OVER/UNDER VOLTAGE PROTECTION OF ELECTRICAL APPLIANCES

This circuit protects refrigerators as well as other electrical appliances from over and under voltage. By the name itself we can say that if the input voltage is more or less than the required voltage then the electrical appliance is turned off nothing but it gets disconnected from its respective power supply.
This circuit uses an operational amplifier IC LM324 which is used as a comparator. Generally, the IC LM324 consists of four operational amplifiers, of which only two operational amplifiers are used. In this IC, we have an inverting terminal and a non-inverting terminal. The voltages at the inverting terminal and the non-inverting terminal are 6.0v and 6.8v respectively. 

 
When the input AC voltage exceeds 240v, the voltage at the non-inverting terminal increases. So now if the voltage at the non-inverting terminal increases more than 6.8v then the output of the operational amplifier is pulled high. So the electrical appliance is turned off by means of a relay connected to the output pin of the op-amp. Thus the electrical appliance is now protected against over voltage. Now let us consider under voltage condition. When the line voltage is below 180v, the voltage at the inverting terminal is less than the voltage at the non-inverting terminal. Thus the output of the operational amplifier now goes high and the AC supply gets disconnected and the electrical appliance also turns off. Thus, the appliance is now protected against under voltage.

Thus the circuit protects any electrical appliance from over and under voltages.
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POWER SUPPLY:

The input to the circuit is applied from the regulated power supply. The a.c. input i.e., 230V from the mains supply is step down by the transformer to 12V and is fed to a rectifier. The output obtained from the rectifier is a pulsating d.c voltage. So in order to get a pure d.c voltage, the output voltage from the rectifier is fed to a filter to remove any a.c components present even after rectification. Now, this voltage is given to a voltage regulator to obtain a pure constant dc voltage.
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Transformer:

Usually, DC voltages are required to operate various electronic equipment and these voltages are 5V, 9V or 12V. But these voltages cannot be obtained directly. Thus the a.c input available at the mains supply i.e., 230V is to be brought down to the required voltage level. This is done by a transformer. Thus, a step down transformer is employed to decrease the voltage to a required level.

Rectifier:

The output from the transformer is fed to the rectifier. It converts A.C. into pulsating D.C. The rectifier may be a half wave or a full wave rectifier. In this project, a bridge rectifier is used because of its merits like good stability and full wave rectification.

Filter:

Capacitive filter is used in this project. It removes the ripples from the output of rectifier and smoothens the D.C. Output   received from this filter is constant until the mains voltage and load is maintained constant. However, if either of the two is varied, D.C. voltage received at this point changes. Therefore a regulator is applied at the output stage.

Voltage regulator:


As the name itself implies, it regulates the input applied to it. A voltage regulator is an electrical regulator designed to automatically maintain a constant voltage level. In this project, power supply of 5V and 12V are required. In order to obtain these voltage levels, 7805 and 7812 voltage regulators are to be used. The first number 78 represents positive supply and the numbers 05, 12 represent the required output voltage levels.

VOLTAGE REGULATOR 7812:

FEATURES:

Output current up to 1.5 amperes.

Output voltages of 5, 5.2, 6, 8, 8.5, 9, 12, 15, 18, 24v.

Thermal overload protection.

Short circuit protection.

Output transition Soa Protection.

Voltage Range

LM7805C 5V

LM7812C 12V

LM7815C 15V

DESCRIPTION

The L7800 series of three-terminal positive regulators is available in TO-220, TO-220FP, TO-3 and D2PAK packages and several fixed output voltages, making it useful in a wide range of applications. These regulators can provide local on-card regulation, eliminating the distribution problems associated with single point regulation. Each type employs internal current limiting, thermal shut-down and safe area protection, making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 1A output current. Although designed primarily as fixed voltage regulators, these devices can be used with external components to obtain adjustable voltages and currents.

BLOCK DIAGRAM:

KIND OF RESISTORS

1. CARBON FILM

The carbon film type is the most popular resistor type. This resistor is made by depositing a carbon film onto a small ceramic cylinder. A small spiral groove cut into the film controls the amount of carbon between the leads, hence setting the resistance. Such resistors show excellent reliability, excellent solderability, noise stability, moisture stability, and heat stability. Typical power ratings range from 1/4 to 2 W. Resistances range from about 10 Ohm to 1 Mega ohm, with tolerances around 5 percent.
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2. CARBON COMPOSITION

This type is also popular. It is made from a mixture of carbon powder and glue like binder. To increase the resistance, less carbon is added. These resistors show predictable performance, low inductance, and low capacitance. Power ratings range from about 1/4 to 2 W. Resistances range from 1 Ohm to about 100 Mega ohms, with tolerances around +/- 5 percent.
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3. METAL OXIDE FILM

This type is general purpose resistor. It uses a ceramic core coated with a metal oxide film. These resistors are mechanically and electrically stable and readable during high temperature operation. They contain a special paint on their outer surfaces making them resistant to flames, solvents, heat, and humidity. Typical resistances range from 1 Ohm to 200 kilo ohm, with typical tolerances of +/- 5 percent.
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4. PRECISION METAL FILM

This type is very accurate, ultra low noise resistor. It uses a ceramic substrate coated with a metal film, all encased in an epoxy shell. These resistors are used in precision devices, such as test instruments, digital and analog devices, and audio and video devices. Resistances range from about 10 Ohm to 2 MOhm, with power rating from 1/4 to about 1/2 W, and tolerances of +/- 1 percent.
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5. FOIL RESISTORS

Foil resistors are similar in characteristics to metal film resistors. Their main advantages are better stability and lower temperature coefficient of resistance (TCR). They have excellent frequency response, low TCR, good stability, and are very accurate. They are manufactured by rolling the same wire materials as used in precision wire wound resistors to make thin strips of foil. This foil is then bonded to a ceramic substrate and etched to produce the value required. They can be trimmed further by abrasive processes, chemical machining, or heat treating to achieve the desired tolerance. Their main disadvantage is that the maximum value is less than metal film resistors. The accuracy is about the same as metal film resistors, the TCR and stability approaches precision wire wounds but are somewhat less because the rolling and packaging processes produce stresses in the foil. The resistive materials used in precision wire wound resistors are very sensitive to stresses, which result in instability and higher TCS. Any stresses on these materials will result in a change in the resistance value and TCR, the greater the stresses, the larger the change. This type can be used as strain gauges, strain being measured as a change in the resistance. When used as a strain gauge, the foil is bonded to a flexible substrate that can be mounted on a part where the stress is to be measured.

6. FILAMENT RESISTORS

Filament resistors are similar to bathtub or boat resistors except that they are not packaged in a ceramic shell (boat). The individual resistive element with the leads already crimped is coated with an insulating material, generally a high temperature varnish. They are used in applications where tolerance, TCR, and stability are not important but the cost is the governing consideration. The cost of this type is slightly higher that of carbon composition and the electrical characteristics are better.

7. POWER FILM

Power film resistors are similar in manufacture to metal film or carbon film resistors. They are manufactured and rated as power resistors, with the power rating being the most important characteristic. Power film resistors are available in higher maximum values than the power wire wound resistors and have a very good frequency response. They are generally used in applications requiring good frequency response and/or higher maximum values. Generally, for power applications the tolerance is wider. The temperature rating is changed so that under full load, the resistor will not exceed the maximum design temperature. The physical sizes are larger and, in some cases, the core may be made from a more head conductive material and other means employed to help radiate heat.

8. PRECISION WIRE WOUND

The precision wire wound resistor is a highly accurate resistor (within 0.005%) with a very low TCR. A TCR as little as 3ppm/oC can be achieved. However these components are too expensive for general use and are normally used in highly accurate dc applications.

9. HIGH POWER WIRE WOUND

These resistors are used for high power applications. Types include vitreous enamel coated, cement, and aluminum housed wire wound resistors. Resistive elements are made from a resistive wire that is coiled around a ceramic cylinder. These are the most durable of the resistors, with high heat dissipation and high temperature stability. Resistances range from 0.1 Ohm to about 150 kilo ohms, with power ratings from around 2 W to as high as 500 W, or more.
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10. PHOTORESISTORS AND THERMISTORS

These are special types of resistors that change resistance when heat or light is applied. Photoresistors are made from semiconductive materials, such as cadmium sulfide. Increasing the light level will decrease the resistance. This type also called LDR (Light Dependent Resistor). Thermistors are temperature sensitive resistors. Increasing the temperature will decrease the resistance (in most cases). This type also called Thermistor NTC (Negative Temperature Coefficient). The reciprocal type is Thermistor PTC (Positive Temperature Coefficient). Increasing the temperature will increase its resistance.
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12. VARIABLE RESISTORS

Variable resistors provide varying degrees of resistance that can be set with the turn of a knob. Special kinds of variable resistors include potentiometers, rheostats, and trimmers. Potentiometers and rheostats are essentially the same thing, but rheostats are used specially for high power AC electricity, whereas potentiometers typically are used with lower level DC electricity. Both potentiometers and rheostats are designed for frequent adjustment. Trimmers, on the other hand, are miniature potentiometers that are adjusted infrequently and usually come with pins that can be inserted into PCB. They are used for fine tuning circuits (eg. fine tuning a circuit that goes astray as it ages), and they are usually hidden within a circuits enclosure box. Variable resistors come with 2 or 3 terminals. There are 2 kinds of taper, ie., linear tapered and nonlinear tapered (logarithmic). The 'taper' describes the way in which the resistance changes as the control knob is twisted. Linear taper usually has coded as 'A' while nonlinear tapes has coded as 'B'.

LM324:

General Description

The LM324 series consists of four independent, high gain, internally frequency compensated operational amplifiers which were designed specifically to operate from a single power supply over a wide range of voltages. Operation from split power supplies is also possible and the low power supply current drain is independent of the magnitude of the power supply voltage. Application areas include transducer amplifiers, DC gain blocks and all the conventional op amp circuits which now can be more easily implemented in single power supply systems. For example, the LM124 series can be directly operated off of the standard +5V power supply voltage which is used in digital systems and will easily provide the required interface electronics without requiring the additional ±15V power supplies.

Advantages

·  Eliminates need for dual supplies

·  Four internally compensated op amps in a single package

·  Allows directly sensing near GND and VOUT also goes to GND

·  Compatible with all forms of logic

·  Power drain suitable for battery operation

Features

·  Internally frequency compensated for unity gain

·  Large DC voltage gain 100 dB

·  Wide bandwidth (unity gain) 1 MHz (temperature compensated)

·  Wide power supply range: Single supply 3V to 32V or dual supplies ±1.5V to ±16V

·  Very low supply current drain (700 μA)—essentially independent of supply voltage

·  Low input biasing current 45 nA (temperature compensated)

·  Low input offset voltage 2 mV and offset current: 5 nA

·  Input common-mode voltage range includes ground

·  Differential input voltage range equal to the power supply voltage

·  Large output voltage swing 0V to V+ − 1.5V.

Connection Diagram

Pin diagram



Schematic diagram

RELAYS:

      A relay is an electrically controllable switch widely used in industrial controls, automobiles and appliances.

The relay allows the isolation of two separate sections of a system with two different voltage sources i.e., a small amount of voltage/current on one side can handle a large amount of voltage/current on the other side but there is no chance that these two voltages mix up.                                

  Inductor
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                                       Fig: Circuit symbol of a relay

Operation:

When current flows through the coil, a magnetic field is created around the coil i.e., the coil is energized. This causes the armature to be attracted to the coil. The armature’s contact acts like a switch and closes or opens the circuit. When the coil is not energized, a spring pulls the armature to its normal state of open or closed. There are all types of relays for all kinds of applications.
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 Fig: Relay Operation and use of protection diodes
Transistors and ICs must be protected from the brief high voltage 'spike' produced when the relay coil is switched off. The above diagram shows how a signal diode (eg 1N4148) is connected across the relay coil to provide this protection. The diode is connected 'backwards' so that it will normally not conduct. Conduction occurs only when the relay coil is switched off, at this moment the current tries to flow continuously through the coil and it is safely diverted through the diode. Without the diode no current could flow and the coil would produce a damaging high voltage 'spike' in its attempt to keep the current flowing.

In choosing a relay, the following characteristics need to be considered:

1. The contacts can be normally open (NO) or normally closed (NC). In the NC type, the contacts are closed when the coil is not energized. In the NO type, the contacts are closed when the coil is energized.

2. There can be one or more contacts. i.e., different types like SPST (single pole single throw), SPDT (single pole double throw) and DPDT (double pole double throw) relays.

3. The voltage and current required to energize the coil. The voltage can vary from a few volts to 50 volts, while the current can be from a few milliamps to 20milliamps. The relay has a minimum voltage, below which the coil will not be energized. This minimum voltage is called the “pull-in” voltage.

4. The minimum DC/AC voltage and current that can be handled by the contacts. This is in the range of a few volts to hundreds of volts, while the current can be from a few amps to 40A or more, depending on the relay.
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Transistor driver circuit

CIRCUIT DIAGRAM:

WORKING PROCEDURE:

IC LM324 consists of four operational amplifiers, of which only two operational amplifiers (N1 and N2) are used in the circuit. The unregulated power supply is connected to the series combination of resistors R1 and R2 and potentiometer VR1. The same supply is also connected to a 6.8V Zener diode (ZD1) through resistor R3. Preset VR1 is adjusted such that for the normal supply of 180V to 240V, the voltage at the non-inverting terminal (pin 3) of operational amplifier N1 is less than 6.8V. Hence the output of the operational amplifier is zero and transistor T1 remains off. The relay, which is connected to the collector of transistor T1, also remains de-energized. As the AC supply to the electrical appliances is given through the normally closed (N/C) terminal of the relay, the supply is not disconnected during normal operation.

When the AC voltage increases beyond 240V, the voltage at the non-inverting terminal (pin 3) of operational amplifier N1 increases. The voltage at the inverting terminal is still 6.8V because of the Zener diode. Thus now if the voltage at pin 3 of the operational amplifier is higher than 6.8V, the output of the operational amplifier goes high to drive transistor T1 and hence energize relay RL. Consequently, the AC supply is disconnected and electrical appliances turn off. Thus the appliances are protected against over-voltage.

Now let’s consider the under-voltage condition. When the line voltage is below 180V, the voltage at the inverting terminal (pin 6) of operational amplifier N2 is less than the voltage at the non-inverting terminal (6V). Thus the output of operational amplifier N2 goes high and it energizes the relay through transistor T1. The AC supply is disconnected and electrical appliances turn off. Thus the appliances are protected against under-voltage. IC1 is wired for a regulated 12V supply. Thus the relay energizes in two conditions: first, if the voltage at pin 3 of IC2 is above 6.8V, and second, if the voltage at pin 6 of IC2 is below 6V. Over-voltage and under-voltage levels can be adjusted using presets VR1 and VR2, respectively.

