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Programmable Appliance Timer

This handy device applies ac line power to any
electrical appliance for a preprogrammed period of
time up to 20 minutes in 5-second intervals

By Ladislav Hala & Peter Hala

Programmable Appliance
Timer like the one to be de-
scribed can find application

in a wide variety of work environ-
ments. Designed to apply ac-line
power to an electrical device or appli-
ance for a predetermined period, it
offers a range of from 5 seconds to
20 minutes in 5-second intervals.
Though the Timer was originally in-
tended for use with exposure lights
for photographic printed-circuit
processing, we found it to be just as
useful in a photography lab, science
lab and even in the home kitchen.

Our Appliance Timer is easy to
build and operate. It uses printed-
circuit construction and only easy-
to-get and inexpensive components.
Just six switches, each of whose
functions is obvious, control all
timer operation from turning on
power to setting the time interval to
starting and stopping a countdown.
The Timer can be made to handle
loads up to several hundred watts,
depending on the power rating of the
ac line-switching device used.

About the Circuit

The schematic diagram of the Timer
circuit, minus its ac-operated power
supply, is shown in Fig. 1. The
““heartbeat’” of this circuit is 14-
stage divide-by-two counter/oscilla-
tor IC! and frequency-determining
components CI, C2, RI, R2 and
crystal XTAL. A crystal is used in

this circuit for more stable operation
than is usually possible with RC ele-
ments. Because the crystal is so pre-
cise, thereis no need for an expensive
frequency-counter/ display system.
Two functions are performed by
IC1. One is generation of a series of
pulses whose frequency is that of the
crystal; the other is division of the
basic oscillator frequency to provide
a low-frequency output. Since the
crystal specified in the Parts List 0s-
cillates at a frequency of 32,768 Hz
and the 14-stage binary counter di-
vides by 24 times (or 16,384), the
output from IC/ at pin 3 is 2 Hz. Be-
cause crystals are rarely cut to an ex-
act guaranteed frequency, trimmer
capacitor TCI may be needed in the
frequency-determining network to
allow you to adjust the oscillator’s
frequency to exactly 32,768 Hz with
the aid of a frequency counter. For
less-demanding split-second timing,
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C1 and C2 can be without optional
trimmer 7C1.

Counter /C2, clocked at CLK input
pin 14 from the output of IC1, deliv-
ers a pulse every 5 seconds at pin 12.
(See Fig. 2 for pinouts of some 4000-
series ICs used in this project.) The
disadvantage of using a 4017 counter
chip is that it divides by only 10 but
division by 12 is required in this proj-
ect. The solution is to use two 4017s,
connecting them into the circuit as
shown for /C3 and IC4 in Fig. 1.
Power dissipation is equally shared
by the two counters by having each
drive only six of the o through 55 sec-
ond light-emitting diodes (LEDI
through LEDI2).

The purpose of the counter is sim-
ple. Resetting both /C3 and /C4 so
that the Q0 outputs at pin 3 are at log-
ic high, the next clock pulse arriving
at the counter arrangement changes
the states of Qo0 and Q! (the latter at
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Fig. 3. Schematic diagram of power supply and load controller circuits, the latter built around a triac.

+ 10 volts by voltage regulator IC10.

Note that /CI10’s ground terminal
isnot connected directly to ground as
is usually the case with three-termin-
al fixed-voltage regulators. Instead,
it goes through fixed resistor R33
and trimmer potentiometer VR/ that
allow the output of the regulator to
be adjusted for a fairly precise + 10
volts of regulated dc instead of being
a fixed + 5 volts had the ground ter-
minal been connected directly to
ground. Once the regulated +10
volts is obtained, it is further filtered
by C5 before being delivered to the
Fig. 1 circuitry.

Notice that POWER LED23 and
current-limiting resistor R32 are
shown phantomed in Fig. 2. This is
because these two components are
optional. Though you may wish to
install them in your project, there is
really no need for a POWER indicator
since at least one of the other 22
LEDs in the project will be on when-
ever power is turned on.

Transistor Q2 controis triac TR/
through optical coupler /C1/ in re-
sponse to the conditions of the Fig. 1
circuit. The triac, in turn, controls
power to the electrical device plugged
into the ac receptacle shown at the
lower-left in the schematic.

The value of resistor R34 can be
greater than that indicated in the
schematic and specified in the Parts
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List. Just keep in mind that it must
be low enough to ensure proper trig-
gering of TR1. (The minimal current
for the LED in the MOC3020 opto-
coupler of 15 milliamperes or less is
typically required for adequate diac
control of the triac. For the MOC-
3021 or MOC3023, the current is
even smaller.)

The R36/C6 and R37/C7 compo-
nent pairs are used for ‘‘snubbing’’
off IC11 and TR 1. Generally, induc-
tive loads require these components.
If a noninductive load is being
switched, these components can be

project, it is best to build these resis-
tors and capacitors into the Timer.
However, if you omit these compo-
nents, you must raise the value of
R35 to about 1,000 ohms.

If you prefer not to use a triac as
the ac-voltage switching element for
the load, you can use the simpler
power-supply circuit shown in Fig. 4.
This circuit replaces the components
on the primary side of the power
transformer and the optical isolator
with a simple electromechanical re-
lay. The remainder of the circuit—
that on the secondary side of the

omitted. If you are not sure what transformer—is identical in both

kinds of loads will be switched by the circuits.
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Fig. 4. An alternate controller-circuit arrangement that replaces the triac and its
associated components in Fig. 2 with the simpler relay arrangement shown here.
The basic power-supply circuitry remains the same.
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to assemble the Timer. If you wish to
have the layout shown for the front
panel in the lead photo, it is best to
use printed-circuit construction. If
you prefer not to make your own pc
boards, perforated boards with holes
on 0.1-inch centers and suitable Wire
Wrap or soldering hardware can be
used in place of the pc boards. Of
course, if you wish simplified con-
struction and no mis-wired connec-
tions, use of pc boards is highly rec-
ommended. Regardless of the con-
struction technique selected, it is a
good idea to use sockets for all DIP
ICs. From here on, we will assume
printed-circuit construction.

Two printed-circuit boards are
called for in this project. One accom-
modates all components shown in
Fig. 1, the other most of the compo-
nents shown in Fig. 3. Fabricate
these boards using the actual-size
etching-and-drilling guides shown in
Fig. 5. When both boards are ready,
temporarily set aside the smaller one
and place the larger one on your
work surface oriented as shown in
the Fig. 6 wiring guide.

Begin populating the board by in-
stalling and soldering into place the
IC sockets. Do nor install the ICs in
the sockets until after preliminary
voltage checks have been made and
you are sure the project has been
properly wired. Once the sockets are
in place, install and solder into place
the jumper wires (identified with the
letter ¢“J’’). You can use short lengths
of bare solid hookup wire for jump-
ers that are shorter than 1 inch but
you must use insulated hookup wire
for any longer jumpers. When you
are finished installing the jumpers,
count them; there should be 21 in all.

Next, install the resistors, noting
that R13 through R16, R19 and R20)
mount upright and that R8, shown
phantomed just below the 1C9 sock-
et, mounts on the solder side of the
board after switch SW2 has been in-
stalled. Follow up with the capaci-
tors and then the diodes. Note that,
like R8, C3 mounts on the bottom of

the board, its leads tack-soldered to
the indicated traces as shown. Also,
make absolutely certain that each di-
ode is properly oriented before sol-
dering its leads to the pads on the
bottom of the board. Install the tran-
sistor, making sure it is properly
based before soldering its leads into
place. Using heat judiciously, install

and solder into place the crystal in °

the location indicated. Trim any ex-
cess lead length after soldering.

Plug the lugs of rotary switches
SW1 and SW2 into the specified
holes in the board and solder into
place. Then bend the leads of R& as
shown and trim each as needed.
Tack-solder both leads to the indi-
cated pads on the bottom of the
board.

Drill a %-inch or slightly larger
hole through a piece of plastic, sheet
metal or stiff cardboard. Place this
on the shaft of either SWI or SW2
and loosely secure it in place with the
switch’s hardware. Measure the dis-
tance between the bottom of this and
the top of the circuit-board assem-
bly. This measurement is how far the
bottoms of the light-emitting diodes
must be from the top surface of the
circuit-board assembly. Remove and
discard the plastic, sheet metal or
cardboard. If you use LEDs that
have flanges around their bases, the
measurement applies to the distance
between the board and the fops of
the flanges.

Measure and mark the leads of all
LEDs with the measured dimension.
It is best to use a permanent black or
other dark-color marker for this.
Then plug each LED in turn into a
pair of holes up to the marks, mak-
ing sure it is properly polarized, and
solder its leads to the copper pads on
the bottom of the board. Trim away
any excess lead lengths. When all
LEDs have been installed, orient
them so that they are perpendicular
with the board’s surface.

If you build your circuitry on a
perforated board, it is best to install
the LEDs in the front panel of the se-
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lected enclosure and interconnect
their shortened leads with the appro-
priate points in the circuit with
lengths of hookup wire. If you do
this, be sure to insulate all connec-
tions with small-diameter heat-shrink-
able or insulating plastic tubing.

Strip % inch of insulation from
both ends of seven 8-inch lengths of
insulated hookup wire. Do the same
for three 4-inch lengths. If you are
using stranded hookup wire, tightly
twist together the fine conductors at
both ends of all wires and sparingly
tin with solder. Plug one end of the
8-inch wires into the holes for the
switches and solder into place. Then
plug one end of the shorter wires into
the TO BASEOF Q2, GND and V + holes
and solder these into place as well.
The other ends of these wires will be
connected later. Meanwhile, set this
circuit-board assembly aside.

Place the smaller printed-circuit
board in front of you in the orienta-
tion shown and refer to Fig. 7 for
wiring instructions. Begin wiring this
board by installing and soldering in-
to place first the resistors and then
the capacitors and diodes. Make sure
the electrolytic capacitors and diodes
are properly oriented before solder-
ing their leads to the copper pads on
the bottom of the board.

Install and solder into place a six-
pin DIP socket in the IC11 location.
(If you cannot find a six-pin socket,
you can substitute Molex Solder-
cons®.) Plug the optoisolator into the
socket, making sure that no pins
overhang the socket or fold under
between the optoisolator and socket.

Install and solder into place trim-
mer control VRI as shown. Then
plug the leads of Q2 into the appro-
priate holes and adjust the height of
this transistor so that the bottom of
its case is about % to % inch above the
surface of the board and solder into
place. Note that both the voltage reg-
ulator (IC10) and triac (TRI) have
metal tabs protruding from the tops
of their cases. These tabs must be
facing away from the center of the
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board when these devices are in-
stalled on the board in their respec-
tive locations. After plugging the
pins of the devices into the holes in
the board, push down until the
points where the pins widen are flush
against the board and solder all pins
into place. Trim away excessive pin
lengths.

If you have decided to incorporate
POWER LED23 into your project,
mount it in place so that the bottom
of its case (or the top of the flange
around the bottom of its case if you
are using flanged LEDs) is 2 inch
away from the top surface of the
board. Make certain that the LED is
properly oriented before soldering it
into place. Also, install and solder
into place resistor R32.

Power transformer 7'/ specified in
the Parts List should be the old Ra-
dio Shack typerated at 12.6 volts and
300 milliamperes with solder lugs on
it. The new transformer under the
same catalog number from Radio
Shack has pc-mount lugs. It is not
suitable for this project because it
operates hot when loaded by as little
as 50 milliamperes. If you cannot lo-
cate the older type of transformer,
consider using one with better rat-
ings from a different manufacturer.
If the transformer is too large to fit
on the circuit board, mount it off the
board and run wire leads from it to
the appropriate holes in the board.

Strip ¥ inch of insulation from
both ends of two 6-inch stranded
hookup wires. Use 16-gauge or heav-
ier wires here. Tightly twist together
the conductors at both ends and
sparingly tin with solder. Plug one
end of one of these wires and the oth-
er outer conductor of the line cord
into the /ower 120V IN hole and solder
into place. (If necessary, enlarge the
hole at this location to accommodate
both wires.) Then plug one end of the
other wire into the hole labeled 120v
ouUT and solder into place.

An enclosure with interior dimen-
sionsof 10 x 5 x 2V to 3inches will
accommodate both boards and has

120V IN

120V OUT

w W
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b
NPy

£

Te A3
(TRER boerd)

Fig. 7. Wiring guide for power-supply/controller board.

sufficient panel space for the switches
and LEDs. Such an enclosure is not
commonly available. Unless you can
find a chassis box of the required di-
mensions, you will have to fabricate
an enclosure from Y4-inch-thick ply-
wood or Masonite or 16-gauge or so
sheet aluminum or steel.

When the enclosure is ready, use
the actual-size artwork in Fig. 8 to
mark the centers of the holes to be
drilled in the top panel for the LEDs,
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switches and mounting holes for the
circuit-board assemblies. After trans-
ferring the hole-center locations to
the top panel of the enclosure, set
aside the artwork and drill appropri-
ate size holes in each marked loca-
tion. If you are using a rocker-type
POWER switch and slide-type 10/20
MIN selector switch, square up the
holes as needed.

Continue machining the enclosure
by cutting the opening for and
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Appliance Timer (from page31)

Place the circuit-board assemblies
side by side near the open rear of the
enclosure. Secure the free end of the
wire coming from the lower 120V AC
hole in the smaller circuit board as-
sembly to one outer conductor con-
tact of the receptacle via the appro-
priate screw. Crimp and solder the
free end of the wire coming from the
upper 120V AC hole to the other lug of
the POWER switch. Route the wire
coming from the 120v OUT hole to the
remaining connection on the recep-
tacle and secure it in place with the
appropriate screw.

Now plug the free end of the TO
BASE OF Q2 wire on the larger circuit
board assembly into the TO R31 hole
in the smaller board and solder into
place.

Preliminary Checkout

Because dangerous ac line power is
routed through portions of this cir-
cuit, it is important that all compo-
nents on the primary side of the pow-
er transformer be wired correctly be-
fore attempting to power up the sys-
tem to make voltage checks. Review
all wiring for this circuit, marking
each run off on a photocopy of Fig. 3
(or Fig. 4 if you decided to use the
simpler circuit).

When you are sure of your wiring,
use an ohmmeter set to its highest
range to measure the resistance in
both directions between the prongs
of the power plug in every combina-
tion with the POWER switch opened.
In all cases, you should obtain an in-
finite resistance indication (‘‘over-
range”’ if you are using a DMM).
You should obtain the same results
when the test is repeated on the proj-
ect’s receptacle.

If you obtain any indication other
than infinite resistance during this
test, do not plug the line cord into an
ac outlet. Instead, recheck your wir-
ing and correct the problem before
proceeding.

If you do obtain the proper resis-
tance readings with the POWER
switch open, close the switch and re-
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peat the tests on the line cord’s plug,
this time using a low ohmmeter
range. When making checks between
the blade-shaped prongs, you should
obtain a fairly low resistance (the dc
resistance of the power transform-
er’s primary winding). However,
you should still obtain an infinite
reading between both blade prongs
and the remaining round prong even
on the highest resistance range.
There is no need to make tests on the
ac receptacle on the project. Once
again, if you do not obtain the ap-
propriate readings, correct the prob-
lem before proceeding.

Now place an insulating surface
on your workbench. A thick sheet of
corrugated cardboard is good. Ar-
range the circuit-board assemblies so
that they are not touching each other
or any part of the enclosure if the
enclosure is made of metal. Switch to
the dc-volts function of your meter
and set it for a full-scale range that
will accommodate readings up to 20
volts or so. Clip the meter’s common
probe to a convenient point in the
circuit that is at ground potential.

Plug the project’s line cord into a
convenient ac outlet and set the POW-
ER switch to ‘“‘on.”” Touch the me-
ter’s “‘hot’’ probe to the OUT pin of
regulator /C10. The meter should in-
dicate a potential of some positive
voltage. If so, adjust the setting of
VR I onthe smaller board for a meter
reading of precisely + 10 volts. Then
probe pin 16 of the ICI through ICS
and pin 14 of the /C6 through IC9
sockets on the larger circuit-board
assembly. Once again, all readings
should be + 10 volts. If you do not
obtain the appropriate readings at
any point, pull the project’s plug
from the ac line and correct the prob-
lem. Do not proceed until the prob-
lem has been rectified.

With no power applied to the proj-
ect, crimp and solder the free ends of
the wires coming from the larger cir-
cuit-board assembly to the lugs of
the pushbutton and slide switches.
Then carefully install the [Cs into
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their respective sockets. Make sure
each is properly oriented and that no
pins overhang the sockets or fold
under between the ICs and sockets.

Disconnect the wire that bridges
the base of Q2 on the small circuit-
board assembly and R3/ on the larg-
er board at one end of the wire. Also
disconnect one end of the V+ wire
and temporarily install a 1,000-ohm,
1-watt resistor in series with the free
end of this wire and the hole from
which it was removed. The resistor
will protect a short-circuited compo-
nent, assuming there is one in the
project, for a long time while the cir-
cuit is under power.

With power applied and the POW-
ER switch set to “‘on,”” you should
obtain a reading of 4.5 to 5 volts
across the 1,000-ohm resistor. If ei-
ther LED]/ (the 0 SECONDS LED) has
not come on or the measured poten-
tial across the resistor is greater than
6 volts ac, something is wrong with
the circuit. Power down and correct
the problem.

Once the problem has been cor-
rected and with the 1,000-ohm still
connected into the circuit, press and
release the START pushbutton
switch. To decrease the 5-second
clocking time, you can bridge the
crystal with a wire shorting link. This
will decrease each timing step to less
than a second, allowing you to
quickly check if the Timer is behav-
ing as it should. Once you know the
Timer is operating properly, power
down the project, remove the 1,000-
ohm resistor and reconnect the wire
to the hole from which it was re-
moved. Reconnect the other wire.

Test the switching circuit by plug-
ging a table lamp into the project’s ac
receptacle. Make sure the lamp is
turned on first. Plug the project into
an ac receptacle and set the POWER
switchto “‘on.”” Select a timing inter-
val with the rotary and slide switches
and press and release the STOP/RE-
SET button to initialize the Timer.
Then press and release the START
button and time how long the lamp
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