Energy Management and your EV Challenge Vehicle
In order to be successful in this activity you need to understand how to manage energy efficiently. Energy, according to the definition of physicists, may not be created, consumed or destroyed. Energy however may be converted or transferred to different forms. It is your goal to learn how to convert and transfer energy efficiently. 

Energy Conversion

You will be required to use the supplied solar cell or in case of cloudy weather two 1.5 volt AA batteries as the only means of power for your vehicle. The electron flow provided by the solar cell or batteries will be used to operate the electric motor, providing the propulsion for your vehicle. The DC (direct current) motor provided in your kit can provide a set amount of power. The way that you manage this power will determine the performance and efficiency of your vehicle. There is a trade-off between Torque, the force which tends to cause rotation and Speed, the rate at which the motor rotates. The balance between torque and speed is usually set with gears or pulleys. By experimenting with different combinations of gears or pulleys between the motor and axle, the speed-torque balance of the vehicle can be adjusted and maximum performance achieved. 
Gears
A gear is a toothed machine part, such as a wheel or cylinder that meshes with another toothed part. A gear train is a set of two or more gears working together to transmit movement. In order for one gear to turn another gear, the gears must be placed close together so that they mesh (the teeth of both gears are in contact with each other). When a force is applied to one gear (drive gear) causing it to rotate, the teeth of the drive gear transfer the force to another gear (driven gear) causing it to rotate.
PERFORMANCE TIP: Care must be taken that the gears are meshed properly. Gears that are too close together will result in increased friction between the gears and the performance of your vehicle will decrease. If your gears seem noisy or rough, the cause is most likely improper gear mesh. Make sure there is a little space between the teeth of each pair of meshed gears.
Gears can be used to create the following effects:

· Gears can increase or decrease the speed of rotation

· Gears can increase or decrease the turning force (torque)

· Gears can change the direction of rotation

Understanding gears and gear ratios is not very difficult if you understand a few things. First, identify which gear is the “drive” gear, and which is the “driven” gear. The “drive” gear is the one that is attached to the power source and provides the force to rotate the driven gear. The other gear that is usually attached to the axle and caused to turn or rotate is called the “driven” gear. 

You can usually think of a gear ratio as a “multiplier” on torque and a “divider” on speed. If you have a gear ratio of 2:1 on your vehicle, the drive gear attached to the motor will rotate 2 times for every 1 revolution of the driven gear and rear axle. If you compared this to a 1:1 gear ratio, the 2:1 gear ratio provides 2 times the torque but only half as much speed. 

Calculating the gear ratio between a pair of gears is simple. To find the gear ratio, you should count the number of teeth on the “driven” gear, and divide it by the number of teeth on the “drive” gear. 
Example:

The drive gear that is attached to the motor has 10 teeth.

· The driven gear attached to the axle has 40 teeth.

· To calculate the gear ratio, divide the number of teeth on the “driven” gear (40) by the number of teeth on the “drive” gear (10). 40 divided by 10 equals 4.

· The gear ratio would be written as (4:1) or (4 to 1). This means the drive gear will rotate 4 times for every 1 revolution of the driven gear.

Let’s try another example:

· The drive gear that is attached to the motor has 8 teeth.

· The driven gear attached to the axle has 48 teeth.

· To calculate the gear ratio, divide the number of teeth on the “driven” gear (48) by the number of teeth on the “drive” gear (8). 48 divided by 8 equals 6.

· The gear ratio would be written as (6:1) or (6 to 1). This means the drive gear will rotate 6 times for every 1 revolution of the driven gear.

Calculate the gear ratio for the following vehicle.

· The drive gear that is attached to the motor has 10 teeth.

· The driven gear attached to the axle has 45 teeth.

· To calculate the gear ratio, divide the number of teeth on the “driven” gear (____) by the number of teeth on the “drive” gear (____).         _____ divided by _____ equals _____.

· The gear ratio would be written as (_________) or (________). This means the drive gear will rotate ________ times for every ________ revolution of the driven gear.

Now that you have a better understanding of energy management, complete the worksheet: Gear Ratios
