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ABSTRACT

This project work present design and construction of an automatic
three-phase changer. The circﬁit work together to select among available
phase of lines that has voltage supply whenever there is a power failure in
any of the phases provided there is a phase witI; voltage supply. The power
supply unit provides utput voltage that has been rectified and filtered by
filtering circuit; it is kept at regulated value 12v by voltage 1‘egu1at6r, which
is used to power the IC's and other electronic components. The control circuit
comprises of comparator LM 339, decoder 4028B and switching transistor,
~ which energizes or de - energizes the relays: a relay is energizes at a time to

deliver voltage supply to the load.
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CHAPTER ONE o

GENERAL INTRODUCTION
1.1 INTRODU:TION

Electric power is a little but like the air we breathe, you don’t really
think about it untii it is missing. It is of great importance in this present society
of ours duc to its arge areas of applications. Electric power supply has found
its application in riedicine, agriculture and industry as a labour saving device
for comfort and preservation in our homes. There is no doubt at all that
versatility of electic power has given us great dominance we now exercise
over nature.

The problen of power outage along transmfssion and distribution lines
in a developing country like Nigeria is no more a news. The major causes of
these outages are 1s a result of mechanical stress, overloading, temperature
variation, iransier current caused by fluctuation of power system and
equipment railure. These outages causes a lot of loss and hardship such as ; no
water suppiy, no piwer supply for cooking activities, industries experiencing
loss in prod iction ¢s machines cannot function without power supply and even
loss of lives as seen in those equipment [oxygen mask] used in the theatre
room during surgic: 1 operations.

The use of three phascs in some places like hospital, industries,

communication firris has drastically reduce this problem since it is not the



routine of national eiectric power authority [NEPA] to shed load of three —
phase of a particular environment except there is a major fault along the
transmission and dist-ibution lines. The use of automatic three phase changer
is to monitor the three phase supply from NEPA and decide which phase to be
connected to the consumer terminal whenever there is a power failure with
voltage supply available in one or two phases. The switching is achieved
without human interv.:ntion.

vThe project is Jesigned and constructed in such a way that the device
selects and delivers continuously voltage at the output, provided there is at
least one phase with. voltage supply among the three phases. The device
operates with the comparator feeds with appropriate input to generate logical
outputs. The logic phase selection circuit process these selected input selected
inputs from the comparator. The output of the phase selection circuit feeds the
base of the switching transistor to activate the relay which close and open
depending on the state of input base voltage. The contact of relay is connected

to a phase of NEPA supply.



1.2 PROJECT O3JECTIVES

The project is aimed at constructing automatic three phase changer with
capability to select a phase with voltage supply and delivers the supplied
Voltage to the load continuously in as much there is at least a phase with

voltage supply among the three phases without human intervention.

1.3 LITERATUFE REVIEW

Power supply nas been found to be unstable and unreliable ever since;
hence the ne¢ed to inprove the availability and efficiency of power supply
became morc prenou iced leading to different approach in order to improve the
availability and eff.cient power supply. One of the approach was the
introduction of autoriatic voltage nearly constant over a range of variation of
input voltage. This method minimized voltage variation thus ensuring
satisfactory and effic ent operation of equipment.

Another apprcach employed was the uninterruptible power supply,
which is usec as an «Iternative or back up supply ensuring continuous supply
of adequate ¢nd effi-ient po'wer supply. The introduction of autélnatic three
phase change - whose function is primarily to ease the issue of switching from
a phase under load sl edding to the one that has voltage supply manually. It is

more advanta-zeous t an the manual way of changing fuses from one phase to



the other, which ir volves complicated wiring and more tasking in its mode of
operation.

This project limits its study to automatic three phase changer which is in
poéition to select umong the available phases of line with voltage supply and
switches itself to another phase with voltage supply when there is power

failure in any of the phase to which it has previously assumed state.

1.4 PROJECT OUTLINE

Chapter onc covers the introduction, project objectives,. Literature
review and project outline. The description of components is treated in chapter
two and deals wita the power supply, comparator, decoder and the driver
circuit. The third caapter covers the design calculations; how the value of the
components is determined. The fourth chapter deals with the construction and
testing of the proje-t. Finally conclusion and recommendation are discussed in

chapter five.



CHAPTER TWO
SYSTEM ANALYSIS

2.1 POWERSUPILY

DC Power supply is a basic electronic system generally consisting of
transformer, rectifier, filter and a regulator in the case of regulated D.C. power
supply that convert AC Voltage to DC Voltage. Most electronic system
operates from a low voltage DC power supply which is usually derived from
AC Voltage supply from NEPA. A typical power supply consisting of four

stages shown in figure 2.1.

AC . | DC
Input ™ Transformer [~ ™ Rectifier ”| Filter Regulator Outp'ut

Fig 2.1. Block diagramr of a typical power supply.

2.1.1 TRANSOFRMATION

The transformction stage consist of a transformer which is an
electromagnetic component used to change are alternating voltage level to
another. In case of transformer used for DC Power supply, it step-down AC
Voltage to be small value which is more suitable for supply after rectification
as required by electro.aic system. The transformer consisting of two separate
coils aiso provide ess-ntial isolation between electrical or electronic system
and ac main susply. The primary and secondary winding each several turns of
varnished copper wire are unlike together by a magnetic circuit. It is assumed
that magnetic coupling between the primary and secondary windings is 100%
that is all the primary { ne units the secondary coil. In such cases, the turn ratio

and voltage rati» are re ated by formula



VP/VS=NP/NS ... 2.1 - -

It is also assumed that no power is lost between the primary and secondary

during the transformation process. That is

Ipr = IS VS .............................................................. 2.2
From here, the current ratio is
Ip/IS :Vs/Vp:NS/Np .................................................. 2.3.

Fig 2.2. Transformation circuit

2.1.2 RECITIFICATION i
Rectification stage comprises of diode which convert AC voltage to
pulsating DC voltage. This is possible due to the characteristic of a diode when
forward biased (which allows flow in the forward but blocks in the reverse
direction).The two .ypes of rectifiers circuit in use are half wave and full wave
rectifier. The full v-ave bridge rectifier was employed in this project because
the ripple effect in tull wave rectifier is less compared to half-wave rectifier. In

full wave bridge re:tifier four discrete diodes arranged in bridge network are



need. During the first half cycle D1 and D; conduct and during the second
half cycle D, and D, conduct, hence current flow in both halves giving rise to
full rectification. The rectification circuit and the output waves from are shown

in figure 2.3.a and 2.3.b reépectively.

D4 Dl

Vad

2
D3 D Vde

Fig 2.3a Full wave bridge rectifier

Vde=""
DixD3 D2&D4 D1&D3 D2&D
V.

t

Fig 2.3b Output wavefrrm of full wave bridge rectifier



2.13 FILTERING

The filtering stage converts the pulsating DC to a very steady DC level.
Various filter circuit exist such as the series capacitor, shunt capacitor series
inductor filter configuration. However the shunt capacitor filter was best suited
for the purpose of this project. The shunt capacitor is usually a single
electrolytic capacitor connected across the rectifier and parallel to the load so
as to achieve filter action. The required filtering action depends on the
property of a capecitor to store energy during the conduction period and
~delivers it to the lcad during non-conducting period; hence the time of flow
through the load is prolonged. The smoothing action of the shunt capacitor is

shown in figure 2.4.

Vim

For 2.4. Smoothing ::ction of a shunt capacitor

2.1.4 REGULATOR

Voltage regulition within the power supply circuit which is the final
stage of power supyly is necessary in order to provide a stable DC voltage
independent of the local current and ac line voltage variation. Electric voltage

regulation is achieve 1 through the use of regulator ICs which comes in various



ratings, three terminal voltage regulator IC was used for the project. One

terminal as input, the other as output and the third as the common ground.

2.2. COMPARATOR

A comparator circuit is one that compares a signal (voltage) applied at
me input of an op-amp with known reference voltage at the other input, the
reference voltage is usually adjusted to desired value. Comparator is basically
an operational amplifier (op amp) with an output that is normally constrained
to level suitable ccanection to digital large circuit. Fire 2.5. Shows the

schematic representa.ion of an op-amp configures as a comparator.

R b

Op —amp Vo

2.5 Schematic diagram of a comparator

The terminal with the negative sign is referred to as inverting input
while the terminal wich positive sign is referred to as non-inverting input. The
inverting input is set as the reference voltage while the time varying input

voltage (signal) is fed in through the non-inverting input.



2.3 LOGIC PEASE SELECTION CIRCUIT
The logic phaase selection circuit comprises of a decoder and or gates
forming a combirational circuit. It is used to achieve phase selection by

diverting only one output at a time

2.3.1 DECODER

A decoder s one of the simplest and most useful types of multiple
output circuit encountered in digital system. It is a combinational circuit with
n-input anc¢ at most 2" output; and its characteristic property is that for very
combination of input one output is selected. A decoder can be constructed
from discrete gate, which are used in solving logical problem. For the purpose

of this project 3 to 8 decoder is employed.

2.3.2. OR GATE
The OR gatc has an output one (1) when any or all input are one (1).
The electronic symbol for a two-input OR gate is shown in fig. 2.6. It has an

output of or:e (1) when either A or B or both are one (1).

2.6 OR gate

10



2.4. DRIVER CIRCUIT

The driver circuit, which is also referred to as the switching circuit,
consists of an electronic circuit, which manipulates its input signal to
accomplish a specific objective of the system (its output signal). The driver
circuit comprises of switching transistor and relay. Fig. 2.7. Illustrates the

driver circuit.

V

A A
A

.N\,E

Fig2.7. Driver circuit

2.4.1. SWITCHING TRANSISTOR

A transistor ;s normally operated in the linear region with the ermitter-
base junction forwerd and collector-base reverse biased. However, practically
no collector current will flow when reverse biased and the transistor is said to

be in is cut off region. The switching operation of a transistor is explained with

the aid of figure 2.8

Vce

s
ot
.

Fig 2.8. Switching o»eration of transistor

11



VCE=VCC-1CRZ................. e e 24

[f Iz = O, then IC = O (neglecting leakage current) Hence, VCE = VCC

Under this condition, the transistor is said to be in the cut off region. In
this state the transistor act like an open switch. If the value of R, and R, are
such that VCE comes to zero, then the transistor is said to be saturated. Putting

VCE to be equal to cero equation 2.4. above we have that

A transistor when saturated act like a closed switches of negligible
resistance. It is obvious that under saturated condition collector current is
maximum and whoie of Vce is dropped across R.. Hence, It can be seen that
the normal operatic1 of transistor lies between the two extreme condition of
cut off (OFF POS TION) and saturation (ON POSITION). The transistor
switch is useful because it is fast in response and it operates effectively in

transmission of digital signal.

2.4.2. RELAY

Relays are electromechanically operated switches. It basically consist of
clectromagnet which operate a pair electrical contact to effect the operation of
other devices in the same or another circuit. In usual type it requires a small
amount of current tc energise the electromagnet which causes the movement
of the armature and hence, the closure of the contacts. Such relays are very

useful, for example alarm and buzzer.

12



For this proj:ct the relay is-activated (transistor indicating) goes high
and is deactivated vvhen the output goes low. The diodes connected across the

relay coil to save guard against inductive kick back of the relay coil.

13



CHAPTER THREE
DESIGN CALC.ULATIONS

The block diagram of automatic three phase changer is shown in fig 3.1.

And incorporates the following units: power supply, comparator, logic phase

selection and driver.

AC Iyl POWER s COMPARATOR
SUPPL| gUPPLY

>

LOGIC PHASE
SELECTION

0 N0

_DRIVER

__AL}
J SuUPPL

Fig 3.1 Block diagram of automatic three phase changer.

3.1. TRANSFORMER DESIGN CALCULATION

The three transformers needed for this project are step-down
transformer, all of th's project rating 240V/24V. Considering the power of

each relay, maximum coil current drawn by the relay becomes.

V=IR
Coil resistance {R} = 4000hms
V=12

= VJ/R/ = 12/400 = 0.03A

I[=>0mA

14



The power delivered to the relay becomes

P=1V
=30X 10~ X 12

P=0.36VA
Since three are three relays connected, the total power delivered to the relays
become

P=3X0.36

=1.08VA

The transformer VA rating is determined as follows:

Transformer VA rat.ng = Power delivered to the load/ Transformer utilization

factor.
=1.08/C.693 =1.56VA

Transformer VA rating = 1.56VA
The step-down trans-ormer of 2400V/24V 300MA was chosen for the power
supply unit.

3.2. RECTIFIER JESIGN CALCULATION
In desipgning thz bridge rectifier the peak inverse voltage (PIV) of diodes
is determined. The pcak inverse voltage rating for each of the four diodes used

in full wave bride rec ifier is equal to Vmax

Vmax = 1.414 x Vrms

15



=1.414x24

=33.94V A
Hence, the peak inverse voltage is equal to Vmax
PIV =33.94V
A diode peak inverse voltage PIV rating of 100V was chosen as the rectifier.

The diode type is IN4001 100V.

3.3. FILTER DESIGN CALCULATION

In order to minimise ripple content of the dc¢ voltage from the output of
the rectifier. A shunt capacitor filter was employed for this project to provide a
very good smoothing of ac ripples from the output of the rectifier. The value of

the shunt capacitor was determined as follows:
Vrip =1d.c/20C o 3.4
Vd.c=Vmax— VIIP .oeviiiiiiii e, 3.5
Substituting equation 3.4. into equation 3.5
Vd.c. = Vmax — Id.c/2fc
Vmax = 1.414 x 24
=33.94V

In the power supply used for this project circuit the secondary load current of

the transformer is I}, = 300mA. Therefore

16



Id.c=2X2X300x 107/ 3.142

Id.c=0.27A

Assuming a ripple factor of 0.115, Vrip = 5.09V, F = 50H,,
C=Id.c2 X VripXf

=0.27/2 X 5.09 X 50

C=530uF
Since larger capacitor would tend to reduce the ripple magnitude

therefore, a filter canacitance of 1000uF was used for this project. Fig. 3.2

shows the power supply unit.

_ausauy 1*4001 |

Virg 1N ——

g
 garjop - IN40O

Viﬂ)“" ]
IN4001

2 ud Y

Vind— —

Fig 3.2. Power supply unit



3.4 THE SELECTION OF THE VOLTAGE REGULATOR

A three terminal voltage regulator IC (7812) was chosen to supply
electronic devices. The pin definitions are: pin one is the unregulated input dc
voltage, pin two is the ground and pin three is the regulated output voltage.

This is illustrated in fiz 3.3

L 3
Vin O—— 7812 F—O Vout

—

Fig 3.3 Voltage regulator

3.5 COMPARATCR CRICUIT DESIGN CALCULATION
The comparator IC used in this project is the LM339, which contains
four OP-amps. It has an operating voltage as low as 1.5V.Figure 3.4. Shows

the internal arrangement of the LM 339 IC

Output 1O
Invertirg 2 o~

o0 O

< —=———0 GND

non-inverting3 O—
Vel O

>
o~

O

O O O

Fig. 3.4 Internal arrangement of LM 339 IC
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Each comperator within this IC was design a shown in figure 3.5.. Therefore

the need to determir e the value of the variable resistor.

24V N

LM O

339

Fig 3.5 comparator circuit

To determine the value of the variable resistor. It was assumed that
variable resistor ccmprises of two resistors R; and R, in series. The
arrangement forms 1oltages divider network and is fed with voltage from the
regulator which is tie desire reference voltage. Since reference voltage that
can be obtained by 1djusting the variable resistor is 12V. A value of 5k is
assumed for R; and [ 'V as output voltage V1 across resistor R1. Fig 3.6 shows
voltage dividar network.

o1
l v,

>

R

ANR

R2

Fig 3.6 voltagz divide: network

V] = VT/Rl + {2 X R1 ........................................... 3.7
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3 =12/5kQ + Ry X 5kQ

R, = 45k/3= 15KQ

Therefore R; + R, = 5kQ + 15KQ =20 KQ

A 20k standard variable resistor was chosen.

3.6 DESIGN OF LOGIC PHASE SELECTION CIRCUIT

The logic phase selection of this project was designed by implementing
the combinational cicuit arrangement. It comprises of an IC 4028B (decoder)
and diode or gate 40.28B IC: It can be used as BCD to decimal decoder and as
well as 3 to § decoder. It has 16 pins with four inputs, ten outputs, the supply

and ground. It was eriployed as 3 to 8 decoder in figure 3.7.

Octal decoded

Voo output
4 0 | (of®)
3 bi 1
1t 2
binary - 3 Decimal
input | A 4 D n  decoded
o g 5 Output lof 10
T B I
inpu 7
B
5V
¥

Fig 3.7 functional diagram of 4028B IC

It cperates witlin the range of supply voltage 3V to 18V. For level, the
voltage level is withia the range 0V to 3.6V and for high level the voltage
range is between 3.6Y and VDD. IN4001 diode with peak inverse voltage of

20



100V was used to inplement the OR gate. Overall connection for the logic
phase selection circuit showing the decoder connected to the OR gate is

illustrated in fig. 3.8

Rr
N ‘
3t08
Y
Y Decoder \ .

Fig. 3.8 Overall connection of logic phase selection circuit

The inputs of the phase selection circuit with their possible combination
are expressed in form of truth table. However, the truth table that can be
directly relate” to this project if 1 and 0 denote active line and non active line
respectively. R-Y-B denoted Red, Yellow and Blue phase respectively. The
truth table conteins all possible combination of R, Y, B, Phase (input variable)
and the desired Rg, Yr and By corresponding to each combination. The table

shows the truth :able.

21



Available input Variable Desire output variable
R Y B Ry Yr Br

0 0 0 0 0 0

0 0 1 0 0 1

0 1 1 0 1 0

1 : 0 0 1 0 0

1 0 1 1 0 0

1 1 0 0 1 0

] 1 1 0 0 1

Table 3.1. Truth tav:e

Yr  -ophese relay de-energised
Yr -1 phaserelay energised
Y = O‘L nor: — active line or low potential

R
Y =1 active line ov high potential
B

22




3.6 DRIVER CRICUIT DESIGN CALCULATION

The driver circuit comprises of transistor and relay. The relay used is
10A 12Vde with coil resistance of 400Q. A diode is connected across the relay
coil to save guard against inductive back of the relay coil. The transistor used
is the BC 108 NPN transistor with current gain hfe = 150 Vpgsy = 0.7V and

maximum collector current = 0.8A
L=IC/hfc ..o 3.8

=.0.8/150 = 0.00053A
Ib=5.3.mA

From enalyzing the current diagram, the base of the transistor is
supplied by the output of the logic phase selection circuit. These outputs are
high with output between 3.6V and 12V. The maximum base current is 5.3mA

then the base r=sistor can be determined.
Rb = Vo - VBE(Sul)/Ib- e it it e e 39
=12-0.7/53.mA

=2132Q
Ry,-2.132 K2

Therefore, resistor star dard value of 2.2KQ was used as base resistor for the

transistor.



CHAPTER FOUR
CONSTRUCTION AND TESTING

4.1 CIRCUIT CONSTRUCTION

The component were arranged and mounted on the breadboard.
Plugging in the components using flexible connection wire to link the
component together temporary did the arrangement on the breadboard. The
circuit was tested ar.d was functioning to expectation. The whole circuit was
later transferred and mounted on the Vero board in such a way to economic
space without making the wire look cumbersome and rough, then soldering
component leads stage by stage for permanent connection on the Vero board.

Transformers “1sed were firmly screwed to the bottom of the casing. Due
to the effect of heat produced during soldering which can damage the
integrated circuit cc mponents, integrated circuit socked were used so as to
protect the integrated circuit component from the heat which impairs their
effective operation. Transistors, diodes, resistors. Relays were all soldered
with extra care as much as possible to avoid being damaged. Bad éoldering
was avoided at all stages of the construction. The complete circuit diagram of

automatic thrze phase changer is illustrated in fig 4.1

4.2. CASING

The project is based on cost, reliability and physical outlook of the
device. The casing o7 the project is made of wood. All necessary dimensions
were taken into consideration. Holes were drilled on the surface of interest and

case was assembled trgether.



43 TESTING

After all the construction work was done a test of reliability and
continuity was carried out on the project going from one stage to another to
ensure effective ope-ation of the individual circuit. Overall performance test
was carried out with the prototype powered with the voltage supply from
NEPA.When all the lines (Phases) were powered the relay that was energised
was noted. Several tssting were carried out for all possible combination and
the output results were noted. It was observed that the device operates in
conformity with the aim of the project.

Table 4.1 shows the results obtained during the testing of the project.

R Y B SELECTED PHASE

0 0 0 None

0 0 1 B

0 1 0 Y

0 1 1 R

1 0 0 R

1 0 1 Y

1 1 0 Y )
1 I 1 B

25
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The values cf the co nponents used are as follows
D;—Dyg =111 4001
C1=Cy=C5=10000F

Ri- Rg=1KQ

R;-Ry =2.2 KQ

Variable resistor Rjy = 20kQ
RLY,=RLY,=RLY; =12V Relay
ILM339 IC

4028B IC

BC108 NPN Transistor
T,=T,=T;=240V/24V Transformer

Light Emitting Diode (LED

27



CHAPTER FIVE
COMCLUSION AND RECOMMENDATION

5.1. CONCLUSION

The design and construction of automatic three phase changer has not
been without its own piuvlems. It is worthy to note that the OR gate (1C)
which was supposel to be used not available. Therefore, an equivalent OR
gate as designed using diodes. A good working control unit was chosen using
the right specification while building the project in order to achieve proper
operation of the relays. In conclusion, the purpose of the project was achieved
but not without sorae difficulties encountered during the construction and

testing.

52 RECCMMENDATION

The design and construction of this project has called for precision and
carefulness especiall/ in designing and constructing of the control part of the
circuit. To improve the performance of the system, the output of the device can
be regulated so that it would be conveniently being applied to sensitive

equipment.
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