Constructional Project

DOOR

SENTINEL

A. R. WINSTANLEY -

If you have not already heard, the government is mounting a
campaign to prevent crime. This low-cost security project will not
prevent crime, but the “high power"” siren should put any would-be
criminal to flight!—Can be used in the home, office or shop.

E DQOR SENTINGL is a4 small battery
operated alarm unit which monitors
doors or windows and sounds a pierc-

ing alarm when the door or window is
opened.

FEATURES

® Awlomafic reseffing after twoe minutes.

® Hidden vperating switches whick are
worked by a horseshoe magnret; fom-
perproof eperation.

® Normally-closed provection loop.

With burglarics and break-ing seemingly
on the increase, a widening variety of anti-
theft devices is becoming available to help
the houscholder to protect his property.
Such countermeasures include window locks
and alarm systems, and heing economical
and easily installed they are a worthwhile
method of helping v combat the threat
posed by upportunists and burplars.

More sophisticated electronic monitoring
systems can also be installed to provide a
comprehensive protection nctwork which
can be tailored to individual needs.

The Door Sentinel to be described here
could faorm a useful adjunct (o an existing
system or can simply be installed as a totally
independent deterrent to monitor any door
ar window. The Sentinel is a compact bat-
tery-operaled alarm unit which provides
closed-loop protection by means of a surface-
mounting reed switch, and an outline of ils
aperation follows.

QUTLINE DESCRIPTION

A reed switch with operating magnet is
fixed ta the desired door such that the reed is
closed by the mugnet when the door is shut,
see Fig. 1. When the door is opened, the
magnet is removed away from the reed,
breaking the closed loop circuit, and this will
trigger the alarm in the Sentinel,

This design incorporates a very piercing
solid-state audible wamning device, and once
tripgered, the unit will operate this alarm for
approximately two minutes and will then
automatically resel itself.

A further refinement is that there are no
apparent switches showing on the unit,
instead the Sentinel is either activated or
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Fig. 1. Block diagram showing how the Door Sentinel operates.

tumed off by built-in mapnetic switches, The
user turns the device on or off by touching a
magnet ta the appropriate place on the front
panel. Therefore an intruder cannot easily
disable the unit himself, since hopefully he
won't have a magnet o hand at the timel
Omnly somconc with the appropriate know-
how will be able to operate the alarm.

HOW IT WORKS

A flip-flop circuit interfaces two teed
switches to the Door Semtinel circuit, the
reeds being used to either “arm™ or “reset”
the alarm. The flip flop, when sct, will cna-
ble both un astable und a monostable muiti-
vibrator. The astable flashes an l.&.d. which
acts as a “power on' indicator, whilsl the
monostable timer drives un uudiblec warning
device through u transistor butfer,

A surfacc mounting reed switch is fixed to
the door jamh and an operatng magnct is
positioned adjacently, such that when the
door is closed, the magnet causes the reed
switch to close also. This forms a “normally-
closed™ protection loap.

Opening the door will lake away the mag-
net and this opens the reed. 'The signal so
produced is inverted to trigeer the monosta-
ble circuit, causing the audible warning

device to sound for a pre-delermined period.
After the perivd has ended, the alarm will
reset itsclf, unless the reed switch is still
open.

Interfering with the normally closcd loop
in any other manner will also sound the
alarm. Since hidden reed switches are also
employed to set ur reset the unit, this makes
the Sentinel tamperproof to a limited extent,
since it is necessary to use a magnet to switch
the unit on or off. There are no visible con-
trols otherwise

CIRCUIT DESCRIPTION

The circuit diagram of the unil appears in
Fig. 2. This design employs the CMOS ver-
sion of the popular twin timer chip, type
1CM7556. One half 1C2a is used as the alarm
timer and IC2b is employed us an le.d,
flasher. The CMOS version is utilised in
order to reduce current consumption and so
prolong hattery life.

ICla and ICib are two CMOS NAND
gates wired to [orm a bistable flip-flop. The
inputs to the bistable are $1 and 52, two
magnetic reed switches. Operating each
switch in turn will cause the output of the
arrangement to switch successively. The out-
put is observed at pin 10 of 1C1 and will
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switch between a high and low, or approxi-
mately +93V and 0V respectively.

The. flip-flop output connects to the
“Reset” terminals of both timers. so when
IC1 pin 10 is low, both limers are disabled
and cannot operate. By opcrating 81 with a
magnet, both timers are enabled since their
“Reset” terminals are hiased high.

1C2a 15 connected as a monostable multivi-
brator circuit; this 1s a circuil which once
triggered, will deliver one output pulsc only
and will then reset itself. The length of the
output pulse (observed at pin 5) is defer-
mined by R3 and CL. Multiplying their va-
lues together produce & time period of 100
seconds—in theory! [However, since C1 has
an inherently large tolerance and also a high
leakage current, you can expect to realise a
much longer time delay of, say, 200 seconds,
In a non-critical timing application likc this,
such inaccuracies are of no consequence.

L.E.D. FLASHER

Integrated circuit 1C2b 15 wired to form an
astable multivibrator which produces a
steady stream of output pulses. 11 is a light-
emitling diode connected to the astable out-
put through a voltage- dropping resistor RS,

Fig. 3. Pin-out details for the twin timer and the guad NAND gate i.c.s.

eyele of the astable: C2 will now charge up
almost straight away through R7 and D2
{which shunts RR) so that the “on™ time or
“mark” is very short.

When the potential across C2 has reached
two thirds of the supply, the output goes low

IC2a
ICM 7556

g

F.;g. 2. Full circuit diagram for the Door Sentinel. Switches S1 and 52 are the

ass reed types mounted in the circuit housing and S3 is the surface mount-

ing reed which is attached to a door, window or cabinet together with a

magnet.

and the l.e.d. will illuminate when the output
is high.

The operauon of the 556-lype aslable is
well known but in bricf it operates as fol-
lows. Assuming that the Reset terminal pin
10 is high, C2 will commence charging wp
through R7 and RS until the voltage al pins 8
(trigger) and 12 (threshold) reaches two
thirds the supply voltape. During this charge-
up period the output is high.

When lhe capacitor is two (hirds churged,
the i.c. discharges the capacitor through an
internal transistor via BB until the potential
across C2 drops to ane third the supply volt-
age. The output is low when the capacitor 15
discharging but will switch high apain when
the voltage across (2 has dropped to one
third supply voltape, at which point the
capacitor starts to charge up again.

Basically then, C2 churges up to two thirds
and then discharpes down to one third the
supply rail, switching the output high and
low respectively.

However one drawback is the relatively
long “on™ time which in this application
cAnses UNNEecessary  power consumption.
since the Le.d. illuminates for longer than is
really necessary, The inclusion of diode D2
across R8 greatly modifies the operational
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and the capacitor discharges slowly through
RE into the i.c.—D2 now has no effect be-
cause 1t is reverse biased and so cannot con-
duct. The capacitor will charge quickly
through RT and D2 again, after it has dis-
charged down to one third supply. '

The result is that the Le.d. will not so
much flash on and off but will “strobe™ in a
manner which can be likened to a mini-
stroboscope. Average current consumption
is much reduced beeause the “on’ time of
D1 has been greatly shortened. Battery life
will therefore be extended—all due to the
addition of a diode costing a few pence! The
addition of 4 shunting diode like D2 is not un
uncommon method of modifying the mark to
space ratio or duty cycle of 555-type astable
multivibrators.

ALARM CIRCUIT

MAMND pate IClc is connected as a simple
inverter so that wheo S3 is closed. the two
inputs of 1Clc arc both low, thus its outpul
(pin 3) will be high. Therefore the trigger
terminal of IC2a (pin 6) is high, so the mono-
stable will not operate.

Il $3 is opened, even for a [raction of a
second, then ICIc input will be biased high
through R3. The NAND gate inverts this to

produce a low signal at the trigger terminal
of the monostable. IC2a therefore triggers
and its output—pin S—goes high for a period
of (R5 (Ohms) X Cl (Faruds)) seconds, us
previously described, Even if $3 is now
closed again the monostable will remain trig-
gered but resets itself after the time period
has lapsed.

TRANSISTOR BUFFER

Transistor TR1 is a transistor switch and
when 1C2a output goes high, (the monosta-
ble having triggered), TR1 will turn on,
thereby completing the circuit to WD1. The
audible warning device will sound for the
monostable period.

Transistor TR #s included to counteract
the output characteristic of CMOS 555-type
timers whereby the output voltage drops no-
ticeably as output current increases. Techni-
cally IC2a could drive WD dircetly but TR1
cnsures that the buzzer is driven by the full
supply rail voltage, not a reduced voltage
which would be present at the timer output.

Regarding the audible tone pencrator
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Fig. 4. Component layout and full
size printed board copper foil master
pattern for the Door Sentinel.

COMPONENTS

Resistors
R1,R2 1M (2 off)
R3 10M
R4 47K
RS 10M
R6 470
R7 47k
R 3M3
All VaW SaapageZ0s

5% carban film

Capacitors
C1 10u tantalum bead 16V
bor) 1p tantalum bead 16V

Semiconductors
IC1 CD4011BE quad NAND
IC2 ICM7556 dual timer
TR1  ZTX300 silicon npn
D1 0.2"red l.a.d.
D2 1M4148 silicon dicde

Miscellaneous
51,52 miniature glass reed
switch (2 off)
S3 surface mounting reed

switch with magnet
piezoelectric warning
device (high power type)

B1 9y PP3-type alkaline bat-

tery with clip

Bax, TEKO Wall Housing
123x70x42mm, red/black; printad
circuit board available from the EE
PCE Servica; 14-pin dil socket (2
off]; Le.d. lens-clip; intarconnect-
ing wire; mounting hardware’
solder; etc.; small horseshoe mag-

| £15

WD1

Approx. cask :
‘Gurdance anly
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Fig. 5. Interwiring from the circuit board to the reed switches, warning buzzer

WD1 and the “power on”l.e.d.

Positioning of the circuit board and warning buzzer in the bottom of the

case.

itself. a piczo cleetric type hus been selected
for its clarity of output tone coupled with low
current consumption. QOrdinary electrome-
chanical buzeers cannot be substituted in this
circuit.

Since WD1 will sound for as long as [C2a
is triggered, the alarm tone will automati-
cally cancel at the end of the monostable
period, unless the trigger signal is still pre-
sent. The only way to cancel the alarm
manually is to operate 52, This will reset the
Sentinel completely.

Switch 83 itself is a reed switch which is
affixed on the door jamb. The operating
magnet is placed on the door itself such that
when the door is closed, the reed is closcd by
thc magnet; opening the door will open 83
and the alarm will be triggered.

The whole svstem operates from a PP3-
type 9V battery. There is of course no appar-
ent on-off swilch since the unit is controlled
through 51 and 52. When in a reset mode,
the circuit consumes 0.3mA as measured on
the prototvpe, most of this being drawn by
the timer chip. The Sentinel draws 0.75mA
{measured) when “armed”. An alkaline bat-
tery is preferred for B1. Tests with the proto-
type would suggest a battery life of at least
four months when the device is armed for a
period of 12 hours per day.

CONSTRUCTION

The prototype unit was onnstructed in a
TEKO Wall Housing moulded in red and
black ABS plastic and mcasuring
123x70x42mm. It is a simple clip-topether

type and the two reeds 51 and 52 arc fixed
hehind the removable cover, along with the
light-emitting diode.

Tor greater secutity a screw-together plas-
tic box of similar dimensions could be used,
to make it more difficult for unauthorised
people to gain access to the inner workings of
the alarm.

The components themselves are mounted
on a single-sided printed circuit board of
dimensions 55x42mm, see Fig. 4. This can
be manufactured by the home constructor in
the normal manner, alternatively ready-
made circuit boards are available from the
Everyday Elecironics p.c.b. Service.

Using a fine-tipped soldering iron, com-
mence construction by soldering in the two
14 pin d.i.l sockets o accommodate the
inteprated circuits. Follow on with all re-
sistors, diodes and capacitors. Take care par-
ticularly to observe correct polarity of the
diodes and tantalum capacitors. Also exer-
cisc caution when soldering (he diodes and
transistor as these are heat-sensitive semi-
conductors: if in doubt, employ a clip-on
heat shunt {0 carry away cxeess heat which
may be present during soldering,

The two CMOS chips are sensitive to ex-
cessive static electricily and must be retained
in their anti-static packages until the lust
passible  moment. Insert them—correctly
arientated —only when all soldering has heen
completed.

The lid 18 prepared by carefully drilling a
matrix of holes 1o permit sound from the
inlernal audible warning device to pass
through. The holes should be very carelully
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The completed Door Sentinel showing the glass reed switches mounted

on the inside of the case fid.

drilled with a hand-held drill: the resultant
holes can be chamferred with a countersink-
ing bit in order lo “soflten” the appeurance.
A fow gentle twists with the countersink bit
will make the appearance of the matrix more
acceptable. A [urther hole 1s reguired [or the
Le.d., which can be fitted into position with
a lens-clip.

FINISH

Finally embellish the front pancl with ub-
down transfer lettering as required, and fin-
ish off by spraying on a light coat or two of
protective transparent lacquer.

Qn the prototype, the two glass reed
switches were fixed into place on the inside
of the lid by carcfuily applying a drop of

cyanoacrylate adhesive gel. e.g. “Super Glue
Ktra”. Some care is required when dealng
with the reed switches sinee they are rela-
tively fragile. Do not bend their lead- outs
too close to the glass bedies or the wholc
reed switch will fructure. ldeally use a pair of
round-nosc plicts when bending and forming
the lead- outs of the switches.

Interwiring is then completed with gen-
eral purpose hook-up wire in accordance

with Fig. 5. The use of different colours will -

assist with checking later on.

The irigger reed switch 53 {s connected (o
the pe.lb. by a twin-core [lying lead which
passes Lthrough 2 hole in the case to the p.c.b.
within the box. Complete construction by
fitting the assembled printed circuit board to

the base of the cabinet using 6BA or M3
hardware. A hattery can be fitted to the
battery clip und can be retained in place with
u smiall piece of double-sided adhesive foam
strip.

With the operating magnet positioned next
to 53, the Le.d. may ar may not be flashing
when Lhe batlery 15 connected. Operating S1
with a horscshoc magnet (see Notes) should
arm the unit and the Le.d. will blink.

TESTING AND INSTAL-
LATION

Separating 53 {rom ils closing magnet will
cuuse the alarm to sound —be warned, it's
quite picrcing! The alarm should reset itself
after a period of several minutes, but only if
83 is closed again with the magnet. In the
mterim the only way to silence the alarm is to
close 52 temporarily with the horseshoe mag-
net.

With testing camplete, the Sentinel can be
ipstalled in its {inal position. The kevhole
slots in Lthe base of the plastic box can be
knocked through to fix the alarm to any
suitable surface by using screws. $3 should
be fitted (o the door jamb and the operating
magnct screwed into place adjacently on the
door itself.

The twin core wire linking 83 to the alarm
unit van be several metres long if required.,
50 it is quite fcasible to place the Sentinel
within earshot of the occupants of the house.
Furthermaore, if this conneclion wire is cut in
an attempt Lo disuble the alarm system. the
alurm will sound continuously until reset:
one ot the advantages of closed-loop protect-
ion.

APPLICATION NOTES

Since a normally-closed loop is employed
as the basis of detection, it is possible ta use
certain other devices in conjunction with the
Sentinel to form a small monitoring system.
For example, witdow foil could perhaps be
used instead of a tripger reed switch, to warn
of a broken window. Alternatively, several
reed switches conld be wired in series (o
extend protection to several doors. Obvi-
vusly the deviee could further be used to
monitor any window in a similar manner to
its principal nse as a door alarm. 0,

TRANSISTORS AS
RECTIFIERS

N LOW-VOLTAGE rcctifier circuils the

voltage drop across the silicon diodes
in common use can be a problam. A typi-
cal diode wastes about 1V. This may he
all right if the mains transformer delivers
enough voltage. Bul occasions erise
where an existing transformer can’t quits
do the job.

In this case, it is possible to squeeze an
extra half volt of d.c. output by substi-
tuting silicon Schollky diodes for the ordi-
nary types, Schoitky dicdes are
expansive, however. Garmanium power
rectifiers would do lhe same job, but
appear lo be no longer made,

An alternative is to use germanium
power transistors connected as diodes,
These transistors can often be salvaged
from old amplifiers, stc.,, and you may
well have some in your junk bax,

The diagrarm Fig.1 shows a typical
push-pull voltage reclifier whose diodes
D1 and D2 can be germanium powaer tran-
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sistars eonnected as shown. Most audio
power transistors are usable.

The main limitation is the reverse emit-
ter-base voltage |VYz=s]. This is twica the
d.c. output voltaga, (2.8 times the r.m.s.
a.o.input voltage). A maximum Ves rating
of 10V applies to many germanium
power transistors and limits the r.m.s
input valtage to ahaur 3.5V,

Larga pulses of current flow into
capacitor C1. The peak collector current
vating (lem) shouid be at least twice the
d.c, output current. Fortunatsly, many

germanium alloy power lransistors have
large lcw ratings so the requirement s
288y to mest. A transistor big enough to
dothe jab is likely to drop abaut 0.5V.

I the circuit shown each “diode” has
to deliver half the load current. Its dissi-
pation is then calculable. For example, if
the load currant is 2A the dissipation is
likely to be about 1TAX0.BV=05W or
500mW. IT the collector dissipation rating
{free air, no heatsink) is more than this
then no cooling arrangemeants may be
needad.

Fig. 1. Arrangement for using Germanium power transisiors as rectifier

diodes in a low-voltage supply.
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