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ABSTRACT

Monitoring the electrical parameters of Transformers 1o protect the
ransformers is essential in Laboratories and Industries. For the measurement of
slectrical parameters, individual meters are used to measure current, voltage and
Tequency.

When individual meters are used it will increase the cost, space and also
wman error is produced during observation. So in order to avoid that we have
fesigned and developed a device. By using this device, it is possible to monitor and
:ontrol all transformers that are connected in a network, from a control center with
1 single system, which is extremely cost-effective.

A PIC microcontroller is used as a processor which read all the electrical
rarameters from the Transformer. And displays all the electrical parameters using
he LCD display sequentially. Depending on the measured value the PIC controller
will act and perform the On-Load Tap Changing and Load Sharing. Since we have
1sed embedded technology. The hardware is very compact in size, the response
ime is less than 2psec and the cost involved is also very low.,

The project helps to increase the performance of the transformers.
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L1 INTRODUCTION:

Transformers outages have a considerable economic impact on the
operation of an electrical network. Many have worked on transformer in
different manner. But our aim is to ensure an accurate assessment of the
transformer condition. Techniques that allow diagnosing the integrity
through non-intrusive tests can be used to optimize the maintenance effort
and to ensure maximum availability and reliability. With the increasing
average age of transformer, there is an increasing need to know the
internal condition. For this purpose, on- and off- line methods and
systems have been developed in recent years. On-line monitoring of
transformers can be used continuously during the operation of
transformers and offers in that way a possibility a record different
relevant stresses, which can affect the lifetime. The automatic
evaluation of these data allows the early detection of an oncoming fault.

And they are controlled by On-load Tap Changing and Load Sharing.

1.2 ADVANCEMENT IN TRANSFORMER PROTECTION:
The conventional methods used to protect the transformers are
Differential Protection: Merz-Price Protection.
The CT’s are present on both secondary side and primary side
when the current in both the CT’s are equal the is not operate. When
there is a difference in the current is produced due to the fault the relay

operates and trips the circuit.

The Problems encountered in Differential Protection:
1) Unmatched Characteristics of CT’s:

There exists difference in the Current Transformer characteristics



appreciable difference in the secondary currents which can operate the

relay.

2) Ratio Change Due To Tap Change:
When the Tap is changed, the turns ratio is altered this causes
unbalance on both sides.
3) Difference in Lengths of Pilot Wires:
Due the difference in length of pilot wires on both sides the

unbalance condition may result.

1.3 EMBEDDED SYSTEM OVER CONVENTIONAL METHODS:
1) The power consumed by the control circuit is less.
2) The Complexity is reduced due to programmed controller.
3) Unmatched Characteristics due to ratio change of the CT’s is
avoided.
4) The unbalance due to Tap changing and difference in lengths of
pilot wires is avoided by typical programming.

5) Itis of low cost, delay is very less.

1.4 SCOPE OF THE PROJECT:

In recent years, therc has been lot of researchers focused on
Transformer protection and control against various load conditions
because of emerging technologies like artificial intelligence. Online
monitoring of electrical machines in critical applications has been
increasingly necessary to improve the reliability and to minimize fatigue
failure. This project aims at developing an online monitoring, protection

and controlling the Transformer using embedded techniques.

1.7 SYSTEM DIAGRAM:
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Fig 1.1 System Diagram To Control Transformer

1.5 OBJECTIVE:

The objective of this project is to monitor, protect the Power
Transformers from over load and temperature along with automatic tap

changing and load sharing according to the desired voltage and load.

1.6 ORGANISATION OF THE REPORT:

This report presents about the monitoring, protection and
corresponding control operation of Transformer at various load
conditions. And different techniques involved in the above mentioned
operation. Chapter 1: Introduces about the fundamentals of Transformer
protection, monitoring and speed control. The methodology used for
different operating modes are explained.

Chapter 2: The monitoring section of the project and corresponding
hardware details are discussed. The overload voltage, current, load
protection scheme are explained in Chapter 3.Chapter 4: describes about
the Control section Chapter 5: Discuss about the PIC controller used.
The Report is concluded in Chapter 6 with the inference of test resulis

and a scope for further enhancement

1.8 METHODOLOGY:

The individual measuring devices, cost, complexity of the
system is reduced using a PIC controller which is used to monitor and
control the electrical parameters of transformer along with load sharing

and tap changing capability.

1.9 MODULES UNDERTAKEN:
Monitoring and Protection:

1) Voliage

2) Current

3) Frequency

Monitoring:

The above parameters are monitored using PIC. Current and
Voltage are measured by using current and potential transformers. The
Frequency is measured using ZCD (Zero Cross Detector). The measured
analog value is converted to digital signal inside PIC for further

processing.

Protection:

The magnitude of voltage and current that are measured by their
respective measuring transformers are compared with the predefined
magnitude of current and voltage. If the value of the measured guantity is
more than the predefined value then the PIC immediately activate the
relay and trip the circuit there by protect the Transformer from Owver

voltage condition.



Control:
The control method involved are,
1) On-Load Tap Changer
2) Automatic Load Sharing

On-Load Tap Changer:

The voltage of the secondary of the transformer is measured using
a potential transformer it is connected to the precision rectifier. The
rectified output will be given to ADC which is inbuilt in the PIC
microcontroller. The keypad is interfaced with microcontroller which is
used to enter the desired voltage value. The microcontroller compares the
acquired voltage from the transformer. Then the microcontroller activates

the corresponding relay to change the tap automatically.

Automatic Load Sharing:

We use Transformers in which one act as the Main Transformer
and other act as Additional Transformer. When load is connected parallel
to it. Initially the loads will consume the power from the main
transformer.

If the voltage is more than the maximum rating of the transformer
the controller will activates the relay corresponding the other transformer
will act according to the power required. Thus the load is shared

according to the consumed power.

Display:
All the monitored parameters like voltage, current and Frequency
are displayed in a LCD interfaced to PIC as a running display.

Since we have used embedded technology, the hardware is very

1.11 OVERALL DESCRIPTION:

Power Transformer play an important role in the industries for
delivering power at variable voltage and current hence  for its efficient
operation and long term maintenance Transformers should be monitored
on regular basis. When monitoring, protection and control are done
separately the circuitry becomes bulky and it needs huge space for all the
equipments to be present and it also increases cost and manual operation
is also necessarily needed. To avoid these problems all the three units are
made as one unit and there is one digital controller (PIC) controlling all
these functions.

PIC Controller is a general purpose device, which integrates a
number of the components of a microprocessor system on to single chip.
It has inbuilt CPU, memory and peripherals to make it as a mini
computer. A Controller combines on to the same microchip. The
advantage of this controller is that it is smaller in size, consumes less
power and is in expensive.

The electrical parameters such as the current, voltage and
frequency are continuously monitored and the transformer is protected
from the over voltage and over current by using the controller, the over
loading of the transformer is avoided by the load sharing technique .the
change in voltage is done by selecting the corresponding key in the key
pad available which is interfaced with the controller.

Voltage is stepped down by potential transformer to 5 v and it is
rectified by means of a precision rectifier to overcome the loss due to the
diode potential then this dc value is interfaced to the PIC controller

directly since this controller has a 8 channel and a 10 bit resolution ADC,

1.10 OVERALL CIRCUIT DIAGRAM:
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the controller. The variation of the voltage from 0 to 5 volts is directly
proportional to the variation of voltage from 0 to 230 scales. For
measuring the frequency we use the zero crossing detectors to detect the
zero crossing of the sine wave and these zero crossing is sent as pulses to
the controller and the number of pulses per second gives the frequency.

The overvoltage and over current protection is obtained through the
comparison done by the controller, it compares the input voltage and the
current values with the predefined values stored in the controller
according to the rating of the transformer. When the voltage or the
current exceeds the predefined value the relays operate and disconnect the
transformer.

The overload protection is obtained by load sharing by another
transformer. When the current value exceeds the current rating of the
transformer during the overload period the relay is turned on and another
transformer is added to share the load.

The tap changing is obtained by connecting the TRIAC switches in
the secondary of the transformer according to the voltage needed,
numbers of turns are included and the corresponding TRIAC is on, hence
the required output voltage is obtained.

The input voltage needed is selected by the operator through the
key pad available this is sensed by the controller and the corresponding
TRIAC is operated. The tap changing is done when the transformer is in
line. The supply to the controller is given by rectifying the single phase
230 volts supply to a 5 volts DC supply this is done through the bridge
rectifier and current limiting resistors and the obtained 5 volt supply is

given to the PIC controller.



CHAPTER: 2
MONITORING SECTION

. The full-wave rectifier depends on the fact that both the half-wave
rectifier and the summing amplifier are precision circuits. It operates by
producing an inverted half-wave-rectified signal and then adding that
signal at double amplitude to the original signal in the summing
amplifier. The result is a reversal of the selected polarity of the input
signal.

Then the output of the rectified voltage is adjusted to 0-5v with the
help of vaniable resistor VR1. Then given to ripples are filtered by the C1
capacitor. After the filtration the corresponding DC voltage is given to
PIC

2.2 CURRENT MEASUREMENT:
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CURRENT TRANSFORMER

Fig 2.2 Current Measurement Circuit

2.1 VOLTAGE MEASUREMENT:

VAL

FOTINMIAL TRANLFORATY

f"" TR il :_L/;um iF
L C = Lot
; i

(=]

Fig 2.1 Voltage Measurement Circuit

This circuit is designed to monitor the supply voltage. The supply
voltage that has to monitor is step down by the potential transformer.
Usually we are using the 0-6v potential transformer. The step down
voltage is rectified by the precision rectifier. The precision rectifier is a
configuration obtained with an operational amplifier in order to have a
circuit behaving like an ideal diode or rectifier.

The full wave rectifier is the combination of half wave precision
rectifer and summing amplifier. When the input voltage is negative, there
is a negative voltage on the diode too so it works like an open circuit,
there is no current in the load and the output voltage is zero. When the
input is positive, it is amplified by the operational amplifier and it turns
the diode on. There is current in the load and because of the feedback, the

outout voltage is eaual to the inout.

This circuit is designed to monitor the supply current. The supply
current that has to monitor is step down by the current transformer. The
step down current is converted by the voltage with the help of shunt
resistor, Then the converted voltage is rectified by the precision rectifier.
The precision rectifier is a configuration obtained with an operational
amplifier in order to have a circuit behaving like an ideal diode or
rectifier.

The full wave rectifier is the combination of half wave precision

rectifer and summing amplifier. When the input voltage is negative, there
is a negative voltage on the diode too so it works like an open circuit,
there is no current in the load and the output voltage is zero. When the
input is positive, it is amplified by the operational amplifier and it turns
the diode on. There is current in the load and because of the feedback, the
output voltage is equal to the input.
The full-wave rectifier depends on the fact that both the half-wave
rectifier and the summing amplifier are precision circuits. It operates by
producing an inverted half-wave-rectified signal and then adding that
signal at double amplitude to the original signal in the summing
amplifier. The result is a reversal of the selected polarity of the input
signal.

Then the output of the rectified voltage is adjusted to 0-5v with the
help of variable resistor VR1. Then given to ripples are filtered by the Cl
capacitor. After the filtration the corresponding DC voltage is given to
PIC



2.3 FREQUENCY MEASUREMENT:
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Fig 2.3 Frequency Measurement Circuit.

This circuit is designed to find the frequency in the power line. The
power line voltage is monitored through the potential transformer. The
potential transformer is used to step down the mains supply voltage to
low voltage level. The voltage level is from 230V AC to 6V AC. Then
the output of the transformer is given to Zero Crossing Detector.

The zero crossing detectors are constructed by the operational
amplifier LM 741. The inverting and non inverting input terminals are
connected 1o the potential transformer and current transformer terminals
respectively. So the input sine wave signal is converted in to square wave
signals. The square signal is in the range of +12v 1o -12v level. Then the
square wave signal is given to base of the BC 547 switching transistor in
order to convert the TTL voltage 0 to 5v level. This square wave signal 1s

given to the PIC and measure the frequency with help of software.

CHAPTER: 3
PROTECTION SECTION

2.4 PRESENT TAP SELECTED:

We have employed opto-isolator cum high speed switching relay,
which is connected to the secondary of the transformer. Clicking the
corresponding tap buttons in the keypad available the voltages are
viewed in the LCD display, and the tap position can be changed.

2.5 LCD MODULE:

LCD’s also used as the numerical indicators, especially in the
digital watches where their much smaller current than the LED
displays(microamperes compared with milli amperes) prolong battery life
.Liquid crystals are organic(carbon) compounds, which exhibit both solid
and Liquid properties. A’cell’with transparent metallic conductor ,called
electrodes,on opposite daces ,containing a liquid crystal, and on which
falls, goes dark when a voltage isapplied across the electrodes.The effect
is due to molecular arrangement with in the liquid crystal.

The LCD used in the project consist of two rows.Each row consists
of maximium 16 characters, so using this display only maximium of 32
characters can be displayed.

3.1 PROTECTION METHOD AND EQUIPMENT:

# Over Voltage protection.
» Over Current protection.

» Over load protection,

The above parameters are sensed and verified with the base values
by PIC. If the measured values exceed the base values the relay driver
transmitts the signal to the relay which isolates the drive from the
supply thereby protecting the motor from any faults. But in overload
protection it protects it by swithing another transformer to share the
load.

RELAY CIRCUIT - SPST

_..,,_
¢
3
LOAT 1OLTASE

s il 7 1 oFF

Fig 3.1 Relay Circuit.



3.2 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 they are double throw (changeover)
switches. Relays allow one circuit to swilch 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.

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. 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 animated
picture shows a working 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. There is one set of

contacts (SPDT) in the foreground and another behind them, making the

3.3 CIRCUIT DESCRIPTION(Relay Driver):

This circuit is designed to control the load. The load may be
motor or any other load. The load is turned ON and OFF through relay.
The relay ON and OFF is controlled by the pair of switching transistors
(BC 547). The relay is connected in the Q2 transistor collector terminal.
A Relay is nothing but electromagnetic switching device which consists
of three pins. They are Common, Normally close (NC) and MNormally
open (NO).

The relay common pin is connected to supply voliage. The
normally open (NO) pin connected to load. When high pulse signal is
given to base of the Q1 transistors, the transistor is conducting and shorts
the collector and emitter terminal and zero signals is given to base of the

Q2 transistor. So the relay is turned OFF state.

When low pulse is given to base of transistor Q1 transistor, the
transistor is turned OFF. Now 12v is given to base of Q2 transistor so the
transistor is conducting and relay is tumed ON. Hence the common
terminal and NO terminal of relay are shorted. Now load gets the supply

voltage through relay.

yo_oNo
ahibiva
NC
The relay's switch connections are usually labeled 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.

CHAPTER: 4

CONTROL SECTION



4.1 ON-LOAD TAP CHANGING:

It is used in Industries and Electronic circuit. First the
voltage of the secondary of the transformer is measured with the help of a
potential transformer. This potential transformer will step down the
power supply voltage (230V to 6V) level. Then the secondary of the
potential transformer will be connected to the precision rectifier, which is
constructed with the help of op-amp. The advantages of using precision
rectifier are it will give peak voltage output as DC; rest of the circuits will

give only RMS output.

Then the rectified output will be given to ADC which in built in
the PIC microcontroller. In PIC microcontroller we have already
programmed with our objective:

The transformer primary voltage is already fed into the controller
and the number of turns in the primary is also feed. Now by knowing the
secondary desired voltage obtained from the kevpad, the number of turns

needed for the desired voltage is calculated using the formula,

Ns=(Es/Ep) * Np

From the number of turns obtained from the formula, the controller
chooses the required tap to be selected. Hence through the driver circuit,
the Triac is switched on and the required voltage is obtained in the

secondary side

AC. That AC voltage will be rectified with the help of a precision
rectifier. Then the rectified output will be given to the micro controller
through an analog to digital converter.

Current consumed by the loads are measured with the help of a current
transformer. The current transformer will convert the load current in to
lower values that current output will be converted in to voltage with the
help of the shunt resistor. Then the corresponding the AC voltage will be
rectified with the help of a precision rectifier. Then the rectified output
will be given to the micro controller through an analog to digital
converter. Analog to digital converter convert the input analog signal to
corresponding digital signal which is given to microcontroller.

Here the microcontroller is the flash type reprogrammable
microcontroller in which we have already programmed with our
objective. When the consumed load voltage is more than the maximum
rating of the Transformer, as soon as the microcontroller activates relay
driver circuit. So the second Transformer connected to the load through
the relays. Depending upon the consumed power, another additional
transformer may also be connected to the load. So the transformers share
according to the consumed power. It is of low cost, low power
consumption. The load voltage and current are effectively monitored.

This project is very uscful to Electricity board in order to save the

domestic and power transformers life.

ADC is nothing but analog to digital converter in which the analog
voltage is converted into corresponding digital signal. The advantages are
low power consumption, High efficiency and also we can get different

voltage effectively from the Transformer.

SYSTEM DIAGRAM
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Fig 4.1 On-load Tap Changing System Diagram.

4.2 AUTOMATIC LOAD SHARER OF TRANSFORMERS

In this project we are using two Transformers one acts as the main
Transformer and other acts as additional Transformers. The load is
connected to the transformers parallely.

Initially the loads consume the power from the main transformer.

The consumed load voltage is given to potential transformer. The

SYSTEM DIAGRAM:

Fig 4.2 Load Sharing System Diagram



CHAPTER: 5
CONCEPTS OF PIC

microprocessor unit. For example Motorola uses a basic 6800
microprocessor core in their 6805/6808 Controller devices.

In the recent years, Controllers have been developed around
specifically designed CPU cores, for example the microchip PIC range of

Controllers.

5.2 INTRODUCTION TO PIC:

The Controller that has becn used for this project is from PIC
series. PIC Controller is the first RISC based Controller fabricated in
CMOS (complimentary metal oxide semiconductor) that uses separate
bus for instruction and data allowing simultaneous access of program and
data memory.

The main advantage of CMOS and RISC combination is
low power consumption resulting in a very small chip size with a small
pin count. The main advantage of CMOS is that it has immunity to noise

than other fabrication techniques.

5.3 PIC (16F877):

Various Controllers offer different kinds of memories. EEPROM,
EPROM, FLASH etc. are some of the memories of which FLASH is the
most recently developed. Technology that is used in picl6F877 is flash
technology, so that data is retained even when the power is switched off.

Easy Programming and Erasing are other features of PIC 16F877.

5.1 PIC CONTROLLER:

Controller is a general purpose device, which integrates a
number of the components of a microprocessor system on to single chip.
It has inbuilt CPU, memory and peripherals to make it as a mini

computer. A Controller combines on to the same microchip:

» The CPU core
» Memory(both ROM and RAM)
» Some parallel digital i/o

Controllers will combine other devices such as:
» A timer module to allow the Controller to perform tasks for
certain time periods.
> A serial I/0 port to allow data to flow between the Controller
and other devices such as a PIC or another Controller.
» An ADC to allow the Controller to accept analogue input data

for processing.

Controllers are
¥» Smaller in size
# Consumes less power

# Inexpensive

Micro Controller is a stand alone unit, which can perform
functions on its own without any requirement for additional hardware like

1/0 ports and external memory. The heart of the Controller is the CPU

5.4 PIC START PLUS PROGRAMMER:

The PIC start plus development system from microchip
technology provides the product development engineer with a highly
flexible low cost CONTROLLER design tool set for all microchip PIC
micro devices. The PIC start plus development system includes PIC start
plus development programmer and MPLAB.

The PIC start plus programmer gives the product developer ability
to program user software in to any of the supported Controllers. The PIC
start plus software running under MPLAB provides for full interactive

control over the programmer.

5.5 SPECIAL FEATURES OF PIC CONTROLLER:

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 Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory

* Pin out compatible to the PIC16C73/74/76/77

* Interrupt capability (up to 14 internal/external

* Eight level deep hardware stack



= Power-on Reset (POR)
« Power-up Timer (PWRT) and Oscillator 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 EPROM/EEPROM technology
* Fully static design
* In-Circuit Serial Programming (ICSP) via two pins
+ Only single 5V source needed for programming capability
+ In-Circuit Debugging via two pins
+ Processor read/write access to program memory
« Wide operating voltage range: 2.5V to 5.5V
+ High Sink/Source Current: 25 mA
+ Commercial and Industrial temperature ranges
* Low-power consumption:

< 2mA typical @ 5V, 4 MHz

20mA typical @ 3V, 32 kHz

< ImA typical standby current
5.6 PERIPHERAL FEATURES:

+ Timer0: 8-bit timer/counter with 8-bit prescaler

= Timerl: 16-bit timer/counter with prescaler, can be incremented
during sleep via external crystal/clock

= Timer2: 8-bit timer/counter with 8-bit period register, prescaler and

postscaler

5.8 PIC Micro Controller Circuit Diagram:
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Fig 5.2 Pic Micro Controller Circuit Diagram.

» Two Capture, Compare, PWM modules
Capture is 16-bit, max resolution is 12.5 ns,
Compare is 16-bit, max resolution is 200 ns,
PWM max. Resolution is 10-bit
* 10-bit multi-channel Analog-to-Digital converter
+ Synchronous Serial Port (SSP) with SPI. (Master Mode) and [12C.
(Master/Slave)
+ Universal Synchronous Asynchronous Receiver Transmitter
(USART/SCI) with
9- Bit addresses detection.

* Brown-out detection circuitry for Brown-out Reset (BOR)

5.7 PIN Diagram of PIC 16F877:

N/ o [1 =—= RE7/PGD
38 [[] —-—= REG/PGC
38 [] == RBS
37 [ --—- RB4
36 [ ———-— REIPGM
RB2
34 [ =-—= RE1
33 [ - REOJINT
32 [ -——— oD

TICLR YRR THY ——= [
RATAND —~—— ]
RATANT s ]

RAZANZAVREF- cg—— ]

FAZANIVREF+ as— ]

RAYTOCK] e ]
RAS/ANS/SS ~— ]
REOFRD/ANS —~a— []
RE 1WA ANG  —t—— ]
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3 W

o
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REZTE/ANT —-a—= ] 10 o 31 [ -— vss
VED e [ 11 E 30 [ - RO7/PSPT
VEs e [ 12 w 2% [ --—e ROGPSPG
COSCUCLKIN —=[] 13 5 28 [] - ROSPSPS
CSCHCLKOUT a—— [ 14 o 27 [] =»—e RD4/PSP4
RCEOTIOSOTICK! —a— ] 15 26 [ ~=—= RC7T/RX/DT

RC1TIOSHCCPZ —-— ] 16 25 [ -+— RCGHTXATK
- ] 17 24 [[] =+—e RC5/SDC

——— ] 12 23 [ == RCA'SDESD2
X - ] 1= 22 [ -—e RO3PSP3
RD1TPSP1 —a— ] 20 21 [ —-—= RO2PSP2

Fig 5.1 PIN Diagram of PIC 16F877

5.9 1/O PORTS:

Some pins for these I/O ports are multiplexed with an alternate
function for the peripheral features on the device. In general, when a

peripheral is enabled, that pin may not be used as a general purpose /0
pin.

5.10 PORT A AND THE TRISA REGISTER:

PORTA is a 6-bit wide bi-directional port. The corresponding data
direction register is TRISA. Setting a TRISA bit (=1) will make the
corresponding PORTA pin an input, i.e,, put the corresponding output
driver in a Hi-impedance mode. Clearing a TRISA bit (=0) will make the
corresponding PORTA pin an output, i.e., put the contents of the output
latch on the selected pin. Reading the PORTA register reads the status of
the pins whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. Therefore a write to a port
implies that the port pins are read; this value is modified, and then written
to the port data latch. Pin RA4 is multiplexed with the Timer0) module
clock input to become the RA4/TOCKI pin. The RA4/TOCKI pin is a
Schmitt Trigger input and an open drain output. All other RA port pins
have TTL input levels and full CMOS output drivers. Other PORTA pins
are multiplexed with analog inputs and analog VREF input. The
operation of each pin is selected by clearing/setting the control bits in the

ADCONI register (A/D Control Registerl).

The TRISA register controls the direction of the RA pins, even

when they are being used as analog inputs. The user must ensure the bits



in the TRISA register are maintained set when using them as analog

inputs.

5.11 PORT B AND TRISB REGISTER:

PORTB is an 8-bit wide bi-directional port. The corresponding
data direction register is TRISB. Setting a TRISB bit (=1) will make the
corresponding PORTB pin an input, i.e, put the corresponding output
driver in a hi-impedance mode. Clearing a TRISB bit (=0) will make the
corresponding PORTB pin an output, i.e., put the contents of the output
latch on the selected pin. Three pins of PORTB are multiplexed with the
Low Voltage Programming function; RB3/PGM, RB6/PGC and
RB7/PGD. The alternate functions of these pins are described in the
Special Features Section. Each of the PORTB pins has a weak internal
pull-up. A single control bit can turn on all the pull-ups.

Four of PORT B’s pins, RB7:RB4, have an interrupt on change
feature. Only pins configured as inputs can cause this interrupt to occur
(i.e. any RB7:RB4 pin configured as an output is excluded from the
interrupt on change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of PORTB. The
“mismatch” outputs of RB7:RB4 are OR’ed together to generate the RB
Port Change Interrupt with flag bit RBIF (INTCON<0>). This interrupt
can wake the device from SLEEP.

5.12 PORT C AND THE TRISC REGISTER:

PORT C is an 8-bit wide bi-directional port. The
corresponding data direction register is TRISC, Setting a TRISC bit (=1)

will make the carecnanding PORTE nin an innt 18 nnt the

must make sure to keep the pins configured as inputs when using them as

analog inputs.

5.15 PIC CODING:

#include<pic.h>
#include<lcd.h>//209 265 266

static bit rlyl @((unsigned)

static bit rly2
static bit rly3
static bit xrly4
static bit rlyS
static bit rly6
static bit rly7
static bit rly8s

static bit pulse @((unsigned) &PORTC*B+0);

static bit rly9
static bit keyl
static bit key2
static bit key3
static bit keyd
static bit key5s

@( (unsigned)
@( (unsigned)
@( (unsigned)
@( (unsigned)
@((unsigned)
@( (unsigned)
@( (unsigned)

@( (unsigned)
@( (unsigned)
@( (unsigned)
@( (unsigned)
@( (unsigned)
@( (unsigned)

void adec_init(void);

void adc0(wvoid);
void adel(void);

&PORTB*8+0) ;
&PORTB*B+1) ;
&PORTB*B+2) ;
&PORTB*8+3) ;
EPORTB*B+4) ;
&PORTB*8+5) ;
&PORTB*B+6) ;
&PORTB*B+7) ;

&PORTC*8+1) ;
&PORTE*8+0) ;
&PORTE*8+1) ;
&PORTE*8+2) ;
&EPORTC*B+2) ;
&PORTC*8+3) ;

void hex_dec_cur(unsigned char);
void hex_dec_vol (unsigned int);

void select_tap(

);

void display(unsigned char);

void tmr_init();

unsigned int templ,temp0,volt;

unsigned char j,

curr,val;

unsigned char vv, freg;

el el i et b e n

corresponding output driver in a hi-impedance mode. Clearing a TRISC
bit {=0) will make the corresponding PORTC pin an output, i.e., put the
contents of the output latch on the selected pin. PORTC 1s multiplexed
with several peripheral functions. PORTC pins have Schmitt Trigger

input buffers.
5.13 PORT D AND TRISD REGISTERS:

This section is not applicable to the 28-pin devices. PORTD is an
8-bit port with Schmitt Trigger input buffers. Each pin is individually
configurable as an input or output. PORTD can be configured as an 8-bit
wide microprocessor Port (parallel slave port) by setting control bit
PSPMODE (TRISE<4=>). In this mode, the input buffers are TTL.

5.14 PORT E AND TRISE REGISTER:

PORTE has three pins REO/RD/ANS, REI/WR/ANG6 and
RE2/CS/AN7, which are individually configurable as inpuls or outputs.
These pins have Schmitt Trigger input buffers.

The PORTE pins become control inputs for the microprocessor
port when bit PSPMODE (TRISE<4>) is set. In this mode, the user must
make sure that the TRISE<2:0> bits are set (pins are configured as digital
inputs). Ensure ADCON] is configured for digital 1/O. In this mode the
input buffers are TTL.

PORTE pins are multiplexed with analog inputs. When selected as
an analog input, these pins will read as '0's. TRISE controls the direction

of the RE pins, even when they are being used as analog inputs. The user

void main()

{

TRISC=0x04;

TRISB=0x00;
rlyl=rly2=rly3=rlyd=rlyS=rly6=rly7=rly8=rly9=1;

adec_init();
led _init();

command (0x80) ;

lcd_condis("Trans. Productio",16);
command (0xc0) ;

lcd_condis("& Tap Changer ",16);
delay(60000);

rly7=0;rly8=1;

delay(60000);

command (0x80) ;

led condis("Vol:000 I:00.0 ",16);
command (0xc0) ;

led_condis("F:000 Hz ",16);
tmr_init();

bb=aa=0;

//170 190 210 230 250 270

while(1)

{

adc0();

command (0x84) ;
hex_dec_vol(volt) ;

adel();
command (0x8a) ;
hex_dec_cur(curr);

TMR1H=0x00;
TMR1L=0x00;
count=0;

while(pulse==1);
while(pulse==0);



while(pulse==1);

while(pulse==0);

TMR1O0N=0;

delay(1000);

temp2=TMR1H;

temp3=TMR1L;
temp2=(temp2<<8) + temp3;
freq=1000000/temp2;

// freg=50;
command (0xc2) ;
hex_dec(freq);

if (curr>15 && !bb) {rly7=rly8=1; bb=1;}
else if(curr>10 && laa) {rly7=0;xrly8=0; aa=1l;
bb=0;}

else if(!aa){rly7=0;rly8=1;}

if (volt>290 || curr>15) rly9=1;
else rly9=0;

if(lkeyd4) select_tap();
}
}

void adc_init()
{

ADCON1=0x02; 1 5-channel, Left
justified, ADC control

TRISA=0xff; // to select the port A
as input port
TRISA=0x07;
}

void ade0()
{
temp0=0;
for(j=0;3<5;j++)
{
ADCONO=0x00; // Channel select (Cha:

void hex dec_cur(unsigned char wvai)
{

h=vai/100;

hr=vai%100;

t=hr/10;

o=hr%10;

led disp(h+0x30);
led disp(t+0x30);
lecd _disp('.');
lcd_disp(o+0x30);
}

void select_tap()

{

command (0x80) ;

lcd_condis("Select Tapping ",16);
command (0xc0) ;

lcd_condis(* ",16);

while (key3)

{

if(lkeyl) val++;
if(!key2) val--;
if(val>6)val=0;
display(val);
delay(6000) ;

}

if(val==1) {rlyl=0;rly2=rly3=rlyd=rlyS5=rlyé6=1;}
else
if(val==2) {rly2=0;rlyl=rly3=rlyd=rlyS5=rlyé6=1;}
else
if(val==3){rly3=0;rly2=rlyl=rlyd=rly5=rly6=1;}
else
if(val==4){rly4=0;rly2=rly3=rlyl=rlyS=rly6=1;}
else
if(val==5) {rly5=0;rly2=rlyl=rlyd=rly3=rly6=1;}
else

ADON=1; // ADC module ON

delay(255);

ADCONO =0x05; // selecting a
particular channel and making the go/done bit
high

while (ADCONO!=0X01); // Chk whether
conversion finished or not

templ = ADRESH; tf 8 bit value

taken into one wvariable
temp0 = templ0 + templ;
}

volt=(temp0/5)*2;

} "

void adecl()

{

temp0=0;
for(j=0;j<5;3++)
{

ADCONO=0x08;

ADON=1;

delay(255);

ADCONO =0x0d4; // selecting a
particular channel and making the go/done bit
high

while (ADCONO!=0x09) ;

templ = ADRESH;

temp0 = temp0 + templ;

}
curr=temp0/5;
}

void hex_dec_vol (unsigned int vai)
{

h=vai/100;

hr=vai%100;

t=hr/10;

o=hr%10;

lcd_disp (h+0x30);
lcd_disp(t+0x30);

else rlyl=rly2=rly3=rlyé4=rly5=rly6=1;

command (0x80) ;
lcd_condis("Vol:000 I:00.0 “,16);
command (0xc0) ;
lcd_condis("F:000 Hz ",16);

}

void display(unsigned char wva)
{

switch(va)
{

case 1:

command (0xc0) ;

led_condis(" Voltage 170 ",16);
break;

case 2:

command ( 0xc0) ;

lcd_condis (" Voltage 190 »,16);
break;

case 3:

command (0xc0) ;

led _condis(" Voltage 210 »_16)3
break;

case 4:

command (0xc0) ;

lcd condis(" Voltage 230 ».18);
break;

case 5:

command (0xc0) ;

led_condis(" Voltage 250 ",16);
break;

case 6:
command (0xc0) ;



break;

default:

command { 0xc0) ;
lcd_condis("None Selected

break;

}

}

void tmr_init()

{
GIE=1;
PEIE=1;
TMR1IE=1;
TMR1ON=0;

}

6.1 TEST RESULTS:

6.1.1 LOAD SHARING :

Procedure:

",16);

1) The load current is continuously monitored by using the current
transformer.

2) When power consumed is low, the load current will also be low,
so the Transformer | will only be ON and the System Condition
will be Normal.

3) When power consumed increases and load current increases to
1.2A both the transformer are in the On condition and the load
is shared.

4) When the power consumed is high and when the load current
increases beyond 1.5A both the transformer are in the Off
condition and the circuit is tripped.

Tabulation:

Load sharing : Current >= 1.2A.

Transformer Protected : Current >1.5A

CHAPTER: 6
TEST RESULTS & CONCLUSION

6.1.2 ON-LOAD TAP CHANGING :

Procedure:

1) The primary voltage of the transformer is measured and given
to the controller. The primary turns value is also set as'250
Turns.

2) The secondary voltage can be set by the keypad to any desired
value as (i.e 170,190,210,230,250 etc) according to the
requirement.

3) The secondary turns are calculated by the formula,

Ns=(Es/Ep)*Np.

4) According the required tap is selected.

POWER LOAD RELAY |[TRANSFORMER | SYSTEM
CONSUMED | CURRENT | STATE INCLUDED CONDITION
60W 0.3A RELAY1-ON TRANSFORMER-1 NORMAL

RELAY2-OFF
200W 0.9A RELAYI-ON | TRANSFORMER-1 | NORMAL
RELAY2-OFF
260W 1.3A RELAY1-ON | TRANSFORMER-1 LOAD
RELAY2-ON TRANSFORMER-2 SHARED
400W 1.8A RELAY1-OFF
RELAY2-OFF NIL TRIPPED

Tabulation:
OVER VOLTAGE PROTECTION=290V
PRIMARY |PRIMARY | SECONDARY | SECONDARY | TAP B
TURNS VOLTAGE | VOLTAGE | TURNS SELECTED
250 230 170 185 1
250 230 190 207

Tab 6.1 Load Sharing

250 230 210 228

2
3
250 230 230 250 4
250 230 250 272 5




6.2 CONCLUSION & FUTURE SCOPE:

The project facilitates to improve the life management by reducing
the operating cost and enhance the availability and reliability of the
transformers.

We have developed a hardware device and methodology to control
over various transformer and their parameters  based on PIC
microcontroller [micro chip], it found to be more compact, user friendly
and less complex, which can readily be used in order to perform several APPENDIX
tedious and repetitive tasks. The evaluation of data acquired by display
shows the capability to detect oncoming failures within the active part,
on-load tap changer and load sharing. Though it is designed keeping in
mind about the need for industry, it can extended for other purposes such

as commercial & research applications.

Some of the future works that can be implemented are:
1) Pre-fault analysis using intelligent tools.

2) Determination of the life of the transformer insulation using
diagnosis method.
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MicrocCHIP

PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

« PICIEFBT
= PICIEFETS

« PIC1GFETE
« PIC1GFETT

Microcontroller Core Features
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slobie i e aherinum TO-3 Sackage

Voltage Range
LM7R05C 5

(F g L
LM7RIST

Connection Diagrams

Metal Can Package
0.3 (K}
Aluminum

[

Bottom View
Order Number LMTBOSCH,
LM7B12CK or LMTS1SCK
See NS Package Number K028

Plastic Package
TO.220 (T)

—— Y

o O C——u

==

stxmen

Top View
Order Humber LMTS0SCT.
LMTBIZCT or LMT#ISCT
See HS Package Number TOJB
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Absolute Maximum Ratings s 5 [P — £
W MilaryiAeroapace specified devices are requied. o Packagnl 150C E
. AT Package) 15T
for avaiabsliny Starnge Tempesanue Range ~£5'C 1 +150°C
e Vataga Lead “emparatury (Soddereny. 11 5ee 1
Vg = 84 12V and 15V) s T3 Fackage K e0°c
aemal Power Dusipenor, Hces 1) Intermasty Laviied TC-220 Patkage T e
Cparaneg Teruparanurs Range (To) T -0
Electrical Characteristics LM78XXC e =
OCET, L 135C uoess oderwse noled.
Output Voltags o v W
Input Voltage [uniess otherwise noted) Y Y aw Units
Symbol | Pacameter Condvions Min | Typ [Max | Min | Typ |Mas | Mim | Tyn | Max
Ve Ouputotage | Tie25C. SmAsips ta I 5 1 25|k 15 158
P € 15H, SmALI 5 1A s A 5 TE
Varn £ Vi S Voana o 2 | on
Avg | LineReguabor | lp =500 [T = 25C 3 s T =2
ms
v Favasas | tessv,uam
LT 128 ] N
Ay, [LEE R 411
l=g1a Tj=38C =] [ S
av, Ly, e E
m
TCETE-1T5C |
Sy
Al Lost Reguistion | Tie 24'C [Smigipo19a

0 12
1 Quisseert Cuees ] 0
25 3%
A, | Ouescert Cumens 3 05
Change 1w 10
[IES RS 4
3 3
AEv,i38 y
i
~ Outpns have £l % ® 5
‘oRnge
Rizzke Rejector " W ST EE ) 3
B
e e e e =6
LERE Sl SL VLN RSLVNT
X i
Ra Cropout Votage | Ti = 28C. lour = 14 23 ) za ¥
Cutpus Resscance [ fr 1 hHz B " 1% et

IS72

L7800
SERIES

POSITIVE VOLTAGE REGULATORS

QUTPUT CURRENT UP TO1.5A

OUTPUT VOLTAGESOF 5.5.2.6, 8:8.5:9;
12,15, 18: 24V

THERMAL OVERLOAD PROTECTION
SHORT CIRCUIT PROTECTION

= CQUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-lerminal positive
regulalots;s available in TO-220 TO-220FP TO-3
and D'PAK packages and several fixed output
voltages, making it useful n a wide range of
applications. These regulators can provide local
on-card i

gl . g the

5 associated with single point regulation.
ach type employs internal current limiting,
thermal shut-down and safe area promcbon
making it
heat sinking is provided, Ineyundellwwer 14
oulpul current. Although designed primarly as
fixed voltage regulators, these devices can be
used with external components fo  obtain

adjustable voltages and currents.

TO-220

D'PAK

TO-220FP

BLOCK DIAGRAM

LMTEXX

Electrical Characteristics LM78XXC wice 2 (conoued)

O'C 5T, 5 125°C uriass otherwie noted

uspait Vakage v v 8V
Input Valtage (uniess ciherwise noted) oV LEE] v Units
Symbol | Parameter Tondiions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Ehor-Cicut T,a2C 21 1% 12 &
Current
Peak Output T T 24 a1 sa 2
Current
Auerage TC ol | B STHS+138C. 1y = S ma 0s 18 mure
Yot
Tu | Inpat vomage
Requred 1o B AL T TE 125 £ 4
Martan
Line Reguaden
Motr 1 “herral resstance of fa T0-3 package (b, S0 4 sypecaly 80V nckon & case ang 3 CW 63 5 000 The i teeianor of e 0200 package
AT 8 e y 'S ettn 18 sike e SIPCW cane © avE et
Mo .
o~ m:fus.qmzsmmmmn:.azemkmﬂmm-w
b e e rare iy
Mot 3 o g F S T et soncoom e B
5d Charctansics.
L7800
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vi |DC Input Voltage ffor Vo = Sta 18Y) 35 v
{forVio = 20, 24V} 20 v
I, |Output Cument Intemally Bmited
P.y  |Power Dissipation Intemally fimited
| Ter  [Operating Junmeoﬂwa-elemme -55 10 150 "
| for LTE0OC) 0ta 150 °c
[ Tug [Storage Temperatire Range 65 10 150 ¢
THERMAL DATA
Symbol Parameter D'PAK | TO-220 | TO-220FP TO-3 Unit
Riny esse | Thermal Resistance Junction-case  Max 3 3 5 4 "CIW
Rinamo | Thermal Resistance Junction-ambiert  Max B2.5 50 80 35 “cw
CONNECTION DIAGRAM AND ORDERING NUMBERS {top view)
= DUTPUT
—— ouIrul
u
— npuT b o
~ ) NPUT
o E ]
TO-220 & TO-220FF DPAK To-3
Type TO-220 DPPAK () TO-220FF | TO-3 Output Voltage
L7805 L7805T 5V
L7805C LT805CY L780SC02T LTB0SCP LT80SCT 5V
L78s2c Lrasacy L7852c02T L7852CP L7as2cT 5.2V
L7806 L7806T BY
L7806C L7806CY L7806C02T LTBOSCP L7806CT | BY
L7808 L7808T By
L7808C L7808Cv L7808C02T LT808CP L7208CT BY
L7885C LT885CY L7885C02T L7B85CP L7885CT 8.5y
L7806C L7809CY L7809C02T L7B09CP L7805CT ay
L7§12 L7827 12v
L7g12c L7s12cy L7812C02T L7812CP LTB12CT 12v
L7815 L7815T 15
L7815C LT8I5CY LT815CD2T L7B1SCP LTBISCT 15V
L7818 L78IET 18v
LTE18C L7818CY L7818CD2T LTB13CP LTBIECT 18y
L7820 L8207 20v
L7820C LTE20CY LT820C02T L7820CP L7820CT 20
L7824 L7B24T 2av
LT824C L7B24CY LT824CD2T L782:CP L7824CT 2av
T RLARLABLL 17 TAPE AR REEL WATH TR SLFFIK




® MOTOROLA

Three-Terminal Negative
Voltage Regulators

Tne MCTS00 senes of Bued oulpul negalive voitage reguistons e
miended as complements to the popular MCT800 senes devices. These

mmamumanmwmmw
Avalable m fored oulput vollage options from -5.0 V' 1o -24 V. these
reguiators employ cument mm\g thermal sml‘lcun ang safe-area
compensation ~ making them remarkably nigoed mast cpesatng
Conbons nmmwnneawmm:muuwmwrmm

Order th: 900D

MC7900
Series

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

T SUFFIX
e ol 124 PLASTIC PACKAGE
* Mo External Components Required CASE 2214
® Internal Themal Ovencad Prolecion
* Internai Short Cirout Curent Limiting S
* Output Transistor Sade-Area Compensation
» Avaikabie In 2% Voltage Tolerance (Se Craening Infarmason)
Represemative Schematic Diagram
DT SUFFIX
| PLASTIC PACKAGE
| CASE 636
i B g E
S edlbeh TR0 0N B T LT
wet oo i
-}
xi ¥ STANDARD APPLICATION

f TR || =y

s T T,

E 4

This devse cORTang 2€ 3T MINSSICS

CROERING INFORMATION

L 4

a0 the oulpul volages. The mput vollage must
"eman Sypcaly 2 €L above Mofe negaTve sven
cunng THE Mg 0l of he g7 ripcle vellage

Device Oﬂ:ui:rruw r“:mm Packape % T 1o dixy ::;’”"""m'
MCTROMCEIT ~
MCTSRACDET = b
WCTARRALT = H R RrG
MCTERACT W e Mot
WCTERRBDET == | Surtace hcura
WCTSARET " ek
KX OIS SOMING Ve
Philips Semiconductors Product specification
NPN general purpose transistors BC546; BC547
THERMAL CHARACTERISTICS
[ svmeol | PARAMETER | conomons [ wawe [ umir
[Rons | Memal resistance from junciion o amtsent | note 1 025 | Kkmw
Note
1, Transistor mounted on an FR4 printed-circuit board
CHARACTERISTICS
T,=125°C unless otherwise spectied,
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | Max. | uNIT
lege coliector cut-off curment =0 V=30V - - 15 nA
=0 Vep=20V,T =180°C |- 2 5 A
leaa emitter cul-off current =0 Vegg=5V - - i) nA_
heg DC currenl gain He=10pA Vee=5Y,
BCS4EA |seeFigs 2, 3and 4 £ 90 =
BCS4EB. BCH4TE - |-
BCH4TC - 2 |-
DC curment gain le=2MA Vee =5V.
BCS46A seeFigs 2. Jand4 o |18 |220
BC5468. BC34TE 200 |2%0 (450
BCS4TC 420 |50 |800
BLS4AT " |- 800
BCS46 1 |- 450
Ve callector-emitier le=10mA Ig=0.5mA - 40 259 |mv
Veliage Iz = 100 mA Ig = SmA - 200 [e02 [mv
Vegsm Dase;.emmersal'.rawn voltage 10mA; Ig = 0.5 mA; note 1 - jor |- m
= 100mA, lp=5mAcnolel |- |sag |- mv
Vez ? base-ematier valtage lz=2mA Veg = 5V nole 2 580 |660 |700 |mV
e = 10 mMA: Vee =5V - - 770 mYy
[ coctor capatitante lg= k=0 Veas 10V I=1MHZ |- 15 |- pF
Cy emiler capaciance Io=1=0; Veg =05V 1= 1 MHz |- "o |- PF
I \ransian lrequenty = 10mA Vez =5 V. 1= D0MEZ| 100 |- - Wz
F naise fgure 1o = 200 pA Ver =5V, - |2 1w |oB
s = 2 KL 1= | kHZ B = 200 Hz |
Notes

I Vpgse Decreasss by aboul |7 K wilh mcreasing lemperatue
2 Ve decreases by about 2 mK with incréasing lemperatune

Philips Semiconductors Product specification
NPN general purpose transistors BC546; BC547
FEATURES PINNING
= Low current (max, 100 mA) PIN DESCRIPTION
= Low vollage (max, 65 V) i emitier
2 base
APPLICATIONS ) cosector

* General purpose swiltching and ampification

DESCRIPTION

NPN transsstor in a TO-52; SOT54 plastic package.
PNP complements: BCS56 and BCS5T

=

Fig! Sampiified cullne (TO-52. SOT54)

and symbol
LIMITING VALUES
In accordance with ine Alsolute Maximurn Rating System (IEC 134},
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vego collector-base voltage open emitier b
BCB4E a0 v
BCS4T - Si v
Vegn collector-emitler voltage open base
BCH46 - 85 v
BCSA7 - 45 v
Veso emitler-base voltage open collector i
BCH4E - L} v
BC3AT - L] v
i collecior cument (DC) o - 100 mA
fcm piak collector current 1= e ma
fan pedk Dase curment - 200 M
Pra 1ot power Tarw £25°C. nole 1 - 500 mw
Tag storage 55 150 "C
T, Junchion temperature | - Jree c
Tar operating amsent iemperature | 55 +150 <
Note

1. Transistor meunted on an FRA prmbed-circul oard,

E SGS -TI'IOMSON

G IES

MIGROELECTR

UA741

GENERAL PURPOSE SINGLE OPERATIONAL AMPLIFIERS

= LARGE INFUT VOLTAGE RANGE

= NOC LATCH-UP

= HIGH GAIN

= SHORT-CIRCUIT PROTECTION

= NO FREQUENCY COMPENSATION
REQUIRED

= SAME FIN CONFIGURATION AS THE UATO

= ESDINTERNAL PROTECTION

DESCRIPTION
The UATA1 15 2 high performance monoliie  op-
erational amplifier construcied on a single silicon
chep It 15 intented for a wide range of analog
applications,

* Summng amplfier
Volage follower

» [ntegrator

= Active filter

= Function generator
The high gan and wide range of cperating voliages
provide supefior performances in integrator, sum-
ming ampliher and general feedback applications
The internal compensation network (5dB 7 octave)

N ]
DIPE so8

(Plasic Package)  (Prastic Micropackage)
ORDER CODES

Pant Package

Number | Temperature Range | -

UATAICE 0°C, +70FC P
UATAT 40°C. +105°C o
UAT4INEA E5°C, +125°C . . e

insures stabilty in closed lcop circuils Example : UAT41CN
PIN CONNECTIONS {top view)
1- OMfsetpull |
O LT = 2 - Inverting input
3 - Non-ifvenng nput
L 7 8-V
u %j 5- null 2
E— £ - Cutput
+[ s €0
+0 h: &




ﬂ.‘\falioﬂa! Semiconductor

LM1558/LM1458 Dual Operational Amplifier

General Description

The LM1558 and the LM1458 are general purpose dual op
erzional amplifiers. The two amplfiors sham 8 common
bins network and power supply leads. Crhenwise, their oper-
2ton is complptely independent

The LM1458 is wdortical 1o the LM1558 except that the
LM 1458 has its specifications guarantged over th
tute range from O°C 1o + 70°C instead of

128'C

Metal Can Package

Top View
Order Number LM1558H,
LM1S58H/BES or LM1458H
See NS Package Number HOSC

[
ouTRUT & —

2
IV RTING (NPT & —

wowinviaTing 1}

Features

B No frequency compensaton required

B Shot-cc Lt protecton

® Wide common-mode and diferentsl woltage ranges

- W-DOWEN CONSUMPHOn

Hesd can and B4ead min DIF

® No latch up whan input common mode fange s
exceeded

Duakin-Line Package

0
—— IvEaTING PUT R

5 wOwmvERTING

Ut

TLHY

Top View

Order Number LM 1558, LM 15580 /883, LM 1458, LM1458M or LM 1458N
See NS Package Number JOBA, MDBA or NDBE

Absolute Maximum Ratings
o Miltary/Aerospace specified devices are required
please contact the MNational Semiconductor Sales

Otfice/Distribut for i and

Hote 4)

Supply Voltage
LM 1558 &y
LM 1458 186

Poweer Dissipabon iNote 1)
UM ISSEH/LMI456H
LM 14580

Difyegntial ingut Votizge

REFERENCES:

Operatng Temperature Range

LMIS58 85Cto + 125C
LM1258 UCo « 70C
Sieeage Temperanae Range 65T to ¢ 150°C
Lead Tempemmre (Soidering 10 362 260°C

Soldering Infomenon

2600

Small Cuzhre Pachage
Vapor Phase (60 soconds) 215C
Inferred (15 seconds) 20C

hods and Thisr Effect
ds o solderng sur-

See AN-S50 “Surface Moun
on Product Reliabiity™ for
Face mount devices.

ESD

q00v
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