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PREFACE

his book on home projects may be of interest to you if you are studying electronics, or if you are a hobbyist

or an experimenter and wish to learn electronics in a practical way. The projects in this book explain the

working and construction of various circuits, which can be easily assembled at home with few basic tools.
These projects are basically for domestic as well as hobby applications. However, some of these projects may also
be found useful in industrial applications.

'This book, a collection of hardware-based projects which appeared in Electronics For You from year 1979 to
2004, is brought out for the benefit of our new readers. It is a compilation of 60 construction projects tested at
EFY Lab.

The book contains projects with comprehensive functional description, construction details such as PCB and
component layouts and parts list. Some projects also cover testing steps, equivalent part names of some hard to
find components and lead/pin identification details of semiconductor devices and integrated circuits (ICs).

'The book is divided into five sections in accordance with the application of the circuits: Alarm, Controller and
Indicator, Display and Lighting, Timer and Clock and Game. The Alarm section contains seven projects cover-
ing various alarm circuits including Electronic Bell System, Multichannel Fire Alarm System, etc. Some of these
circuits can be used at homes as well as industrial buildings. The Controller and Indicator section contains twenty-
four projects covering circuits like Digital Water-Level Indicator-cum-Pump Controller, DTMF Remote Control
System, Long-Range Remote Control, etc. The Display and Lighting section contains eight projects including
Economical UPS for Cordless Phones, Multi-Feature Emergency Light, Multilingual Numerical Display, etc. The
Timer and Clock section contains twelve projects including Digital Clock with Seconds and Alarm Time Display,
Programmable Digital Timer-cum-Clock, LED Analogue Clock, etc. The Game section is specially included here
for the students and beginners with the aim to encourage them to learn electronics while they play. It contains nine
projects including, A Mighty Gadget with Multiple Applications, Digital Number Shooting Game, Electronic
Housie Player, Video Car-Racing Game, The Mind Reader, etc.

Although the book is intended for hobbyist and beginners, a good knowledge of electricity and digital electron-
ics will be helpful. The book can be used by engineering students, teachers, practicing engineers, and hobbyists.
Some printed circuit boards and major components of the projects described in this book are available with our
associates Kits'n'Spares at reasonable prices.

By going through the descriptions of the projects in this book, readers may be able to construct each project
in “Do-it-Yourself” way. It is hoped that this book will benefit those who are searching for electronic hardware-
based projects.
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ELECTRONIC BELL SYSTEM

D.K. KAUSHIK

In this innovative project, a simple electronic bell system using commonly available ICs is presented for use in
educational institutes. This simple and easy-to-fabricate project has the following features:

* It sounds the bell automatically after every period of 40 minutes.

* It displays in digital form the current time and period number of the class going on.

*'The system automatically switches off after the last period (11* period). The digital clock showing the current
time, however, continues working as usual.

The principle

Fig. 1 shows the block diagram of the system, which has three parts. Part I has the usual digital clock comprising
quartz crystal oscillator cum frequency divider IC MM5369, clock chip
MM5387, and 7-segment common-cathode displays.

The 1Hz pulse (i.e. one pulse per sec.) is taken from the digital
clock and used in part II of the circuit. The accuracy of the system
depends on this 1Hz pulse, obtained from the standard digital clock

PARTS LIST

Semiconductors:

IC1 - 7805 +5V regulator

1C2 - 7474 dual ‘D’ flip-flop

1C3 - MM5369 oscillator/driver

1C4 - MM5387/L.M8361 clock
chip or equivalent

1C5,1Cé6 - CD4026 decimal up-counter

with 7-segment driver
1C7-IC10 - CD4017 decade counter

T1,T2 - BC107/BC547 npn transistor

T3, T4 - 2N2222 npn switching
transistor

D1-D8 - 1N4001 rectifier diode

LED1,LED2 - Red LED

Resistors (all Ya-watt, £5% carbon, unless

stated otherwise):

R1,R2 - 2.2-kilo-ohm
R3,R44,R50 - 1.5-kilo-ohm

R4 - 4.7-kilo-ohm

R5, R6, R45

R46,R48 - 10-kilo-ohm

R7-R43 - 330-ohms

R47 - 56-kilo-ohm

R49 - 20-mega-ohm
Capacitors:

C1,C4 - 100pF, 25V electrolytic
C2 - 30pF ceramic disk

C3 - 30pF trimmer
Miscellaneous:

S1-S4 - Tactile switch (SPST)
S5 - Tactile switch (DPDT)
Xrar, - 3.57945MHz crystal

RL1-RL2 - 12V, 200-ohm relay (SPST)
DIS.1-DIS.6 - LT'543 common-cathode
7-segment display
- Power amplifier with loud-
speaker

SLOW IR ] FAST
* * SET

QUARTZ

TIME DISPLAY

CRYSTAL | 60Hz LOCK -— —
PART |osciLLATOR| CclR%SW j ]-‘/
I & '- L4

DIVIDER AM PM
CIRCUIT @ @
1Hz PULSE |

12V
S5(a) N === ——— ===~ S5(0)

g 1 PULSE /40 MIN.E
\ RL2
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Fig. 1: Block diagram of the electronic bell system
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Fig. 2: Schematic diagram of electronic bell system for institutes

circuit. In part II of the
system, the 1Hz pulse is
used to obtain one pulse
after every 40 minutes, by
employing a four-stage
counter circuit.

The pulses obtained
at 40-minute inter-
vals drive transistor T4
(see Fig. 2) into satura-
tion for a few seconds
(the exact duration being
decided by the delay circuit
comprising 56-kilo-ohm re-
sistor R47, 100pF capacitor
C4, and diode D7). When
the transistor goes into
saturation, relay RL2 is en-
ergised and the bell sounds
for a few seconds.

Any electronic horn/
siren using an audio power
amplifier of desired wattage
may be used for the bell. In
the prototype, the author
used an audio tape recorded
with the usual sound of brass
bell, with tape recorder/play-
erof 150 watts rating, driving
four 20-watt speakerunits.It
isconsidered adequate for the
campus of any educational
institute. The readers may,
however,use any other sound
system according to their
requirements.

Part IIT consists of the
period counter and display.
It displays the current period
in progress. The number of
pulses received at 40-minute
intervals are counted by this
counter circuit and the dis-
play unit displays the period
number.

One additional relay
circuit is used so that the
power supply given to parts
IT and III of the system is
automatically interrupted
at the end of the eleventh

SIMPLE PROJECTS



period. Next day the

DIVIDER
system has to be reset, | qurpyT [8]Voo
TURNE
and the cycle repeats. Vss gl
NC OSC.
L. OUTPU
The circuit NC osc.

Fig.2 shows the detailed
circuit diagram. The Fig.3:Pin configuration of MM5369
clock circuit of part I

of the system is designed using 3.58MHz quartz crystal,
MM5369 crystal oscillator and divider (IC3), MM 5387
clock chip (IC4), four common-cathode 7-segment
displays, and a few passive components. For more details
of the digital clock, the readers may consult ‘Car Clock
Module’ project in September 1986 issue or Electronics
Projects (Vol. 7) published by EFY. Push-to-on switches
S1 and S2 (slow and fast time set) may be used to set the
time of the digital clock.

(Note. For ready reference, pin configurations of ICs
MM5369 and MM5387/LM8361 are reproduced here in
Figs 3 and 4, respectively.)

The standard 1Hz pulse is taken from pin 39 of IC4
and connected to clock input pin 14 of decade counter
IC7 (CD4017). The carry pin 12 of IC7 outputs a pulse
every 10 seconds, which is connected to clock pin 14
of the next CD4017 decade counter (IC8). The reset
terminal (pin 15) of IC8 is connected to pin 5 (output

AME
10HRS. bac E

HRS. <

—

a&
10 MNTS.
MNTS. {

MM5387
OR
LM8361

40| Pm

39[1Hz

38|12/24 HRs SELECT
37|NC

36|50/60 Hz SELECT

35 50/60 Hz INPUT
34|FAST SET INPUT
33[SLOW SET INPUT
32[SEC. DISAPLAY INPUT
31| ALARM DISPLAY INPUT
30| SLEEP DISPLAY INPUT
29 (Voo

28|Vss

27 |SLEEP OUTPUT

26| ALARM ‘ OFF’ INPUT
25| ALARM OUTPUT

24| SNOOZE INPUT

Zlc

2
MNTS
21|d

Fig. 4: Pin configuration of IC MM5387/LM8361

i
Il

Fig.5: PCB layout
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Fig. 6: Component layout

No. 6) of the same IC. This IC thus divides
the signal by a factor of 6 and its pin 12
(carry pin) gives an output of one pulse
every minute. This pulse is applied to IC9
(CD4017), where it is further divided by a
factor of 10 to produce an output pulse at
every 10-minute interval. Finally, a pulse at
every 40-minute interval is obtained from
1C10 (CD4017), which is configured as
divide-by-four counter, since its reset pin
15 is shorted to Q4 output pin 10 of IC10.

The output pulse at pin 3 of IC10 re-
mains high for ten minutes and low for 30
minutes. This output pulse (every 40 min-
utes) is connected to the base of transistor
T4 through a combination of capacitor C4
and resistance R47, to energise the relay and
sound the bell. The capacitor-resistor com-
bination of C4-R47 acts as a differentiator
circuit, while diode D7 clips off the negative
going portion of the pulse. The delay time
may be adjusted by choosing proper C4-R47
combination values.

After the preset time delay of a few
seconds, the transistor goes into cut-off and
the relay gets de-energised, to switch off
the bell. However, the clock circuit of part
I around IC4 and divider circuit formed
by IC7 through IC10 continue to work as
usual and hence the accuracy of the periods
is not aftected by the ‘on’ and ‘oft” times of
transistor T4.

To count and display the current period,
a two-digit counter is designed using two
CMOS decade counter cum 7-segment
decoder/driver CD4026 ICs (IC5 and
IC6) and two 7-segment common-cathode
displays (LT543). The pulse obtained every
40 minutes from pin 3 of IC10 is also con-
nected to the input of this two-digit counter.
'This counter counts these pulses and displays
them via the L'T543 (showing the current

period number in progress). The two-digit counter counts and displays the period number up to 11.

The segment ‘d’ output for most significant digit (MSD) and segment ‘¢’ output for least significant digit (LSD)
from IC5 and IC6 are connected to the bases of transistors T1 and T2 respectively, via 2.2-kilo-ohm resistors
R1 and R2. The collectors of the two transistors are connected together, working as a NOR gate. When ‘d’ and
‘c’ segment driving outputs from IC5 and IC6 respectively, go low simultaneously (just at the beginning of 12th
period), the output (common collector voltage of transistors T1 and T2) goes high. This output is also connected

to clock pin 3 of IC2 (IC 7474), which is a dual ‘D’ flip-flop.

Only one of the two flip-flops is used here in toggle mode by connecting its Q_pin 6 to data (D) pin 2. The
flip-flop toggles after every clock pulse. The ‘Q output of this flip-flop drives relay RL1 through transistor T3,
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and thus switches off the supply to parts IT and III of the system, just at the beginning of 12th period (i.e. at the
end of 11th period). Resumption of the supply may take place the next day after momentarily pressing switch S3.
For power supply, a 12V car battery with charging facility is recommended.

An actual-size, single-sided PCB for the circuit (Fig. 2) is shown in Fig. 5 and the component layout for the
PCB in Fig. 6.

Operation

After completing the circuit, test the circuit according to circuit description, as discussed above. For operation
of the circuit, switch S3 is momentarily pressed for resumption of the supply to parts II and III of the circuit, as
relay RL1 is energised. Period-displaying 7-segment displays DIS.5 and DIS.6 will display any random number,
which is reset to 00 by momentary depression of switch S4.

Further, switch S5 (DPDT) is pressed and then released exactly at the time when the first period is to start.
This resets IC7 through IC10. The output QO at pin 3 of IC10 will go high, to energise the relay and thus switch
on the bell for a few seconds and advance the period display from 00 to 01 (indicating that the first period has
started).

Hereafter, the circuit works automatically, sounding the bell for a few seconds after every 40 minutes. In the
evening, after the eleventh period is over and the institute is to be closed, the power supply to parts II and III of
the circuit gets automatically switched off. Though the ringing of bell and display of periods discontinue, the digital
clock continues to work as usual. Next morning, the above operation needs to be repeated.
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ALL-IN-ONE ALARM

A. JEYABAL

as a doorbell to inform that someone is waiting at the door step, a

telephone ring to inform that some one is calling, the alarm in the
digital clock to wake up at a particular time, a beeper in the keyboard to
confirm the key is pressed or not, and a buzzer in the washing machine
to announce that washing is completed. But all these audio indicators
are used for a particular function and cannot be easily put to use for
other jobs.

An all-in-one multipurpose alarm circuit is described here. It finds
multiple applications from a simple game, water level monitor, to volt-
age alarm, to continuity tester, to security alarm. It gives continuous and
interrupted alarms which can be activated by both high and low level
pulse in the trigger mode and a high level voltage in the normal mode.

I n our everyday life, we use different types of audio indicators such

Circuit description

Fig. 1 shows the block diagram of the circuit. Block 1 produces high-
frequency oscillations in the audio range which are amplified by block
2 to drive the speaker.

The control terminal of the oscillator is connected to the input
through switch S2. A distinct tone is produced whenever a positive
voltage above the threshold voltage is applied to the control terminal.

The low frequency oscillations are produced by block 3, and its

PARTS LIST

Semiconductors:

IC1 - 4093 quad 2-input NAND
gate with schmitt trigger
input

T1 - BC 557 general-purpose pnp
transistor

Resistors (all Ya-watt, +5% carbon, unless stated

otherwise):

R1-R3 - 10-kilo-ohm

R4 - 100-kilo-ohm

VR1, VR3 - 100-kilo-ohm pot.

VR2 - 1M pot.

Capacitors:

C1 - 0.01puF ceramic disk

C2 - 2.2uF 12V electrolytic

C3 - 1000pF, 12V electrolytic

Miscellaneous:

S1, S4 - SPST switch

S2 - SPDT switch

S3 - Push-to-on switch

LS - 8-ohm 6.25cm speaker

Sockets 1-3 - Earphone socket

Battery - 1.5V cell (4 nos)

- 6-cell battery box

output is connected to the control terminal of block 1 through a diode and S1. Whenever the output of block 3
goes low, it disables the high-frequency oscillator

and an interrupted tone is heard in the speaker.
Switch S2 in the other position connects the

1
HF OSC 2
CONT. OUTPUT AMPUFIER | LS
bt
o :
1 R LF OSC
MWW CONT.  OUTPUT
S2
o— o
INPUT 2 ‘
<€ l CONT.  OUTPUT
<
SR FUP-FLOP
o— INPUT 6
= 3!

Fig. 1: Block diagram for the multipurpose alarm

output of flip-flop (block 4) to the control termi-
nals of block 1 and 3. Once triggered by a negative
going pulse, the output of flip-flop goes high to
sound the alarm and remains in that state until the
reset switch is pressed.

Fig. 2 shows the schematic diagram of the
multipurpose alarm. IC 4093 is employed in this
circuit. It contains quad 2-input NAND gates
with schmitt trigger inputs. If any other IC is used,
more than one IC will have to be used.

Continuous alarm

Gate G1 produces high frequency oscillations
(HFO) around 1000 Hz which is more sensitive

to the human ear. Presume capacitor C1 is in the

SIMPLE PROJECTS



discharged condition

= C1
0.01y

d1

and pin 2 (control pin
in the circuit) in the
high level. Now, output
of G1 (pin 3) is high
and charges C1 through
VR1. When the voltage
across C1 goes above
the upper level of the
hysterisis, the output

TO POWER
AMPLIFIER

S4
OMN/OFF SWITCH
"""'-o—

+6vV

NORMAL
)

changes to low state and

S1

ON/OFF SWITCH

the capacitor starts to
discharge. When volt-

D1
1N4148

5 |

INT.

SOC. 1
S2
1-POLE, 2-WAY
SWITCH

PUSH-TO-ON
RESET SWITCH T

AAMA .
YYVY
R2
10K
82
NORMAL

age of C1 falls below
the low level, the out-
put becomes high and
charges C1 again. This
cycle repeates as long as
pin 2 is above the high
level. This frequency can
be varied by VR1.

VR1 can be replaced
with a fixed resistor of
any value between 56k
and 150k to produce a
desired fixed frequency

tone.

4
)
! G2

G1-G4 =1C4093

|||=

Interrupted
alarm

Fig. 2: Circuit diagram for the multipurpose alarm

Pin 8
Set

0

1
1
0

Table I
Truth Table for SRFF (4093)
Pin13  Output Output
Reset Pin 10 Pin 11
1 1 0
0 0 1
1 No change  No change
0 1 1

The gate G2 functions

as an astable multivibra-
tor like G1 and produces low frequency ocsillations (LFO) in the range
between 0.3Hz and 3Hz. It works in the same way as G1. When S1
is closed, during the period output of G2 (pin 4) is low, it pulls down
control terminal (pin 2) of G1 and disables G1. And we hear an inter-
rupted tone.

Diode D1 blocks positive voltage from reaching pin 2 (G1) since
pin 4 (G2) is high during standby state. Resistor R2 is included to pro-
tect G2 by reducing positive supply reaching pin 4 and also for proper
functioning of LFO.

For alarms like rain alarm, VR2 may be set for low frequency and
for burglar alarm it should be set for high frequency for immediate

attention. A fixed resistor of 220k or 330k may be used in place of VR2.

Triggered alarm

Gates G3 and G4 are wired as a set-reset flip-flop (SRFF). The truth table is shown in Table I. The input pins 8
and 13 of SRFF are kept at high level. When pin 8 is momentarily held low, output of G3 (pin 10) goes high. This
state is maintained until pin 13 is momentarily held low by reset switch S3. Now, output of G3 (pin 10) goes low
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and output of G4 (pin 1) goes high.
R3 protects from short circuit when socket 3 is
used.

Construction

This circuit can be assembled on the PCBs shown in
Figs 3 and 4.

Easily available six-cell battery box may be used
as a cabinet. Only four cells are needed for the circuit.
Fix the speaker and all other components in the empty
space. Drill a nail hole at the back of the cabinet to
hang it on the wall.

Applications table buzzer/doorbell

Connect wires and a push-to-on switch S5 to an ear-
phone socket pin as shown in Fig. 12. Close S4 and
keep S1, S2 in the normal position and turn VR3 to
the hot end. A tone will be heard in the speaker. Adjust
VR1 to get a pleasing tone. Plug in the earphone pin
- J into sockets 1. Now, the gadget is ready for use as a

i

!

table buzzer.

Fix the gadget inside the house and switch S5 at the
4 | doorstep, and connect them using a lengthy wire. Now
¥ 7§ the gadget serves as a door bell.

mKE im‘lw T“fv ﬂ"‘{g%;o

Game of steady hand

Fig. 4: Component layout for the PCB shown in Fig. 3 Take an electrically conducting wire of 3 mm in diam-
eter and 60 or 70cms long. Take a 10cm rod and bend
one end to a ring.

The inner diameter of the ring should be just bigger than the thickness of the wire mentioned earlier. Insert
the wire into the ring and fix it on a board, as depicted in Fig. 13(a). Wind a piece of non-conducting adhesive
tape on both ends. This serves as a halting place.

The aim of the game is to move the ring along the wire from one end to the other end without touching the
wire. Plug in the pin into socket 1. The alarm device will monitor the game. Whenever the ring touches the wire,
positive supply goes to pin 2 and a beep sound will be heard.

The wire may be bent, as shown in Fig. 13(b) to make the game tough and more fun.

Morse code trainer

Buy a Morse code training unit, or make it yourself with a piece of metal strip, connecting it to the alarm as shown
in Fig. 5. A beep sound will be heard for the duration of the key pressed. Enjoy sending Morse code.

Continuity tester

Set switches S1 and S2 for continuous alarm mode. Turn VR3 to the hot end and connect pin to socket 1. Touch
the terminals of the gadget or resistor or anything of which continuity is to be tested, with the probes. A tone will
confirm the continuity.

Any resistor of value less than 56k can be tested with this alarm unit.
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X
= o
TO SOCKET 1

Fig. 5: Arrangement for Morse code trainer

l+
T TO SOCKET 1

Fig. 6: Circuit for continuity checker

<56K

TO SOCKET 1

Fig. 7: Arrangement for water level monitor

—

TO SOCKET 1

Fig.8: Rain alarm arrangement

TO SOCKET 1

Fig. 9:Intruder alarm

l N/O SWITCH

F ok

TN-O SWITCH

| TO SOCKET 3

TO SOCKET 1

e
6 THIN WIRE
N/O SWITCH

4 EN/O SWITCH

Fig. 10: Burglar alarm arrangement

Intruder alarm

Diode-transistor tester

For testing diodes, test the continuity as mentioned earlier and
once again test it interchanging the probes. If the alarm sounds
on both tests, it means diode is shorted, and no sound implies
diode is open, and a sound for any one of the tests confirms diode
is good. In the same way, test a transistor. Touch the base with one
probe and with the other probe, the collector and then emitter.
Interchange the probes and test once again.

Capacitor tester

Any capacitor from 1pF and above can be checked. Touch positive
lead with the positive probe and negative lead with the negative
probe. A burst of sound falling in frequency (like a sound of gun
shot) will confirm the capacitor is good. A continuous tone for a
shorted capacitor and no tone for open capacitor will be heard.

To check capacitor of value below 1uF, a shorted one can be
identified using socket 1. If no sound is heard in the above test, it
means the capacitor is either open or good. Set switch S2 in the
trigger mode, connect the probe to socket 3 and touch the leads. If
alarm sounds, the capacitor is good. Discharge the capacitor. Press
the reset button. Test once again to confirm.

Warning: This unit is using 6V power supply. So confirm that
the component under test can withstand this voltage before test-

ing.

Water level monitor

To fill the bath tub, it will take some time. If we forget to close
the cock in time, much of the water will be wasted unnecessarily.

Connect two metal strips or any electrically conducting spoons
(sensors) to the leads of the pin and plug in to socket 1. Set switch
S1 in the interrupted alarm mode and S2 in the normal mode.
Adjust VR2 for low frequency. Hang the sensor probes inside the
tub such that when the desired water level is reached, it touches
the probes (Fig. 7). An interrupted tone will be heard when the
water touches the probes.

Rain alarm

Etch a pattern in the PCB as shown in Fig. 8 or use a general-
purpose PCB connecting the appropriate tracks. Put it in a stand-
ing position in open place where rain drops can fall on it.

'The alarm beeps when the rain drops fall on it. Do not forget
to keep S1 in interrupted and S2 in normal position.

When we like to protect an area from an intruder, this alarm unit is ready to serve. Keep switch S1 in the inter-
rupted position and S2 in the triggered position.

SIMPLE PROJECTS
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3 1
1
BULB  smoke
Fig. 11: Circuit for smoke and light interruption
alarm

TO SOCKET 1

5
1 PUSH-TO-ON
SWITCH

Fig. 12: Arrangement for door-bell/table buzzer

TO SOCKET 1

R
/-FIXED TO BOAI D‘—\

HALTING PLACE
( )

ADHESIVE
TAPE

FLEXIBLE WIRE

TO SOCKET 1

Fig. 13(a): Arrangement for the game of steady
hand

TO SOCKET 1
Fig. 13(b): Advanced game of steady hand

Run a thin wire around the area to be protected and connect it to
socket 1 as shown in Fig. 9. Turn VR3 to the hot end VR2 to sound
2 or 3 beeps per sec. If the alarm sounds, press reset switch S3. The
alarm stops. Now the alarm is in standby mode. When the wire is
broken by the intruder, without his knowledge the positive supply
is removed and pin 8 of G3 is held low by VR3. This triggers SR
flip-flop and its output (pin 10) goes high.

Burglar alarm

Fix normally open (N/O) switch in the doors and thin wire in series
if necessary. When the door is closed, the switch is closed. Connect
it to socket 1 as shown in Fig. 10. When any one of the doors is
opened, the switch opens or the wire is broken, and positive supply
is removed and pin 8 of G3 is grounded. This negative pulse triggers
the set reset flip-flop and pin 10 goes high to sound the alarm.

Fox normally open switches in parallel under doormat or in
places where the burglar is likely to come in contact with these.
When any one of the switches is pressed, it grounds pin 8 of G3
and its output goes high to sound the alarm. In this alarm keep S1
interrupted and S2 in the triggered position.

Smoke alarm

Keep S1 interrupted and S2 in triggered mode. Now fix an LDR
(light dependent resistor) inside a plastic tube and make connections
to the earphone pin. Place a bulb (6V or higher voltage) in front of
the LDR. Put this set up in a place where smoke will collect.
When light falls on the LDR, its resistance becomes low and
pin 8 of G3 is high. When the light is obstructed by smoke, LDR’s
resistance goes high and the voltage available to pin 8 is less than the

lower level voltage, and output (pin 10) goes high to activate the alarm.
In the normal no-smoke condition, adjust VR3 from hot end to ground. Stop adjusting it when the alarm
sounds, and adjust it to the hot end a little. Press the reset switch. If alarm still sounds, adjust VR3 a little and

press reset switch. Now it is ready for use.

In some cases, the alarm will sound when the wiper is at the hot end. It means that the LDR is getting less

light.

Try a high voltage bulb or keep the LDR near the tip of the tube. If there is no change in the situation, it
means the LDR is a high valued one. Include a 56k or 68k resistor in parallel with LDR or try a less resistance

LDR.

The same set up shown in Fig. 11 can be used as a light interrupted alarm to monitor unauthorised entries

of persons.

Socket 1 is for sensors using internal power source and socket 2 is for sensors using external power sources.
The applications mentioned in this article for socket 1 are also applicable to socket 2 when external power source
is used. The external power sources’ voltage should not exceed 6V.

A small speaker may be used to make this unit portable.

While using this alarm for security purposes, a power amplifier and loudspeaker may be connected.
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MULTICHANNEL FIRE ALARM
SYSTEM

AMRIT BIR TIWANA

lighted cigarette, a burning splinter, an overheated electrical appliance or just about any of these can trigger a

fire; and add to this the presence of foam sofa sets and nylon settings and the poisonous gases that their burn-

ing emanates—it hardly needs a few minutes to render persons helpless, even before they realise what’s hap-

pening. The multichannel central fire alarm system (FAS) described here could be the best thing to bet your safety on!

A simple, efficient and fail-safe FAS can be built at a very low cost. The project presented has been designed
after careful analysis of the devices commonly available in the market.
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Fig. 1: Circuit diagram of the multichannel fire alarm system.
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Fig. 2: Actual-size PCB layout for the cirucit shown in Fig. 1.

(0] Go/ /,90 -2b (o)
PARTS LIST
Semiconductors: Capacitor:
IC1 - CDA40106, hex schmitt inverter C1-Cé6 4.7uF, 12V electrolytic
1C2 - CDA4049, hex inverter C7 10nF ceramic disc
1C3 - CD4068, 8 input NAND C8 470uF, 12V electrolytic
1C4 - CD4093, 2 input schmitt quad C9 1000pE, 16V electrolytic
NAND . Miscellaneous:

T1 - BD139 npn transistor LED1-LED7 Red LEDs
D1 - 1N4148 silicpn di(?de 9V, Ni-Cd battery
D2-D4 - 1N4001 rectifier diode S iED,
Resistors (all Ya-watt, +5% carbon, unless stated otherwise): Six photo—transistors
R1 - 330-ohms Six piezo speakers
R2-R7 - 2.2-kilohm 35mm piezo buzzer
R8 - 4.7-kilohm X1 230V AC primary to
R9-R14 - 390-ohms 9V-0-9V, 750 mA secondary trans-
R15-R17 - 680-ohms former
VR1-VR6 - 47-kilohm presets
14 SIMPLE PROJECTS



CONNECTED AT DIFFERENT LD

Fig. 3 Components layout for the PCB shown in Fig. 3.

Features

The fire alarm system consists of a contral unit,
and six slave units/detectors. All the six slave units
continuously detect smoke (not fire) as smoke
usually precedes fire and fumes. If any unit detects
smoke or fumes, it triggers a loud alarm in the
master unit, and to make the operation fail-safe
it trigger alarms at all the six points where other
units are installed. Besides, it also sounds an alarm
at the position where the fire has been detected.

Using infrared signals instead of normal light
or thermistors, and detecting smoke and fumes
rather than fire/heat, lends more to the system’s
fail safety.

The location of the point where fire has bro-
ken out is visible on the display of master unit.
And, as fire is usually accompanied by power

SIMPLE PROJECTS
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Fig. 4: Circuit for the power supply.
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interruptions and short circuits, there is a built-in backup provision in the system.

Smoke can be easily detected much earlier than fire. The FAS uses six sensors and seven different alarms to
ensure that the warning (alarm) is not missed, and the users have enough time to clear out of the area, if they are
unable to put off the fire.

The circuit

The complete circuit is built around four X
common integrated circuits of the CMOS
family and a few passive components. f— sl

The remote sensor, built as shown in :
Fig.5, comprises an IR source and IR detec- T PEZO o J
tor, facing each other with provision to allow SPEAKER :h-===--‘ ‘. PHOTO
entry of smoke freely between them and o | P — T — ] TRANSISTOR
obstruct the IR rays. As long as the IR light LED . j__._o c
falls on the detector transistor, its resistance &i\ —~ —~ — : o |o
remains low to keep one of the six schmitt ‘L l 1 A
triggers used with each detector high. As ‘ o -0
long as all the six schmitt triggers are high, 4CMS ' ?m? GH%LEQS Fgfq > REMOTE
the output of the 8-input NAND 4068 also . SMOKE INLET eNsoR
remains low.

When light from even one IR LED is Fig.5:Remote sensor enclosure.
obstructed, the corresponding trigger changes
state and the output of IC3 goes high. This in turn triggers T1 and thus the main alarm. This simultaneously forces
D7 out of conduction and enables the 2kHz oscillator based on the schmitt NAND gate N1 (4093); only one of
the four available gates is used. This simultaneously forwards the signal to all the six buffer inverters of IC2, which
go high from the initial low state, and begin to oscillate at about 2kHz. This signal is made audible through the
six piezo speakers. The corresponding LED indicator comprising LED1-LEDS is also activated to indicate the
location. Capacitor C8 ensures that the alarm does not go off too soon.

It must be noted that while the main unit has a piezo buzzer, the sub units have piezo speakers of piezo ele-
ments (no built-in oscillator) which cost one-fifth of the former. To raise the main alarm level, a relay alarm may
be used in place of the normal 35mm piezo buzzer.

Remote sensors are connected through four wire-ribbon cables to the main unit. All the remote sensors are
same as the one shown in dotted lines. Screw terminals or connectors may be used for the external connections.

The circuit would ideally operate off 12 volts. Since it is imperative to maintain continuous power supply,
batteries must be used. As a low-cost alternative, the power supply with backup, shown in Fig. 4, may be used
along with ordinary Ni-Cd battery cells. The conventional PP3/flat battery will not be suitable for this purpose.
An adaptor alone would be a risky proposition since it is very common to see power breakdowns during a fire.

The sensors

The sensor or the slave unit uses no PCB like the main
unit as there are just three components to be mounted, as
shown in Fig.5. The IR LED and the detector are placed
facing each other as shown, and the speaker/element is }
placed on the upper part. Six holes of 3mm diameter are ® P|PDDD|D
drilled in the bottom part, assuming the fact that smoke
eventually collects near the ceiling, or outlets like doors,
windows etc.

'The piezo speaker must be tightly screwed to a small Fig.6: Front panel of the system.
metal plate to boost the sound produced. The resulting

POWER

EMERGENCY LOCATION

1 2 3145 6

FIRE ALARM SYSTEM
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connections may be terminated in a block connector mounted outside the enclosure, preferably on ABS or more
preferably bakelite.

Construction

The entire circuit is constructed on a single-sided PCB. The circuit is fairly easy to assemble. As the display indica-
tors are prepositioned, the PCB may be mounted directly on the panel board. The only care that must be taken is
to see that the LEDs and electrolytics are soldered the correct way round. The presets too are normal small, PCB
mounting horizontal types.

The sensor must be constructed as shown in Fig.5. The LED/sensor may be glued to the base using instant
glue. The inside of the sensors should preferably be dull black (non-shiny). the hole size may be increased if neces-
sary, since the ambient light will not influence the IR detection in any significant way.

Installation and adjustments

The sensors’ installation is the most crucial and essential part of this project. The effectiveness of the circuit will
not depend on how good in quality the components used are, but how well placed the sensors are.

Ideal positions include near the ceiling or near the open windows, or near the door of a closed room. One has
to be very careful in selecting the right spots.

In a particular room, you will have to judge in which direction most of the smoke will move in the event of
a fire. Puffing a big cigar may help you in tracking the smoke path. Place the sensor right there, with the smoke
inlet holes facing downwards. Now turn on the power supply, and produce some smoke near the sensors and adjust
the corresponding preset VR1-VR6 to trigger the alarm at the minimal level of smoke. The rest of the controls
are to be adjusted in the same way, corresponding to the desired sensitivity level. This completes the successful
installation of the fire alarm system.

Not go to any location, stand near a sensor, light a match, and as a final test, puff it off. You shold hear an ear
piercing sound from the piezo—a sound which may turn out to be the most pleasant sometimes, but lets hope
one never gets to hear it.
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Fig. 5: Actual-size, single-side PCB layout for the decoder circuit

Fig. 7: Component layout for the PCB in Fig. 5

Construction

The entire circuit can be easily assembled on a general-purpose PCB board. However, actual-size, single-side
PCBs for the encoder (Fig. 2) and the decoder (Fig. 3) are shown in Figs 4 and 5, respectively. The component
layouts for the PCBs in Figs 4 and 5 are shown in Figs 6 and 7, respectively.

Cautions. From the maintenance point of view, it is advisable to use IC bases. While soldering the crystal,
don’t heat it for too long as it may get damaged. Make sure that live (L), neutral (N), and earth (E) wires of the
mains line are not interchanged in any of the two units. The encoder circuit can be housed in a box with switches
S1 through S8 mounted on the front panel. Similarly, the coder circuit can be housed in a box, with relays to
control appliances mounted inside the box.
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DTMF REMOTE CONTROL SYSTEM

REJO G. PAREKKATTU

emote control through the telephone line is an interesting proposition. Although this concept is not new,
and control circuits based on the same were developed almost ten years back, it however became more
popular with the introduction of dual-tone multi-frequency (DTMF) mode of dialing. Single-chip DTMF
encoders/decoders are available today, which make the designing of such systems easy and reliable.
The DTMF remote control system described here has the following main features:

It allows remote control of up to 12 electrical/electronic appliances through the telephone lines. The control
application may vary from simple on/off operation to complex operations.

*  To perform any operation through the telephone line, the user only needs to dial the required telephone number
(to which the master unit is connected in parallel using a DPDT switch) in Pulse/DTMF mode and then
the required device/appliance number in DTMF mode. The system automatically detects the ringing current
from the exchange with the help of a ring detector and goes to off-hook state to receive the control signals (in
DTMEF signals).

* After the device number is dialed, the system generates a short-duration tone, which is sent back to the con-
trolling end so that the user can know the resulting status of the controlled device.

+ The system goes to off-hook state exactly after 1.5 minutes automatically. So the controlling time is limited to
1.5 minutes.

* A compact radio remote control allows the user to perform the control function within the station (in a range
of about 30 metres) without the use of any telephone line. However, the use of telephone line is preferred for
controlling function. The system can be disconnected from the telephone line (with the help of a simple switch)
so that only the remote unit can be used.
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Fig. 1: Block diagram of the DTMF remote control system
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* 'The system is very economical and doesn't require complex devices such as microprocessors and other program-
mable devices. It is best suited to home and factory applications. With a little modification, the system can be
used as an automatic telephone answering unit.

Note. It is understood that the Department of Telecommunication (DoT) allows use of such remote control
systems on the telephone line.

Overview

Fig. 1 shows the block diagram of the complete DTMF remote control system, which can be divided into two
main sections, namely, a master unit and a remote unit. The remote unit is used to control the master unit. It
comprises a DTMF encoder with a keypad and an FM transmitter to transmit the DTMF-modulated FM signal
corresponding to the pressed key. When remote control is done via the landlines, the telephone instrument itself
substitutes for the remote control unit.

'The master unit can work in conjunction with either the signal from a remote FM transmitter or a remote
telephone. When FM method of transmission is used, the FM receiver comes into play to detect the DTMEF tones,
which are passed to DTMF-to-BCD decoder circuit via N/C (normally closed) contacts of a relay (forming part
of the telephone-line interfacing circuit).

When a telephone acts as the remote control unit, the telephone-line interfacing circuit comes into operation
as soon as a ring is detected. It consists of a ring detector that detects the ring from the exchange and triggers a
timing circuit. The output of the timer is given to a relay driver circuit in order to simulate off-hook condition.
'The timer circuit maintains the telephone line in the off-hook state for 1.5 minutes on detecting a ring from the
exchange and connects the telephone line to the DTMF decoding section through energised contacts of the relay.

The DTMF decoder uses IC M'T8870, which forms a vital part of the circuit. It converts the dual tones to
corresponding binary outputs. The 4-bit binary output of the DTMF decoder is decoded by a BCD-to-7-segment
decoder that drives a 7-segment LED. A 4-to-16 line decoder (74L.5154) is used to convert the 4-bit binary into
16 individual lines.

'The output of the 4-to-16 line decoder is applied to the appliance on/off control circuit that consists of AND
gates and D flip-flops. The output of the on/off control circuit is used to control the required devices with the
help of relays.

This circuit also provides a device status output that is used to enable a tone generator. The short-duration tone
thus generated is transmitted through the telephone line by the line-interfacing circuit to inform the user about
the resulting status of the controlled device/appliance.

Remote unit circuit

Fig. 2 shows the circuit

. ———WWW

diagram of the remote

N ZD1 R1
control unit. As already 3.2V 1K
mentioned, its main parts ZENER 6 c1 R2
i p cs 12 39K

are a DTMF dialer IC 1 s 9
UM91214B (IC1) and . —c1 |

an FM transmitter. For ol 2 s o1

any depressed key, the Ic1

corresponding DTMF 3 UM91214B 16 =

tone output is available = Xm 17

. . 358

at pin 7 of IC1. This tone MHz 18

is given as input signal 4 , |ronE o A Do MM
to the FM transmitter 5 VR1 AIR CORE
wired around a high- 1 i

frequency BF494 silicon

transistor (T'1), where it Fig. 2: Circuit diagram of remote control unit
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is frequency modulated by the input DTMF tones. Thus the FM transmitter transmits the carrier (around 100
MHz), frequency modulated by the DTMF dialer IC output tones.

A 9V battery is used for the remote control unit. However, the DTMF dialer IC requires only 3V for its
operation, which is derived with the help of a zener diode voltage regulator.

The DTMF encoder IC UM91214B is commonly used as a dialer IC in telephones. Its function is to generate
the DTMEF tones corresponding to the depressed key. The internal block diagram of UM91214B is shown in Fig. 3.
For its time base the

UM91214B requires a

: " RWPOINTER : © quartz crystal of 3.58

20 DIGIT LOGIC ' MODE MHz, which is connect-

MEMORY l h | ed between pins 3 and 4

osc | y ) of the IC to form part of

v CONTROL "™MUTE | an internal oscillator. The

LOGIC |——a (7) . .

: KEYBOARD . tong | oscillator output is con-

* INTERFACE l l o/P verted into appropriate

S [ N RO S U NN R INDUORt DO UV o A (O PR DTMF signals through

u i i i i i l l i i i i i fre uencSIgcrlliaviSsiOIfOlalgd
(1) (18) (17) (16) (15) (14) (19) (1) (& @ () 6 () (11 (10 quency

HS R4 R3 R2 R1 C3 C2 C1 OSC1 OSC2 GND VCC DTMF LOGIC NC mixing by the control

SEL. OP logic.
Fig. 3: Internal block diagram of IC UM91214B The keyboard inter-

facing section interfaces
the matrix type keyboard with the control logic. Pins 15 through 18 are row pins and pins 12 through 14 are
column pins. Up to 12 switches are possible with this key array. They represent digits 1 through 9, 0, and symbols *
and # (used for

HIGH GROUP TONES special func-
Hi= H2= H3= H4= tions). To find
1209 1336 1477 1633 out the dual

Hz Hz Hz Hz LEGEND :
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I
! . .
- _1 pushbutton telephone keypad
L2 =770 Hz E g1~ dllglt, refer to
= - Fig. 4. You can

LOW GROUP r~3 easily read the
TONES L3 =852 Hz E Lc_j Note: Column H4 is normally not available on a telephone | 1w and high

L4 - 941 Hz D E Ir-D-i keypad and is reserved for special signalling. group tones as-

=1 sociated with
each key. The
fourth column
corresponding

Fig. 4: Tones associated with keys on telephone DTMF keypad matrix

to 1633Hz frequency is not applicable to IC UM91214B.

IC UM91214B also incorporates a 20-digit dialed number memory. This feature of the IC is not
used in the present remote co-ntrol system. The memory unit and read/write pointer logic is con-
trolled by the control logic. The DTMF tones are obtained from pin 7 of the IC. The IC also

has some control inputs that are not used in its present application.

Master unit

Before describing the integrated working of the master unit, it will be appropriate to gain some useful knowledge
about the telephone line, DTMF dialing, decoder M'T8870, and the FM receiver using Sony CXA1019S and
other sections.

Basic telephone line. A telephone line basically carries voice and various signaling information between the
subscriber telephone instrument and the exchange. Suitable protection circuitry on both ends of the line protects
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the exchange equipment and the telephone instrument against damage from lightening, high-voltage transients,
and polarity reversal. Signaling information is required to inform the subscriber and exchange about on-hook,
off-hook, busy/not busy, and out-of-order conditions of the telephone/line. The ringing signal from the exchange
to the subscriber is of 70-90V RMS, 20-25Hz.

The outgoing signaling refers to signals reaching the exchange from the subscriber’s telephone, indicating on-
hook, oft-hook, hang-up, dialing, etc. Outgoing signals can be of two types: line signaling and register signaling.
Line signaling encompasses on-hook, oft-hook, and hang-up state signals, while register signaling refers to dialing,
wherein digits of the destination or the called party are passed on to the exchange for establishing a connection.

When the telephone is in on-hook condition, the cradle switch is in open condition. There is no flow of current
in the telephone circuit. When the telephone handset is lifted off the cradle, the cradle switch closes to form a
closed-loop circuit with the exchange battery and the telephone circuit. This circuit is also referred to as the local
loop circuit. Exchange battery voltage is typically 48 volts. The loop current is used by the exchange to establish
off-/on-hook status of the telephone. (Note. If the loop current is 13.5 mA to 60 mA the exchange detects it as
off-hook condition, and if the loop current is less than 7.5 mA the exchange interprets it as on-hook condition.)

Different line conditions are depicted in Fig. 5. The open-circuit line voltage is about 50V DC. Incoming
voice voltage to the telephone instrument varies from 0.5V to 1V and the maximum outgoing voice voltage is
about 2V RMS. The ringing signal is 70-90V RMS at 20-25 Hz. In pulse dialing telephones, register signaling
is known as DC loop signaling. In this case, the dialed number is conveyed to the exchange by ‘make’and ‘break’
of the loop circuit.

DTMEF signaling. AC register signaling is used in DTMF telephones. Here, tones, rather than make/break
pulses, are used for dialing. Each dialed digit is uniquely represented by a pair of sinewave tones. These tones

(one from low group for
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Fig. 6: Standard DTMF frequency spectrum + (1.5%+2 Hz). Second harmonics of the low group (possibly created due to a non-linear
channel) fall within the passband of the high group (indicated by A, B, C, D). This is a potential source of interference.
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possible by forming pairs with one tone from the higher group and the other from the lower group of frequencies.
'The DTMF spectrum is shown in Fig. 6.

A valid DTMEF signal is the sum of two tones, one from a lower group (697-941 Hz) and the other from a
higher group (1209-1663 Hz). Each group contains four individual tones. The DTMF dialing scheme is shown
in Fig. 4. This scheme allows 16 unique combinations. Ten of these codes represent digits 1 through 9 and 0. The
remaining six digits are reserved for special-purpose dialing.

Tones in DTMF dialing are so chosen that none of the tones is harmonic of any other tone. Therefore there
is no chance of distortion caused by harmonics. Each tone is sent as long as the key remains pressed.

The DTMF coding scheme ensures that each signal contains only one component from each of the high
and low groups. This significantly simplifies decoding because the composite DTMF signal may be separated
with band-pass filters into single frequency components, each of which may be handled individually. As a result,
the DTMF coding scheme is a flexible signaling scheme with high reliability, hence motivating innovative and
competitive decoder design.

Inside MIT8870. The M'T8870 is a single-chip DTMF receiver incorporating switched capacitor filter technol-
ogy and an advanced digital counting/averaging algorithm for period measurement. The functional block diagram
of Fig. 7 depicts the internal working of this device.

The DTMF signal is first buffered by an input op-amp that allows adjustment of gain and choice
of input configuration. The input stage is followed by a low-pass RC active filter, which performs
anti-aliasing function. Dial tone at 350 and 440 Hz is then rejected by a third-order switched capaci-
tor notch filter. The signal is still in its composite form and is split into its individual components by two
6™- order switched capacitor band-pass filters. Each component is smoothed by an output filter and squared
by a hard limiting comparator. The two resulting rectangular waveforms are then applied to a digital circuit, where
a counting algorithm measures and averages their periods. An accurate reference clock is derived from an inex-
pensive external 3.58MHz crystal.

'The time required to detect a valid tone pair, t,,,, is a function of decode algorithm, tone frequency, and the pre-
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Fig. 7: Functional block diagram of IC MT8870
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frequency of about 200 kHz bandwidth. The audio output is available from pin 24 of the IC through coupling
capacitor C12. LED1 is used for fine-tuning indication. A +5V is applied to pin 27 of the IC through current-
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Integrated working of master unit

The circuit diagram of the master unit is shown in Fig. 9, with FM receiver, relay driver, and power supply portions
shown in Figs 8, 10, and 11, respectively.

The master unit receives DTMF signal transmitted by the remote unit as well as from the telephone line,
decoding it into binary form, displaying the received number on a 7-segment display and performing the on/off
control of the connected devices according to the received signal.

The FM receiver built around the popular Sony chip CXA1019S works with a +5V power supply, which is
derived from a +5V voltage regulator (IC 7805). The AF output of the FM receiver goes to the normally-closed
contact of relay RL1. The pole of the relay is connected to the IN terminal of the DTMF decoder (M'T8870).
Hence in normal condition (when RL1 is not energised), the signals available for the decoder are only from the
FM receiver.

Telephone line interface circuit. When a ringing voltage from the exchange comes via the telephone lines,
capacitor C2 bypasses the AC ringing current so that the LED in the optocoupler glows, turning on the internal
transistor of the optocoupler. (Diode D7 in anti-parallel to internal LED of the optocoupler provides conductive
path during negative half cycles of the ringing current.) As a result, transistor T'1 gets forward biased and it con-
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Fig. 9: Circuit diagram of master unit

ducts, pulling its collector towards ground. This, in turn, triggers the monostable multivibrator wired around IC5
(NE555). Once triggered, the output of the monostable multivibrator at pin 3 goes high (for about 1.5 minutes),
turning on relay driver transistor T2 and thereby energising relay RL1.

When the relay is turned on, the ring ceases and the DC voltage across the telephone lines is reduced to around
10V due to introduction of voltage-dropping resistor R3 across the telephone lines via contact 2. Then the audio
signals on the telephone lines are extended to the decoder through resistor R2 and N/O contacts of pole 1 of relay
RL1.The circuit returns to its normal condition when the output of the monostable multivibrator goes low after
a time period determined by the external R9-C8 combination.
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used to control relays, whose

contacts may be used to switch on/off the connected appliances. This circuit includes a 4-to-16-line decoder, D
flip-flops wired as toggle flip-flops, and eight AND gates. It also senses the condition of a selected toggle output
and enables a tone generator circuit (wired with 555 timer IC) accordingly. The output of the tone generator is
transmitted via the telephone line to inform the user about the resulting status of the controlled device.

The 4-bit binary output of the DTMF decoder (MT8870) is applied to the 4-to-16 line decoder IC 74L.5154.
The active-low outputs of this decoder are converted into active-high states by inverter circuits wired around
transistors T'5 through T'8.

'The output of the 4-to-16 line decoder goes to two sets of AND gates. AND gates N1 through N4 are used
for generating a clock pulse for D flip-flops. The other input for AND gates N1 through N4 is the StD output
of the DTMF decoder IC. AND gates N5 through N8 are used for deriving a device status output. The output
of an AND gate (out of N5 through N8) is high if the Q output of the corresponding D flip-flop is high. Hence
the outputs of these AND gates reflect the output conditions of the corresponding flip-flops and can be used as
the device status output.

The status outputs of all flip-flops are OR-ed together and the resultant output is used as the device status
output for the selected device. This output is applied to a time delay circuit consisting of a single transistor stage,
whose output is used to enable a tone generator circuit.

D flip-flops in the circuit are wired as toggle flip-flops. Power-on-reset is provided to all D flip-flops with the
help of RC network comprising resistors R33 through R36 and capacitors C11 through C14.Their Q outputs are
returned to D inputs. Thus for each positive-going trigger pulse applied at the clock input, the Q output toggles.
'The Q_output of each flip-flop is connected to a relay driver circuit that drives a relay.
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Although we have 12 useful outputs (from 4-to-16 line decoder
IC3) corresponding to 12 buttons of the keypad, here only four outputs
corresponding to digits 1 through 4 of the keypad have been wired.
If required, the other eight outputs can also be wired in an identical
manner to control 12 relays. The device status outputs of all the circuits
are OR-ed together by diodes D3 through D6 to obtain a single status
output for the selected device.

Tone delay circuit. In the DTMF remote control system, there is a
facility for the user to know the resulting status of the controlled de-

Fig. 10: Relay driver circuit

vice/appliance through the telephone line. This is achieved by sending
an audio tone after a particular device is switched on and sending no
tone after a particular device is switched off.
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Fig. 11: Power supply circuit
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nents. It is implemented between the device status
output of the appliance-on/off control circuit and
the tone generator circuit. The circuit actually works
as a short-duration power supply switch to the tone
generator circuit (built around IC6).

The status output from cathode junction of diodes
D3 through D6 is extended to the collector of transistor
T4. Now, when the StD output goes high (on receipt of
avalid DTMF digit), capacitor C7 charges through R15.
When the voltage across it exceeds 0.7V, the transistor
pair of T3 and T4 is switched on, providing +5V power
supply to tone generator IC6 (NE555). When the StD
output goes low, C7 starts discharging. When the voltage
across it falls below 0.7V, T4 is turned off and the power
supply to tone generator IC6 is cut off.

The output of the astable multivibrator (about 650
Hz) is reduced in voltage by the potential divider net-
work comprising resistors R6 and R7 and injected into
the telephone line through capacitor C3. Thus a short-
duration tone is transmitted over the telephone line for
each turning on of a device. If the device status output is
not high, the transistors don't turn on and therefore the
tone generator doesn’t produce any tone.

The relay driver circuit. As mentioned earlier, the
outputs of D flip-flops are connected to the relay driver

circuit (Fig. 10). The relay driver circuit consists of a medium-power transistor wired in the switching mode. When
an input voltage of sufficient magnitude is applied to the base of the transistor, the transistor goes into saturation,
turning on the relay connected at its collector terminal. A diode is used as a free wheeling element to prevent the
induced voltage in the relay coil from damaging the transistor when relay driver transistor is cut-off.
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Fig. 12: Actual-size, single-side PCB layout for the master unit
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Fig. 13: Component layout for the PCB
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Power supply. The
power supply circuit (Fig.
11) consists of a bridge
rectifier with shunt ca-
pacitance filter. A 5V
regulated source is used
for the entire circuit, as all
ICs belong to TTL fam-
ily. Three-terminal voltage
regulator IC 7805 is used
to provide 5V supply.
To improve the current-
handling capacity and to
prevent the thermal runa-
way, these ICs are pro-
vided with heat-sinks for
sufficient cooling. Due
to the limitations in the
current capacity of L7805
series, separate ICs are
used for the master unit,
on/off control unit, and
FM receiver.

Assembly and
testing

The master unit (except
the appliance on/off con-
trol circuit), along with
power supply circuit, may
be assembled on a sin-
gle PCB. An actual-size,
single-side PCB for the
same is shown in Fig. 12
and its component layout
in Fig. 13. The appliance
on/off control circuit (be-
low dotted line in Fig. 9)
can be assembled on a
separate PCB for opera-
tion of required number
of devices. Connectors
have been provided on
the PCB for extending
circled points A through
D (Fig. 9) and outputs of
IC3 (74L.S154) for wir-
ing up the control circuit
for as many appliances
as desired by the reader.
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Since requirement for control of number of appliances may vary from one user to the other, hence no PCB for
the same is included here.

The remote transmitter circuit is fairly simple and the same may be assembled on a general-purpose PCB,
while the readily-available FM plate using Sony CXA1019S may be procured from the local market and integrated
with the main PCB for master unit.

To test the remote control, tune an FM radio to its frequency and check whether the correct tones are heard
when the corresponding keys are depressed. Then tune the trimmers on the FM receiver (in the master unit) for
maximum brightness of the tuning indicator LED.

(NVote. For this adjustment, the remote transmitter unit must be kept on nearby with any one key depressed.)
Then check whether the seven segments indicate the dialed number.

If everything goes right, connect the master unit to the telephone line. Then trigger IC5 by applying a small
pulse to its pin 2. (You can do this by just touching pin 2 with a screwdriver momentarily.) The relay should get
activated. Now check whether the 7-segment display correctly the number dialed on a telephone (in tone mode)
connected in parallel. Also check whether the output of the appliance on/off control circuit toggles with each suc-
cessive dialing of the same number. If everything is alright, the device is ready for use. Connect the relay drivers to
the outputs and determine what appliances are to be controlled by your DTMF remote control system.

Conclusion. Remote control is necessary in many situations. Using the DTMF remote control system, you can
turn on or off the water pump, washing machine, garden light, or any other electrical appliance in your house with
just a telephone call. The system is particularly suitable for use at homes. It is simple to operate and is user-friendly.
'The FM remote control unit provides an added advantage since it is omnidirectional unlike IR remote controls.

Further enhancements. The present DTMF remote control system is designed to switch on/oft four devices.
However, it can be modified to control up to 12 devices by adding some more components.

The circuit can be developed to perform time-varying operations with use of an additional control circuit.
Thus the circuit may be used to increase/decrease the volume of a record player or to rotate a stepper motor with
suitable control circuits.

An automatic telephone-answering unit can be formed in association with the circuit by adding suitable
voice-record/playback chips.

The prominent drawback of the circuit is that it has no security to prevent the operation of the circuit by
strangers over the telephone line. A password-lock circuit can be added to the circuit for ensuring security.
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AUTOMATIC ROOM LIGHT
CONTROLLER

REJO G. PAREKKATTU

sually, when we enter our room in darkness, we find it difficult PARTS LIST

to locate the wall-mounted switchboard to switch ‘on’ the light.
For a stranger, it is tougher still as he has no knowledge of the Semiconductors:
correct switch to be turned on. Here is a reliable circuit that takes over |1C1,IC2,IC3 - NES55, timer

the task of switching ‘on’ and switching ‘off” of the light(s) automatically Les B ijlfnstgz’ Lo dleceils
when somebody enters or leaves the room during darkness. This circuit |1c5 - 741885, 4-bit magnitude
has the following salient features: comparator)

« It turns on the room light whenever a person enters the room, [IC6 - 7447, BCD to 7-segment

. . L. . decoder/driver

provided that the room light is insufficient. If more than one person |-~ - MCTZE, opto-coupler
enters the room, say, one after the other, the light remains ‘on’. 1C8 - 7805, 45V regulator

* The light turns ‘off” only when the room is vacant, or, in other |IC9(N1-N4) - 74LS00, quad 2-input
words, when all the persons who entered the room have left. NAND gate

. IC10(N5-N10) - 74L.S14, hex schmitt

* A 7-segment display shows the number of persons currently ;
L inverter gate
inside the room. T1,T2 - BC548, npn transistor

* The circuit is resistant to noise and errors since the detection is |T3 - SL100, npn transistor
based on infrared light beams. PRll:EDIS) IRLED IN‘I‘O?L rzciig% diode

* 'The circuit uses commonly available components and is easy to L Sl
build and test. Resistors (all Ya-watt, +5% carbon, unless

The functional block diagram of the circuit is shown in Fig.1. It - ’”’_f‘?;’_‘ﬁr‘_’”ﬁ)’
comprises 36kHz IR transmitter, two IR detector modules, two mon- | g, - 10-kil. 00_ ooh nrnn
ostable multivibrators, up/down-counter, 4-bit magnitude comparator, |R3 - 100-ohm
7-segment decoder display, light sensor, and relay driver. R4,R5,R21 - 1.2-kilo-ohm

Two pairs of IR transceivers are employed in order to detect Eg’ Eg’ — ) ig(_)lflliﬁ_?h}?
whether the person is entering or leaving the room. When a person |R1p R11 _ 1—kilo—§h?nm
enters the room, IR detector 1 gets triggered, followed by triggering of |R13-R19 - 470-0hm
IR detector 2. Conversely, when a person leaves the room, IR detector |R20 - 100-kilo-ohm
2 gets triggered, followed by triggering of IR detector 1. VL - Lol et

A priority detector circuit determines which of the two detectors | Capacitors:

is triggered first and then activates an up/down counter accordingly. |C1 - 0.001yF, ceramic disk
The BCD output of the counter, at any time, represents the number C2,C3,C4 - 0.01pF, ceramic disk
L i C5,C6 - 4.7uF, 16V electrolytic
of persons inside the room. The output of the up/down counter is de- |7 cg - 10F, 16V electrolytic
coded by 7-segment decoder/driver and displayed on 7-sement display. |C9 - 1uF, 16V electrolytic
Miscellaneous:
RELAY M1, M2 - IR sensor modules
oureut| |DS1 - LT542 (common anode
COMPARATOR RL1 - 12V, 200 ohm, 2 C/O.
ZoN LDR1 - LDR (Dark resistance > 120
6 éﬁLEmD q D‘IEF}J wour | | P 7- SEGMENT kilo-ohm)
R PRIGRITY ggﬁ)ﬁTVég DECODER L1 - 230V, 100W electric bulb
TRANSMITTER | g o DETECTOR - 12V power supply
IRLED 2]) l vyt —{DN PSR - Printed circuit board
- IC sockets

Fig. 1: Block diagram of automatic room light controller
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Fig. 2: Schematic diagram of automatic room light controller
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Fig. 3: Timing waveforms

Simultaneously, the output of counter is compared by 4-bit
magnitude comparator.

'The output of comparator remains high as long as BCD
output of counter is greater than zero. A logic gate is used to
initiate energisation of a relay to switch ‘on’ the light when
comparator output is high and it is dark outside.

The circuit

The detailed section-wise description of the circuit shown in
Fig. 2 is as follows:

IR transmitter. The IR transmitter circuit consists
of an astable multivibrator built around NE555 timer
IC1. The output of IC1 at pin 3 is a rectangular wave-
form of around 36kHz frequency. This output is used to
drive two IR LEDs, which transmit modulated IR light
at 36kHz frequency. Modulating frequency of 36 kHz is
used because the IR receiver modules used in this circuit
respond to IR signals modulated at 36kHz frequency.
The multivibrator frequency can be correctly adjusted
with the help of preset VR1 (10 kilo-ohm). Resistor R3
is a current limiting resistor that keeps the IR LEDs,
current within the required range.

IR detector modules. The IR detector modules used in
the circuit are commonly available in the market. These have
three terminals for Vee (+5V, here), ground, and the output
signal, respectively. In the normal state, the output pin (pin
3) of this detector remains at high state, and when an IR
light of correct modulating frequency is detected, its output
pin goes low. The pin configuration of the IR modules may
vary from one manufacturer to the other. (Pin configuration

of module TSOP 1136 for 36 kHz used by EFY is shown
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Fig. 4: Actual-size, single-sided PCB layout for the circuit
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Fig. 5: Component layout for PCB

in Fig. 2.) (Articles based
on the IR sensor module
have been published in
Now. 2000 (also in Elec-
tronics Projects Vol. 21)
and some other previous
issues of EFY. Readers
may refer the same for
more information about
the module.)

Since the IR trans-
mitter in this circuit is
continuously ‘or’, emit-
ting IR light, in the
normal condition, the
output pins of both IR
modules will be at low
state. Therefore transis-
tors T1 and T2 will
remain cut-off. When a
person enters or leaves
the room, the infrared
light beams are inter-
rupted one-by-one and
the output of each IR
sensor module, in turn,
goes high, which results
in conduction of associ-
ated transistors T1 and
T2. Which transistor
will turn ‘on’ first de-
pends on whether the
person is entering or
leaving the room.

In the circuit, two
NES555 timer ICs (IC2
and IC3) wired as mon-
ostable multivibrators
are used. The pulse
width of the output
waveform (on time) for
these multivibrators is
fixed at about 0.9 sec-
onds by suitably select-
ing the values for the
timing capacitors C5
and C6 in conjunction
with their associated re-
sistors R8 and R9. These

monostable multivibra-

tors get triggered when their trigger input pins (pin 2) go low. Thus the multivibrators are triggered only when the
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STEEL PIPE OF 5mm | IR light beams are interrupted. Although the output
DIAMETER pulse width of both the multivibrators is approximately
/ the same, there is, however, a phase difference corre-
IR LED1 IR sponding to the elapsed time between the successive
RXR interruptions of the IR beams. Refer to the waveforms
N\ MODULET HonS o T .
7y shown in timing diagram of Fig. %h
ABOUT Priority-detector logic circuit. The priority detector
— 1 METRE v 40CM circuit uses three NAND gates, five inverter gates, and
R two differentiators. The timing diagram given in Fig. 3
IR LED2 : : e
RXR helps in understanding as to how the priority-detector
AW MODULE2 circuit detects a person going out of the room.
At first the outputs from the monostable multi-
Fig. 6: Proposed layout of IR transmitter and receiver pairs vibrators are NANDed by gate N1 and its polarity

is inverted again by gate N7. At the same time, the
outputs of monostable IC3 and IC2 get differentiated by the capacitor-resistor combinations of C7-R10 and
C8-R11, respectively. Each differentiated output is passed via Schmitt inverter pairs of N5-N6 and N10-N9 to
convert the differentiated pulses into rectangular pulses. The rectangular pulses obtained at the output of gates N6
and N9 are again NANDed with the output of gate N7 in NAND gates N2 and N3, respectively. The rectangular
pulse at pin 4 of NAND gate N2 ends before the output of gate N7 goes high and hence the output of NAND
gate N2 stays high, while both inputs to NAND gate N3 are simultaneously high for the duration of rectangular
output of gate N9. As a result, the output of gate N3 applied to countdown clock pin 4 of IC4 causes the counter
to count down on its trailing edge (low-to-high transition) and the output count goes down by one count.

Similarly, when a person enters the room, pin 4 of counter IC4 remains high, while its pin 5 (count up) gets
a low-going pulse resulting into counter output advancing by one count. Values of capacitors C7 and C8 and
resistors R10 and R11 can be varied for optimum performance.

Up/down counter. Up/down decade counter 7415192 (IC4) is used as the counter. When the power is turned
‘on, its outputs QO through Q3 are in the low state. Whenever a person enters the room, a low-going pulse is
applied at its count-up pin 5, while its count-down pin 4 is held at logic 1 and its output count advances by
one. Similarly, when the person leaves the room, a similar pulse is applied at its countdown input (pin 4) while
its countup pin 5 is held at logic 1 and its output decreases by one. Thus the 4-bit output always represents the
number of persons still inside the room. The output of the decade counter is connected to 7-segment decoder/
driver IC6 (7447) that displays the number on common-anode 7-segment LED display (LT'542).

Magnitude comparator. The output of the up/down counter is also applied to 4-bit magnitude comparator
that acts as zero detector, i.e. it detects whether the number of persons inside the room is greater than zero or
not. The 4-bit output of the decade counter is always compared with a reference 4-bit number (0000), and if a
match occurs, the output at pin 5 (P>Q) of the comparator goes low to represent an ‘empty room’ condition. In
all other cases (when the number of persons in the room is greater than zero), P>Q_output will be at high state.
This output is given as one of the inputs to NAND gate N4 (followed by inverter gate N8). Thus, as long as the
room is not empty, one of the inputs to N4 gate will be high.

'The second condition for the light to get switched ‘on’is yet to be satisfied. Whether there is sufficient light in
the room or not is checked by the light sensor circuit.

Light sensor. The light sensor is wired around the opto-coupler MCT2E. The resistance of the LDR depends
upon the amount of light in the room. An LDR with resistance below 5 kilo-ohm in normal light and more than
120k resistance in darkness is required. When there is sufficient ambient light, the transistor inside the opto-
coupler is turned ‘on’ and the input of NAND gate (pin 3) is driven to low state. Thus the output of NAND gate
remains at high state and that of inverter gate N8 at low. However, when the light is insufficient, the resistance of
the LDR increases, turning off the transistor inside the opto-coupler. The sensitivity can be controlled by adding
a high-valued variable resistance (about 680k) across the LDR.

When both conditions are satisfied (that is one or more persons are inside the room and the ambient light is
insufficient), the output of NAND gate goes ‘low’ and that of inverter gate N8 goes ‘high’ to turn on transistor
T3, thereby energising relay RL1. A 230V, 100W electric bulb is connected via the relay to the AC mains. Once
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the relay gets energised, the LDR is effectively removed from the circuit (since the LDR is connected to the N/C
contact of the two pole relay) to prevent the flickering of the lamp with changing resistance of the LDR.

Assembly and testing

The full circuit, with the exception of the IR transmitter, can be assembled on a single general-purpose PCB.
However, an actual-size, single-sided PCB for the circuit in Fig. 2 is shown in Fig. 4. The component layout for
the PCB is shown in Fig. 5.

'The receiver-transmitter pairs are placed about a metre apart as shown in Fig. 6. The distance between the two
sensors (receiver modules) is about 40 cm. A steel pipe of 5mm diameter and 3cm length can be placed in front of
the IR module in order to improve its directivity. After assembling the circuit, adjust preset VR1 (10k) until pin
3 of both the IR sensor modules go high (5V). If the circuit still does not function properly, adjust the distance
between the sensors. The metal cabinets of the IR modules must be connected to ground.

Note that the circuit works with a regulated +5V supply, except the power supply to the relay coil. The circuit
has no off-time memory, and so its working is interrupted during power failure.

Another disadvantage is that the circuit can count only up to 9. But it is quite unusual to have more than nine
people in a normal living room.

Take care about the IR sensor module pin connections. It may be damaged if connected wrongly.
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A UNIQUE
LIQUID LEVEL INDIGATOR

SADHAN CHANDRA DAS

separate alternative circuit of
a unique liquid level indicator
to provide a display in terms

BT +5V

.| FROM
of the percentage of full-scale level in | |\ bp22
OHT is shown in Fig. 7. It can either be | L 1C5
used to replace the digital display circuit 2 UMB6
included in Fig. 1 (by simply connect- 'F:?(SM D21 3
. .7
ing the 10% and 100% sensor probes of 1N4001
. .. . A
Fig. 7, additionally, to points marked ‘A’ | foy
and ‘B’ respectively in Fig. 1, apart from | LINE
. . L-10 !
connection of +5V and +12V supplies )
and ground points) or it can be used in =
conjunction with an audio alarm unit Fig.8:Audio alarm unit
D1-D16=1N4001 L-10
L-9
13
+12V 12 D‘_‘ tg
: THD ﬁ?
o 2 L4
& R44 6 Ic1 L8
< CATHODES 3K 5)D_4 II:12
m WW *L-1 AND L-10
2;2 253:§ I__Z)D3 ‘D1 D5 Dg' D7v st D%' TO AUDIO
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Fig. 7: Unique liquid level indicator
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Fig. 9: Actual-size, single-sided PCB for the unique liquid level indicator

shown in Fig. 8 and the power supply circuit
in Fig. 2 independantly.

'The latter configuration can be used when
you do not desire to have automatic control
for switching the pump motor on and oft but
need only to be warned when water reaches
100% and also when its level drops to 10% so
that you may manually switch the pump mo-
tor on or off, as the case may be.

'This level indicator can show the discrete
levels in percentage from 0 to 100% with 10%
resolution. An audio alarm circuit has been
incorporated to generate audio alarm when
the tank level reaches 100% and also when
the level drops to 10%. The input to the audio
alarm circuit (Fig. 8) is tapped from line-1
and line-10 representing 10% and 100% levels
respectively in Fig. 7.

If, in place of displaying the liquid level
in percentage, one wants to display only the
digits O through 10, then 7-segment display
DIS1 and LEDs (LED1 through LEDA4) for
%’ symbol can be removed. This circuit can be
used for premises which have overhead tanks
and the water supply is provided by munici-
palities or corporations etc.

Display circuit. The basic elements of the
circuit, as shown in Fig. 7, comprise three quad
2-input XOR gates (IC1 through IC3) to get
only the sum outputs, a hardwired decimal-
to-BCD converter (using diodes D1 through
D16), and a 74LS47 BCD-to-7-segment
decoder/driver (IC4). When the tip of sen-
sor-1 is in touch with the water, the line (L.-1)
connected to pin 3 of IC1 (CD 4030) goes to
logic 1 state (+5V).

When the tips of sensors 1 and 2 both touch the
water, pin 3 of IC1 goes to logic 0 (0V), while line L-2
connected to pin 4 of IC1 becomes high (+5V). Thus
which one of the lines (L-1 through L-10) will be at logic
1 would depend on which last sensor (counted from bot-
tom of the tank) is in touch with the water. If the tank is
totally empty, all the lines, L-1 through L-10, would be
at logic 0.

These lines (L-1 through L-10) represent the decimal
numbers 1 through 10. If line L-1 is at logic 1, BCD
code 0001 is generated due to conduction of diode D9
only. Similarly, if line L-3 is at logic 1, BCD code 0011
is generated due to conduction of diodes D6 and D16.

+12V TO +15V

ANODE

R1
33K
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33K
AMA

DIS.1
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—————————0 L2
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1C2
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R12
56K
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= e

MODIFIED PORTION

'The voltages, corresponding to their BCD codes, are  Fig. 1: Modification to level controller
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Fig. 10: Component layout for the above PCB

B OR O N PARTS LIST
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R 0SB0 R25-R34 - 56-kilo-ohm
B RI\S 2 §333 R35-R44 - 33-kilo-ohm
&3 2%% < K [6 N/ o | |R45 - 100-kilo-ohm
1 N S .
S Q0O R v, s o R46 - 2.7-kilo-ohm
IR oz % Mgﬁ?@ 8 | |R47,R48 - 680-ohm
= o g
iy 2 S0 g o g ||
=1 o0—0 o o .
i1 vgégggg O o} Qsﬂ ad ] C1 - 100pF, 25V electrolytic
9 T‘ B Miscellaneous:
B [-] | LS - 8-ohms speaker 7.5 cm dia
57 5' - SS 304, 5 mm dia and 3mm dia
0 - stainless steel rods of appropriate
o | length for anode and cathodes
o ] respectively.
= = - Multi-core feed wire
L ]
b=} =)
<] <]
5 5 | fed to the inputs of IC 741847 (7-segment
decoder/driver) to drive 7-segment display
‘ ‘ DIS2. When line L-10 is high, display DIS3
is driven by transistor T'1 (SL.100) for decimal
number 1.

Since all the time the unit place digit of
the percentage displayis 0, the cathodes of cor-

responding segments of DIS1 have been permanently connected to OV (ground) through current-limiting resistors
of 330 ohms each. In this way the circuit displays 0 to 100 per cent of liquid level with 10 per cent resolution.
One may or may not use diode D1. In this circuit the resistors of 56-kilo-ohm are connected across the inputs
of XOR gates and ground, while resistors from R2 to R5 have been used for passive pull-down action.
Audio alarm unit. Fig. 8 shows the circuit for audio alarm. The base of transistor T2 (BC108) is connected to

the terminals of lines L-10 and L-1 via diodes D21 and D22 respectively and a common resistor of 100-kilo-ohm.
When water touches the topmost sensor probe, transistor T2 conducts and transistor T3 is cut off. As a result
3.1V developed across zener ZD1 becomes available across pins 1 and 2 of melody generator IC7 (UM66). The
amplified musical alarm is heard from the speaker.
When the tank is neither 100% full nor it is above 10% (but less than 20%), transistor T2 cuts off while transistor
T3 is saturated to make the voltage across pins 1 and 2 of IC7 at almost 0V, and hence no sound is produced by the unit.
A separate parts list and actual-size PCB layout as well as component layout (Figs 9 and 10 respectively) are included
after integrating the power supply of Fig. 2 with liquid level indicator circuit of Fig. 7 and audio alarm unit of Fig. 8.
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INTELLIGENT
WATER LEVEL CONTROLLER

SADHAN CHANDRA DAS

n coming years, the drinking water is going to be one of the scarce commodities. This would partly be attribut-

able to our mismanagement of water supply and its wastage. In normal households, where pumps are used to

fill the overhead tanks (OHT), it is usually observed that people switch on the pump and forget to switch it
off even when the tank has become full. As a result, water keeps overflowing until the household people notice the
overflow and switch the pump off. As the OHT, in general, is kept on the topmost floor, it is not quite convenient
to go up frequently and see the water level in the OHT.

'This problem can be solved by using the intelligent digital liquid level controller circuit presented here. It has
the following features:

* It can automatically switch on the pump when the tank is empty and switch it off when the tank becomes

full.

o
| +5V
— 14
CATHODES R 13 " R28 3.8
33K 12 9
+12v AN—=2 10 -'
R9 a
% 7 ‘
56K
R2 8
38K = 10) WW—L
w 3K = R D
o M 9 VWW\ 4
2 R10 2
56K
= IC1 s
= CD4030 S 5
DEC

be 5 8

R3 L s 4 1N4001 DIS.1
v S I A FE8Rs4=3300 | TS542R MU
WW S 1.5K

R11
D1 R4 56K 2
1N4001 33K — —) 3 D7

N AMA - I > 1N4001
OVERHEAD TANK T WW > 1 +12V
o

o
L-4 L-3 L2 L1

IC3(N1-N4) = CD4001
+5V

I

ci
1N4001 001 T

AMA

N/O

N/C
N/O
o0

=

N/C

RL1
12V, 2000
20
RELAY | @
1N4001 Sy R173 > I
s S R26 D15
Ros | 56K 1N400T S po0k | 1N4001
+2v R14 K Ao
° 56K 1N4001
> VR1
>100K
T2 AW L
SL100
ANODE e St o anﬁ =
PUSH-TO-ON -
R7 BUTTON @
tl cs
~~470p
35V
S VA2
100K
>

GROUND (SUMP) TANK

ov

Fig. 1: Circuit diagram of water level controller
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(REF. FIG.1)

* It can check the ground
tank (sump tank) water level

H H from which the water is pumped
® , Ice 12V Ic7 +5V into the overhead tank (OHT).

35V
X1 D20

230V AC PRIMARY TO| TN4001 |1N4001
(a) 15V, 750mA AND

3 1 3 O N

N out ’W 7805 out If the sump tank water level is
D19 CcoM CcoMm below the predetermined level,

114001 1hvoon the unit switches off the pump
c8 + co + _

L Ly fon == o to protect the pump from dry

cs | 001 25V 25V run, even though the overhead

2200p

tank may be completely empty.

* It includes under- and

(b) 12V, 100mA SECONDARIES

o over-voltage cutout to switch
off the pump if the voltage is not

Fig. 2: Power supply

+12V SOLDERED - — D
33K
K

INSULATION <— 56
COVER ~\ w
w
Ll
i B S— T je—
I -N= -
— Z=
E=- 0=
. ==
TANQ‘: =8 3=
= =y —
E=¥ 2=
i__-__: CONDUCTIVE FLUID ——

0 +12V

[~NON-CONDUCTIVE.FLUID=—

Fig. 4: Construction details of probes for non-conducting liquids

within specified low (200V') and
high (250V) limits.

* It includes a circuit for
digital display of the overhead tank level to indi-
cate water levels O through 4 as per positions of
the tips of the sensors inside the overhead tank.

* The sensors used in this project have a
lifetime of more than five years.

Digital display circuit (refer Fig. 1.) 'This
circuit comprises a quad 2-input XOR gate IC1
(CD4030) for sum outputs, decimal to BCD
code converter using diode matrix of diodes
D3 through D7,a BCD to 7-segment decoder/
driver IC2 (74LS47), and common-anode type
7-segment display LT'S 542R.

When only the tip of sensor probe (cathode)
No. 1 is in touch with the water, the voltage at
pin 3 of IC1 becomes logic high (i.e. +5V), and
hence voltage at line No. 1 (L-1) also becomes
high. Now due to conduction of diode D3, the
BCD code 0001 (Q3 Q2 Q1 QO) is generated
and converted to equivalent 7-segment code by
IC2 (74L.547) to display the decimal digit ‘1’.

Similarly, when the tips of the both sensors
1 and 2 are in touch with water, the voltage at
pin 3 becomes logic low (0V') while the voltages
at pin 4 and line 2 (L-2) become logic high (i.e.
+5V). Now due to conduction of diode D6, the
corresponding BCD code 0010 is generated and
decimal digit 2 is displayed on the 7-segment
display.

When the tank is completely empty, the

outputs of all XOR gates of IC1 are low and the display shows decimal digit 0. In this way the display circuit
works to show decimal digits O through 4, corresponding to the level of the water, as defined by the position of
the sensors at different heights. Here the resistors R9 through R12 and R19 through R21 have been used for

passive pull-down.

Controller circuit. The controller circuit is built around three quad 2-input NOR ICs (IC3 through IC5) to
switch the pump motor on or off when certain conditions are fulfilled. The conditions to be met for switching-on/
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Fig. 5: Actual-size, single-sided PCB for water level controller

INT. WATER LEVEL CNTLR. FEBOl EFY CON,02-01,01¢A
R1-R8=33K RS-RI8=56K p1g-poy=1. 5k

RER12 R10
+12V0
20100
10| ,RB~ 0 RILSE
4

1, 5KaR20
B nR21 R28-R34=330E

SL100 :
18 O~~0O 13
R2AOTHE 2%65 o\
S0 ©
[0 L [ 88 L g0
‘ URL URZ _ R27 AC IN ‘
INT. WATER LEVEL CNTLR. FEBOL EFYCON,02-01,0L¢A)

Fig.6: Component layout for the PCB

running of the pump are:

1. The mains supply
should be within certain
‘low’ and ‘high’ cut-off
limits (say between 200V
AC and 250V AQC).

2. The water level in
the sump (ground tank)
is above certain optimum
level (2'in Fig. 1).

3. Water in the over-
head tank (OHT) is be-
low the minimum level.

Once all the above-
mentioned three condi-
tions are satisfied, the
pump motor would start
running. The correspond-
ing logic level at point A
will be low (point B will
also be low automati-
cally—not being in touch
with the liquid), point C
will also be low and point
D will be high.

Once running, the
pump will continue to
run even when the water
rises above the mini-
mum level in the OHT
(i.e. when point A sub-
sequently goes high),
provided the first condi-
tion is still fully satisfied
and the water level in
the sump has not fallen
below that of sensor 1'.
It will stop only when ei-
ther the maximum speci-
fied level in the OHT
has been reached or the
water level in the sump
has fallen below sensor 1'
position.

Here the NOR gate
pairs of N2 and N3, and

N6 and N7, form NOR-latches. When the ground tank (sump) water level is above the defined level 2', the voltage
at pin 11 of gate N6 is low. So diode D12 cannot conduct. Also, if the mains voltage is within acceptable limits
of 200-250V, the voltage at output pin 3 of gate N12 is high and the voltage at collector of transistor T2 is low.
Diodes D8 and D11 are thus cut off. So the voltage at input pin 8 of gate N4 is pulled down to logic low level by

passive pull-down resistor R18 (56 kilo-ohm).
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PARTS LIST

anode display

Resistors (all Ya-watt, £5% carbon, unless
stated otherwise):

Heat sinks for regulator ICs
SS304, 5mm dia. stainless steel
rod for anode and 3mm dia.
for all cathodes - of appropri-
ate length

Multi-core feed wire

Now if overhead tank is empty, i.e. water level is below level 1, volt-
age states at input pins 1 of gate N2, and pins 12 and 13 of gate N1,

Semiconductors:

Ig;lmn “ m_ CD4030 quad 2-input XOR | 1€ pulled d.own to logic low by passive pu%l—down resistors R13.> and
gate R14 respectively. Hence voltages at output pin 11 of gate N1 and input

IC2 - 741847 BCD to 7-segment | pin 5 of gate N3 become logic high to force the output at pin 4 of gate
decoder/driver N3 to be latched low. This logic level will not change until voltages at

IC3-IC5 - C]t)4001 quad 2-input NOR input pins 5 and 6 of gate N3 become low (0V') and voltage at pin 1 of

ate . . .

IC6 ; §M7812 regulator 12-vole | 83t N2 goes hlgh (+5V). S%nce. both inputs of gate N4 are low, hence

1C7 - LM?7805 regulator 5-volt its output at pin 10 goes logic high to drive transistor T1 into conduc-

T1-T2 - SL100 npn transistor tion. Relay RL1 is thus energised and the pump motor is switched ‘o’

D1-D15, o The water level of the overhead tank starts rising. When the water

DIFADRY - = INKOTL regtifer aliodls level reaches the tip of the topmost sensor 5, voltage at pin 1 of gate

D16 - Red LED N hioh. Al h 1 level . £ N

DIS1 117 Y AR — 2 goes high. Already, the voltage levels at pin 11 of gate N1 and

input pin 5 of gate N3 are low. So the voltages at output pin 4 of gate
N3 and input pin 9 of gate N4 become logic high to turn the output
pin 10 of gate 4 to logic low level. Thus relay RL1 is de-energised, to

R1-R8 - 33-kilo-ohm switch the pump off.
Ei;ngl ) i 65’1?3;”0};‘“ When line voltage is within the specified limits and ground water
R2. R4 - 2.2—kﬂ2—gh$ level goes below the defined level 1', the voltage at output pin 11 of
R23 _ 1.2-kilo-ohm gate N6 becomes logic high to make diode D12 conduct. As a result,
R25 - 1-kilo-ohm the voltage at pin 8 of gate N4 becomes logic high to make its output
R26,R27 - 220-kilo-ohm pin 10 go low. Transistor T1 is cut off and the relay is kept disabled,
Tk IR even though the overhead tank is fully empty. The relay will be enabled
VR1,VR2 - 100-kilo-ohm preset . ' ,
Copuitors only when the water level in the sump tank is above level 2'.
apacitors: o When the ground tank water level is above level 2' but the line
C1-C4,C7 - 0.01pF ceramic disc 1 . f N12 in 3 1 T
Cs _ 4704F, 35V DC clectrolytic | Voltage is out of range, gate output pin 3 goes low to cut o
c6 - 2200pF, 35V DC electrolytic | transistor T2, making diode D11 conduct. In this state the output of
C8,C9 - 10pF, 25V DC electrolytic gate N6 and the output of gate N2 become logic low. Although diode
Miscellaneous: D12 does not conduct, diode D11 conducts and the output of gate N4
RL1 - 12V,200-ohm 2 C/O relay | goes low to cut off transistor T1. This disables relay RL1 and the pump
X1 - 230V AC primary to remains off, even though the overhead tank is completely empty.
() 0-15V, 750 mA, and Here two cathode sensors for sensing ground tank water level have
(b) 0-12V, 100 mA secondary b . d of «d h s in th
cransformer een used instead of one, to provide some hysteresis in the system.
S1 _ Push-to-on button When ground water level is below level 1', the output of gate N6 be-
S2 - On/Off switch comes logic high (5V). When water level is above level 2', the output of
- IC sockets

gate N6 is logic low (OV). If the water level is in between levels 1' and
2', there is no change of state at output of gate N6, i.e. output remains
at the last/previous state.

Power supply (Fig. 2). The power supply circuit consists of step-
down transformer X1 (having two secondaries with ratings of 12V, 100
mA and 15V, 750 mA), a bridge rectifier (using four IN4001 diodes), a
capacitor of 2200 pF for filtering purpose, regulator IC 7812 for feed-

ing the anode probes as well as relay RL1, and regulator IC 7805 for feeding regulated +5V supply to all digital
ICs, LEDs, and 7-segment display. The 12V secondary is used for sampling the mains. One of its terminals is
grounded while its other terminal, marked ‘G’, is connected to point ‘G’ of high/low cutout circuit in Fig. 1. The
other secondary rated at 15V, 750 mA is used for deriving the regulated DC supplies required for operation of
the circuit.

Construction of sensors (Fig. 3). The highlight of the circuit are its electrodes (Fig. 3) used for mineral/conduc-
tive water, which are made of stainless steel (grade SS-304) rods. These electrodes have a life span of more than
five years. Anode is a rod of 5 mm diameter and each of the cathodes is of 3 mm diameter, as shown in the figure.

The cathodes and the anode should be long enough so that their soldered terminals are not in contact with
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water, even when the tank is full. The joints should be covered with insulation in such a way that rain water does
not come in contact with the soldered joints. One has to use orthophosphoric acid or zinc-chloride to make a
soldered joint between stainless steel and conducting part of the flexible feed wire.

The distance between the anode and the cathodes should not be more than 60 cm. Arrangement should be
made in such a way that no electrode touches the other.

The circuit can also be used for non-conductive liquids such as pure distilled water by using floats in conjunc-
tion with micro switches, as shown in Fig. 4. This arrangement can be used for distilled water plants, research
laboratories, and for other nonconductive liquid level sensing applications.

An actual-size, single-sided PCB for the circuits in Figs 1 and 2 is shown in Fig. 5, and the component layout
is shown in Fig. 6.
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AUTOMATIC SUBMERSIBLE
PUMP CONTROLLER

K.C. BHASIN

water-/fluid-level control have appeared in EFY over the years, Ehlsts
but so far no dedicated project has appeared for automating
the control of submersible water pumps. Looking into the demand for 1/6
such a project from readers, we present here a circuit for automating
the operation of an electrical submersible pump (ESP) based on the 1/3

q number of construction projects as well as circuit ideas for PRI

minimum and the maximum levels in the overhead tank (OHT). This 1/2
circuit can be interfaced to the existing manual control panel of an 3/4
1

ESP and can also be used as a standalone system after minor additions.

Start capacitor value (uF)
230V AC (working)
275V AC (surge)

20-25
30-40
40-60
60-80
80-100
100-120
120-150
150-200
200-250

ESP basics

Electrical submersible pumps are single- or multiple- | TRUTH TABLE FOR RELAY OPERATION

stage radial-flow pressure series impeller pumps that are Water level Relay operation (2.5 — 3 sec.) Pump motor
close coupled to the motor for low and medium heads. FhgeWS RL1 (stop)  RL2 (Start) operation
These find applications in domestic, industrial, irrigation, |Below
air-conditioning, and various other systems. low level No Yes Starts
The ESPs are classified by the bore diameter (which | Above
generally varies from 100 mm to 200 mm), horse- |low level
power (from about 0.5 HP to 40 HP), and discharge Eflt illo .
. R . igh level No No Remains on
rate (typically 120 litres per minute for 0.5 HP to about
2000 litres per minute for 40 HP). These are run at a Reaches
p u : u high level Yes No Stops

fixed speed, which is 2850 rpm typically.
The ESP body is made of cast iron or stainless steel.

For low and medium range, one can use 3-phase or split-phase (also referred to as 2-phase) supply. ESPs of 3 HP

or higher rating invariably use 3-phase supply.

(GREEN)
? © (reD)
PoioLe—. 3¢ glo—

+ CENTRIFUGAL
| SWITCH  |DENTICAL
T _oJ— gep STATOR WINDINGS
\0 vy : 440V AC
TO TO — y
isoaton 1 | @@ L 9! 360
SWITCH
o5 — 440V AC
L mcee | L]l o.:...
120p-150y '
230V ACH £ 230V AC e.
50Hz o
NY _L * REFER
= TEXT

| e CONTROL PANEL (MANUAL) —————— X ——

Let us consider a
typical case of 1.5HP
ESP with 100mm bore
diameter, using a split-
phase motor. The motor
draws a running current
of 10 to 11 amp, while
the starting current is
around 2.5 to three times
the running current value.

To obtain a higher
initial torque, the run
winding is connected
in series with a paral-
lel combination of 120-

Fig. 1: Line diagram of control panel for manual operation of ESP motor
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Fig. 2: Circuit diagram for automatic control of ESP motor via control panel (Fig. 1)

paper electrolytic capacitor and 72uF, 440V AC run-mode capacitor. After two or three seconds of running, when
the motor has picked up sufficient speed, the start capacitor goes out of the circuit because of the opening of the
centrifugal switch inside the motor, while the run capacitor stays in the circuit permanently. For ESPs that don't
have an integral centrifugal switch arrangement, a dual-section start switch (explained later) can be used to perform
the function of the centrifugal switch.

For the split-phase motor, the run capacitor value can be calculated using the simple thumb rule (70 pF per
HP), while the start capacitor value may be determined from Table 1.

Manual operation of ESP motor (Fig. 1). The control panel comprises an isolator switch, push-to-on single-/
dual-section ‘start’button,
push-to-oft ‘stop button, a
triple-pole moulded case
circuit breaker (MCCB)
for motor protection with
magnetic trip and reset-
ting facility (with an
adjustable current range
of 12 to 25 amperes),
start and run capacitors,
ampere-meter, voltmeter,
neon indicators, etc.

(Note. The MCCBs
used for motor control are
termed as motor circuit
protectors (MCPs). These Fig.3: Actual-size, single-sided PCB layout for Fig. 2
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are classified/catalogued by number of poles, continuous ampere rating, and PARTS LIST

magnetic trip range (current). For details, you may visit Cutler-Hammer’s | Semiconductors:
Website or contact Bhartia Cuttler-Hammer dealers.) I1C1,1C2 - NE555 timer
Fig. 1 shows a simplified control panel diagram, along with ESP IC3 - CD4049 hex inverter/buffer
.. P ) L. T1,T2 - BC548 npn transistor
motor wiring. The ‘start’ pushbutton (green), which is normally open, | 15’14 - BD139 npn transistor
and the ‘stop’ pushbutton (red), which is normally closed, are in series Dl’—D4,D7—D9— 1N4007 rectifier diode
with the live or phase line. D5,D6 - 1N4001 rectifier diode
The isolator switch is normally in ‘o’ position. When ‘start’ button |ZD1 - 12V, 1W zener diode
is momentarily pressed, the contactor energises via the closed contacts |Resistors (all Y-watt +5% carbon unless stated
of ‘oft” button. One of the contact pairs of the contactor is used as the otherwise)
hold contact to shunt ‘on’ button and provide a parallel path to the ﬁ;’ ﬁg’ ﬁi’z
contactor coil, which thus latches. R4 - 10-kilo-ohm
'The supply to the motor gets completed via the other N/O contacts |R2, R6, R11,
of the contactor and the pump motor starts. When the motor gains |R15-R17 - 1-kilo-ohm
sufficient speed (around 80 per cent of the normal running speed), the R4,R13 - 220-kilo-ohm
K . . .~ .. |R8,R10 - 330-kilo-ohm
centrifugal switch opens to take the start capacitor out of the circuit | p7% ~ 330-ohm
and only the run capacitors (2x36 pF) permanently stay in series with i
one of the two stator windings of the ESP motor. C‘;‘D e 470uF. 63V el :
X . X A X . - 1128 electrolytic
In case the ESP is not provided with an integral centrifugal switch, capacitors
a second section in ‘start’ button (shown in light shade in Fig. 1) can be |C2 - 470uF, 25V electrolytic
used to shunt points ‘E’and ‘F’. Since this switch section has no hold on capacitors
contacts, the start capacitor will go out of circuit as soon as ‘start’ button Gs3,C7 - 47y, 25V electrolytic capaci-
is released. The motor can be switched off by momentarily depression of |~ 4,C6 } g(.)(r)slpF ceramic disk
‘off” button, which interrupts the supply to the contactor coil. C5,C8 - 10F, 25V electrolytic capaci-
To interface the control circuit shown in Fig. 2, we use circled tors
points A and B (in parallel with ‘on’ button) and C and D (formed by | Miscellaneous:
disconnecting one of the wires going to ‘off” button terminal, i.e. in |X1 - 230V AC primary to 12V-
series with ‘off” button). Points E and F will be used if the ESP does 0-12V, lamp
not have an integral centrifugal'switch. . o L1 ) Is\leézn?;g;rs&séo;ﬁ;r -
It may be recalled, by referring to Fig. 1 of the project ‘Auto Con- i)
trol for 3-phase Motor’ published in EP Vol. 22, that wiring of ‘on’and |1 - On/off switch
‘off” buttons of 3-phase (4-wire system) and split-phase motors are |F1 - lamp fuse
identical. Hence the control circuit described here can equally be used |RE S zsi Lty
for 3-phase motors of up to about 10 HP. For motors of higher HP, one S O

must use star-delta type starter configuration.

The circuit

As shown in Fig. 2, the 230V AC mains (tapped from the same points from which it is fed to the control panel
of Fig. 1) is stepped down to 12V-0-12V by transformer X1. The rectified output smoothed by capacitor C1 is
used for operation of heavy-duty 24V, 250-ohm relays RL.1 and RL2 having contact rating of 30 amp. The relay
contacts identified by letters ‘A’ through ‘F”in Fig. 2 are to be connected to identically marked points in Fig. 1.

Note that point C in Fig. 1 is created by breaking the connection going to point D on the ‘stop’ switch. We
have used relay RL1 with single changeover contacts. If you need higher current rating, use relays with double
changeover contacts by interconnecting N/C, N/O, and pole of one set to the corresponding terminals of the other
set. The circuit, except for the relay drivers, is operated with regulated +12V supply developed across capacitor C2.

The +12V supply is fed to the common probe in the overhead tank/storage tank via 10-kilo-ohm resistor R1
and diode D9. Low-level and high-level probes are connected to the input of CMOS inverter gates N3 and N1,
respectively, via 10-kilo-ohm resistors.

'The final low-level output at pin 10 of gate N5 goes high when the water level in the overhead/storage tank is
below the low-level probe. The final high-level output at pin 4 of gate N2 goes high as soon as the water touches
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AUTOMATIC ESP CONTROLLER NOWO1 EFY.,CON/11-01 01 the high-level probe.
R18 330E /11 c2 O Both IC1 and IC2
°./\/\/\/\/\/\/\/\°

O

+
odKoens—1! \ou, BV L have been configured as
R6& us Dz, - ‘ 5 DS .
== INYI07 mlonostables with a pulse
BD139 width of about 2.5 to 3
> EC seconds. This period is
NOG T B .
| 1k _This found to work optimally
T w 17 ¢ ) ¢ ) .
Sl 3 for ‘start’and ‘stop’ switch
N < 10k

operation of the manual
o0 control panel. The re-
spective monostables for

ok
=P low level (IC2) and high

10
PROBES an\;\?fwog

330K :
cort H1 To e RZ Qisfayplcs 4oy level (IC1) gefrgrlggjzlg?
O AUTOMATIC ESP CONTROLLER NOW01C2=10us25v O via transistors 12 an

when the final output at
Fig. 4: Component layout for the PCB pin 10 of gate N5 or pin
4 of gate N2, respectively,

goes high.

The connection of reset pins of IC2 and IC1 to the outputs of gates N1 and N2, respectively, ensures that no
false triggering of monostables takes place due to the noise generated during changeover of relay contacts, and
also that the two relays never operate simultaneously.

In the case of mains failure, the pump stops if it was already running. When the mains supply resumes, the
pump starts only when the water goes below the low level. In such a situation, you can restart the motor by manual
operation of ‘start’ button on the control panel.

The connections for the ammeter and the voltmeter, not shown in Fig. 1, can be made easily. Connect the
voltmeter across the incoming live and neutral lines, and insert the ammeter in series with the stop switch by
breaking the live line connection after the stop switch.

Transformer, relays, switches, fuse, and neon indicator (with integral resistor) are to be mounted on the cabinet.

Precautions

The following are the vital points to be borne in mind during wiring, assembly, and installation:

1. One-watt resistor R18 should be mounted leaving some space below it.

2. Use multistrand insulated copper wires of 15-amp rating for taking connections from relay terminals and
terminate them on a tag block, marking each terminal properly. Similarly, terminate the points to be extended to
the OHT/storage tank on a tag block (TB) using 25-28SWG wire, marking them suitably.

3. Mount the relays inside the body of a suitable metallic enclosure. The enclosure should be properly earthed
via the earth lead of the mains. Also mount the step-down transformer inside the same enclosure/cabinet. Use a
TB for incoming live, neutral, and earth connections from the mains (to be taken from the manual control panel
of ESP motor).

4. After assembly, position the cabinet as close to the manual control panel of ESP motor as possible and
extend connections from tag blocks for relay and power supply to the corresponding points, as explained earlier,
using cables of correct ratings.

5. For probes, use stainless steel rods of about 10cm length and 5 to 8 mm diameter with arrangement for
screwing the telephone-type 25/26 SWG wire to be used for extending the probes’ connections to the circuit.
Teflon-insulated wires are, however better as they would last longer. The joint may be covered by epoxy.

6. The probes can be hung from the lid of the tank to appropriate levels using the same wire. Make sure that
the common probe goes up to the bottom of the tank/storage tank.

7. All the wires from tank to the TBs in the cabinet should be routed in such a way that they do not interfere
with any mains wiring. The length of the wires hardly matters as the CMOS gates used for terminating the wires
from probes have very high input impedance.
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TRIPPING SEQUENGE
RECORDER-GUM-INDICATOR

R.G. THIAGRAJ KUMAR AND S. RAMASWAMY

control plants, a protection system is used to trip faulty

systems to prevent damages and ensure the overall safety of
the personnel and machinery. But this often results in multiple
or cascade tripping of a number of subunits.

Looking at all the tripped units doesn't reveal the cause of
failure. It is therefore very important to determine the sequence
of events that have occurred in order to exactly trace out the
cause of failure and revive the system with minimal loss of time.

The circuit presented here stores the tripping sequence in a
system with up to eight units/blocks. It uses an auxiliary relay
contact point in each unit that closes whenever tripping of the
corresponding unit occurs. Such contact points can be identified
easily, especially in systems using programmable logic control-
lers (PLCs).

This circuit records tripping of up to eight units and displays
the order in which they tripped. A clock circuit, however fast,
cannot be employed in this circuit because the clock period
itself will be a limiting factor for sensing the incidence of fault.
Besides, it may also mask a number of events that might have
occurred during the period when the clock was low. Hence the
events themselves are used as clock signals in this circuit.

I n applications like power stations and continuous process

PARTS LIST

Semiconductors:

I1C1,1C2 - CD4043 quad NOR RS latch

1C3 - CD4510 BCD up-/down-counter

1C4-IC11 - CD4511 BCD-to-7-segment latch/
decoder/driver

T1-T11 - BC547 npn transistor

T12-T19 - BC557 pnp transistor

D1-D16 - 1N4007 rectifier diode

DIS1-DIS8 - LT543 common-cathode

7-segment display
Resistors (all Ya-watt, +5% carbon, unless stated otherwise):

R1-R11,

R13-R38 - 10-kilo-ohm

R12, R39-R46- 1-kilo-ohm

R47-R102 - 470-ohm

Capacitors:

C1-C8 - 0.01pF ceramic disk

Miscellaneous:

S1-S8 - Push-to-on switch or relay contacts
(N/O)

S9 - Push-to-on switch

PZ1 - Piezobuzzer

- 12V, 500mA power supply

DIFFERENTIATOR
, A
AUDIBLE E -
ALARM 4—@ : ; COUNTER
; DIFFERENTIATOR
H
A + y y
E— > LATCH, LATCH,
TRIGGER ! ; DECODER/DRIVER | ~~""""""~ DECODER/DRIVER
INPUTS/ ! ;
PUSH BUTTON ! RS : l [
SWITCHES : FLIP-FLOPS : piIsPLAY | DISPLAY
. . A H
—_—

Fig. 1: Block diagram of tripping sequence recorder-cum-indicator
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Fig. 2: Schematic diagram of tripping sequence recorder-cum-indicator

Fig. 1 shows the block diagram of the tripping sequence recorder-cum-indicator. The inputs derived from aux-
iliary relay contacts (N/O) of subunits or push-to-on switches are latched by RS flip-flops when the corresponding
subunits trip, causing the following four actions:

1. The latch outputs are ORed to activate audio alarm.

2.’The latch outputs are differentiated individually and then ORed to provide clock pulses to the counter to
increment the output of the counter that is initially preset at 1 (decimal).

3. Each individual latch output activates the associated latch/decoder/driver and 7-segment display set to
display the number held at the output of the counter, which, in fact, indicates the total number of trips that have
taken place since the last presetting.

4. LEDs associated with each of the latch, decoder, and driver sets remain lit to indicate the readiness of the
sets to receive the tripping input. LEDs associated with the tripped unit go off.

The circuit

IC1 and IC2 (CD4043) Quad NOR RS flip-flops in Fig. 2 are used to capture and store the information pertain-
ing to the tripping of individual units. Reset pins of all the eight flip-flops and sub-parallel enable (PE) pin 1 of
BCD up-/down-counter CD4510 (IC3) are returned to ground via 10-kilo-ohm resistor R22, while set pins of
all RS flip-flops are returned to ground via individual 10-kilo-ohm resistors R14 through R21.
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Initially, all the eight Q_outputs of IC1 and
IC2 are at logic 0. The auxiliary relay contacts of
the subunits, which are depicted here by push-
to-on switches S1 through S8, connect the set
terminal of the corresponding stage of RS flip-flop
to +12V whenever tripping of a specific subunit oc-
curs. This makes the output of the associated flip-
flop go high. Thus whenever a sequence of tripping
of subunits occurs, the corresponding outputs (1Q_
to 8Q) go high in the order of the tripping of the
associated subunits.

All the eight Q_outputs are connected to
the corresponding latch-enable inputs of BCD
latch-cum-decoder-driver ICs (CD4511). These
Q_outputs are also ORed using diodes D1 through
D8 to activate an audible alarm and also routed to
a set of differentiator networks (comprising capaci-
tors C1 through C8 and resistors R2 through R9).

A differentiator provides a sharp pulse cor-
responding to the tripping of a subunit. All such
differentiated pulses are ORed via diodes D9
through D16 and coupled to the counter stage
formed by IC3 (CD4510, a synchronous up-/
down-counter with preset) after amplification and
pulse shaping by transistor amplifier stages built
around transistors T2 and T3. These pulses serve
as clock to count the number of trippings that oc-
curred after a reset.

00000000
eoocoooon

Operation

Let us assume that three units, say, E, H, and A
(fifth, eighth, and first), tripped in that order fol-
Fig. 3: Actual-size, single-side PCB of the main control portion of tripping lowing a fault.
sequence controller-cum- indicator circuit When the system is reset (before any tripping),
the outputs of all RS flip-flops (1Q_through 8Q)
are low. This LE* active-low makes latches IC4 through IC11 transparent and as the counter is preset to 1
(since P1 input is high while P2, P3, and P4 are low) with the help of switch S9, all the latches hold that ‘1’
and their decoded ‘b’ and ‘¢’ segment outputs go high.

However, the common-cathode drive is absent in all the 7-segment displays because driver transistors T4
through T11 are cut off due to the low outputs of all RS flip-flops and hence the displays are blank. At the same
time, the low outputs of all RS flip-flops (1Q_through 8Q) forward bias pnp transistors T12 through T19 associ-
ated with LED1 through LEDS of each of the displays. As a result, all these LEDs glow, indicating no tripping.

Now when unit E trips, output 5Q_of RS flip-flop IC2 goes high to provide the base drive to common-cathode
drive transistor T8. This, in turn, activates DIS5 (fifth from left in Fig. 2) to display ‘1’, indicating that unit E
tripped first. The corresponding LEDS goes off as transistor T'16 is cut off. Also, latch IC8 is disabled due to logic
1 on its pin 5 and therefore it does not respond to further changes in its BCD data input. Simultaneously, the
buzzer goes on to sound an audible alarm, indicating the emergency situation at the plant.

The differentiator formed by C5 and R6 responds to the low-to-high transition of 5Q_and generates a short
pulse. This pulse passes through diode D13 and transistors T2 and T3 and reaches clock pin of counter IC3. The

counter counts up and its output becomes 0010 (decimal 2).
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Fig.4: Component layout for Fig. 3

As mentioned earlier, all the display units other
than E have the drive signal on segments a, b, g, e,
and ¢ now but are off because of the missing com-
mon-cathode drive. When the next subunit H trips,
output 8Q_experiences a low-to-high transition and
the corresponding display (DIS8) shows digit 2.
The above sequence of operation holds true for any
further subunit tripping—with the displayed digit
incrementing by one for each sequential tripping.

In the prototype, LEDs D17 through D24 were
fixed below the corresponding 7-segment displays
pertaining to subunits A through H to provide a
visual indication that these units are ready to re-
spond to a tripping.

'The circuit works satisfactorily with twisted-pair
wires of length up to 5 metres. In electrically noisy
environments, the length of the cable has to be re-
duced or a shielded twisted-pair cable can be used.

An actual-size, single-side PCB layout for the
main control portion of the tripping sequence re-
corder-cum-indicator circuit is shown in Fig. 3 and
its component layout in Fig. 4. The PCB layout for
the indicator set comprising IC4, DIS1, transistors
T4 and T12, LED1, etc is shown in Fig. 5 and its
component layout in Fig. 6. The indicator set of Fig.
5 can be connected to the main PCB of Fig. 3 using
Bergstrip type SIP (single-inline-pin) connectors as
per requirements.

This tripping sequence recorder-cum-indicator
circuit can also be used in quiz games to decide the
order in which the teams responded to a common
question. For this, provide push-to-on switches on
the tables of individual teams and a master reset
to the quiz master. Modify the alarm circuit suit-

O

ably with a retriggerable

Q EFY.CON,12-2,01.B O monostable stage so that
00goo the audible alarm stops
after a short interval.
DIS1
T4 goooo
BC547 R47 R52 R50
3 _R51
e R e
OWV-O
pi- R23
oV Ke C
73 “BCs57
w;]pglg [ USIlpﬂsl ool
°TE\/V'° eBC DAGnd *+12V
O - X-X-Y-X0-]
TRIPPING SEQ. REC/IND-II

Fig. 5: Actual-size, single-side PCB for latch de-
coder/driver and display circuit of one subunit
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ELEGTROLYSIS-PROOF
GCOMPLETE WATER-LEVEL
SOLUTION

LOKESH KUMATH

ne major problem in using water as a conducting medium arises due to the process of electrolysis, since

the sensor probes used for level detection are in contact with water and they get deteriorated over a

period of time. This degradation occurs due to the deposition of ions on the probes, which are liber-
ated during the process of electrolysis. Thereby, the conductivity of the probes decreases gradually and results
in the malfunctioning of the system. This can be avoided by energising the probes using an AC source instead
of a DC source.

The circuit presented here incorporates the following features:

1. It monitors the reservoir (sump tank) on the ground floor and controls the pump motor by switching it ‘on’
when the sump tank level is sufficient and turning it ‘off’ when the water in the sump tank reaches a minimum
level.

2. Emergency switching on/off of the pump motor manually is feasible.

3. The pump motor is operated only if the mains voltage is within safe limits. This increases the life of the
motor.

2300 AC Pranaary IC3{a,b) = LM319
TOABVAL-15Y, 1A Voo 3
SECONDARY
IR S 0
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1 2 o
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Fig. 1: Circuit diagram of complete water level solution (contd. refer Fig. 2)
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Fig. 2: Part circuit of complete water level solution (contd. from Fig. 1)

4. It keeps track of the level in the overhead tank (OHT) and switches on/off the motor, as required, automatically.

5.1t checks the proper working of the motor by sensing the water flow into the tank. The motor is switched
‘on’ and ‘off” three times, with a delay of about 10 seconds, and if water is not flowing into the overhead tank due
to any reason, such as air-lock inside the pipe, it warns the user by audio-visual means.

6.1t gives visual and audio indications of all the events listed above.

7. An audio indication is given while the motor is running.

8.The system is electrolysis-proof.

Description

The power supply section (Fig. 1). It comprises a step-down transformer (with secondary voltage and current rating
of 15V-0-15V, 1A respectively), followed by a bridge rectifier, filter, and 12-volt regulators [LM7812 for +12V
(Vo) and LM7912 for =12V (V,.)]. Capacitors C1-C4, across rectifier diodes, and C8 and C10, across regulator
output, function as noise eliminators. Diodes D5 and D6 are used as protection diodes.

The under- and over-voltage cutoff section (Fig. 1). It comprises a dual comparator, two pnp transistors, and a
few other discrete components. This part of the circuit is meant to stop the motor in case of a low mains voltage
(typically 180V to 190V) or a voltage higher than a specified level (say 260V to 270V). The unregulated DC is
sampled by means of a potential divider network comprising resistors R3 and R4. The sampled voltage is given to
two comparators inside IC LIM319. The reference voltages for these two comparators are set by presets VR1 and
VR2.The outputs of both the comparators are active-low (normally high, until the low or high voltage limits are
exceeded). That is, when the AC mains goes below (or rises above) the preset levels, the outputs of the comparators
change to logic zero. The output of either comparator, when low, results in lighting up of the respective LED—D7
(for lower limit) and D8 (for upper limit) via transistors T1 and T2 (2N2907), which are switching transistors.

The outputs from the comparators also go to 8-input NAND gate IC7 (CD4068) to control the motor via
transistor T'7. All inputs to IC7 are high when all conditions required for running of the pump motor are fulfilled.
When one or more conditions are not met, the output of IC7 goes high to de-energise relay RL1 via transistor T7.
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Bipolar squarewave generation
(Fig. 1). One side of the secondary
of transformer X1 is also connected
to opamp IC10 (pA 741), which
is used here as a comparator to
provide bipolar square wave (hav-
ing positive and negative halves).
It is not advised to directly connect
the secondary output to the probe
in the tanks because, if due to any
reason the primary and secondary
get shorted, there is a risk of shock,
as the secondary would be directly
connected to the probes immersed
in water inside the tank. But if
we use a comparator in between
the secondary and probes, the IC
would get open in case primary
and secondary windings are short-
circuited. For additional safety,
fuses F2 and F3, both of 1A capac-
ity, are connected to the output of
secondary windings.

Pump motor fault-detection cir-
cuit (Figs 1 and 2). A sensor probe
detects the flow of water. It is fixed
just at the mouth of the inlet pipe,
inside the overhead tank. When the
motor is off (output ‘G’ of NAND
gate IC7 is high), transistor T9
(2N222) is ‘on’ (saturated) and, there-
fore, capacitor C15 is short-circuited.
It also pulls the clock input pin 3 of
1C4(a) flip-flop to ground. Zener
D30 ensures that transistor T'9 does
not conduct with logic 0 voltage (1 to
2V) at its base.

When the motor is running (all
the inputs to NAND gate IC7 are
high), transistor T9 base is pulled to
ground and thus capacitor C15 starts
charging via resistor R16. The RC
combination is selected [using the
well-known charging formula V(t)
=V, (1-¢7%)] such that it takes
about 15 seconds for the capacitor to reach 1/3 Ve, i.e. about 4 volts to clock flip-flop IC4(a) to toggle, taking its Q_
pin low to stop the motor (via IC7, transistor T'7, and relay RL1). However, if water starts flowing within 15 seconds
after the starting of motor, transistor T8 would start conducting and discharge capacitor C15, not allowing it to charge,
irrespective of the state of transistor T9. Thus capacitor C15 remains discharged.

But if water does not flow due to any reason, such as air lock or pump motor failure, IC4(a) toggles after about
15 seconds, which makes its Qpin 2 low. As a result, the output of IC7 goes high and the motor stops. Simultane-

Fig. 3. Actual-size, single-sided PCB layout for the circuit shown in Figs 1 and 2
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Fig.4: Component layout for the PCB

ously, capacitor C15 is discharged.
At the instant Q_goes low, Q_(pin
1) goes high and so a clock is ap-
plied to IC5 via resistor-capacitor
combination of R18-C16, so that
clock input pin 14 of IC5 goes high
after about 10 seconds. As a result,
pin 2 of IC5 goes high and resets
IC4(a) to make Q high again. This
starts the motor again.

But if water still does not
flow into the OHT this time, Q_
of 1C4(a) becomes low again to
switch off the motor. Simultane-
ously, IC5 gets another clock pulse
and IC4(a) is reset once again after
10 seconds to restart the motor. If
this condition repeats for the third
time, pin 7 of IC5 goes high, to
reset it. The same output from pin 7
of IC5 functions as a clock pulse for
ICA4(b), to give a logic high signal
to RESET pin 4 of IC9 (NE555),
configured as astable multiviberator.

The output of ICY is used to
switch ‘on’ the speaker at the set
frequency. The frequency (tone) can
be set using preset VR4.The Q_out-
put of IC4(b) is also used to light
up the ‘Motor Fault’” LED D27.
'This fault condition can be reset by
pressing switch S2 to reset IC4(a)
and ICA4(b), after taking appropriate
remedial action such as filling the
foot-valve of the motor with water
or by removing the air-lock inside
the pipe.

Reservoir/sump tank level de-
tection (Fig. 2). To start the motor
when the water level in the reservoir
is sufficient (level B), and to stop
the motor when the level falls below
a particular level (level A), are the
two functions performed by this
section. IC6 (timer NE555) is con-

figured here to function in the bistable

mode of operation. When the water level is below the minimum level A, both pins 2 and 6 of IC6 are low. In this

state, the output is high, as the internal R-S flipflop is in the set condition.

When water rises up to level A and above, but below level B, pin 2 is at high level. But in this state no change
occurs at the output because both the inputs to the flip-flop are at logic zero, and so the initial condition remains

at the output.
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PARTS LIST

Semiconductors:
I1C1 - 7812, +12V regulator

1C2 - 7912,-12V regulator

1C3 - LM319 dual comparator

1C4 - CD4027 dual JK flip-flop

IC5 - CD4017 Johnson ring counter

1C6,IC9 - NES555 timer

1C7 - CD4068, 8-input NAND gate

1C10 - pA741 op-amp

IC8 - UMG66 melody generator

T1,T2,

T7 - 2N2907 pnp switching transistor

T3-T5,

T8-T10 - 2N2222 npn switching transistor

Té6 - SL100 npn transistor

D1-De,

D23 - 1N4007 rectifier diode

D7-D11,

D27-D29 - LED, coloured

D12,D13,

D16-D21

D24-D26 - 1N4148 switching diode

D14, D15,

D31 - 1N4001 rectifier diode

D22,D30 - 3.1V zener diode
Resistors (all Y watt, + 5% metal/carbon film, unless stated otherwise)

R1,R23 - 100-kilo-ohm

R2,R16 - 68-kilo-ohm

R3,R31 - 6.8-kilo-ohm

R4, R19,

R20, R24,

R34,R35 - 2.7-kilo-ohm

R5,R7,R17,

R26-R28,

R36 - 1-kilo-ohm

R6, RS,

R30 - 560-ohm
R9-R11,

R29,R33 - 620-ohm
R12-R15,

R21,R25,

R32 - 10-kilo-ohm
R18 - 270-kilo-ohm
R22 - 82-kilo-ohm

VR1-VR2- 10-kilo-ohm, preset
VR3, VR4- 4.7-kilo-ohm, preset
Capacitors:

C1-C4,Cs8,

C10, C22-C24,

C28,C29 - 0.1pF ceramic disc

C5,C6 - 1000pF, 25V electrolytic

C7,C9, C13,

C16-C19,

C21, C26,

C27 - 100pF, 25V electrolytic

C11,C12,

C20 - 10pF, 25V electrolytic

C14 - 22pF, 25V electrolytic

C15, C25,

C30 - 470pF, 25V electrolytic

Miscellaneous:

X1 - 230V AC to 15V-0-15V, 1A sec. transformer

RL1 - Relay 12V, 200-ohm with contact rating > 10A
- IC bases

LS1 - Speaker, 8-ohm, 1W
- Heat-sinks for IC1 and IC2

S1 - Mains on/off switch

S2-S4 - Single-pole tactile switches

F1 - 0.5A fuse

F2-F3 - 1A fuse

- Sensing probes

When water touches level B probe, pin 6 goes high and the output low. As a result, collector of transistor T10
goes high and the motor starts, if all other inputs of IC7 are also high. Thus, water level in the reservoir starts
decreasing, and when it goes below level A, the output of IC6 goes high and the motor stops.

Capacitors C20 and C21 act as filter capacitors. The value of C21 is selected such that it takes about 10 seconds
to reach 2/3 Vcc potential at pin 6, thereby avoiding any erroneous start of the motor due to random fluctuations
in the water level of the reservoir due to any reason. Resistors R22 and R23 are bleeder resistors for discharging
these capacitors. Switches S3 and 54 are used to switch ‘on’ and switch ‘off” the motor respectively, in case of any

emergency.

Miscellaneous functions (Figs 1 and 2). Transistors T3 through T are used to drive LEDs D9 through D11, which

indicate the level of water inside the overhead tank. The base
of transistor T'5 is also connected to RESET pin 4 of IC9 to
sound an alarm (similar to that in case of motor fault), indicat-
ing that the overhead tank has been filled completely. At this
instant LED D11 is lit to indicate this condition, while dur-
ing motor fault condition motor fault LED D27 is lit. Thus,
by using the same alarm facility and two different LEDs, two
different conditions are indicated. The collector of the same
transistor TS5 is connected to NAND gate IC7 to switch off

the motor when the tank is filled up to its maximum level.

98

HIGH Low 0
POWER  VOLTAGE VOLTAGE z ©
©e © © uf o
—
SPEAKER (B @
L
P HALF
o™ EMERGENCY MOTOR FAULT
w
o | @ ©
R ON OFF RESET EMPTY

Fig. 5: Proposed front-panel layout
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The ground pin of melody generator UM66 (IC8) is connected to the emitter of transistor T7. Thus, the
melody IC is ‘on’ when the motor is running. The volume of this melody can be controlled by preset VR3.

Diode D23 connected across the relay is the ‘snubber’ diode to protect emitter junction of T7. Capacitor C25
is added to avoid chattering of the relay.

LS1 can be any 0.25W-1W, 8-ohm speaker. RL1 should be a good-quality 12V, 200-ohm relay, with a con-
tact rating of at least 10A. The combinations of capacitor-resistor C19-R21 and C27-R32 form power-on reset
circuits. Since the CMOS ICs are used here, the noise margin is quite high. The front-panel layout for the system
is given in Fig. 5.

Precautions

1.'The probes should be made of a material which is rust-proof, such as aluminium or brass.

2. Adjust presets VR1 and VR2 using an auto-transformer.

3.1C1 and IC2 should be provided with heat-sinks.

4. Level A of the reservoir should be such that the foot-valve is just under water.

5.'The probes energised with AC (connected to output of IC10) should run up to the bottom of the OHT
and sump tanks.

6. The water-flow-sensing probe should be installed well above the ‘tankfull’ level.

7. Remember that the ‘low level LED indicates that water is between the ‘low level’ and ‘half level. When both
‘low level’ and ‘half level’ LEDs are on, the water level is between ‘half’ and ‘full level.

8.The probes inserted deep, down to the bottom, should be completely uncovered up to the top position of the
tank, and the different probes should be as close as possible (but not too close to avoid any water droplets sticking
across them) to have minimum water resistance.

A single-sided, actual-size PCB for the complete circuit of the project is given in Fig. 3, and a component
layout for the same is given in Fig. 4.
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LONG-RANGE
REMOTE CONTROL

BHASKAR BANERJEE

he circuit pre- 1

sented here can —o

b d R1 ON/OFF ¥ +9V
€ used to re- KEVBOARD Vce D1 SWITCH c1

motely control a number 6 s ’\1205%1
of electrical or electronic
gadgets connected to it.
Unlike IR remote control,
this circuit employs FM
transmission and recep-
tion, and hence it can be
used for comparatively
longer range. Any gadget
can be switched on/off L
by keying the number al- 12 ?ﬁ%
located to it. The keyboard NOTE: ‘0’ SHOULD
. . BE RE-NUMBERED 2 5
used with the transmitter AS “10° IN KEY.PAD
is similar to those used in
basic version of DTMF
telephones. The system
is thus composed of two
subsystems which are
described below.

XTAL-1
3.579545MHz ANT.

INPUT FM \r
TRANSMITTER

DTMF *SEE TEXT
OUTPUT

it

~

IC1
UM91215B

Fig. 1: Schematic diagram of DTMF coder-transmitter

O

Description

Codegenerator andtrans-
mitter. The code genera-
tor part is shown in Fig.
1.1tis a standard DTMF
generator built around
IC1, UM91215B. IC1
generates the DTMF
signal corresponding to
the number entered from
the keyboard. The signal
thus generated is fed to
an FM transmitter. As a
number of FM transmit-
ter circuits (for example,

Quality FM Transmit- O
ter published in EFY,
April '98 (reproduced Fig.2:Actual-size PCB layout for circuits in Figs 1 and 3

'@lT.mm

zf?yzm
Es

T80
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Fig. 3: Schematic diagram of DTMF receiver/decoder and control circuits
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Fig.4: Component layout for the PCB

in Electronics Project
Vol. 19) can be suitably
adopted. The circuit of
the transmitter is there-
fore not included here.
The operating range
of the present system
would, however, depend
on the range of the
transmitter.

Receiver and decoder.
The circuit diagram of
receiver and decoder is
shown in Fig. 3. The
receiver being a common
FM receiver kit readily
available in the market, no
circuit is given for it either.

The output of the
FM receiver, which is a

replica of the DTMF signal keyed in at the remote transmitter end, is fed to DTMF decoder IC 8870P
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(IC2) which gives the binary output corresponding to the signal PARTS LIST

received from the transmitter. This 4-bit binary number is fed to | Semiconductors:

IC3, which is a 4-line tol6-line decoder IC. Depending on the |IC1 - UM91215B DTMF dailer
binary input, one of the outputs of IC3 will go high. A predeter- 1C2 - CM8870P DTMF decoder
. . . h . 1C3-IC4 - CD4067 Demultiplexer
mined sequential output from IC3 activates IC4 via two flip-flops IC5.1C6 - CD4013 Dual D Flip-Flap
IC5(a) and IC5(b) connected to its outputs. Two extra outputs of | p1 - 3.3V, zener diode

IC3 are used for activating/deactivating IC4. The outputs from | LED1 - 5mm Red LED

IC4 are used to changeover the state of toggle flip-flops, which | Resistors (all %4 W, + 5% carbon, unless
in turn control the devices using suitable interface (relay driver/ | stated otherwise):

optocoupler etc) circuits. R1 - 150 ohm
. .. . . R2, R6 - 1 kilo-ohm
Only two toggle flip-flops wiring using IC6 (CD4013) is shown )
. i LE . R3, R7-R11 - 10 kilo-ohm
here in Fig. 3. IC6 circuit should be repeated for other pairs of Q_| gy - 120 kilo-ohm
outputs of IC4. The present circuit can control up to 10 devices using | R5 - 220 kilo-ohm
outputs of IC4. Capacitors:
C1 - 100puF, 25V electrolytic
. C2,C3 - 0.1pF, ceramic disc
Operatlon C4 - 1000pF, 25V electrolytic
With the present circuit up to 100 different gadgets can be con- | Miscellaneous: )
trolled (switched on and switched off). All the 100 channels are | S1 - On/Off switch
. . . . - Keyboard
grouped in 10x10 matrix format. That is, there are 10 locations, | x(a1.1. Xtal-2 - 3.579542 MHz crystal
with each location having 10 outputs to control up to 10 gadgets - +9V DC power supply or
connected to it. battery
- Tx Antenna

To understand the operation, assume that we want to switch on
gadget numbered 5 at location 3. For this operation the particular
numbers to be entered in the sequence are; 3 # 5%, in that order. The
buttons marked # and ¥, generally available on all the keyboards, are used to activate and then deactivate a par-
ticular location.

On receiving the binary code for decimal number 3, pin 6 (Q3) of IC3 of decoder circuit will go high, making
the set input (pin 8) of IC5(a) high. This forces pin 13 (Q_output) of this flip-flop to go high, thereby making
pin 5 (data input) of IC 5 (b) also high.

Then on receiving the next digit # (corresponding to decimal digit 12), the D flip-flop configured around
IC5(b) is clocked with the help of Q12 output (at pin 19) of IC3 and in turn IC5(b) is activated and its Q_output
at pin 2 enables IC4 by taking its pin 15 active low.

The next keyed in digit 5 will make the corresponding output (Q5) of IC4 (pin 4) to go high. This positive go-
ing pulse can then be used to trigger a CD4013 IC configured as toggle flip-flop (IC6). The gadget to be controlled
is connected to the flip-flop via relay driver, optocoupler etc, as required. Receipt of the next input * (corresponding
to decimal digit 11) will then make Q11 output (pin 20) of IC3 high to reset IC4 and thereby disable IC4. This
will not, however, change the state of the gadget under control. Thus whenever * button on the keypad is pressed
(transmitted), all the locations get reset/deactivated but the existing latched state of the devices (‘on’ or ‘off”) at all
the locations remains unaffected.

To switch on gadgets at other locations the numbers on the keypad should be pressed (transmitted) as per the
sequence mentioned earlier. Now to switch off the gadget, repeat the above switching process, i.e. transmit 3 # 5
* for switching off (in fact, toggling the existing state) device/gadget 5 at location 3.

The sequence should be strictly followed, otherwise false switching may occur. The schematic diagram in Fig. 3
shows the wiring for location 3. The circuit in Fig. 3 needs be repeated for each location with only a slight change
pertaining to the output pin of IC3, which is to be connected to ‘set’ pin 8 of IC5(a). For locations 1 through 10,
IC3 pins 8,7,6,5,4,3,23,22 and 21 respectively should be connected to pin 8 of IC5(a). If two units are located
in close proximity to each other, then a common FM receiver may be used.

Please remember that the binary equivalent code for ‘0’ in the keypad equals decimal 10 and as such ‘0’ on
the keypad may be marked as ‘10”. For the same reason, Q0 (pin 9) output of IC3 and IC4 should never be used;
instead Q10 (pin 21) representing location/device 10 may be used.

- Flexible wires
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Construction and Testing

The circuit can be built on a veroboard. However, an actual-size, single-sided PCB comprising circuits in Figs 1
and 3, except the FM transmitter and receiver modules, is shown in Fig. 2. The component layout is shown in Fig.
4. Circuit of IC6 has been repeated on the PCB to enable control of up to 4 devices.

The DTMF generator and FM transmitter should be housed in metal box with the keyboard suitably placed.
Be careful to watch the supply voltage of FM receiver module if it shares a common supply with the system.

After finishing the construction, switch on the transmitter and connect a small speaker or amplifier to the
output of FM receiver. Then press any key on the keyboard and at the same time tune the FM receiver until a clear
tone is heard and the ‘signal received’ LED starts glowing. Always tune the FM receiver where there is no signal
from any radio centre. If the output of the FM receiver is too low, a low-power, compact amplifier may have to be
used between receiver and decoder. The system is now ready for use.
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REMOTE GONTROLLED
SWITGH BOARD

ANUJ SHARMA

his circuit has been designed for those who find it rather uncomfortable to get up from the bed for
switching ‘on’ or ‘off lights, fans or other electrical gadgets, for whatever reason. The circuit can be used to
control a number of devices remotely. Provision has also been made for change-over between local and

®

ON/OFF CONTROL
FOR LOCAL/
REMOTE CONTROL

FAN ON/OFF
AND
SPEED CONTROL

LIGHT
ON/OFF CONTROL

PREAMPLIFIER

|| FAN ON/OFF AND —— -
’2— POWER SPEED CONTROL [~~~ RELAYS ===
suppy — VO IITITTTO eeme——s
B T W e N
| ON/OFF CONTROL| ~~ LRELAYS |
VOLTAGE CONTROL N
OSCILLATOR \
b b b b 4
8 )l Gl
IR TRANSMITTER

Fig.1

:Block diagram of remote-controlled switchboard

remote control operations from either location
(remote and local).

Principle

A block diagram of the circuit as given in Fig.
1, provides a bird’s eye view of the remote con-
trol system. The working of the circuit is based
on a simple principle, in that, each switch is
related to a specific modulating frequency. This
modulating frequency is used in the remote
(transmitter) for modulating infra-red (IR)
light which is invisible to the human eye. In
the receiver, the modulated IR light is detected
by an IR detector diode followed by a pream-
plifier. The output from preamplifier is distrib-
uted to various frequency detecting circuits.
Please note that there are as many of these
frequency detecting circuits as the number of
switches in the remote transmitter including
the one dedicated to local/remote change-over
function. The output of the frequency detector

stage is used, via a flip-
N

*R1(c) S*R1(b)S “R1(a)
s3 s2 S1

_____ Sl

> R2 |  NE555
2.2K
2
5 1
C1

To.ozp

* NOTE: VALUES OF
R1(a), R1(b) AND R1(c)
ETC ARE LIKELY TO VARY
BETWEEN 47K AND 10K
FOR FREQUENCIES
BETWEEN 1KHz AND 5KHz

S

ON/OFF

switch ‘OFF’ a relay alter-
nately. A typical minimal
system would probably
require switching on/
off of a light and a fan
(with a speed regulator)
along with the facility
to change-over between
local and remote opera-
tions. The circuit for such
a minimal system is being
explained here. The user
may add as many of the

flop, to switch ‘ON’ or
S4

WITCH

9V
= BATTERY

additional devices and
circuits as he desires by

Fig. 2: Remote transmitter
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duplicating the relevant
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Fig. 4: Detector and latch for light On/Off control
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Fig. 5: Detector and latch for local/remote change-over
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Fig. 6: Detector and regulator control for fan
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P RL1 I RL2 ' RL3 ! RL4 ! RL5 ' RL6 PRL7 I RL8
D7 % D8 g D9§ D10§ D11§ D12§ D13 D14
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FAN ON/OFF AND
SPEED CONTROL
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o
LIGHT ON/OFF CONTROL o

LOCAL/REMOTE ON/OFF ©
CONTROL D7-D14 = 1N2001 RL1-RL8 = 9V, 2000 RELAY

o
o> |m |m|o

Fig. 7: Relay assembly

circuits which are explained below in detail.

Remote transmitter

The circuit diagram of the remote transmitter is shown in Fig. 2. The transmitter is built around NE555 timer
(IC1) configured to operate as an astable flip-flop capable of oscillating at different frequencies depending upon
the depression of the specific push-to-on switches (51, S2, S3, etc). Depression of each switch results in a different
value of resistance being connected between supply rail and pin 7 of IC1. The resistor R1(a), R1(b) or R1(c) in
conjunction with resistor R2 and capacitor C1 determines the frequency as per the formula:
f=1/0.69(R1+2R2)C1 Hz.
The output of timer flip-flop is used to drive IR LEDS D2 and D3 via a PNP transistor BC158 (T'1). Thus
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the infrared light emitted by

RL7, RL8 = 9V, 200Q2 RELAY .
TO SWITCH FROM MANUAL IR LEDS is modulated at the
TO REMOTE AND VICE VERSA frequency of the ﬂlp_ﬁop (SC'
) 1 ) REMOTE < _I LOCAL lected via switches S1 through

S3 as shown in Fig. 2).

For optimum reception
the transmitter modulating
frequencies should lie within
a range of approximately
1kHz to 5 kHz. The value of
resistors R1 (a), Rl (b) and
Rl (¢), for the above range,
would vary between 10 kilo-
ohm and 47 kilo-ohm ap-
proximately. The red LED
will light to indicate that the
modulator section (IC1) is
ON whenever any one of the
° ° switches on this remote unit

. is depressed. A 9V, battery is
6,57 = ON/OFF SWITCH, 5A required to supply power to
the remote transmitter.

N/O0 N/Ol N/Ol N/OL N/Ol
HL1/° RL2 RL3 RL4 RLS{

® FAN REGULATOR ®

—

Fig.8: Fan regulator and light wiring diagram

Receiver preamplifier

+9v | The preamplifier section of the receiver as

X1 shown in Fig.3, consists of an IR detecter

T promemeretemes diode D4 followed by a remote-control

230V wn:| 1c10 | iout preamplifier IC pPC1373H (IC2). The

AC (s 1| LM7805 |3 +sv | output of the pre-amplifier from pinl of

CoM| » IC2 is made available for the detector

cos L == ooy 28 stages (one each for light, fan and local/
1000y 100n 100m remote change-over circuit) after

X1 25V g proper

230V AC PRIMARY GND | filtering by capacitor C7. The same output

TO 0-9V, 2A o L o . .

SEC. TRANSFORMER D13-D16 < 1N5402 _L from IC2 is also applied to the comple-

mentary transistor pair of T2 and T3 for

Fig. 9: Power supply circuit driving an LED (D5) indicating that IR

signal transmitted by the remote transmit-

TABLEI ter, has been received by the preamplifier stage.

CENTRE In-circuit C12 CI3(LPF) C14(O/P Inductor LI (5.6mH) can be fabricated by winding

FREQ.(f0) VR1 Value Value Value AT about 170 turns of 44 SWG enamelled copper wire

using ferrite BALUN core (used in TV'). This pream-

D15

1000 H: 11k 0.1 2.28 4.56

‘ H H " plifier works efficiently up to about 5 kHz and hence
1500 Hz 7.3k 0.1y 152 304y modulating frequencies in the transmitter should lie
2000 Hz 5.5k 0lp  1l4p 2080 |t ngnge
2500 Hz 4.4k 0.1p 0.91p 1.83p :
3000 Hz 3.6k 0.1p 0.76p 1.52p

Detector and control stages

While the detectors and control circuits used for light switching and local/remote change-over are almost identi-
cal except for addition of a push-to-on switch (S5) in a local/remote control circuit, the fan switching and speed
control circuit differ quite a bit. However the phase locked loop (PLL) employed in all detectors are similar
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except that frequency-
dependent component
values, used in each of
the circuits, would dif-
fer depending on their
centre frequency.

Refer to the cir-
cuit of light detector
shown in Fig. 4. PLL
IC NE567 (IC5), com-
monly used for tone
detection in telephone
circuits has been em-
ployed here for detec-
tion of the modulating
frequency signal re-

Fig. 10: Actual size PCB layout for remote transmitter power supply and preamplifier circuits of Figs. 2,

logic 1 to logic 0 level.

3and9 ceived from the pream-
plifier stage. When the
- frequency of the input
) ™ ~ .
REMOTE TX EFy MﬁET 8811 2 c10 wor e 35 %= 5 signal equals the fre-
Rl |PpH302x : [0 O] § - S @l | quency of its VCO (in-
IR LED(|D & 0o OBC558 > built voltage-controlled
D2 Slo I Lt o\ se@ogic D91 V(@[ . ‘1
P oo 0 o 8 Ui N oscillator) within a cer-
[m [~ S o .
3 &< 2kslo 5 ém B T2 I‘gaﬁ]&él_m § | tain range, the output
1RQ.ED 104 0 @ &, at its pin 8 drops from
CIREN @ % SRT3 0
s

Fig. 11. Component layout for PCB of Fig. 10

p 2205 @ = QUTPUT | The centre frequency
c7 s, B .
10U - 047URX_PRE-AMP- SECTIONE SIGNAL fQ ObeLL VCO is
1Ven y:
IN5402 = g
| 7o)+
00— ° Toon el _ 1.1

IS @ IC10_—To0n g VR1xC12
I s £ Where VR1 .
POWER SUPPLY (RCSB) EFY MAY’98.LM7805 & €re repre

sents the in-circuit re-
sistance of preset VR1,

between pins 5 and 6
and C12 is the capacitor between PIN 6 and ground of IC5.

'The range of frequencies within its capture range, called bandwidth, should not be permitted to exceed about
10 per cent of the centre frequency (f0) to avoid interference by adjacent frequencies. For example, if f0=1kHz
with 10 per cent bandwidth (100 Hz), the capture range of PLL will extend from 900Hz to 1100Hz. This will
adequately take care of the small changes in transmitter frequency due to drift in component values on account
of temperature and supply voltage changes, etc.

Thus, when switch S1 (for light) is depressed in the remote transmitter unit and provided that IR LEDS of
transmitter are properly oriented towards the IR detector LED of receiver within its range, pin 8 of IC NE567
will output a high-to-low going pulse provided incoming frequency is within the capture frequency range of PLL.
The formula for bandwidth (as percentage of f0) is given below:

BW-=1070VVin/fo x C13 % of 0

where Vin is the RMS value of the input signal in volts and C13 is the value of LPF capacitor in pF con-
nected across pin 2 and ground of NE567. The value of capacitor C14 (O/P filter capacitor) is normally to be
taken as equal to twice the value of LPF capacitor (C13). Assuming a typical value of 200 mV (RMS) for the
input signal and 10 per cent bandwidth, a table of values for in-circuit values of preset VR1 and capacitors C12,
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C13 and C14 for various centre frequencies have been
worked out as shown in Table I for the benefit of read-
ers. Standard values, near to the worked-out values may
be used for C13 and C14. Values of other components
tor PLL have been chosen to provide a smooth pulse to
the following schmitt inverter gates formed out of IC
74L.514. Schmitt gates have been used for shaping the
output of PLL circuit which is used as clock pulse for

Fig. 12: Actual size common PCB for local/remote and light
control circuits of Figs.4 and 5

‘D’ type flip-flop IC 74LS74. Each 74L.574 IC has two

separate identical flip-flops in a 14-pin DIP package.
The Q_output of the flip-flop has been connected to D

C29 74LS14  74LS74

IO R
NE567
%48
IC
Ho ,,1(:1 %pzm
XT*TEXREN c° > : D19
m R36
Os®| Crviay's o17E5s

Common PCB for LOC,REM & LIGHT®

m Dre—am- o
0000000
00000

E

input to configure it to function in toggle mode i.e the
output Q_will go High and low alternately with each
succeeding clock pulse. When Q output is high, transis-
tor T4 gets forward-biased and the LED D6 lights to
indicate ON-state of transistor as also the energisation
of relay connected at its collector (point marked A). The
light is connected to the mains supply live line via the
N/O contacts of the relay in the relay board assembly

Fig.13: Component layout for PCB of Fig. 12

described later in the text. Thus successive pulses switch
3 » . 3 td
on’ and switch ‘off’ the

light alternately.

0o
©o
©o
oo
o
[ ]
[ ]

Local/remote
change-over

One switch (and cor-
responding modulating
frequency) on the re-
mote transmitter and a
PLL detector like the

Fig.14: Actual size PCB layout for fan switching and speed control circuit of Fig. 6

one explained above for
light control, is dedicated

for local/remote change/

R19-R23 e
FAN ON/OEFFFYQMESJEQESD CONTROL I =33 % [ 1S over circuit as shown
0 ° D . .
XTEXT__URZ reia o celoR 45830 'olic7lo J 19eB in Fig. 5. Compared to
. NE567 ° ol o §5.0p0 x o T6 H-Q the light control circuit
Cl o o ol |0 c o5 |° i i
R (:21 4 oS lo b o2 o pchk;D of Fig. ft,. there is only
] IC6° o| & lo : S : < : o : o < one addition, that of a
1 .
8 WTEXT wrexT : N :x X990 o o o T ©c | push-to-on switch S5
P X o X .
. ‘. o Jo %}%}ﬁ 29 §§8 RZZT Y o) connected between pin 8
e — o —
& 883 R30. OR34 R of PLL IC NE567 and

Fig.15: Component layout for PCB of Fig. 14

PLL circuit. Thus you can energise/de-energise the

ground, to facilitate local
operation of the toggle
flip-flop bypassing the

relay(s) connected to collector (point G in the circuit

of Fig. 5 and relay assembly circuit Fig. 7) either remotely from local/remote switch (S2) on transmitter
or locally, using switch S5. There are two relays RL7 and RL8 (one each associated with light and fan)
which are controlled by transistor T10 in the present circuit. The number of relays to be controlled in
parallel by this circuit, will increase in direct proportion to the total number of devices being separately
switched ON/OFF. Therefore, as and when necessary, the relay driver transistor may be replaced with a
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PARTS LIST darlington pair for passing

S additional current. Please
emiconductors: R11 - 18-Kilo-ohm _
1 | NE555 timer 5 e remember t.hat .wheln red
102 - uPC1373H, remote R15, R16, mote operation is selected,
control preamplifier R18, R35 - 10-Kilo-ohm both relays (RL7 and
IC3, IC12 - 74LS74 dual D flipflop | R17 - 39-ohm RL8) are in the energised
I, ICILICISE Z;‘:\I;esrt;erex Schmith gégggg - ?ggoﬁm state. We shall revert back
- - 180-ohm . .
IC5,1C6,IC9 - NE567 phase-locked loop | R31-R34 - 100-Kilo-ohm to a detailed explanation
IC7 - CD4017 decade counter | R36 - 47-ohms of local/remote operation
IC8 - $D4026 dtegadedcounter, VR1-VR3 - 22-Kilo-ohm after a brief description of
-segment decoder ..
IC10 ) LM'§805, el G Capactitors: remote fan control circuit.
T1, T4 - BC158/BC558 PNP C1 - 0.02pF ceramic disc Like the light and
transistor 83,80(%2’2027 OLuF i remote control circuits,
T2 - BC558 PNP transistor 5 - 0.1pF, ceramic disc L.
T3 D BC548 NPN transistor | C3,C4,C10 - 104F, 25V electrolyte | (¢ fan control circuit
T5-T10 - BC148/BC548 NPN C16, €29 - 10pF, 16V electrolyte | shown in Fig. 6, also uses
transistor C5 - 0.047uF ceramic disc a PLL IC NE567 fol-
D1,D5,D6,D19 - LED 8?} - i’gggg ceramic g@sc lowed by wave shaping
D2, D3 - IR LED = ceramic disc .
D4 - IR detector diode, Cg, C11 - 47pF, 25V electrolyte schmitt gates. The. output
PH302/TPS703 C9 - 2.2nF, 25V electrolyte of schmitt gates is used
D7-D14 - 1N4001, rectifier decode 812'06}4, CCIB- as a clock for a CD4017
D15-D18 - 1N5402, rectifier decode 20, C23-C25 - see text
€26 - 1000F, 25V electrolyte decade counter (IC7) and
Resistors (all Y-watt, +5% carbon, unless Miscellaneous: a CDA4026, IC8 (decade
stated otherwise): X1 - 230V AC primary to counter/7-segment de-
Rl(a-c) - See text 0-9V, 2A secondary coder). Initially, at the time
R2 - 2.2-Kilo-ohm transformer of switching ON of suppl
R3 - 5.6-Kilo-ohm S1-S3, S5 - Push-to-on switch 5amp. ng PPy
R4,R8,R13 - 1-Kilo-ohm S4, 86, S7 - On/Off switch or at the time of reset, only
R5 - 22-ohm RL1-RL8 - 9V, 200-ohm relay QO output of CD4017 at
R6 - 220-Kilo-ohm - L1 5.6mH coil pin 3 is high which is not
R7 - 82-Kilo-ohm - Fan regulator
R9, R14 - 680-ohm - Fan used and, as such, all relays
R10 - 56-Kilo-ohm - Light/bulb (RL1 through RLS5) con-

nected to points B through
F (which extend the mains
supply routed via relay RL7) to various taps on the fan regulator, remain off. Each depression of remote fan
switch causes shifting of logic 1 state CD4017, sequentially from Ql to Q5 (and energisation of the cor-
responding fan regulator relays RL1 to RL5. Also, simultaneously the display digit changes from 1 to 5). On
the next depression of the remote fan switch, pin 5 of CD4017 goes high momentarily and resets both ICs
7 and 8 and the fan switches off. Energisation of relays RL1 to RL5 takes place through the corresponding
driver transistors T5 to T9 connected to points B. Relay RL1 (and display digit 1) is related to minimum
speed and RLS5 display digit 5 to maximum speed of the fan.

At this stage, you may refer back to Figs. 3 through 8 for properly linking all the above circuits as explained
already. The wiring diagram of light and fan regulator is shown in Fig. 8. For local operation, relays RL7 and RL8
are de-energised. This can be done remotely via local/remote switch or locally, with the help of switch S5. In the
local position, the lights can be switched ON/OFF with the help of switch S7 and fan can be switched ON/OFF
with the help of switch 56 and its speed regulated with the help of the rotary switch on the fan regulator. During
remote operation, the relays RL7 and RL8 are in energised state and hence, the switches S6 and S7 are no more
usable since the mains’live line which was extended to these switches via N/C contacts of relays RL7 and RL8
is now open. When remote light switch is depressed, the energisation/de-energisation of relay RL6 (and N/O
contact of relay RL8) takes place which switches on or switches off the light on successive depressions of the
remote light switch. Similarly, the fan can be operated remotely with the help of the remote fan switch which
controls regulator relays RL1 to RLS5, to whose common contacts the mains live line has been extended through
N/O contact of relay RL7.
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Power supply

Power supply circuit as shown in Fig. 9 uses a step-down transformer of 230 VAC primary to 0-9V, 2 amperes
secondary rating to cater for the current requirement of a large number of relays. The 5V supply required for vari-
ous sections of the circuit is regulated using LM7805IC.

Actual size, single-sided PCB and component layouts for the following circuits are given in figures as stated
against each.

1. Transmitter, receiver preamplifier and power supply—Figs. 10 and 11. (for circuits shown in Figs. 2,3 and 9)

2. Local/remote change-over, detector and latch—Figs. 12 and 13 (for circuit shown in Fig. 5)

3. Fan on/off and speed regulator - Figs. 14 and 15 (for circuit shown in Fig. 6)

Please note that PCB referred above at No. 2 can be easily adopted for light on/oft detector and latch
circuit as shown in Fig.4 by not wiring push-to-On switch S5.

Construction

Remote transmitter portion may preferably be fabricated by making use of a casing of a TV/VCR remote con-
trol. PCB should fit inside its casing. The other PCBs as mentioned above, after assembly and testing, should be
positioned in a suitable screened enclosure, 2-3 meters away from the switchboard which is to be controlled. IR
detector diode of the preamplifier should be so mounted that it sticks out of the enclosure and is oriented to receive
maximum energy from the remote transmitter without any ‘line-of-sight’ obstruction. Please do not substitute IR
detector with an ordinary photo diode detector. The range of this system is less than 10 metres.

Precautions

1. Switch off the main switch or branch circuit breaker before opening the switchboard for wiring.

2. Before touching any wire, make sure that it is not live. Use a neon tester for the purpose. Wear rubber shoes/
slippers.

3. Relays should preferably be mounted inside the switchboard itself if the space is adequate. Use proper good
quality insulation tape and ensure that none of the relay contacts touch the existing switch terminal or any bare
wires.

4. Switch off the transmitter, when not in use, to conserve the battery.

5. Check the wiring connections to switchboard, fan and regulator two-to-three times before switching on
the mains.
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MULTIPLE GONTROL
REMOTE SWITCH

SADHAN CHANDRA DAS

owadays remote control systems are becoming popular in many applications like switching on/off of TV,
Nfans and water pumps etc. Generally infrared signal is used for this purpose which is directional, i.e. when

push-to-on switch on transmitter is pressed, the IR LED of the transmitter is required to be oriented
towards the receiver. If the distance is considered. a coverage of maximum 10 metres distance is achieved using a
relatively high power transmitter and a receiver with good sensitivity.

However, if one uses an FM transmitter-receiver pair in place of infrared transmitter-receiver one can achieve
even 50 metres coverage just by connecting the speaker output of a cordless bell to the circuit as shown in Fig. 3.
As cordless bell works with FM radio signal, the system is not directional.

The circuit has been designed in such a way that it can be controlled by infrared signal as well as touch plates.
The circuit provides hard ‘on’ and ‘off” action and it is insensitive to the noise and the spikes developed in the mains.
Load of about 1kW can be directly controlled using this circuit. One can, however, control load of any other value

PUSH-TO-ON
SWITCH

4.5V
TO
6V

BATT.

\\D‘IS

\\D14
\D15

D13-D15= IR LEDs

C13

0.47pT

Fig. 1: Infrared transmitter

by using relays of appropriate rating.

Description

The heart of the circuit is a toggle circuit which is built
around transistors T3 through T5, NAND gates N1 and
N2 (IC3). relays RL1, RL2 and a few discrete resistors/
capacitors. As no monoshot and flip-flop ICs are used
here, the circuit is insensitive to noise and provides hard
‘on’ and ‘off” action. Here only two NAND gates of IC3
(CD4011) are used as inverters and the remaining two
gates are idle.

When the circuit is switched on or gets restored after
a power failure, the capacitor C11

LOAD
230V AC
B6AMP.

SWITCH N/C
S2

o—0
N/O

RL1
CONTACTS
(C/0-3)

230V AC SRIMARY D3 v | (47pF) presents a short initially

TO 12V-0-12V 1N4001 and starts charging through resis-

\ T;:ﬂgéospfﬁég tor R11 (47k). The output of gate

N ° X1 12V . . Ic1 o N2 remains high as long as the

T ON%FF D1' L IN|" 7g05 “|oUT o, | input is below % VDD. The high

SWITCH 1N4001 Hooo 2 output of gate N2 forces transis-

235%\{4/2\0 0 22252;‘ com tor T5 to saturate. And thus relay

¢ INaaot RL2 is activated. As the power to

y the relay coil of RL1 is applied via

N o— 1av = | normally closed (N/C) contacts of
ON/OFF = y

relay RL2, relay RL1 cannot be
activated and therefore the mains
load remains off, as it is connected
through one of the contacts (C/O-
3) of relay RL 1. When input volt-
age of gate N2 rises above ¥%2 VDD

Fig. 2: Power Supply for multiple control remote switch
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due to charging of capacitor C11,
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its output goes low which cuts
off transistor TS5 to bring back
the contact of relay RL2 to its
normal de-energised position
and makes the circuit ready for
remote control. When any posi-
tive pulse of several milliseconds
or positive DC voltage (not more

RL2
CONTACTS

©

5.6K SL100¢—

1)
:gg 28 2. %g%_ than 5V) is applied to the base
£zS s ¢ ¢ of transistor T3 through resistor
O

RS, transistor T3 saturates and
pulls down the potential at point

lector and emitter of transistor
T4 gets shorted through (C/O-1)
_|||' section of relay RL1 and the relay

o2 <3 ‘A to almost OV due to initial

short-circuit action of capacitor

= [N C9. As point ‘A’ is connected to

the inputs of gate N1 via (N/C)

el | = contact of RLL1 (C/O-2) section,

¢ ¢ g the output of gate N1 goes high

- = —1% to drive transistor T4 which in

[ B5° =3 turn energises relay RL1. So

w O R E' the poles of all three sections of

- g gcz_c O+ S’ relay R.LI I%c;to connected 'Itl(.)l theilr

i § g ‘fz respective contacts. The col-
P4

_+l (_
8§1 g remains ‘hard-on’ even though
the output of gate N1 drops back
to OV after a few milliseconds
o > > due to charging of capacitor C10
2 3o to more than % VDD voltage to
e b 3 8 voltag:
—¢ 28 5 SAG A cut off transistor T4.
o Q = . .
85 g Preset VR2 is to be set in
”o §§ S such a way that as soon as the
B T + \B 3z| & R o (o) changeover (on energisation of
>E - =E = ) S
4 g:]/ 8z sg & g 14 relay) in (C/O-2) section of relay
< N~ X .
o 08 It =2 & R 5 RL1 takes place, the capacitor
£g "% Zex 8% . 5 C9 should be charged to produce
o
= pe a voltage greater than VDD
3 -2 g or o
® oo - E across it within the changeover
. 8 ﬁ ~ (Tla' % period, because the input to gate
z H (h-. oX N2 should not go below %VDD
(2} ~ . .
o am _L + 6';1§ s EI to make its output high due to
S =] . . . .
o=z = 23 PE application of continuous posi-
= 59 tive voltage at base of transistor
§°: T3 via resistor R8. Initially, pre-
set VR2 is set to approximately
T 330 ohms value and then minor
§§ adjustment is done as per require-
o . .
- ment. Now point ‘A’is connected
Fig. 3: Circuit diagram of multiple control remote switch to input of gate N2 via N/O
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TR
12-0-12v
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. = 2K 7062 A o N0 il
2 4 5.6K
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(e 4700
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sL1 H

1N4001 %1-?“ £D4011 < om . oo 16V

.-—‘
NES67
BC108 ok -—] o 4.7
" " Uypda K
16V .
! if mm_s_. 10u 047“
. A 16V
TO CORDLESS BELL #5008 e —s
™ 5.6K
/ 10p
A 18V
IR
DIODE

Fig. 5: Components layout for the PCB shown in Fig. 4

contact of (C/O-2) section of relay RL1. Resistor R9 (470-ohm) helps capacitor C9 to be discharged when
transistor T3 is cut off. If transistor T3 is kept on for a longer duration, resistor R9 maintains more than %2 VDD
voltage at point ‘A as the ratio of R9/(R9+VR2) is greater than %. Next time, the application of a positive voltage
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at the base of transistor T3
via resistor R8 will cause
the voltage at point ‘A’ to
go below % VDD and the
output of N2 will go high
to switch on transistor i
TS5, and hence relay RL2 S
will get activated. As the [%
power to the relay coil of
RL1 is connected via the
N/C contact of relay RL2,
so relay RL1 will get de-
energised to switch off the
mains load which will thus
remain at ‘hard off” posi-
tion. Basically, preset VR2 Working model of the multiple control remote switch
and capacitor C9 form a

differentiator circuit.

The base voltage of transistor T3 may be developed from either of
the following three sources: (a) infrared signal, (b) touch plates, and (c)
the signal generated by cordless bell. Thus the circuit possesses multiple
control capability.

Infrared transmitter/receiver

Modulated infrared signal is generated by an astable multivibrator built
around 555 timer and IR LEDS. Modulating frequency is adjusted to
300 Hz. The infrared signal is transmitted when push-to-on switch S3
is depressed.

The modulated IR signal is received by IR detector diode (D4). It
is decoupled by capacitor C2, amplified by transistor T1 and applied to
pin 3 of phase lock loop (PLL) IC2 (NE567), whose centre frequency
is adjusted to the frequency of the transmitter’s modulating frequency
by varying preset VR1. When IR signal impinges upon IR detector di-
ode, the output pin 8 of PLL IC2 goes low and transistor T2 conducts
to produce positive voltage at point ‘B’ to change the state of the toggle
circuit. Maximum coverage of about 4 metres is obtained using infrared
signal without any special lens.

Touch plates

When the gap between the touch plates is bridged by hand, the base of
transistor T6 gets forward biased to develop positive voltage at point
‘C’which is ORed to the base of transistor T3 and thus it changes the
state of the toggle circuit.

Cordless bell (FM transreceiver)

PARTS LIST

Semiconductors:

I1C1 - 7805 three-terminal +5V
regulator

1C2 - NE567 phase locked loop

1C3 - CD4011 quad 2-input
NAND gate

T1 - BC108 npn transistor

T2 - BC558 pnp transistor

T3-T5 - SL100 npn transistor

D1-D3, D7-D12 - 1N4001 rectifier diode

D4 - IR detector diode

D5 - LED (Red)

D6 - 3.1V, 400mW zener

D13-D15 - IRLED

Resistors (all Ya-watt, +5% carbon, unless
stated otherwise):

R1 - 10-kilo-ohm
R2 - 1-mega-ohm
R4 - 220-ohm

R5, R9 - 470-ohm
R3R6R18R19 - 1-kilo-ohm
R7,R12,R13 - 5.6-kilo-ohm

R8, R17 - 1.2-kilo-ohm

R10, R11 - 47-kilo-ohm

R14,R15 - 39-ohm

R16 - 470-kilo-ohm

VR1 - 10-kilo-ohm preset

VR2 - 500-ohm preset

VR3 - 4.7-kilo-ohm preset

Capacitors:

C1,C12 - 220pF, 25V electrolytic

C2,C3 - 10pF, 16V electrolytic

C4,C5,C10 - 4.7pF, 16V electrolytic

Cé6 - 0.47pF ceramic disc

C7,C9 - 100pF, 16V electrolytic

C8,C13,C14 - 0.01pF ceramic disc

C11 - 47pF, 16V electrolytic

Miscellaneous:

X1 - 230V AC primary to
12V-0-12V. 500mA sec
transformer

S1, S2 - On-off switch

S3 - Push-to-on switch

RL1 - 12V, 2000, 3C/O relay

RL2 - 12V, 200Q, 1C/O relay

- Touch plates
- Cordless bell receiver/
transmitter

- 4.5V-6V battery

The toggle circuit can also respond to the signal which is received at the base of transistor T3 from the output of the
cordless bell receiver (speaker terminals) after rectification by diode D12 and filtration by capacitor C12. Output
terminals of the cordless bell receiver are connected to the toggle circuit after disconnecting the speaker of the bell.
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Those readers who want to encapsulate both the PCBs in a single enclosure can use a transformer of 15V-
0-15V in place of 12V-0-12V transformer to be able to apply 20V DC to the bell circuit as it works well between
19V and 22V DC.

'The range of the transmitted signal can be reduced by reducing the battery voltage of the transmitter from 9V to
6V or 3V.

When all the connections on the PCB are complete, preset VR2 is adjusted from its initial value of 330 ohms
to the required value by alternately switching the transmitter of the cordless bell ‘on’ and ‘off”. Adjustment of preset
VR2 should be performed till the best ‘on’ and ‘oft” action is achieved. If the circuit works well at the 330 ohms
value of preset VR2, no further adjustment of VR2 is required.

Thus the remote switch can be switched on and off by any of the above-mentioned ways.

An actual-size PCB pattern for the circuits given in Figs 2 and 3 is given in Fig. 4. Components layout for the
PCB of Fig. 4 is given in Fig. 5. No PCB pattern is given for the infrared transmitter circuit of Fig. 1 since it can
be easily fabricated on a general-purpose PCB.
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INFRARED REMOTE CONTROL

THOMMACHAN THOMAS

nfrared remote control

kits available in the mar- | POWER

> OUTPUT
(OSCILLATOR |
SOURCE STAGE

ket are quite expensive

AV
\TRANSMI'ITER SECTION
\

and, if someone wishes to as-

semble one, their ICs may not
be easily available. Moreover,

RECTIFIER
FILTER

RECEIVER SECTION

for simple on-off functions e
such as controlling a lamp or
fan, we do not need very com-

REGULATOR

plex circuits. The IR remote i
v

!

diodes and photo transistor
sensors suffer from a major

A\ 4

control circuits using photo -
W SENSOR
MODULE

TIME DELAY
AND
NOISE FILTER

v

BISTABLE

A\ 4

FLIP PLOP

OUTPUT

SECTION
(RELAY
DRIVER) |

drawback of being affected
by ambient light and a very
low range.

The IR remote control circuit described here can be used
for any simple on-off function. The advantage is that this
circuit is absolutely free from ambient light interference and
provides control range of about 10 metres without the use of
any focusing lens.

Description

Block diagram of the circuit is shown in Fig. 1. Transmitter
section consists of a power supply, an oscillator, and an output
stage, whereas the receiver section comprises power supply, an
infrared detector module, time delay circuit with noise filter,
bistable flip-flop, and an output section. The complete sche-
matic diagrams of the transmitter and receiver sections are
shown in Figs. 3 and 4, respectively.

In the transmitter section IC1 (555) is wired as an
astable multivibrator with a centre frequency of about
36 kHz. When switch S1 is pressed, the circuit gets en-
ergised. Output of IC1 is a square wave. The two infra-
red LEDs connected at its output transmit IR beams
modulated at the same frequency (36 kHz). The oscillator
frequency can be shifted slightly by adjusting preset VR1.

The receiver uses an infrared sensor module which com-
monly used in colour television for sensing the IR signals
from the transmitter section. The sensor module shown in Fig.
2 incorporates a detector diode, an SMD (surface mounted
device) IC which consists of a band-pass filter, an amplifier
and a demodulator on a small PCB placed inside a small tin
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Fig.1: Block diagram of infrared remote control transmitter and receiver section
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Fig. 2: Sensor module details
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Fig. 3: Infrared transmitter
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1 RL1
1N4001 12v
AN IC3 Jour. i 2000
12v I 17805 3 Co +| cto 5 RELAY
2 0.1 22u 1N4go1
230V GND o = <<
AC o
50Hz
D2 \}m ckl,,
1N4001 4
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TO 12V-0-12V 1(%‘:) C5 | MODULE 474 cs 13
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SEC.TRANFORMER | 2 16v 470K C/E

Fig.4: Infrared receiver

cube enclosure to get rid of
unwanted electro-magnetic
interference.

When switch S1 on the
transmitter is pressed, the IR
LEDs radiate IR beams with
a modulating frequency of 36
kHz. It may be noted that the
IR LEDs are directly driven
by the 555 timer output, and
no series current limiting re-
sistor is used with them. This
10K is because at the high operat-

—g ing frequency, the internal
resistance of the battery and

.3 the impedence offered by the
T wires and components leads
¢ are enough to keep the aver-
age LED current within its

specifications.
Fig. 5: Circuit showing modifications for conversion into multichannel sytem The IR signal from the

G 230V
RELAYS=12VOLT,200Q

LAMP
RELAY
CONTACTS

e,
+12V
FAN
RELAY
CONTACTS

(o]
+5V 22”+J_
16V

1N4001

LAMP

RELAY
1N4148 <

&y, IC2 1N414|8
4017 2|—Pf

1N4148

.’....

transmitter is sensed by the
sensor and its output at pin 2 goes low. This in turn switches on transistor T1. Consequently, capacitor C8 starts
charging through resistor R5.

When voltage across capacitor C8 reaches about 3.5V, 1C2 receives a clock pulse at pin 14 and its output at pin
2 goes high. This results in forward biasing of transistor T2, which on conduction energises relay RL1 connected
at its collector. The output of IC2 (pin 2) is also used for lighting LED1, indicating presence of signal.

When no signal is available, output of the sensor module goes high and transistor T1 is switched off. Now
capacitor C8 starts discharging through resistor R6 and voltage across it gradually decreases to zero.

When another signal arrives after about 300 ms, capacitor C8 again charges through resistor R5 and pin 14
of IC2 gets another clock pulse. But as Q2 output of IC2 is connected to its reset pin 15 through diode D4, the
output at pin 2 toggles. That is, IC2 works as a bistable flip-flop.

If another pulse arrives from the transmitter before a delay of about 300 ms with respect to previous one,
transistor T'1 again turns on and voltage across capacitor C8 cannot fall below 1.5V, i.e., the V| value (the maxi-
mum input voltage required to sense a logical low by IC2). Hence, the output of IC2 does not change, as there is
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no low-to-high transition. This feature prevents false triggering due to switch bouncing and other such reasons.
The same resistor, capacitor (R5, C8) network provides immunity against IR noise from other sources. This is
explained below.

If an unwanted signal with the same modulating frequency as that of the transmitter happens to arrive at the
sensor, its output will go low and IC2 would have changed its output state. But, fortunately, the noise signals are
of very short duration, and hence they cannot interfere with the circuit. Because, within this short time period,
capacitor C8 cannot charge to a voltage equal to value (i.e. the minimum input voltage required to sense a logical
high by IC2) through resistor RS, and so these noise pulses do not have any effect on the circuit.

However, sustained noise with modulating frequency equal to that of the transmitter will, of course, change
the output. But the chances of the same happening are very remote. This can be easily understood from the voltage
waveforms shown in Fig. 6.

Capacitor C10 and
resistor R7 connected

T1>300ms T2<300ms K
OFF T <T_—22 AELEASE to the reset pin 15 of
st —I ye | IC.Z Prevent it from
POSITION I—PUSH RELEASE | PUSH PUSH | RELEASE | PUsH RELEASE switching on the relay
ONl - siGNAL SIGNAL SIGNAL SIGNAL when the power supply

+Vce

IC1 ; fails and then resumes.
(32}52) Voltage regulator IC3

ov provides 5V regulated
Voo voltage for the circuit.
R The advantage of
SENSOR LT
oP this circuit lies in the
ov fact that it can easily be
+Vee 5V AR e e— converted into a multi-
+Vi 1.5V
/ \ N channel remote control
VC8|— N .
o7 §ystem by s1mp1¥ chang-
Wee | ing the out.put pin num-
1c2 ber that is cpnnected
or to the reset pin of IC2,
oV NOTE: THIS IS ONLY A TIMING DIAGRAM. THE WAVE FROMS and taking more outputs
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from the corresponding
output pins of IC2 as
Fig. 6: Voltage waveforms shown in Fig. 5.
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Fig. 7: Actual-size PCB layout for the circuit shown in Figs.3 and 4.
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Fig. 8: Component layout for the PCB shown in Fig. 7
PARTS LIST Assembling

Semiconductors:

I1C1 - 555 timer

1C2 - 4017 decade counter

1C3 - 7805 voltage regulator

T1 - BC557 pnp transistor

T2 - BC148/BC548 npn transistor
D1-D3 - 1N4001 rectifier diode

D4 - 1N4148 switching diode
LED1 - Red LED

Resistors (all '/ jwatt, + 5% carbon, unless
stated otherwise):

R1,R5 - 4.7-kilo-ohm

R2, R4, R8 - 10-kilo-ohm

R3 - 100-ohm

R6 - 470-kilo-ohm

R7 - 220-kilo-ohm

R9 - 1-kilo-ohm

VR1 - 10-kilo-ohm
Capacitors:

C1 - 10uF, 16V electrolytic

C2 - 0.001uF ceramic disc

C3 - 0.01uF ceramic disc

C4 - 1000uF, 25V electrolytic

C5,C9 - 0.1uF, ceramic disc

C6 - 100uF, 16V electrolytic

C7 - 47uF, 16V electrolytic

C8 - 1uF, 16V electrolytic

C10 - 2.2uF, 16V electrolytic

Miscellaneous:

X1 - 230V primary to 12V-0-12V,
250mA secondary trans
former

B1 - 9V battery

S1 - Push-to-on switch

RL1 - 12V, 1 c/o relay

- Infrared LEDs
- Infrared sensor module
120

Both transmitter and receiver can be assembled on a general-pur-
pose PCB. But while assembling the transmitter section, capacitor
C1 should be connected as close as possible to pin 8 of IC1. While
soldering, switch off the iron before soldering IC2 Or use a 16-pin
IC socket.

A proper PCB layout for both transmitter and receiver sections
is shown in Fig. 7. The component layout for the PCB is shown in
Fig. 8.

Adjustments

Keep the receiver about three metres away from the transmitter
and press switch S1. If LED1 on the receiver section does not glow,
adjust preset VR1 till it glows. Gradually increase the distance and
fine tune the preset for maximum range.

The transmitter is powered from a 6F22 size 9V battery. The
current consumption of the transmitter is moderate. So the battery
would last a long time.

Note: It was practically observed that light from flu-
orescent lamps working with electronic ballasts slightly
interferes with the circuit. This is because the electronic ballasts
working on high frequency produce a lot of harmonics which lie
within the range of signal frequency of the receiver circuit and act
as a source of sustained noise. In that case, the sensor module should
be properly oriented to minimise the effect.

Alternatively, the sensor should be covered with a dark red glass
plate. This will slightly reduce the range. Light from other sources
like fluorescent lamps working on ordinary chokes, incandescent
lamps and sunlight do not have any effect on the circuit.
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AUTO-GHANGING IN/OUT
INDICATOR WITH DOOR-BELL

UNNIKRISHNAN P.R.

enerally, whether a person is ‘i’
AR
or ‘out’ is indicated through a
cardboard indicator which has DISPLAY PCR ] I
to be turned for each arrival or departure. 3
Instead of this, electronic indicators can
also be used. ngever, th.ese also ne.ed to MAIN PGB -
be set for changing the display. So, if you '\
forget to change the display the indicator
becomes useless. e :
The circuit described here solves il qu§$)
this problem. It does not need any set- e
ting or adjustment for each change. It (KEY PLATE)
automatically changes the display when Fig.1: Block diagram for the auto-changing in/out indicator with door-bell.
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Fig. 2: Circuit diagram for the auto-changing in/out indicator with door-bell.
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PARTS LIST

Semiconductors: R9,R10 - 8.2-kilohm

IC1,IC3 - 555 timer R11-R26 - 680-ohm

1C2 - 4017 decade counter Capacitor:

T1 - BC149C/BC549 npn transistor C1i,Cé6,C7 - 100pF, 25V electrolytic
T2-T5 - BEL188/SK100 pnp transistor C2.C5 - 0.01pF, ceramic disc
D1,D2 - 1N4001 rectifier diode (:3y - 3.3uF iéV electrolytic
Resistors (all Y4-watt, +5% carbon, unless stated otherwise): C4 - 0.1yF ceramic disc
R1,R3 - 10‘k11f)hm Miscellaneous:

R2 - 470‘—k110hm DIS1-DIS3 - LTS 543 common

R4 - l—hlqhm cathode display

R5 - 6.8-kilohm LS1,LS2 - 4-ohm speaker

R6 - 47—01'.1m, 1 watt S1 - Push-to-on switch
R7,R8 - 5.6-kilohm

ma"_r-x &t 4 ¢°o
Tg lmu- ¢ i )

Fig. 3: PCB layout for the main circuit.
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Fig.4: Component layout for the PCB shown in Fig. 3. Fig.6: Component layout for the PCB shown in Fig.5.

122 SIMPLE PROJECTS





