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Abstract
The aim of this work is to provide a device which can disconnect an electrical 
apparatus from a voltage source upon sensing an occurrence of a preselected 
undervoltage or overvoltage condition of the mains supply. It is also aimed that the 
device be adjustable to pre-selected undervoltage or overvoltage conditions.
 In this paper a microcontroller (AT89C52) based under voltage and 
overvoltage protective electrical device was designed and used to achieve the above 
aims. The microcontroller monitors the system and effects control when there is an 
observed change in the preselected voltage under and over limit prescribed in order to 
prevent spikes and surges in the electrical circuits that make up the system or device.
 It was found to be highly efficient at regulating voltages, adjustable to 
preselect voltages and precise due to the use of the microcontroller. The design and 
developed device was found to perform satisfactorily. 
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Introduction
Overvoltage in a circuit is a situation where 
part of the circuit is raised above its upper  
design limit. The condition of overvoltage 
can be harzadous depending on its duration. 
The overvoltage event can be transient, that 
is when there is a voltage spike or permanent 
that can lead to a power surge. Conversely, 
the condition in a circuit when part of the 
circuit is lowered below its design limit is 
known as undervoltage (http:/ /en.  

wikipedia.org/wiki/Overvoltage). Both 
cases could lead to damage of electronic 
components as a result of voltage and current 
spikes.

A spike is an electrical transient in 
voltage or current in a circuit that lasts for a 
short duration of time where it lasts a little 
longer it is referred to as a voltage surge 
(http://en.wikipedia.org/wiki/Voltage_spike
). For sensitive electronics, excessive current 
can flow if this voltage spike exceeds a 
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material's breakdown voltage, or if it causes 
avalanche breakdown. In semiconductor 
junctions, excessive electric current may 
destroy or severely weaken such device. An 
avalanche diode, transient voltage suppres-
sion diode, transil, varistor, overvoltage 
crowbar, or a range of other overvoltage 
protective devices can divert (shunt) this 
transient current thereby minimizing 
voltage. (http://en.wikipedia.org/wiki/ 
Voltage_spike)

Voltage spikes may be created by a 
rapid buildup or decay of a magnetic field, 
which may induce energy into the associated 
circuit. However voltage spikes can also 
have more mundane causes such as a fault in 
a transformer or higher-voltage (primary 
circuit) power wires falling onto lower-
voltage (secondary circuit) power wires as a 
result of accident or storm damage. The 
hazardous nature cannot be overemphasized. 

A microcontroller (sometimes 
abbreviated µC, uC or MCU) is a small 
computer on a single integrated circuit 
containing a processor core, memory, and 
programmable input/output peripherals. 
Program memory in the form of Ferroelectric 
RAM, NOR flash or OTP ROM is also often 
included on chip, as well as a typically small 
amount of RAM. Microcontrollers are 
designed for embedded applications, in 
contrast to the microprocessors used in 
personal computers or other general purpose 
applications. (Gibilisco,  2007)

Microcontrollers are used in auto-
matically controlled products and devices, 
such as automobile engine control systems, 
implantable medical devices, remote 
controls, office machines, appliances, power 
tools, toys and other embedded systems. By 
reducing the size and cost compared to a 
design that uses a separate microprocessor, 

memory, and input/output devices, micro-
controllers make it economical to digitally 
control even more devices and processes. 
Mixed signal microcontrollers are common, 
integrating analog components needed to 
control non-digital electronic systems. 
(http://en.wikipedia.org/wiki/ Microcon-
troller).

The aim of this work is to control 
surges both voltage and current automatica-
lly without human intervention and intro-
duce flexibility in the specification of both 
over and undervoltage conditions. 

Previous Work
A previous work on design of online 
uninterrupted power supply system with 
overvoltage and undervoltage and phase out 
protection carried out by (Nagaraja et al, 
2012) using hardware implementation of 
single phase 50Hz, online uninterruptable 
power supply with over voltage, under volt-
age using Atmega32 microcontroller as the 
heart of the system and to control the entire 
system for both single and three phase loads. 
 A previous work on undervoltage, 
overvoltage of three phase induction motor 
carried out by (Devesh Kumar et al, n.d). 
Variable resistance used such that when 
supply voltage is lower than rated then 
voltage drop across the resistance is higher it 
protects the motor from this fault. When 
supply voltage is lower than voltage drop 
across the resistance, which is lower than 
specified value, the motor fails to start.

Design Considerations
In order to efficiently produce the system the 
following were considered and built into the 
design:

1. The power supply unit
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2. The signal processing unit

3. The switching circuit

4. The microcontroller and display unit

2.1  The Power Supply Unit

Figure. 1.0: Power Supply Unit

The power supply unit converts ac voltage to 
dc voltage. It is responsible for the power 
supply to the whole circuit. The circuit diagram 
is as shown above.

TR1: This is the step down transformer. The 
desired DC voltage for the generato on delay 
and the multiple power on indicator is 12volts. 
A transformer voltage of 12Vac or above is 
required. The current should be enough to 
supply the requirement of the circuit.
 The transformer (TR1) chosen is 
12Vac@300mA.

D1-D4: These are the rectifier circuits. The 
diodes chosen must have a peak inverse 
voltage (PIV) that must be able to withstand 
twice the peak voltage (V ) of the transformers p

output and a forward current (D ) of 1.5 times c 

the output current of the transformer.

V =√2Vrms……....................…… (1)p

Where V  is the peak voltage of the transformer p

output.

V  is the actual output voltage from the rms

transformer = 12Vac

V  =√2x12p

V  =1.414x12p

V =16.97Vacp

D = 2 x Vp …………………...… (2) (piv) 

Where D is the PIV of the rectifier diode (piv) 

Therefore, D = 2x16.97 (piv) 

-3
D  = 33.94.  And  Dc = 1.5 x 300 x 10 (piv)

Dc = 0.45A

Therefore the required diode must have a:

PIV≥ 33.94V

Dc ≥ 0.45A

From diode catalogue, the IN4007 has the 

following characteristics: PIV = 50V

D  = 1AC

Consequently, the diode chosen is the In4007

D -D  = IN40071 4

C : This is the filters capacitor. Electrolytic 1

capacitors come with a capacitance and a 

voltage rating.
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Voltage Rating

The voltage of the capacitor (V ) must be able c

to withstand 150% of the output voltage from 

the diode.

V 150% of V …………………... (3)C = DP 

Where V is the peak output voltage from the DP 

diodes

But V is given asDP 

V  = V  - V  (4)DP p D……………………………………………..…

Where V  is the peak voltage of the p

transformer

V is the voltage drop of the diodes (0.7 D  

 Vc = 1.5 x VDP

Vc is the voltage rating of the capacitor
 v =1.5 x 15.57c 

 v 23.6vc = 

Capacitance Rating:
 The capacitance rating of the capacitor must be such that it could reduce the ripple voltage 
(V ) to about 30% of the output peak voltage from the diodes.R

  V 30% of V  …………………………............ (6)R = DP

From eqn (5), V  is given as 15.57DP

 V  =       x 15.57R

 
 V  = 4.67V …………………………………….. (7)R

From the ripple voltage equation, we could get the capacitance
   
   V  =          ………………………… .  (8)R

Where V  is the ripple voltageR

  I  is the maximum current from the diodes/transformers (300mA)max

  f is the frequency of supply (50Hz)
   C is the capacitance of the capacitor in Farads.
  V  = 4.67V (from eqn 7)R

 V  (2FC) = IR max

 
 C =   ………………………….......…(9)
 
 Substituting,
 
 C =
 
 C =
 

-4
 C = 6.42 x 10  F

Converting to µF

100
30

2 x f x c 
Imax

VR x 2 x f 
Imax

4.67 x 2 x 50

-3300 x 10

467
0.3
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  C = 
  
  C = 642.4 µF
    = 642.4µF

10-6

6.42 x 10-4

This value cannot obtain in the market and due 
to the high ripple rejection factor of the voltage 
regulator, a lower capacitance could be chosen. 
Therefore the capacitance chosen is:

C1 =  470μF @35V

Ic : This is the voltage regulator. For effective 1

Voltage regulation, the minimum input 
voltage should be:

V  = V  + V  …………..… (10)min out ref

V  – Minimum input voltagemin

V  – required output voltage: 12out

V  – Datasheet Stipulated reference   ref

         voltage; 3V
V  = 12 + 3min

V  = 15min

The output voltage after the capacitor is 15.57 
volts. This is enough to supply the minimum 

input voltage (15 volts) Therefore, the voltage 
regulator could be comfortably used. The 
regulator chosen is 

IC  = 78121

C : is a transient capacitor. The rating is 2

stipulated in the 7812 voltage regulator's data 
sheet as 0.01 µf

Hence, 
C = 0.01µF2

Signal Processing Unit 
This unit processes the signal making it ready 
to be used by the microcontroller unit. It 
basically is made up of an analogue to digital 
converter (ADC) and some external compo-
nents .The circuit diagram is shown in Figure 
2.0.
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Figure 2.0: The Signal Processing Unit

U1: this is an 8 bit ADC and it can convert 
analogue voltages into 8 bit steps. It uses 
minimum external components and the 
datasheet stipulates the values of the 
external components.
R8= 10KΩ
C4= 150pf
Rv1 sets the reference voltage

The Switching Unit
This is the circuit that will carry out the 
cutoff of the power supplied to the load 
when an over or under voltage situation 
occurs. The circuit diagram of the 
switching unit is as shown below.

Journal of Civil and Environmental Systems Engineering - UNIBEN

Design and Development of a Microcontroller Based Under Voltage and Overvoltage...          43



Figure 3.0 Circuit Diagram of the Switching Unit

R  this is the base resistor for the 7

transistor. For effective switching, the 
collector current should be about 10 
times the base current [Hughes, 2002].
I  = 10 x I (11)C B........................................................................... 

R  = 10 x Rc..................................(12)B

The resistance of the relay is 400Ω
Thus 
R = 400ΩC 

 From the transistor switch equation,
R = 10RcB 

R  =      10 x 400Ω B

R  = 4000ΩB

Due to availability, 
4.7kΩ is chosen.
R = 4.7kΩ7 

The Microcontroller And Display Unit 
This is the microcontroller that displays the 
supply voltage on the LCD and determines 
when the power supply will be cut off. Its 
circuit diagram is as shown below.
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Figure. 4: The Microcontroller And Display Unit

Flow Chart Of The Microntroller Undervoltage And Overvoltage Protective Device
This shows the sequence of operations that take place in the microcontroller program in the 
course of monitoring and effecting control of undervoltage and overvoltage conditions.
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Figure 5.0 Flow Chart of the Microntroller Undervoltage and Overvoltage Protective Device
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Working Principle Of The Design
The work is on the design and construction of a 
microcontroller based over voltage and under 
voltage protected electrical device. This is a 
circuit that is programmed using input 
switches, to set an over voltage value and an 
under voltage level. When either of these levels 
are exceeded, the circuit cuts off the power 
supplied to an electrical device using a 
program written in assembly language and 
burned into an AT89C52 microcontroller (U2). 
This program will display the supply voltage 
from the source in a liquid crystal display 
(LCD 1) and at the same time, monitor the 
supply voltage and send a signal to a relay via 
transistor Q1 to cut off power supply to the load 
(electrical device) connected to it. Resistor R5 
and capacitor C4 are used to reset the 
microcontroller while the crystal oscillator X1 
and the capacitors C5 and C6 connected to it, 
sets the clock pulses of the microcontroller.

The power supplied to the load is 
alternating current (AC) and has to be 
converted to a direct current (DC) before it can 
be used by the circuit. This is achieved by a dc 
power supply module comprising of a step 
down transformer (TR1) to step down the 
voltage to a manageable level, rectifier diodes 
(BR1) to convert the voltage to a pulsating dc, 
filter capacitor (C1) to filter off the ripples and 
voltage regulators (U1 and U2) to both ensure 
that a regulated output voltage is produced, and 
to ensure that the voltage produced are 12 volts 
(to power the relay) and 5 volts to power the 
rest of the circuit.
 The analogue signal is converted to a 
digital signal which is directly used by the 
microcontroller.
 This conversion is done by the voltage 
controlled oscillator or analogue to digital 
converter and here it is CD4046. Capacitors C3 
and resistors R3 and R4 are used to bias and set 
the output frequency range.

Construction Procedure
The circuit diagram was constructed after a 
careful design and calculation has been done. 
All the components were bought from the 
Benin electronics market. The resistance of the 
resistors, the capacitance of the capacitors, and 
the workability of all the other discreet 
components were verified before they were all 
used in the work.

The complete work was first simulated 
with electronic workbench, found to be 
working satisfactorily, before the actual 
components were then assembled on a bread 
board. 

It was only after the testing of the work 
has been done and its workability verified that 
the components were then transferred to a Vero 
board and soldered carefully.
 The resistors, capacitor, the integrated 
circuit and diodes were first placed on the 
board, before the bigger components like the 
relay and voltage regulator were placed and 
soldered carefully. Finally, the transformer was 
introduced.

Testing
It is good design practice to always bread board 
a circuit first and test its output before soldering 
on Vero board. Each of the various blocks in the 
block diagram is tested separately on bread 
board before transferring them to Vero board. 
Bread board has internal connections which 
makes it easy for use. It does not need any 
soldering on the board.

Conclusion
In conclusion the design was found to be highly 
efficient at regulating voltages, due to the use 
of the microcontroller. The design  performed 
satisfactorily in the field. 

The circuit's importance in an econo-
my such as ours where epileptic power supply 
is rampant, is very high. The commercial value 
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of such a device will be huge and the 
educational advantage derived from the design 
of this work was numerous. 

Also it can help in safety procedures, 
where it cuts-off power for an under or over 
voltage that might lead to faults or sparks 
which might lead to fire outbreak in an 
establishment. The cost of the developed 
device was N12,420 which is moderately 
costly.
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