
 

WIND AND MECHANICAL 
POWER 

OVERVIEW & PURPOSE 

Does wind have energy? Can it do work? Absolutely! Think of a tornado or hurricane 

strong enough to lift automobiles, destroy buildings, and rip trees out of the ground. 

Over 150 years ago, Henry David Thoreau wrote: 

First, there is the power of the wind, constantly exerted over the globe... Here is 

an almost incalculable power at our disposal, yet how trifling the use we make 

of it! It only serves to turn a few mills, blow a few vessels across the ocean, and a 

few trivial ends besides. What a poor compliment do we pay to our 

indefatigable and energetic servant! 

Wind is simply moving air. But what causes air to move? The earth is made up of a 

variety of surfaces – forests, deserts, oceans, mountains, and more. As the sun warms 

these surfaces and the air above them, warm air rises and cool air rushes in to fill the 

voids. This air movement is wind. Wind is a renewable energy source because it is 

not used up in the process of generating power. In other words, wind will continue to 

blow whether or not we harness its energy. Wind is ultimately a form of solar energy, 

as it wouldn’t exist without the sun’s heat.  

Humans have harnessed the wind’s energy for thousands of years. As early as 5,000 BC, 

Egyptians used wind-powered sailboats to navigate the Nile River. Around 500 AD , 

Persians used windmills to grind grain and pump water. By the 1500s, Europeans were 

using windmills to cut wood and make paint.  
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Energy  is the ability to do work. Without energy, nothing would grow, move, or 

change. Work  is using a force to move something over some distance. 

ork  orce x distance w = f  

Energy and work are measured in joules. One joule equals the work done (or energy 

used) when a force of one newton moves an object one meter.  

How much energy would it take to lift a can of soda (weighing 4 newtons) up 

two meters? 

ork  force x distance  4N x 2m  8 joules w =   =   =    

Whether you lift the can of soda quickly or slowly, you are doing 8 joules of work 

(using 8 joules of energy). It’s often helpful, though, to measure how quickly we are 

doing work (or using energy). Power is the amount of work done (or energy used) in a 

given amount of time. 

ower p = time
work  

Power is measured in watts. One watt equals one joule per second.  

How much power would it take to lift this same can of soda up two meters in 

one second? 

ower p = time
work = second

8 joules 8 watts=    

So, it takes 8 watts of power to lift this can of soda up two meters in one second.  

How much power would it take to lift this same can of soda up two meters in ten 

seconds? 

ower p = time
work = 8 joules

10 seconds 0.8 watts=    

So, lifting the can slower uses less power but requires the same amount of energy 

(work). Conversely, lifting the can quicker would require more power but the same 
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amount of energy (work).  

Because a watt represents such a small amount of power, we often use kilowatts (1 kW 

= 1,000 watts) and megawatts (1 MW = 1 million watts) to describe the power output of 

things like kitchen appliances and power plants, respectively.  

Wind turbines can transform wind energy into mechanical work (and then into 

electricity). In this lab, we’ll see how much mechanical power a small wind turbine can 

produce.  

OBJECTIVES 

● Learn how wind turbines convert wind energy into mechanical energy. 

● Be able to define energy, work, and power, and give examples of each. 

● Understand the relationships between energy, work and power. 

● Learn how blade pitch affects the mechanical power generated by a wind 

turbine. 

● Measure and calculate the mechanical power generated by a wind turbine. 

METHOD 

Students will use a wind turbine to do mechanical work by lifting weights, vary the 

blade pitch to learn how this affects efficiency, and calculate the amount of power 

generated by the wind turbine.  

MATERIALS 

❏ 22” tower (x 2) ❏ tower base legs (x 6) ❏ hubs (x 12) 

❏ blade pitch 
protractor (x 12) 

❏ nacelle (x 2) ❏ wooden spool (x 2) 

❏ cardstock for blades 
(x 50) 

❏ ¼” x 5” dowels (x 
50) 

❏ hot glue gun (x 1) 

❏ glue sticks (x 15) ❏ small buckets (x 2) ❏ metal washers (x25) 
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❏ digital scale (x 2) ❏ tape measures (x 2) ❏ masking tape (x 1) 

❏ stopwatches (x 2) ❏ 12” ruler (x 12) ❏ safety glasses (x 6) 

❏ scissors (x 12) ❏ spool of string (x 1) ❏ fan (use your own 
or borrow one of 
ours) 

❏ pre-cut 
pre-assembled 
blades (x 40) 

  

! SAFETY PRECAUTIONS ! 

Be sure to wear safety glasses when your turbine is in motion.  

QUESTIONS FROM READING  

1. What is wind, and what causes it? 

2. Why is wind considered a renewable energy source? 

3. What is the difference between energy, work, and power? 

PRE-LAB DISCUSSION QUESTIONS 

1. How does wind make a wind turbine rotate? 

2. How do you think the pitch of the blades affects the amount of power that a 

wind turbine can generate? 

3. How do wind turbines use mechanical power? 

4. How do you think coal, natural gas, and nuclear plants use mechanical power? 

PROCEDURE 

Groups of three or more students work well for this lab. Assign each group a single 

blade pitch (0 o , 15 o , 30 o , 45 o , 60 o , 75 o , and 90 o ) for which they will run multiple trials. 

Each group will have their own hub/blade assembly which they will take turns 
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attaching to one or two turbines set up in the front of the room. 

Setup Turbine(s) (to be shared by all groups) 

1. Assemble one or two wind turbines in the front of the classroom (Figure 1). 

Groups will take turns attaching their hub and blades to these shared turbines.  

a. Slide each of the three base legs into the tower base (Figure 2). You 

should hear a click as each leg is locked into position. 

b. Stand the wind turbine upright on a sturdy table. 

c. Slide the wooden spool onto the hex-shaped driveshaft (Figure 3). 

d. Slide the nacelle onto the tower base (Figure 4). 

2. Attach the small bucket to the wooden spool at the rear of the turbine. 

i. The bucket should have a string (about 75 cm or 30 in long) 

attached to it with a loop on the end opposite the bucket. Slip this 

loop over the wooden spool at the rear of the turbine.  

ii. Place the bucket so it’s directly under the wooden spool. You may 

need to rotate the top of the tower base so the bucket lies between 

two of the tower’s base legs (Figure 5).  

b. Measure the mass of the bucket and washers. 

i. Place the bucket on top of a scale. 

ii. Put enough washers inside the bucket so that the bucket and 

washers are about 110 grams. (You may use more or less mass 

depending on how much wind your fan generates.)  

iii. Write down the mass of the bucket and washers on the data sheet, 

as you will need this later. 

3. Place the fan so that it’s about 25 cm (about 10 in) from the turbine’s hub. The 

center of the fan should be the same height as the center of the turbine (the 

hub).  

a. The fan may be placed closer or farther from the turbine depending on 

how much wind your fan generates. 

b. Mark this distance on the table using masking tape so that it’s the same 

throughout the lab .  
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Setup hub/blade assembly (each group will have their own) 

Now that one or two shared turbines are set up in front of the classroom, each group 

will attach blades to their hub and adjust them to their assigned pitch. 

1. Attach three blades to the hub (black circular piece with pencil-sized holes 

around the perimeter) (Figure 6).  

c. Loosen the wing bolt on the front of the hub. You do not need to unscrew 

the wing nut completely (Figure 7).  

d. Separate the two halves of the hub a little so that the blade posts will fit 

into the holes (Figure 8).  

e. This step is easier with two people working together. Insert each of the 

three blade posts into the hub so that the posts (wooden rods) are facing 

away from the wingnut (Figure 9). 

i. Space them evenly apart so that there are three holes between 

each blade post (Figure 10). 

ii. Tighten the wing bolt just enough to hold the blades in the hub. 

f. This step is easier with two people working together. Using the yellow 

blade pitch protractor, rotate each of the three blades so that they’re at 

your group’s assigned angle (relative to the hub’s plane of rotation). 

Rotate them clockwise when looking down from the tip of the blade to the 

hub below. (Figures 11 - 14) 

g. Gently tighten the wing bolt to hold the blades in place. Do not 

overtighten the wing bolt. 

Data Collection 

Groups of three work well for data collection. Each group will attach their hub/blade 

assembly to a turbine at the front of the classroom and collect data for their group’s 

specific blade pitch. One person will operate the fan while a second stops the bucket 

just before it reaches the wooden spool. A third person will operate the stopwatch. 

You’ll be measuring the time it takes for the turbine to lift the bucket up 20 cm (about 8 

inches). The turbine tower is marked in two locations: START and STOP. The START 
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line is relatively far up the tower because we want the bucket to be rising at a constant 

speed when we measure its travel time.  

Practice these steps several times with the fan off before beginning formal data collection 

so that you know what works well. After you have practiced, you may turn the fan on as 

directed in step 1.  

1. Attach your group’s hub/blade assembly to the wind turbine. 

a. Align the two grooves (Figure 15) on the black hub with the two jut-outs 

inside the green hub connector (Figure 16). 

b. Slide the hub (with attached blades) onto the green hub connector (Figure 

17). 

2. While one person holds the wooden spool still, another will turn the fan on.  

3. After a few seconds (when the fan is operating at full speed), release the wooden 

spool -- giving the turbine blades a gentle push if needed. 

4. The wooden spool should begin to wind the string, lifting the bucket. 

a. You may need to use your finger to guide the string and prevent it from 

winding off the wooden spool.  

b. If the bucket doesn’t rise, remove some of the washers from the bucket 

and try again. (Be sure to remeasure and record the new mass of your 

bucket and washers.)  

5. Measure how long it takes for the bucket to rise 20 cm. 

a. Start the stopwatch just as the top  of the bucket passes the START line on 

the turbine tower.  

b. Stop the stopwatch just as the top  of the bucket passes the STOP line on 

the turbine tower.  

c. Grab and hold the bucket in place after it passes the STOP line -- before it 

touches the wooden spool.  

6. Turn the fan off. 

7. Unwind the string from the wooden spool allowing the bucket to rest on the 

table. 

8. In the data table, write down the time it took for the bucket to rise 20 cm. 

9. Repeat steps 2 through 8 four more times so that your group has a total of five 
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trials for your blade pitch. 

10. Each group will perform steps 1 through 9 until there are recorded lift times for 

five trials for each of the blade pitches. 

Data Processing 

1. Calculate the average time it took to lift the bucket for each blade pitch, and 

write it in the data table. 

2. Calculate the force (weight) of the bucket and washers in Newtons. Write it 

down on the data sheet. 

3. Calculate the work that was done when the bucket was lifted 20 cm. 

4. Calculate the power (in watts) required to lift the bucket for each blade pitch. 

POST-LAB QUESTIONS 

1. What is the relationship between work and the time it takes to lift the bucket? 

2. What is the relationship between power and the time it takes to lift the bucket? 

3. What is the relationship between the pitch of the blades and the mechanical 

power generated by the turbine? 

4. What are some of the causes of inefficiency when converting wind energy to 

mechanical energy? 

5. How much mass would your turbine have to lift in 3 seconds in order to power a 

60-watt light bulb? a 1,200-watt hair dryer?  

6. Wind turbines convert wind’s kinetic energy to mechanical energy and then to 

electrical energy. If a generator is 75% efficient, how much electrical power (in 

watts) could your turbine generate when using your most powerful blade pitch? 

FURTHER EXPLORATIONS 

● Repeat the experiment using more washers (more mass) to determine the 

maximum power your turbine can generate. 

● Test other variables to see how they affect the amount of power generated by 

your turbine: wind speed (fan’s power setting), various blades shapes and sizes, 

http://www.rdcep.org/demo-collection page 8  



 

number of blades, etc. 

● Calculate the turbine’s RPMs (revolutions per minute) and determine whether 

faster or slower blade setups have more lifting power. 

● Borrow RDCEP’s demo kit Wind and Electrical Power to learn how turbines 

convert this mechanical power into electricity. 
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DATA 

Distance bucket and weights lifted: ______ m 

Mass of bucket and weights: ______ kg 

Force: ______ N 

Work: ______ J 

 

Blade 
pitch 

(degrees) 

Trial Time to lift bucket 
20 cm (seconds) 

Average time 
to lift bucket 20 cm 

(seconds) 

Power used to lift 
bucket 20 cm (watts) 

 1    

2  

3  

4  

5  
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EQUATIONS 

 

verage time a = number of trials
sum of all trial times  

 

orce (N)  mass (kg)  acceleration due to gravity (9.8 N/kg)f =   ∙    

 

ork (J)  force (N)  distance (m)w =   ∙    

 

ower (W ) p = time (s)
work (J)  
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FIGURES 

 

  

Figure 1. Wind turbine 
completely set up. 

Figure 2. Attaching legs to base. 
Figure 3. Wooden spool 

sliding onto nacelle’s 
hex-shaped driveshaft. 

   

 
 

Figure 4. Slide nacelle 
onto tower base. 

Figure 5. Bucket directly under 
wooden spool in between base 

legs. 

Figure 6. Hub with wingnut 
facing up. 
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Figure 7. Loosen wingnut 
on hub. 

Figure 8. Partially separate 
halves of hub. 

Figure 9. Blades facing 
incorrect (left) and correct 
(right) direction relative to 

hub’s wingnut (facing 
camera). 

   

   

Figure 10. If using 3 
blades, space them 3 

holes apart. 

Figure 11. Place protractor onto 
hub this way with wingnut 

facing up. 

Figure 12. Protractor will fit 
snugly on the hub. This 

blade pitch is at 0 o . 
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Figure 13. This blade 
pitch is set to 30 o . 

Figure 14. With wingnut facing 
up, blades should be pitched 

this direction. 
Figure 15. Two grooves on 

the black hub. 

   

 

 

 

Figure 16. Two jut-outs 
inside the green hub 

connector. 

Figure 17. Slide the black hub 
onto the green hub connector. 
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NOTES FOR THE TEACHER 

● Each lendable kit will have two towers that you can set up at the front of the 

room. Students will work in groups of 3 (or more) and bring their blades up to 

the front of the room to test them on the shared turbines. 

● There are enough materials in this kit for 12 groups of students. 
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