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ABSTRACT

The automatic flood level controller is a system designed to detect water Hooding

the underground basement of industrial mills or public buildings, signal an alarm s) uein

and control a water pumping system to act as a form ofcontrol against the flood whereby

the water is taken out to a drainage pit for other public use. It can also be used foi any

other liquid control whose resistance is under 1KQ (i.e. between the maximum

separations ofthe sensing probes).

The controller design consists ofthe power supply unit which supplies a regulated

d.c. voltage of 12V, 1.5A current to the controller circuit, the transduction / detection

system which detects the analogue signal from the water and converts it to its appropriate

electrical signal, the controller unit that synchronizes the electrical signals from the

transducers into digital logic signals used for the control mechanism, the switching units

that does the switching ofthe control system and the indication / output system that

displays a visual indication ofthe flood level and the operation ofthe pumps to act as

drainage facility for the control ofthe flood.

To briefly review the contents ofthis thesis, chapter 1 provides an introduction to

the reasons for level measurement and control and the concept applied in achieving this

goal.

Chapter 2 presents a brief review of related concepts and the modern trends to the

application ofthese concepts. The various components and their simplified model making

up the automatic flood control system is analyzed in chapter 3 where mathematical

analysis with diagrammatic representations were given for every components analyzed.

Chapter 4 presents the results obtained from testing the system design and the analysis on

vu



these tests were comprehensivelydetailed The conclusion and general recommendations

for subsequent efforts was presented in chapter 5 to act as a guide for future reseaich

efforts in this area.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 INTRODUCTION

All over the world, it is often required to control the level of liquid either for

domestic or industrial purposes. In the industries in Nigeria, it is often important to

measure the liquid level in tanks (overhead or underground) or reserviours and it is very

necessary to be able to supply water (water flow) for cooling furnaces, irrigation, etc. At

the home, it is required to be able to store water in tanks so as to make domestic activities

such as washing,cooking, and bathing pleasant and to be able to control the usage of

stored water for maximum efficiency. [1]

For the Agricultural sector, a measurable quantity ofwater is needed to be stored

in reservoirs and controlling the water flow into and out ofthe reservoir to be used for

field irrigation, starting seed beds oftransplanted crops beforethe rainyseason, mixing

water soluble spraysclose to crops and without nozzle-blocking slit, to start fish farming

in a new dam, improving dairy hygiene, etc. Also, a lot ofwater storage and controlling

ofwater (in and out ofreservoirs) is needed for public services provided by government

like clinics, schools, cottage industries like tile and brick making, preparation of leather

and natural fibers, brewing, etc. [1]

However, due to the importance and the various uses water is put into (public and

industrial), little attention is given to the disastrous and devastating effects which very

high water flow (flooding) have on public and industrial infrastructures.

Flooding has led to the up shooting ofwater turbines in hydroelectric power

stations, overflowing the banks of rivers to destroy houses and properties, etc. It is also



responsible for the destruction of underground cables, rusting (corrosion) of metal parts,

and collapse ofhigh rise buildings when it occurs in the underground basement of

industrial mills or public buildings. These damages have led to loss of lives, revenue and

properties.

In order to forestall (prevent) these damages from occurring, the idea of level

measurement and control is employed whereby these underground excess waters can be

channeled to drainage pits or underground wells to be put to other useful uses. Level

measurement has to do with the stage by stage determination ofthe distance from the

upper surface of the water to a pre-defined level located below the surface while Level

control is the maintenance ofthe quantity of water in a reserviour or tank or underground

basement. Level measurement and control increases the initial cost ofequipment required

for public or industrial processes which would bereasonably justified economically,

when taking into consideration the need for sensitive and accurate level control toavoid

stoppages inthe operations and assafety precautions against the loss of lives and

properties. [2]

1.2 AIMS AND OBJECTIVES

The major aim of this project work is tobeable to measure the water flow level

into an underground basement orreserviour, so as to be able to indicate each water level,

signal when the flooding starts to occur and control the channeling ofthe water to the

drainage pits orunderground reserviours for other public or industrial use.

Moreover, the objective isto prevent damages to machineries and equipments or

high buildings collapse by preventing the flooding ofunderground basements. This goes



a long way in saving a lot ofexpenditure for the public or industries and also, saving a lot

of lives that would have been lost when these damages occur.

1.3 METHODOLOGY

The project is based on the conducting property ofwater. Distill water (pure

water) does not ionize easily (i.e. water in its pure state is a weak conductor ofelectricity

because there are few charged ions moving in solution). Actually, water is a weak

electrolyte that offers a large resistance to the flow ofelectricity. The conductivity ofany

liquid depends on its ionization (ionization being the dissociation of its electrolyte into

charged particles called ions). [2]

However, water contaminated with some form of impurity normally found in

industrial mills conducts electricity very strongly due to its measurable salt content as

compared to distill water and this conducting mode can bedetermined interms of the

resistance it offers whenvoltages are applied (lowvoltages, because high voltages could

lead to a circuit blow-out). This resistance depends on the type of impurity present in the

water andcouldbe generated in the following industrial processes;

1) Water control in the Rolling Mills

In industrial rolling mills, industrial water (normally from rivers, streams or seas)

is poured on hot billets along rolling lines (channels). The main purpose ofthese is to

washoff the scale fromthe hot billets whereby the waterwashes themto the scale pit

where the scales settle for evacuation and thewater ispumped back to the underground

reservoirs for further re-circulation. Asthewater is poured onthehotbillet, it carrier

along with it lubricants such as oil on the machine on which the water flows. The

presence ofthese lubricants eventually lowers the conductivity ofthe water and thereby



increasing the resistance of the water. The level of water in the scale pits are very critical

to the operation ofthe mill and hence, necessitating the measurement and control of the

water level in these cases. Values of resistances obtained in these cases can be as high as

five hundred milliohms (500mD). [4]

2) Underground water control using drainage pits

In the industries, problems ofunderground waters are tackled using drainage pits.

This is used in the basement ofhigh rise buildings, cable tunnels, and Underground wells

and is usually made to be lower than the reference level, with water flowing into the pits

fromwherethey are pumpedout. The pumping has to be automated (a reference levelof

water is made and as soon as the water level goes beyond the reference level, a signal is

sent to the electric motor(to drivethe pump) that pumps the water out. The resistance of

water in this case is about 50milliohms (50mD). [4]

3) Cooling water to furnace

The walls of high temperature furnaces are constantly cooled using industrial

water in cases like the electric arc furnace, electric holding furnace, induction furnace, re

heating furnace in rolling mill, blast furnaces, etc. Arrangements are usually made for

industrial water to flow through the walls of these furnaces ascooling water isconsidered

criticalto the operationofthese furnaces.

Hence, signals indicating availability ofwater to the furnaces (water flowing

through the walls ofthe furnaces) are sent to signaling and protection circuits. The

arrangement is such that ifwater is not flowing to these furnaces, the main breaker

supplying power for the operation ofthese furnaces is not ON (closed) and in many

cases, where the water flow fails suddenly in the course ofoperation in the furnace, alarm



signals are given andthe protection circuits should operate aftera given pre-determined

time. [4]

The controller circuit designed in this project can be used in the above mentioned

situations as it is an electronic device that will indicate and measure the water level in

these cases, generate voltages thereby inducing electric current that will be needed to

drive the electric motor of the pump to pump water into drainage pits, so as to be able to

control the flooding in theseenvironments. It also incorporates a seven segment display

to indicate the water level and to show emergency situations.



CHAPTER TWO

LITERATURE REVIEW

Quite anumber ofapproaches have been developed for sensing and determination

of liquid levels in tanks, reserviours, basins and other environments. This knowledge is of

extreme importance as other parameters can be inferred from the measurement of these

liquid levels e.g. volume of the tank can be determined if the dimension of the

environment is known, area ofthe liquid environment can also be determined. Various

principles are used to determine liquid level via level measurement using differential

head, electronic method, etc. [3]

Generally, this is achieved by taking into cognizance of some important physical

parameters of the liquid in the environment like the temperature, pressure, weight,

turbidity, etc. These parameters have helped in developing appropriate transducers to suit

any particular transducer chosen. Liquid level sensing is either based on obtaining a
discrete indication when a pre-determined level has been reached (also called point

sensing) or obtaining an analogue representation of the level as it changes (continuous

sensing). Point sensing systems are usually simpler and cheaper than continuous sensing
systems and should be used when discrete indication has to be obtained. When two or
more discrete levels are to be established in any environment, the use of two or more

point sensors is preferable to continuous system due to the inconsistency in the accuracy
of the measurement when using the continuous sensing technique. The most commonly

used water level sensing device is the float system which consists ofalevel sensing float
system which mechanically actuates a transduction element like a potentiometer,

magnetic reed switch, etc. [2]



However, with the advent of semiconductor technology, electronic based water

level sensing and pump actuating devices have replaced most the above early systems.

One of such device is the electronic level controller which is adevice used in monitoring

and controlling the level of media in avessel or tank. It can be used for pre-detenuined

level detection with ON/OFF control and for continuous level measurement in awide

variety of process medium applications. It also includes the use of moving coil indicators
i.e. Light Emitting Diodes (LED's) and digital indicators like the Liquid Crystal Displays
(LCD's). Also the thyristor switches and transistor switches have replaced manual
switches used as control devices of the water pump. These semiconductor switches are

preferable due to their higher speed, better reliability, and longer life and since there are
no moving parts in the switches, they do not wear out. [3]

This project has employed the I.C. based circuits which could be used for
regenerative comparator circuits due to their higher gain, cheaper value and occupying of
less space. This has an advantage over the typical circuit used in the industry utilizing
discrete transistor circuitry which was found to be problematic because of certain

characteristics found inthis circuitry.

With the high level of development and the increase in sophistication of
equipments in the world today, minimum maintainability and very high reliability is
gotten as aresult of the emergence of microelectronics.



CHAPTER THREE

THEORY OF OPERATION AND DESIGN

3.1 POWER SUPPLY UNIT (PSU)

Modern electronic devices and circuits require a direct voltage supply. Abattery

could be used to supply this direct voltage but it has disadvantages due to its limited life

and the manner in which the battery's internal resistance decreases with age and the

deteriorating battery condition. The effect of increased resistance is to lower the battery

terminal for agiven load current. Also, the effect of varying load current will cause a

change in the terminal voltage of the battery. An ideal power supply will not change its
terminal voltage despite changes in input voltage or output current conditions and thus, a

battery is far from an ideal power supply.

Furthermore, in achieving the desired ideal power supply for the flood controller

circuit, it became amatter of necessity to design power supply unit. Since, the source of
electricity available is an alternating current (a.c.) mains of 240V, 50Hz; astep down
transformer was used to convert these mains to a 15V, 500mA direct voltage (d.c.)

amplitude level supply. This was achieved by making use of the turn's ratio of the
primary windings to the secondary windings to get the desired voltage and current value
i.e. the voltage applied to the primary appears across the secondary, with a voltage
multiplication proportional to the turn's ratio of the transformer and a current
multiplication inversely proportional to the turn's ratio. In atransformer operation, power
is conserved and it also serves to "isolate" the circuit from the actual connection to the
power line due to the windings ofthe transformer being insulated from each other. This is
shown in fig 3.1.
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r
240V,
50Hz a.c.

source.

t,

r

'*[
15V, 0.5 A
transformer

outmit

-J

Fig.3.1 Diagram ofatransformer showing its voltages

The output voltage supply from the mains is an alternating sinusoidal voltage

which changes polarity during acycle i.e. it is positive in one-half cycle and negative in
the second half-cycle giving an average value of zero over acycle. This is illustrated in

fig 3.2

Voltage, V

NOW, V^r N^ is
Vs Ns 1P

Fig. 3.2 Transformer Output Waveform

V =240V; Vs =15V; Is =500mA (transformer values)

^ = 240=16 = 1$
Ns 15 Ip

Time,t



Ir =L=500x103 =31.25mA
16 16

Also, PD =Vplp =VSIS =500xl0"3 x15 - 7.5W

where Vp = Primary voltage (from a.c. source)

Vs = Secondary voltage (output voltage from transformer)

Np =Number ofturns ofthe primary coil

Ns = Number of turns of the secondary coil

Ip = Primary current (from source)

Is = Secondary current (transformer output)

PD = Power dissipated bythe transformer.

Rectification is then required to provide auni-polar voltage i.e. avoltage made up

of sinusoidal half-cycles but each ofthe same polarity, positive in this case. This was

achieved using four IN5392 diodes in foil-wave bridge rectifier mode as shown in fig 3.3

;240V,
50Hz a.c.

mains

i
it 15V,

0.5A I
' rect

-t

Fig. 3.3 Diagram ofthe rectifier circuit

The bridge rectifier consists of two pairs of diode with apair having its common

anode terminals joined together while the other pair has its common cathode terminal

joined in asimilar way. Actually, two diodes which are always in series with the input

10



voltage conduct simultaneously. For instance, during the positive half cycle of tlu

transformer, Di and D3 conducts while D2 and D4 are reverse biased. During the negative

half cycle, D2 and D4 conducts while Dj and D3 are reverse biased. This results in a i

average d.c. voltage output with considerable ripple component of twice the input

frequency of 100Hz. Now, Vmax = Vpeak = (2)l/2 x Vrms

Vpeak=15x(2)1/2=:21.2V

where Vpeak = peak output voltage from transformer

Vrms= root mean square output voltage of the transformer

The peak inverse voltage (PIV) rating of each of the diode is normally equal to

Vpeak. By standard, the acceptable PIV for a full-wave bridge rectifier is 2Vpcak = 2 x 21.2

= 42.4V. Thus, the diode IN5392 with PIV rating of 100V was chosen as the rectifier

diodes. Also, Vnact= Vpeak - 2Vd

where Vrect= output voltage from the rectifier

Vd = the conducting diodes instantaneous voltage drop

Vpeak = 21.2V; VD= 0.7V(for silicon diodes)

Vrect = 21.2 -2(0.7) = 19.8V

The rectifiedoutput voltageofthe rectifier has the waveformshown in fig 3.4

Voltage 'L

Fig. 3.4 Diagram of the rectified circuit Time A
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The rectified d.c. output voltage is normally pulsating and contains a high

percentage of ripple content which needs to be filtered out to minimize the ripples and

give a better approximation to the required d.c. voltage. A 35V, 3300uF capacitor was

used to provide the required smoothing action by connecting it in parallel with the

rectifier diodes as shown in fig 3.5

,r
240V;
50Hz a.c.

mains

t-

—r—

w
15V,
0.5A ~T~~ :

<>,

A

Vrect

I <•

;., V,n
• •"

V
smooth

l

Fig.3.5 Diagram of the smoothing circuit

The essence of having this capacitor is to prevent theoutput voltage from lulling

to zero as thediode cutsoff. During the positive half-cycle of the input voltage, thediode

conducts and its forward current will flow through the load as before but some will now

flow through the capacitor to charge it to the peak output voltage value. As the input

voltage begins to fall from the peak value, the diode becomes reverse biased since the

voltage across the capacitor is now greater than the applied voltage. The capacitor now

starts to lose its charge which it discharges partially through the load until it gets

recharged. Thus, the voltage across the capacitor, and hence the output voltage falls

exponentially with a time constant, CRL seconds. Afilter capacitor with sufficiently large

value was chosen to provide anacceptable low ripple voltage.

NOW, AV = Load
2fC

where C = capacitor value = 3300pF

12



hoad = transformer output current = 500mA

f = ripple frequency = *$0Hz

AV = ripple voltage

AV = 500 x 10' = 0.1515V
2 x 50 x 3300x10"

Vsmooth - Vrecl —AV

= 19.8-0.1515

= 19.6485V

The filtered (smoothed) voltage output waveform after undergoing smoothing is

shown in fig 3.6.

/oltegC Vc

13

Outpufirom filter

Time,t

Output^with nocapacitor

Fig. 3.6 Diagram ofthe smoothed voltage waveform

The amount ofripple voltage from acapacitor-smoothed rectifier could still be

too great for the circuit and there are limitations on the method ofreducing the ripple by

increasing the capacitor value. An extra circuit was used which acts as afilter to suppress



the a.c. but allows the d.c. to pass and also further reduces ripple voltage atthe output.

This was achieved using a 0.01 uF capacitor which iseffective and isknown asthe

capacitor input filter. Itwas connected in parallel to the capacitor-smoothed rectifier as

shown in fig 3.7. Aprotection diode was connected in parallel with the capacitor to

prevent destructive voltages when the power supply is turned offand also prevent

negative voltage from flowing through the rectifier circuit when a short occurs.

Furthermore, the power supply output voltage needed is desired to remain

constant regardless ofvariations in direct current voltage levels and changes in load

current values, which must not be allowed to affect the d.c. voltage output level. This

necessitated regulation and was done using the three terminal adjustable positive voltage

regulator, LM317 so as to stabilize the output voltage and also produce the desired

voltage. This regulator has no ground terminal; instead it adjust Voutto maintain a

constant 1.25volts (band gap) from the output terminal to the "adjustable" terminal. The

regulator puts 1.25volts across the resistor, R,, so 5mA flows through it. The adjustable

terminal draws very little current (50 - lOOuA), so the output voltage is just Vout=

1.25(1+ R2/R1) volts. Since, it does not "see" ground; it can be used for high-voltage

regulators, as long as the input-output differential doesn't exceed the rated maximum of

40vohs. In this case, the input voltage to the regulator is 19.6485volts and the desired

output is 12.0volts. This shows that the input-output is in line with what is needed by the

LM317 regulator.

Now, Vto =19.0V; Ri =2400; R2 =20641Q where the resistor R2 is the adjustable

resistor thatwasadjusted to the value above.

But, Vout= 1-25(1+ R2/R1)

14



= 1.25(1+2064/240)

= 1.25(1+8.6)

= 1.25x9.6 = 12.0V

This output voltage normally contain some oscillations in frequency which was

removed with the aid of 35V, 2200uF and a 0.01 uF capacitors in parallel and a 1N5392

protection diode was connected across the regulator to prevent it against destructive

voltages when the power supply unit is switched offand also guide against negative

voltage from flowing through the regulator when a short occurs. The connections are

shown in fig 3.7.

U1

LM317

R2
Key s a 50%
20K UN

U3 U5 I D4
24eC*mt£»»ap10nFf1N5392GP

12V, 1.5A

Fig. 3.7 Power Supply Unit Diagram

Thus, the output voltage level of 12V, 1.5A d.c. was achieved and taken to the controller

circuit.

3.2 DETERMINATION OF WORKING RESISTANCE

As a result ofthe low conducting property ofwater, a simple test was carried out

on industrial water (normally sourced from rivers, sea or stream) to determine the value

ofresistance the controller circuitry would be working with. The test was carried out with

15



the aid of two stainless steel electrodes, a mega-ohmmeter, sample of industrial water, a

bucket, and two electric cables. The two stainless steel electrodes were dipped in the

bucket containing the industrial water and the cables were connected to the electrodes on

one end. The other end of the cables was connected to the terminals of the mega-

ohmmeter as shown in fig 3.8. Stainless steel electrodes was used due to its lugh

sensitivity, high resistance to corrosion and its high durability compared to copper or

aluminium that tends to get corroded with time and loses itsdurability.

Electric

cables

Mega ohmmeter

Fig. 3.8 Diagram showing the connections of the water resistance determination

The result obtained was that the water offered a resistance of about 50-100

milliohms which is not too high to allow the conduction of electricity. Hence, the

controller circuit would function well in this environment. Care was taken during the test

that the cables were properly wound round the electrodes and tightly screwed on the

terminals of the mega-ohmmeter to ensure aproper connection. Care was also taken thai

the wires were properly insulated to prevent electric shock because a considerable

amount ofvoltage can be induced when water conducts.

16



3.3 THE TRANSDUCTION / DETECTION SYSTEM

This is the system or an instrument that transforms the quantity of a material,

record it and process it for utilization. Generally speaking, transducers are device:; thai

convert some physical quantity such as temperature or light level, to voltages or some

other electrical quantity which are used as signals that can be manipulated by electronic

circuits, quantified by analog-to-digital converters and logged and analyzed by

computers. The transducer used in this project is the stainless steel immersion electrode /

resistive change transducer. Stainless steel immersion electrodes were used due to its

high durability, highly sensitive nature and its high resistant to corrosion. Copper or

aluminium electrodes tendto getcorroded withtime.

Immersion electrode is the immersion ofthe level sensor in aconductive material

that is to be measured which is preferred due to the conductive nature of water to

electricity, while resistive change means the variation ofthe effect ofthe input resistance

from the negligible value to avalue that appears infinite depending on the position ofthe

electrode.

When the water level is not in contact with the electrode, the electrodes detect an

infinite resistance compared to the input resistance, hence, zero volts (OV) approximately

is applied across the input resistance. As the water level touches the electrodes, it detects
anegligible resistance compared to the input resistance, thus, the entire input voltage is

applied across the input resistance into the encoder circuitry.

3.4 CONTROLLER DESIGN ANALYSIS

The controller was needed to synchronize the input from the sensor to aCD4532

encoder whose logic level output are used to drive adisplay driver that decodes the logie

17



levels to give a display in the seven segment display indicating the various water levels

and also drive the relays controlling the sounder and the two water pumps.

An earth strobe is inserted into the water to provide an earth potential (OV) to the

tank. Eight probes (stainless steel immersion electrodes) were inserted into the tank ai

different levels which form the input of the logic control circuit and are connected in

parallel to the inverting circuits (IC CD4049 and 1C CD4011) and to the supply voltage,

Vcc (12V) through a series resistor (10KD). The value of the resistor is such tlut it's

infinite when compared to the resistance between the probes and the ground when the

probes are not in contact with water, so that an almost zero volt is applied to the input of

the inverters and theentire voltage isdropped across the resistor. When the probes come

in contact with the water as the water rises, the value of the resistor is such that it's

negligible compared to the resistance between the probes and the ground; as such almost

the entire input voltage is applied to the input ofthe inverters. An inverter circuitry was

required to change logic level (0 to 1) and (1 to 0) because the encoder used has an active

low circuitry.

Thus, the outputs ofthe inverting drivers, which also are the input to the encoder

circuitry, are always high (1) whenever the sensors are not in contact with water and low

(0) whenever they are in contact with water. The truth table showing the input logic

signal to the encoder and the output logic signal that are the inputs to the display driver

and theswitching circuit as shown intable 3.1.
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Table 3.1 Truth Table of the encoder circuitry

INPUTS ENABLE OUTPUTS

DO DI D2 D3 D4 D5 D6 D7 E Q2/c Ql/b QO/a

X X X X X X X X 1 X X X

L H H H H H H H 0 0 0 0

L L H H H H H H 0 0 0 1

L L L H H H H H 0 0 1 0

L L L L H H H H 0 0 1 1

L L L L L H H H 0 1 0 0

L L L L L L H H 0 1 0 1

L L L L L L L H 0 1 1 0

L L L L L L L L 0 1 1 1

Theencodercircuitry operationis given in fig 3.9.

LOGIC EQUATIONS

Eu„i - Em»Fo -131 'T>2 -TJ?-TT4 -PS -F<> -IT?
••JO - Em-'C)< -C72-C4 WTV6 »D?-»D4 -~DY. •» OT- -TJO »D7>
01 - Em • <D2 • 134 • TTC. ♦ D». »P4 • 135 + D* * D7.
02 - Em-'D4 * D5 * P* * D7>
OS - E|„ - '.DO * D1 ♦D2-»D5'D4» '.<• * CK:-

Fig. 3.9 Diagram ofthe Encoder Circuitry
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The CMOS gate act as an inverter operates with voltages from 3V to 18V d.c. It

operates with input currents between the ranges of 6uA to 2mA.
Choosing lj„ = I-2mA; Vin = 12V;

Rin =Vit,/lit, =(12/l.2xHn-IOKU

,hc series resistor o. the input circuit was IOKU as shown in lig 3.10

Vr>r.
12V

Fin 310 Scries Resistor oftlw Input Signal
,hc mmw(s l0,il; ,CVe, „, ,„c encode, <*. «>.. and «2 were corresponding

+» «~ — is •«*.. - -* --—*ta -*'-***
lcvcl «. U,csc Revels and produces siBnals - - —- — —-

WU, tabic o.'the loPic .ovc.s ot the display driver is shown in table 3.2
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TABLE 3.2 TRUTH TABLE OF THE DISPLAY DRIVER

INPUTS 7-S EGMENT DISPLAY CODE DISPLAY

VALUE
a B C A b c D E F G

0 0 0 1 1 1 1 1 1 0 0

0 0 1 0 1 1 0 0 0 0 1

0 1 0 1 1 1 1 0 0 1 2

0 1 1 1 1 1 1 0 0 1 3

1 0 0 0 1 1 0 0 1 1 4

1 0 1 1 0 1 1 0 1 1 5

1 1 0 0 0 1 1 1 1 1 6

1 1 1 1 1 1 0 0 0 0 7

ydrrverc:ircuitry operation is shown in fig 3.11.

sy-xyfr-

II ,-fr

Fig. 3.11 Diagram of the Display Driver Operation
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3.5 THE SWITCHING CIRCUIT

The logic output from the encoder is also used to drive the switching circuit;

whereby the outputs logic level forms the input combination of the various levels ai

which the various switches come ON.

The flood control system required a sounder to be operated to produce a sound

when the water level reaches probe 3 corresponding to the quarter level of the

underground basement or tank and should sound continuously until the water goes below

this level. Also, when the water touches probe 5 corresponding to the half of the

basement or tank, the control system is supposed to switch ON the primary pump (pump

A) which drains water out of the basement into a nearby drainage pit where it could be

used for other purposes. A secondary pump (pump B) should come ON (i.e. into

operation) when the water level touches probe 7 corresponding to three-quarter of the

basement or tank height and should continuously drain water to the drainage pit. The

secondary pump(pumpB) wasrequired for a situation that couldarise where the primary

pump (pump A)fails or where the rateofflow ofwater(flood) is higher than the cajKicity

ofthe primary pump (pump A).

From the encoder circuitry truth table, k-maps where drawn using the outputs

logic levelofthe truth table for the situations stated aboveas shown below;

TABLE 3.3 K-MAP FOR THE SOUNDER OPERA! ION

C\BA 00 01 11 10

0 0 0 1 1

1 1 1 1 1

F = C + B where F = output and "+" = logical "OR" operative.

The circuitry ofoperation ofthe sounder is shown in fig 3.12
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T> -•f

B*

Fig. 3.12 Diagram of the sounder logic switching

Also, for the operation ofthe primary pump (pump A), a k-map was drawn as

shown in table 3.4

TABLE 3.4 K-MAP FOR PUMP A OPERATION

1 00 01 11 10

0 0 0 0 0

1 1 1 1 1

F = C where F = output

The circuitry ofoperation for pump A is shown in fig 3.13

-♦F

Fig. 3.13 Diagram of pump A logic switching

Lastly, the k-map forthe secondary pump (pump B) is given in table 3.5

TABLE 3.5 K-MAP FOR PUMP B OPERATION

C\BA 00 01 11 10

0 0 0 0 0

1 0 0 1 1

F = BC where F = output

The circuitryofoperationofthe secondarypump is shown in fig 3.14.
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Fig. 3.14 Diagram of pump B logic switching

The weak signal output from the above circuitry operations are normally fed into

a transistor which acts as a switch and a booster of the signals before they are used to

ignite a relaythat drives the primary and secondary pumps.

The transistor is used as an electronic switch that uses a weak control signal to

turn ON or OFF an electronic device. The control signal is the output of the logic control

circuit and the power level of these signals are normally weak, hence it's incapable of

switching the device directly. However, these control signals are capable of providing

enough base current drive signals to turn a transistor ON or OFF and the transistor in tin a

switches the device.

There are three types oftransistor configuration (connection) viz;

1) Common Base (CB) configuration.

2) Common Emitter (CE) configuration.

3) CommonCollector (CC) configuration.

In the common emitter (CE) configuration, the input signal is applied at the base and

emitter junction and the output signal are taken out from the collector and emitter

junction. This is the most versatile and most useful of the three configuration and is the

only one capable of both a voltage gain and a current gain greater than unity. Due to its

dynamic characteristic, the CE configuration was employed asshown infig 3.15.
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onlv one capable ofboth a voltage gain and a current gain greater than unity. Due to its

dynamic characteristic, the CE configuration was employed as shown in fig 3.15.

Ic

'AkOhrn

I b'.'ti"

I
.12 V Vbb i Ie

Fie. 3.15 Common Emitter (CE) Circuit Diagram

Now, P = Ic/Ib

Ic = Plh

Also, IB = _Vee^iYaE.= ¥bb
Rn Rr

andVrr? = Vrx-IcRc

where Rc = relay coil resistance

Vcc = d.c. applied voltage

Vnn =output voltage from logic control circuit

Ic = collector current

IF_ = emitter current

In = base current

f) (hnO = current gain

Also. Pc = Vcnl« = Vcrlc = constant

where Pc = collector power dissipation
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The switching circuit of the pumps comprises ofa 2SC1815GR silicon, NPN, uni

polar transistor and a 12V, 10A relay. The transistor and relay values were;

iRmax = 10A (maximum relay current); Ic = 0.1A

Icmax = 0.15A (maximum collector current); Vcbo (Vmax) = 60V

Load resistance (relay) = 410!Q; h^P) = 200; Pc = 0.4W

Transistor base current, Ib =Jc = QJ = 50QUA
p 200

Since, the relay with a cut-in voltage of 12V was used; 12V is expected to drop across tl; r

relay.

Thus, minimum relay current, Imm = 12_ = 29.27mA
410

This shows that lc = 0.1A is within the safe region ofoperation of the transistor.

Voltage drop across Rb, Vr = 12 - 0.4= 11.6 (Vbe = 0.4 for silicon)

Base resistor, Rb = Vr = 11.6 = 23.2K£1
IB 500x10-6

Thus, 20KD resistor was chosen as a limiting resistor for the transistor base

current.

The output signal of the transistor is used to ignite a relay which drives the pumps

(pumps A and B). The relay is also an electronically controlled switch which are used in

remote switching and high voltage (or high current) switching. Due to the importance in

keeping electronic devices isolated from the a.c. power line, relays are useful to switch

a.c. powerwhilekeeping the control signals electrically isolated.

An electromechanical relay was employed in this circuit which depends on the

interaction of the magnetic field set by a fixed coil carrying an electric current and a

movable steel armature. The coil is wound round an iron core and when current passes
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through the coil; the core becomes magnetized and attracts the pivoted movable steel

armature. The armature is pulled into contact with the end of the core, and in doing so,

presses two springs contacts together. The closing of the contacts completes the circuit

which in turn drives the electronic or mechanical devices.

A diode is connected across the relay to damp the potential harmful e.m.f. of the

relay coil as it switches OFF at the end of each process cycle and conducts the current

induced away to the power line. The relay is used in the normally open (NO) mode,

where the contacts close when the relay is energized.

The relay was of 12V, 10A value which is one of the normal voltage and current

rating required to switch mains-powered devices running on alternating current. The a.c.

powered device could be up to 240V a.c. mains which was the voltage used to power the

two pumps. The electromagnetic relay is shown in fig 3.16.

Coil L

Iron core 240 AC

HH I
Motor

Switch

Fig. 3.16 Diagram of theoperation ofanElectromagnetic Relay

The sounder was switched using a silicon power transistor TIP31C, NPN, as a

switch and a booster of current. The power transistor is used in a switching mode for

power conversion and control and is normally held in the ON state by continual current

signal at the control, or base terminal. When the signal is removed, the transistor
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automatically switches OFF. The power transistor was used in the common-emitter

configuration as discussed above but this time, switches the device without the aid ofa

relay.

As shown ahove,

B = IC/TB

Ib = Vbb/Rb

But, 1,.^ = 3A; Vcbo = 60V; hFr (p) = 40; Ic = 9.4mA

Transistor base current, IB = VP = 9.4x10*740 = 235uA

Voltage drop across RB, Vr= 12- 0.4 =11.6(VBE =0.4 for silicon)

Baseresistor, Rb= VR/IB = 11.6 49.36KP.
235x10-6

Thus, 47KD resistors were chosen as limiting resistor for transistor base current.

Also, the Ic =9.4mA is within the safe region ofoperation ofthe transistor for it to switch

the sounder.

3.6 INDICATION / OUTPUT SYSTEM

The design ofthe project is tobe able todetect the water level ofthe flood waters

in an underground basement ortank with the aid oftransducers / detectors, indicate these

levels using a visual display and control the flood out of the basement into draiiiagc

facilities with the aid of240V a.c. mains powered electric water pumps.

In keeping with the above objective, a seven segment display light emitting diod<

(LED) display device was used to indicate each water level detected. This is a seven

segment numeric indicator in which the segments obtain their luminosity from light

emitting gallium arsenide or phosphate diodes and are operated at low voltages and low

power. They fall into two categories, common anode (ca) and common cathode (cc).The
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common cathode (cc) mode was made use of in this project because it has the cathodes of

all segments connected internally to a common terminal as shown in fig 3.17. Current

sources are connected to the anodes, each through a series resistor.

A BCD to seven segment decoder was used to decode the outputs ofthe encoder

and convert them into seven segment display codes which gives the values that are

lally displayed by the seven segment LED's. The seven segment LED's displayVISUf

values0-7 corresponding to the waterlevels 0-7.

Current sources

1 k Ohm
1 k Ohrr hrci^t kOhm< ' KOh,-...

1 kOhm

3^ b3^

# *

0V*-

Fig. 3.17 Diagram ofthe common cathode mode ofthe seven segment display

LED's operates for input current between 10mA to 60mA. Let the input current,

1„ = 10mA and the forward voltage drop, Vd =2V (typically for LED's). Voltage across

limiting resistor, VR =supply voltage - voltage drop. VR =12 - 2=10V

R-=Yr_=10_
ld 10x10

-3

1000= IK'Ci
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Thus, 1KX2 resistors were connected across each LED in the seven segment display.

Asounder was made use ofto give an audio alarm when the water touches probe

3signifying that the flood has reached a threatening level in case there are no operator!-,

present to check the visual display. The idea is to alert the operators who can decide to

operate the flood control system manually to avoid the flood level getting higher. The

sounder continues to ring until the water goes below this level and the alarm is cut-off.

The sounder used was a 12V d.c. powered buzzer with a frequency of300Hz.

When the water level touches probe 5, a 240V a.c. mains powered water pump

engine (pump A) should operate because the pump is driven by the energized relay Iand

it continuously drains water out ofthe basement or tank to the drainage pit until the water

goes below this level. For extreme situations (when pump Afails or the rate of flood is

higher than the capacity of the pump), asecondary pump (pump B) should operate when

the water touches probe 7 as it becomes driven by the energized relay 2 and should

continuously drain water out of the basement into the drainage pit until the water goes

below probe 7. The controller circuit arrangement is shown in fig 3.18.
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PROBES

D1 R20

D2 R2- T

vcq
2V

1N8Ma4Pc°hn^-8 k

SOUNDER
CONTACT

T

• -.'.-?.-t. « ;

Tig. 3.17 Diagram of the nrrangement of the Controller Circuit
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CHAPTER FOUR

CONSTRUCTION, TESTING, RESULT, AND DISCUSSION
OF RESULT

4.1 CONSTRUCTION

Aprototype module ofthe flood leve. control was constructed on aVeto board
according to thecircui. diagram shown in fig 37and fig 3.18. The construction and
assembly was done with the materials needed and was done w.th absolute care till tl,e
final assent .ha, resuued in the complete system as shown in fig 4... The finished
mode, was housed in atil. box measuring 2<*m , .5cm contaming the circuit of.be
flood controller and the power supply unit. The height ofthe ho, was 8cm high and
provision was made for the probes (elecuodes) using AV oudets, two socket outlets was
provided for.he,woe,ecmc wampum* wire cab.e was brought outfor the sounder,
another wire cab,e was for .he ear* termina. at* the seven segmen. display was provided
to give the visual indication.

Tests were carried out on the constructed prototype module of the flood
controllers demor^te the workabUity ofthedesign. The results obtained fromthese
tests were recorded. The functional Wo* diagram of.he flood leve. controller is shown

in fig 4.2.
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Fig. 4.1 Pictorial representation
ofthe controller prototype

Fig. 4-2
Functional block (Sasran, ofthe

Automatic Ftood Cor*ro«er.
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42 WATER LEVEL TEST AND RESULT
The eight probes (leve, sensors) were positioned in their appropriate levels in an

empty earthed wa.er.an, Water waspoured into thetartCo.,. it tocapacity -d a, eachprobe.veUhesevensegmentdisp.aygaveavisuali.K.icationofeacblevelasrecorded

in table 4.1.

TABLE 4.1 WATER I-F.VFX TEST RESULT

Maudioa,arr,Whe„,hewa.er,uchedpr„be5(ha,fof,ank),,beprimarypump<pUmp
^cameO.andstaneddrainmg.Whenwa.er.o^probeVahree.uarterof^,

, .™, m rame ON and started draining,the secondary pump (pump B) came urs a.

4.3 SIGNAL TEST
T^probesCsenso^haveto pickup signals in the form ofvoltages and currents

eodedm.odigUalsigna.bythegatesoftbetnver.rswhichareusedbytheflood
conTOUer.oco.r„.u.water.eve1.T1tus,dfflere,sigrra..es.swerecarriedoUta,.
again,,bee1^va.uesa.differen.units„fthec.rcui.andwererec„rded.
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4.3.1 POWER SUPPLY TEST AND RESULT

Test was carried out on the output ofthe transformer, rectifier smoothing

capacitor and that ofthe voltage regulator after construction, to determine the observed
values as against the expected values. This is shown in table 4.2.

TABLE 4.2 POWER SUPPLY TEST RESULT

OBSlRYELyREsOlXIZl
TEST POINTS
TRANSFORMER
OUTLET
gPf^nFlED OUTPUT _
SMOOTHED OUTPUT

EXPEC1^ED_RESULT

15.000V

4.3.2 SENSOR TEST

mprobesCse^so^weretestedatttemnuttotte

the voltage that enters the controller so as

This was recorded in table 4.3.
TABLE 4J SENSOR TEST RESULT

OBSERVED RESULT
rosiTlONOFTEST "
POINTS

to ascertain the control system's effectiveness.

When water is touching any
^robe. .
When water touches the
jrobes.

4.4 DISCUSSION OF RESULTS
The resutos obfcined a. each .es* are hereby enumerated thus;
For the water level test, when the

tank was empty, the seven segment display was
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rbatUtewater.iustcomingmtotbeta^ and is stit.at ground level. Whenthe wa,r
touched probe 2, eo.uiva.en. , .eve. 1, the display indicated .he numeric number ..
showing.ha.w,erisriSingup.he.an,When.hew,er.ouchedProt.3,euuival..t,o

__.-*_«-——°" ^ganaud* alarm. Whenthe watered
pr0be4.«,uiva,en,U,teve,3,,hedispUlyi™.ica.edfl1enumericnumber 3,showi„gthat
„keepso»risU,gwi.h,he audio atorrn sti., blarntg. Whenthe water touclrcd
ptobe5.equivak„,«>teve,4,.hedfep,yWic,ed.henunKric„umber4,showi.,,!t,,at
.bewaterkeepsrisingm.h.tank.mprunarypumpcomesONatthisleveland^s

pr„be6,equiva.e,toteve,5,.tedisptayindic,e4.henumeric„umber5,showi„g..,«

Mter„u,of.he^T11eprin^pump^Souwler,i..operates,.his,eve.. When.be

water is a. M«™k w»h bo.h pumps at* .he sounder s.i.1 operafing.
For the power supp., *•. "hen .he power supply swUch was switched ON,the

LEDgtowsREDstowmg.ha.power is in.he circui. withawe., regulated voltage of

„_of.he fluc.ua.ions in voltage and fluency ofthe mains power supply.
For the sensor .es,, when .he water level is not touching any probe, there ,s no

•i__^**^-^«---•*--*---l**'"-,*'
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circuit. When the water touches any ofthe profcs, the seven segment display indicates
some numeric numbers, showing that asignal of 12V comes into the controller circuit.

Hence, the model has been shown to be very efficient and reliable and is ve, y
much in conformity with the objective ofthe design.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

In conclusion, it is seen that the purpose ofthe design has been achieved since the
test carried out shows that the constructed work met the stated objectives.

In the course ofthe design, consideration was given to operational characteristics,
cost effectiveness and area ofoperation. Also, material selection was done to ensure
durability, reliability and efficiency.

Incorporation ofaseven segment display was done to make the device quite

convenient for the user and it is easily adaptable for liquid level measurement and

control, temperature level measurement and control, heat sensing for measurement and

control, pressure head distribution ofwater for industrial and public use, e.t.c. All that is

required is an appropriate transduction / detection element that will detect and convert the

signals to electrical signals for use by the controller circuit.

It could also be applied in natural disaster monitoring that is dependent upon

water regime (seasonal rise ofwater level). Before most ofthese natural disasters occur,

nature tends to communicate this intelligence in the form ofpressure head variation,

where adigital signal processing (DSP) chip in application with error coding can be used

to decode this intelligence and necessary preparation can be taken before disasters >,,t to

its full scale.

5.2 RECOMMENDATION

Having implemented the design as aprototype, the following recommendations

are hereby made for the public and industrial application ofthis design.
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It is worthy that my successor should employ a personal computer (PC) interlace

or a microcontroller interface to theencoder to get accurate level detection andbelter

switching ofthe output system giving a more accurate output control. It is also

recommended that a capacitive type sensor should be employed to take care or non-

conductive liquids normallyencountered in the industries.
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APPENDIX I

LIST OF SYMBOLS

I = Current in amperes (A)

V = Voltage in volts (V)

R = Resistance in ohms (CI)

PIV = Peak inverse voltage in volts (V)

C = Capacitor in farads (F)

H = High logic level "1"

L = Low logic level "0"

M = Electric motor

S = Switch

F = Frequency in Hertz (Hz)

P = Current gain (hre)

D = Diodes
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APPENDIX II

LIST OF MATERIALS

1. One 240V, 50Hz /15V, 500mA Transformer.

2. Eight 100VIN5392 Diodes.

3. Two 0.01 uF Capacitor.

4. One LM317 Regulator.

5. Nine Stainless Steel Electrodes.

6. A bucket containing Industrial Water Sample.

7. Electric Cables / Wires.

8. A Mega ohmmeter.

9. One I.C. CD4049 Hex Inverting Buffers.

10. One I.C. CD4532 8-Input Priority Encoder.

11. 10KQ Resistors.

12. 240Q Resistors.

13. A 3KO Variable Resistor.

14. Two 12V, 10A Relays.

15. Two uni-polar Transistors 2SC1815GR.

16. A TIP 41C Power Transistor.

17. 47KQ Resistors.

18. IKn Resistors.

19. One Seven Segment Display.

20. A Packet ofFloor Tiles.

21. A 30W Soldering Iron with Soldering Lead.
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22. A DC / AC Digital Multimeter.

23. One I.C. CD4511 BCD to 7-Segment Display Driver.

24. One I.C. CD4011 Quad 2-Input Nand Gate.

25. A Veroboard.

26. Two Socket Outlets.
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LIST OF FIGURES

Pig 3i —Diagram showing the voltages ofa transformer.

pig 32 —Diagram depicting the waveform ofan a.c. voltage.

Fig 3.3 —Diagram depicting the rectification circuit.

Fig 3.4 —Diagram depicting the waveform ofthe rectified voltage.

Pig 3 5—Diagram depicting the smoothing circuit.

Fig 3.6 - Diagram depicting the waveform ofthe smoothed voltage.

Fig 3.7 - Power supply unit diagram depicting the regulation ofvoltage.

Fig 3.8 - Diagram depicting water resistance determination.

Fig 3.9 - Diagram depicting encoder circuitry operation.
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Fig 3.13 - Diagram depicting the primary pump operation.
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Fig 3.15 - Diagram depicting the common emitter transistor operation.

Fig 3.16 - Diagram depicting the operation ofan electromagnetic relay.
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