The Effects of Wheel Diameter and your EV Challenge vehicle

There is one more item that you have to consider in order to achieve maximum efficiency from your EV Challenge vehicle. You may want to put larger diameter wheels on your vehicle and that will work fine if you do your homework. The diameter of the wheels will be an important factor here, and will affect two distinct and different characteristics of your transportation challenge vehicle, the torque available at the wheels, and its top speed. 


The relationship between wheel size and acceleration is simple: changing to larger diameter wheels will give your vehicle less torque at the rear wheels and a faster top speed, while changing to smaller diameter wheels will give your vehicle increased torque at the rear wheels and a slower top speed. This relationship is the product of the physics of converting the spinning motion of a motor and axle into the forward motion of the vehicle. Motors generate a “spinning” force (torque), which wheels convert into a “pushing” force at the point where they contact the ground. The larger this “pushing” force is, the faster your fuel cell vehicle will accelerate. 
The relationship between torque and the (pushing) force is: Force = torque ÷ wheel radius

Example-1

If you had a vehicle with a 2:1 axle ratio and wheels with a 1” radius we can calculate the force available to move the vehicle. At this time we do not have a torque value so we can substitute any number. Let’s use 10 as our torque value for this calculation.

Force = 10 ÷ 1 = 10

Example-2

If we used the same 2:1 axle ratio but replaced the wheels with larger 2” radius wheels and again calculate and compare the force available to move the vehicle.

Force = 10 ÷ 2 = 5

By adding larger diameter wheels to the transportation challenge vehicle without changing the axle ratio, the result would be1/2 the force available to move the vehicle. This would make it harder for the vehicle to move down the track compared to example-1, but have the ability to obtain a faster top speed than sample 1.
Example-3

If we used the same 2:1 axle ratio but replaced the wheels with larger 3” radius wheels and again calculate and compare the force available to move the vehicle.

Force = 10 ÷ 3 = 3.33
By adding larger diameter wheels to the EV Challenge vehicle without changing the axle ratio, the result would be1/3 the force available to move the vehicle. This would make it harder for the vehicle to move down the track compared to example-1 and 2, but have the ability to obtain a faster top speed than sample 1 and 2.

Example-4
If you feel that you need to use larger diameter wheels you can adjust the axle ratio to compensate for the effect of larger wheels. If you changed the axle ratio of your transportation challenge vehicle from 2:1 to 4:1, the torque would be doubled. If you use the same 2” radius wheels like you did in example-2, you can calculate and compare the force available to move the vehicle. Since the new gear ratio would double the torque, you can substitute 20 into the formula instead of 10 for the torque value like you did for examples-1, 2 and 3.
Force = 20 ÷ 2 = 10

By changing the axle ratio from 2:1 to 4:1 and using the same 2” radius wheels as example-2, the force available to move the vehicle would be the same as example-1, even though larger wheels were used. This would give you a vehicle that will move down the track at the same rate as sample-1 and have the ability to obtain around the same top speed as sample-1. The top speed would stay the same because the axle that the wheels are attached to would rotate half as fast as the axle in examples-1, 2 and 3.
