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CHAPTRE ONE

INTRODUCTION

Living in a society where there is constant power outage and irregular power supply, power produced is insufficient and has to be rationed throughout the country, it is therefore not strange when voltage fluctuations are experienced. It causes damage to electrical appliances like fridge or air conditioners or television. For when a fridge is operated on low voltage, excessive current flows through the motor, which gets heated up then gets damage.

Also, serial port lines are quite prone to damage by over voltages. The damage to computer serial port has became more and more expensive to replace because of higher integration. Usually you have to buy a new motherboard if one serial port in it gets broken.

So it is wise to use some extra protection in situation where over voltage surge are quite probable and repairing gets expensive. The  high and low voltage protection circuit is a low and reliable for protecting such equipments from damage whenever the power line is switched on, it gets connects to the appliance only when the output voltage is more appreciated. If there is high or low fluctuations beyond set limits, the appliance get disconnected.

1.1 AIM AND OBJECTIVE

To construct a circuit which trips off appliance or equipments connected to it when voltage supply is excessive low or high using rapidly available components.

1.2 SCOPE

This project is limited to the construction of high or low voltage protection circuit using comparator, Relay, standard bipolar medium power NPN transistor (2N3904) and regulator.

 SOLDERING

Good soldering is a skill that is most important to learn this skill before starting any project.

The main point to remember is that both part of the joint to be made must be at the same high temperature. The soldier will flow evenly and make a good electrical and mechanical joint only if both parts are at an equal high temperature. IN most kits, almost all the soldier joints to be made are between a copper wire and a printed circuit track, so in this case both the wire and the track must be at the same high temperature before the soldier is applied. Even though there is a metal to metal contact. Very often of firm of oxide on the surface is enough to insulate the two parts; it is not good applying the soldering iron tip to the component wire only and expecting this to heat the pcb track  as well. Before attempting this project practice soldering a piece of Vero board and some surplus resistors and scrap components was made.

   The first thing to get is a good soldering iron. There are plenty to choose such as the X1 Cs which both have a fairly high wattage to help the heat flow quickly into the joint, so the heat needed to be supplied for fully a short time, many semiconductors and plastic packages can be damaged by excessive heat. Joint should be formed with this fact in mind.

When the iron is hot, apply some soldier to the flattened working area at the end of the bit and wipe it with a piece of cardboard or damp cloth so that the soldier forms a thin film on the bit. Always use a good quality soldier. A standard 60% tin, 40% lead alloy soldier with cores of no corrosive flux will be found the easiest to use.

If the wires of the components to be fitted are parallel to one another and on the this side of the component (radial), they should fit directly into the pcb without bending, but if the bends are located at opposite ends or sides of the components (axial), they should first be bent at right angle close to the body of the component. Push the leads through the pbc from the legend side and spray out the ends of the leads a little on the track side so that the component does not fall out when the board is turned over for soldering, and so that the wire touches the edge of the copper track. Be careful that the wire does not also bridge across to cross adjacent tracks however, or these will be soldered too, creating “solder bridge” type of short circuit.   

CHAPTRE TWO

LITERATURE REVIEW
OPERATIONAL AMPLIFIERS (OP-AMP)

2.0 INTRODUCTION

An operational amplifier is a linear integrated circuit that has a very high voltage gain, high impedance, and low output impedance. Known as the op-amp, this is very interesting integrated circuit amplifier that was originally developed for use in analogue computers, here they were connected to make circuits that will perform mathematical operations including summing, integration and multiplication.

An op-amp can be used for a wide variety of purposes by connecting appropriate components across its terminals. An op-amp is never used without the application of with negative or positive feedback. The symbol for an op-amp is s  shown in figure 1.0 it has two input terminals, one of them labelled -, is known as the inverting input terminal since a signal applied to this terminal appear at the output terminal with the opposite polarity i.e a sinusoidal input signal will experience a phase shift of 180◦. The other input terminal, labelled +, is the non-inverting input terminal and a signal applied to this terminal is amplified without inversion.

The op-amp actually amplifiers the difference between the voltage appearing at it’s two terminals. Two further terminals are providing for the connection of positive and negative power supply voltages. Two polarities are necessary so that the output voltage can vary side of zero volts.

                                        


                               Fig 1.0: Circuit diagram for an op-amp

The circuit symbol for an op-amp is shown above is:
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: non-inverting input
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: inverting input
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: output
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: positive power supply
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: negative power supply

The power supply pins ([image: image7.png]
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) can be labelled in different ways (See IC power supply pins). Despite different labelling, the function remains the same — to provide additional power for amplification of the signal. Often these pins are left out of the diagram for clarity, and the power configuration is described or assumed from the circuit.
Most op-amp will operate satisfactorily with a wide range of supply voltages.

The basic relationship for an op-amp is given by:

                   Vo = A(V+ - V-)

Where,

               V- is inverting input

               V+ is non inverting input

               VO is output voltage

               A is differential gain

 2.1 PROPERTIES OF OP-AMPS

An ideal op-amp is usually considered to have the following properties, and they are considered to hold for all input voltages:
Infinite open-loop gain (when doing theoretical analysis, a limit may be taken as open loop gain AOL goes to infinity).

Infinite voltage range available at the output (volt) (in practice the voltages available from the output are limited by the supply voltages ( [image: image9.png]


and[image: image10.png]


). The power supply sources are called rails.

Infinite bandwidth (i.e., the frequency magnitude response is considered to be flat everywhere with zero phase shift).

Infinite input impedance (so, in the diagram, [image: image11.png]


, and zero current flows from ( [image: image12.png](24N



to [image: image13.png]


).

Zero input current (i.e., there is assumed to be no leakage or bias current into the device).

Zero input offset voltage (i.e., when the input terminals are shorted so that [image: image14.png]


, the output is a virtual ground or vout = 0).

Infinite slew rate (i.e., the rate of change of the output voltage is unbounded) and power bandwidth (full output voltage and current available at all frequencies).

Zero output impedance (i.e., Rout = 0, so that output voltage does not vary with output current).

Zero noise.

Infinite Common-mode rejection ratio (CMRR).

Infinite Power supply rejection ratio for both power supply rails.

The properties of practical op-amps approach the ideal in most case, but some additional properties or limitations may also be considered.

Large open loop gain

Large input resistance

Large output current

Large common-mode rejection

Non zero offset voltage

The practical op-amps can be best described by block diagram shown below:   SHAPE  \* MERGEFORMAT 



Fig 2.2: Block diagram of an op-amp                                                                                                                                          

      As already indicated, the first stage of op-amp is a differential amplifier. Following the second stage is a high gain amplifier. After the high gain amp comes the buffer. The last stage of op-amp is the drive. We can write the element statement of an op-amp specifically, the general form for an operational amplifier will be

                 E NAME NOUT O NIN + NIN- A

Where,

            E indicates a call for sub circuit

            NOUT is the input node

            NIN+ is the non inverting input node

            NIN- is the inverting input node

            A is the gain of the op-amp

            O is the common between two terminals

            NAME is the name that is selected for the sub circuit.

The most popular operational amplifier and the industry standard is 741 op-amp. This analogue is also called general purpose. The pin identity (pin view) of 741 op-amp is shown in fig 2.3
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Fig 2.3 A typical op amp pin configuration

The inverting input, pin 2

The non inverting input, pin 3

The output, pin 6

The positive power supply V-, pin 7

The negative power supply V+, pin 4

      The inputs are marked with minus (-) and plus (+) to specify inverting and non inverting inputs respectively. An input applied to non inverting terminal will appear with the same polarity at the output, while an input applied to the inverting terminal will appear inverted at the output.

2.2 INVERTING AMPLIFIER OR NEGETIVE SCALE

When an op-amp is used, as a voltage amplifier a large amount of negative feedback must be applied to specify accurately the voltage gain.

The connections for an inverting gain are shown in fig 2.4a. A resistor R1 is connected between the input terminal of the amplifier circuit and inverting input terminal of the op-amp, and another resistor R2 is connected between the inverting input inverting input terminal and the output terminal.

                            


Fig 2.4 An inverting amplifier

The non inverting terminal is connected to earth. This means that the voltage at the inverting terminal must be very small. The input voltage vin appears across Rin and the input current is Vin/Rin.

The input impedance of the op-amp is high and so very little current flows through the op-amp itself. All the input current therefore flows through the resistor Rf and the voltage developed across Rf is equal to the output voltage Vout of the circuit, therefore  Vin /Rin=Vout/Rf

Or 

                 Av(F) =Vout/Vin=-Rf/Rin 

Voltage shunt negative feedback has been applied to the op-amp and so both its input and output impedances are reduced to a low value. The    input resistance of the op-amp appears in series with the resistor Rin and so the input resistance of the circuit is approximately Rin ohm.

2.3 NON INVERTING AMPLIFIER

In the case of the non inverting amplifier shown in fig 2.5 output voltage Vout of the circuit is equal to Av(Vin - Vx), where the Av is the open loop gain of the op-amp, Vin is the input voltage and Vx is the voltage which appears in the inverting terminal i.e 

                                Vx = VoutR1/R1+R2

Since the gain Av is very large, the difference between Vin and Vx is very small so that Vin may be taken as being equal to Vx. 
Therefore, 

                           Vin =VoutR1/R1+R2
Or 

                          Av(F) = Vout/Vin =R1+R2/R1 

The non inverting amplifier as constructed by applying series negative feedback to the operational amplifier. The input resistance of the op-amp, and hence of the non inverting amplifier is increase to a very value, while its output resistance is reduced to a low value.

2.4 APPLICATIONS OF OP-AMP
As said earlier, the op-amp has a lot of applications among which are the following:
as scalar or linear (i.e small signal) constant gain amplifier, both inverting and non inverting

As unity follower

As adder or summer

subtractor

Integrator

Differentiator

Comparator

CHAPTER THREE
DESIGN AND CONSTRUCTION

3.0 INTRODUCTION

In this chapter, we shall see the various stage involved in the design and the role they play in the performance of the circuit.

3.1 DESIGN SPECIFICATION FOR DUAL RAIL POWER SUPPLY

Transformer input voltage Vin = 220VAC

Supply frequency =50Hz

Dc output current IDC = 500MA

DC output voltage VDC = 16.97v

DESIGN CALCULATIONS

                  Vrms = V(secondary)/√2

                          = 0.7071 x 24

                          = 16.97v

The capacitor used was 25v, 470uf

DESIGN SPECIFICATION FOR IN4001 DIODE

Peak reverse voltage = 600mV

Average rectifier forward current = 1A

Forward voltage drop = 0.8v at 1A [image: image18.png]FL
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 Fig 3.1 Dual rail power supply 

3.2 HIGH CUT-OFF OP-AMP

This op-amp is operated as an inverting op-amp. The zener diode D1 and the resistor R1 are connected to the non-inverting input terminal (+) of the LM324 op-amp to give a suitable reference voltage. This maintains a constrict voltage between the Vcc and earth. [image: image19.png]avee

Figure 2




              Fig 3.2: High cut-off op-amp

The reference voltage is equal to the zener breakdown voltage. Zener diode is place such that it is reverse – based. A zener of 6.8v was used.

The value of the resistor R1 was chosen so that the diode operates well within the breakdown.

SPECIFICATIONS:
 Power = 1/2W

 Tolerance = 5%     

 Breakdown voltage Vz = 6.8V

DESIGN CALCULATIONS
 Vz = 6.8V

R1 = 10KΩ

Applied voltage = 12V

Voltage across 10KΩ resistor =12-6.8

                                     = 5.2V

                            Iz = 5.2/10,000 = 5.2 x 10-4A

                                 = 0.5mA

                             P = VIzmax                      
                             0.5 = 12 x Izmax
                             Izmax =0.5/12

                             Izmax = 6mA

Iz is less than Izmax
The difference between the reference voltage and that given to the inverting (-ve) terminal through potentiometer R2 is amplifier and used to set the input level. When the sensor input is less than the zener voltage, the output from the op-amp remains high and when it is greater than the zener voltage the output goes low, when the sensing voltage is equal to the zener voltage. The output of the op-amp is approximately zero.

The phenomenon was used as the decision for switching the relay and to give cut-off in a low voltage situation.

3.3 LOW CUT-OFF OP-AMP

The op-amp operates as a non-inverting amplifier. The zener and resistor network gives reference voltage to the inverting input terminal. The sensing voltage derived through the 10KΩ potentiometer is given to the non-inverting terminal this set the high level cut-off. [image: image20.png]vee
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            Fig 3.3: Low cut-off op-amp

When the input DC from the sensor is less than the zener voltage, the output of the op-amp is low and when input DC is higher than zener voltage output is high. When the DC input is equal to the zener voltage, the op-amps output is approximately equal to zero. A zener of 6.0v was used.

The value of the resistor R2 was chosen so that the diode operates well within the breakdown.

SPECIFICATIONS:
 Power = 1/2W

 Tolerance = 5%     

 Breakdown voltage Vz = 6.0V

DESIGN CALCULATIONS
 Vz = 6.0V

R2 = 10KΩ

Applied voltage = 12V

Voltage across 10KΩ resistor =12-6.0

                                     = 6.0V

                            Iz = 6.0/10,000 = 6.0 x 10-4A

                                 = 0.6mA

                             P = VIzmax                      
                             0.5 = 12 x Izmax
                             Izmax =0.5/12

                             Izmax = 6mA

DESIGN SPECIFICATION OF OP-AMP
Voltage gain = 200,000

Input impedance (Ω) = 2M

Common mode rejection ratio (d.b) = 90

Slew rate (V/us) = 0.5

Min / max supply =± 3V/±18

Max power dissipation (mW) = 500

Max output voltage swing (V) = 13

Max differential input voltage (V) = 30

3.4 RELAY DRIVER

The output from the voltage level detectors cannot directly drive the relay; therefore the relay driver is used.

In this, a relay (12V DC) is connected to the collector of the NPN transistor. The output voltage from the comparator is applied to the base of the NPN through a resistance R1. When the output from the comparator is low, the transistor is in OFF state and the relay is in de-energised state.

Similarly, when the output from the comparator goes high, the transistor operates in the active region and switches ON. Flow of current from the collector to the transistor energises the relay.

Parallel to the relay coil, two diodes and a capacitor have been used. This is to eliminate the back e.m.f generated by the relay coil when currents are suddenly broken. The capacitor C1 connected parallel to the coil filters out the back e.m.f. The two diodes stop the relay transistor junction from swinging more than 600mV above the positive rail or below the zero volt rail. During normal operation, the diodes are reverse biased and have no effect on the performance of the circuit. But when back e.m.f is induced, the diodes conduct heavily and absorb all transient voltages.

3.5 CONSTRUCTION 
The required components for the construction of the dual rail power supply were first assembled on the bread board as shown in the circuit diagram for preliminary testing. The circuit was energized and tested, it was found to work satisfactorily. The components were the removed, assembled on the vero board and soldered. Next, the components for the low voltage cut-off op-amp were assembled on the bread and tested as above. It worked satisfactorily. Components were the removed, assembled on the vero board and soldered. The same procedure was done in the case of the high voltage cut-off.

All other components for the complete circuit were then carefully assembled after planning and the various stages were interconnected together to from the complete circuit. The resistors when insulated to prevent over heating during soldering. The components were arranged in vertical lines. Then the components were soldered to the vero board, while avoiding the bridging of the components.

Below is the table showing the various components of the circuit, their values and quantities:

3.6 LIST OF COMPONENTS
	       S/N
	Component

Description
	Component

Identity
	        Qty
	      Value

	          1.
	Transformer
	       T1
	          1
	    220/240

	          2.
	Bridge rectifier
	   D1-D4     
	          1
	    IN4007

	          3.
	   Capacitor
	  C2,C3
	          2
	     0.1µF

	          4. 
	Electrolyte capacitor
	     C1
	          1 
	 470µF<25V   

	          5.
	Variable resistor
	  VR1,VR2
	          2
	       50KΏ

	          6.
	    Resistor
	R1,R2,R5,R6
	          4         
	         10KΏ

	
	           ,,
	     R3,R7
	          2
	        5KΏ

	
	           ,,
	      R4,R8
	          2 
	        1KΏ

	          7.
	   Diodes
	    D5,D6
	          2
	     IN4007

	          8.
	Zener Diodes
	    ZD1,ZD2    
	          2
	   6.0V,6.8V

	          9.
	    Relay
	      RY1
	          1  
	        12VDC

	         10.
	  Op-Amp
	  IC2/1,IC2/2
	          2
	     LM324

	         11.
	   Transistor
	        Q1
	          1
	     2N3904

	         12.
	    Regulator
	       IC1         
	          1  
	       7812

	         13.
	    LED
	      LED1 
	          1
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Figure 3.4: Circuit for high and low voltage protector                            

                                         CHAPTER FOUR
4.0 TEST AND RESULT

The main objective of testing a newly constructed equipment of system is to detect any possible fault likely to occur before it is commissioned into service. The reason is to allow rectification to be made at early stage so that the equipment will performed its function satisfactorily and efficiently.

The tests are not a guarantee of the quantity of the equipment at all times hence regular testing is necessary in order that it may be maintained in a proper conduction at all times.

4.1 TESTING

The first test carried out was to check the soundness of each component before assembling them on the vero board. All the components especially capacitors, resistor, relay, transistor diodes were tested using ohm meter of the multimeter to ensure they were in good working condition. The continuity at each point was also tested to ensure flow of current in the proper direction.

Before the components were assembled on the vero board, the low cut-off stage was tested using the bread board. The output was expected, a low output when voltage is above reference voltage. Likewise the high cut-off stage was assembled on the bread board and tested. The output was high when input was higher than the reference voltage and vice-versa.

“The dual rail power supply was tested after assembling. A supply of 12V was obtained at the output of the dual-rail power supply”.

After completing the construction, the circuit was tested to ensure its durability.

4.2 RESULT
The output voltage and signal frequency of a high cut-off op-amp was measured as 220.8V and 49.9Hz. And the output voltage of a low cut-off op-amp is 217.3V and signal frequency are 49.7Hz. Therefore, the output voltage of the whole circuit is 220V and signal frequency is 50Hz. 

When the voltage are at normal condition the circuit is energized, if there is a high voltage (above 222V) or low voltage (below 220V) the supply to the relay is cut-off making the relay to switch back to its de-energized state. It remains in this state (OFF) until the supply is again enough to energized the relay again. 

 SHAPE  \* MERGEFORMAT 



 As seen in the figure above, the voltage protector is connected between the supplies to the appliance. One of the outputs to the supply, the other goes to the life of the appliance. The neutral of the appliance is connected directly to the supply.

4.3 PROBLEMS ENCOUNTERED AND SOLUTION ADOPTED

When the dual rail power supply was connected using a single bridge rectifier, there was no supply. The rectification was replaced using four IN4001 diodes to form the bridge.

The initial overboard used had no connecting wires underneath it. So a lot of connecting wires had to be used to make up the circuit. This made the work cumbersome and difficult when tracing the fault. The Vero board was replaced with a smaller one with connection.

Switching time of the relay also varied. During the process of testing the circuit, the low cut-off op-amp stated to overheat. All connections were checked and it was discovered that a resistor close to one of its pin was the one heating it up. The resistor was shifted away from the I.C to avoid thermal contact between them.

CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION 
The high and low voltage protector circuit was constructed using dual LM324 op-amp, an NPN (2N3904) transistor and a 12V DC relay. 

The purpose of the op-amp is to create the conditions which determine the switching of the relay. The high and low cut-off operational amplifiers do this.

The circuit takes some time to switch on the appliance connected to it. The appliance is connected only to one of the output leads of the circuit while the other output of the appliance goes directly to the supply.

This circuit cuts off the supply to the appliance when the voltage is above or below normal (i.e. >220 or <200). When the voltage is normal i.e. between 200 and 220V, the circuit works perfectly without switching off thereby supplying voltage to the appliance. The feasibility was tested and found perfect due to the clicking sound obtained in the relay cutting-off or reconnecting the supply under required conditions.

5.2 RECOMMENDATIONS

Some other method of connecting the load could be adopted. In place of using the relay, a triac could be used instead.

Also, a LM324 op-amp with 16 pin connections could be used in place of  two single LM324 op-amps.

This constructed circuit is recommended for use in the home and office especially in places where there is frequently voltage fluctuations. When connected to the appliance it prevents damage to such devices and also save cost of repairing the devices when damaged.
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