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No more fumbling around in the dark when
parking the car in the garage at night. The
headlights trigger the garage light for a

preset time period - daytime overide included.

INTER 15 upon us al the time of
w\wriling, which highlights the in-

convenience that the author cx-
periences when garaging the car at night
after a hard duy’s work at the office. After
parking the car at nighl, it can be guite a
joh to fumble around in the dark garage in
search of briefcase, coat and house kevs,
and so this project wus designed in order to
throw a hittle light on the malter (literally).

This garage light control unit will aulo-
matically aperate the parage’s electric light
for a pre-set period, and is activated by the
car’s headlamps as the vehicle enters the
garage. It is also automatic in that it will
only aperate during the night-time hours.
once ambient light lavels have dropped
below a pre-determined level.

The Auto Guarage Light has been
designed to be versatile to allow simple
installation in several configurations, as
shall be seen. The device is a mains-
operaled project und may require some
expericnce or knowledge of domestic
wiring, but installation is quile straightfor-
ward and involves minimal interference
with existing wiring.

HOWIT WORKS

The unit to be described incorporates
several distinct sections as detailed in Fig.
1. ‘1o outline the principles of operation,

when the car is driven into the garage, the
light from the headlamps falls upon a
photo-sensitive device mounted inside the
garage. This sends @ wiggering signal 1o
a4 monostable (“onec-shol™} timer which
starts timing tor a period of up to about
live minutes or so.

The timer 1s connecled o a mains-rated
relay. the contacts of which ure in purallel
with the existing light switch. Henee, the
electric light in the zarage will illuminate
for a presel time period (the monostable
period), long cnough to get one’s coat ete,
out of the car and to lock up with the
convenience of actually being able o see
what you are doing for a change!

Precuulions have to be taken to ensure
that the system is not “Tooled™ by daylight,
which would causc the device to mistake
sunlight for the car headlamps and (rigger
the electric light.

A daylighl vverride is therefore included
in this design. This tukes the simple form of
a second photocell which is mounted near
the window. for example. or if the garage
does nol huve one, outside where it can
watch for dusk and dawn. This second
photocell sends a “resel” signal to the
timer to prevent it from operating during
duylight hours and will auromatically ac-
tivate the circuil again when the ambient
light has dropped to a preset level.

Fig. 1. Block diagram of the Auto Garage Light.
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Vuriuble controls are incorporated to
permit adjustment of the timer period,
sensitivity to the headlights and dusk/dawn
switching point. A further feature permils
the provision of an extra electric lamp
output, in case a light is not already Arted
in the garage.

The Auto Garage Light was desizned to
plug directly into a mains socket, although
skilled and experienced constructors will be
uble to wire directly 10 a fusebox, or a spur.
for exurople. Obviously, such installation
work MUST be carried out by a com-
petent electrician if any doubls exist. To
simplify construction, all components arc
mountzd on a single p.c.b. which includes
most mains interwiring for added safety
and ease of assembly.

CIRCUIT
DESCRIPTION

The circuit diagram of the Auto Garage
Light is shown in Fig. 2 where the various
scctions can be seen. The circuit is cen-
tred around a twin operational amplifier
chip type L M358 although other pin-com-
patible chips have been proven to function
cyuully well.

As indicated carlier, this circuit utilises
two economical photo-conductive cells or
light-dependent resistors (L.d.r.s) similar to
the ORP12 type. The first L.d.r., R3, can be
considered as a “daylight/night-time detec-
tor” and 1s connected Lo form a potential
divider with preset resistor VRI. It 15 lo-
cated in a position where it can monitor
ambient light levels.

The “Day/Night™ sensor, which detects
when dusk 1s approaching, is formed by
IC1a and associated components and will
activate the Awro Garage Light circuit
when the light has fallen to a predeter-
mined level, As ambient light increases, the
unit is de-activated — the circuit therefore
prevents the cleetric light from being un-
necessarily triggered during daytime.

The output from the potential divider
network s taken from the wiper of VRI
and 1s connecled (o the inverting (—) in-
put pin 6 of 1CIa; a simple fixed divider
comprising resistors R1 and K2 provide u
reference voltage of 50 per cent of the sup-
ply rail to the non-inverting (+ ) input pin
5. The supply voltage is approximalely 12V
(see later) and thus pin 3 is held at about
6Y. Ignoring R4 for a moment. the op-
amp Lherefore forms a simple comparator
circuit, since il “compares” the voltapes
present at its two Inputs.

When pin 5 is more positive thun pin 6,
then the output (pin 7) swings “high”, to
almost the supply rail voltage. Conversely,
should the potential at pin 6 exceed that at
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pin 3. then the cutput will swing “low™. 1o
approximately one volt or so,

Since the resistance of Ld.r. R3 changes
inversely to incident light levels, the voltage
at pin 6 will fall when Lhe ambient light
level increases. and risc when light upon it
reduces. Thus, the output of ICla can be
made to switch high or low by the change
of light level which is monitored by Ld.r.
R3, such thuat in durkness (R? resistancc
high) pin 7 is low, and vive versa.

The exact point at which the switch-over
[rom high to low takes place can be deter-
mined by the setting of preset VR1. "Lhis
can be trimmed so thal each installation
can be individually tuned to prevailing con-
ditions,

Of course, the gradual onset of darkness
is a very slow change over several hours.
The gain of the op-amp 18 so high thal, in
comparalor mode, only a tiny fraction of 4
voltage difference need exist between the

approaching the triggering level (isell set
by VRI)

Resistor R4 ntroduces
an  additional  side-eflzct

Alernatively, when pin 7 is high, R4 is

now in parzllel with R1. and the reference
voltage becomes:-
R2

in the operation of the Fror

Schmitt trigger, When the
ourput switches either high or low, this
effectively places R4 parallel with resistors
Rl or R2 respectuvely. This can be
considered as altering the values of K1 and
R2 {0 roughly 7.6k}, and has an important
effect upon the reference voltage af pin 5.
When 1CTa output is low, resistor R4 can
be considered as parallel with RZ. By voll-
ape divider action, the output voltage from
the divider connceted Lo pin Sis:-
. _ {combined value o[ R2and R4in )
el T

{tolul resistance of voltage divider)

R2 and R4 in parallcl are 7.6k and thus
the reference voltage at pin 5 is now not 6V
but 5.18Vie (7.0k ~ 17.6k)x 12,

= 122 Plus value of R1L and R4 in )

* Supply Voltage

» Supply Vollage

Herice the reference volluge is now abeout
6.8V: (10k — 17.6k)x 12,
™ole: Lo calculate the value of two resisiors
in parallel, the formula is:

Ktotul = Rux Rb/(Ra + Rh)

There is now a dilference between the
point at which the eircuil can switch high
and the point when it must switch low,
hecause the relerence voltage at pin 5
(against which the signal volluge [rom
ld.r R is comparcd) is
changed by the inclusion
of R4. This dilference in
switching points. is called “hysteresis™ and
is a [undamental characteristic of Schmitt
triggers.

Fig. 2 Complete circuit disgram for the Auto Garage Light. The instalfation of the
wnit i1 an existing garage light circuil is shown in (3) and how to install a fight if

one does notexist is shown in (b).
non-inverting ( | }and inverting (— ) inputs
of ICla and the device will amplily this
and switch over the state of the output,
Withoul uny leedback between the out-
put and inputs. the amplification factor or
“open loop gain™ of the LM358 is up 1o
100,000 and so the ic. will multiply the
difference between the two inputs by this
factor. making the circuil very sensitive to
differences hetween the inpuls.

POSITIVE
FEEDBACK

However, it was decided to further 1m-
prove the switching characteristics of the
circuit by including resistor R4 fo intro-
duce positive feedback. The ic. then forms
a Schmitt trigger. a circuit which is excel-
lent for converting a very slowly-moving
sipnal (L.d.r. output) into a very rapid on-
off switching action.

Basicallv, once the output starts lo
switch high, R4 transmits a positive-going
signal back Lo the non-inverting input (pin
3) of the op-amp. which accelerates the
positive-gaing tendency of the oulput even
more, This removes any tendency for Lhe
comparator to Vitter” in an intermediatc
state where Lhe Ld.r. R3 resistance is just

Evervday Electronics, March (992

TELECTR €
LiGHT

(]

- EXISTING WiRNG
S— 1MW REHD

TION SOR EXISTING ELECTRIC

HEW
LG

488 6]

IHSTALL A FHLLY CONTROLLED

LIGHT 1T £ME DOES NOT
nEADY L

The completed garage light coritroller showing the Day/Night and Headlight sensors.

AT

%
%
}



A graphical sum-
mary of operation
of this Schmitt trig-
ger is shown in Fig.
3 which plats out-
put against the in-
pul from the lLdr
R3, and is a classical
characteristic of this
type of circuit. In
practice the circuit
will trigger when the
ambicnt light level
has fallen to a cer-
tain level but the
light must increase
back beyond thatl
level before the cir-
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cuil switches back
again.

Connected to the output of ICla 1s a bi-
colour Le.d. D1 and this will glow red when
the op-ump output is high (daylight con-
ditions) to indicate thal the circuil is dis-
ahled. and green when the op-amp outpul
is low (circuit operational). This will prove
especially useful during setting up. Resis-
tors R7 und R8 provide a voltage drop for
each Le.d. chip.

HEADLIGHTS
DETECTOR

The other ap-amp. IClh, is also con-
nected as a comparator circuit but this time
it was nol considered necessary to add
positive feedback. R11 is another pholo-
conductive cell (Ld.r.) which 1s mountcd in
the garape at a spot where the car’s head-
larnps will shine on it. This time, when light
falls upon the photo-resistor, the inverting
input (pin 2) will be foreed towurds the
positive supply rail and the output will
swing low.

Resistors RO und R10 set up a reference
voltage at pin 3 (the non-inverting input)
and VR2 is another preset which con-
trols the sensitivity of the circoit, i.e. how
brighlly Ri! musl be illuninated by the car
headlamps before the comparalor switches
over.

The output from TCIh (“headlights
detector™) drives the trigger terminal (pin
2) of the 555 timer chip, IC2. The timer
requires a voltage of two-thirds of the
supply rail or less in order to commence
timing. and so the 555 is triggered when
Ldr. RLIl detects the car heudlights, the
trigger (crminal being driven low by IC1b.

Unlike the trigger input, the resel ler-

minal (pin 4) of IC2 requires a veltage of

%

Fig. 3 Graph of Schmiit trigger characterislics.

0.7V maximum for the device to reset. The
output of ICla can be well over one volt
when “low" and so a transistor switch TR
was included which also inverts the output
signal [rom pin 7.

Thercfore, when ICla  output goes
high (daytime conditions), transistor TR
saturates and the collector falls to about
100mV or so. This provides a suitable reset
signal for the timer chip. with the result
that during davlight hours, the tGmer 1s
disabled (reset pin held low by TR1) and
cannot operate; this will override any
signals present at the timer's tripper
terminal.

TIMIER

The timer itsell is a standard monostable
arrangement which will generate a fixed
period delay when triggered at pin 2, unless
the reset pin 4 s low, The period is deter-
mined by resistor R4, preset VR3 and
capacitor (C4 and is about cight minules
maximum. YR3 can be trimmed to change
the period as required.

The output of the timer. pin 3, goes high
during timing and this will illuminate Le.d.
D8  a useful indicator during initial in-
stallation. The relay RLA is also energised
during timing. diode D7 prevenling latch-
ing up or relay chatter which sometimes oc-
curs, and D@ shunts away any reverse volt-
age (“back e.nf") generated by the relay
coil when il de-energises.

POWER

SUPPLY/MAINS
SWITCHING

Turning o the power supply and mains

swilching seclion, mains input valtage is
applied to a threg-way terminal block TBI1,
via protective fuse FS1 and is stepped
down hy transformer T1 to 9V a.c. and
bath secondarv windings are in parallel.
This is then fullwave rectified by the
bridge rectifier D2-D5; this is simoothed by
the reserveir capacitor Cl, C2 helping to
decouple any noise and spikes. The resull is
a d.c, unregulated supply of approximatcly
12V-13V which is the main supply rail for
the circuil.

The specificd relay RLA hus (wo sets of
changeover contacts, of which the nor-
mally-open  contacts are employed to
switch the electric light. In fact. the circuit
has been arranged 1o be more versatile, and
will permit not only an existing lamp to be
operated, but also enables the constructor

COMPONENTS

Resistors
R1,R2 10k (2 off)

R3, R11 ORP12 light dependent
éesistor (2 off)

R4 k

R5 1M8 See

R6 &7k SHOP

R7 470 = =

RE 630 TALK

RS, R10 10k (2 off) Page

R12 47k

R13 470

R14 10k

All 0.25W 5% carbon film

Potentiometers
VR1,VR2 47k min. preset, horizontal

VR3 4M7 min. preset,
horizantal
Capacitors
C1 1000y axial elect., 25V
c2 Ol polyester
c3 0p07 polyester
c4d 100u axial alect , 26V

Semiconductors

D1 bi-colour l.e.d.

D2-Db  WOOB 50V 1.5A bridge
rect.

D6, D7 1N4148 signal diode (2 off)

D8 yellow lLe.d.

TR1 BC184L non silican
transistor

1C1 LM358 or 1458 or TLOBZCP
TWin op-amp

1C2 MESGS bipolar timer

Miscellaneous

T1 Mains transformer: 240V
primary; twin 9V 3VA
secandaries (6VA total)

FS1 20mm p.c.b. mounting
fuseholder c/w 1A fuse

RLA Min, p.c.b. mounting 12V
200chm coil relay, with
d.p.d.t. mains raled (240V
a.c. BA) contacts

B1 3-way mains rated p.c.b.
mounting screw terminal
block

TB2 4 -way mains rated p.c.b.

mounting screw terminal
block
Plastic box, size 115mm x 185mm x
62mm; insulated p.c.b. mounting pillars
(4 off); Led lens-clips, 1 clear, 1 yel-
low: 1.00mm2 twin-core and Earth
wire; cable, solder elc.
Printed circuit board available from
EE PCB Service code EE786.

Approx cost

£19

plus case

guidance only
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1o connaet a Light to the unit if the gurage
does not ; y have Lighting installed.

The electric light 15 connected to the
four-wiy lerminal block TB2, To automate
an existing light, simply connect lerminals
TR2:2 and TB2/3 in parallel across Lhe
light switch, Contacts RLA2 will then close
when 1C7 is timing. and this will in effect
shorl oul the light switch 1o Hluminate the
electric lightl.

If however no light and/or light switch
exists. then a link wire can be inscricd be-
tween terminals TB2/1 and TR2/2 which
connects the liva (L) supply to RLAZ. The
bve outpul is taken from terminul TB2/3
to a new light which can be installed by
e constructor in the gurage. The wireuil
returns Lo terminal TR2/4 where it is con-

nected to neutra] (N) through relay con
tacts RLALL

The maine supply can be tuken from 4
fused 134 outler (a3 tn the case of the
prototype) or experienced constructors will
he shle (o take  suitahle supply from the
domsstic fuscbox. In its basic configura-
Lion using the existing light switch. instal-
ltion is kept very straightforward and
the modifications 1o any existing electrical
wiring ure very simple. but this depends on
whether a 240V supply already exists in the
SATAZE. .

CONSTRUCTION
The whole of the circuit for Lthe Auto

Gurage Lipht is constructed on g specially

designed  printed cireuit board (pebi}

T AN
idor !

This includes all mains interwiring which
simiplifies assembly.

Hawever, due 10 the presence of maitls ralt-
ages, extreme care Hust be taken wihen finally
installing and setting up the unit. The board
showilid be rested using the low voltage method
outlined under the *Testing " heading.

The printed cireuit board camponent bay-
wut and full-size copper foil master pattern
is shown in Tig. 4. This board is available
from the EE PCR Service, code EET806,

The p.c.b. measures 160mm x 82mm and
the pratotype unit was housed in a plas-
tic box of dimensions 185mm x 115mm x
62mm approximately. Belore commencing
work on the circuit hoard, simply use the
emply p.c.b. as u lemplate for drilling the
p.c.b, mounting centres in Lhe box.

Th 73
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Assembly should start with zoldering

i position the smallest components first. o/ T RE
see Fig. 4. The canstructor may wish to A L : el el
utilise &-pin d.1 1. sackets for 1C1] and [C2. eI e : / 1 ‘I‘ ; : f t
Continue by fitting the larger components, .' e | P 1

soldering the transformer in last of all. It is
essential that the transistor, elsctrolytic
capacitors, bridge rectifier and diodes are
correctly polarised; also note the two link
wires which need soldering into place,

It should be notzd Lhat the p.e.b. is
designed Lo a 0.lin, pitch throughout, and
it is therefore very important to purchase a
transformer of the same piteh (5.08mm), as
well as general pin configuration, to fit
correctly on the circuit board. Metric pitch
(5.00mm} translormers will not it snugly
on the pe.b. and should not be used.

The same applics o the relay and
two  lerminal blocks; apain these are
5.08mmy0.Lin. pitch and metric versions
would not ensure an adeguate (1. Beuring
i mind that these items arc at mains
voltage, and the unit is designed to he left
unallended, it s advisable to employ the
recommended components.

After mounting all the components on
the p.cb., the board can be nstalled into
the box, IF o plastic housing is used. it is
very important to mount the pob. with
FELLY insulated mounting pillars, such
as pv.o stand-offs. These must be strong
enough to varry the weight of the trans-
former and can be fixed into place with
scll-tapping screws at each end.

The use of a plastic box meuns Lhat
“Earthing™ of the case is nol reguired but
none the less, uny exposed metal screws
should either be carthed or tully insulated
from any mains circuitry inside — hence the
plastic mounting pillars. If & metal case is
used. this MUST be soundly Eurthed,

The flving leads for the Ld.r. photocells

and light-emitling diodes were soldered di-

rectly to the pe.b. as per Fig. 5, though Lhe
mains connections are laken to the screw
terminals. AL (his stage. do not connect
anything to the 4-way block, and do not
connect the board ro the mains supply.

LIGHT SENSORS

On the prolotvpe, Ldir. R3 {Daylight
deteclor) was mounted on a small tagstrip.
with fixing lugs. and was located flush
against the garage window, it was con-
nected by a length of twin-core cable. The
cable could be [ive metres long or mors, if
required,

[t 15 obviously necessary that this

photocell (R3) has an unobslructed view of
ambienl light levels. If no window is

158

CIRCUIT BOARD

available, then 1t 18 very sasy to construct
an “outdoor™ unit which could be mounted
say on 4 door frame or near Lhe eaves (i
any). The suggested outdoor unit is built
into @ small plastic housing with a clip-on
lid — an Aspirin container, for example.

If the housing has thin enough walls, 1t
will act as a weatherprool light diffuser
for the photocell which is mounted within
on a picee of tagstrip. The interconnecting
cable is routed throngh into the garage to
the Auto Garage Light. Obviously, there is
plenty of room (or improvisalion using any
muaterials Lo hand.

On the other hand, Ld.r. RIT must he
mounted in the parage in a location where
light from the car’s headlumps will fall
onto it. This photocell could be glucd
directly on u small plastic box as per the
prototype. or indeed could be affixed to the
box of the main unit itself if this is in a
suitable position. Both photwocells must be
positioned where light from the electric
lighl does not tall onto them to aveid
feedback, and trial and error will determine
the best location,

TESTING

With assembly now complete. inspact the
board tor any errars or omissions. Pay
special attention to the polarity o U
bridge rectifier and smoothing capacitor
Cl. Inserl the two integrated circuits into
their sockets, right way round, if vou have
not already done so.

Prior to operating the system, it mighl be
un idea to keep the photocell assemhlies to
hand and not maunt them permanently un-

til the unit has been tested.
By far the best way of checking
the unil before permanently install-
ng it 18 to connect the hoard to a
bench power supply if one is
2o, Available With the led's uand
i photacells wired to the board (bt
faot the mains ), sct presets VR and
4 VRZ to midway, VR3
to nearly fully anti-clack-
wise, and clip a 12V dg,
supply “across  capacitor

If the bicolour Le.d.. DI
is red (“daytime™) then it
should be
possible
change the colaur by
covering up R3. This
simulates nighl-time con-
ditions, and preset VR
might require adjustment
to achieve this,

When the Le.d, D lurns green (“night-
tine™). temporarily exposing R11 to light
will simulate car headlamps (adjust VR2
if necessary) and the relay should be heard
to click into aperation with the yellow
Led. D8 illuminating. After a period
determined by preset VR, the relay will
switch out again,

The main thing to ensure at this stage is
that if D1 is red then il should not be pos-
sible Lo activate the relay and DR hecause
the timer should be in a disabied state due
to the resetting action of transistor TR1
upan FCla.

If the board correctly operates as
above, it can now be installed in the
garage. Ilnially it would be better to run
the board on the mains without connect-
ing it to the light switch, so connect a
240V outlet via TBIL. It is extremely
important (0 conneet the Live, Neutral and
Earth the righr way round. Mains cables
need to he secured with ““P™ clips or cable
glands, for example, s0 that they cannot
be pulled out,

CAUTION! When the board is run-
ning from the mains, certain components,
natahly the fseholder, are live!

FINAL
INSTALLATION

Since no two garages ure alike, installa-
tion is likely lo be a matter of trial and
error as far as the seitings of the presets
and locations of the two photocelis are
concerned. Testing of the prototype in-
volved much flashing of headlights!

The link to the light switch can be ef-
fected with 1.00mm?2 flat twin core und
earth [TC&E) electrical cable of the re-
guired lenglh, with cables firmly fized to
the wall using cable clips. A modern light
switch may already he earthed and an
Earth conneciion can be linked to the
earth (E) terminal of TBI, for continuity.
Carefully bend the TC&E wiring 1o shape
s0 as Lo aveld undue strain on the 4-way
terminal block.

Finally. if the constructor is using the
unit to install o light where one does not
already exist, then a short link wire {made
from 6A wire) is fitted to join lerminals
TR2/1 and TB2/2  see circuil diagram —
and then an electric light can be wired
in to terminals TB2/3 and TN2/4, again
emploving 1.00mm2 flat twin core. If re-
quired, an Tarth can be taken from TBI
{middle terminal) to earth any additional
light ftlings or switches which may he
mstalled by the constructor, E

-
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