
DESIGN AND CONSTRUCTIQN OF 

AN OVER VOLAGE AND UNDER 

VOLTAGE PROTECTION 

BY' 

ASOGWA,IKECHUKWU 

2001/11948EE 

A THESIS SUBMITTED TO THE DEPARTMENT OF 

ELECTRICAL AND COMPUTER ENGINEERING, 

FEDERAL UNIVERSITY OF TECHNOLOGY, 

MINNA. 

NOVEMBER, 2007 



DEDICATION 

I dedicate this project work to God and to the family of late Justus Asogwa. 

ii 



DECLARATION 

I, Asogwa, lkechukwu declare that this work was done by me and has never 

been presented elsewhere for the award of a degree. I also hereby relinquish the 

copyright to the Federal University of Technology,Minna. 

ASOGWA.lKECHUKWU MR. UMAR DAUDA 

[Name of student] [Name of Supervisor] 

~ ... ~.I.~?:-:\?-o D'1-
[Signature and date] [Signature and date] 

ENGR. M.D. ABDULLAHI 

[Name ofH.O.D] [Name of External Examiner] 

[Signature and date] [Signature and date] 

iii 



ACKNOWLEDGEMENT 

First and foremost, I wish to thank God for using my family's members to see 

through throughout my stay in F.U.T., Minna. 

My special gratitude goes to my supervisor, Mr. Umar Dauda, who contributed 

to the success of my project work. I wish to acknowledge Mr. Henry Ohize, whose 

support and contributions gave hope to defend this project work; all I can say is: may 

God bless you. My acknowledgement equally extends to my Head of Department, 

Engr. M.D. Abdullahi and the entire staff of the department who have contributed in 

one way or the other. 

Lastly, I wish to acknowledge Mr. Onifade, Mr. M.N. Abdullahl, Mr. Muyiwa 

Adeleye, Nicholas Esene, Godwin Tionsha and friends for the supportive roles they 

played during my project work. 

iv 



ABSTRACT 

This project, Design and Construction of an Over voltage and under voltage 

protection, aims at serving as a protector for electronic and electrical appliances against 

over voltage or under voltage condition. 

For problems of over voltage and under voltage conditions, the project could be 

used to curb the problems. 

The project employs a zener diode, two transistors and a relay. The zener diode 

in conjunction with the transistors energizes and de-energizes the relay during normal 

and overt under voltage conditions respectively. 
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CHAPTER ONE 

Introduction 

This project, Design and Construction of an Under voltage and Over voltage protection, is 

an electronic device that protects electronic and electrical appliances during under voltage or 

over voltage condition by cutting of supply. It automatically restores power to the appliance 

when the voltage condition returns to normalcy. 

Under voltage is a sudden drop in voltage caused by a starting engine or other heavy 

loads. This condition may occur when there is a fault or breakdown in transmission system; or 

when the demand for electricity reaches its peak. This condition is dangerous as it could lead to 

loss of memory in GPS navigation system and crashes in mobile computer systems. [1] 

Over voltage is when the voltage in a circuit or part of it is raised above its upper limit. It 

equally means a sustained voltage that exceeds normal steady state limits. For instance, in a 12 

volt system, this is defmed as any voltage that exceeds 15 volts. This condition my be hazardous 

to electronic and electrical appliances, as they are designed to operate at a certain maximum 

supply voltage, and considerable damage can be caused by voltage that is higher than that for 

which they are rated. [I] 

1.1 Historical background 

After the discovery of electricity by Michael Faraday, volta~e drop and resistance losses 

on the voltage d.c distribution circuit were the ftrst set of problems encountered in its 

utilization. For electronic equipment to perform well, they need a certain stability of the 

power supply. As a solution to these problems, however, remarkable landmark. was made by 

1 



I 
i' 

/' 

(Jeorge Westinghouse bv introducing the a.c transformer. From this idea of the transformer. 

came out many approaches of voltage regulations. 121 

1.2 Proiect's aims and obiectives 

In order to maintain durabilitv of electronic and electrical devises. bv avoiding over 

voltage or under voltage condition. this project. as the title implies. protects these devices from 

being damaged bv switching off automatically whenever it experiences anv one of these 

abnonnal conditions. In summary. it serves as a protector to electronic and eleCtrical aopliances 

against under voltage and over voltage conditions. 

1.3 Proied's laJoutJ outline 

This project's reoort comprises of five chapters and reference. with each having its own 

role to plav towards a successful completion of the reoort. Below is a layout of the chapters: 

Chapter one: this fonus the project's introduction. objectives. methodology and scope. 

Also included are sources of materials used. constraints. and involvement of others and cited 

relevant Jiterntl1rf" 

Chapter two: it forms the project's literature re view. It contains the necessary 

theoretical and historical backgrounds, previous works of others and difficulties that limit 

performance. Referenced literature is also cited. 

Chapter three: this forms the project's design and implementation. Steps taken in the 

design are carefully laid out. Modular design is strongly recommended; that is, circuit diagram of 

each module, of which a collection of them forms the entire circuit diagram, is carefully drawn 
• 
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, 
and explained. Also, selection of materials is justified and that the chapter is broken into sub 

beadings. 

Chapter four: it makes up the project's tests, results and discussion. It contains the steps 

taken to test the work; test and measurement methods are propedy docmnented. Results obtained 

are tabulated or plotted and that signals could be photographed and the photographic plates 

pasted on the work. Results obtained are discussed I. e results obtained are explained and its 

relevance to the aim of the project is highlighted. shortcomingsllimons of work are explained 

and possible remedy suggested. 

Chapter five: this forms the ~leefs conclusion. A summary of the work is to be 

presented (not repeating abstract). The results obtained and problems encomrtcrcd are 

summarized. Open issues (I. e possible improvements/additions to the work that could give rise 

to further work scheduled for the future is discussed here. Recommendations (if any) arc also 

accepted. 

Reference: references cited in the report are listed at the end with font size of to [3J. 

1.4 Projed's metbodol~ 

The design and construction of this ~iect requires the employment of a step- down 

transformer. diodes. resistors. capacitor. variable resistor~ transistor1 zener diode and relay. Also 

induced in the construction are bread boards. vern board. soldering iron. soldering leads etc. 

This prQject employs two transistors. in co~junction with a zener diode~ to energize and de­

mer gize a relay during normal voltage and under voltage/over voltage conditions respectively. 

1.5 Project's sounes of materials used aDd coastraiats. 
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With the assistance of friends inside and outside the department, most of the materials 

used for this project were purchased from the market and a few of them was obtained from old 

electronic panels I printed circuits. 

It was not easy getting the whole project~s components at a time, as they were not readil) 

available at the first attempt of pure~ and not easily getting the suitable components for the 

project, fiom the old electronic printed circuits. 
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CHAPTER TWO 

Literature review 

The problem of voltage fluctuations became more pronounced when the transmission and 

distribution stations were so far from the consumers. However, as a solution to these problems, 

one of the earliest attempts of obtaining regulated voltage, employed a motorized system 

controlled by a control circuit to change the taps of the secondary windings of the auto­

transfonner so as to step up when the input voltage is low or step down when the input vol1age is 

high. Some of the shortcomings are that: it is costly, bulky and the mechanical parts easily wear 

out, resulting to improper contacts between taps of the transformer. [4] 

2.111istorial baellgro8nd 

Electricity was discovered by Michael Faraday (1791- 1867). After its disco~~ voltage 

drop and resistance losses on the voltage d.c distribution circuit wac the first set of problems 

encountered in its utilization. For electronic equipment to perform well, they need a certain 

stabiJjty of the power supply. As a solution to these problems. however. a remarkable landmark 

was made by George Westinghouse by introducing the a.c transformer. From this idea of the 

transformer. came out many aDDroaches of voltage regulations. r21 



2.2 Previous works of others 

The present technological dispensation has changed voltage stabilization and protection 

techniques greatly. It came up with an approach known as Regulated d.c Inversion. This uses the 

principle of switch-mode power supply. The regulated d.c output from the power supply is 

inverted, using pus-pull inversion and stepped up to the required constant ac output voltage 

using a transformer. It uses zener diodes and potentiometers for voltage protection. The output of 

the system is a square wave ac voltage which could be filtered to obtain a pure sinusoid. This 

method produces good regulation and protection. The system is usually not bulky but very 

expensive to construct than other systems. [4] 

Another approach was the Resonant Circuit Voltage Regulator in which the voltage 

regulator involves few components in the form of inductance of a transformer, coupled with 

parallel inductive and capacitive circuits. When the line voltage falls below the rated values, less 

current is drawn by the inductance, and the parallel circuit combination becomes capacitive. The 

capacitive current drawn through the transformer raises the output voltage. If the line voltage 

rises above the rated value, the parallel circuit becomes less capacitive and the output voltage 

falls below the line voltage. Its demerits are that: it is heavy, bulky and frequency dependent. [4] 

Phase-Controlled Voltage Regulator is one of the attempts towards realizing a good 

regulated voltage. In this sy~ the load is connected in series with the voltage controlling­

device which is usually a Silicon Controlled Rectifier (SCR). Voltage control is achieved by 

triggering the SCR at a phase angle determined by the control circuit in such a way that the 

voltage across the load, connected to the output tenninals is regulated to the desimI value. This 
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method is very fast in response to voltage fluctuations at the input. lbis system is not bulky and 

expensive but its demerit is that: its output wavefonn is distorted. [4] 

Another method to be considered is that of voltage regulation by transistors, known as 

Transistorized Voltage Regulator. lbis approach is an improvement on motorized voltage 

regulator's method. The pure mechanical tap was replaced by miniature electromechanical relay. 

The major component of this approach is the auto-transfonner whose turn ratio (referred to as 

taps) can be varied to give the desired regulation. Most system of this kind uses two relays. The 

positions of the relay contacts on the taps of the transfonner are dictated by the control circuit. 

The control circuit detennines whether the low supply voltage is to be stepped up to the rated 

value or the high supply voltage is to be stepped down to the rated value of the output. [4] 

The advances in fabrication of discrete electronic components have led to reduction in 

their costs and sizes which give better switching perfonnance than the electromechanical 

switches earlier considered. One of the latest developments is the use of Under voltage and Over 

voltage Protection's circuit which uses discrete components to protect electrical and electronic 

appliances from voltage surge. [4] 
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CHAPTER THREE 

3.1 Theory of design! principle of operation of the system unit. 

Under normal working voltage condition, the voltage is greater than the 

breakdown voltage of the zener diodeiZ.) and this turn$ on transistor (TR2). Collector 

current (Ie) flows and relay (RY) is activated. The normally open contacts are closed 

while the normally close contacts are opened. Power supply from the mains is passed 

across to the load via the normally open contacts. Under this condition, transistor (TItI) 

is biased such that it is cut off. 

This is achieved through the potential divider bias of the base of TRI, consisting 

{ ofR!, R2, R3 and RVI. Ro is assmned to be the series combination ofR. and R2and (i.e 

RB = R. + R2). At normal operation, the variable resistor, in series with R., is adjusted 

such that voltage drop across RB (i.e base voltage) is less than O.6V. This keeps TRI cut 

off and so the collector.-emitter junction of TRl behaves as an open circuit such that 

current only flows through R4 and R5 to tum on TR2. TR2 remains turned on so long as 

the voltage supply is greater the breakdown voltage of the zener diode. Under this 

condition, the relay is activated. TIle nonnally open contacts become closed. Power 

supply is passed across to the load. 

As the mains voltage begins to rise above normal (over voltage), the voltage drop 

across RB is high enough to turn on TRl and drive it into saturation. This causes the 

input voltage to the zener diode to drop to about zero, which is not sufficient enough to 

break Z. and so TR2 is cut off. Collector clll1'erJt ofTR2 seizes to flow. RY is deactivated 

since Ic is zero and as a result, the rtormaIly open contacts become closed 
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3.2 Modular representation of each circuit diaflraJDIjustification of 

component's selection! block diagram. 

PaNer supply 
unit 

"0 -.a. 

Over voltage {) Under voltage actuating I 

~ Load 
actuating unit switching unit 

-' 

Fig 3.2 block diagram of Over voltage and under voltage protection 

3.2.1 Power supply unit 

Power supply from the mains voltage is stepped-down by transformer (TI). This 

voltage is rectified by the bridge rectifier network consisting of diodes OJ, O2• 03 and 04, 
I 
I 

and is filtered by a smoothening capacitor C I as shown in the figure below: 

Since the upper limit of the monitoring voltage range is 220V, the secondary voltage of 

the step-down transformer, rated 240/24V, is shown iii the relationship below: 
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Fig.3.2.1 Power supply unit circuit diagram. 

= YJ. 
'12 ----------------.---------------.-----.. ------------------(1) 

Wbere El is the rated primary voltage of the step-down transfonner. 

E2 is the upper voltage limit of the voltage monitory unit. 

V I is the step-down transformer voltage rating at the secondary. 

'12 is the corresponding secondary voltage when the input to the step-down transfonner is 

220'1 (peak value). 

Therefore, E.=240V, V. = 24'1, E2 = 220'1 & '12 =? 

'12 = E~ V. = 220 x 24 ----------------10------------------------------(2) 
E. 240 

The corresponding voltage at the step-down transfonner would be: 

'12 = 220 x 18 
240 
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The peak value of the transformer is taken as lSV when the input voltage is 240V. The 

choice of selection of a filter capacitor will be justified based on lSV secondary voltage. 

The peak voltage of the transformer secondary Vp, 

is given by: 

Vp=Vnns x {2 
Where Vnns is the root mean square value 

Vp = lS* 1.43 

Vp =2S.4V 

2S. 4V is the input voltage to the recti6er diode, which implies that for safe operation for 

diodes DJ. ~, D3 and 0 4, the Peak Inverse Voltage (PIV) rating of the diodes must be 

greater than 2S.4V. For this reason, the part number for diOdes D1, D2, D3 and D4 is 

IN4001 which has the peak inverse rating of SOY. The output of the bridge rectifier 

voltage, V dc, is given by: 

Dde = V p - V d ---------------------------------------------------- (3) 

where V d is he voltage drop across rectifier diode. 

For a full-wave rectIfier, the voltage drop is about two-diode drop and for a silicon-type 

diode, the voltage drop is O.6V and hence two-diode drops is: 

Vdc == 25.4 -1.2 I 

Vde= 24.2V 

An electrolytic capacitor was used to smoothen the voltage supply from the rectifier 

circuit. The turn ratio of the transformer is given by: 

~ =~ --------------------~---------------------------------------(4) 
V2 N2 

11 
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Where 

V I is the primary voltage input 

V 2 is the secondary voltage 

Ntis the nwnber of turns in the primary windings of the transformer 

N2 is the nwnber of turns in the secondary windings of the transformer Since the 

transformer is rated 240/18V by the manufacturer, it therefore, means that the turn ration, 

n, is given by: 

n = • 
n= 13 

= 240 
18 

----------------------------------------------------------------(5) 
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3.2.2 Over voltage actuating circuit 

~~--~-~------.~----

YR' R4 

R. 

TR1 

Fig 3.2.2 Over voltage actuating circuit 

Under nonnal voltage range, the potential bias at the base ofTRl is insufficient to 

turn on TRI. The potential bias is only capable of turning on TRI when the input voltage 

exceeds the maximum limit of 240V. IfR2 and R3 are fixed at lldl and 2kn respectively 

so that RB = 3ill, then for a 240V mains supply limit, the base voltage, VB, of TRI 

should be at O.6V so that TRI is turned on. At this instant, Vs i.e rectified dc supply is: 

Vs= 24.2V 
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By voltage divider action: 

VB = V.t· RB L ---------------------------------------------------( 6) 
RBI + (Rl+ VRI) 

By making substitutions into the above equation, we have: 

0.6 = 24.2 x 3000 
3000+ (R,+VR,) 

0.6 (3000) + 0.6 (R, + VR,) = 24.2 x 3000 

1800 + 0.6 (R, + VR,) = 72600 

0.6 (R,+VRt) = 72600 -1800 

R,+VR, = 70800 
0.6 

Rt + VR, = 1180000 

Assuming R, = lOOk = 100 0000 

VR, = 118000 - R, 

VR, = 118000 - R, 

VR, = 180000 = 18kO 

Since 18kO is not a standard value, a value of22kO was chosen for VR,. 

When the voltage increases above the value of 24V, TRl is turned on and driven 

into saturation. The output at the collector goes low. This cuts off supply to the base of 

TRI. When TRI is cut off, relay (RY) is also de-activated and so the power supply to the 

appliance will be disconnected. 
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l.3 Under Voltage Actuating/Switching Unit 

o 

NC 

° <::::7 

C\ °RY 
C\ 

° NO 

Z1 

Of-----

Fig.3.2.3 Under voltage actuating/switching circuit. 

Under nonnal voltage condition, TRI is cut off. The input voltage is sufficient 

enough to breakdown Zt and tum on TR2 which activities the RY and power is supplied 

to the load through the nonnally open contacts. As the voltage drops below nonnal range, 

the supply voltage is no longer sufficient to breakdown Zl and so TR2 is cut off. The 

relay (RY) in de-activated and power supply to the appliance is cut off. Since TR2 is 

functioning as a switch, it must be driven into saturation. The collector saturation current 

is given by: 

Ie (salt) = V ~ ....... , ............................................... (7) 
Ro 

where V cc is the supply voltage 

Rc is the collector resistance. 
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The collector resistance, in the case, is the resistance of the relay's coil and is 

equal to 16000 i.e Rc == 16000 and V cc = 24V 

Ie (sat) = 24 = 0.015A 

1600 

Ie (sat) = 0.015A = 15mA 

The required base saturation current, IB (Sat), is given by: 

IB(sat) = k.~ --------------------,;.---------------------------(8) 
~ 

where ~ is the beta value (current gain ) of the transistor which is got as 40 from 

manufacturer's data sheet. 

Substituting this value into equation (7) above gives: 

18(uT) = ~ = 0.375mA == 0.OOO375A 
40 

18 (ut) = 0.375mA, 

But, base current (IB) at 24 volts is given: 

IB",Ys - Vl. -VDE-----------_~ __ (9) 

RB 

where V s is the dc supply; V BE = base-emitter voltage 

Rs is the base resistance; V z = zener breakdown voltage 

Therefore, 

Vs-IsRs+Vz+VBE--__ _ ____ ,(10) 

16 



Vsill.000375 (12) + 12 + 0.6 = 17.1 volts 

Vs= 17. IV 

Now, the corresponding value of the a.c mains input when the d.c supply is 17.1 

volts is the lower or under voltage cut off level. Working back from output to 

input, we would arrive at this value: 

v p = V de + V drop---------------------------------------( 11 ) 

Vp = 17.1 + 1.2 = 18.3 volts 

Vp = 18.3 volts 

V nnS = Ya,.-------------------------.. --------------------------(l2) 
1.43 

Vrms = 18.3 = 12.9 volts 
1.43 

Vrms= 12.9 volts 

From equation (5) 

n = Nt = 24Q = 13 
N2 18 

=n= 13 

Therefore, 

But 

Yt=13 
V2 
V1 =V2 X13 

VI = 12.9 x 13 

This is the lower voltage range at which the supply to the load would be cut off. 
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3.3 Systems" specifications/funetions 

3.3.1 Power supply 

Power supply is necessary for the conversion of a.c voltage of our electrical utility 

to the d.c voltage required in electronic circuits. The transformer used for this project is a 

240/18V step-down transformer. The primary voltage is 240V while the secondary 

voltage is 18V. This lowers the voltage in the circuit but with a corresponding decrease in 

current. [5] 

PrImary 
windingS 

a.cVpNp 
mains 

Fig 3.3.1 Power supply circuit 

3.3.2 Rectification 

TR1 

Rectification is the conversion of an a.c voltage into a d.c voltage by elitninating 

the negative half cycle of the a.c voltage. The rectifier circuit, which has semiconductor 

devices such as diodes etc as its main components, is the circuit used to achieve the 
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purpose of rectification. The full-wave bridge rectifier circuit was made use of for this 

project, whose function is to convert a.c signals (ripples) still obtainable in the circuit. [6] 

Fig 3.3.2 Rectifier circuit 

3.3.3 Filter circuit 

The filter circuit converts the full-wave rectified d.c signal to a smoothened d.c 

voltage. The main function of a filter circuit is to minimize the ripples' content in the 

rectifier output. [1] 

Fig 3.3.3 Filter circuit 
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3.3.4 Over voltage actuating unit 

The over voltage actuating unit forms part of the circuit. Its function is to sense if 

the voltage has exceeded the upper range of the normal supply voltage. 

3.3.5 Under voltage actuating/switching unit. 

The under voltage actuating/switching unit is also one of the blocks that forms the 

entire circuit. Its function is to sense if the voltage has gone below the lower range of the 

normal supply voltage. 

----------c----c---,----------, 

10 NC 
~--

~-

100UF1-
10K 

~-
NO 

100V 

2K 

1K 

Fig 3.3.5 Circuit diagram of an Over voltage and under voltage protection 
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CHAPTER FOUR 

Construction and Testing 

4.1 Steps taken to test the work. 

Before the construction proper, the power supply unit, the over voltage actuating 

unit and the under voltage actuating/switching unit were simulated on computer using the 

Electronic Workbench and they were working as expected. In addition, the construction 

was carried out on bread board and it worked fine. The whole circuit was transferred to a 

vero board, soldered and tested okay to satisfaction. 

The test aims at obtaining the voltage conditions (levels) at which the appliance 

will either connect to power supply or disconnect to power supply. 

4.2 Results' tabulation 

Primary voltage (V) Secondary voltage (V) 

Low voltage 168 11.97 

Normal voltage 240 17.1 

High voltage 270 19.23 
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4.3 Discussion of Results 

4.3.1 Under voltages condition (O-180V) 

From the test, it was observed that at the voltage range of (110 - 180) volts, the 

relay switch was de-energized. The normally open contacts remained opened due to the 

low voltage. 

4.3.2 Normal voltage condition (190-240V) 

When the supply voltage from the mains was at this range (190-240) volts, it was 

observed that the relay was operating normally. The normally open contacts of the relay 

closed for the flow of current in the circuit. 

4.3.3 Over voltage condition (250V and above) 

When the supply voltage was at 250volts and above, the relay became de­

energized as was observed. The normally open contacts of the relay remained open. 
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CHAPTER FIVE 

Conclusion and Recommendation 

5.1 Conclusion 

The Design and Construction of Over voltage and Under voltage Protection was 

successfully carried out. The results from the testing of the project show that the device 

will compete well with other protective devices based on the following points: 

1. During over voltage condition, it de-energizes (switches off) the load 

automatically, thereby giving it protection. against destruction. 

ii. During normal voltage condition, it energizes (switcht(s on ) the load 

automatically, thereby giving it the enablement to operate successfully. 

iii. During under voltage condition, it also de-energizes (switches off) the load 

automatically, thereby protecting it against destruction. 

The project has shown the possibility of designing and constructing a 

low-cost device which can be used to protect electronic appliances against 

abnormal voltage conditions effectively. 

5.2 Improvements 

i. This project can be improved upon as higher voltages can also be 

regulated for industrial appliance. 

ii. Alarm unit can be incorporated to sound a warning if the operating 

condition falls below or above the desired operation voltage range. 
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111. Digital unit can also be incorporated to display readings of the 

conditions. 

5.3 Suggestions 

operating 

1. The principle of operation of this project could be implemented for a 

three-phase (3-0) load. 

ii. The efficiency of the device can be improved upon by increasing the 

output of the device to be able to supply load, by replacing the current relay with 

higher rating. 

5.4 Recommendations 

1. The device is suitable for electrical/electronic appliances with input rating 

of not more than 240V; therefore, for efficient operation, the appliance to be protected by 

this project should fall below this range. 
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