Motor Parameters

Motor datasheets usually contain several pieces of information.  Specifically, we care about two conditions: a free-running motor and a stalled motor.  A free running motor is when a motor has no load (torque) on its output and it is free to run at its highest output speed.  A stalled motor is when the load (torque) on a motor is so great that it stalls or stops running.  This is largest torque that a motor can handle.

So the motor parameters can be summarized as:

· Free speed  (highest speed)

· Stall torque (highest torque)

· Free current (lowest current)

· Stall current (highest current)

The free speed of a VEX motor is 100 RPM.  The stall torque of a VEX motor is 6.5 in-lbs.  First, let us convert these numbers to SI units.

1. 100 RPM * _____________ * ________________ = _____________ rad/s

2. 6.5 in-lbs * _____________ * _______________  = ________________ N-m

Now, speed is linearly dependent on the torque for a given constant voltage (think like a 7.5V battery).   This is represented in the graph below.  Label the start and end points of this line with their coordinates.
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Speed, (, can be calculated if you know the torque, (.  Since it is a line, it has the form y=mx+b.  Therefore, calculate the slope of the line using rise over run and then calculate the y-intercept of the line.  First, do this symbolically first using the motor parameters (free and (stall. 
3. (symbolically) ( = ______________ ( + ______________
4. (numerically) ( = ______________ ( + ______________
Power delivered by a motor is Pout = ( ( (.  Since we have an equation for ( in terms of ( we can substitute that into the power equation

5. (symbolically) Pout = 
You should be able to tell that this is a quadratic and its graph will be a parabola.   Please graph it and label the points.
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A major consideration in robot design is choosing gear ratios such that the task can be accomplished by the motors available.  By changing the load torque at the motor, you can position the motor to operate at maximum power or at maximum efficiency.  Maximum power is where the peak of the parabola.  Since parabolas are symmetric this happens halfways between (stall and 0.  
6. Pmax = (stall ( (free / 4  = _____________ W

7. @ (stall / 2 =  __________ N-m
Efficiency is defined as the ratio between the input power and the output power. Efficiency = Pout / Pin  Going through some calculations that we will not include here we can find that highest motor efficiency is achieved at 

8. (efficient = (Ifree-sqrt(Istall*Ifree)) (stall/(Ifree-Istall) = _____________ N-m
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