP) via two
pins

« Single 5V In-Circuit Serial Programming capability

* In-Circuit Debugging via two pins

+ Procassor read/write access to program memory

+ Wide operating voltage range: 2.0V to 5.5V

+ High Sink/Source Current: 25 mA

+ Commercial, Industrial and Extended temperature
ranges

+ Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typlcal @ 3V, 32 kHz
- <1 uA typical standby currant

-

Pin Diagram

PDIP

\_/ 40 [J =+ RBV/PGD
39 [J = REB/FGC
38 [) »—e RES5

37 [ - RE4

] w—e RB3IPCGM
35 [J w—= HB2

34 [1 =—= HE1

33 [] = RBOANT
32{] = voo

3] -—— vss

[ ~—e ROTIPEPT
20 ] ~— ROGPSPE
28 ] =—+ RDSIPSPS
27 [] +— RD4/PSP4

MCLRvpr ——=[]
RAOJANG -wmcme- ]
RAHANT »—s-[]

RAZ/ANZIVRLF - = []
RAIANIVRER+ - []
RAMNTOSK! e ]
RANANASS — [
RED/RDIANS +—— [
REI/WRIANS ~+—= [
RE2/CSIANT =—n=[] 10
voo—= ] 11

vss — [ 12
OSCHCLKIN —[] 13
OSCCLKOUT e[ 14

o~ me kW=
[~3
I3

&

PIC16F877/874

RCOMICSOTICKI =—[] 15 26 [] ~—w RCZRXDI
RCUTIOSUCCPZ e[} 18 25 [J == RCBTNUCK
RG2ICLR w—=[] 17 24 ] =— RCSSD0
RCHSCK/ECL =—-[] 18 23 [] w—= RCA/SOUSDA
ROOPSPO =[] 10 22 [J =—s RDIPSP3
RDVUPSP1 -=—[] 20 213 == RD2FSFZ

Peripheral Features:

+ TimerQ: 8-bit timer/counter with 8-bit prescaler
» Timer1: 16-bit timer/counter with prescaler,

can be incremsnted dunng SLEEP via external
crystal/clock

+ Timer2: 8-bit timer/counter with &-bit periogd
register, prescaler and posiscaler

+ Two Capture, Compare, PWM modules
- Caplure is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution Is 200 ns
- PWM rmax. resoiution is 10-bit

+ 10-blt multi-channel Analog-to-Digital converter

* Synchronous Serial Port (SSP) with SPi™ (Master
medse) and 12C™ (Master/Slave)
Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCY) with 9-bit address
detection
- Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS confrols (40/44-pin only)
* Brown-out detection circuitry for
Brown-out Reset (BOR)

T, ]
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ri—d—

Pin Diagrams

PDIP, SOIC
MoLRver— LJ° 1 7 28]] =~ RBI/FGD
RaiAND=L] 2 27} = RBEIPGC
RataNt — L] 3 - 280 ~— R8s
RAZANZIVREF - ~— 4 | 25{_} == RB4
RAXANIVREF =[] 5 g 24[] =— RBIPGM
RagTocKi === L] 6 = 2a[] ~— RB2
RasaN4SS — [ 7 o 22[7] = RB1
Veg— 8 [~] 21 - RBOANT
oscluctkin—-C] ¢ o 20[] =— voo
oscaicLkout——{110 x 19[] = Vss
ROO/T10SO/TICK =[] 11 18] =— RCTRXDT
RCA/T10S)CCP2 =~ [: 12 17 ~w—e= RCE/TXICK
Re2icCP1=—— 113 16 = RCS/SDO
RC3/SCK/sCL=—[ 114 15[J =—= RC4/SDYSDA
b i
g g & ou
—o
PLCC ﬁﬁg%ﬁ &%
- M~ [Trd
3333d9e8830
[0 ]
o ey T
RAGTOGK] ——w R | g
L J—— 38[3
srome = e
[ ]
REICSIANT ~— PIC16F877 350+—
Vss o PIC16F874 3357
OSCHCLKIN e 32[] -
OSC2CLKOUT e ] o p—
RCOMIQSOMICK! oo [ 15 300w
NC 1759—’8&““""“3'&329-—’
OO | {
o
: T
<< = 5]
[ N _JQ— COXYQ
So8rrrelsd SEgEs s acy
BR55EESH0 oogaaagaar
gefiiigct SNES588E0G
Srrrev
QFp 2EREPRRLRRS £°3 3=
G
PHHLHLL £
RAEHRHRAE
RC7/RY/DT I 10‘;29;3 BE3 k] NC
RD4/PSP4 ——-CIL 2 320 =—= RCO/T10SO/TICKI
RDS/PSPS =—CIH 3 3B — osczicLkouT
RO6/PSPE = XTI 4 30— 0OSsCcHCLKIN
RO T iEnls PICI6FB77 290 —— vss
Von ——T 7 PIC16F874 e S — gz;imwg—g,
RBOANT =—=LCIL 8 2600 - REH/ANGMWER
RE1 ==—~[In 9 250D =— REO/ANS/RD
RB2 =—=CTQ 19 24170 ~— RAS/AN4/SS
RBI/PGM ~—- 1T} 11‘N_2 Tneroa ﬁﬁﬁfjm'—- RAQITOCKI
HHHEBHREER
Q ao— ,
2e388882sy
aﬁJSE g
0
ool ex 5 E
RE:

RBAFPGM

Vss
RDY/PSP7
RD6/PSP6
RDS/PSPS
RD4/PSP4
RCT/RX/DT
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information,
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip webslte. The
Reference Manual shoutd be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules,

There are fouwr devices (PIC16FB73, PIC16F874,
PIC16F876 and PIC16F877) covered by ihis data
sheet, The PIC1EF876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 2B-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device ELASH Data Memory EEPROM
PIC16FE73 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
€ Program Counler —-“ = " RAOIANG
FLASH v/ [ RA1/AN1
Program \vi RAM L, i RAZ/ANZ/VREF-
Memory & Lavel Stack File 17 mﬁé‘éﬁ““
(13-bit} Registers N RASIAN4/SS
Program
Bus 14 RAM AderV PORTE
x RBO/INT
Instruction rag ¥ RB1
LL DirectAdde 7 Indirect ] Ros
8 Addr |l 3 RBI/PGM
7 | B 4 RB4
FSRreg [ ) RBS
4 RBE/PGC
8 =] STATUS reg “j x RE7/PGD
= — r PORTC
3 4 RCOT10SO/TICK]
Pgruer-up B RC1/T1031/CCR2
v imear -+ RC2/CCPA
instruction Osclllator L x RCISCK/SCL
Decods & =1 | Start-up Timer ] i RC4/SDUSDA
Control ALU -4
Power-on RCS/SDO
Resat 8 = » RCBTX/CK
Timin Watch » RC7/RX/DT
b= Generat?on K= ﬁmdrw I Wreg I
OSCU/CLKIN Brown-out
OSCACILKOUT Reset
In-Circusit
Debupger
Low Volta,
ngrnmrnrlg
MCLR VDD, Vss
TimerD Timert Timer2 10-bit AD
Dats EEPROM Synchronous
cCP12 et o USART

Note 1: Higher order bits are from the STATUS register.

© 2001 Microchip Technology Inc.
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16FB77
Manual (DS§33023)
Operating Frequency OC - 20 MHz RC - 20 MHz DC - 20 MHz DC- 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
{(PWRT, OST) (PWRT, OST) {PWRT, OST) (PWRT, OST)
FLAS'(': f_ﬁ?ﬁg d“:)em"'y 4K 6K 8K &K
Data Memory {bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
11O Ports Ports AB.C Ports A B,C,D,E Ports AB.C Ports AB,CDE
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serlal Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 Input channels

8 input channels

5 input channels

8 input channels

instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

© 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Program Data
Device FLASH Data Memory EEPROM
PIC16F874 4K 182 Bytos 128 Bytes
PIC16FBTT BK 368 Byles 256 Bytes
13 Data Bus 8 PORTA
FLASH Program Countar 7 '] RAWANG
1 RA1/AN1
Program ! RAZIANZ/VREF-
Memory " RAM =] 54 RANANIVREFs
8 Lavel Stacl File ] 0CK)
(13-bi Registars 4 RAS/ANA/SS
Prté%r:m 14 PORTB
H RBO/INT
Instruction reg 1 gg;
|| Direcl Addr 7 H RBI/PGM
7 H RB4
M RBS
4 RBE/FPGC
H RB?/PGD
8
= PORTC
| RCO/T10SO/TICKI
B T8 Rezicomt
[t N
nstruction Qscillator 7 RC3/SCKISCL
Decode & [KF= | Start-up Timer : gg‘sﬁssggSDA
Contrdl Pewer-on 4 RCBITX/CK
Timi Wi t:;: H RCTRX/DT
immng P, Al
B4 Generation {<—1 ﬂmel?g PORTD
OSC1/CLKIN Browmout
OSC2/CLKOUT Revat 2 RDAPSPO
{n-Circuit 4 RD2/PSP2
Debugger - g RDAPSP3
Low-Voltage 5 RD4/PSP4
Brogramming [Paraliel Slave Portf3 ¥ Egﬁ-’*gg;’g
=
r4 RDI/PSP7
PORTE
MCLR Voo, Vss +—-[ REWANS/RD
= H—Dd REVANBAWR
H—{] REZ/AN7ICS
Timer0 Timer1 Timer2 10-bit A/D
|
J £ ! g
Oata EEPROM Synchronous
cCcrP12 Serial Port USART
Note 1: Higher ordar bits are fram the STATUS rogister.
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PIC16F87X

- —
TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
DIP 80IC worp Buffer Descrintion
Pin Name Pk | Pink Type Type Pt
OSCH/CLKIN 9 9 | STICMOS™ | Oscillator crystal Input/extemal clock source Input.
n
OSC2ACLKOUT 10 10 o] - Osclkator crystal output. Connects to crystal or resonator
crystal osclliator mode. Ih RC mode, the OSC2 pln cutputs
CLKOUT which has 1/4 the frequancy of OSC1, and denotes
the Instruction cycle rate.
MCLRN PP 1 1 e 13 Master Clear (Reset} input or programming veltage input, This
pin is an active low RESET to the device.
PORTA Is a bi-directional I/10 port.
RAO/ANG 2 2 1o TTL RAQ can also be analog Inputd.
RA1/AN1 3 3 ro TTL RA1 can also be analog Inputl.
RA2/AN2/VREF- 4 4 le} TTL RAZ2 can also be analog input2 or negative analog
reference voltage.
RAJ/ANINREF+ s 5 [ie] TTL RA3 can also be anafog Input3 or positive analog
refarence voltage.
RA4/TOCKI 6 & Ko ST RA4 can also be the clock input to the Timer0
madule. Quiput is open drain type.
RAS/SS/ANA T 7 o TTL RAS can also be analog input4 or the slave select
for the synchronous sarial port.
PORTE Is a bi-directional YO port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBOANT 21 21 o TTLYSTH RBO can also be the extarnal interrupt pin.
RB1 22 22 o TiL
.|RB2 23 23 o TIL
RB3/PGM 24 24 Vo TTL RB3 can also be the low voltage programming input.
RB4 25 25 o TTL Interrupt-cn-change pin.
RBS 26 28 o TTL Interrupt-on-change pin.
RBEPGC 27 27 1o TTUYSTR) Interrupt-on-change pin or In-Clrcuit Debugger pin. Serlal
programming clock.
RB7/PGD 28 28 Te} TTusTE Interrupt-on-changa pin or In-Circuit Dabugger pin. Serial
programming data.
PORTC is a bl-directional IO port.
RCO/T1080/T1CKI 1 (i 1o 1) RCO can also be the Timer1 oscillator output or Timer-
clock input.
RCIMI108ICCP2 12 12 1o 8T RC1 can also be the Timer1 osdillator input or Capture2
! input/‘Compare2 output/PWM2 cutput.
RC2/CCP1 13 13 1o ST RC2 can also be the Capture input/Compare oulput/
PWM1 output.
RCYSCK/SCL 14 14 110 ST RC3 can also be the synchronous serial clock input/output
for both SPJ and 1°C modes,
RC4/SDISSDA 15 15 110 ST RC4 can also be the SP) Data In (SPt mode) or
data 10 {PC mode).
RC5/8DO i6 16 HO ST RCS can also be the SPI Data Out {SPi mods).
RCETX/CK 17 17 o ST RCB can alsa be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 [[[e] ST RC7 can aiso be the USART Asynchronous Receive or
Synchronous Data,
Vss 8 19 8,18 P —_ Ground referance for logle and 11O pins,
vop 20 20 P — Positive supply for loglc and 1O pins.
Legend: I=input O = output VO = Inputioutput P = power
— = Not used TIL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the extemal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured in RC os:

cillator mode and a CMOS input otherwise.

© 2001 Microchip Technoiogy Inc.
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PIC16F87X

TABLE 1-2:  PIC16F874 AND P{C16F877 PINOUT DESCRIPTION

DiP Buffer
it
Pin Name Pind Type Description
OSCHCLKIN 13 STICMOSH! | Osclfiator crystal input/externat clock source Input.
OSC2/CLKOUT 14 — Qsclllator crystal output. Connects to crystal or resonater

In crystal osclllator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the Instruction cycle rate.

MCLRANPP 1 2 18 [l 8T Master Ciear (Reset) inpwt or programming voltage input.
This pin I3 an active low RESET to the device.

PORTA Is a bi-diractional 1/O port.

RAOD/ANG 2 3 19 Vo TTL RAOQ can also be analog input0.

RA1/AN1 3 4 20 1o TTL RA1 can also be analog input1.

RAZ/ANZ/VREF- 4 5 21 1o TTL RAZ2 can also be analog Input2 or negative
analog reference voltage.

RA3I/AN3IVREF+ 5 [+ 22 1o TTL RA3J can also be analog Input3 or positive
analog reference voltage.

RA&4/TOCK!I 6 7 23 l{s] ST RA4 can also be the clock Input to the TimerC timer/
counter. Qutput is open draln type.

RAS/SSIAN4 7 8 24 vo TTL RAS can also be analog Inputé or the slave selsct for

the synchronous sarial port.

PORTE Is a bi-directional I/C port. PORTB can be soft-
ware programmed for internal weak pull-up on all Inputs,

RBO/INT 33 K]} 8 o TTLSTV RBO can also be the extemnal intsrrupt pin.

RB1 34 a7 9 Vo TTL i

RB2 a5 38 10 lie} TTL

RB3/PGM 36 39 _11 [[ie] TTL RB3 can also be the low voltage programming input. E

RB4 37 41 14 Vo TTL interrupt-on-changa pin. |

RBS 38 42 15 o TTL Interrupt-on-change pin. :

RBEPGC 39 43 16 Vo TTLST? Interrupt-on-change pin or in-Circuit Debugger pin.
Serial programming ciock.

RB7/PGD 40 44 17 1o TTUSTR Interrupt-on-change pin or In-Clrcuit Debugger pin.
Serlal programming data,

Legand: !=input 0O = output YO = inputfoutput P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger Input when configured as an external Interrupt.
2: This buffer is a Schmitt Trigger Input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger Input when configured as general purposa I/O and a TTL Input whan used in the Parallel
Stave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC osciliator mode and a CMOS input otherwlse.,

DS30292C-page 8
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PIC16F87X

TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

DIP PL.CC QFP | 11O/P Buffer
D
PIn Name Pink Pind Pink | Type Type escription
PORTC Is a bi-directional ¥O port,
RCWT10SOMICKI| 15 16 32 [{s] 8T RCO can also be the Timert osclllator output or a
Timer1 clock Input.
RC1/T10SI/ICCP2 16 18 s Yo 8T RC1 can also be the Timer1 osclliator Input or
Capture? Input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 38 [He] sT RC2 can also be the Capture1 Input/Compare1
OUtpUPWM1 output,
RCISCK/SCL 18 20 37 1o ST RC3 can also be the synchronous serlal clock input/
output for both SP) and 12C modes.
RC4/SDI/SDA 23 25 42 o ST RC4 can alsc be the SP! Data In (SPl mode} or
data /O (12C mode).
RC&/SDO 24 26 43 o ST RCS can also be the SPI Data Qut (SP1 mode).
RCB/TX/CK 25 7 44 wo 8T RCE can aiso ba the USART Asynchronous Transmit
or Synchronous Clock.
RCTIRX/DT 26 29 1 o ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is & bi-directional YO port or parallel slave port
when interfacing to a microprocessor bus.
ROO/FSPO 19 21 38 vo sTTTLY
ROA/PSP1 20 22 39 vo STTTL®
RD2/PSP2Z 21 23 40 o sTTL
RD3/PSP3 22 24 41 Vo sTATLE
RD4/PSP4 27 30 2 vo | staT®
RDS/PSPS 28 3 3 Vo STTTLR
"{ RDE/PSPB 20 3z 4 ¥O STTTLY
RO7/PSP7 30 33 5 ¥o sTATLY
. PORTE 1ig a bi-directlonal /0 port.
REC/RD/ANS 8 9 25 Vo sSTATLS REG can also be read control for the paraliel slave
. port, or analog input5.
RE1/WR/ANB 9 10 26 Vo STATLE RE1 can also be write control for the paraliel stave
. port, or analog inputs.
RE2/CSIANT 10 1 27 o STTTLY RE2 can also be select control for the paralief slave
port, or anatog input?.
Vss 12,31 13,34 8,20 P — Ground referance for logic and YO pins.
VDB 1132 1235 | 7,28 P — Positive supply for logic and 170 pins.
NC . - | 117,28, ] 12,13, - Thesa pins are not intemnally connected. These pins
40 33,34 shouid be left unconnected.
Legend: |=input O = output 4O = Inputjoutput P = power
— = Not used TTL = TTL Input ST = Schmitt Trigger input

Note 1: This buffer Is a Schmitt Trigger input when configured as an external i
: nterrupt,
2: This buffer Is a Schmitt Trigger input when used In Seria! Pregramming modes.

3: This buffer Is a Schimitt Trigger input when configured as
general purpose /0 and a TTL
Slave Port mode (for interfacing to a microprocessor bus). PP Inputhen used i he Parate

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwlse.
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20 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separale buses so that concurrent
access can occur and Is detalied in this section. The
EEPROM data memory block is detailed in Section 4.0,

Additional information on device memory may be found
In the PICmicro'* Mid-Range Reference Manual,
(DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
| PC<12:0> !
CALL, RETURN 13
RETFIE, RETLW 7
Slack Leval 1
Stack Level 2
-
L]
.
Stack Level 8
RESET Vector 0000h
-
. =
Interrupl Vector G004k
4
0005h
Page 0
07FFh
" 0800h
Qn-Chip age 1
Program OFFFh
Memory 1000k
Page 2
1TFFh
1800k
Page 3
s 1FFFhR

2.1 Program Mémory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16FB77/878 devices have 8K x 14
words of FLASH program memory, and the
PIC16FB73/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h,

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC<12:0~>
Call, REVURN /[\ 12
RETFIE, RETLW 47 T
Stack Leval 1
Stack Level 2
.
Slack Level B
RESET Vector 2000k
L]
: N
) Interrupt Veclor 0004k
5005k
On-Chip Page 0
Program OTFEE
Memory 080GR
Page 1
ODFFFh
1000h
1FFFL
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