Sail Car Class Pack

Activity Guide

Materials for 8 Sail Cars
or 8–24 Students

Grades
• K–12

Concepts
•
•
•
•
•
•
•

Inquiry and Science Process
Energy and Energy Transfer
Forces and Motion
Earth Science
Engineering, Art, and Design
Using Basic Tools
Collecting and Interpreting Data

Sail Car Class Pack Activity Guide v2.0

Time required
• 45 minutes to 1 hour. Learning time is between 30
seconds and 45 minutes, depending on how much
time is spent exploring different variables.

Objectives
At the end of the lesson, students will:
• Design and build a functional Sail Car that moves as
far as possible in the wind
• Be able to use the scientific method to isolate and
adjust variables to design a sail car that travels as far
as possible.
• Understand how sails capture energy from the wind
and transfer it into usable energy to propel a car
forward.

Your REcharge Labs Classroom Kit
The materials enclosed in this kit will help you bring engaging lessons about
renewable energy into your classroom. Consider attending a REcharge
Training, if you haven’t already done so, to enhance your experience using
these materials.

About REcharge Labs
We believe that responsible and informed students of today will become our
innovative renewable energy leaders of tomorrow. At REcharge Labs, our
mission is to provide the resources to encourage this generation of informed
thinkers, involved doers, and curious life-long learners.
REcharge Labs provide everything you need to teach renewable energy.
• Professional development workshops that prepare you to teach fun,
hands-on project-based wind and solar activities.
• Scalable activities for different age groups and time frames.
• Kits and resources that fit educational
standards and your budget.
We recommend attending a REcharge Lab training
workshop to enhance your experience using these
kits.
REcharge Labs was born out of programming from
the KidWind Project, and relies upon KidWind’s
resources and history to carry out its work. KidWind
has been a leader in renewable energy education
for over a decade. REcharge Labs, like KidWind,
continues to be committed to bringing affordable,
hands-on applications of our materials to teachers
and students worldwide.

A note on reproduction
Reproduction of this activity guide and associated
kit is prohibited except for student use in the
classroom. For permission to copy portions or all
of this material for other purposes, please contact
REcharge Labs at info@rechargelabs.org.

Find kits and sign up for training workshops at

www.rechargelabs.org
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Topics for Discussion and Activity Integration
Forces and Motion
People use many kinds of forces to put objects into motion. Playing catch, swinging on a swing set, or riding a
bike are ways that we use force to push and pull things to achieve motion. There are also forces constantly acting
upon us that affect our movement, like wind, a hill, or something pushing or pulling us, like a dog on a leash.
These forces cause us to slow down, speed up, or stop completely. Learning about forces and motion will help
us understand how things work, and can help us understand how to make things work better in order to solve a
problem. Students will gain a better understanding of forces and motion by testing a construction that moves with
the wind.

Wind Power
Through experience, students are clearly very familiar with the wind and what it can do. They may not know where
wind comes from, but they have seen how it can be helpful to society (kites, sailboats, windmills) and how it can be
destructive (tornados, hurricanes). In this activity guide, we hope to show you some ways that we can harness the
wind to do useful work in our daily lives (move objects, lift objects, etc.).
We understand that you may have a limited time to do these activities but when discussing wind power there are
two important topics that may intersect with your exploration of this subject: energy and climate change. Below we
offer some very brief guidance in talking with your students about these concepts.

Energy
When we are dealing with moving air molecules, gliding sail cars, rotating windmills, and turbines, we are exploring
energy and the transformation of energy between different forms. While there are formal definitions of energy,
such as the ability to do work, young (and older) students struggle with many of the basic concepts.
Young students understand energy from experience and not from textbooks and have a number of preconceptions
about the topic. If you ask students to describe energy, you may hear the following concepts:
• Energy is a fuel that does work.
• Energy is linked to moving things.
• Energy is needed for living things to survive.
• Energy can move around in wires or be stored in a battery.
• Energy can be changed into different kinds of energy.
We are not worried about formal definitions of energy, understanding all the forms and sources, or technical
aspects of energy transformations, although they can be easily incorporated into this lesson. It would be great if at
the end of our activities students understand the following about energy:
•
•
•
•

Energy is found in motion (and maybe light, heat, sound);
Wind is the motion of air and has energy;
The energy in the wind can be transferred to objects to make them move or rotate;
We can use that movement or rotation to do useful work (make a car move, lift a weight or light a bulb)
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Climate Change
When discussing wind power, one question that may come up is: why should we harness wind power to generate
electricity? This is a very good question. It provides you an opportunity to discuss the delicate path we must walk
between balancing our need for energy and the impact that generating electricity has on the climate.
Students of almost any age will be able to tell you something accurate about the weather. However, discussions
about climate, and climate change, are more complex, and these conversations are probably more appropriate for
students 3rd grade and above.
The first thing we can help students understand is that there is a big difference between weather and climate.
• Weather is the day-to-day state of atmospheric conditions like “Will it be hot tomorrow?”
• Climate is the weather of a place averaged over a period of time, often 30–40 years.
If young students can understand the difference between these two concepts, this will go a long way toward helping
them understanding climate change as they become advanced students.
Discussing climate change can sometimes make students feel helpless. What can we do about such a big problem?
While we do not want to scare students, we can tell them that scientists have discovered that our climate is
changing in ways that may be different than in the past, and that on average, the planet is warming faster than it
ever has throughout history.
Connecting climate change to electricity can be even more complicated. Most young students, and even older
students and adults, do not know where or how their electricity is generated, but this can be a fun conversation!
Currently, most of the electricity we consume in the US comes indirectly from burning fuel, such as coal or natural
gas. These fuels are combusted to heat water, make steam, and drive a turbine which generates electricity that
comes to our house over wires. The burning of these fuels generates CO2 and pollution.
Most students understand that when we burn things, it creates smoke or pollution. We can ask students what
they think could happen if there was a lot of pollution and tell students that the pollution created from electrical
generation releases gases that are causing temperatures to increase over time. These temperature changes can
impact all life on earth. More advanced students (4th grade and up) can explore mechanisms around how greenhouse
gases heat up the earth.
This is a lot to digest for young elementary students, so here are a few major points when connecting energy and
climate:
•
•
•
•

All energy use has consequences.
Current research informs us that the global climate is warming due human factors.
As a society and individuals we can make choices that help reduce the climatic impact of electricity generation.
Generating power with the wind is a choice we can make that reduces pollution and following climate impacts
from electricity production.
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Materials

Sail

Skewers

Card stock

Mast
Stern
(back of Sail Car)

Binder clip

Foam stickers

Wheel

Craft balls

Corrugated plastic
sheets

Bow
(front of Sail Car)

Axle
Chassis

You will need to supply the following materials:
• 20” x 20” standard box fans
• Measuring tape
• Masking tape (for the race track)
• Scissors
• Hole punchers
• Wire cutters (optional)
• Books or images that show examples of different sail
shapes, sizes, and numbers of sails.
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Background
People have been using sails for thousands of years. The sail enabled
us to travel across the globe, expand civilizations, develop international
trade routes, and exchange cultural knowledge. Because sails use wind
to move, they aren’t tied to a finite fuel source that limits the distance
they can move. But sails face some challenges, like the intermittency
of wind or slower speed than other modern fuel sources. Through the
process of designing and engineering their own sails, students will build
Sail Cars that will propel as far as possible when placed in front of a fan.
As students experience the benefits and challenges of using wind as a
source of power, they will encounter design considerations faced by both
ancient sail designers and modern wind turbine technicians.

Learning Goals
This activity demonstrates how wind can be used to propel an object.
Students will build sails to catch the wind in order to move the Sail Car as
far as possible. Experiment with the number, design, shape, and angle of
sails to control the direction, speed, and distance of the Sail Car.

Getting Ready
• Build and test your own Sail Car before the class begins. This is a valuable
preview to the challenges and problems that students will face. Your
example will also help you to explain design and vocabulary words.
• Organize the materials to distribute to each group. Gather the tools and any
additional items you will need to complete the activity.
• Have books or images ready that show examples of various sail shapes,
sizes, and number of sails.
• Use masking tape to create straight race tracks on the floor. The track can
be laid on a dense, low-pile carpet or a smooth floor, and the space should
be empty and at least 20 feet long. Have as many as three fans lined up
next to each other, pointing in the same direction, and at the same wind
speed. The track width should be the same as the width of the box fan.
Place a starting line about two feet away from the box fans. See illustration
at left.
• Have your measuring tape, extra masking tap, and permanent marker ready
to mark the student’s distance for each of their tests.
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Activity
During the first segment of this activity, students learn vocabulary terms and assemble
their Sail Car chassis. During the second stage, students explore different types and
arrangements of sails and plan and create their own Sail Cars. They then test multiple
trials of their sails on the race track and gather data on their performance.

This activity works best if students work either
individually or in pairs. If groups of three are required,
be sure the groups have plenty of time to plan and
design together before getting their sail materials.

Step 1: Beginning questions for students
• Who has seen or been on a boat that uses sails?
• What are the basic parts and features of a
sailboat?
• What different kinds of boats can you name
that use sails? How are the sails on these boats
similar or different?
• How does a sailboat work?

Step 2: What is a Sail Car?
A Sail Car is a cross between a sailboat and a car. A car
uses a motor to move forward, but a sail car uses the
wind. A sailboat needs water to float, but a Sail Car
can move on land because it has wheels.

Step 3: Distribute chassis materials
The first part of the activity is having the students
assemble the Sail Car chassis, which is the base of the
Sail Car with the axles and wheels. Give each group
the materials needed to make one Sail Car chassis:
•
•
•
•
•
•

2 bamboo skewers
4 wooden balls
foam stickers
2 corrugated plastic bases
1 binder clip
scissors or wire cutters

Step 4: Assemble axles and wheels
Starting at the bow of the chassis, count to the 11th
corrugated “channel” and push a bamboo skewer
through it. Slide one wooden ball onto the piece of
skewer sticking out from either side of the chassis
(Fig. A). Stick any of the foam stickers on the bamboo

skewers to keep the balls on the skewers (Fig. B).
Repeat on the other side of the skewer. Then, use the
same technique for the back axle, this time inserting
the skewer into the 4th channel from the stern.

Step 5: Trim the bamboo skewers
There will be extra bamboo skewer lengths sticking
out from the wheels. Using scissors or wire cutters,
students should cut off the extra lengths, starting ¼”
after the foam sticker stoppers (Fig. C). This can be
difficult to do with scissors; students might have to
make a dent, then snap the bamboo at the dent.

Step 6: Attach bottom
Stack the remaining piece of corrugated plastic
directly on top of the assembled chassis (Fig. D). Use
the binder clip to attach the two bases together at the
stern. This top piece acts as a buffer to keep the sail
mast from poking through the chassis and dragging
along the floor.
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Next students will use the bamboo skewers to make
the mast. To make the first mast, use firm pressure
to push the pointy end of the skewer through the
corrugated plastic base where the mast will be (Fig.
E). Warn students to NOT place their hands on the
underside of the chasis where the skewer might
punch through and poke them.

students may use a hole punch to make holes (Fig. F),
and use foam stickers to keep sails in place. If the sail
hangs over the edge of the base, trim or move it so
that it does not rub against the wheels or the ground.

Step 9: Ready, set, go!
Step 7: Research sail design
The type and arrangement of sails control how well
students’ Sail Cars will perform. Give students time to
browse books and images of sail types for inspiration
for their own designs. Encourage them to draw their
design or discuss with team members why they think
certain designs will work better than others.
Students can create multiple masts of varying
heights, sails of all shapes and sizes, two sails on
one mast, and billowing sails leaning in different
directions. Students can even make sails with holes in
them, or sails that look like funnels!

Step 8: Distribute sail materials
Distribute sail materials to students:
•
•
•
•

bamboo skewers
cardstock
scissors
foam stickers

Now for the best part: making sails that catch the
wind! To make it easier to place sails on the masts,
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The goal of this activity is to make the Sail Car go as
far and as straight as possible. Turn fans on. Invite
students to place their Sail Cars at the starting line,
one car per fan at a time. As soon as the car comes
to a complete stop, mark where the front of the car
stopped using masking tape and write the student’s
or team’s name on it. Remember, the goal of the race
is not about speed, it’s about distance!

Step 10: Testing and discussion
The first trial may not be the best trial. Some cars
may swerve off track; others may not go very far.
To make a Sail Car move in more of a straight line,
students should try changing the angle of the sails.
They should test out the number of sails to increase
the amount of surface area the wind can catch, and
experiment by changing different variables (see page
10 for examples).
Do as many tests as possible, then at the end of
class ask students to gather again to discuss which
designs worked best. How did their designs perform?
What aspects of the design do they think had the
greatest affect on performance? What would they do
differently for next time?

Extension Activity
Making and testing different Sail Car bases can be a great extension activity for students.

Step 1: Gather materials
You will need to acquire some corrugated plastic. You can purchase corrugated plastic, or “coroplast” at hardware or
craft stores ($3–$5 for a 18”x24” sheet), but it’s also used for election campaign signs, so it’s easy to come by during
voting season!

Step 2: Cutting your Sail Car bases
Have students draw out their desired Sail Car base on the coroplast. They can do research on different chassis
shapes, as viewed from above. See page 11 of this guide for examples. Or make a template, and give it to students to
trace out a pattern.
Coroplast can be difficult to cut with scissors when it is in a large sheet. We suggest pre-cutting the pieces. Using a
carpenter’s knife, cut them into 4”x8” pieces. Make sure when you cut the coroplast for the 8” length, you are cutting
across the corrugation, not in line with it. Coroplast has many “channels,” and those channels will be used as axle
holders for the wheels.

Vocabulary
Here are some important vocabulary for students to understand as they work through the activities.

SAILBOAT TERMS

CAR TERMS

sail

chassis

The sheet that catches the wind.

The base frame of a car.

mast

wheel

A tall vertical pole that supports the sails.

The round part connected to the axle that allows the
car to move.

hull
The boat base.

bow

axle
The central shaft for a rotating wheel.

Front of the boat.

stern
Back of the boat.
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Sail Car Testing Variables
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Hull Examples
Pirate Ship Hull
• More hull area allows for more sails

Polynesian Canoe
• Double hull for stability

Paraw (Outrigger)
• Outriggers allow more stability
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Did you like the Sail Car Class Pack? Then you might be
interested in these REcharge Labs classroom kits.
MacGyver Windmill Class Pack
Students will use a limited amount of materials to design and build functioning
windmill models. They will use these models to convert wind into mechanical energy
in order to lift weights. Using the scientific method, they will conduct trials, change
variables, and work to improve the performance of their windmills.

firefly™ Class Pack
This activity explores basic wind turbine design. Learn how to make an efficient
wind turbine by designing a pinwheel shape to catch wind and illuminate an LED
bulb. Experiment with materials and get creative with design.

Solar Town Class Pack
Build a small solar powered house, then learn basic circuitry to wire it with lights,
a motor, switches, power storage, and a solar panel. Use the model house to learn
about energy consumption, efficiency, and conservation in an average household.
A great activity to model real world applications. Connect with your neighbors to
build a town!

Solar Fountain Kit
Learn how to use the power of the sun to build a creative electrical fountain.
Discover how solar panels work, learn basic circuitry, and use this knowledge to
build a custom solar powered fountain.

Visit www.rechargelabs.org for more.
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