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ABSTRACT

This project presents the design and construction of digital automatic three- phase
changer. The whole svstem is designed around some légic Ics which feed the input of a
driver to open or close the relay contacis that are connected to the phases of NEPA
supﬂy tapped from the primary of the transforrﬁer in order to select the highest or full
load voltage supply ariong the three phases.
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CHAPTER ONE
GENERAL INTRODUCTION
1.1 INTRODUCT ON
The availability of adequate power suppiies of energy is a matter of great

concern throughou' the world. Energy is linked to food prbduction, industrial

output, wealth, hea th and lifestyle

The overhead cons:ruction of an A.C diétribﬁtion was considered satisfactory
but in the course o "only few yeéfs however the installation of o\ cincad wires.
for electric distribu tion line led io such congestion. And another force behind
the shaping of dis ribution circuit design of equipment is system teliability.v

.This force probably more than other has influenced the design of equipment
ever since the beginning of utility industry.

The major causes of failure on overhead distribution circuit are Wd, trees,
lighting and equip nent failure. At -a .time when fuel shortage are opcurring,
prices are escalatiig and environment constraints on energy conversion are
increasing, improv :d efficiency of utilization is the best short-term alternative
for increasing that 1dequate supply of energy to remain available. Therefore in
this project, the design and construction 6f a device named digital automatic
three- phase changer, which is used to supply a continuous full potential

difference at output, provided there is at least one full phase among the three

phases.




This device is operating the appropriate input (phase) through the sensor
(comparator). Tﬁe decoder processes these selected inputs. The output of the
decoder feeds the base of the switching transistor to activate the relay, in order
to act as a driver, which bases are connected to the logical circuit in order to
energize the relay which close and open the contact depending on the state of

input base voltage. The contact of the relay is connected to the phase of the

NEPA supply.

12 LITERATURE REVIEW

Electricity was ciscovered by MICHEAL FARADAY (1791 — 1867).
Economic scale and relative continuity a_ll combined to promote the growth of
central station ele;.,tric power service, which was indeed the brainchild of
THOMAS EDISCN\. Voltage d;op and resistance losses on the low voltage
D.c distribution circuit were thev first limiting factor encountered. The problem

of voltage regulatin became more pronounced when the generating station is

also distanced from: the consumers.

The voltage regu ator came into use soon after Thomas Edison’s break
through (19TH (entury). lts usqfulness was a result of variation in
transmission volta 1e. The earliest attempt at obtaining an automatic voltage
employed a motor zed System controlled by a control circuit to exchange the
taps on the secondary of an autotransformer so as to step-u[; when the voltage
input is low, or to «tep-down when the input voltage is high. Some of the short

disadvantages are \hat it is bulky, costly and the mechanical part easily wears




out resulting in proper contacts between the charger and the taps of the

transformer.

Another approach was the resonant circuit voltage regulator. This type of the
AVR (Automatic Voltage Regulator) involves few_ components, inductance of
the transformer coupled with a parallcl inductance and the capacitance-
resox;ant. When the line voltage falls below the rated values less current is
drawn by the inductarice and parallell circuit combination becomes capacitive.
The capacitive current drawn throﬁgh the transformer raisc;.d the output
voltage. If line voltage is raised above the rated value the parallel circuit
combination becomes less capacitive and the output voltage falls below the

line value. The disadantage of this approéch is that it is bulky, heavy and

frequency dependent.

The present technolcgical dispensation has changed voltage stabilization
technique greatly. This came with another approach known as regulated D.C
inversion approach. Thais uses ﬂle principle of switch- mode power supplies.
The regulated D.C out>ut from the power supply is invertéd using transformer.
The output of the system is a square wave A.C voltage, which could be ﬁlte;ed
£o obtain a pur‘e'sinuSt id. This method”pr'oduces good regulation. The system

is not heavy but expensive and complex that the other system.

Phase control ed AVE is one of the attempt toward realizing a good AVR
(automatic voitage regulator). In this system the load is connected in series

with the voltage-contiolling device, which is usually, a silicon controlled




rectifier (SCR) and transistor. Voltage control is achieved by triggering the
SCR at a voltage control circuit m such a way that.the voltage across the load
connected to output terminals is regulated to the desired value. The method is
very fast in response to voltage fluctuation at input. The system is not heavy

and is not expensive; the disadvantage of this method is that the output

waveform is distorted.

These entire automatic voltage regulators have a common limit of raising the
input voltage at normal undesired value when a certain under-voltage occurs at

- NEPA supply voltage due mainly to overloading.

This approach uses he control circuit to dictate to the three relays connected
to each of the three lines of NEPA supply to switch on the contact to the
highet volta;ge supply. The beauty of this approach is that, it is relatively
cheaper, lightweight, size reduced and good response. The varieties of ways of
coming up with a vf-ltage sensing device aﬁd an automatic control circuit have

given different kind of voltage supply regulations.

1.3 PROJECT OB/ECTIVE

The objective of this approach is to improve the availability and the efficiency
of electric energy i1 such a way that designed device selects and delivers a
normal output voltage continuously regardless of any low voltage state of the

phase provided ther is at least a normal potential among the three phases.



1.4 PROJECT LAYOUT

This project is writtea in four chapters as follows:

The general introduction which includés introduction, literatm;e review,
project objective ahd layout is discusscd in chapter one while chapter two
deals with the theoretical Abacl‘cground_ to analyze clearly the elements
constituting the project and also the design procedure and calculations.
Chapter four deals with the consirﬁction work, iesting of result, and; lastly

conclusion and recommendation are discussed in chapter four.



CHAPTER TWO
THEORETICAL BACKGROUND AND SYSTEM DESIGN
2.1 POWER SUPPLY A
The block diagram shown below is a typical D.C power supply system and

incorporates the following units: transformer, rectifier, filter and regulator.

Transformer Rectifier | | Filter | Regulator
(bridge) (capacitive)

Fig. 2.1 Block Diagram of Power Supply Unit

2.1.1 TRANSFORMATION

A transformer is an electric device, which makes use of electromagnetic
induction to transfe- electrical energy from one coil to another. Thus it is
capable of changin;; an alternating vollage from one value to another. In
practice a tiansform :r always has a finite winding which cause the efficiency
to be less than 100% for a sinusoidal input voltage, the flux @ varies

alternately that is ¢ == ¢ max sin wt and the instantaneous voltage in primary is
due to FARADAY’S LAW:

-dd Ny
E=Et= —=2 X7 f X Nj § max cos (ot)
dt
Where m#2n,1hu;

Emax =2x7 f x 11 x ¢ max Cos (ot) or the rms value of Et is

Ems= 2x3.04xfxNidmax = 444x f N, b max

Ja_
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Since the flux is the same for the primary and the secondary.
The secondary voltage and current can be derived from:

V, = E; = 444 X F X Nz X ¢ max =Ny (¢2max = dimax)

V: E  44XFXN X¢max Ni

vV,

Il
&

Wi o7 M) s secsvtises fusimivasos sosomomes s saiewnnsn fusonahnd s SRRFSIARARE A L6 2.1
As it flows, it develops magnetic effect, which oppose the flux.
By LEN’S LAW with magneto motive force (mmf) of Is Ns ampcic-turi (o

balance this, an additional primary current flows to produce the primary

ampere-turns

Nyl,=NIs or

Is Np B ‘
Combining 2.1and 2.2 gives

Va=No = ]

Vi N NS o imanaiies wpsinlogi shan DE A I SR E s L 23

Fig.2.2 Transformation Circuit



2.1.2 RECTIFICATION
Rectification converts A.C to D.C through the use of rectifier. A rectifier is an ‘
electronic device, which offers a low resisiance to the flow of current in one
direction (known as forward biased) and high resistance to flow current in the
reverse direction (known as reverse biased)

Rectifier may be used to carry out half or full wave rectification depending on
the application. In this project we shall be concerned only with full wave
bridge rectifier, which in essence allows the flow of D.C current in thé out]Sut, _
| throughout the alternating cycles of the input 'signal'. A comxﬁon type of bridge
rectifier is the use of four discrete diodes arranged in bridge network. '

ihey are connected as shown in figure 2.3a

Diode D1 and D2 conduct on alternation that is illﬁstrated in figure 2.1.2 while

D2 and D4 conduct 01 the negative half cycle, alternation B. Both conducting

paths deliver current 1) the load in the same direction.

22C 112V

v 3§

Fig. 2.3a full bridge r:ctifier



Fig. 2.3b input waveform for full bridge rectifier

Fig. 2 3¢ output waveform showing the conduction

2.1.3 FILTERING

A filter is required to smooth the pulsing D.C the output of rectifier. Various
types of filters are built using a combination inductor and capacitor‘ or each
single one in combination with resistor. However a Single capacitor in parallel
with the output from rectifier performs the required filtering action where the
capacitor stores energy during the conduction period ahd deliver it to the load

during the non-conducting period, hence the time of flow through the load is

prolonged.




The filter §apacitor must then be large cnough to store sufficient amount of
~ energy to provide a steady supply of current to the load, otherwise the output

will drop as the load demands more up to date.

The approximated output waveform can be represented by figure below

Vv ? | Vir l

N AR il
PN

T

>
t

Fig. 2.4 output of the filter

2.1.4 REGULATOR

Since the oatput vo.tage of an unregulated D.C supply will fall considerably

when the load curreat increases. In order to have a D.C output, which will be

independen’ of the oad current drawn, we employ the use of the regulator.

Although many typ:s of regulators arc available, a three terminals .voltage
- regulator IC is prefe red. This is because of its simplicity in mounting it easily

and self-protéction features it feedback. Further more an error amplifier,

control element, cur-ent limit or thermal limit voltage reference and sampling

are all of which are « ontained in a single 1C package.

10




2.2 SENSOR

2.2.1 COMPARATOR

Comparator is a dev:ce, which is used to sense when vgrying signal reaches

some threshold valuz. It is a circuit, which compares f(he signal level or a
~ voltage level. The circuit is shown in flgu_re 22.1 below like that of the unity

follower is the simplest form of comparator because it needs no additional

'extemal component.
V2
©0—
\ VO
V1 >
v

Fig. 2.5a comparator Circuit
V1 and V2 equal then VO should ideally be zero. If V1 differs from V2 by
small amount, VO is large because bf the amplifier’s high gain. An operator
amplifier can perform the comparator function described above quite easily.
The major function of the comparator with logic levels of the circuit employed
some non-lirear opeiation amplifier (no feedback), which switches between
+Vsat and —Vsat. This suggests square wave output and digital application

because of the fast response time and the output compatible with digital

component circuit eleinents (ICS).

18|




The simple way of using an operatidnal mpliﬁer to perform the function of
the comparator is to apply the signal directly to one of the input terminals and

the reference voltage to the other as illustrated in figure below

o— LM 324

Fig. 2.5b Differential Amplifier

2.2.2 ZENER DIODE

When large variations in current are likely to occur, the accompanying
voltages are often quite unacceptable. It is desirable that the output voltage
remains largely independent of the current, which is drawn from equipment. In
- such circumstances tac output voltage needs to be stabilized therefore a Zener
diode has always its nominal specified voltage across it. It will happen once

breakdown has occurred. This characteristic means that this type of diode can

be used for the following applications.
- Over voltage protection
- Limiter or Clipping circuit

- Voltage stabil zer, which is our concern

12




200 Q

RL

Vin =12V Vout =7.1

._7

Fig. 2.6 Zener diode circuit

Vou Will always be Zener voltage

¥z = Vour
IF=IZ+IL )
I. = Vour/ R

Izmax = Pzmax/ V2
Rs = Vsmax/ Izmax

2.3 DECODER

The decoder is the control part of the system. Its function is to select the
appropriate input signal at a time aild. perform the desired operation using
digital and switchirg system. Digital system is assemblages of interaction
partg that are capable of storing, communicating, and processing information
expressed in discretc form. Simple binary processing elements are known as

gate and the mathematical technique used in solving logical problem is known

as Boolean algebrﬁ.

2.3.1 LOGIC GATI. AND CIRCUIT
The logic elements 'n instruments are the basic building blocks of the logic
circuit, which contrcl the flow of information through the system. For this

reason the elements -re referred to as logic gates are opened and closed by the

combination or sequence of eveiits occurring at their input. Logic gates have

13




generally very short names such as AND, OR, NAND, EX-OR; but NAND
and NOR gates are actually derivatives of three namely NOT, AND, and OR.
Each logic gate gives specified type of output when a number of different

inputs are fed into it.

2.3.2 THE LOGIC ‘AND’ GATE

The AND gate gives a logic 1 output if and only if all the inputs stand at their

defined logic 1 state, otherwise gives logic 0 output

B 3
o ' X

Ao

Fig 2.7 Symbol Representation
2.4 DRIVER

2.4.1 THE BIPOLAR TRANSISTOR AS SWITCH : i
A bipolar transisto: can be used in such a way that its collector voltage swings
between two extreraes. With a perfect device, this is exactly equivaient toa

conventioral switca. To implement an NPN transistor as a switch, figures

2.8(a) and (b) belov’ shows a typical example.



8V

transistor

Vbislow RB :
B8X 20 — -

Vout=V0

Fig 2.8a

8V

RL
transistor

Vb is hign :
o B8X 20
Vout =VO

Fig 2.8b

In figure 2.8a, the hase emitter junction is reversed biased by holding the base
l voltage at a suitabl > low voltage with respect to the emitter. This prevents the
transistor {rom con<lucting, with the result that the output
‘voltage will rise to a value close to V. If the transistor could switch off
completely, then o1 course the output voltage would be exactly equal to Vee.
But this can only heppen if the impedance between the collector and emitter is

infinite. At imped: ice less than infinite a current will flow from supply




‘through the load resistor and transistor to ground. With the saturation
illustrated in figure (2.8a) the transistor is regarded as being OFF, but a small
leakage current Icgo will ﬂéw, causing a potential drop across the load
resistance equal to Icpo * Re. V will give the output voltage Vour = Vcc -
IceoRy . In figure 2.€b, the base- emitter junction is forward biased by holding
the base voltage ét « suitably high potential with respect to the emitter. The
transistor will conduct heavily and wiil saturate at a maximum value of
collector current Icmax. The output voltage can only be exactly equal to zero if

 the impedahce between the collector and emitter becomes zero, which would

- cause the entire supply voltage to be drc;)pped across the resistance Ry. If this
- happens then the collzctor current would be given by

Ic=Vce/ Ry

As the transistor is not a perfect switch, I Max) Will be iess than Vee / Ry, and
small yoltage Veevax) will remain across the collector — emitter of the
transistor. This is illﬁstrated in figure 2.8¢ below which gives the

Vee / Ic characterisic for zero base current (I = 0) corresponding to a

saturated transistor. The load line that is drawn for particular' &alues of

collector supply voltage and load is super imposed.

16




l Bmax

VcE (sat) lceo Rt Vee

Fig .2.8¢

2.4.2 RELAY

The objective of many electromechanical systems is to control a simple output
device. This may be «s sirhple as a light, buzzer, electric motor or solenoid. A
- relay is an excellent method of isolating a logic device from é high voltage
circuit. When the output of the» logic circuit is high, the transistors are turned
ON then the relay s »acti‘vate.d. When activated the normally open (NO)
contact of the relay closes as the armature clicks downward.
When the ouput goes low, the transistor stops conducting and the relay id
deactivated. The armature springs upward to its normally closed (NC)

position. The clamp (freewheeling) diodes across the relay coil prevent

voltage spikes, which raay be induced on the system

\

17



Fig.2.8d  Driver Circuit

2.50 STSTEM DESIGN PROCEDURE AND CALCULATION

As discussed in previous section, the design of the digital automatic three-
phase changer involves basically the design of:
-A suitable power sunply

-A sensor |

-A digital logic circu t

-A driver

2.6 THE DESIGN CF THE POWER SUPPLY

2.6.iTHE SELECT; ON OF THE POWER SUPPLY

While desigring any power supply, it is necessary to determine the rating of the
transformer. It can be done provided TUF (transformer utilization factor) is

known. The value of TUF depends of the amount of power to be delivered to

the load and the type uf rectifier.

18




TUF = (D.C powe- delivered to the load)

(A.C power rating of the transformer secondary)

Ac rating of the trarsformer = (D.C power delivered to the load)

TUF

The table gives the iotal current of the component system:

COMPONENT | QUANTITY | CURRENT TOTAL VOLTAGE
(mA) CURRENT
(mA)
RELAY 3 8V / 100 =|240 mA gV
| 80mA
LM 324 OP |3 7V /30 =0.210.7Ma 8V
AMP Ma
CD4069CN |1 NEGLECTED 8V
MC 4073 B 1 NEGLECTED 8V
OTHERS 100Ma 100 Ma 8V
TOTAL 340.7mA 340.7 mA gV
ESTIMATE 4

Table 2.1 Showing 'The Total Current Of The Component System

The D.C power deli vered to the load:

Pac =8V X 340.7\ A

=8V X 0.340




=2.72VA
For full wave rectifie, TUF = 0.693
Theréfore, the A.C rating of the transformer = 0.72VA / 0.693 = 1.884VA

A step down transformer of 240V / 12V, 500 mA can work suitably in the

supply unit.

2.6.2 THE SELECT{ON OF THE RECTIFIER
The rectifier used is full wave bridge rectifier that is used freqﬁently for

~ electronic circuit using D.C power supply. It requires four diodes with a

transformer of a maximum voltage Vgm.

220112V

220V /1 50 Hz/0 Deg l % 2

RL

Fig. 29 Full Wave Bridge Rectifier Circuit

20



Average and rms values:

N ‘ 2 e B e s Equation 1

=0.707Vm
Vepo=2 X Vim

B - it S A R . ....Equation 2

= 0.707 VLM

Vo ALy™ ‘J V2L— V2L (LC) wemereesseennnnnunnnsnsessssaseeaesecaceees Equation 3

PEAK INVERSE VOLTAGE (P1V)

The peak inverse voltage rating of each of the four diodes is equal to Vgu (the entire
voltage across the secondary) .
Whére Vs is the rms va.ue of secondary
VSM=V2XVS

=v2 X 12V

= 1697V
With a safety factor of i.5 then
PIV=19.79 X 15V

= 2545V

RIPPLE FACTOR

d = VLo

VL (D.C) sovevsoseones sosvsiscncnccecsscnscscnsoncasssansons Equation 5
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Viag =V V2L - V2L ([.C)

= V2L VP (5 4 liiasvannmineses dhassenasnanunaiasersisy Equation 6

Vi = 4Vim

BT K 314 ol s sanvinnss sssviamperifanessineissphanes Equation 7

Vi = 4Vim

AR TS .o ossninins ik PRI L Equation8

Voo =

@XVLM)? + (4 X VLM)?

V2X2X3.14 : V2X15X3.14

= 0.305Vpm

0 = VLag

Vimo

= 0305 V 1 e Sl

0636V 1

= 0482

The rectifier used in this circuit is IN 4001 with PIV of 100V -

2.6.3 THE SELECTION OF FILTER

The main function of a filter circuit is to minimize the ripple content in the rectifier
output. The output of various rectifiers circuit is pulsating. It has a D.C value and some

A.C components called ripples therefore the output is not useful for driven electronic
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circuit/ devices. In fact, these circuits i‘equire steady D.C output that approaches the
smoothness of a battery’s output. A shunt capacitor filter shown in the figure below is

used in this circuit 2

22012V

220V / 50 Hz/C Deg

1000 pF % RL

Fig.2.10 Output Of Shunt Capacitor Filter Circuit
Vip-p) is the amount by which cap;citor voltage falls duﬁng discharge period can be
approximated into a st-aight line discharge, if we assume the discharge rate to remain
constant at D.C level I¢. therefore chargés lost dQ in time T; is given as Ipc X T,
d0=lecx T,

Vr(P.p) s dQ =Il.ch|- = . Vd'C ................................ 9
C C fex Ry i MO

Where 14 = Ve

RL
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Triangle ripple has ar arms value given by
Vr(@ms)= Vigp  ceeeeeeeees T s o b i 10
2xV2
Substituting equation 9 into equation 10 gives

V"(mls) = VJ.C tesesessscsssssscscassenacseans i 11

2xV2x frx CxRL o)

" Since fr equals double of the line input frequency for a full wave rectifier.

B W . e snisnmsn s busenmmns ssispin s e bR ka8
Vode

5= 1

N BRI T g S 13
&= Lac

R ANERENR Ve « o R e S e e 14
A Lagc

ARABXEX SR Vi . 0 el 15

In the power supply vsed for the design circuit the secondary load current of the

transformer is I, = 5C0mA

Therefore 1 4 .= 2 X V2 X500

3.14
=450.15 mA
Sincele = 12V :

C= 450.15 X 10°

4XV3X50X0.482X 12
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=2.2459 X 10* F
C=22459X 10* X 10°
C =224.59F

Since a bigger capacitor would tend to reduce the ripple magnitude, therefore a filter

capacitance of 1000pF is used in this circuit

: : 1N 4001
220/12 V B e
o—
i
?\ 1000 pF =~ =
A 1N 4001
220112V B
o =
o & C14
j\ 1000 F
i3 S | 1N 4001
220/12 V =
s . >l

|- 615
“T> 1000 pF

Fig2.11 Power Supply Unit
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264 THE SELECTION OF THE VOLTAGE REGULATOR

A three terminals regulator (IC) MC7808 C is chosen to supply the electronic devices.

2.7 DESIGN OF THE SENSOR

2.7.1 THE SELECTION OF THE COMPARATOR

The comparator used in this project is IM 324. It consists of four op-amplifiers cascaded
inside a single case only three of which are used. The device is ideally suitable for single

supply application and it has an operating voltage as low as + 1.5 V and the amplifier are

compensated.

71V

Fig.2 12 Comparator Circuit

Vin = Input voltage, which is a voltage of the preset value of the variable  resistor

Vz = Stabilized outpat of the zener diode

Vo = Output voltage of the op- amplifier (comparator)
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Vin=Vac + Viepn
A
Vac= 2XVsm
1 TR

= 2X42X12

3.14

= 10.80V
Vien=Vigmnx2x¥43
Viams) =0 XV g
V r(ms) =0 X 10.8V
A capacitor of 1000pF 's used in the circuit, which gives:

&= |

4XN3X71000X10°X 12

2XV23500X1073

314X 4 X350 X 10° X 12 X 1000
=0.108
Viams) =0 X Vg
= 0.108 X 10.80V
=1.16V
Vion=VrmgX2X V3
= 1.16VX2XV3

=4.01V
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Vie=V et Vo
2

Vip=10.80+ 4.01

2
Ve = 1280V
The preset resistor value:

Vm-"--Rx lep

S50KQ

Rx=Vn X 50KQ

12.80V
IfVin>Vyz;then Vo= 0
If Vin<Vz; then Vo= 0
Vz=7.1V
This implies V;ﬁ shou.d be greater than 7.1V so that VO should be greater than zero
Lets take Viy < 7.2V

Ry= 72 X 50K

12.80
= 28.12KQ
The variable i esistor of 50 K€ is set at 28.12 KQ in order to obtain an output voltage. Vy

> (. Any value; above 28.12 kQ , its equivalent voltage will hold the op amplifier ON but

care must be taken in such a way that Vyy is lés than 8v, which is Vpp. If Rx <28.12 KQ,

Vo=A (Vin—Vz) =0 because E=Viy—V; <0
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2.7.2 THE SEL ECTION OF THE ZENER DIODE

The commercially available zener diodes have breakdown (threshold) voltages ranging
from 2 to 500 V and with current rating from few milli amperes to many amperes. On the
circuit zener diode of 7.1V, 0.5 W is used as voltage stabilizer to supply the inverting
input of amplifier. This is the most common use of zener diode and is based upon the fact

that the voltage across the diode remains almost constant for wide variation input voltage

once breakdown occurred.

200 Q
O——/\/\/\/ @ i 5

zg& RL
' Vin= 12 V Vout=7.1 V
o —o—

Fig.2.13 Zener diode circuit

Calculation of Ry,
h=lz+L
The maximum zener current IZ (max):

Iz (max) =  Z(ma)

Vz
PZMAX = Ya W
Vz=17.1V

Therefore IZMAX = P ZMELX

Vz
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=05
7C1
= 7.04X 107
=70.5 mA
under no load condition 70.5 Ma flow though the zener diode then It = Iz since IL=0Rs

must limit the current so that with RL disconnected it will not greater than 70.4 mA.

RSX VS = VP = 128 - 7.1 = 8.009 X 122 KQ =80.9KQ

I zmax Izmax 70.4

A nearest value of the resistor is chosen to be 100Q

2.8 DESIGN OF THE DECODER

| A decoder is a logic circuit, which has a sct of input typically thee and as set of outputs.
.One output is activated for each possib}e binary input pattern occurring. There are up to
eight different possiblz binary input patterns and therefore eight outputs are required. The
first output is activated when the pattern 000 occurs on three inputs, the second output is

activated when the input pattern, 001 occurs and so up to eight output when the input

patternis 111

2.8.1 DESIGN TECHNIQUE
As said above logic ci cuit is either combinational or sequential. The method of designing

adopted in this projcct follows the combinational method circuit arrangement. The

electric power supply authority (NEPA) distributes three phases to consumers. The

relationship between the various switching stages is symbolized as follow.
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R: red phase

Y: yellow phase

B: blue phase

Rg: Relay energizing r2d phase

Yr: Relay energizing yellow phase |

Br: Relay energizing biue phase

R =Y =B =0=low potential or non active line |
R =Y =B =1 = normal potential or active line
Rg = Yy = Bg = 1 phase relay de-energized

RR =Yg = Bgr = 0 phasc relay energized

CONSRUCTION OF "RUTH TABLE

R 5 4 B RR YR BR
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 1 0 0
0 1 1 0 0 B
1 0 0 0 1 0
1 ) 1 0 0 1
1 i 0 0 1 0
1 1 1 0 0 1

Tabl : 2.2 Truth Table For The Decoder
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These variables symbol are used since R, Y, B are used in Nigeria by power system for
identification of red, yellow and blue line fespectively. The truth table represent the
available input variable with their eight combination and their corresponding output to

the relay. From the table we can derive different equation for each relay.

Rge=R Y B

Yr=RYB+RY B

Using karnaugh map ecuation 2 and 3 to minimized

ForYR=RYB+RY B

B/RY 00 : 01 ‘ 11 iO
»()A 0 ; 0 1 1
1 0 0 0 0
Table 2.3a Karnaugh Map

The simplified Yp =R B

ForBR=RYB +RYB+RYB+RYB

B\RY 00 01 11 10
0 0 0 0 0
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Table 2.3b
The simplified BR =B
The red relay equation does not require simplification therefore RR = RY B.From the

following equation the switching circuit can then be drawn:

The switching circuit can then be drawn as follow

INPUT R B
et} ‘ :

OUTPUT Yr

INPUT Y

¢ ]
_ OUTPUT Br
INPUTB —{>° rjj— _

Fig 2.14 Switching Circuit

- This switching circuit shown above comprises two logic gate, an inverter and an AND

gate which can be designed by using two CMOS Ics.

CDA4069: a 14 pin inte:yrated circuit with six not gate, the supply Vpp and the ground

MC4073: it is a 14 pia integrated. circuit with triple three inputs AND gate, the supply :
Vob.
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Ao
1 ; OUTPUTR
INPUT R 1 an o PPy 1fes Vs \DP
anp=t= " i 2
[ 31 —
il o 3 T)co 479 crlt
= 3 I =
{ _,6,_ w o o 056 OUTPUT D
i \ & f e
Al = = OUTPUTY
INPUTD | '
07
07
INPUT Y
Fig 2.15 Decoder Circuic

R: the output of comgarator which has its non-inverting input supplied by red phase
B: thé outpui of the comparator which has its non-inverting input supplied by blue
phase

Y: the output o the comparator, which has its non-invertix;g inbut, supplied by yellow
phase e
'BR: the output of the AND gate the blue phase relay

RR: the output of the AND gate to energize the red phase relay

YR: the output of the AND gate to energize the yellow phase relay

In CMOS circuit both logic level are relatively generated allowing a low impedance
output drive at each .ogic. .This means that CMOS devices have very low power

consumption; CMOS ‘cs may be operated from a wide range of supply voltage (3 to

18v typically) making them very suitable for battery powered operation.
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Logic o is defined as being between 0 — 3 percent of the supply voltage while logic 1
is greater thap 70% of the supply. For this circuit, the Ics, are supplied by VDD =
8V. therefore the logic o is defméd between: ﬁ
VI=0V and V2= 8X30
100
=24V
- Thelogic 1 is defined between:
V=8 X 70 =5.5V
100
VvV’ =8V

Each logic level is actually specified as a range of voltage with an invalid zone

between the two logic levels.
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2.9 THE DESIGN OF DRIVER
The driver employ.d in this project is BXS20 NPN transistor, which acts like an
electronic switch, which is used to control a power relay of 6V d.c 6A
The characteristics properties of BXS20 NPN transistor is:
BV cgo =75V
BVceo =40V
BVggo= 6V
Maximum collector current = 0.8A
Maximum device dissipation power = 0.500W
Current gain = 200
From the above characteristic the base current of BXS 20 transistor can be found:
Ig= Ic
hyg
I = base current
L= collecfor current
Hpg = current gain

IB(MAX) = 0.8

200
=0.04A

=40mA

From analyzing the circuit diagram, the base of the transistors are supplied by the

output of the AND gates and these outputs are high with the output voltage between
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56 and 8 V. The maximum base current is 40 mA then the base resistor can be
calculated:

For vo=5.6V

Rg=Vo = 56V =014KQ

I 40mA
For Vo =8V |
Rg= 8V
40mA

=02KQ

Any resistor value failing between 0.14 and 0.2KCQ can be used as the base resistor.
~ The ON- state of the switching transistor BXS 20 controls the relay of the circuit and

~ the freewheeling or the clamp diode across the coil prevents voltage spikes which

may be induced in th: system.
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Fig 2.16 Driver Circuit
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D6 1N4001
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2
D4 1N1001  |D1 1N4001
sl
=}
I~

Uz

|
L=
i

D3 1N1183 D2 11183

€2 1000 pF

—i
Q—_
X35A
0
FgSZ

=2t

N.183 D2 1”1183

D3r.—

B 4073

R4 200

LM 324 NP

4 & 5
o .
N

—
1

FIG 2.17 CIRCUIT DIAGRAM
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CHAPTER THREE
CONSTRUCTION, TESTING AND DISCUSSION OF RESULT |
3.1 CIRCUIT CONSTRUCTION
The circuit construction is divided into two: <= S
The power supply unit
- The control circuit and ihe driver

They are built on a sinzle circui/t boa;d measuring 60 X 140 m. The construction work
started first by designir g the component layout for the system shown in figure 2.9 and
then implemented on a doard. This was done in such a way that minimal space was used.
A 14 pin dual IC sock:t was used to plug the ICs into the circuit board. The way of
connecting the ICs is of great importance and carefulness because it aids troubleshooting
enormously as the ICs could be removed when making checks.

The ICs Wefe soldered on the board by using the ICs pins position as a guide. The others
components were then fixed on the board in their various positions. Before soldering
proper checking of coraponents, connection was done. Polarized components such as
electrolytic cap icitors axid transistors were checked td be sure that they were well fitted in
the right way.

. The choice of rﬁaterial used for the construction of the casing for system is based on the
cost, the strength, reliaoility, and physical outlook of the equipment. It is a wooden

casing, which is perfo ated for ventilation reason of the system on operating; it is

prevented from any risk of short circuitry of the soldered components because the wood

is a good insulator.
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: 5.2 TESTING
_ The testing was carried out systematic following the block diagram of the system
representation. The power supply unit was actually tested first. When the appliance was

connected to the power cupply mains the system was discovered to function as desired.

3.3 DISCUSSION OF RESULT

Various appliances are connected to the output of the device. Each of them is performing
its normal function once it was switched on. The output of the device is measured and it

is found to be the highest between the three inputs of the devices.
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CHAPTER FOUR

- CONCLUSIONS AND RECOMMENDATIQN

4.1 CONCLUSION

The design and construction of this p;oject has not been an easy task. It has called for
precision and carefulness especially in designing and construction of the control part of
the circuit, which was ‘vhere the most problem was encountered. It has been a good
working control unit and this was achieved by selecting appropriate and convenient value

for the components gotte1 from design and calculation

4.2 RECOMMENDAT: ON

It is recommended that to improve the performance of the system depending on the desire

and design, the output o "this device be designed in such a way as to make it possible to

be regulated so that it “vould be properly useful for domestic stipply required by IEE

regulation.
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