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ABSTRACT

This project deals with the construction of a liquid detector which forms
the basis for a multi-channel water level detector/alarm system. There
are various ways in which the objectives of this circuit could be
achieved, but emphasis is to be given to the techniques employed in
liquid detection based on probes inserted at different levels in the
channels. Voltége drop across the probes due to resistance of water

and comparison of the signal with the fixed signal.

The circuit will conveniently switch on a light emitting diode and an
alarm circuit. The lighting of the LED and the alarm of the circuit
depends on the output at the comparator circuit which is a function of -

the incoming signal and the reference signal.

Once the voltage drop across the probes is low compared to the
reference voltage, the output of the comparator goes low. But as
compared to the input voltage (v+), the LED comes on and the output
is fed to the Thyristor through the diodes. The gates of the Thyristors

are thus fired and the alarming circuit is switched on.

The multi-channel liquid detector/alarm system was designed
constructed and tested.
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CHAPTER 1

1.1 INTRODUCTION
Electronic systems refine, extend or supplement human facilities and ability
to observe, perceive, communicate, remember, calculate or reason.

Electronic systems are classified as either analog or digital.

Analog systems change their'signal output linearly with the input and can
be represented on a scale by means of a pointer. In the other hand, digital
instruments or circuits, repres'ent their output as two discrete levels (‘1’ or
‘0’) and could show their output in a digital display either numerically or
alphabetically.

This project involves the design and construction of a multi- channel liquid
activated alarm. Liquid and steam activated alarms can be made to sound
when liquid in a tank reaches a preset level, or rain water falls across a pair
of contacts, or when flooding occurs in a cell or a basement or when an

impact wave is generated as a person or object fall into a swimming pool or
tank.

System activated alarms can be made to sound when high pressure steam
escapes from a valve or a fractured pipe, or when steam emerges from a
spout of a kettle or container as the liquid reaches its boiling point.
Although this project is a liqui'd activated alarm, it still relates thoroughly to
steam activated alarm circuits and the circuit could be adapted to form a

steam activated alarm by changing resistor values in the sensor stage.



In the liquid activated alarm, a pair of metal prbbes detects the presence or
absence of the liquid the probes ‘see’, a near finite resistance is detected
and made to activate the alarm device. The resistance appearing across
the probes under the alarm condition when it has sensed depends on the
type of medium that is being detected. In the case of rain or tap, the
resistance may be less than a few kilo ohms but the case of steam or oil
differs here the resistance may be greater than several mega-ohms. As a
case study for this project water (H,0) was taken into consideration, and as-

earlier mentioned, for other liquid or steam the same circuit could be used
by adjusting resistor values.

The generalized block diagram in Fig. 1.1 gives a summary of the entire
project and circuit design.

1.2 GENERALIZED BLOCK DIAGRAM
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GENERALIZED BLOCK DIAGRAM (MULTIC HANNEL WATER LEVEL DETECTOR)



1.3 DESIGN SPECIFICTAIONS

NO OF CHANNELS

SENSOR PROBE

LIQUID TYPE

INPUT VOLTAGE

SUPPLY VOLTAGE (CIRCUIT)
ALARM TYPE

1.4 OP-AMPS & COMPARATORS

THREE
GALVANIZED METAL
WATER

220VAC

+12V.D.C

TWO TONE

Operational amplifiers are differential amplifiers with extremely high open

voltage gain. Negative feedback circuits are employed in op-amps to

control the gain when precise gain values are needed. The comparator is

an operational amplifier without a feedback. Hence, it is controlled by the

open loop voltage gain.

1.4.1 STRUCTURES AND OPERATION NOTES

An amplifier is represented diagrammatically by a triangular arrow-head

pointing in the direction of the data flow we input to output. A differential
operation amplifier with a seven pin base is shown in fig 1.0. The function

of the terminal connections will be examined although the numbers and

positions shown in fig. 1.0 have no special significance.



O/p

Fig. 1.0: Terminals on a Differential Operational Amplifier

Terminals 4 and 11 are the power supply terminals in general. The
amplifier must be supplied with two stabilised d.c. voltages, e.g. +15 and —
15, with respect to the.common line or +15 or +12 and -0 volts for single
supply. Pin 11 is grounded in such a case and pin 4 taken to V*. This
enables the unit to amplify a d.c. input signal which may be positive or
negative with respect to the common reference level. These supply voltage
level are not critical although the manufacturer specifies the voltage at
which the reported performance figures were recorded. Most amplifiers will
function satisfactorily with reduced gain at voltages +9 and -9. Batteries of
adequate capacity may be used or modular mains-operated power supplies
are available providing -15 — 0 — +15 volt at the terminals of the common
line. It is also advisable to provide a ratio frequently by connecting a 0.1puf
capacitor between each power supply terminal and earth. The quiescent
current from the power supply may be typically 3mA, whereas the
maximum current drawn may be 12mA,; operational amplifiers demanding
much less power thah this are also available.

Terminal 2 is the inverting input terminal. A voltage applied between

this terminal and the common line appears in an amplified and inverted



form between the output terminal and the common line. For a d.c. input
signal inversion means a change of sign, for an a.c. input signal, inversion
means a change of phase by 180° i.e. the output signal is in anti-phase
with the input signal. |

In circuit diagram, the inverting terminal is identified by a negative
sign. For an amplifier to be termed “operational’ it must invert the input
signal.

Terminal 3 is non-inverting input terminal identified in circuit diagram
by a positive sign. Any input signal applied betwéen the terminal and the
common line appears at the output in an amplified form and in-phase with
the input signal.

If the input terminal 4 is connected to the common line, the amplifier
is left with one input terminal and is said to be “single-end”. Difference
amplifiers with low inputs are much more versatile so they will be examined
more fully and the single-ended version will be treated as a special case.

_ Terminal 1 is the output terminal where the output voltage Vo is
developed relative to the common line. An eighth pin is provided if
frequency-compensating components have to be connected externally. The
manufacturers’ state the values required when the ampilifier is operating at
a particular gain. When a different gair is selected, the frequency-
compensating component must be changed if the amplifier is to operate in
a stable manner.

It will be assumed henceforth that the corresponding components
have been incorporated in the operational amplifier itself as is very often

the case.



1.4.2 THE IDEAL DIFFERENTIAL OPERATIONAL AMPLIFIER

An ideal differential amplifier is sensitive to a difference of

potential between its two point terminals, but will not respond to any
voltage applied to both the input terminals simultaneously. The ability

of the ampilifier to ignore or reject this “common mode signal” is very

valuable. An ideal operational amplifier is furthermore assumed to

have the following characteristics:
a. Infinite Gain

When the gain of an amplifier is very high,

performance of a sub-system which makes use of the amplifier

depends only on the input and feedback network. Typically, the

d.c. open loop voltage gain, AVo, (the voltage gain without

feedback) may be 10° or 10° or more in practice.

b. Infinite Input iImpedance

With the condition satisfied, the output current to the

amplifier is zero by the use of field effects transistors and good

design, differential input impedance (impedance between the

two input terminal(s) may be as high as 10" in practice).

Furthermore, the common mode input impedance (the result of

the parallel combination of each input terminal to the common

‘line) may also be 10° or 10° or more in practice.

C. Infinite Band Width

The bandwidth of an amplifier is the frequency range over which the gain is

virtually constant. If this extends from zcro to infinity, the amplifier will



respond equally will to d.c. or a.c. signals of any frequency would occur. In
actual amplifier, the gain is reduced progressively at higher frequency up to

100KHz and the frequency at which the voltage gain is unity (i.e. 0dB) may
by 3mHz.

d Zero Output iImpedance

With this condition satisfied, the output would be
unaffected by alteration of band.

e. Zero Voltage

This implies that when the voltage between the input

terminals is zero, the output voltage will be zero.

The op-amp was originally developed for use with analog computers but
now they found place in almost all aspect of electronics. The op-émp has
the following ideal characteristics;

Infinite voltage gain

Infinite input impedance

Infinite bandwidth. .
In practice however there are deviations from ideal conditions due to
manufacturing processes and other physical conditions the various
components might be subjected to which make up the op-amps. Below
show the actual characteristiés of yA741 op-amp.
Voltage gain — 106dB (numerical gain = 2000000.0)
Input impedance - 1MQ
Output impedance — 7500Q



Bandwidth — up to 1MHz

The voltage gain and bandwidth are two parameters that most be critically
looked, for successfully application of this device. More information about
the parameters could be gotten from IC date sheets

Vout = Ag Vin
Where A, = open loop voltage gain.
And V;, = V' -\

Due to the very high A, V., will tend to saturate upon any difference in
input. Other op-amp circuits include, inverting and non — inverters

amplifiers, summing amplifiers, unity gain buffers etc.

1.5 IC TIMERS.

The emanation of IC timers eliminated a wide range of mechanical and
electromechanical timing devices It also helped in the generation of clock

and oscillator circuits.

Timing circuits are those, which will provide an output change after a
predetermined time interval. This is, of course, the action of the monostable
multivibrator, which will give time delay after a fraction of a second to
several minutes quite accurately. The most popular of the présent IC, which
is available in an eight, pin dual in line package in both bipolar and CMOS
form. The 555 timers is a relatively stable IC capable of being operated as |
an accurate bistable, monostable or astable multivibrators.The. The timer

comprises of 23 transistors, 2diodes and 16 resistors in its internal circuitry.



The functional di(agram consists of two comparators, a flip-flop, two control
transistors and a high current output stage. The two comparators are
actually operational amplifiers that compare input voltage to internal

reference voltages which are generated by internal voltage divider of three
5K resistors. '

1.6 ALARM CIRCUITS

Alarm circuits fall into two basic categories; security alarms (which include
burglar, antitheft, fire, smoke detector etc) and instrumentation alarms (like

those used in electronic devices such as clocks, metal detectors, digital
phones etc).

Security alarms are usually dual tone or multi-tone alarm systems as in
siren and other hazard alarms. Their generation is done via a combination
of tones in which different frequencies are generated and modulated to give
the various tones. Discrete electronic multivibrator circuits could be _uséd to
generate two tones and after generation of the tone, amplification to allow
for loudness of the generated tone. Another way is to get a sounder, which
is an alarm circuit already designed in a module and could be initiated by
switching a power supply to it. Different sounders operate at different
voltages and can generate different sequence of tones. Instrumentation
alarms on the othér hand give usually beeping tones or a particular melody.
The beeping of these alarm circuits are achieved using a buzzer. The
buzzer has an in built oscillator which generates a particular frequency,

once powered the buzzer is activated. To achieve a beeping alarm, an



astable multivibrator will be used to power the buzzer. And the beeping rate
will depend on the frequency of the astable multivibrators. The astable
multivibrator could also be used to generate a single tone and coupled to a
speaker to get the sound output (sometimes via an amplifier if loudness of
sound is required).In this case a buzzer is not needed. |

1.7 OTHER PASSIVE COMPONENTS

Passive components are components, which cannot amplify power and
require an external power source to cperate. They include resistors,
capacitors, diode, indicators, and transformers etc. their application range
from potential dividers to control of current (as in resistors), filtration of
ripples voltages and blocking of unwanted D.C voltages (as in capacitors).
They form the elements of the network circuit oscillator stages and are also

used generally for signal conditioning in circuits. Their schematic diagrams
and symbols are shown in Appendix 1.

10



CHAPTER TWO

DESIGN AND ANALYSIS

2.0 PRINCIPLE OF OPERATION.
The principle of operation has to do with the sensing of different water
levels to activate an alarm system. The liquid resistance once sensed

biases the comparator stage and gives HIGH output which switches a
thyristor and powers the alarm system.

The two sensors in each tank are placed at the two discrete levels to detect
when the water passes in the tank. Once the upper sensor senses the

liquid and gives a HIGH output from a comparator to switch the Thyristor
and the alarm.

The alarm is activated when the Thyristor switches. The system continues
alarming until it senses no more water in the tank and the reset switch is

pressed. The analysis of other stages is shown in fig 2.1.

%R1 §|R
: =

2
+_2_
3
.___..___
- = R4

‘ '%Ra

N
bt

¢

‘A
\/-\1._‘

Fig 2.1 Comparator/liquid level sensor
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The liquid level detector stage uses a set of probes inserted into the liquid
to sense the liquid. Once inserted in the liquid, resistance of the liquid
creates a potential difference which when compared with a force reference
gives a voltage at the comparator output

The resistance across the probes without liquid is more or less an open

circuit hence there will be full voltage drop across the probes. Mainly V' >
V" and V. zero.

Once in the liquid, the resistance is a few kilo ohms (approx. 100kQ) for
water. Hence, the drop across probes would be

Vp = R
(Where Lg = liquid resistance V+ =12V)
= 100k

100k + tIMQ X 12

=1.09V
~ 1V

Hence, there are two distinct levels, i.e. 12V without liquid and 1V with

liquid. The comparator is thus set at a reference of 8V.

12



Where Vref (reference voltage) is the voltage across the Ref.
For Vref = VR4 =8V

= VR4=_R4

8v= 22K
2.2k +R3 X 12 (letting R4 =2.2Kk)

0.6 (2.2k — IR3) = 2.2k
1.32k + 0.6R; = 2.2k — 1.32k
R;=1.46k -

= 1k preferred values

2.2 THYRISTOR SWITCHING STAGE

The thyristor stage, once triggered by the switching circuit, latches a high‘ ‘
voltage in its cathode. The output of the cathode is used to power relay.
which in turn powers the alarm circuits.

R1

R2

Fig. 2.2a. Thyristor switching circuit.



The gate voltage required to switch the thyristor to forward conduction is
always indicated in the data sheet. The thyristor gate voltage Vg in this
case is 2V (from data sheets) hence, since the output of the transistor
switch gives +12Vdc; we want the drop acrosé RS to be 2V

Vrs = 2V, and Vin = 12V,
But Vgs = R5 x_Vin.

‘ R4 + R5 -

Now letting R5 = 1k. Gives R4 =5K (4.7k preferred value).

Upon switching the thyristor 12V is dropped across the relay and
remains there until the resetting occurs by switching depressing S1. The
reset switch is placed on the finished project.

2.3 TWO TONE ALARM CIRCUIT.

The alarm circuit is a two tone siren type alarm. It falls under the category

of security alarm systems. The alarm circuit is a combination of two astable

multivibrators. The astable oscillates at different frequencies of which one is

used to modulate the other. Modulation is achieved from pin5 (control

voltage). For normal astable operation pin 5 goés' to zero via a capacitor of
0.01uF but if a voltage of between 45% and 90% of V.. applied to pin5,

frequency modulation occurs. Coupling the voltage via a capacitor creates

a kind or warble tone, due to the charging and discharging of the battery.
Fig 2.3a shows the circuit of the two tone alarm.

14
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Fig 2.3a Two-tone Siren. .
The first monostable is used to modulate the second which generates a
constant tone. The warble effect is achieved by coupling the modulating

~signal via capacitor C4.For the first monostable a frequency of 3Hz is
generated.

DESIGN CALCULATIONS;

t; =1.1C (R + Ry) seconds (where t; = ON time)
t, = 0.693CR, seconds (where t, is the OFF time)
Since F =1/T
&T=t+t;
F =1/In2C (R, + 2R;) seconds
F=144/ (R +2R,)C ................. (1)

Letting R1 = 10K and C = 100uF for F=0.5Hz (for the modulating‘a'stable)

Substituting the values into equation 1

R, =9.4K
For F=1 KHz, letting R1=47K and C=10nF (for the tone generator stage)
Substituting values to equation 1 gives R2 = 48.5KQ

15



A variable resistor of 100K was however used.

2.3 POWER SUPPLY STAGE.
All stages in the project use +12V. The power supply stage is a linear
power supply type and involves in step down transformer, filter

capacitor, and voltage regulators, to give the various voltage levels. The
power supply circuit diagram is shown in fig. 2.4a

12 D4 D1
+12v i
7812 220V AC
INPUT

FIG 2.4a Power supply stage.

The rectifier is designed with four diodes to form a full wave bridge
network. C, is the filter capacitor and C, is inversely proportional to the
ripple gradient of the power supply. Fig. 2.4b shows the ripple gradient



Vrms

/\‘/m |

Fig 2.4b rectifier stage.
Where dv is the ripple voltage for time dt, where dt is a dependent in power
supply frequency.
For an rms voltage of 15volts (from transformer)
Vpeak = 15 x V2 (i.e., rms x V2

=21.2V
Hence letting a ripple voltage of 15% makes dv = 3.18
But 1/C = dv
dt
C =dt
dv
= 10ms (where dt = 10ms for 50Hz)
3.1V
= 3225.8uF

A preferred value of 3300uF was employed for the power supply stage.

A 7812Regulator was used for the 12v generation.



Fig 2.3 COMPREHENSIVE CIRCUIT DIAGRAM.




CHAPTER THREE

TESTING AND CONSRUCTION

3.0 TESTING

The physical realization of the project is very vital. This is where the
fantasy of the whole idea meets reality. The designer will see his or her
work not just on paper but also as a finished hardware.

After carrying out all the paper 'design and analysis, the project was
implemented and tested to ensure its working ability, and was finally
constructed to meet desired specifications. The process of testing and

implementation involved the use of some equipment stated below.

(1) BENCH POWER SUPPLY: This was used to supply voltage to the

various stages of the circuit during the breadboard test before the power
supply in the circuit was built. Also during the soldering of the project the
power supply was still used to test various stages before the d.c power

supply used in the project was finally constructed.

(ii) OSCILLOSCOPE: The oscilloscope was used to observe the ripples
in the power supply waveform and to ensure that all waveforms are

correct and their frequencies are accurate. The waveform of the

comparatbr and oscillator (stages) were checked.

DIGITAL MULTIMETER: The digital multimeterbasica‘lly measures

voltage, resistance, continuity, current, frequency, temperature and



transistor life. The process of implementation of the design on the board
required the measurement of parameters like, voltage, continuity,
resistance values of the components and in some cases frequency
measurement. The digital multimeter was used to check the various
voltage levels, power supply voltage in this project. And also, to test the

various voltages levels during the testing and implementation.

3.1 IMPLEMENTATION

The implementation of this project was done on the breadboard. The
power supply was first derived from a bench power supply in the school
electronics lab. (To confirm the functionality of the circuits before the

power supply stage was soldered).

Stage by stage testing was done according to the block representation
on the breadboard, before soldering of circuit commenced on Vero |
board. The various circuits and stages were soldered in tandem to meet
desired workability of the project. |

For proper understanding of how the syé'tem operates and allow for
troubleshooting, the pin configuration of the iC's and other active
components used are shown below. Fig 3.1a'shows the pin out of the LM

339 which was used as a comparator in this project.

20



outpyt3 outputd GND Inputd+ Inputd- Inputd+ Input3-
14 3 2 1 10 |9 8

1 2 3 4 5 6 7
output2 outputt v Inputi- Inputt+ Input2- |.npu12+
LM339(139,
239,3302,2

901)

Fig 3.1a LM 339 Pin Configuration.

CONSTRUCTION

The construction of the project was done in two different stages. The
soldering of the circuits and the coupling of the entire project to the
~casing.

The soldering of the project was done on a Vero- board. The Vero board
contains the power supply, and the comparator stages.

Appendix |l shows the soldering and component arrangement on the
Vero board.

The second phase of the project construction is the casing of the project.
This project was coupled to a metal casing. The casing material being
wrought metal designed with special perforation and vents. Itis

diagrammatically represented in appendix 1V

21



3.3 PROBLEMS ENCOUNTERED

1. The response of the transceiver is not linear, although the op amp was
varied to give the best possible response.

2. There was electrical noise which affected the performance of the
system but was removed by using a filter capacitor.

3. Other problems include soldering and measurement errors but these

problems were solved by proper troubleshooting serious care in the
construction of the project.

22



CHAPTER FOUR
CONCLUSION AND RECOMMENDATIONS

4.0 CONCLUSION
The project which is the design and construction of a multi-

channel water level detector was designed considering some factors
such as economy, availability of components and research materials,
efficiency, compatibility and portability and also durability. The
performance of the project after test met design specifications.
The design of a multi -channel water level detector Involved research in
both digital and analog electronics. Intensive work was done on op-

amps, comparators and other electronic circuits.

4.1 RECOMMENDATIONS.
| would recommend that further work be done on the following areas.
This would be possible if the department procures state of the art
equipments required to make it possible for the students to carry out

such research.

1) The department should acquire more research-oriented
books in the departmental library, to make enough

materials available for students to use.

2) Research should be done to make the device resets
automatically once there is no more water in the tank

without resetting it manually.

23



3)

The department should acquire more research-oriented |
books in the departmental library, and also hard to get
components in the school laboratory to make enough

materials available for students to use.

24
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APPENDIX

Appendix |

(Schematic representation for passive components)

Symbol Description
F
—AAN— Resistor
¢
|[* -
| l Capacitor
Y'Y Inductor
|{>l| Diode
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Appendix I

COMPONENT LIST.

R1 & R2 IMQ
R2&R2 1K

R4 & R8 2.2K
R3,R9, & R13 1K
R14 1.5K
R15 4700
R16, & R17 10K
R18 10K
R19 100K PRESET
R20 1K
D1-D7 IN4001
C1 100pF
C2 10uF
C3 10pF
C4 100pF
C5 1000pF
C6 10Nf
IC1 LM339 (quad comparator)
IC2 &IC3 NES555
IC4 7812
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Appendix Il

COMPONENT ARRANGEMENT ON THE VERO BOARD.

100mm

4

N
1IC4

RCA1 l

O |
tcf M AL

IC1 - LM339

IC2&1IC3 - NES55

IC4 - LM386
IC5 - 7812
TH1 - 2P4m
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Appendix IV
ISOMETRIC VIEW OF CASED JOB WITH DIMENSIONS.
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