Project

Switch Multiplier

Digital switching arrangement multiplies the number of
ac-operated devices that can be controlled by a single
wall switch without requiring house wiring modification

By Robert E. Samuelson

with light assembly in the center

of our master bedroom present-
ed some knotty problems. We want-
ed to control both fan and light from
the existing wall switch located just
inside the entry to the room—not by
having to enter the room at night and
groping for a pull chain. The single
wiring circuit between the existing
light fixture in the ceiling and wall
switch could not be augmented with-
out breaching the flat roof of our
home, and dangling swags and sur-
face wiring were ruled out for aes-
thetic reasons. Though I could have
used commercial wireless control
modules, I did not want a device that
sits there continuously sucking up
power just waiting for the occasional
command.

The Switch Mulitiplier described
here provided me with a solution to
my dilemma. Though designed spe-
cifically to solve my fan/light prob-
lem, the Multiplier can be useful in
other remote-switching applications
in a household. The compact Switch
Multiplier was small enough to fit in-
to the metal ceiling box formerly oc-
cupied by a flush lighting fixture and
now supporting my fan/light assem-
bly—with a bit of bracing, of course.

Operation of the Switch Multiplier
is very simple. Flipping the wall
switch to ON turns on the light below
the fan. A quick flip of the switch to
OFF and then back ON turns off the
light and on the fan. Another OFF/
ON operation turns on both fan and
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light. Finally, setting the wall switch
to OFF and leaving it there disables
both fan and light.

About the Circuit

Figure 1 is a simplified representa-
tion of the circuitry contained in the
Switch Multiplier. It shows how 117-
volt ac line power is routed by relays
K1 and K2 to the light or/and fan
when wall switch S/ is ON. The relays
are controlled by a simple sequence-
and-hold circuit that is activated by
an impulse each time S/ is switched
to ON. The advantages of this system
are that it draws no power when it is
not in use (S/ OFF) and no change in
your house wiring is required to im-
plement it.

Shown in Fig. 2 is the complete
schematic diagram of the Switch
Multiplier. The circuit consists of
three major sections:

(1) A dc power supply that deliv-
ers 12 voits to the relay circuitry, to-
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gether with a time-delay branch to
trigger ICI, and a timed holding
branch to power ICI and IC2 to keep
them alive when S/ is OFF during an
OFF/ON sequence;

(2) Integrated circuits /C! and
IC2, which respond to the com-
mands from wall switch S/ and pro-
vide the proper sequencing and con-
trol to the relays;

(3) Relays K7 and K2, which route
ac line power to either or both loads,
as directed by IC2.

Circuit operation is as follows.
Power transformer T/ steps down
the 117 volts ac delivered to it from
the ac line to 12.6 volts ac. This re-
duced ac voltage is then converted to
pulsating dc by rectifier diode D!
and is filtered to pure dc by capacitor
Cl. The dc voltage is then regulated
to + 12 volts by regulator /C3 and is
then distributed throughout the low-
voltage circuitry as needed.

Triggering impulses are generated
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With DIP integrated circuits still
not installed in their sockets and no
ac-line-level connections made to the
contact lugs of the relays, carefully
check all wiring and soldered con-
nections. It is a good idea to use a
magnifying glass for this inspection.
Check especially between closely
spaced pads and conductors for sol-
der bridges.

If you locate any suspicious con-
nections, reflow the solder around it.
Clear any solder bridges with desol-
dering wick or a vacuum-type desol-
dering tool. Then use an ohmmeter
set to a high range to make a “‘tour”
of the circuit, checking all points that
are and are not supposed to be at
ground level. Then set the ohmmeter
to a low range and check the polari-
ties of all four rectifier diodes. Be
careful here because some meters re-
verse the polarity of the test voltage
delivered to their probes. If you con-
sistently get a wrong-polarity indica-
tion, suspect the polarity of the test
voltage.

Do not proceed to powering up the
project until you are absolutely cer-
tain that all wiring is correct and that
all components are in their correct
locations and are installed in proper
orientation. Once everything checks
out okay, proceed to a live check of
the 12-volt dc portion of the project.
Before you do this, however, keep
firmly in mind that you will be work-
ing around potentially lethal ac line
potentials. Exercise extreme caution
at all times when working on the
powered-up circuit!

Connect a temporary ac line cord
—switched, if possible, to simplify
operational checks—to the primary
leads of the power transformer, us-
ing wire nuts. Make sure that these
connections are solidly made and
that no part of the line-potential wir-
ing is exposed. At this point, there
should be no other points in the cir-
cuit that will be at 117 volts ac when
the circuit is powered.

Use a dc voltmeter or multimeter
set to dc volts to make the following
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Fig. 5. Wiring for controlling three loads with a single ac line.

voltage checks. The meter should
have at least a 1-megohm input resis-
tance. Connect the meter’s common
probe to a convenient circuit-ground
point and plug the line cord into a
convenient ac outlet. Switch on power
if you are using a switched line cord.

Measure the potential at the junc-
tion formed by CI and R3; you
should obtain a meter reading of
about + 14 volts. At the junction
formed by R2 and R3, the reading
should be about + 7 volts. Then the
potential measured at the top of R/,
C2, D2, KI and K2 should be +12
volts, as should be the reading at the
junction formed by D2, C3 and R2.
If you pull the plug (or switch off the
line cord), the reading at the D2/C3/
R2 junction should very slowly de-
crease as the charge on the capacitor
in this timing circuit bleeds off.

If you do not obtain the proper
reading at any point, remove ac pow-
er from the circuit and rectify the
problem. Do not proceed until you
have corrected the problem.

Allow the charges to leak off all
capacitors. Then, exercising the nor-
mal precautions for handling MOS
devices, install JCJ and IC2 in their
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respective sockets. Make sure that
each is properly oriented before in-
serting it and that no pins overhang
the sockets or fold under between
ICs and sockets. With a continuity
checker or an ohmmeter set to a low
range, check operation of the con-
tacts of K7 and K2 as follows.

First, connect the checker’s or
ohmmeter’s leads to the normally-
open contacts of K7 and then K2 and
note the indications obtained. In
both cases, there should be no sound
from the checker or low resistance or
short circuit from the meter. Move
the tester’s or meter’s probes to the
normally-closed contacts of first one
and then the other relay. In both
cases, there should be continuity on
the order of zero ohm.

Leave the checker’s or ohmmeter’s
probes connected to the normal-
ly-open contacts of K/ and power up
the circuit. You should now obtain an
indication of continuity. Checking
the normally-open contacts of K2
should yield an infinity reading.

Turn off and then on the ac power
to the project. Now the indication
across the normally-open contacts of
K2 should be continuity and across
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