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Most people can probably spin a generator shaft faster by hand than the wind can by pushing on turbine blades directly connected to the shaft. However, it would be nice to get a lot of voltage out of an electric generator without having to spin it by hand. One way to increase the spin of the generator is to use gears. Gears allow the shaft to turn more than once around for every single turn of the turbine. 

OBJECTIVES	
The objective is to add gears to a generator to increase power generation.
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Figure 1

MATERIALS
1 KidWind simpleGEN
Turbine blades
From the KidWind simpleGen kit
8″ hex shaft with Hub Quick Connect
2 hex locks
Wind Turbine Hub
Digital multimeter
From the Gear Set with Spool:
	16-tooth gear
	32-tooth gear
	64-tooth gear
	2 hex locks
Additional materials:
Box-style window fan with 3 speeds
Safety goggles
Procedure
Part I  No Gears
1.	Record the information and blade measurements for your generator and turbine.
2.	Push the Wwind Tturbine Hhub onto the H hub Qquick Cconnect. Place the turbine and fan so that the wind from the fan will blowblows directly towards the turbine blades.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][image: Macintosh HD:Users:fpoodry:Pictures:iPhoto Library.photolibrary:Previews:2014:12:09:20141209-163809:y6oIJKk3RpKcgT5%jghRFQ:IMG_2536.jpg]3.	Connect the two ends of the generator wire to the two terminals of the digital multimeter. Set the multimeter to measure alternating voltage as shown in Figure 2. 
Figure 2
4. 	Put on safety goggles. Turn on the fan to the lowest speed while watching the display on the multimeter. When the display stabilizes, record the voltage reading in the data table.
5.	Repeat Step 4 for the middle and highest fan speeds.
Part II  16-tooth and 32-tooth Gears
6.	Replace the 8″8” hex shaft with the 4″″ hex shaft. 
a.	Install one hex lock onto the shaft and push it until it is about 1 inch from the end of the shaft.
b.	Insert the 4″ shaft through the center holes on the simpleGEN housing. Push a second hex lock onto the shaft to hold it in place, with the collar nearest the housing.
7.	Push the 16-tooth gear securely onto the hex lock. Check that the shaft still spins easily in its hole without much friction. If there seems to be a lot of friction with the housing, pull one of the hex locks a little farther away so it does not rub.
8.	Install the 32-tooth gear.
a.	Install one hex lock onto the 8″” hex shaft and push it until it is within about 3 inches of the hub quick release on the end of the shaft.
b.	Insert the shaft through the topmost holes on the simpleGEN housing, from the side opposite the 16-tooth gear. Push a second hex lock onto the shaft (collar first) to hold it in place. Push the 32-tooth gear onto this second hex lock, making sure it is secure.
c.	The teeth of the two gears should mesh with each other, such that when one turns, the other also turns, in the opposite direction. If this is not the case, adjust the positions of the hex locks and gears until the gears mesh. See Ffigure 1.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]9.	Install the Wind Tturbine Hhub on the Hub Quick Connect.
	10.	Repeat Ssteps 4 and 5 for this gear configuration. If the turbine blades do not spin, give them a little push to get them started. If the turbine blades do non’t spin even with a push, record that information in the data table.
Part III  16-tooth and 64-tooth Gears
	11.	Remove the 32-tooth gear from the 8″” hex shaft and remove the 8″” hex shaft from the top holes of the generator housing.
	12.	Install the 64-tooth gear.
a.	Install one hex lock onto the 8″” hex shaft and push it until it is within about 3 inches of the hub quick release on the end of the shaft.
b.	Insert the shaft through the bottom-most holes on the simpleGEN housing, from the side opposite the 16-tooth gear. Push a second hex lock onto the shaft (collar first) to hold it in place. Push the 32-tooth gear onto this second hex lock, making sure it is secure.
c.	The teeth of the two gears should mesh with each other, such that when one turns, the other also turns, in the opposite direction. If this is not the case, adjust the positions of the hex locks and gears until the gears mesh. See Figure 3.

[image: ]	13.	Install the Wind Tturbine Hhub on the Hub Quick Connect.
[bookmark: _GoBack]	14.	Repeat Ssteps 4 and 5 for this gear configuration. If the turbine blades do not spin, give them a little push to get them started. If the turbine blades do non’t spin even with a push, record that information in the data table.

Figure 3
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Total number of turns of wire: _________	Number of magnets in holder:__________
Number of blades: __________		Angle of blades: __________
Length of blades: __________
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Part I  No Gears
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Part II  16-tooth and 32-tooth gears
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Part III  16-tooth and 64-tooth gears
	
	Fan on low speed
	Fan on medium speed
	Fan on high speed
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Analysis questions
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]1.	Were there any fan settings and gear combinations that resulted in the turbine blades not turning? Speculate on why that happened.
2.	Based on the data you collected, how could you generate even more voltage from your generator?
3.	What factor seems to limit the ability to use gears to increase generated voltage?
4.	A “gear ratio” is the ratio of the number of teeth on the “input” gear (the one being turned by the wind) to the number of teeth on the “output” gear (the one turning the magnets in the generator). Calculate the gear ratio for the situations in Part II and Part III. Does there seem to be a relationship between gear ratio and the voltage reading?

EXTENSION
How can you make a turbine/generator system that generates the highest voltage? Systematically adjust the variables you can control to achieve this goal. Record your experimentation and progress in a journal.
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