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Introduction

The idea for this project is taken from the movie Gremlins, which was released in
1984.  The movie centered on a young man named Billy who received a mogwai for
Christmas and named it Gizmo.  The mogwai is a little furry creature with big ears.  In
order to take care of a mogwai, Billy had to follow three rules.  The first rule was that he
could not expose Gizmo to sunlight.  Sunlight would kill him.  The second rule stated that
Gizmo could not get wet.  And finally, under no circumstances should a mogwai ever be
fed after midnight.  Through the course of the movie, it was shown that getting a mogwai
wet would make him reproduce through an asexual method of releasing fur balls from his
back, which then developed into other mogwais.  If the creatures were fed after midnight
they would form cocoons and turn into gremlins, which were reptilian-like creatures that
destroy everything in their paths.  We decided to create an automaton using a Gizmo
plush doll that would allow us to simulate the breaking of these three rules.  A camera
flash causes Gizmo to cover his eyes, spraying him with water causes cotton balls to fly
out from him to simulate the spawning, and if he is given food after midnight (the time is
shown on a clock display) the platform rotates to reveal a gremlin.

Mechanical Elements

For this project we employed two main mechanical elements: a pulley and a gear.
We decided to mount Gizmo on a spinning platform so we could turn it to reveal a
gremlin if Gizmo is fed after midnight.  In order to spin the platform, we decided to set
up a gear system.  We started off with a lazy Susan, which would act as the base for the
spinning platform.  After putting a central pillar in for added structural support, we
affixed a gear to pillar.  Another gear was connected to a worm-drive motor assembly
attached to the spinning top of the lazy Susan.  This gear spins when the motor is
activated, allowing the platform to turn.  In order to stop the platform after a half rotation,
we employ a switch that is activated by a tab on the upper-platform.  Here are some
pictures of the base gear system and the stopping mechanism:

                         



In order to make Gizmo move, and for the other effects, we use a system of
pulleys.  After cutting apart the plush doll we installed a three-pulley system in Gizmo's
head.  The central pulley is used to spin the rod connecting the three pulleys.  The other
two are used to pull a piece of fishing line that runs out of Gizmo's eyes to his hands.
When a central string is pulled, the outer pulleys wind the fishing line and pull Gizmo's
hands to his eyes.  The central string is hooked up to another pulley that is driven by
worm-drive motor.  In order to get Gizmo's hands to retract, we had to use an additional
pulley hooked up to the same motor with the string on it wound in reverse.  The string
from that pulley is attached to Gizmo's hands from underneath, and pulls them down
while the central line for pulling up his hands is releasing.  Here are pictures of the gears
in Gizmo's head and the pulley system under the top platform:

                        

For the final effect we used another pulley system that is activated when a switch
on a water bottle is toggled.  A worm-drive motor drives this pulley and the string is
attached to two pieces of cardboard.  These pieces are used to cover tubes that hold
springs and wads of cotton.  When the cardboard is released, the springs fire the cotton
wads up, simulating the birthing process of a mogwai.  The following pictures show the
pulley system and the covers for the cotton wads:

                                 



Computational / Electronic Elements

While working on the initial design of this project, we realized that we would not
be able to use the Lego motors that the crickets were designed for.  They simply did not
have enough torque, nor were they fast enough to suit our needs.  We settled on using
worm-driven motors from Tamiya.  The motor running Gizmo's hands runs on a 216:1
ratio and the other two run on a 336:1 ratio.  The Tamiya motors gave us the torque and
speed we needed for everything to work.  Unfortunately for us, the crickets use a 9-volt
power supply while the motors we are using run on 3 volts.  In order for the system to
work we had to figure out a way to get the motors running using the crickets.  The first
idea we had was to simply lower the voltage going into the motors.  We used resistors to
drop the voltage down to 3 volts.  This approach worked at first, but we soon realized that
the batteries in the crickets all had different voltages and after that after using them a few
times the voltage would drop down.  The problem was that if the circuit was designed for
a 9-volt supply and it was only getting 8 volts, the motor would only receive 2 volts,
which wouldn't start it.  In order to fix the problem we used relays that could be activated
with a 9 volt power supply.  The relays close a circuit containing 2 double-A batteries,
which gives the motor 3 volts.  Here is what the circuit looks like with the relays:

                             

Once the motors were ready to run, we had to write the code for the crickets to
work and add in the sensors for the three rules.  The first sensor we installed was a light
sensor.  This sensor was placed in Gizmo's head between his eyes.  The code for the
cricket that moves his hands waits until the light sensor reads a high value (i.e. from a
camera flash) and then uses the motor outputs to close the circuit that moves the motor
forward.  Since we use relays and secondary power supplies, we could not use the
cricket's ability to run a motor in two directions.  Normally the cricket can change the
direction of current through the motor ports, but in our case it did not matter what
direction the current was flowing because the only effect the motor ports have is to close
a switch.  We had to hook up two sets of batteries to the motor to get it moving in
different directions.  To move it forward, we hooked up the positive battery terminal to
the positive motor terminal and the negative battery terminal to the negative motor
terminal.  To move the motor backwards, the polarities are connected in reverse.  When



motor A is turned on by the cricket, our motor moves forwards and when motor B is
turned on, it moves backwards.

We used the same system on the motor that pulls the covers from the cotton ball
launchers.  A switch that is connected to a water bottle is read by a cricket which
activates the relays for that system.  We wanted to use a water sensor, but didn't have
time to implement something that could actually sense water.  When the switch is hit,
motor A turns on for a couple seconds and then motor B turns on for a couple seconds.
In effect, this turns our motor forwards and then backwards for resetting.

The final cricket has the most complicated code.  This cricket turns the table when
Gizmo is fed after midnight.  There are two sensors linked to this cricket.  The first one is
a light sensor, which is installed in Gizmo's food dish.  When covered, the cricket checks
if it is after midnight to determine if the table should start spinning.  If the sensor is
covered before midnight, nothing happens.  We use an LED display to let people know
what time it is.  The LED display takes numbers in hexadecimal values, so we have to
convert from decimal to get the correct number displayed.  For some reason, the LED
turns off after about 10 seconds if it is not updated, so we had to loop the displaying of
time.  When the clock shows midnight, the cricket plays the Gremlins theme song.  The
code for this song simply tells the cricket to play a certain tone and then pause between
each note.  After the song, the clock switches to 12:01 and Gizmo can be fed.  When the
table is supposed to turn, the motor port A is activated and our worm-gear motor starts
spinning.  Using tabs on the tabletop, we are able to stop the platform from turning when
one of the tabs hits the switch.  After the switch triggers, the cricket stops the platform
from spinning for 30 seconds so people can see the gremlin that is revealed.  The
platform then begins to spin again, and is stopped by the cricket when the second tab hits
the trigger.  The program then starts over again.

Process of Construction

When we first began designing this automaton, we knew that we were going to
have to build a spinning platform to show the gremlin.  We wanted to make the building
process of each rule simulation isolated so we could focus on one action at a time.  We
quickly found that we had to build part of all three actions together so they would fit.
The first thing we built was a base and spinning platform.  This was soon followed by the
top for the base, creating a rectangular look to the overall project:

                     



After the table was finished, we moved on to getting the gears set up to drive the
table and manipulate Gizmo.  We first had to cut apart the doll so we could work inside
it.  After removing the hands and feet and opening up the middle, we took the stuffing
out.  We realized that the arms were too short for Gizmo to be able to cover his eyes, so
we got some material from the Create-A-Bear store in the Flatiron Crossing Mall that
matched Gizmo's fur.  Then we created extensions and sewed them on to his arms.  We
filled his hands with lead shot to weigh them down with the hopes that the weight would
be enough to bring his hands back down on their own.  Looking back, it would have been
better to leave the weights out, because all they ended up doing was adding to the amount
of torque required to raise his hands.  We cut a hole in the back of the head and put in the
pulley system.  Then we put a Styrofoam ball in his body to give him structure.  There
was a hole through the ball for the pulley string and the sensor wires.  These wires were
then fed through a hole in the platform so they could be used underneath.  After realizing
that the hands would not go down on their own, we had to implement the second pulley
system which pulls them back down.  Once we were finished, the underside of the
platform's top half looked like the picture on the left:

           

The picture on the right is what the top looked like after we added the cotton ball
effect.  We used end caps for PVC pipe to hold springs, and made cardboard covers for
the caps to hold the cotton balls in place.  The trick to this system was creating holes in
the top board without damaging anything underneath.  We didn't use any sophisticated
measurements, we were just really careful.  Once the holes were in place, they weren't big
enough for the end caps, so we used a Dremel to make them larger.  One was perfect and
the cap fit snuggly in place, but the other was too big so we had to epoxy the cap in that
hole.  We also used epoxy to set the spring inside the caps.  Without the epoxy, the
springs would have flown out when the cardboard was released.  The cardboard was
attached to the pulley using fishing line, which was routed through wire guides across the
underside of the platform.  We didn't hook up the lines to the pulley on the bottom plate
until the rest of the assembly was finished.

The final piece of the project was the spinning platform.  We started off by using
wood gears that we cut on the laser cutter, but the teeth were too big and the wood wasn't
strong enough.  This caused the teeth to break off when the motor got going.  We were
also using a motor that had too little torque and was spinning faster than we wanted.
After building a new motor assembly with a worm-drive and getting some plastic gears
from a hobby store, we were in business.  The platform started spinning.  The code was



already written for the whole effect, so all we had to do at that point was build it.  We
started with the food dish, which was cut out with the laser cutter.  We stuck the light
sensor in the dish and ran the cable down to the lower platform.  Next, we wired up a
relay and a cricket to activate the motor for the spinning system.  Then, we affixed a
backboard behind Gizmo and attached the clock to it.  We had to lengthen the wires for
the bus connection so it would feed down to the cricket and used shrinkable wire wrap to
clean it up.  Finally, we connected the switch to the edge of the backboard so it could
catch on the tabs we would install later.  After we had the spinning stuff connected, we
hooked up the circuit for the cotton ball pulley.  We used the same system that used for
Gizmo's hands, with two relays and two battery sources.  After some testing we
permanently fixed the center gear and everything was in place for final testing.

We ran several tests and all the effects worked correctly.  Then we started
measuring where we needed to put the tabs to trigger the switch and signal the cricket to
stop the table spinning.  In the middle of running tests for the tabs, the motor stopped
working.  It just wouldn't run anymore.  We checked all of the connections and
everything looked fine.  We were stumped and we only had a few days left before the
presentation.  After some testing, it appeared that our relay had burned out.  We replaced
it with another and everything started working again.  A little while later, the relays for
the cotton system failed.  We still couldn't explain what was happening.  After more
testing with a multi-meter, we determined that the problem wasn't the relays but rather
the power source from the cricket.  The relays we were using for the bottom platform
required 9 volts to throw the switch.  After using the crickets for a while, the batteries in
them were only putting out 8.5 volts.  This wasn't enough to throw the switch and the
relays stopped working.  To fix the problem we got some 8.5-volt relays from J.B.
Saunder’s that could run on anything from 8 to 10 volts without problems.  This fixed the
problem, but not perfectly.  There was still a possibility of running the batteries down too
much.  Unfortunately, we couldn't come up with a solution better than the one we had
implemented.  While using relays seems like the best way to use the crickets to actuate a
motor that requires a different voltage than they can provide, there is the potential risk
that they won't work if the battery gets too low.

After we solved the problem of the motor not running, we were done with the set
up and we were able to attach the tabs to stop the spinning mechanism.  After we finished
that, we built a housing for the top of the display so we could hide the gremlin.  The final
step was to attach the gremlin.  Without cover, the finished product looked like this:

                                         



Educational / Aesthetic Issues

Our project does not have any explicit educational value other than the potential
to teach students interested in circuits and motors how those elements work.  It can
definitely teach basic principles of pulleys and gear ratios.  We could modify the project
to teach more about how one would measure the resulting torque and speed of rotation
from additional motor gears or how to calculate the force required to use a pulley to move
objects.  The project was certainly educational for us in several areas.  The ideas of
teamwork and dividing up work were constantly considered along with exactly how each
element would fit into the whole assembly.  We learned the value of being able to assure
a specific voltage or current requirement for a motor or any other device that might be
connected to a circuit.  We cannot just assume that a 9-volt battery will give us 9 volts at
any given time.

In the realm of mechanical toys and automata, our project doesn't quite fit into an
existing category.  On the one hand, it does resemble some of the Cabaret automata in
that the workings are exposed.  On the surface you are seeing a doll cover its eyes, spin
around and launch cotton balls, which is similar to the top elements of the automata in the
museum.  On the other hand, it is like a toy because of the interaction of using a camera
to make the hands go up, the bottle spray to shoot the cotton, and the feeding of Gizmo to
turn him into a gremlin.  If it were more robust, it could definitely have a place in an
interactive museum where people could enjoy playing with it.  It would be fun to have a
tourist take a picture of Gizmo and then have it react to the taking of that picture without
the tourist knowing what would happen ahead of time.

Future Work

Obviously, the most important part of being able to continue working with this
automaton or to be able to display it would be to solve the battery drain problem.  We
would probably seek another method of activating the motors than using crickets.  While
the interface is nice to work with in a rudimentary sense, they are too unreliable to use in
a long-lasting project.  The problem of incorrect voltages could doubtlessly be solved
with a more complicated circuit, but that would only solve part of the problems that arose
from using the crickets.

We would also certainly like to improve the birthing effect.  The cotton ball
launching was implemented near the end of the project and was originally going to be
abandoned due to time constraints.  While we managed to get it working in the end, we
were not satisfied with the final result.  We would like to make the cotton appear as if it
actually came from Gizmo somehow.  Originally we were going to have Gizmo standing
up and fall over when he got wet, screaming and kicking his legs as the balls popped off
of his back.  This would have been much closer to the effect in the movie.  We would
also work on making the hand movement faster so it would be more realistic.  Finally, we
would create a more aesthetically pleasing display with cleaner circuits and more
attractive woodwork for the top part of the platform.



Appendix A: Cricket Code

Moving Gizmo's hands:
to run
waituntil [sensora > 230]
forwards
run
end

to forwards
a, onfor 50
wait 30
backwards
end

to backwards
b, onfor 40
wait 10
end

Spawning new mogwais (the cotton effect):
to spawn
waituntil [switcha]
a, onfor 25
wait 10
b, onfor 10
spawn
end

Feeding Gizmo and turning him into a gremlin:
to feed
display 1159
wait 100
display 1159
wait 100
display 1200
song
waitfood
run
end

to run
waitspike
a, off



wait 200
moveplatform
end

to moveplatform
waitspike
a, off
test
end

to waitfood
loop [display 1201 if not switchb [stop]]
end

to waitspike
loop [display 1201 a, thisway on if switcha [stop]]
end

to display :n
bsend $170
bsend (:n / 256)
bsend (:n %256)
end

to song
note 89 2
wait 1
note 89 2
wait 1
note 89 2
wait 1
note 89 2
wait 2
note 89 2
wait 1
note 94 2
wait 2
note 89 2
wait 1
note 89 2
wait 1
note 89 2
wait 1
note 89 2
wait 2
note 89 2



wait 1
note 94 2
wait 2
note 105 2
wait 2
note 105 2
wait 1
note 105 2
wait 2
note 105 2
wait 1
note 94 2
wait 1
note 105 2
wait 1
note 105 2
wait 1
note 110 2
wait 2
note 110 4
end


