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ABSTRACT

This project,“Design and Construction of Siren for Ambulances” is built around a 555
timer integrated circuit. The project is design to meet the safety requirement that is lacking in
many emergency units especially the medical sector. The 555 timer unit was interfaced with
some other components to achieve the set objectives.Frequency is generated by the first 555
timer which is modulated by the second 555 timer. The output is immediately fed into the
amplifying unit thus producing the required ambulance tone. It also incorporates the lamp
flasher unit which indicates the proximity of the ambulance during traffic énd emergency

situations.
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CHAPTER ONE

INTRODUCTION

The Electronic siren systems are well known, perhaps the most prevalent public
address system use by emergency and law enforcement vehicles. The Siren is a portable
electronic warning device often mounted or placed on a moving vlehicle, which produces
a loud wailing sound. It has an audible sound which can thus be further improved for
other purposes such as the alarm system. When used as the ambulance siren, the driver
keys it by depressing a switch on the microphone, thus activating the microphone and

allowing transmission.

In the past, such electronic sirens have generally included a single yelp oscillator
or wail oscillator. The invention comprises a completely electronic siren. The electronic
siren further includes means for mixing the signals from the yelp and wail oscillators, and
an amplifier output circuit for broadcasting j;he output from the mixer through a suitable
externally connected speaker. Thus, the output circuit of the electronic siren is useful as a
public address system. The output from the electronic siren will provide either a horn or
siren sound from the wail oscillator a push button yelp is provided for in the manual

position if this connection is elected.

Brief details of how this ambulance siren toné is achieved are given later in the

course of this write up. This project is aimegl at providing some basic improvement on the
Xl

previously existing siren systems. With some of the few features incorporated into the

system design, it has made the system to find applications in various fields. Aside being

used as an ambulance siren, with little modifications, it can also be used as a police siren,

fire emergency siren, entertainment escorts for executives, and security alarm system.

1



1.2 BRIEF HISTORY OF SIREN

Sometimes before 1799, the first siren was invented by the Scottish natural
philosopher (physicist) Robison. Robison’s sirens were used as musical instruments;
specifically, they powered some of the pipes in an organ. Robison’s siren consisted of a
stopcock that opened and closed a pneumatic tube. The stopcock was apparently driven
by the rotation of a wheel. In 1819 an improved siren was invented and named by Baron
Charles Cagniard de la Tour De la Tour’s siren consisted of two perforated disks that
were mounted coaxially at the outlet of a pneumatic tube. One disk was stationary, while
the other disk rotated. The rotating disk periodically interrupted the flow of air from the
fixed disk, producing a toneDe la Tour's siren could produce sound under water

suggesting a link with the sirens of Greek mythology; hence the name of the instrument.

Most modern sirens includes the civil defense, tornado sirens, or the sirens on
emergency service vehicles such as ambulances, police cars and fire trucks. Most
governments have standards for vehicle-mounted sirens. For example, in California,
sirens are designated Class A or Class B. In non-technical terms, a Class A siren is so
loud it can be mounted nearly anywhere on a vehicle. Class B sirens are not as loud and
must be mounted on a plane parallel to the level roadway and parallel to the direction the

vehicle travels when driving in a straight line.

Sirens must also be approved by local agencies. The approval is important
because it ensures the devices perform adequately. Moreover, using unapproved devices

could be a factor in determining fault if a collision occurs.



1.3 AIMS AND OBJECTIVES

As earlier mentioned in the general introduction, this project is aimed at designing
and constructing a siren system that can produce and an ambulance siren tone or sound.
This actually was the idea conceived. Because there has not been any work done to bring
out a single electronic siren system that can perform this function, I decided to embark on

this work with the following objectives.

The objectives are;

% To provide a basic means of avoiding traffic for the ambulance during

emergency situations

X3

5

The flasher light on the ambulance creates awareness at night to the

accident victims.

+ The presence of siren on an ambulance also ensures that the ambulance
gets to their destination within a short period of time.

% The output circuit of the electronic siren is useful as a public address

system.

SCOPE OF WORK

This project can be further improved into a public address system, alarm and other
sound related issues. Scope of this work is limited to the use of tone generator to
produce audible sound. It further incorporates circuits such as oscillators, modulators,
and amplifiers to synthesize a selected siren tone (i.e. the wail and the yelp sound)
which is played through external speakers. The oscillator is adapted to operate
manually by means of a push button. The amplifier output circuit is also utilized as an

output circuit for a variable volume speaker. Additional amplifier structure for




increasing the output of the electronic siren may also be provided in accordance with

the invention for further improvement.

1.5 SIGNIFICANCE OF STUDY

This project has a significant role to play in proffering a lasting solution to the
availability of siren and to improve technicians and individuals that are capable of fixing
all sirens related fault or issues. This project is unique as it combines the attribute of
power amplifier in conjunction with an integral body of other components such as the 555
timers for generating the needed frequency of oscillation. It has very high definition for
producing frequency within the range of 400 to 1200hertz and latest design in the market

which reduces the cost of the entire circuitry.

1.7 DESIGN METHODOLOGY

The siren was design and constructed after carrying out serious research into the
theoretical and analytical aspect by consulting textbooks, WebPages, various design
manuals and consultations of learned individuals with vast practical experience. In
construction, the 555 timer IC was used as the frequency generating components device.
The timers IC were configured in astable mode by interfacing other passive components
such as the resistors and capacitors. The first tone generated is fed into another astable
configuration for modulation to the desired ambulance tone. Finally the tone is passed

into the amplifier unit which consists of a transistor circuit and a sound transducer.



1.8 BLOCK DIAGRAM OF AN ELECTRONIC AMBULANCE SIREN.

THE POWER UNIT
y y -
OSCILLATOR ONE OSCILLATOR TWO e
LAMP
Also Known As Also Known As FLASHER
THE TONE | THE AMBULANCE UNH
GENERATOR TONE
GENERATOR
THE
THE POWER AMPLIFIER » OUTPUT
UNIT SPEAKER

Figure 1.1 block diagram of an electronic ambulance siren




2.1

CHAPTER TWO

LITERATURE REVIEW

Most modern sirens includes the civil defense, tornado sirens, or the sirens on
emergency service vehicles such as ambulances, police cars and fire trucks. Governments
have standards for vehicle-mounted sirens. For example, in Nigeria sirens are designated
Class A or Class B. In non-technical terms, a Class A siren is so loud it can be mounted
nearly anywhere on a vehicle. Class B sirens are not as loud and must be mounted on a
plane parallel to the level roadway and parallel to the direction the vehicle travels when

driving in a straight line[4]
There are two general types of siren viz:
k. Pneumatic and
2, Electronic

Many fire sirens also pull double duty as tornado or civil defense sirens, alerting
an entire community of impending danger. Most fire sirens are either mounted on the roof
of a fire station, or on a pole next to the fire station. Fire sirens can also be mounted near
government buildings, on top of tall structures such as water towers, as well as in
systems; where several sirens are sporadically placed around a town for better sound
coverage. Most fire sirens are single tone and mechanically driven by electric motors with
a rotor attached to the shaft. Some newer sirens are electronically driven by speakers,
though these are not as common. The most common types of sirens used include the

Federal Signal Model 7, Model 2, Model 5, Thunderbolt 1003, Screamer and the Sterling

(now Sentry) siren Model M, among others. [2]




2.2 CLASSIFICATION OF SIRENS

Sirens can be classified into two broad categories viz:

1. Class a siren-In non-technical terms, a Class A siren is so loud it can be mounted
nearly anywhere on a vehicle.

2. Class b siren-Class B sirens are not as loud and must be mounted on a plane
parallel to the level roadway and parallel to the direction the vehicle travels when
driving in a straight line.

Sirens must also be approved by local agencies. The approval is important
because it ensures the devices perform adequately. Moreover, using unapproved devices

could be a factor in determining fault if a collision occurs.[4]

23 HOW SIREN WORKS

The electronic siren constitute of four modules, this include the power unit, the
tone generator unit, the power amplifier unit and the flasher light unit.a regulated voltage
supply is provided for the electronic siren. The regulated voltage supply provides a
separate bias voltage for the electronic siren as well as the required regulated operating

voltage from an approximately 12-volt

The tone Generator comprises of two 555timer circuits. The first 555timer in the
tone oscillator unit is wired as a tone generator and the second 555 timer on the left is an
astable multivibrator which produces the ambulance siren tone by modulating the tone
supplied by the first timer. Its output is to frequency modulate the right 555timer. This
causes the right timers frequency to alternate between 440Hz and 550Hz. The transistor is

used to help strengthen the signal to the speaker. While the flasher unit constitute of a

light indicator which flashes the light each time the circuit is powered




2.4 CONSTRUCTIONAL COMPONENTS OF SIREN

The electronic siren encompasses several major components during its design and

construction. These major constructional components of siren include:

1. The transformer
2. The amplifier

3. The bridge rectifier
4. The capacitor filter
5. Regulator IC

6. The 555timer

7. Resistors

8. Transistors
2.4.1 THE TRANSFORMER

These are electrical devices which transfer electric energy from one circuit to another
through magnetic means [9]. The electric energy is transferred without a change in
frequency and power but there may be changes in the magnitudes of quantities such as
voltage and current. A transformer is a device which uses the phenomenon of mutual
induction to change the values of alternating voltages and currents. Losses in transformers

are generally low and thus efficiency is high. Being static they have a long life and are

very stable.
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Figure 2.1 the transformer

2.4.2 Transistors

A transistor has two P-N junctions. These act as two diodes connected together with
similar terminals (electrodes). They fall into two basic classes: Bipolar Junction
Transistors (BJTs) and Field Effect Transistors (FETs). The BJTs are current controlled

devices while the FETSs are voltage controlled devices.

The BIT has three terminals: emitter, base and collector and these terminals are
present in the two types of BJT which are NPN and PNP. It is because the transistor
(BJT) makes use of both types of charge carriers (holes and electrons) that they are called
bipolar. The transistor also comprises two p-n junctions and for this reason it is a junction
transistor; hence the name — bipolar junction transistor [9]. The emitter is relatively
heavily doped. The base region is relatively lightly doped and some electron-hole
recombination takes place. The control of current from emitter to collector is largely

independent of the collector-base voltage and almost wholly governed by the emitter-base

voltage. See diagram below.
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Figure 2.2 the practical, schematic and symbolic transistor diagram
2.4.4 THE 555 TIMER CIRCUIT IC

The 1.M555 is a highly stable device for generating accurate time delays or
oscillation. Additional terminals are provided for triggering or resetting if desired. In
the time delay mode of operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscillator, the free running
frequency and duty cycle are accurately controlled with two external resistors and one
capacitor. The circuit may be triggered and reset on falling waveforms, and the output
circuit can source or sink up to 200mA

The Internal Circuitry of a 555 Timer IC [6]

10




Reset @
Vref

Figure 2.3 The internal circuitry of a 555 timer I1C

The figure above shows the main internal circuit components of the 555 timer IC. It
has the following active components:

2.4.4.1The Comparator: the (-) input of comparator 1 is pegged at 2/3 Vee while

the (+) of comparator 2 is pegged at 1/3 Vce (i.e., if pin 5 is not used).

11




Vi =V1-V2

V1 I CP1
V2 _

Vo

CcP2

Figure 2.4 the comparator circuit
This establishes the internal voltage thresholds to which the externally connected
inputs of the comparators will be compared. The behavior of the voltage levels of the
external inputs of the comparators are determined by the external components
connected to them, which are usually resistors and capacitors. The comparators are
able to set/reset a flip-flop, which in turn determines whether the discharge transistor

Q1 is 'on’ or 'off. [5]

Vce Reset
Discharge
R= ; AN
Threshald CP1
-+
Contrgl -
= . Qutput
ool R Cl
Trigger -

s al
R%

Figure 2.5 the flip-flop circuit
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2.4.4.2The Flip-Flop: A negative going pulse at pin 2 makes comparator 2's

output go high, which causes the flip-flop to set, which outputs a '1' at pin 3. The flip-
flop is reset in two ways: by a negative-going pulse at pin 4 or by allowing the (+)
input of comparator 1 to exceed 2/3 Vcce, usually by allowing a capacitor connected to
pin 6 to charge up. The discharge path connected between pin 7 and pin 6 and the flip-
flop state determine when and how the pin 6 capacitor discharges and, consequently,
how the (+) input voltage of comparator 1 decays so that a new timing cycle may
begin.

There are the equivalent of over 20 transistors, 15 resistors, and 2 diodes, depending
on the manufacturer. Some of the more attractive features of the 555 timer are: Supply
voltage between 4.5 and 18 volt, supply current 3 to 6 mA, and a Rise/Fall time of 100
nSec

2.4.43 The Resistors: The operation of the 555 timer revolves around the three

resistors that form a voltage divider across the power supply, and the two comparators
connected to this voltage divider. While the Threshold current determines the
maximum value of Ra + Rb. For 15 volt operation the maximum total resistance for R
(Ra +Rb) is 20 MQ. The supply current, when the output is 'high', is typically 1 milli-
amp (mA) or less. The initial monostable timing accuracy is typically within 1% of its
calculated value, and exhibits negligible drift with supply voltage. Thus long-term

supply variations can be ignored, and the temperature variation is negligible. [6]

13




2444 THE PIN FUNCTION OF A 555 TIMER CIRCUIT

Trigger Input: when <'/3 Vs (‘active low') this makes the output high (+Vs). It

monitors the discharging of the timing capacitor in an astable circuit. It has a high input

impedance > 2MQ.

Threshold Input: when > %5 Vs (active high') this makes the output low (0V). It

monitors the charging of the timing capacitor in astable and monostable circuits. It has a
high input impedance > 10MQ Providing the trigger input is > '3 Vs, otherwise the

trigger input will override the threshold input and hold the output high (+Vs).

Reset Input: when less than about 0.7V (‘active low') this makes the output low (0V),
overriding other inputs. When not required it should be connected to +Vs. It has an input

impedance of about 10k Q

Control Input: this can be used to adjust the threshold voltage which is set internally

to be %/3 Vs. Usually this function is not required and the control input is connected to 0V

with a 0.01pF capacitor to eliminate electrical noise. It can be left unconnected if noise is

not a problem.

The Discharge Pin is not an input, but it is listed here for convenience. It is connected to
0V when the timer output is low and is used to discharge the timing capacitor in astable

and monostable circuits.

2445 MODES OF OPERATION OF A 555 TIMER

The 555 timer operates in various modes among which include:

14




Astable Mode: An astable circuit produces a square wave. This is a digital waveform

with sharp transitions between low (0V) and high (+Vs). The durations of the low and
high states may be different. The circuit is called an astable because it is not stable in any

state i.e the output is continually changing between 'low' and 'high'. As shown below

é v cc
RA pV{ e a Reset

Discharge

Output

Threshold
Trigger

! GND

N

Figure 2.6 Astable configuration of a 555 timer

Ts

T
A |

——F
time porioe T

Figure 2.7 555 Astable output, a square wave
(Tm and Ts may be different) the time period (T) of the square wave is the time for one
complete cycle, but it is usually better to consider frequency (f) which is the number of

cycles per second.

T=0.7x (R F2R2) X Gl rviiiicrsmnsinsns s s s e nasaa s s 2.1
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And

1.4

P Sommmmssmmimmn e e e A S SR 2.2
(R} + 2Ry) x C,

T = time period in seconds (s)

f = frequency in hertz (Hz)

R1 = resistance in ohms Q

R2 = resistance in ohms 2

C1 = capacitance in farads (F)

The time period can be split into two parts: T=Tm+ Tsecorvvvvrvrinennenen, 2.3
Mark time (output high): Tm = 0.7 2 {(R] + B2} ® Ll ,.conississrsnmmasmsorsine 2.4
Space time (output low): Ts=0.7xR2xCl ..., 2.5

Many circuits require Tm and Ts to be almost equal, this is achieved if R2 is much larger

than R1. [3]

Duty cycle

The duty cycle of an astable circuit is the proportion of the complete cycle for which the

output is high (the mark time). It is usually given as a percentage.

For a standard 555/556 astable circuit the mark time (Tm) must be greater than the space

time (Ts), so the duty cycle must be at least 50%:

Duty cycle= T = RiytRs  cormpmmmmsemmumsmmsemaisnamansnieines 2,1
Tm + T R, + 2R,

16
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Figure 2.9 Monostable Configuration

245 THE SPEAKERS

The output of a standard 555 can sink and source up to 200mA. And it is
sufficient to supply many output transducers directly, including LEDs (with a resistor in
series), low current lamps, piezo transducers, loudspeakers (with a capacitor in series),
relay coils (with diode protection) and some motors (with diode protection). The output

voltage does not quite reach 0V and +Vs, especially if a large current is flowing.

N
=N ~
-
] -
PINT (33 OF THE TOINE .
ENERATOR I - “~
-
=1
P /’[;3>> 2N1 711
\\I::.}'
——

Figure 2.10 the transducer load of a 555
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Figure 2.8 the waveform of'a 555 duty cycle.

The Monostable Mode: In monostable mode, the timing interval, t, is set by a single

resistor and capacitor, as shown below. Both the threshold input and the discharge
transistor (pins 6 & 7) are connected directly to the capacitor, while the trigger input is
held at +V¢c through a resistor. In the absence of any input, the output at pin 3 remains
low and the discharge transistor prevents capacitor C from charging. When an input pulse
arrives, it is capacitive coupled to pin 2, the trigger input. The pulse can be either polarity;
its falling edge will trigger the 555. At this point, the output rises to +Vcc and the
discharge transistor turns off. Capacitor C charges through R towards +Vcc. During this
interval, additional pulses received at pin 2 will have no effect on circuit operation. The
standard equation for a charging capacitor applies here. The capacitor will charge until its

voltage reaches (2/3) +Vcc, [4]
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24,6 THE REGULATOR IC (LM 7812)

The 7812 1C regulator serves both to remove the last of the ripple and to deal with
variations in supply and load characteristics. It would be possible to use a smaller
reservoir capacitor (these can be large on high-current power supplies) and then apply
some filtering as well as the 7812 regulator, but this is not a common strategy. The
extreme of this approach was to dispense with the reservoir capacitor altogether and put
the rectified waveform straight into a choke-input filter. All this was achieved to ensure
that the current waveform is smoother and consequently the rectifier no longer has to deal
with the current as a large current pulse, but instead the current delivery is spread over the

entire cycle. The downside is that the voltage output is much.6]

TO-220

2477 DIODE

Diode is a electronic device that allows the passage of current in only one
direction. The first such devices were vacuum-tube diodes, consisting of an evacuated
glass or steel envelope containing two electrodes — a cathode and an anode. The diodes
commonly used in electronic circuits are semiconductor diodesas will be used for the

construction bridge rectifiers in this circuit. There are different diodes used in electronic
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circuits such as Junction diode, Zener diode, Photo diodes, and tunnel diode. Junction

diodes consist of junction of two different kinds of semiconductor material. The Zener

diode is a special junction type diode, using silicon, in which the voltage across the

Junction is independent of the current through the junction.[6]

2.48 RESISTORS

All 555timers IC rely upon an external resistor and capacitor to determine the off-

on time intervals of the output pulses.

Resistors generally offered Resistance which is a property of any object or
substance to resist or oppose the flow of an electrical current. The quantity of resistance
in an electric circuit determines the amount of current flowing in the circuit for any given
voltage applied to the circuit, according to Ohm's law. The unit of resistance is the ohm,
the amount of resistance that limits the passage of current to one ampere when a voltage
of one volt is applied to it. The standard abbreviation for electric resistance is R and the
symbol for ohms in electric circuits is the Greek letter omega, . For certain electrical
calculations it is convenient to employ the reciprocal of resistance, 1/R, which is termed
conductance, G. The unit of conductance is the mho, or ohm spelled backward, and the

symbol is an inverted omega, U.

Figure 2.12 The Linear Resistors
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CAPACITORS
We prefer to use electrolytic capacitors over ceramic as they are more accurate. The
important point to be noted is that although the resistors, mica capacitors are non-
directional, Electrolytic capacitors have to be used in the circuit with terminals with the
right polarity i.e. the terminal with marking of ground or —ve is always the anode(it has a
shorter leg). If these are connected with opposite polarity, the capacitor won’t work &
would in fact burst![3] For a fixed arrangement of conductors and insulator, the ratio Q/V
is a constant called the capacitance, C which is the ability of a capacitor to store charge.

The relationship can be written thus:

Q
= 2
=5 11
ButQ =1IxT
=C=1x§“ .................................................................. 2.12

Capacitors are used for different purposes which include tuned circuits,
oscillators, power supplies, etc. The diagram below reveals the circuit symbol of

capacitors found today.[12]

Figure 2.13 the capacitor
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24.10 THE DIODE BRIDGE RECTIFIER

Diode Bridgeis an arrangement of four diodes in a bridge configuration that
provides the same polarity of output for either polarity of input. When used in its most
common application, for conversion of an alternating current (AC) input into direct
current a (DC) output, it is known as a bridge rectifier. A bridge rectifier provides full-
wave rectification from a two-wire AC input, resulting in lower cost and weight as
compared to a rectifier with a 3-wire input from a transformer with a center-

tapped secondary winding.[3]

The essential feature of a diode bridge is that the polarity of the output is the same

regardless of the polarity at the input. [7]

Figure 2.14 the practical diode bridge rectifier.
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BASIC OPERATION

According to the conventional model of current flow originally established
by Benjamin Franklin and still followed by most engineers today, current is assumed to
flow through electrical conductors from the positive to the negative pole. In actuality, free
electrons in a conductor nearly always flow from the negative to the positive pole. In the
vast majority of applications, however, the actual direction of current flow is irrelevant.

Therefore, in the discussion below the conventional model is retained.[5]

In the diagrams below, when the input connected to the left corner of the diamond
is positive, and the input connected to the right corner is negative, current flows from
the upper supply terminal to the right along the red (positive) path to the output, and

returns to the lower supply terminal via the blue (negative) path.

k-

Figure 2.15 the bridge circuit

When the input connected to the left corner is negative, and the input connected to
the right corner is positive, current flows from the lower supply terminal to the right along
the red (positive) path to the output, and returns to the upper supply terminal via

the blue (negative) path. [1]




AR
~ &

Figure 2.16 the bridge mode of operation

In each case, the upper right output remains positive and lower right output negative.
Since this is true whether the input is AC or DC, this circuit not only produces a DC
output from an AC input, it can also provide what is sometimes called "reverse polarity
protection". That is, it permits normal functioning of DC-powered equipment
when batteries have been installed backwards, or when the leads (wires) from a DC
power source have been reversed, and protects the equipment from potential damage

caused by reverse polarity.

Prior to the availability of integrated circuits, a bridge rectifier was constructed from

"discrete components", i.e., separate diodes. Since about 1950, a single four-terminal

component [1]




CHAPTER THREE

INTRODUCTION

For easy design and realization of the set objectives, top down design method was
used. lhis involves breaking the whole conceived idea into manageable piece called the

module. Hence the design of the individual stages of the ambulance siren consists of the

following units:

1. The power supply unit
2. The oscillator unit(tone generator unit)
3. The power amplifier unit also known as the sound unit and

4. The flasher unit also referred to as the indicator unit.

With the above sub grouping, the design process was easier to carry out. The

interconnection of the various subunits is as shown in the figure 3.1 below.

3.1 THE POWER SUPPLY UNIT

The power supply unit is the basic unit that supplies dc power to drive the siren
system. The system was designed to operate on 12V supply that can be derived from

either batteries or AC mains with suitable supply circuits as will be discussed in detail.

The power supply unit comprises of

An AC supply

A step-down transformer

The full bridge rectifying circuit.
The filter circuits

And the regulator IC. As shown in the figure 3.2 below.
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230/25V

7812
Regulator IC

/N 220V
AC@ 50Hz

-/
7
RY

~ 220UF/25 ’ ) 100nF

FIGURE 3.1 POWER SUPPLY UNITS

3.1.1 TRANSFORMER

The transformer is a device consisting of two closely coupled coils (i.e the secondary and
the primary windings) it transforms AC voltages from one level to another. An AC
voltage applied to the primary appears across the secondary, with a voltage multiplication
proportional to the turn’s ratio. A step down transformer of 220/12volts and a current

rating of 500mA was used in this project.

o '—"—’“>230I25

50Hz

Figure 3.2 The transformer circuit.
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3.1.2  Rectifier

Since every electronic equipment in this project makes use of DC voltage, the
stepped down AC voltage from the transformer must be rectified to dc before it can be
useful to the system. The rectifier converts alternating current (AC) to direct
current (DC).To ensure the rectification of all the input, a bridge rectifier was used for the
rectification purpose thus improving the efficiency of the system. The output of a full
wave rectifier is a pulsating voltage. The rectification process converts both polarities of
the input waveform to DC (direct current). To achieve the full wave rectification, four

diodes were connected as shown in the figure below.

Figure 3.3 full-wave rectifier using 4 diode.

DESIGN SPECIFICATION.
Composition Type Part Number Usage Max. Operation
Current And
Reverse Voltage
Diode Silicon IN4001 Rectification 1A, 50V

According to the conventional model of current flow originally established
by Benjamin Franklin and still followed by most engineers today, current is assumed to

flow through electrical conductors from the positive to the negative pole.

When the input connected to the red terminal is positive, and the input connected to the
blue terminal of the input side is negative, current flows from the upper supply terminal to

the right along the red (positive) path to the output, and returns to the lower supply

terminal via the blue (negative) path as shown in the figure below.




™ - e ..
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Figure 3.4 positive conventional of current in a full bridge rectifier.

Calculations

Since the rectifier is a full wave rectifier, the frequency is S0Hz the capacitor value of

about 1000uf is used in order to give the required smoothing.

The reactance required is calculated thus,

A ST L emmrie s o 41 a5 e AR L g § AT B 3.1
Therefore,

Xc = 1/(2n x 1000 x 10 x 50)

Xc=1.863Q
Hence a close value of 2Q was chosen as the limiting resistor and the current though the

smoothing capacitor is given by the expression, 2xfc

3.1.3 The filter

In order to produce steady DC from the rectified AC supply, a smoothing circuit
made up of capacitor was used. To achieve this, a smoothing capacitor was placed at the

DC output of the rectifier. The peak output voltage of the supply transformer is = Vp,

Where Vp=2Vrms and Vrus = 12volts




Figure 3.4 positive conventional of current in a full bridge rectifier.

Calculations

Since the rectifier is a full wave rectifier, the frequency is SOHz the capacitor value of

about 1000uf is used in order to give the required smoothing.

The reactance required is calculated thus,

AR amerter i R S el & S s S R B SR v YRR 3.1
Therefore,

Xc=1/2n x 1000 x 10°x 50)

Xc=1.863Q

Hence a close value of 2€2 was chosen as the limiting resistor and the current though the

smoothing capacitor is given by the expression, 2zfc

3.1.3 The filter

In order to produce steady DC from the rectified AC supply, a smoothing circuit
made up of capacitor was used. To achieve this, a smoothing capacitor was placed at the

DC output of the rectifier. The peak output voltage of the supply transformer is = Vp,

Where Vp=2Vrms and Vrus = 12volts
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Vp=12x2

V= 24volts

The peak to peak current of the supply is Ip= Ipc = 600Ma

- 230/25
S50Hz T

Figure 3.3 RC Filter-Rectifier

3.1.4 Voltage regulator

Due to variations in DC output voltage with changes in load or input voltage, a
regulator is connected between the filter and the load. The regulator provides nearly
constant DC output voltage even when variation in load occurs. For this project, a

7812 voltage regulator IC was used. As shown in the figure below.

Input output| 2

Figure 3.4 the regulator ic unit
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3.2 DESIGN OF THE OSCILLATOR UNIT

With the 555 timer configured to operate in the astable mode free running
multivibrator, two different circuits were obtained to generate the needed ambulance siren

tone. One is the tone generator and the second is the ambulance tone generator.

3.2.1 THE TONE GENERATOR CIRCUIT

The heart of this system is the tone generator designed around IC, It is a fairly

conventional 555 timer IC configured in a free running multivibrator astable mode as

shown “in the figure below.
vcc
4 8
R1 § >
10K\ 7 3| .
Ic1
—__"ﬁW NES555 TIMER
= 6 '
R2 TO THE AMBULANCE TONE
| 120K? MODULATOR
2 5

1 |

.
- i
10nF | )
10uF

THEv TONE GENERATOR

Figure 3.3 the tone generator unit
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In astable mode, the '555 timer ' puts out a continuous stream of rectangular pulses
having a specified frequency of 576Hz. Resistor R, is connected between V¢ and the
discharge pin (pin 7) and another resistor (R;) is connected between the discharge pin (pin
7), and the trigger (pin 2) and threshold (pin 6) pins that share a common node. Hence the
capacitor is charged through R and R,, and discharged only through Ry, since pin 7 has
low impedance to ground during output low intervals of the cycle, therefore discharging
the capacitor. With the resistor value R; = 10K ohms and a 10nF capacitor grounded. The

grounded capacitor charges via the resistor R, as shown in the figure above.
CALCULATIONS

A duty cycle of 52% was chosen to obtain the value of the resistor Ry. The duty

cycle of a 555 timer IC configured in a multivibrator mode is defined by the expression

thus:
Dutyeycle= (RitRa)x 100 cocsvniscosmmmumneo v snsmomns vommmens o8 summmesne soss bs 3.2
(R; +2R;)
Where R; = to be obtained, and R; is assumed to be 10x10° ohms
Therefore
52 = (10x10* + Ry) x 100

(10x10* + 2R, )
10x10° + Ry = 5.2x10° + 1.04R,

(1.04 - )Ry = 10x10° - 5.2x10’
0.04R, = 4.8x10°
R, = 4.8x10%/0.04 = 120Kohms.

R,=120Kohms. Therefore a resistor value of 120k ohms was used for R,.

31

e —————————————————"T




To obtain the Frequency of oscillation i.e. the frequency produced by the oscillator, the

expression below was used:

F= L U 33
R+ 2R,)C,

Thus

F, = 1.44

(10K + 2 x 120K) X 0.01x 10
F, =

The time for which a high output is obtained

= 06BRIFIRII C .o siiinsreversammrsmsssmammssseurspemmsssssseronssssammmssssssssmsssapessss I b
0.693(10k + 2x120k) x 0.01x10°®
t; = 0.9msec
Time for which a very low output is obtained
=DBRIRG G cosmorts ot een y s wosammn s § 11 Bamssdd Bl 1 §Simmenr i Baumma e sy ki 3.5
0.693(120k) x 0.01x10°®  Therefore, t, =0.83msec

To obtain the total time of oscillation, Let T be the total time of oscillation

T=(0.9+0.83) msec

- 1.73msec
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2.2 THE AMBULANCE TONE GENERATOR

The second 555 timer IC makes up the oscillator use to generate the ambulance
tone. The advance configuration or set up use to achieve the right period of oscillation for

both high and low output is shown in figure 3.4 below.

vCC
— A
L T4 8
R3
10K } 7 || - I
IC2
NES5S55 TIMER
6 )
R4 <_ . o TO THE AMPLIFIER
| 78K ’ ——
«© b b ) 5
1

e R

13:':/__ ™~ W\/'"'ﬁ

THE AMBULANCE TONE GENERATOR L

Figure 3.4the ambulance tone generator

CALCULATIONS

By Choosing a duty circle of 53%, capacitor value of 10microfarad, and a resistor

R; = 10kohms. To obtain the value of Ry the same expression for the duty circle was

used, thus:

Duty cycle = RIFR) X I00  ..ocincenimmnns consmsnmnsmssmsmmsss s 3.7
(R; +2R2)
This implies that:
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53 = (10x10°+ Rg)x 100
(10x10° + 2Ry)
10x10°+ Ry= 5.3x10° + 1.06Ry4
(1.06- )Ry = (10-5.3)x 10°

0.06R4= 4.7x10°
Therefore,

R= 4.7x 10°
0.06
Hence Ry = 78Kohms.

Therefore a commercial resistor value of 68k ohms was used for Ry due to the

availability in the market.

To obtain the Frequency of oscillation i.e. the frequency produced by the oscillator for the

ambulance tone generation, the expression below was also used:

F; = P S P 3.8
(R3 +2R4)C4
Therefore,

F, = 1.44
(10 +68) K x 10x 107

Fi= 1.85Hz

The time for which a high output was obtained as

£ = 0.693(R3+2Ry) Cs 39




0.693(10k + 2x68k) x 10x10®
T, =0.54sec

Time for which a low output is obtained

1=00693R:Cs ccmmnmmmmensoonss

0.693(68k) x 10x10°
Where K = 10°
t,=0.47sec

Total time of oscillation T

T=t1+1th i

T =(0.54 + 0.47)msec

=1.01sec

.................................................... 3.10

.................................................... 3.11

3.3 THE POWER AMPLIFIER UNIT

The purpose of an amplifier in this circuit is to amplify or strengthen the signal

produced by the oscillators. Since the signal must be enlarged much more, enough to

power a transducer.

A power transistor PMC D716/0 was used from the data specification book.

Hye(max) = 20

The transistor is essentially a valve, like a water valve, that varies the amount of

current flowing through the circuit based on the input signal from the source. A signal
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from the 555 timer oscillator circuit causes the transistor to reduce or lower its resistance
and allowing current to flow. However, the amount of current allowed to flow by the
transistor is based on the size of the signal coming from the oscillator unit. Hence the

frequency of the oscillator signal also determines how quickly the transistor operates.

The 1.85Hz tone from the first oscillator causes the transistor to open and close
1.85 times per second so, the transistor controls level (or amplitude) and frequency of the
electrical current sent to the speaker, like a valve, and this is how it achieves its

amplifying action. The figure below shows a circuit diagram for the power amplifier unit.

GENERATOR

PIN 3 01 THE TO§E_,W - J\

Figure 3.5The power amplifier unit
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CALCULATIONS

Using hg=12 as the forward emitter gain. we have from the above diagram,

V..~ output voltage of the oscillator unit or circuit.

Vin= 8volts,

From the output expression of the transistor,

IC = Vcc ......................................................................... 3.12
R
R = the resistance of the horn speaker which is equal to 250hms

Ic = 132 =0.53A
25
s = I = 0353 = 0.04A
hge 12

From the transistor output expression,

VINT VB BVBE  coomemmessiosmencnmmns s oaomnioniss s ssisess i samnes s s e 3.13

Ve = base emitter voltage, Vg = base voltage

8§ = Vg +0.7

Therefore, Vg = 8 - 0.7 = 7.3volts

Rp = Vg = 173 = 182.50hms
Is 0.04
The output power, P = PR ocscanesbumsesss smmsmsds sy sy s siinpsns s s 3.14

P =0.53>x 25 = 7.02Watts
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3.4 THE LAMP FLASHER UNIT

The lamp flasher units of the ambulance siren consist of a 555 timer IC configured

in a astable mode whose out put is connected to a transistor leading to the indicator (bulb

or LED). As shown in the figure below.

=y
petet
L 4 8 [
RB
i 10K =
1K 7 3 ”‘““%“{‘i}”zzzz
IC3 o
- NE555 TIMER
L 6
R4 —
48K
R S 5
‘ 1
€3 - o — ca
10UF | ©| tonF

THE LAMP FLASHER FREQUNCY
GENERATOR
Figure 3.8 the lamp flasher unit.

Choosing a frequency F of 1.5Hz, capacitor C; = 10microfarads and a resistor R =

1Kohms.

The frequency of oscillation
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F, = B ettt » e iRk re wsEiines ¢ s Siias 3.15
(Rs + 2Rg)Cs
Thus

1.5 = 1.44
(1K +2Rg) x 10x 10

1x10° +2Rs=1.44x 15x 10

Ix10* +2R, = 96x10°

2R4 = 95x10°

Rs = 95x10%/2

R¢=47.5Kohms

F,= 1.85Hz

A commercial value of 46Kohms was used

The period of oscillation, T =1  visniioinimmesirmcmueris saanmssons spsonsans s iae 3.16

T=1/1.5=0.67sec.
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X1

‘ » ) 12V
3

u1

2N2222

To calculate the value of R,we assumed an output voltage of 555timer to be 9volts and

input current to 150mA.

Therefore, R; = Vee—9
150 x10”
= 132-9
150 x10°

R3=28000hms = 2.8Kohms

To calculate for Rg assuming a collector current
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12V |
. |u1
8
12N2222
:—J:—;_ — — *—- — -

Ic =0.8A

From the output expression,

VEET VO F VE coommussnssssimunoiinn saisnsosisssensdismssaiinns s s s ooy s s s sses s s sz 3.17

where Vg = emitter voltage, V¢ = collector voltage and Vg = collector emiter voltage.
13.2=9+Vg

Ve=132-9

Vg =4.2volts

From the input equation

Vin=VE+ VEE FVB =07 F VEF VB iiirinmmsnos s sismmususeoss snessssnes sosmmsabsonisne 3.18

Vg=8-4.2-7=3.1volts
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Considering the data specification sheet, taking the gain Hg. for the Tj, 31 IC transistor to

bel00,

IB = hpdloo

Iy ~ 0.8/100

= 8m amp

Rg =R4= 3.1/8Ma = 387.50hms

3800hms was chosen as a commercial value.
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Figure 3.9 The General Circuit Diagram Of An Ambulance Siren




CHAPTER FOUR
TESTS AND RESULTS

4.1 TESTS.

It is one thing to construct but the actual beauty of a project is for the construction to pass
all test and work to specifications. This project was physically and functionally realized.
Adequate tests were carried out at each stage of the project in order to determine the
outputs at the different stages. The tests were done prior to the soldering on the Vero-
board in stages and after the whole work was coupled, a general test was carried out on
the project. Different input voltages were recorded from the variable resistor and their
corresponding output voltages were also measured and recorded at the transformer using
some of the testing and troubleshooting processes listed below.
Digital Multimeter: The digital multimeter basically measures voltages, current,
frequency, continuity, temperature and transistor polarity. Effective implementation of the
design on the board requiresadequate measurement of all the previously mentioned
parameters.
4.2 DESIGN AND CONSTRUCTION

The design and implementation of this project was carried out using computer
aided software known as the MULTISM. With each block designed and tested. This test
was carried out on a breadboard result for each test was collected and recorded. The
required and specified components were obtained and tested stage by stage and it was
found to be functional on the breadboard within the design specifications.
The entire components were then transferred on a vero board. The stripes on the vero
were adequately cleaned with methylated spirit in order to remove any conductor or dirt

which might cause any form of short circuiting the circuit.
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For easy replacements when necessary, the bases of the integrated circuits were
soldered to the vero board instead of soldering the ICs directly to avoid overheating of the
components. Great care was taken in handling the ICs to avoid any form of static
induction during soldering to avoiding damaging the ICs.

4.3 DISCUSSION OF RESULTS.

After tests were carried out, the following were the results obtained at the different stages:

THE POWER SUPPLY UNIT
MODULE OUTPUT FREQUENCY
AC supply 220volts 50Hz
' Iransformer 25volts 50Hz
Rectifier 25volts B
Regulator 12volts _
THE OSCILLATOR UNIT
Module Output Frequency High Time | Low Time | Total
Time
Oscillator 1 0.9msec 0.83msec 1.73msec
Oscillator 2 1.85Hz 0.54sec 0.47sec 1.01sec
THE LAMP FLASHER UNIT

Module Output Frequency | Total Time

Oscillator 1.85Hz 0.67sec.

lamp 12volts - -
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4.4

THE POWER AMPLIFIER UNIT

Transistors He =12 8volts Ic Ig Ry = | total
input 0.53A 0.04A 185.2Q | power =
7.02watts
| Transducer( 25Q
speaker) resistance

General test on coupled units:

It can therefore be deduced from the above table that a decrease in the

output of the oscillator signal also results in a decrease in the general output

supplied by the power amplifier system.

PRECAUTIONS.

Proper and neat soldering were carried out on each module of the model to avoid

unnecessary short circuiting on the board. Components soldered on the Vero-board were

spaced from each other to avoid short circuiting. The project was tested to determine its

reliability and durability.
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BILL OF QUANTITIES

COMPONENTS UNITS PRICE PER COST (NAIRA)
UNIT(NAIRA)
NE 555 timer 1C 3 200 600
TRANSFORMER 1 500 500
CAPACITORS 9 50 450
VARIABLE 3 150 450
RESISTORS

VERO BOARD 1 2000 2000
CASING 1 2000 2000
TOTAL 18 4,900 6,100




CHAPTER FIVE

CONCLUSION

5.1 PROBLEMS FACED.

Challenges encountered during the coupling and testing of the model were
numerous. There were periods when the 555 IC kept burning frequently due to short
circuiting and unbalanced voltage outputs. Obtaining the right frequency for the tone
generator posed a whole lot of problem. Similarly getting the appropriate resistor and
capacitor value to produce the required ambulance was also a serious challenge. At low

voltage cut off, the transistors also kept burning as a result of large currents at the base.

5.2 CONCLUSSION

A modern ambulance siren sound was obtained at the end of the construction.
However, the sound/tone obtained was not as defined as expected.
The required frequency for the siren was realized. The electronic siren worked
fine and was efficient.
5.3 RECOMMENDATION
For a clearer tone and more definitive feasibility of sound, the use of microcont;oller
should be incorporated. This will go a long way in eliminating noise and other

variability factors.

54 SUMMARY.

This project was designed to generate a siren sound for ambulances. This

was achieved by the use of two ne555 timers IC, one of which generates the ambulance
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tone while the other generates the frequency tone generator. In order for the outputat
transducer to be loud with a well-established sound output, a transistor is connected to the
output of the ambulance tone generator. The model also incorporates the light flashing

unit of the siren which serves as the indicator for the ambulance.
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