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Gears and Why They Matter 

Introduction 

Objectives 

By completing this activity, students will: 

• Learn about gears, gear ratios, and their importance

• Contemplate the uses of the gear ratio in engineering and in modern life

• Build their own gears and study how they move

Time 

The time to complete this activity is around 30 to 40 minutes. 

Materials 

To complete this activity students will need: 

• Scissors

• Glue

• Cardboad (i.e. shoebox)

• Tape

• Pencil or marker

• Gear template on page 7

• Sticks or pencils (optional)

Note that thicker cardboard, although more time consuming to cut, makes better gears because their teeth 

mesh together more easily – you will learn what mesh means later on. 

Important Concepts 

While completing this activity make sure to pay attention to these key concepts: 

• Gear

• Gear box

• Teeth

• Mesh

• Gear ratio

• Rotational speed
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Background Information 

There are many different types of gears that have different shapes and uses, like 

the helical, bevel, worm, and planetary gears. However, for the purpose of this 

activity, we will be concentrating on spur gears. These gears are basically plates 

with protrusions on the end called teeth. When the teeth of two different gears fit 

together like in the picture shown to the right, the teeth are meshed. If one of the 

gears is rotated and its teeth are meshed with another gear, the second gear (of a 

different size) will also rotate but at a different speed! Gears rotate at different 

speeds because of something called a gear ratio.  

The gear ratio is represented by the following equation: 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 = 𝐺𝑅 =  
𝑤𝐴

𝑤𝐵
=

𝑁𝐵

𝑁𝐴

…where 𝑤𝐴 is the rotational speed of gear A, 𝑤𝐵 is the rotational speed of gear B, 𝑁𝐴 is the number of teeth

on gear A, and 𝑁𝐵 is the number of teeth on gear B. The number of teeth on a gear can be counted. The

rotational speed can be measured as the number of revolutions or complete turns a gear does in a certain 

amount of time. If a gear completes 10 revolutions in 1 minute, then its rotational speed is 10 revolutions 

per minute. If another gear completes 20 revolutions in 5 minutes, then its rotational speed is 4 revolutions 

per minute. For years, engineers have been designing gears by choosing the number of teeth each gear 

should have, so they can have the gear ratio and the rotational speeds they want. 

The gear ratio can be increased by using multiple sets of gears. This multiple set of gears is commonly 

known as a gear train or a gear box. Gear boxes have many uses. For example, watches use gears to make 

the minutes and second hand rotate at a certain speed. At this very specific speed, the minute and second 

hands can count off the right time on the watch face. Gears and gear boxes can also be very large. The wind 

turbines used to generate electricity use gear boxes to make a metal axis (which is rotated by the turning of 

the turbine blades), spin much faster, which makes it possible for the turbine’s generator to produce 

electricity. 

Go back to the important concepts and make sure you have understood all the key words listed. With this, 

you are now ready to move on to the next activity, making, testing, and studying your own gears! 

Activity 

Steps to build Gears 

Follow these steps to construct Gears. Alternatively, watch our video instructions for more detail. 

1. First print out the template of the gears on page 7. This template will help you make your very own

gears. If you print out multiple copies of the templates, you can also make more gears!

2. Cut out the gears from the template. Feel free to cut a margin around the gear, there is no need to

be exact.

Figure 1. Example of spur gears 

(“How Stuff Works – Gear Systems 

Plus an Activity” 2017) 
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3. Glue the different gear templates onto the flat surface of a piece of cardboard. Make sure the

template has fully dried before moving on to the next step.

4. Cut along the lines on the template with scissors. Cut the right and left side of each gear tooth. Do

not try to cut the line in between the two teeth if it is too difficult. Be careful to only cut on the lines

or you may damage your gear and need to start over!

5. Fold back the excess material between each tooth, if you were unable to cut it off, and tape it down.

After cutting and taping the cardboard you should have your fully functional gears.
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6. Use a pencil or marker to count the number of teeth on each gear. Also draw a circle on one tooth

of each of the gears.

7. Hold two of the gears flat on a table. Place them so that the teeth of both gears fit together and

that the tooths with a circle drawn on them are next to each other.

8. Use your hands to turn each gear in the opposite directions. If you have cut them correctly, the

gears should move together effortlessly.
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Results 

Test 

1. First, make sure to count the number of teeth on each gear.

2. Using the number of teeth, you can calculate the gear ratio for each set of gears you decide to pair

up. (Hint: Remember the formula shown in the Background Information section.)

Gear Number of teeth Gear Ratio 

Gear A 

Gear B 

3. Place the two gear teeth marked with circles next to each other. Once you begin to rotate the gears

in opposite direction take note of the number of revolutions each gear completes in a set amount of

time (i.e. 30 seconds, 1 minute, etc.).

Gear Number of revolutions Time [s] 

Gear A 

Gear B 

4. Divide the number of revolutions of each gear by the amount of time to obtain the rotational speed

of each respective gear.

5. Now, compare the rotational speeds to the gear ratio you calculated previously and write down your

observations.

Gear Rotational speed [rev/s] Gear Ratio 

Gear A 

Gear B 

Observations: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

6. You can now pair up a different set of gears and repeat the test.

Questions after testing the gears 

• How many different gear combinations and gear ratios can you get with the set of gears provided?

• What happens to the rotational speeds and gear ratio when you switch out one of the gears for a

bigger gear with more teeth?

• What happens to the rotational speeds and gear ratio when you switch out one of the gears for a

smaller gear with less teeth?

• What happens to the rotational speeds and gear ratio when you switch out one of the gears for a

gear of the same size and same number of teeth (so that the set is made up of two identical gears)?
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A 

B 

C 

D 

Challenge 

Want a bigger challenge? Try using sticks or pencils to build your own gear set or gear train! How far can 

you build? What is the greatest gear ratio can you get and how many gears did it take you to reach it? 

Using more gears allows you to obtain a greater gear ratio than you could otherwise using just two of the 

gears provided. To increase your gear ratio, you will first need to know how to connect multiple gears 

together. Multiple gears can be connected using shafts to form gear trains like those seen in Figure 2 below. 

We suggest using pencil, sticks, or something similar as a shaft. Once you have the pencils (or something 

similar), poke a hole through the center of the gear and push the pencil through. You can then glue the 

surface between the gear and the pencil. Repeat this process multiple times until you obtain a result like the 

gear train shown in Figure 2. Once the gear train is complete, you can rotate one of the sticks, or shafts in 

this case, and all the connected gears should also move. Repeat the previous tests for the two gears at each 

end of the gear train.  

The gear ratio for a gear train like this is as follows: 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 = 𝐺𝑅 =  
𝑤𝐴

𝑤𝐷
=

𝑁𝐵

𝑁𝐴

𝑁𝐷

𝑁𝐶

Figure 2. Gear train example. (“Gears - Gear Train Wheel Multibody System Worm Drive”, 2017) 
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Gear Templates 




