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Abstract: The inconsistency of power supply in Nigeria has been a major stumbling block to the advancement of her
economy and as such it is an issue that requires immediate attention. Uninterrupted power supply is critical in so many
applications especially in cases like hospital operations or financial transactions. This work was born out of the need to
provide a cost effective and locally available way to automate the switching between various power sources. This issue
can be addressed by implementing an Automatic transfer switch which automatically switches on a backup generator in
the absence of the utility supply and transfers the load to the generator. The automatic transfer switch also switches off
the backup generator and connects back to the utility supply when the power comes back. The circuitry consists of time
delay integrated circuits and switching relays. The present effort is a prototype design to create an automatic transfer
switch that can be used in an average Nigerian household because of its affordability and simplicity of operation.
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1. INTRODUCTION

A transfer switch is an electrical device that
continuously monitors electric power utility and
connects the load to a backup source of power if the
utility power goes off [1]. This is designed to
automatically switch the power supply to loads from a
utility source to a backup source (such as a generator)
and vice versa depending on the availability of the
utility power source. The automatic transfer switch
(ATS) also automatically switches OFF and ON the
backup generator. The main components of this design
are relays and a control unit based on a 4060B
oscillator timer [2]. Basically, the way the automatic
transfer switch works is that it senses the availability of
the utility power supply and when the utility source is
not available it switches ON the backup generator and
transfers the load to the generator. This transfer of the
load to generator is done after a predetermined time
interval in order to allow for generator current to
normalize [3].

The ATS also switches OFF the generator and
reconnects the load back to the mains when the utility
power is restored. This eliminates the stress and error
of manually switching ON and OFF the generator [3].

2. METHODOLOGY

The automatic transfer switch’s operation is based
on a logical control unit which has a 4060B control
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oscillator as its main control component. This design
consists of two distinct parts:

The power sensing unit, and Logic control unit.

Power sensing unit consists of the bridge rectifier
circuit and Relay1 CRL1 as shown in Figure 1. The AC
mains is connected to a step-down transformer, the
output of this transformer is then rectified by a full-
wave rectifier circuit. The bridge rectifier converts the
AC output of the transformer to pulsating DC. The
capacitor is used to filter out the DC and the zener
diode is used to limit and stabilize the voltage to 12V.
The diode D4 is used to protect RL1 from voltage
spikes. When the utility power is ON i.e. the AC mains
supply is ON, the rectifier circuit supplies 12VDC to
RL1 and the normally open (NO) contact of the relay
becomes normally closed (NC). The normally open
contact of the relay is left unconnected while the
normally closed contact of the relay is connected to
Vce of the control oscillator in the logic unit of the
circuit. The common terminal of the relay is then
connected to the positive terminal of the 12-V battery,
while the negative terminal of the battery is connected
to ground.

When electric power is available from the mains
supply, it energizes relay3 CRL3 and terminals C3 and
B3 of the relay are connected, when this happens there
is no longer any supply to the 4060B control oscillator.
And this triggers a series of events in the control unit
that leads to the load being connected to the mains
power supply.

When there is no power being supplied from the
utility source, RL3 is de-energized and terminals C3
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and A3 of the relay are connected together, when this
happens the 12-V battery supplies 12V dc to the 4060B
control oscillator. This triggers a series of events in the
control unit that leads to the automatic starting of the
back-up generator and the connection of the load to the
generator after a pre-set time [4]. The time delay is
such that the generator can be fully stabilized before
the load is connected to it.

3. OPERATION OF THE LATCHES

There are two latches used in this design and both
of them are 4013B latches. The 4013B latch is
originally designed for D-type applications but can be
used as an SR latch by grounding both the D input and
the clock.

The two latches in the ATS are used to control the
generator starter and also to control the changeover
from one power source to another.

Latch1 has its output Q connected to the base of
transistor Q1 via a resistor. When the 4060B control
oscillator is powered by the 12-v battery, its output pin
2 goes high after 0.62sec, when this output goes high,
it also makes the output Q of latch1 go high and this in
turn saturates the transistor Q1 which then energizes
relay2. When relay2 is energized, it connects the
motor/starter to ground thereby completing the circuit
and starting the generator.

Latch2 has its output Q connected to the base of
transistor Q2 also via a resistor. When the 4060B
control oscillator is powered by the 12-v battery, its
output pin 3 goes high after 1.234secs. When this
output goes high, it also makes the output Q of latch2
go high and this, in turn, saturates the transistor Q2
which then energizes relay1. When relay1 is energized
it connects the load to the generator.

The ATS consists of 2 transistors (NPN) which are
used to drive the relays. The application of a small
current |, to the base of the transistor from the latch
output Q is used to control the transistor's larger
collector current (l;). It is the collector current of the
transistor that is now used to drive the relay.

When there is a base current applied to the
transistor i.e. output from the latch is logical high, the
transistor is driven to saturation region and it acts as a
closed switch. This then energizes the relay. Likewise,
when there is no base current applied to the transistor

i.e. output from the latch is logical low, the transistor is
driven to cut-off region and it acts as an open switch.
This then de-energizes the relay.

The transistor is wusually used with a resistor
connected in series to it. This resistor helps to drive the
transistor and it limits the amount of current that flows
through the transistor thereby protecting the transistor
from destruction because of overcurrent. The
resistance of the resistor used in the control circuit of
the ATS was calculated using equation 1and lei.y was
found using equation 2:

V,—0.6)xh
R:M (1)
Irelay
Vrel
Ire]ay = R < (2)

relay
Vrelay =12V, Rrelay given as 400Q,

Ve _ 12 _ 63
400

therefore: I, = R
relay

where V,, = Source voltage to the resistor = 5V

hfe = Forward gain of the transistor = 150 (gotten from
the transistor datasheet); hence

~(S-0.6)x150
003

=22kQ.

I = % =5/22000 =0.23mA

resistor
B =150

lb=0.23mA

I
B=1 1. =B, =00345=34.5mA

C

le=lp + Ic=0.03473=34.73mA

4. LOGIC CONTROL UNIT

The logic control unit is the “brain” of the automatic
transfer switch [6]. It is the part of the circuit that
controls the automatic switching of the generator and
the transfer of load from the utility source to the backup
generator when there is power outage. The logic
control unit is achieved in the design of the ATS using
the following components:

. 4060B control oscillator

° Two 4013B latches.
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. An inverting Schmitt trigger AND gate.
. Three resistors (10K, two 2k2).

) Two NPN transistors (25C945).

. Two 12V 5-pin relays.

. Two diodes.

. Motor/starter

How the logic control unit functions (a) when there
is utility power supply and (b) when there is no utility
power supply. This is described as follows:

4.1. When There is Utility Power Supply

When electric power is available from the mains
supply, it energizes relay3 and terminals C3 and B3 of
the relay are connected. When this happens, there is
no longer supply to the 4060B control oscillator. When
there is no power supply to the control oscillator, its two
outputs are low i.e. logical zero. A lack of power supply
to the 4060B control oscillator causes the following
things to happen in the circuit:

o The output of latch1 is low and transistor1 (Q1)
is at cut-off region. Qq acts like an open switch
and relay2 is not energized therefore terminals
C, and B, of the relay are connected together,
and the generator starter is turned off.

. The output of latch2 is low and transistor2 (Qy) is
also at cut off region; Q, acts like an open switch
and relay1 is not energized, therefore terminals
C1 and B4 of the relay are connected together.
This, in turn, connects the load to the mains

supply.

. Also the input to the inverting Schmitt trigger is
low. When this happens, the output of the
Schmitt trigger is high thereby making the reset
terminals of latches 1 & 2 high. This resets the
latches and they remain that way until there is a
high input to its set terminal and the reset
terminal goes to low.

4.2. When There is No Utility Power Supply

When electric power is not available from the mains
supply, relay3 de-energizes and terminals C3 and A3
of the relay are connected, the control oscillator is now
powered by the 12-V battery. Since the control
oscillator is now powered by the 12-V battery, its
outputs are now high i.e. logical one.

The signal from pin 2 of the 4060B is used to control
the latch dealing with the automatic starting of the
generator, while the signal from pin 3 of the 4060B is
used to control the latch that deals with the changeover
control. There is a time delay between the starting of
the generator and the loading of the generator; this is
done to allow the generator attain stability before it is
loaded. This time delay is achieved by pin3 going high
only after pin2 has gone high. This time is calculated as
follows:

1
VT =Fpp = ———— @)
23xR, xC,

The typical values of R,, Ry and Cy are respectively
100KQ, 33KQ and 0.001pf.

1
=k 2.3><(100><103)><(0.001><10“’)

main —

=4.34KHz

The values of R and Cy can be varied in order to
obtain a desired frequency. For the case of this ATS,
the output frequencies are then obtained using
equation (4). Example of this calculation is as shown
below:

F_.
Fox = =% (4)
2
Fm in
Foi3 = 2“15 etc

. The frequency from pin2 (Q13)

b Fuain _132KH,
QI3 — L

2 = 1.61KHz

11
T, =— =— =0.62sec
Q13 161 ©

FQ13
i.e. after 0.62 sec, pin2 goes high.
o The frequency from pin3 (Q14) is given as:

Fpun _ 132KH,

_ LY main

Fou =2+ ==+ =081KHz

1 1
iving Ty, =—— =—— =1.234secs
SIS e = 081

i.e. after 1.234 seconds, pin3 goes high.

A supply of power to the 4060B control oscillator
causes the following things to happen in the circuit:
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The output of latch1 is high and transistor1 (Q4)
is at saturation region. Q; acts like a closed
switch and relay2 is energized, therefore
terminals C, and A, of the relay are connected
together, and the generator starter is turned ON.

The output of latch2 is high and transistor2 (Qy)
is also at saturation region. Q, acts like a closed
switch and relayl is energized therefore
terminals C4 and A; of the relay are connected
together. This, in turn, connects the load to the
generator.

Also the input to the inverting Schmitt trigger is
high when this happens; the output of the
Schmitt trigger is low thereby making the reset
terminals of latches 1 & 2 low. This sets the
latches and they remain that way until there is a
low input to its set terminal and the reset terminal
goes to high.

The signal from pin2 is used to control the latch that

is responsible for automatically starting the generator. If
the 12-V battery is connected to the 4060B (when there

is no utility power supply), the generator is started after
0.62 sec. The signal from pin3 on, the other hand is
used to control the latch responsible for the change
over of the load from mains to generator and vice
versa. If the 12-V battery is connected to the control
oscillator, the change over occurs after 1.234 secs. The
time delay helps stabilize the generator before it is
loaded; hence it helps extend the useful life of both the
generator and the load.

5. PERFORMANCE EVALUATION OF THE ATS

In order to simulate real life conditions under which
the ATS can operate, two switches were added to the
circuit. The switches are

A. Switch (1) is placed in series with the circuit

immediately after the bridge rectifier

B. Switch (2) is placed in series between the 12V
battery and the common terminal of Relay1.

These two switches will allow us simulate all the
possible situations that can occur, these situations are
as follows:
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Figure 1: The system circuit diagram [7].
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1. Absence of utility source and presence of
Backup generator.

2. Absence of backup generator.

3. Presence of utility source and presence of
backup generator.

4. Presence of utility source and absence of backup
generator.

A 12-V motor was used to represent the generator
starter mechanism because this is a prototype design.
Also a 60-W lamp was used as the load and one phase
of the utility supply was used as the generator in the
absence of utility source and supply.

CONCLUSION

This project has been a very interesting and
challenging one, but it has achieved its desired aims.
The prototype of the ATS switch worked according to
the design specification satisfactorily. The device is
quite cheap, reliable and easy to operate. This will go a

long way to improve power transition time, especially
for low to middle class families which might not be able
to afford industrial automatic transfer switches because
of their exorbitant rates.
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