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Abstract

An automatic regulator suitable for water level sensing and control was realized using the
MC14066 integrated circuit. This enabled the entire circuit to function as a threshold
detector; thus working as an ON/OFF switch. The proposed water level sensor was tested
in real time application by using it to control the level of water in a tank fed by a single
phase 0.5 HP AC pump. FExzperimental performance results indicated that the device
is quite suitable for the desired operation, since it maintained the set marimum and
minimum levels of 50 litres and 10 litres respectively, by switching the pump on or off as

required.
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1. Introduction

The process requirement in many industries,
farms, hostels, hotels etc includes an overhead
tank for water, which is usually fed through an
electric pump that is switched off when the tank
is filled up, and on when it becomes empty. As
such, the most common way of knowing when the
tank is filled is by observing when it overflows
the brim. Depending on the type of liquid being
handled, the overfilling of such a tank could lead
to heavy material losses ranging in the order of
thousands of Naira per week. These losses can be
prevented if the tank is regulated automatically
by incorporating a feed-back control mechanism,
which would be capable of tripping the pump on
or off as required. Although pumps equipped
with variable speed motors could be more efficient
than on/off mechanisms, the former are expensive
to procure and maintain, especially for small and
medium enterprises. Furthermore, commercially
available water level sensors are expensive being
imported into the country and as such cannot be
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deployed in every household.

Control systems are classified as open loop or
closed loop. In open loop systems a command is
given to a system and it is assumed the system
performs properly. A closed loop system, on the
other hand, compares the result or output of the
system to a desired output and takes appropriate
corrective actions. Closed loop systems therefore,
generally exhibit more accurate performance but
cost more and tend to be more unstable.

Control systems are also classified as sequen-
tial, continuous or discrete. Sequential control
systems cause a machine or system to go through
a set series of operations. For instance, a sequen-
tial control system may remove the milking ma-
chine when a cow is finished in a milking par-
lour, open the gate to let the cow out, close the
gate after the cow is out and then let in the next
cow. Complex sequential control systems can
be analysed with Boolean algebra, truth tables,
flowcharts or state diagrams. Contemporary se-
quential control systems may use programmable
logic controllers (PLCs) to allow the sequence of

Vor. 31, No. 1, MARCH 2012.



90 C.N. ANYANWU, C.C. MBAJIORGU & E.C. ANOLIEFO

Water inlet s=--essesrreeeees >

High level

sensor \\_/

Ly
a
.....
L
L
.

Low level
sensor |

Water outlet

1% “a

Level Controller

v 4
. X

Pump

Figure 1: Schematic of the tank and regulator.
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Figure 2: Schematic of the Sensor Assembly.

control to be modified in software rather than
requiring hardware or connection changes. Con-
tinuous control systems are the usual subject of
control theory analysis [1, 2, 3]. Such systems
are physical systems in which the input-output
behaviour of the system can be described by or-
dinary differential equations in time. Many of the
components have a relationship that can be mod-
elled as a constitutive equation of the relationship
of a through variable to an across variable. For
instance, the current through an electrical com-
ponent or the fluid flow through an orifice can
be related to the voltage across or the pressure
across that component.

This paper, therefore, dwells on the design and
implementation of a simple but effective feed-
back regulator for use in water level sensing and
control.
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2. Regulators for Level Control

The two traditional methods of finding the
level of water in a tank are either by tapping down
the side of the tank until the sound suddenly
changes, or by removing the tank cover and dip-
ping in a measuring stick [4]. The first method is
notoriously unreliable, while the second method
can be awkward and time-consuming. A more
advanced method of sensing the water level in
a tank utilizes various electronic circuitry devel-
oped for different applications. Many different
circuits have been developed and deployed for wa-
ter level sensing [4] based on integrated circuit
technology and the output signal from a water
sensor can be harnessed in a form suitable for
regulating the level. Using electronic devices to
accomplish on/off switching is not an entirely new
thing. According to [5] who captured an informal
version of the evolution of the microprocessor, the
transistor developed by Bell Laboratories in 1947
was intended to replace vacuum tube to switch
electronic signals on or off. It was, however, not
until 1959 that the integrated circuit or IC was
developed at Texas Instruments. Of special in-
terest in the present work is the MC14066, which
is an IC used to accomplish specialized tasks. In
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Figure 3: Functional block diagram of MC14066.

Nigeria, there are no known realized circuitry for
water level sensing and control till date as such
devices are usually imported.

3. Design of the Automated Control Sys-
tem

The envisaged system, which is a closed loop
control device (Fig. 1), makes use of liquid level
as input to control power supply to a liquid pump.
Thus the output is a discrete variable (on/off) ac-
tuated using an electronic circuit. Liquid level
will be monitored using two electronic sensors
placed at the appropriate positions to detect the
low and high values. The output signal is fed into
the electronic circuit, where it is transduced into
on or off signal that controls power supply to the
pump. A schematic diagram of the entire system
comprising tank, regulator and pump is shown in
Fig. 1.

The major advantage of the system derives
from the fact that it is not limited to the size
and nature of the liquid tank. Thus, an existing
liquid tank (of any material) can be converted
into a control tank by simply fitting a regulator
sensor inside it and connecting the circuitry. The
sensor selected for this work (Fig. 2) functions
based upon the principle of electrical conductiv-
ity of water due to the presence of dissolved salts.
Thus, the metallic conductor is encased in a plas-
tic tube, in which the water level rises simultane-
ously as in the main tank.

4. Construction Materials for the Liquid
Tank and Regulator

4.1. The water tank and electric pump

The liquid tank was fabricated out of G14 gal-
vanized iron sheet, which was folded and welded
into the desired cylindrical shape with twice
the diameter as effective height. The tank is
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equipped with inlet and outlet pipes. The sin-
gle phase electric pump used is a 0.5 hp (i.e.
0.37 kW) capacity, Model MKP- 60 product of
Oceanic Water Pump company.

The basic active element in the water level in-
dicator is MC14066. The MC14066B consists of
four independent switches capable of controlling
either digital or analog signals. Each switch has
three pins - one input, one output and one control
as shown in Fig. 3.

When voltage is at the input, it would usu-
ally not be transferred to the output except when
there is a signal at the control. The above feature
of the integrated circuit is used in the design of
the water level indicator. In the design under con-
sideration, all that is required is to get the pump
to stop working when the water level reaches a
certain height and to get it to start working when
it reduces to a certain height. To achieve this, we
take advantage of the conductivity of water (or
any other liquid that has an appreciable level of
electricity conduction).

For the purposes of the work, a 12V dc was sent
to the input while the output is grounded through
a 100k resistor. The 12Vdc would not complete
its electrical path unless there is a signal from
the control. To get signal to the control pin only
when there is water, the control pin is grounded
through a 100k resistor. Another wire that hangs
at a desired height for contact with water is also
connected to the pin. Another 12Vdc was then
sent into the tank. As a result, when there is no
water in the tank, the connection to the control
pin is open circuited and the 100K resistor pulls
the voltage down. As the liquid level increases,
the liquid creates an electrical contact that gen-
erates a signal at the control pin.

The circuit diagram is presented in Fig. 4.

At the point the signal is generated, an electri-
cal contact is created between the input and the
output. Since the output is grounded through a
resistor, a positive voltage is created at one end
of the resistor. The voltage is then used to trig-
ger the base of TIP31(a transistor), which is, in
turn, used to trigger a relay that is able to put
the pump on/off.

Vor. 31, No. 1, MARCH 2012.



92 C.N. ANYANWU, C.C. MBAJIORGU & E.C. ANOLIEFO

R1

R; Q

R, [] Rs

Liquid

Relay

3l /

Pump

Figure 4: Circuit diagram of the water level controller.

4.2. Performance evaluation of the real-
ized system

In order to carry out performance testing of the
developed system, it was connected to a 0.37 KW
(0.5 Hp) AC water pump (although any other AC
pump can be used) and used to supply water to
the overhead tank. The maximum level was set at
50 litres whereas the minimum was 10 litres. The
pump was connected through the control device
(regulator), whereas the sensor was immersed in
the tank and connected to the regulator by well
insulated output cables. The pump was put on
and allowed to supply water to the tank. As soon
as the water level reached the high level, the regu-
lator switched off the pump. To test the low level
sensor, water was drawn from the tank continu-
ously until the low level was attained at which
point the regulator automatically switched the
pump on. Thus, the regulator successfully main-
tained water level between these limits as long as
there was power supply to the system.

5. Conclusion and Recommendations

An automatic water level regulator was de-
signed and constructed using available materials
and successfully tested at the University of Nige-
ria, Nsukka. The electronic circuitry was real-
ized using available simple components such as
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integrated circuits centred on the MC14066 in-
tegrated circuit. The tank was made using gal-
vanized iron sheet whereas the sensor assembly
was encased in a plastic tubing and submersed
in water. Performance evaluation of the system
indicated that it can regulate water level within
a specified range, an indication that it can be
applied for reducing energy and material losses
in the process industry, small and medium scale
enterprises as well as in farms, homes etc, where
water and other ionic chemicals are usually stored
in overhead tanks.
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