
BUILD AN

EARTHQUAKE DETECTOR

If you live in an earthquake zone, this vibration sensor can

save your property or your life. If not, it can be used as a bur-

glar alarm, intrusion detector, o r  a game of skill.

F or many of us that live in a
seismically active region,
an earthquake is a very

real and constant threat. Even
moderate earthquakes that are
not strong enough to hurt anyone
can cause a significant amount of
damage to the contents of your
house if you are not prepared.
Although earthquake prediction
has made great strides over the
years, it is still very much an art form
rather than a science. Earthquakes
can strike without warning, and
when they do, you do not have
time to lock the kitchen cabinets or
turn on any emergency lighting,
much less find suitable shelter. If
those steps can be done automat-
ically at the first sign of an earth-
quake, property destruction and
personal injury can be avoided or
minimized.

The Earthquake Detector de-
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scribed here is the heart of such an
automatic system. The author uses
this device to automatically latch
all of the kitchen cabinets when an
earthquake strikes. The circuit can
also be used as a burglar or impact
alarm when mounted in a car.
When mounted to a garbage can,
It can sound a loud alarm if an ani-
mal tries to get into the container, A
self-contained alarm unit  can also
be used as a simple game to see
how far and how fast someone can
carry the device before it triggers.

How It Works. A seismograph,
which most people are aware of, is
a device that measures and records
the amount of seismic activity on a
strip or drum of paper using vibrat-
ing pens, The sensors for that device

usually consist of some type of sus-
pended weight with a way to mea-
sure how much it moves when the
sensor is shaken. The same method is
used for the Earthquake Detector. A
weight, in the form of a screw, is sus-
pended on the end of a spring. The
head of the screw passes through
the center of a metal ring. When the
sensor starts to shake, the spring and
screw start to swing back and forth
like a pendulum. As long as the
shaking continues, the swing of the
screw will keep increasing as the
spring keeps absorbing mechanical
energy. At some point the screw
head will touch the metal ring, com-
pleting a circuit between the spring
and the ring.

Since the actual contact time of
the vibration sensor is very short, a
retriggerable timer circuit is used to
create a usable control signal. As
long as the vibration sensor keeps



opening and closing its contact,
the timer will keep resetting itself to
the beginning of its timing cycle,
and the output of the timer will
remain active. Once the vibrations
stop and the energy in the spring is
dissipated, the timer will remain
active until the end of its timing
cycle; only then will it turn the out-
put off. If the sensor is damaged
and is closed continuously, the
timer circuit simply times out, turn-
ing the output off.

The output of the timer circuit
controls a relay, That lets the unit be
very versatile when controlling other
devices. The switched load is limited
only by the rating of the contacts in
the relay itself.

When the circuit is activated, a
flip-flop turns on an LED, which will
remain on after the circuit times
out. Only pressing a reset switch will
turn the LED off. That will show if the
circuit was set off at any time since
the reset button was last pressed.

The earthquake sensor uses all
CMOS ICs,  giving the unit a very low
current draw when the detector is
not triggered, To be more specific,
the standby current load Is less than
one microamp, rising to 40 mA while
the relay is energized and dropping
to 5 mA when just the LED is on

Circuit Description. The schematlc
diagram for the Earthquake De-
tector is shown in Fig. 1. When power
is first applled through J1, Cl is
charged through R1. During con-
stant shaking, S3 (the vibration sen-
sor) closes, letting Cl dump its
charge to the timer circuit. As S3

Fig. 1. The Earthquake Detector is built around a programmable timer chip that can be reset while
timing out to extend the overall timing period. A flip-fop latches an LED to indicate if the circuit
has been activated. Using CMOS technology keeps the current drain incredibly low.

opens, Cl is quickly recharged. In
case S3 is damaged during a
severe shaking and remains perma-
nently closed, Cl will not be able to
charge.

The timer circuit itself is built
around IC1, a CD4536 programma-
ble timer. That particular device
was chosen because of its versatili-
ty, It is especially useful for providing
long time delays (up to 23 hours)
with good repeatability. It uses an
internal 24-stage binary ripple
counter to achieve those long
delays without the need for a large
capacitor value, which is typically
used when trying to achieve a long
timing period with an RC-based cir-
cuit such as an LM555.

The timing period of IC1 is set
with R4-R6  and C2. The values used
let the output period be adjustable
from about 30 seconds to 10 min-
utes. If a trigger pulse occurs during
the timing cycle, the 24-stage rip-
ple counter resets, reinitializing the
timing cycle. That way, the output
remains on during the entire event
and extends past the last trigger by
the set time. For example, if the tim-
ing period is set to 1 minute, a 3-
minute earthquake will activate
the output for a total of 4 minutes.

The output of IC1 is buffered by
IC3-a, an inverter gate, The signal
then splits between IC2-a and Q1.
The transistor operates RY1, whose
contacts are brought out to J2.
Having both a normally-open and a
normally-closed contact gives the
circuit flexibility in controlling other
devices. The flip-flop (IC2-a)  is the
trigger-memory circuit that latches

on when IC1 activates. The output
of IC2-a  drives LED1 through IC3-b.

Test button S2 is in parallel with
vibration detector S3 and provides
a means to test the operation of
the circuit. Reset button S1 will reset
IC1 if it is active, and also resets IC2,
so that LED1 will go out as well.

The circuit is designed to run at
12 volts, but can be used at any
voltage between 3 and 18 volts. If
the circuit will be used at a voltage
level other than 12 volts, the unit
specified for RY1 must be replaced
with a unit with the proper voltage
rating for its coil. A different value
for R7 also must be calculated so
that the current flowing through
LED1 is limited to 5 milliamps.

Building the Earthquake Detector.
Circuit construction is not critical;
any suitable construction tech-
nique can be used. The only impor-
tant point to keep in mind is the
type of environment that the
detector will be used in-it should
be able to work while being shak-
en. Because of that, sockets for the
ICs are not a good idea.

The circuit will fit nicely on a sin-
gle-sided PC board. If you wish to
make your own, a foil pattern has
been supplied. Alternatively, an
etched and drilled PC board can
be purchased from the source
given in the Parts List. If you use
either of those sources for the PC
board, use the parts-placement
diagram in Fig. 2 for locating the
various components.

In general, the easiest way to
build the board is to start with the
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Fig. 2. Use this parts-placement diagram when assembling the Earthquake Detector. Don’t forget
the small jumper next to J1.

shortest parts first, and then work
your way up to the taller ones. Note:
do not install S3, which is located on
the solder side of the board, until
you are instructed to do so. When
using that method, the diodes and
resistors would be installed first, fol-
lowed by the capacitors, ICs, tran-
sistors, etc. The installation of the
relay and connectors would com-
plete the job. One of the scrap resis-
tor leads can be used for the single
jumper next to J1 . While you are
building the board, keep in mind
that CMOS ICs are very sensitive to
static electricity-take the proper
handling precautions.

Although screw-type connectors
are indicated for J1 and J2, you
might want to solder those con-
nections for greater reliability. If you
do decide to go that route, use
heavy-gauge stranded wires for
the power supply and whatever
mechanism you will be controlling
with RY1.

At this point, you should have all
of the components mounted with
the exception of S3. Since it is easi-
er to test and fix any problems with
the circuit before S3 is installed on
the solder side of the PC board,
we’ll be testing the circuit before
completion.

Preliminary Testing. Before con-
necting power to the circuit, mea-
sure the resistance across J1; it
should measure about 3 megohms
in one direction and 17 megohms in
the other. If the high reading is clos-

Fig. 3. The vibration sensor is formed from
pieces of welding rod. This piece supports the
spring.

er to 30 megohms, Q1 might be
reversed. If the readings are not sig-
nificantly lower than those values,
connect the power and turn the
unit on. Pressing S2 should activate
RY1 and light LED1. Pressing S1
should release RY1 and clear LED1.
Set potentiometer R4 to its lowest
resistance. Press S2 again; RY1
should stay on for about 30 seconds.
With R4 set to its maximum resis-
tance, the on time should increase
to about 10 minutes. Set R4 back to
the lowest resistance again. Press S2
several times over a period of about
10 seconds. Start counting the time
as you press S2 for the last time. The
relay should stay active for an addi-
tional 30 seconds. Finally press and
hold S2. Keep holding it until RY1
releases; the time should once
again be 30 seconds. With all of the
tests completed, it is now time to
add the vibration sensor.

The Vibration Sensor. The sensor is
made up of two parts: a weighted
spring and a contact loop. Two
pieces need to be made from short
lengths of mild-steel gas-welding

rod. Mild-steel gas-welding rod nor-
mally has a very thin coat of cop-
per to prevent oxidization and
hence will appear copper in color.



Fig. 4. The contact loop for the vibration sensor
is made from some welding rod. The rod is bent
into a circle (A). One end is bent at a 45-degree
angle and the other end cut off at the bend (B).

 The loop is closed with some solder (C).





That copper coating will make it
easy to solder the parts of the sen-
sor together.

Start with the spring support. It is
simply a length of l/8-inch welding
rod that is bent to an L shape with
the dimensions shown in Fig. 3. The
easiest way to form the 90-degree
bend is to insert one end of the rod
into a vise to the desired length
and gently tap on the side of the
rod with a hammer. Once the rod
has been bent, cut the piece to the
proper length using a hacksaw and
file off any burrs from of the ends of
the bent rod.

The contact loop is formed using
a short length of 3/32-inch welding
rod. Creating the loop is a bit more
complicated, but it is easily done
by following the steps shown in Fig.
4. First, form the loop by bending
the rod around a M-inch pipe. The
loop of rod should look like Fig. 4A.
Cut one end of the rod where it
crosses the other end. Insert the
formed loop into a vise and bend
the uncut end 45 degrees so that
the loop is centered over the tail.
The piece should now look like Fig
4B. Finally, solder the end of the
loop to the bend to form a closed



loop as shown in Fig. 4C. That will
prevent the sensor spring from get-
ting snagged on the edge of the
rod at the bottom of the loop. You
will have to use a soldering gun,
torch, or high-capacity soldering
iron-an iron used for PC boards will
not have enough heat capacity to
make a good joint.

insert the contact loop into the
pad for S2 from the solder side of
the board as shown in Fig. 2. That
hole should be drilled to fit the rod.
Align the loop so that it is parallel to
the bottom of the board and fac-
ing the other pad. The photo in Fig.
5 will give you an idea of what the
completed sensor will look like. Use
a high-powered soldering gun or
iron to solder the loop in place. Use
enough solder to form a good
crown, as that joint has to provide
sufficient mechanical strength to
hold the loop in place.

The long side of the L-shaped
bracket rod is soldered to the other
pad in a similar fashion. Orient the
bend so that the end of the rod is
pointing at the center of the con-
tact loop.

Most people have a collection
of inexpensive plastic pens, usually
with some type of advertising print-
ed on them, sitting in a drawer wait-
ing for a refill. The spring from one of
those pens is perfect for the vibra-
tion sensor. Thread one end of the
spring onto a 4-40 brass screw
about 1/8 inch and slide the other
end onto the L-shaped bracket
piece so that the bolt is positioned
inside the contact loop. Slide the
spring up the shaft of the rod so
that the bolt end of the spring is just
above the contact loop. Solder the
spring onto the rod. When the
spring oscillates and makes con-
tact with the detector loop, the
bolt should be making contact, not
the spring. Do not solder the bolt
onto the spring at this time.

Final Setup and Calibration. The
Earthquake Detector must be
mounted in a vertical position so
that the bolt hangs down through
the approximate center of the con-
tact loop. it should also be mounted
solidly to the structure of the house,
such as to a wail joist. You can
mount ail of the components of the
detector and power supply to a
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Here’s the foil pattern for the Earthquake Detector. The circuit is simple enough to use a single-
sided board.

plywood base and then, using long
wood screws, mount the plywood
base to a wall, centering the screw
holes on the joists behind the wall.

With the detector in operation,
inspect it from time to time to
check for false triggers, indicated
by LED1, If you do get any false
alarms, check to see that the sen-
sor screw is properly adjusted in the
center of the contact loop. If it is,
you will have to desensitize the
detector. That can be done by
screwing the bolt farther into the

spring, If you still have a problem
with false alarms, try a shorter bolt;
that will lessen the weight on the
end of the spring. Once the sensor
is properly adjusted, solder the bolt
to the spring, being careful not to
get any solder on the sensor loop.

There are many possible applica-
tions for the Earthquake Detector,
For example, in the author’s kitchen
the detector operates solenoids that
engage hooks on the cabinet doors
when a tremor activates the unit. A
12-volt  sealed lead-acid battery



provides power so that the system
does not have to rely on the 11 O-volt
AC house current during an earth-
quake. The battery is constantly kept
charged by using a trickle-charge
circuit that was purchased with the
battery. In the first two years that the
circuit has been in use, it has been
activated by two minor tremors, per-
forming flawlessly each time.

There are a lot of good sites on
the Internet worth checking out
regarding earthquakes. One exam-
ple is the Incorporated Research
institutions for Seismology, located
at http://www.iris.edu. That site has
an interesting seismic-monitor page
that shows a world map that is
updated every 30 minutes with the
latest seismic activity. For practical
information on preparing for an
earthquake and links to other sites,
t r y  http://quake.wr.usgs.gov. R


