Homemade Science with Bruce Yeany Bruce's Workbench - Build plan

EQUIPMENT BUILD PLAN
MOTION & FORCES

B-2 Model
Hovercraft

One motor blows air down under a foam tray to
lift the craft; a second, swiveling motor pushes
it forward and steers it. It shows how an air

cushion nearly removes friction, and it is

cheap enough for every student team to build DIFFICULTY BUILD TIME
one and race them. Intermediate 1-2 hours
COST SAFETY

Written from Bruce's original workshop

handout. Bruce's final review of this planisin  About $10-15per  Adult build /

progress. hovercraft supervision
GOOD FOR

Teachers, Makers, Families

What it shows

A foam meat tray, two cups and a pair of toy
motors become a hovercraft that floats on a
cushion of air and glides across the floor.

Key ideas: friction, air pressure, Newton's third
law, thrust, series circuits

Safety (Adult build / supervision). An
adult should handle the craft knife and
the drill. The thrust propeller spins fast
enough to cut skin, so build the cowling
(Step 9) and keep fingers and hair clear
of both propellers while the battery is
connected. Hot glue burns: use a low-
temperature gun with children.



CONSTRUCTION

Build it

Materials

[
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Large foam meat tray - 1

Clean, flat and unwarped; the flatter the tray, the better it hovers
Foam cups, 200z - 2

One becomes the lift duct, one becomes the thrust cowling

Tongue depressors (craft sticks, wide) - 2

Popsicle stick - 1

Or two plastic coffee stirrers

Small DC hobby motors - 2

Bruce does not give a rating; the common 3-6 volt toy motor type is assumed
Small plastic propellers that press onto the motor shafts - 2

Hobby and craft shops or online; the lift propeller should nearly fill the cup opening

9-volt battery snap connector - 1

9-volt battery - 1

Have spares; lift drops off well before the battery is dead
Small bolt and nut - 1

Nylon is lighter than steel

Plastic shopping bag - 1

For the optional skirt

Clear packing tape or similar - A few feet

For the skirt and to hold the battery

Electrical tape - A few inches

Optional, for wire joints

Tools

Craft knife (X-Acto type)

Hot glue gun

Drill with 1/4 in bit and a bit sized to your bolt

Scissors

Pencil

Wire strippers (or a craft knife used carefully)

Sandpaper or a sander (optional)



@ Mark the lift hole

Find the center of the meat tray. Turn a foam cup upside down on that spot and trace

around its rim to draw a circle.

@ Cut the hole

With a craft knife, cut out a circle slightly smaller than the one you drew, so the cup
section will sit on the tray without falling through.

@ Cut the lift duct

Cut the top of a cup off to make a ring about 2 1/2 in tall. Check it against your motor and
propeller: the lift propeller should sit just inside the lip, and the ring must be tall enough
that the thrust motor (mounted on top later) will not touch the tray.

@ Glue the duct to the tray

Center the ring over the hole and attach it with four small globs of hot glue rather than a
bead all the way around. If the tray cracks later, you can pop the duct off and move it to a

new tray.




Mount the lift motor

Drill a 1/4 in hole through the center of a tongue depressor so it fits over the raised boss
on the back of the motor; notch the wood if the motor wires need room. Press the stick
flat against the motor with a small dab of hot glue between them.

il

Fit the lift motor in the duct

Put the propeller on the motor, set the assembly across the top of the ring with the
propeller hanging inside, and center it so the blades do not rub. Mark the stick about 1/4
in past the ring on each side, trim the extra, then hot glue it in place.

Close the gap around the lift propeller

The lift propeller must fit as snugly as possible inside the duct. Any gap lets air leak back
up instead of pushing down, and the craft loses lift. If the gap is large, glue a thin ring cut
from another cup inside the duct to narrow it; Bruce's best versions were so tight the
blades cut small grooves in the foam on the first run.




Make the thrust motor mount
Cut a 2 in piece from the second tongue depressor and drill the bolt hole in it first (drilling
after gluing can crack it). Glue the thrust motor to this piece so the motor will hang about

1in past the edge of the lift stick.

Build the cowling (strongly recommended)

Cut the rim off the second cup with a razor blade or craft knife to get a ring just wide
enough to cover the edge of the spinning thrust propeller. Drill a Popsicle stick to fit over
the front boss of the thrust motor (go slowly, it splits easily), sand it thinner if you like,
then glue it across the ring with the propeller in place.

Attach the thrust motor

Line the thrust assembly up on the lift stick, mark the bolt position, and drill the matching
hole. Bolt the two together snug but not tight, so the thrust motor can swivel left and
right for steering.




Test-wire in series

Twist the wires together temporarily first. Join one red and one blue wire from the two
motors; connect the remaining red motor wire to the red battery lead and the remaining
blue motor wire to the black lead. The motors must be in series so each gets about half
of the 9 volts; wired in parallel they each get the full 9 volts and burn out within minutes.
Check that the lift motor blows down and the thrust motor blows backward; if both run
backward, swap the battery leads.

Make the wiring permanent

Once everything runs the right way, shorten the extra wire, strip the ends, twist the bare
wires back together, and cover each joint with a dab of hot glue (or electrical tape).
Bruce found soldering unnecessary.

Mount the battery and switch it on

Tape the battery to the tray with a strip of folded-over tape. Push one side of the snap
connector onto the battery; to switch on, twist it so the other contact touches, and twist
it away to stop. Slide the battery around while the motors run until the craft sits level.

Add a skirt (optional)

Cut a piece of shopping bag a little larger than the tray bottom. Fold its edge about 1/2 in
up over the tray rim and tape it all the way around, folding the corners neatly, without
letting tape reach the bottom edge where it would rub the floor.




Trim and loosen the skirt

Cut out the middle of the plastic, leaving a band about 1in wide inside the tray edge.

Gently stretch the plastic at each corner so it can flex and seal against the floor. When

the motors run, the skirt should hang at an even height all the way around.

THE PHYSICS

How it works

The lift propeller pushes air down into the
space under the tray faster than it can leak out
around the edges. That raises the air pressure
underneath slightly above the room's air
pressure, and the extra pressure acting over
the whole underside of the tray is enough to
support the light craft.

Riding on that thin layer of air, the tray barely
touches the floor, so sliding friction almost
disappears. A very small push from the thrust
propeller, which throws air backward and is
pushed forward in return (Newton's third law),
is enough to keep it gliding.

Anything that lets air escape the easy way
costs lift: a gap around the lift propeller lets air
recirculate upward, and a warped tray leaks air
on one side and makes the craft tilt and veer.
The plastic skirt flexes to seal those leaks.

Wiring the two motors in series splits the
battery's 9 volts between them, roughly 4.5
volts each, which protects motors designed for
lower voltages.

Using it

Push the tray across the floor with
the motors off, then with them on.
Ask students to describe what
changed and why.

Swivel the thrust motor to different
angles and record whether the craft
runs straight, curves or loops.

Hold a team competition:
straightest run, fastest run over a
set distance, or a figure-eight
course.

Compare the craft with and without
the skirt, or on different floors (tile,
wood, carpet), and explain the
difference in terms of air leaking
out.

Time runs with a fresh battery and
a half-used one to show how lift
falls off as voltage drops.



GO FURTHER

Variations
e Add a small on/off switch. Bruce leaves it out because it adds cost, weight and complexity,
but it is handy for younger builders.

e Use two plastic coffee stirrers glued on either side of the thrust motor shaft instead of the
drilled Popsicle stick for the cowling.

e Letteams vary the tray size, duct height or skirt design and measure the effect on hover
height or speed.

IF IT DOESN'T WORK

Troubleshooting

IF THIS HAPPENS
The craft will not lift off.

IF THIS HAPPENS

It veers to one side or drags a corner.

IF THIS HAPPENS
Both motors run backward.

IF THIS HAPPENS
One motor runs backward.

IF THIS HAPPENS
It does not work on carpet.

IF THIS HAPPENS

Motors get hot or quit after a few minutes.

TRY THIS

Close the gap between the lift propeller and the
duct wall, check that the lift motor blows
downward, and try a fresh battery. A warped tray
may need the skirt.

TRY THIS
Move the battery to balance the craft, add the skirt,
and adjust the angle of the thrust motor.

TRY THIS

Reverse the two battery connections.

TRY THIS
Reverse the two wires on that motor only.

TRY THIS

This design needs smooth, hard floors; carpet lets
the air escape. A skirt helps a little on rougher
floors.

TRY THIS
Check that they are wired in series, not parallel.
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