DESIGN AND CONSTRUCTION OF AN AUTOMATIC VOLTAGE STABILIZER

ABSTRACT


In the world today, the use of power supply in electronics equipment and gadgets has increased and it is still increasing.  These power supplies are not stable as required by these electronics.


This arise the need for the power stabilization as to overcome this problem 


This project handles this problem very well.  Some recommendations were also made on this topic and student and users of electronics equipment will find them useful.
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CHAPTER ONE

INTRODUCTION


In Nigeria and some other parts of the world today, the electricity power supply to consumers (at homes and industries) are not maintained at a stipulated voltage say 240 volts.  But the electronics gadgets and some other power operated machines, that we use in our homes, offices and industries requires power with constant or nearly constant voltage for their efficiency, and to avoid damage by the voltage.


Voltage stabilizer is an electronic control circuit or device that is capable of providing a constant or nearly constant output voltage even when there is variation in load or input voltage as low as 90 volt can be boast up to 240 volt by stabilizer at output stage without any voltage fluctuation.

CHAPTER TWO

2.0
LITERATURE REVIEW

2.1 THE AIM

This device as defined on the previous chapter as an electronics equipment that gives a constant output voltage within a certain range irrespective of the load at carriers.  So, its aim or the aim of producing it is to control the fluctuation of the supply voltage whch causes damages to our machines and electronics appliance.  Due the fact that each of these machines and electronics has its operational voltage assigned to it by the manufacturer, above or below which it cannot function very well.  This automatic voltage stabilizer helps to maintain the output voltage to be within the range, the machine or the electronics appliance required, and prevent its damage by voltage fluctuation. 

2.2
STAGES IN THE DEVELOPMENT OF VOLTAGE STABILIZER


The first set of voltage stabilizer come in the manually operated form.  It makes use mechanical switches only.  These switches cannot operate on their own.  (i.e they cannot switch from one transformer terminal to another in response to the varying voltage).  As a result of this, the required voltage regulation cannot be achieved.  As time goes on, scientist discovered electromagnetic switch called Relay.  


This relay acts as automatic switches that operates on their own whenever voltage is supplied to terminals.  This component was studied and used to replace mechanical switches in the early stabilizer.


This helps the stabilizer to automatically regulate its output voltage to an extent whenever there is fluctuation of power supply.


For further advance in efficiency of the stabilizer, more of these switches were added.  Also some electronics trip circuits which switch off the output voltage of the stabilizer when over loaded where superceded or replaced by current limiter or constant current circuit.  On drawing excess current from the stabilizer, the output voltage drops, preventing the current from increasing, thus giving a constant voltage.

2.3
STABILIZER GRADING/APPLICATION


The automatic voltage stabilizer is being graded according to their power output in walls.  There are different voltages of stabilizer in the market today, like 250 watts, 500 watts, 1000 watts, 1500 watts, 2000 watts, 3000 watts, 3500 watts, 4000 watts, even 10,000 watts and so on.


Although, some of them have different input and output voltage and current ratings but their power output determines their grade.


 The power rating of a voltage stabilizer is determined mainly by the size of the transformer inside the stabilizer.  The current rating is also based on the size of the coil used in winding the transformer.

2.4
APPLICATION


Automatic voltage stabilizer has a very wide application as far as electronics is concerned.  It is used for almost all the electrical and electronics gadgets like refrigerator, radio, video, photocopying machine, photographic processing plants, television sets, tape recorders, deep freezers, electrical motors and so on.


The application of stabilizer is being governed or guided by its power ratings as well as the current ratings.  Different electronic gadgets have different power, current, and voltage ratings assigned to them by the manufacturers.


Before one should use voltage stabilizer with any electrical or electronics gadgets.  He has to check especially its power ratings followed by the current rating, so that he can g et a stabilizer that will suit his appliances.  Take for instance, a refrigerator with power rating of 1000 watts, voltage rating 220 watts a.c and current rating of 15 ampers will be used with a voltage stabilizer with equal ratings or the one that has a bit higher ratings than that of the refrigerator with these, the aim of its application is achieved.

CHAPTER THREE

3.0
BASIC THEORY OF COMPONENT 

USED/FUNCTION


For proper understanding of this project, it is important to look at some active components in the stabilizer circuit.  Some of these components are Transistor, Diode, Resistor, Relay, Zener Diode, Capacitor, Fuse, Switch, and Auto-transformer.  Below is the brief discussion and description of these components.

3.1
TRANSISTOR


These are small, light, very fast semi conductors with three electrodes, that are used in d.c stabilization, in amplifier circuits and as a switch in logic circuits.  There are two basic types of transistors namely, Bipolar and Field Effect Transistors (FET).  The there legs of bipolar are emitter, collector, and the base.  That on the other hand of FET are source, drain and gate.  The one used in this project are the bipolar type.  This bipolar is further divided into NPN and PNP.  Both have the same system of operation, except in their d.c bias conditions. 




There are three ways of connecting a transistor into a circuit otherwise known as the transistor configuration.  These are common collector, common emitter, common base.

3.2
DIODE


It is a semi conductor device that conduct currents in only one direction.  A diode when forward biased gives a closed circuit, but gives open circuit when reverse biased.  It has only two electrodes namely (anode and cathode).  Diodes are used in the rectification of a.c to d.c, it is sued as switch and also in clipping circuits.

3.3
RESISTOR


These are component that oppose the flow of current through it.  They are constructed from a mixture of carbon and other material in proportions that gives the required resistance.  It has two terminals without polarity.  It can be connected in series or in parallel or combination of both.  They are used here to protect devices like diodes and transistors against excess current.  Resistor can be fixed or variable.  The unit of resistance is ohms (()

3.4
RELAY


They are electromagnetic devices mad of coil of wire wounded around a soft iron core, with the end of this coil at the terminal A and B as shown below.


When voltage is connected across A and B, the soft iron core becomes a magnetic and attracts the armature. When this happens, we say that the relay is energized or on. The contacts C and D are closed when this happen and current flows through the terminals E and F.


But the voltage is disconnected, the soft iron core becomes demagnetized and release the armature, we say that the relay is off and no current flows via the E and F terminals.  Relay are mainly used as switches in circuits. 

3.5
ZENER DIODE


These are reverse biased heavily – doped silicon or germanium PN junction diode which is operated in the breakdown region where current is limited by both extent resistance and power dissipation of the diode.  Whenever a diode breaks down two effects are present, namely zener and avalenche effects.


Zener breakdown occurs due to breaking of covalent bonds by the strong electric field set up in the deflection region by the reverse voltage.  It produces large number of electrons and holes which constitute the reverse saturation current called ZENER CURRENT whose value is limited by the external resistance in the circuit.  It is independent of the applied voltage.

AVLANCHE BREAKDOWN Occurs at higher reverse voltages when thermally – generated electrons acquire sufficient energy to produce more carriers by collision.


For proper working of a zener diode in any circuit.  It is essential that it must 

a. Reverse – biased

b. Have voltage across it greater than VZ
c. Be in circuit where current is less than IZ – max

It is used in a circuit as follow 

(i) As a voltage regulators 

(ii) As a fixed reference voltage in a network for biasing and comparison purposes and for calibrating voltmeters.

(iii) As peak clippers or voltage limiters

(iv) For metre protection against damage from accident al excessive application of excessive voltage.

3.6
CAPACITOR


A capacitor is a device that store energy inform of charges.  It is made up of two conducting surfaces separated by a layer of an insulating medium called DIELECTRIC.  There are many types of capacitors which are group under polarized and non polarized capacitors it is used in reducing or removing ripples in voltages, in other word, smoothing to some desired level.

3.7
TRANSFORMER


A transformer is an electromagnetic device having two or more windings as primary and the secondary windings.  The primary must march the local line voltage.  Transformer is of two types namely ideal and auto-transformer.  The type used in this project is the aut-type.


It is a transformer with one coil having a certain portion of its coil used for both the high tension and low tension winding.  Consequently, the coil has different event values of voltage output along its path or length.

3.8
FUSE


This is a protective device that can protect electrical/electronic equipments from being damage due to excess current.  It does this by melting the fuse element inside it, thereby cutting off the supply.

3.9
OTHER MATERIALS USED


Other materials used in this work include the following.  Vero board on which components were soldered, soldering iron, lead, pliers for cutting wires, screw divers for mounting the transformer, switch and socket outlet, suckers for desoldering and a jack knife.

CHAPTER FOUR

4.0
DESIGN, CONSTRUCTION AND OPERATION OF THE STABILIZER 

4.1
DESIGN/CONSTRUCTION


This stabilizer has been carefully designed for both low and high voltage conditions.  It was designed for a power rating of 1000 watts.  It has an output capacitor of ( 120 volts with current rating of 10 amps.  It was design in a way that at the input voltage of 100 volts – 340 volts.  It can give an output voltage of 240 v.


This stabilizer was design to have three broad stages or circuits as indicated by the diagrams below.



The stage of the stabilizer are the auto-transformer stage, the control stages and relay stage.  We started the analysis from the transformer stage because input get in through it.

4.2
THE TRANSFORMER STAGE


This transformer stage consist of an auto – transformer with seven terminals.  These terminals have different voltage range values and they were connected as shown above. The following are their voltage range values.

Terminal 1
=
0v

(Neutral)

Terminal 2
=
12v

(To feed the control stage)

Terminal 3
=
31v
to
RL 1 common closed

Terminal 4
=
112v
  to
RL 2 common open

Terminal 5
=
155v
  to
RL 2 common closed

Terminal 6
=
213v
  to
RL 3 common close

Terminal 7
=
220v and above (from NEPA)


This  terminals where designed in this way so as to match any degree of voltage fluctuation and to march the components in the regulation circuit.  Terminal 2 were designed to have the voltage value of 12v because it supplies the control and relay circuit which have the value 12v d.c. 10A.  So, for these relay to operate under normal condition they must be supplied with 12v d.c. which is achieved  through the rectifying diode of terminal 2.

4.3
CONTROL STAGE


This stage was design to switch the relay circuit.  It consists of two transistors, three capacitors one zener diode, one variable resistor.  Each relay has its own control circuit.


The busing voltage is supplied through terminal 7 for relay 1.  This voltage is passed through or rectifying diode, for rectification and finally passed through zener diode to the base of the transistor T2.  The zener diode here is chosen to supply the transistor with a constant required voltage needed for its biasing.


This control stage is made up of two similar circuits.  One that operates in the situation of high voltage and the one that works in the situation of low voltage

4.4
RELAY STAGE


The relay stage employs three relays, rated at 12v d.c. 10 amps.  It was designed to be triggered or switch by the control circuit.  It is this relay that does the voltage selection automatically.  The coil terminal of these relay were coupled with the control circuit which supplies it with the switching voltage.  The output terminals of these relays were connected to the transformer terminals, where.  They are automatically regulated the output voltage.  The voltage stabilizer is called automatic regulator because of the action of these relays.


Apart from these circuit stages, the stabilizer was equipped with a voltmeter to measure the output voltage values.  It casing was made with iron metal for proper protection of its component and for effective resistance to heating by the transformer.


Because of this heat produced during operation by the transformer, the metal casing has been properly perforated to allow free entrance and exit of air for effective cooling.


It has been properly insulated and earthed to avoid the risk of electric shock.

4.5
OPERATION


The operation of this stabilizer is divided into three distinct stages as shown in the block diagram below.


They are transformer stage, control stage and relay stage which is the output stage. Below is the description of the operation of the three stages. 

4.6
TRANSFORMER STAGE


This transformer stage is made up of an auto-transformer with seven terminals with terminal 1 as neutral.  The power supply enters the auto – transformer through the switch and the fuse.   The switch is used for making breaking of the circuit while the fuse protects excess current from entering the circuit.  Due to the way the terminals of this transformer were connected to the control and relay circuit.  


The input voltage gets to the control circuit via terminal 2 and 7 while the rest of the terminals goes to different output terminals of those relays.  By this method, the voltage regulation is achieved.

4.7
CONTROL STAGE


The operation of this stage is triggered on by the biasing voltage that comes fro the transformer. This is divided into two as mentioned before as………


The biasing voltage from the first stage comes from terminal seven.  The input voltage that is supplied through terminal seven enter through a limiting resistor R4, and through diode D1 for rectification and then pass that the voltage entering the transistor T2 is kept constant to avoid the breakdown of the transistor. The transistor switches on as the voltage enters its base.  Its out put is tapped from the emitter ad feed to the base of second transistor T1 which supply in the second stage of the control circuit at the higher voltage supply.


The resistor R1, R2, R5, R6, R9, R10 are biasing resistor which keeps the transistors under normal working conditions.

4.8
RELAY STAGE


This is where switching that brings about the automatic voltage regulation occur.  It consists of three relays.  Those that function at the low voltage and those at higher voltage.  Its switching circuit was supplied by the control circuit, while the output terminals were connected as shown above in the fig.


In a situation of low voltage like 155v, the output terminal connected to RL3 did not receive sufficient voltage to switch it on, the voltage will be handed to RL2 were it can switch the relay there.



The terminals that the turns correspond to the reduce voltage will be selected.   That is secondary turns will be increased and the voltage is also increase in the same proportion.


But in a situation of high voltage, say 270v, the two relays will not function, rather RL1 will take over.  The common at terminal one before will be handed over to terminal three. As a result of reducing the output metre connected in parallel with the output terminals.

CHAPTER FIVE

5.0
DISCUSSION, CONCLUSION AND 

RECOMMENDATION

5.1
DISCUSSION


The design and construction of this automatic voltage stabilizer is a very interesting project and a useful one.  It involves a lot of interesting stages with interesting processes.  But these does not mean that some difficulties were not encountered during the construction. 


Some of the significant problems encountered are t he problem of faulty components.  Some of the component like relay that you cannot detect the faulty ones until you power it, gave much problem in the construction.  But we over come this by using a suitable transformer (12 v) to check the switching before putting it into the circuit.  Other faulty components were indicated with the aid of testing instruments.  Another problem was unavailability of some of exact value of the required components, we overcome this by references made to data book and some other texts and get the equivalent values.

5.2
CONCLUSION 


The production of this voltage stabilizer was successfully done and it gives constant voltage to the equipment powered via it.  The capacity of this stabilizer can be altered by the change of some component values and sizes.


A certain minimal load can be powered via this equipment without fluctuation.  The output voltage is constant within certain range for a particular load connected via it.  We therefore recommend this equipment for users.  Because the losses suffered by the users as a result of fluctuation in voltage supply has been drastically reduced by the stabilizer.


Some faults which may occur to this equipment include the failure of the zener diode, transistors, the relay, and diodes.


This circuit is packed in a casing to make it portable and safe for use.  Water should not be allowed to enter the container and the equipment must not be used with the cover left open to avoid electrocution.

5.3
RECOMMENDATION


The realization of this project, apart from being a sinequanon for the award of National Diploma Certificate in ELECTRICAL/ELECTRONICS ENGINEERING, will further serve as an indispensable guide to anybody who wants to embark on such project in future by giving a first hand information on the principles of operations, design and construction of an automatic voltage stabilizer. 

CHAPTER SIX

6.0
COST ANALYSIS, REFERENCES

6.1
COST ANALYSIS


The table below is the list of components bought and their cast.

	S/NO
	LIST OF COMPONENTS
	QUTY
	UNIT PRICE
	QUANTITY PRICE

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22
	RELAY

CAPACITORS

FIXED RESISTOR

VARIABLE RESISTOR

RECTIFYING DIODE

ZENER DIODE

TRANSISTOR

FEMALE SOCKET OUT

OUTPUT METER

FUSE BOX

FUSE

MALE SOCKET OUTLET

ON/OFF SWITCH

SCREWS

VERO BOARD

IRON BOX

PAINT (W. & R)

HANDLE

LAMINATION

COMPUTER SCAN

WING

POUND WEIGHT OF 22 & 19 CU WIRE GUAGE
	3

7

12

3

9

3

6

1

1

1

1

1

1

10

1

1

2

1

90 Pics

1

4 P/W
	40.00

20.00

5.00

10.00

10.00

10.00

10.00

250.00

50.00

50.00

20.00

100.00

50.00

5.00

100.00

600.00

120.00

50.00

750.00

200.00

300.00
	120.00

140.00

30.00

30.00

90.00

30.00

60.00

250.00

50.00

50.00

20.00

100.00

50.00

25.00

100.00

600.00

240.00

50.00

750.00

200.00

1200.00
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