Problem 3: Stall Torque of Motor

The following simple experiment can measure the stall torque of a motor. (See sketch.) A mass
m is attached to one end of a thread. The other end of the thread is attached to the motor shaft so
that when the motor turns, the thread will wind around the motor shaft. The motor shaft without

thread has radius r, =1.2x10°m. Assume the thread winds evenly effectively increasing the
radius of the shaft. Eventually the motor will stall.

a)

b)

d)

Suppose a mass m=5.0x10"*kg stalls the motor when the wound thread has an outer
radius of r, =2.4x10°m. Calculate the stall torque.

Suppose the motor has an unloaded full throttle angular frequency of
w, =2rf,= 27z(6.0><101Hz) (unloaded means that the motor is not applying any
torque). Suppose the relation between angular frequency @ and the applied torque = of
the motor is given by the relation

®=aw,-br
where b is a constant with units s/kg —m? . Using your result from part a), calculate the
constant b. Make a graph of @ vs. 7.

Graph the power output of the motor vs. angular frequency @ . At what angular frequency
is the power maximum? What is the power output at that maximum? Briefly explain the
shape of your graph. In particular, explain the power output at the extremes =0 and
T= Z-stall '

What torque does the motor put out at its maximum power output?
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a) Suppose a mass m=5.0x10"7kg stalls the motor when the wound thread has an outer
radius of r, =2.4x10°m. Calculate the stall torque.

Answer:
The torque is 7, = rpmg = 1.1 = 1073 N % m.

b) Suppose the motor has an wunloaded full throttle angular frequency of
w,=2rf,= 27z(6.0><101Hz) (unloaded means that the motor is not applying any
torque). Suppose the relation between angular frequency @ and the applied torque = of
the motor is given by the relation

w=aw,-br
where b is a constant with units s/kg —m? . Using your result from part a), calculate the
constant b . Make a graph of @ vs. 7.

Answer:



When the motor is stalled, w = 0. Thus wg = by and
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Figure 1: Angular velocity vs. Torque

c) Graph the power output of the motor vs. angular frequency @ . At what angular frequency
is the power maximum? What is the power output at that maximum? Briefly explain the
shape of your graph. In particular, explain the power output at the extremes =0 and
r= z-stall '

Answer:

c) The power output is given by

I — )
P=Tw=—m—xu.

The plot is a parabola (Fig. 2)
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Figure 2: Power output vs. angular velocity

d) What torque does the motor put out at its maximum power output?



Answer:

d) The maximum is reached at w = wp/2. The cormresponding output power
is wi/(4b) =~ 0.1W.

a),b) The meteor moves under the influence of Earth's gravity. The foree is
directed along the radius vector from the center of the Earth to the meteor,
thus the torque created by this force about the center of the Earth is zero.

c) The initial angular momentum is I. = muph and the final angular momen-
tum is L = mur,.
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