Electric Mobility Experiment Set
List of Components
l. Fuel solution container

a. Car frame

Multi Energy Car Science Kit
ASSEMBLY GUIDE
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b. Reversible fuel cell

m. Water & Hydrogen tank

c. Hand crank generator

n. Water & Oxygen tank

d. Salt water fuel cell

o. Wires

e. Battery pack

p. Syringe

f. Solar panel

t. Red & black pins

h. Super capacitor

u. Purging valve

i.clamp
j. Solar panel support
k. Silicon tubes

Model No.: FCJJ-31

6 Warning

To avoid the risk of property damage, serious injury or death:
1. Read carefully and fully understand the instructions before assembling this kit.
2. This kit is intended only for use by persons 14 years old and up, and only under the supervision of adults
who have read and understood the instructions in this user manual.
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3. When assembling this kit, tools may be used. Extra care should be taken to avoid persona! injury.
4. Same parts are small and fragile: please be careful when handling and connecting parts to avoid
breakage. Handle all parts and components with care.
5. Do not attempt to use any part, item, ar component provided in this kit for any other purpose !han what is
instructed in this manual. Do not attempt to disassemble any part, item ar component in this kit.
6. Keep small children and animals away, because this kit contains small parts that could be swallowed.
7. Save these instruclions and review frequently during use.
8. Wires are not to be inserted into socket-outlets.
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Battery opertaion instructions:
1. The removing and inserting of batteries is to be conducted by the adults only. Ensure to respect the polarity.
2. Non-rechargeable batteries are not to be recharged.
3. Different types of batteries such as rechargable, alkline and standard batteries ar new and used batteries are
not to be mixed and should be used separately.
4. The battery pack cables are not to be inserted into an AC socket.
5. The supply terminals of the battery pack are not to be short-circuited.
6. The two spare red&black cables are not to be inserted into an AC socket.
7. Exhausted batteries are to be removed from the battery pack.

�

�

k

h

00

�
m

o

p

u

300001245

www.horizoneducational.com

Solar Powered Car

c. Then, connect the engine wires which exceed the bottom of the car, to the closest red and black plugs.

What you need :
a. Car frame
b. Photovoltaic solar panel
c. Wires
d. Solar panel support
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lmportant notes :
1.
2.
3.
4.
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You can set the wheels position using the steering on the front of the car
Ensure that the electrical connections under the car are light.
For the first use, remove the shrink-wrap from the solar panel.
The car should be run under direct strong sunlight.

d. After this, you have just to connect lhe solar panel and lhe car using the two remaining wires.
Ensure to respect the polarity shown by the color code.

Power the car with solar energy
a. You have to fit the solar panel support onto the car. Ensure they strongly meet together.
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e. Now you have just to place the car under direct strong sunbeams to make il run.
b. Place the solar panel as shown in the picture below. Remind lhal the plugs have to be on the right side
when you face the car.
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Hydrogen powered car

c. Connect the other 5 cm long lube to the opposite nozzle (closest to the black plug) and add the red
and black seals on each remaining end. Place the seal in funclion of the plug color.

what you need:

a. Water & hydrogen tank
b. Water & oxygen tank
c. Battery pack
d. Car frame
e. Silicon tubes
f. Reversible fuel cell
g. Syringe
h. Red & black pins for tubes
i. Wires
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d. Attach the water tank to the tank base on the car frame by pressing downward into round slots and
twisling into place. Place inner gas tanks into
�outer water tanks minding that the gaps are not blocked by
;oo,c plootic ,;m,

You will also need the following items
(not included in this kit):
- AA batteries
- Purified ar distilled water
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lmportant notes
1. Ensure that the electrical connections under the car are tight.
2. Avoid any contact between the battery and water.
3. Use only distilled or purified water to humidify the fuel cell with the syringe.
4. You can set the wheels position using the steering on the front of the car.
5. Keep the reversilbe fuel cell in a sealing bag for storage.

Preparing the fuel Cell

a. Put one 5 cm long lube on the end of the syringe as shown below.

e. Fill the containers with 40ml distilled water.
Nole: You may use the syringe to suck up the air which could be trapped inside the inner gas tanks in
each water tank. Ensure there is just water and no remaining air under the gas tanks.

b. Suck up some distilled or purified water and push it into the fuel cell by the nozzle which is the
closest from the red plug of oxygen side of the fuel cell. As soon as the water flows out of the cell,
disconnect the syringe from the lube and let this one connected with the fuel cell.
WARNING: The polymer membrane on the oxygen side is an important part of the proton exchange
membrane (PEM) fuel cell, it should be prevented from drying out.
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g. Fit the reversible fuel cell onto the car frame, just in front of the containers and make sure the red plug is
located on the 02 container side.
h. Connect the two 20cm long tubes onto the top nozzles of the inner gas tanks, connect the tubes
opposite end to the lower nozzles located on the lower positions of both "H2" and "02" side of fuel cell
shown below. Make sure the tubes are connected correctly to the corresponding sides of the fuel cell.

c. Then, connect the engine wires which exceed the bottom of the car, to the closest red and black plugs.
d. Using the two remaining wires, connect the fuel cell to the car frame. Make sure you respect the
polarity shown by the color code. The car will run until there is no more hydrogen in the inner gas tank.

Troubleshooting
Create you fuel with water electrolysis and power the car.
a. Open the battery pack and insert 2 M batteries with the correct polarity.
b. Connect the battery pack to the fuel cell and turn on the battery. Ensure to respect the polarity shown
by the color code. You will see the inner gas tank will be filled by gas. You will also notice that the 02
volume will be two times lower than the hydrogen one. li is absolutely normal, because water molecule is
made with one atom of oxygen and two of hydrogen. When you bubbles are coming out from the inner
tank, it means the inner gas tank is fully filled with gas. Turn off the battery pack and disconnect it.

1. The water levels do not drop when the gas outlet tubes on both sides of the fuel cell are
unplugged.
Solution:
Check whether the holes on the wall of the inner cylinder are blocked. lf so, turn the inner cylinder
until water enters the holes and fills up the inner cylinder.
2. The reversible fuel cell does not produce hydrogen and/or oxygen.
Solution:
a. Check whether the wires are appropriately connected, and whether there are any loose
connections. The fuel cell could be completely destroyed if the red wire of the battery pack is
connected to the black jack of the fuel cell.
b. Check whether the switch of the battery pack is in the "on" position.
3. The water electrolysis process slows down.
Solution:
a. Add water to the oxygen side of the fuel cell and wait for about 5 minutes.
b. Replace old M batteries with new M batteries inside the battery pack.
4. The car stops moving while there is still hydrogen left inside the tanks.
Solution:
a. Purge the gases and perform water electrolysis for 4-5 minutes. Unplug the hydrogen gas outlet
tube and oxygen gas tubes to purge the gases. Perform water electrolysis again until the hydrogen
tank is filled, and connect the motor to the fuel cell. lf the problem persists, go to the next step.
b. Let the water electrolysis process las! about 1O minutes to consume the residua! water. To push
water out of the fuel cell, purge the gases. Perform water electrolysis once more until the hydrogen
tank is filled, then connect the motor to the fuel cell.
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Power the car with the electricity stored in the capacitor

Super capacitor powered car

a. Fit the capacitor onto the car frame.

What you need:
a.
b.
c.
d.
e.

Car Frame
Capacitor (energy storage)
Wires
Battery pack
Hand generator (dynamo)
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You will also need the following items
(not included in this kit):
- AA batteries

b. Then, connect the engine wires which exceed the bottom of the car, to the closest red and black plugs.
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lmportant notes
1. You can set the wheels position using the steering on the front of the car.
2. Ensure that the electrical connections under the car are tight.
3. Do not load the capacitor if wires are connected in the wrong sense, otherwise you will broke the
capacitor.
4. The power stored is consequent, the car will start really fast so ensure there is free space in front of
the car before connecting it.
Load the capacitor
a. Open the battery pack and insert 2 AA batteries with the correct polarity.
b. Using the wires, connect the capacitor to the battery pack and ensure to respect the polarity shown
by the color code. Let the capacitor load during 1 min and then disconnect the capacitor. You can also
use the hand generator to realize this operation. Connect it and ensure to respect the color code, turn
the handle clockwise during 1 min with the velocity of two revolutions per second.
WARNING: 1. You are NOT allowed to rotate the arm anti-clockwise to charge the super
capacitor. Otherwise the super capacitor will be damaged by the countercurrent.
2. DO NOT crank the arm too fast otherwise the hand crank generator could be easily broken by
the strong force.
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c. After this, you have just to connect the capacitor and the car using the two remaining wires. Ensure to
respect the polarity shown by the color code. The car will start to move immediately. lf you connect wires
in the wrong sense, the car will go back.
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Note:

High School

Finding the appropriate speed and technique will take a little practice. After you have spent a little time
acclimating yourself to the hand crank generator, you should develop an easy rhythm that is not strenuous
to sustain.
Although the generator is easy to crank, you may eventually tire. When you find yourself slowing down,
stop and take a rest, cranking slower is harder and may not generate enough power to charge the
capacitor or power the load.
The generator can be cranked in either direction, with either hand. But you are NOT allowed to rotate the
arm anti-clockwise to charge the super capacitor. Otherwise the super capacitor will be damaged
by the countercurrent.
Try to rotate your hands around each other instead of trying to hold the generator still and moving one
hand in a circle. This prevents one arm from tiring faster than the other.
Experiment with what works best for you. As long as the handle is cranked at approximately 2 revolutions
per second the generator it will produce enough power to power the device provided.

ADVANTAGES of a Hand Crank Generator:
- Does not require solar, wind, or fuel to charge. Charge it anytime, anywhere!
- Does not require additional purchases of fuel during an emergency, when gasoline is scarce.
- Can be operated indoors without deadly fumes or threat of theft while outdoors.
- Easy to operate. Even children can safely operate the hand crank generator.
- Silent operation. No loud generator noise!
- Easy to set up. No confusing mounting or home alterations needed.

Conduct dozens of exciting, hands-on experiments with the science kit
ldeal as a battery replacement for a wide variety of basic electricity experiments, the hand crank generator
is a low voltage power source that lets you create electrical current by simply turning a crank. This
ingenious device generates student interes! producing electrical energy through hands-on student effort.
Student's enthusiasm is immediate, whether they are third graders lighting a bulb or college students
reviewing sophisticated principles such as Ohm's Law or the electromagnetic properties of light.
Made from a sturdy, see-through ABS resin with nylon-plastic gears and handle, the kit is designed to
shrug off use and abuse. lt produces approximately 200mA of usable current. lt is capable of producing up
to 6 volts. You can reverse polarity by simply cranking the handle in the opposite direction. And, when
powered by another kit or low voltage power source, it acts as a motor.

Activities and uses
Some of the activities require accessories sold separately. You can study electron flow, parallel and series
circuits, Ohm's Law, motors and generators, energy transformations, and more.
Below is an activity for the kit:
Using a cellophane lap, wrap two wires onto a compass. Ensure you wrap the wires in the compass needle
axis. Connect the other end of the wires to the hand crank generator. Turn the handle clockwise with
different velocities. Do the same counter-clockwise. Does the defection angle is linked to the handle
angular velocity? Does the deflection angle is linked with the handle sense of rotation? Explain.
Repeat the above experiment exactly, bul rotate the generator counterclockwise. What is the result?
Elementary and Middle School
Electricity in circuits can produce light, heat, sound, and magnetic effects. Electrical circuits require a
complete loop through which current can pass.
Use electric currents to create magnetic fields.
Students know the role of electromagnets in the construction of electric motors, electric generators, and
simple devices, such as doorbells and earphones.
Describe electron flow in simple circuits.
Students know how to design and build simple series and parallel circuits by using components such as
wires, batteries, and bulbs.
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Energy is a property of many substances and is associated with heat, light, electricity, mechanical
motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many ways. The total
energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear
reactions, by light waves and other radiations, and in many other ways. however, it can never be
destroyed. As these transfers occur, the matter involved becomes steadily less ordered.
Electricity and magnetism are two aspects of a single electromagnetic force. Moving electric charges
produce magnetic forces, and moving magnets produce electric forces. These effects help students to
understand electric motors and generators. Measure the thermal and electrical conductivity of various
materials and explain results.
Analyze the relationship between an electric current and the strength of its magnetic field using simple
electromagnets. lnvestigate and compare series and parallel circuits.

FAQ
What is a capacitor, how does it work ?
A capacitor is an electrical component which is composed of two plates separated by an electrical
insulation. This component could function in two modes, the charge and the discharge. The charge
occurs when there is a difference of potential across the conductors. lt permit to store energy inside the
generated electric field. ln general, this kind of component is used for blocking the direct current and for
letting pass the alternative one. They could be used to stabilize the voltage and the power flow in an
electric power transmission.
What is a hand crank generator:
A hand crank generator is an engine which is used as a generator. lt turns a mechanical energy into an
electrical current. lt is composed of three principal components which are the stator, the rotor and a
rotary handle. The user will turn the rotary handle which will make turn a magnet inside a coil. Due to
the rotation of the magnet, the electrical field turn and an electrical current will appear in the coil.
What will happen if I turn the hand crank handle in the wrong sense.
The hand crank generator could function in both senses as a lot of engine. The sense of rotation will
just impact the sense of the current which is generated. However, you should be careful with the
components which are connected to the generator. ln fact, some components are polarized and they
couldn't works in both sense.
What will happen if I connect the hand crank generator to the fan in the wrong sense?
Nothing bad, the fan is composed of a small engine which work in the same way than the generator but
in the other sense (it turns an electrical current into a mechanical motion). lf you pug the generator
wires in the wrong sense, the fan will turn in the other sense than previously.
Do there is a special position to plug the generator to the potentiometer?
There is just one thing to know when you use a potentiometer, it should be wired in parallel with the
component you want to measure the voltage.
What will happen if I connect the hand crank generator to the capacitor in the wrong sense?
You will damage seriously the capacitor if you turn the handle when the wires are incorrectly plugged
into the capacitor. ln this way, you risk to break or crack the capacitor. Warning, if you connect the
capacitor in the good way bul you turn the hand crank generator handle in the wrong sense, you also
risk to break the capacitor.

Troubleshooting
1. The bulb light on the hand crank generator does not work when I rotate the arm.
Solution: Replace the bulb light. lt could have been damaged by long time using.
2. The car does not run when I connect the capacitor to it.
Solution: Charge the capacitor by using the battery pack or the hand crank generator.
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Salt water fuel cell powered car

b. With the syringe, suck up some water salted solution and pour it into the cathode tank in order to
fill ¾ of the maximum tank level (about 15ml).

What you need:
a. Car Frame
b. Salt water fuel cell
c. Gradual container
d. Syringe and its lube
e. Wires

b
You will also need the following items
(not included in this kit):
- Purified or distilled hot water above 90 ° C (363 K)
- Salt (food grade) 50g
- Electronic balance
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lmportant notes :

c. Take the metal made anode and elips it into the cathode as show below

1. Read carefully and clearly understand the instructions before assembling this kit.
2. You can set the wheels position using the steering on the front of the car.
3. Ensure that the electrical connections under the car are tight.
4. The temperature of the purified or distilled hot water should be above 90C.
5. Take care with the hot water to not hurt yourself.
6. Wearing waterproof gloves and glasses are highly recommended.
7. After each use clean the anode plate to keep its best performance for later use.
8. Store the anode plate and cathode tank in a dry place.

Prepare the water salted solution :
1. Weight 15 mg of salt using a balance. ln the gradual container, pul the salt and add 25ml of hot purified
or distilled water. The water temperature should be above 90 ° C (363 K).
2. With a spoon, mix the container contents until the salt have been entirely melted into the water.
Sometime a small part of the salt stay in the solid state.

Preparing the fuel cell

a. lnsert the fuel cell into the slot on the car frame. Press the lower part of the blue components you can
see on each side of the fuel cell. By this way you can remove the fuel cell anode from the fuel cell tank.
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Connecting the wires into the cell.
a. Place the fuel cell in front of you in order to see three plugs.
b. Connect the small 10cm wire into left red plug and its other end into the right plug behind the
cell.
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c. Connect the car engine wires to the plugs on the car.

d. Connect the black long wire in the central plug and the red on in the front red plug. Connect the
other end of these wires into the car right plugs. The car starts to move. Ensure that you have
connected the wires in the good sense. On the contrary, the car will go back.

For more information
contact
sales@horizoneducational.com

Nole: After long time running, the car speed will slow or stop. lf you want to continue to run the car, you
should pull out the anode metal plate to clean it up with the running water. Replenish some salt solution to
the fuel cell tank. Place back the anode metal plate to the cathode fuel cell tank, the car will continue to run.
After use, you should pull out the anode metal plate and clean up the fuel cell tank with the running water.
Keep them dry for storage.

TROUBLESHOOTING
The car does not run.

Solution: 1. Make sure the connections are correctly done.
2. Try to clean the anode plate, if it still does not work polish the metal parts.
3. Change the anode plate.
4. Ensure you have replenished the salted solution into the tank.
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Horizon Fuel Cell Europe spol. s r. o.
Národní 416/37
Praha 1, 110 00
Czech Republic
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