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DC Motor

Figure 7.8: A permanent magnet DC gearhead motor shown here has been re-
moved from its housing. Windings of the armature around a central core with ends
connected to commutator segments can be seen at the right, while the geartrain
is mounted on the shaft at the left. A cylindrical housing (not shown) fits around
the armature and holds two permanent magnets along its inner shell.



Simple Model of a DC Motor

Figure 7.9: A simple model of a DC motor is an equivalent circuit that models
the motor windings as having a resistance, R, and generating (when running)
a back-emf voltage, e. The electrical power input to the motor is the product
P, = VI, and the mechanical power output is the product of torque and rotational
speed, P, = Tw.



DC Motor Characteristics
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Figure 7.10: For a given voltage, a DC motor has the typical drooping char-
acteristics of speed, N, decreasing linearly with torque, T'. As the current, I, is
increased, the torque is increased, also linearly. Power output, P, is the prod-

uct of torque and speed and has a quadratic characteristic. Maximum efficiency,
Nmaz, OCCUrs at a lower torque than the maximum power output torque.



Increasing Torque

Figure 7.11: (a) Running the motor at a lower voltage causes it to slow down
for all values of torque output. (b) Gearing down the motor reduces the speed
by the gear ratio, G, and increases the torque by the same factor, G.



Adding Gears

G = A/B * C/D

Figure 7.12: (a) Spur gears mesh pairs of gears with different numbers of teeth
to achieve speed reduction. (b) Planetary gears have several gears meshed in an
outer ring for large reduction. (c) Worm gears produce rotary motion at right
angles to the shaft. (d) A lead screw and nut can create linear motion as can (e)
rack-and-pinion systems and {f} belt-and-pulley drives.



Pulse Width Modulation



