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‘ ABSTRACT

The principal aim of this project work is to design and construct an automatic
access system with gate as the pr?)‘lolypc. It is a sccurity system with exit [gate in this -
case] that opens and closes automatically when infrared ray from a transmitter [Remote
Control] reaches a receiver.

It is applicable to security exits such as warchousé? stores. vaults. security post
-and other restricted areas.

The system consist of a transmitter. a receiver. an amplifier with electric brains
that sensgfor\vard and reverse signal and controls feedback to an electric motor which is
responstble for the forward and backward movement [i.c. open and close operation] done
by the gate, a mechanical timer that automatically reverses the current flow to the motor
and reverses the rotation of the motor and thus closes the gate at a regulated time of ten
seconds. And lastly an electromagnetic device is incorporated on the system that serves
as a key that locks the gate after the system has been utilized.

l.n this project. general principlcs of electromagnetism and remote control
switching device are discussed, And this project has been carried out to reveal the hidden
details of the design and construction of the of the component parts of the system.

The approach is to consider each circuit on the descriptive ba;is in order to give a
clear understanding of the syslems—Behavior. The design approach was based on choice of
values of component and material used.

The result of the testing of the operation of the constructed device is very

encouraging.
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CHAPTER ONE

1.1 INTRODUCTION
Automatic access system as designed and constructed in this project work is a
remote control security system that is rarely used in this part of the world. There are three

o oot . ~ oy
difterent approach as to the design of the system. They are:

1.2 CONTACT SWITCH APPROACH
For this approach, the system can be designed in such a way that a switch is
connected under a slab or tiles supported by an elastic spring positioned about a meter

before the gate. As soon as a person steps on the slab or tiles. the terminals of the switch

“gets contact and a current is sent to a motor that controls the opening and closing

operation of the gate thus the motor rotates and the gate opens and remains in this
‘ :

position for ten seconds after which a reverse current is sent back to the motor and

| reverses the rotation of the motor and the gate closes. The ability for the gate to remain in

its open position and close gfter ten seconds as a result of the of the reverse rotation of the

motor is controlled by a ten seconds mechanical timer connected across the terminals of

the motor.




1.3 PHOTODIODE APPROACH

For this approach, the aqmmatic system can be designed in such a way that as
soon as a person gets close to the entrance. he breaks a contact. usually a ray of light
emitted from a source at one end of the entrance incident on a photo diode on the other
_end of the entrance. As soon as the emitted light is cut off by the obstruction of an opaque
object [5 person]. the photodiode'sense it and sends signal to an electronic device that
controls the electric motor responsible for the opening and closing operation of the gate.
Automatically the motor rotates backward bringing the gate to an open pqsition. The pate
remains open for ten seconds and after which it closes as a rcsﬁlt of a ten seconds
mechanical timer that controls the forward and reverse current flow across the terminals
of the motor causing the forward and backward rotation ot the motor as well as the time

delay.

1.4 liEMOTE CONTROL Ai’l’R()ACH

¢ Lastly. the design can be achieve by the usc of a transmitter and receiver [Remote
Control] circuit. In this case, when a person reaches the entrance, a security personnel at
the security post controls the lrans;ﬁitling operation and the receiver receives the infrared
rays from the transmitter and sends it to the amplifier with an electric brain that sends
forward or reverse current to the clectric motor responsible for the opening and closing

operation of the gate.
As soon as the receiver receives the infrared rays. current is sent to the motor and

the gate opens and remain in this position for ten seconds after which a reverse current is




.sem back into the motor and reverses the rotation of the motor and the gate closes. This
operation of the ten .éeconds delay and the reversed motor rotation is as a result of a
‘
mechanical timer connected across the terminals of the motor.
More so. as the gate gets tQ the end of the entrance. it closes a switch that powers
an electromagnetic device that serves as a key that locks the gate.

Our emphasis as to the design of this project would be laid on the remote control

approach. A block diagram of the remote control automatic system is shown below in

fig. 1.1




AMPLIFIER WITH

CONTROL THE
FEEDBACK TO THE

RECEIVER

IRANSMITTER
IREMOTE
"ONTROL)

Fig. 1.1°

DEVICE

ELECTRIC BRAIN TO
SEND FORWARD AND
REVERSE SIGNAT. AND

> ELECTROMECHANICAL

A

Y

ELECTROMECHANICAL
DEVICE TO CONTORI.
THE GATE OPEN AND
CLOSE OPERATION

FEEDBACK STAGE TO

| AUTOMATICCALLY

CLOSE THE GATE
AFETER OPEN WITH
TIMER

BLOCK DIAGRAM OF AUTOMATIC ACCESS SYSTEM




CHAPTER TWO

2.1 POWER SUPPLY
The function of the power supply is to provide the necessary DC voltage and
~ current with low level of AC ripple and good stability. Also a stable DC output voltage
must be provided irrespective of fluctuation of supply voltage.

14

2.2 . METHODS OF PROVIDING DC SUPPLY
Basically there are threc m&hods of producing Direct Current power supply.
They are:
¢ Direct Current gencrator
e Battery
. Conversion of AC to DC —Rectification.
The method of supply used is that of conversion of AC into DC by rectification,

using Bridge Full Wave Rectifier. The rectification of the power supply unit is made up
of: j .

e Transformer

e Diodes Bridge connected circuit

¢ Filter Circuit

2.3 TRANSFORMER

Transformer operation is based on the alternating magnetic flux produced by

altefnating current on the mutual induction between two magnetically connected circuit.




The transformer is an electrical machine used cither for raising or fowering the

voltage of an emf supply with corresponding decrease or merease in current. This is done
with high degree of efficiency and .\\{ilhuul any change in the frequency.

A transformer consist of essentially two coils wound on a closed magnetic circuit
of low reluctance made up of laminated iron core. Such coils with high mutual

inductance. The arrangement is as shown below:

, [s

Fig 2.2
Where P = Primary windings
S = Secondary windings
] .
O = Magnetic flux hiking the two windings

N1 = Primary number of turns

N2 = Secondary no of turns

If the primary coil is connected to an AC supply. a current will flow and an
alternating flux will be set up in the core most of which will link the secondary coil. An
em{ of mutual inductance will bhe set up in this sccondary coil and if its circuit is

..complete. current will flow. Since the magnetic field is an alternating field. the induced
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emf in the secondary coil is likewise alternating at a frequency equal to that of the current

“in the first coil i.e. the primary coil.

Let N1 and N2 be the number of turns in the primary and secondary windings

respectively. Then:

Total emf induced in the Secondary = N2 * emf per turn = N2 --oooe- (1)

Total emf induced in the Primary N1 * emf per turn

When the secondary is on open circuit. its terminal voltage is the same as the

induced emf. The primary current is then very small. so that the applied voltage V1 is

practically equal and opposite to the emf induced in the primary . Hence

V2 = N2 s (ii)
Vi NI '

Since the full load efficiency of a transformer is nearly 100% .
ITVI * Primary power factor __ 12V2 * Secondary power factor.

But the primary and Secondary power factors at full load are almost equal.

Therefore.
I =yVv2
12 Vi
But V2 ='N2
\A| ]
Therefore
V2 = N2 = U e (iii)
VI - NI 12




2.4  BRIDGE RECTIFIER CIRCIUT

Bridge conneclcd Rectifier circuit is commonly used as tull wave rectifier unit in
most power supply unit. It is made up of four diodes connected in such a way that only
_two diodes conduct at any particular time. This arrangement of diodes is connected to
appropri.ate transformer secondar): that supplics the bridge with AC voltage. The Othhut

of the bridge is DC voltage. The circuit is shown in figure 2.3

Fig2.3
25 FILTERS

| It is seen from the above output wave form. the output of rectifier contains
ripples, in other words it's pulsating. for this reason filtering device are uéed to smoothen
the wave form. Capacitive filter is chosen and used for this project. Itis connected as

shown in the above cifcuit. The output waveform are as shown in fig2.4(a & b).

V4 | Ve ‘
| R YAVAVAVA
(a) A A
/\/\/\/\ —
. Rectifier output Rectifter output
Without filter. Without filter
fig. 2.4 - |




CHAPTER THREE

3.1 THE TRANSMITTER/ R!i(‘lﬂl\’lill UNIT
3.2 THE TRANSMITTER UNIT

The transmitter unit is a digital logic unit which involve descrete signals
represented by binary codes of s and Os.

Button 1 gives output 10

Button 2 gives output 11 logic circuit

The transmitter as part of this project generates infrared signal from the infrared
source which is amplified and transmitted if there is presence of codes (high) from the
logic circuit and not transmitted for absence of code (low) from the togic circuit.

When any of the two buttons is depressed, the corresponding code is stored in the
4013 (Latch). The Stepper / Controtler (4017) does the inputing. The same logic unit
sends the code one by one (in serial form) through the multiplexer and through the
VMQS which powers the infrared source. The output logic allows only a complete code
transfer. j .

The Oscillator divider powered by a 32.78KH7Z crystal produce the control clock

so that a complete code is sent within 0.5 seconds. It takes 0.25 seconds for each bit.

33 THE RECEIVERS UNIT
The receiving part of this project consist of a recciver but manly logic circuit as it
is in the transmitting part. The receiver receives the incoming infrared signal. The

amplified signal (code), (x), is linked with the receiver logic circuit. It also has an

9



“Oscillator / divider (40608) operating at the same speed (37.786K117) as the transmitter

SO as (6 be compalihlé with im:nming signal.. the controller / Stepper arranges the
incaming code into the shift registgr. After the whole code enters. a corresponding JK
- 4027 flip flop is clocked. The 7805 regulates a SV supply for the digital ;ircuit. from the
12V supply. - |

Analysis below give the detailed explanation of the different parts in the

transmitting and receiving unit.

34 Slllﬁl‘ REGISTER AND LATCH

Latchcs and registers are used to hold a set of bits even if the input changes. Shift
register can be made of RS flip flop. D - flip flop and IK flip flop ete. A set of JK flip
flop constitutes register. At each clock pulse the pattern of O's and s in the régister shift
to the right with the data at the first D input entering from the left. The latch on the other
hand operates in such a way that the output follows the input when enabled and hold the

last value when disabled.

‘3.5 CRYSTAL CONTROLLED OSCILLATOR AND STEPPER

The Stepper controller does the inputing of the codes through the multiplexer a'nd
the 'VMOS which powers the infrared source. The clock generator ciréuit provides the
basic thing signal to all parts of the system while the control stepper divides the pulses of.

the clock. Each pulse will now be used to clock any of the logic circuit according to the

operation of the circuit.

10




3.6 JKFLIPFLOP

Considering \hc‘data sent from the transmitting part when push-button 1 was
pressed. code (10) of different hinqry bit will be generated which will now be used to
transmit signal generated by the transmitter received by the receiver and finally decoded
by the logic circuit of the receiving part.

:

The electric motor is connected torthe 4027 which is responsible for the clockwise

and 5nticlockwise movement of the motor causing the opening and 'Closing operation of

the gate.

The circuit diagram for the transmitter and receiver is shown below.
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CHAPTER FOUR

THE ELECTRIC MOTOR
4.1 MOTOR PRINCIPLE

An clectric motor is a machine that converts clectric energy into mechanical
-energy. lts action is based on the princi[.)lc that when a current carrying conductor is
placed in a magnetic ficld. it experience a mechanical force whose direction is given by
Flething's left hand rule and whose magnitude is given by FF = BIL (Ncwion) .......... (1)
Where B = Flux density. I=current. L =length

For a DC motor. when its i:ucld magnet are excited and its armature conductor are
supplied with current from a source. they experience a force tending to rotate the
armature. Armature conductors under N — pole are assumed to carry current upward. By
applying Fleming's Left Hand Rule. the direction of the force on each conductor can be
found. It will be seen that each conductor experiences a force (F) which tends (o rotate
the armature in anticlockwise direction. These force collectively produces a driving

¢
tongue which gets the armature rotating.
/ .

42 MOTORACTION
As the armature of the motor starts rotating. induced emf is produced in the
armature conductor. The direction of this induced emf is in direct opposition to thé

applied voltage. and it is called counter emf or back emf Eb and its given as:

Eb = (QZNY X (PIAY (VOUS). oo (ii)
Where & = Flux
Z = Total number of armature conductor



P = No. of motor poles

A = No. of parallel paths in armature
t

N = Armature rotation.

The applied voltage (V) bas to force current through the 'arm;dlurc conductor
against its back emf. The electric work done in overcoming this opposition is converted
into mechanical energy developed in the armature.

The power required to overcome this opposition generated by the back emf is
_ given as:

[)

il

Ebla....ccooeeen... e, (iii)

Whgre la = Armature current.

43  VOLTAGE EQUATION-OF A MOTOR
The voltage (V) applied across the motor armature has to overcome the back emf
and supply the armature ohmic drop.
Vo = Eb 1@ Ra i (iv)
I we multiply both'sides by las
Via  =Lbla+la’Ra
Vla. = Electric input to armature
‘ Iihlu‘ = Electric equivalent of mechanical power developed in armature,
1a’Ra = Cupper loss in the armature.

The efficiency of the motor is given as Ela = Eb..ooooooiial (v)
Via \%

16




Thus the higher the value of Eb compared to V the higher efficiency of the motor.

Thus the gross mechanical power developed by a motor is given as

i

~-Pm Via = 1'R oo (vi).
4.4 ARMATURE TORQUE OF A MOTOR

Torque is the turning or twisting movement of a force about an axis. It is assured
by the product of force and the mdi—us at which this torce acts.

Consider a pulley of radius r metre acted upon by a circumferential force of F
Newton which causes it to rotate at Nr.p.m.

Then torque T= Fxr(NmM) .. (vii)

“Work done by this force in one revolution is given as:

A\ = [Force x distance = IF x 2ntr x N (jonle / sec or watt).......... (ix)
- (F x r)x 2nN watt. |
 But 22N = angular velocity (W) in vadian / see
. Power developed =T xw(watl) ..................................... (x)

If N is in rPm. then

W

1

2aNxT = 2n . NT =
60 60 9.5

=

.................... (xi)

N

lfet Ta be the toque devcl.opcd by the armature of a motor running at N (.p.m) -
then bower developed is given as Ta x 2N (watt).

We also know that electrical power converted into mechanicél power in the
armature is given as
Eb Ia (watt)

Equating equation (iii) and (x) we have:

17




Tax 2aN = Ebla
Since Eb = 7N x (P/A) volt. we have
Tax2nN = QD/N(P/A). Ta

Ta = | OZi(P/AYNM

In

“Thus the armature torque of a motor is given as:

i

1 . @Zia (P/AY NM.
2n

Ta

:
i
£
3

}

18
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CHAPTER FIVE

5.1 ELECTROMAGNETIC DEVICE FOR LOCKING GATE

In this work. only one of the three universally known effects of electric current

(heating. chemical and magnetic effects) are relevant. Itis the magnetic effects.

The magnetic effect forms the basis of the effective operation of the

electromagnetic device discussed in this project. It an electric current is made to flow -

through a coil of wire wound round a picce of iron, a magnetic field will.be set up around
1

and in iron. The iron will be capable of magnetically attracting any magnetic material -

brought close to it. If the electric eurrent flow is disconnected. the rdagnetism is referred
to as an electromagnet. It is this interesting clfect of electric current that is being
exploited in the construction of generators. lifting magnets. relays. which depend of the

principles of electromagnetism for their various operations.

52 MAGNETIC CIRCUIT |
5.3, INDUCTANCE .

When current (1) ‘ampere” flows in an clectric cireuit which is linked by magnetic
flux. the circuit is said to have an-inductance. Inductance (i) is a pr.oper‘t)' of a physfcal1
arrangement of conductor.

It is a measure of magnetic flux which links the circuit when a current (1) am’pere

flows in the circuit.

Inductance is also a measure of how much encrgy is stored in magnetic field of an

inductor such as a coil or a solenoid.

19
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Flux linkage may be defined as the flux that links all the circuit multiply by the

numbers of turns (N).

L

54 SELF INDUCTANCE

When the flux linkage produced is due to the current (I) ampere in the circuit

itself. it is said that the circuit has self inductance (see figure 5.1 (a) below).

FIG. 5. 1 (a) SELF INDUCTANCE

55 MUTUAL INDUCTANCE

When the flux linkage in a circuit is produced by the current (1) ampere in another

circ‘uit. the circuit is said to have mutual inductance. (sce figure 5.1 (b) below).

20
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Fig. 5.1 (b) MUTUAL INDUCTANCE

5.6 INDUCED EMF
When there is a change in the magnetic flux linking an electric circuit there will
be an induced emf in th circuit. The induced emf[ is expressed by Lenz Law as:

e | = A (h

The polarity of induced voltage is such as to produce a current (I) ampere in

/ .
direction as to oppose any change in the flux.

To pass a current (1) through an inductor it is necessary to apply a voltage,

vV = R+ Ldi oo (In

Dt
Where R is the resistance of the winding

A is the flux linking the winding

If the flux linkage (A) in a magnetic circuit is due to it own current (I) then,

vV o o= IR+HL AU e (1)
Dt

21
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Where (L) is the self inductance in"the winding.

Comparing equatibns (1) and (11H

\Y% = iR+ d (I
dt '
\Y% = IR+HL di (11h
dt
= I di
dt dt
by = il
L T e (V)

Where (1) is self inductance.

If clectrical circuit has N- turns the equation (V) becomes,

H

L NG . Where & isthe

I

Magnetic flux linking the circuit.

57  INDUCTANCE OF A SOLENOID
In the 'solenoid; flux density (B). at the centre of the solenoid is a good
approximation of the flux density (B) in the solenoid that links all the turns.

Then, B = MOH

Where H

it

Ampere-turns per metre length

= IN (L 15 the length in metres)

B = MOIN e Vi)

t
If flux leakage is ignored, then the flux in solenoid is given as:

~J
2




= AB

= 1”8

it

Where A Cross section area.

= TIEBNOND o, (V1)
1.

Flux linkage for N-turns

A = ON

i

=
-‘N
Z
Z,
E

................................................

L = A
i

i
=
Zu
N
z

= NONZA oo (V1D

It can be seen that apart from No. the inductance of a solenoid depends only on geometry

.ofthc solenoid.

4 .

M

il

MoMr

If an iron core is introduced into the solenoid the inductance will become,

L = MoMr _NZ_A_
L

Where Mr  is relative permiability
Mo is the permiability of free space
= 4Tx 10711,

"~ The figures below show the physical arrangement of a solenoid.
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58 FORCE OF MAGNET
Magnetic materials such as iron will always be pulled into regions of stronger

~ magnetic field. A ferrous magnetic material which is brought into the field of a magnet

will have poles induced in such a way that the induced North pole is opposite to the south

pole.

understand why magnets attract ferrous objects, one will view the space between the
object and the magnet as a gap since magnetic poles ol opposite polarity exist at the ends

of the air gap they will attract each other and the effect of the magnetic field will be to

exert a force which will tend to close the gap. This is the reason why a relay closes and

The result is that there will be attraction of the object by the magnet. To

. -
t

electromagnet can carry loads.

Figure 5.3. below illustrate the action between a magnet and an iron body.

24



SOFT 1RO PlvoT

MoveMmentT
¢ ) T
v -~
A |
>l - |
‘ > |- N '
—>-| >
—_—— P '
"_;‘_"“_;’_' | )/
S NI, /> |2 M ! e
MAguET |RON S|
- GAP "’ AP ey
Fig. 5.4 (a) | Fig. 5.4 (b)

The lifting force of an electromagnetic can be determined.
T
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Fig. 5.4 (¢)
. N Fa |

Let'A = Area of a small gap (x) between thé upper and lower sections of electromagnet,

assume tat fringing is negligible. the energy stored in each air gap is given as




L

W= Yo MO AX oo (x)
Whete Ax is the volume of the air gap.

Assume that the current (1) in the coil is allowed to change so as to keep the flux
@ = AB through the magnetic circuit constant. Then a change is the magnetic energy
(dw) of the system can occur only as a change of energy stored in the air gap.

Let a mechanical force F (Mech). Pull the two-half sections apart through a
Adistance»(dx) then the work it must do is given by dw (mag) therefore,
w2 = 172M ol PA (x + dx)

3

Therefore the change in energy

" Dw (mag) = wW2-wi = Ys MotPA (x + dx) ...... s (XD
Because the air gaps involved are two then
dw (mag) = 2M _oH?A dex
2
= MOHZAAX oo, (X1h

- The two energies dw (mech) and dw (mag) involeved must be equal i.e.

dw (mech) = dw (mag). before one can think of lifting. This gives for the
J ‘-

magnetic force:

Foo= MOHPA e (X1
B = MoH ]
= B

Mo
Substitute for Hineqn ..o (X1
F (mag) = BA
' Mo

= D (X1V)

26



MoA
This actually is the lifting force.
The, magnetic pressure is define as force per unit arca. the the magnetic pressure on each

pole face can be defined as

P = F -

This is the same expression as the energy density for the magnetic field in the air gap.
¢ . i

If the air gap involved is only one like in the electromagnetic device then,

F = (mag) = Fooo= Yo MolPA L (XVD
ButH = IN
L
Substitute H = j_llﬁ N EEN Lo (XVD
F (mag) = F
- Y2 Mo (IN)*- o
L
‘ = (N MOA oo, (XVII)
217
Where | = The current (1) ampere
N = The number of turns of the coil
L = Length of the aiv gap
A = Area of the air gap.
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CHAPTER SIX

6.1 CONCLUSION AND RE(.‘OMMENI)AT!()N

The design and construction of the automatic access control was quite eventful.
Some of the components used werc‘nm readily available but modifications were made to
-.some readily available components to suit the purpose of the design.

I;'rom the test of the prot(;typc. the project work proved successful. 1 sincerély
belicve and hope that the circuit would be appreciated and utilized by target domestic and

industrial concerns where it is applicable.

6.2 RECOMMENDATION

| recommend that for further improvement. the project work should be modified
for a real life situations where applicable.

Also. further improvement should be made on how to use the work for an inge

gating system — which will give a precept for multipurpose application.
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