
a WOW Lab

Wind Power - Outdoor Windmill

These plans can be built to serve as an introductory demonstration leading to a discussion of electricity and mag-
netism in a high school physics class or to a discussion of renewable energy generation in a high school environ-
mental sciences class. The project can also serve as a semester-long project for a student taking a high school 
technology or manufacturing class. See figure 1 for an illustration of the completed windmill.  

Part I – Construction of the Support Tower
In addition to the materials listed in the Prep Instructions, the following items will be needed for this stage:

• six 1 in. wood screws
• one 4 in. x 1.5 in. piece of dense cardboard
• two 3 in. x 2 in. pieces of standard box cardboard 
• two 1.25 in. pipe straps (preferably steel)
• one 3/4 in. to 1/2 in. reducing coupling
• one 3/4 in. x 2 in. nipple
• one 3/4 in. steel tee fitting
• one 3/4 in. to 1 in. reducing coupling
• four washers
• one 3.5 in. hose clamps. 
• four 15 ft. ratchet tie downs
• one 2 in. x 4 in. x 3 ft. plank of wood
• eight 7.5 in. plastic zip-ties
• one 10 ft. steel pipe

Tools

• one screw driver set or drill
• one pair of scissors
• one wood saw

Activity Instructions - 10 Ft. Outdoor Windmill

Figure 1
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Step 1
Cut the 2 in. x 4 in. x 3 
ft. piece of wood into a 
1 ft. section and a 2 ft. 
section.

Step 2
Mark the centre of the 2 ft. section of wood length-wise. Working length-wise, place a mark 1 1/8 in. on both sides 
of the centre mark. Mark the centre of the wood width-wise. Working width-wise, place a mark 1 1/4 in. on both side 
of the centre mark  (Figure 2). 

Step 3
Extend the marks so that they meet and mark 
the corners. The wood should resemble figure 3. 

Step 4
Take one of the pipe straps, two wood screws and two wash-
ers. Screw the strap to the wood so that the screws go into the 
marks on the left-hand side (Figure 4).  

Step 5
Place the 3/4 in. tee through the strap and then secure it in 
place by screwing the second strap into the remaining two 
marks on the wood (Figure 5).  
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Step 6
Slide the piece of dense cardboard under the tee and through 
the clips. Screw two screws into the ends of the cardboard to 
hold in place (Figure 6).  

Step 7
In the top opening of the tee, screw in the 3/4 in. nipple (Figure 7).

Step 8
At the top end of the nipple screw on the 3/4 in. to 1/2 in. reducing 
coupling (Figure 8). Set this piece of the support structure aside. 

Step 9
Take the steel pipe and the 3 in. x 2 in. piece of cardboard. Tape the cardboard 
around the pipe about 3 ft. from the non-threaded end if working with pipe that 
only has one threaded end (Figure 9). If the pipe has two threaded ends, it can be 
taped at either end. 

Cardboard

Screws
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Step 10
Slide a 3.5 in. hose clamp on the threaded end of the pipe and move it below 
the cardboard.  Slide a 3/4 in. to 1 in. reducing coupling over the end of the pipe 
and twist it onto the cardboard. Slide the hose clamp onto the cardboard until 
it meets the coupling (Figure 10). Tighten it in place. The coupling will now be 
able to keep the support cables from sliding down the pipe.

Step 11
Tape a second 3 in. x 2 in. piece of cardboard around the pipe about 5 in. from 
the same end as above (Figure 11). This piece of cardboard will act as a spacer 
between the turbine pivot and the support tower.      

Step 12
Thread the pipe into the reducing coupling of the base (Fig-
ure 12).   

Step 13
Take two 7.5 in. zip-ties and loop one through the other (Figure 13). Leave them 
fairly loose. 

Step 14
Take one of the tie downs and wrap its hook around the steel pipe above the cou-
pling. Loop one of the zip-ties around the pole and the other around the hook. 
Tighten both zip-ties so that the hook of the tie down is fastened securely to the 
pipe (Figure 14). Slide the hook down the pipe until it rests on the coupling. 
Repeat with the three remaining tie downs, stacking them one above the other 
along the pipe.

Figure 10
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Part II – Construction of the Blades
Note that there is a 12 hour wait time for the glue to dry before the windmill can be used. 

See figure 15 for an illustration of the blades. 

In addition to the materials listed in the Prep Instructions, the following items will be needed for this stage:
 
• two 8 ft. lengths of 1/2 in. x 1/2 in. wood strips
• four 4 ft. wood dowlings 1/2 in. in diameter
• fast drying wood glue 
• 24 large butterfly clips
• one 4 ft. wood dowling 1/4 in. in diameter
• 72 in. x 36 in. of canvas 

Tools

• staple gun
• scissors
• mitre saw 
• drill and drill bit set
• measuring tape
• vice (preferable, but not required)

Step 1 
Measure and cut the required lengths of 1/2 in. by 
1/2 in. wood strips (Figure 16):

• Four 30 in. pieces with 45 degree cuts (16-a)

• Eight 6 in. pieces each with a single 45 degree cut 
(16-b)

• Four 5.5 in. pieces with square ends (16-c)

Step 2
Measure and cut the dowling into pieces 33 in. 
long.

Figure 15
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Step 3
Take one of the 30 in. pieces, two of the 6 in. pieces, one 5.5 in. piece and one 33 in. 
piece of dowling. Glue the joints of the wood pieces arranged as in figure 17.

Step 4
Clamp the joints using large butterfly clips (Figure 18). 

Step 5
Repeat with the remaining wood pieces forming 
three more frames. 

Step 6
Leave the frame to dry overnight (or else for the time 
indicated in the glue bottle directions). 

Step 7
Take one of the frames and carefully remove the butter-
fly clips. Be extra careful of the joints attached to the 
dowling. 

Step 8
Clamp the frame in a vice as shown in figure 19.

Figure 18
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Step 9
Using a 1/8 in. drill bit, drill a pi-
lot hole through the dowling and 
about 1/2 in. into the wood strip 
below it, as shown in figure 20. 
Repeat this process for the other 
two holes shown in figure 20.

Step 10
Expand the three holes created in Step 9 by re-drilling the holes using a 5/16 in. bit. 

Step 11
Push the 4 ft. by 1/4 in. dowel into the hole until it hits the bottom of the hole. Mark the dowel at the top of the 
hole, then remove the dowel and saw it at the mark. 

Step 12
Squeeze some glue into the hole and then push 
the smaller piece of dowel back into the hole (Fig-
ure 21). 

Step 13
Repeat Steps 8-12 with the two remaining joints 
along the dowling. 

Step 14
Repeat Steps 7-13 for the remaining three frames.

Drill Drill Drill

Figure 20

Figure 21
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Step 15
Lay the sheet of canvas on a flat surface. 
Place one of the wood frames on the 
canvas so that its top edge and flat side 
edge lie about 1/2 in. from the edge of 
the canvas as shown in figure 22. 

Step 16
Staple the canvas to the flat side edge along its enitre length (Figure 23).

Step 17
Flip the frame over. Using a measuring tape, mark the canvas about 1.5 in. from 
the flat side of the frame (Figure 24). Cut along the marked line.

Step 18
Stretch a section of canvas, measuring a couple of inches in width, over the flat 
edge. The frame should be completely wrapped in canvas and the two edges of 
the piece of canvas must overlap on the flat edge (Figure 25). Ensure that the 
canvas is stretched as much as possible and staple it into place. 
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Step 19
Repeat Step 18 until the entire length of canvas has been stapled down.

Step 20
Stretch and staple both edges of the canvas at the top end of the blade. 

Step 21
For for the bottom end of the blade, measure an additional 1.5 in. of fabric past the blade. Cut, fold, stretch and 
staple.

Step 22
Cut off the extra canvas on all sides. 

Part III –Construction of  the Rotor
In addition to the materials listed in the Prep Instructions, the following items will be needed for this stage:

• one circular piece of plywood 10 in. in diameter 
• twelve 3/8 in. steel pipe straps
• twenty-eight size #8 bolts, nuts and washers
• one 3/4 in. steel flange 
• eight 1/8 in. wide eye screws

Tools

• drill and drill bit set
• pencil 
• ruler or tape measure
• protractor
• glue
• scissors

Step 1
Take a circular piece of plywood with a diameter of 10 in., find and mark its centre. If finding a circular piece of 
plywood is impossible, a square piece  measuring 10 in. x  10 in. is a suitable substitute. 
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Step 2
Using a ruler and a protractor, draw lines on the plywood so that it is divided into 
four equal pieces (Figure 26). 

Step 3
Draw an additional lines at 60 degrees and 300 degrees (starting with one of the 
lines from Step 2 at zero degrees).     

Step 4
Take a 3/4 in. flange and place it at the 
centre of the wood. The best way to cen-
tre the flange is to align the flange’s holes 
over the quarter lines marked on the 
wood (Figure 27).  

Step 5
Drill four holes through the wood in the places where the 
flange’s holes fall. Flip over the wood and bolt the flange to the 
bottom (unmarked) side of the wood (Figure 28). 

Step 6
Take a 3/8 in. pipe strap and one blade and place the strap over the blade dowl-
ing. Align the blade dowling along one of the marked lines of the wood and place 
the pipe strap over the dowling and as close to the edge of the wood as possible 
(Figure 29). Drill two holes through the wood in the place where the strap’s holes 
fall.

Figure 26
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Step 7
Bolt the strap to the wood so that the washer lies against the wood on the 
opposite side of the wood from the strap. 

Step 8
Place a second strap near the end of the dowling, drill the holes and bolt it 
in place as in Step 7 (Figure 30). 

Step 9
Repeat Steps 6-8 with the three remaining blades, positioning them at 3 
o’clock, 6 o’clock and 9 o’clock (Figure 31). 

Step 10
Repeat Steps 6-8 with the four remaining brackets positioning them at 2 
o’clock and 10 o’clock (Figure 32). The brackets closer to the centre of the 
wood may need to be strategically placed to avoid overlapping with the 
brackets already in place.

Step 11
Drill a 3/32 in. hole at the centre of the top of each of the brackets  for a 
total of 12 holes.  

Step 12
Mark the 90 degrees line so that it  is parallel to the width of the blade. 

Step 13
Mark a notch at the centre of the top of each of the inner brackets to 
serve as a base marker with which to align the angle indicators. 

Figure 30
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Part IV – Assembly of the Nacelle
In addition to the materials listed in the Prep Instructions, the following items will be needed for this stage:

• 2 ft. x 2 in. x 4 in. section of wood
• 20 in. hose clamp
• 12 in. hose clamp
• 3 ft. section of 2 in. PVC piping
• 3 ft. x 3 ft. piece of plywood
• 1 in. steel flange
• 1 in. by 6 in. nipple with at least one threaded end
• electric motor
• 1 in. wood screw
• 15 ft. of insulated wire

Tools

• flat head screw driver
• band saw

Step 1
Place the electric motor on top of the 2 ft. x 2 in. x 4 in. 
section of wood. Shift the motor along the wood until the 
shaft sits well over the end of the wood. Using the 20 in. 
hose clamps, secure the motor in place (Figure 33). 

Step 2
Using the 3 ft. x 3 ft. piece of plywood, cut a tail for the windmill. The actual shape does not matter as long as it can 
catch the wind. 

Step 3
Using a mitre saw, cut a slit in the 3 ft. x 2 in. PVC tube about 
6 in. deep and wide enough to fit around the plywood tail 
(Figure 34).  Figure 34

Figure 33
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Step 4
Slide the tail into the pipe and secure it in place using 
wood screws (Figure 35).

Step 5
Attach the tail to the 2 in. x 4 in. using the two 12 in. hose 
clamps (Figure 36).

Step 6
Screw the rotor onto the shaft of the motor. Find the cen-
tre of mass of the turbine. If it is not somewhere along the 
piece of wood, remove the tail and shorten the PVC tube 
until it is. Mark a line on the wood where the centre of mass 
is located. Detach the rotor and set aside.

Step 7
Centre the 1 in. flange on the centre of mass line and 
screw it onto the wood. Screw the 6 in. nipple into the 
flange (Figure 37).

Step 8
Wire the two 15 ft. wires to the leads of the motor. 
Wind the wire around a spool to keep it from tangling.

Figure 35

Figure 36

Figure 37
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Part V – Assembling the Windmill Outside
In addition to the materials listed in the Prep Instructions, the following items will be needed for this stage:

• four 6 in. tent pegs
• 2 ft. section of 2 in. x 4 in. plank of wood (with the tee fitting)
• steel pole
• four ratchets and tie down cables
• windmill rotor
• turbine

Tools

• hammer (only if the ground is hard)
• measuring tape

Step 1
Choose a site for your windmill. Fields are ideal. It is best to choose an area free from tall objects that might ob-
struct the wind.   

Step 2
Begin by placing the 2 ft. section of 2 in. x 4 in. (with the tee fit-
ting on top) on the ground. Secure it into place by hammering 
in two tent pegs, ensuring that the peg hooks catch the wood 
(Figure 38).

Step 3
Screw the steel pole into the tee and lie the pole down on the 
ground.  

Step 4
Peg the ratchet about 8 ft. from the centre of the tee with a tent peg. When pegging a ratchet, it is important to 
angle the stake away from the pole and hammer it into the ground as far as possible.

Figure 38
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Step 5
Repeat with a second ratchet, pegging it in a position opposite the base from the first rachet.

Step 6
Thread the tie down cables through the ratchets and tighten the cables until they are just taut with the pipe lying 
on the ground. To thread the tie down cables:

• Push the cable through the ratchet spindle.
• Pull the cable through.
• Open and close the ratchet levers repeatedly so that the cable twists around the spindle.

Step 7
Peg the remaining two ratchets opposite the base from each other, 8 ft. from the base so as to form a square with 
the other two ratchets already placed. Thread the tie down cables through the ratchets but do not tighten them.  

Step 8
Have someone stand on the bottom of the pipe and lift it up (Figure 39). Pick up the turbine and slip the nipple 
on the end of the pipe. Finally while holding the  turbine, have someone thread the rotor on the end of the electric 
motor. 

Step 9
While someone holds the pipe perfectly vertically (it is advis-
able to keep a hand on one rotor blade in order to prevent the 
windmill from spinning prematurely), tighten the two loose 
cables. Now walk around to each of the ratchets and ensure 
that they are taut. Once satisfied that the cables are tight 
enough to bare the weight of the turbine, take the loose ends 
of the wires and move away from the windmill. 

Step here

Figure 39
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Step 10
Let the rotor spin and begin generating electricity. Figure 40 
shows an illustration of a completed windmill. At this point, 
a multimeter can be connected to measure output. Alterna-
tively, a battery or iPod charger can be connected.

Part VII – Windmill Take Down

Step 1
Stop the windmill from spinning - wait for a break in the 
breeze or turn the blades perpendicular to the wind. Do not 
use someone’s hands to stop the blades.

Step 2
While holding the pipe vertical, have one person release a 
ratchet in line with the pivot of the pole. 

Step 3
Slowly lower the pole enough to permit someone to unscrew the rotor from the motor and remove the turbine 
from the pipe.

Step 4
Release the remaining ratchets and remove the stakes from the ground. Unscrew the pipe. 

Step 5
Tidy everything away.

Figure 40


