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Engineering Orientation

Motors & Gearboxes (PART 1)

Previous: Engineering Design Process

Motors & Gearboxes
• Without appropriate motor-gearbox combos,
your team will find that your robot does not
function as quickly and effectively as intended,
and may have a tendency to burn out motors
or shred gearboxes…
• In this mini-lecture, we’ll cover
– Some basic Physics concepts
– Motor Characteristics
– Motor Curves
– Picking a Motor

Basic Physics for Motors/Gearboxes
• Force (F = m · a)

– Amount of “push” on an object
– Measured in N or lbf

• Torque (t = r x F)

– Amount of twist applied
– Measured in N-m or ft-lbs

• Rotational Speed (w)

– How fast something spins
– Measured in RPM (calculations require rad/sec)

• Power (P = t · w)

– Has fast energy is consumed / rate of doing work
– Measured in Watts

Motors Characteristics
• Output Torque (t)
– Amount of force with which output shaft can rotate
– If too much torque is applied to a motor, its output shaft
will stall (stop turning).

• Current draw (I)
– Amount of electrical current motor draws at a given load
– As the load on the motor (torque) increases, the amount
of current that the motor draws increases linearly

• Speed (w)
– Rotational velocity at which the output shaft spins
– As the load on the motor increases, the output speed
decreases linearly.

Motors Characteristics
• Power (P)
– Rate at which the motor can do work
– Essentially a measurement of how fast a motor can get
a job done

• Efficiency (h)
– Measurement of how much of the electrical energy
put into a motor is converted to mechanical energy
– Much of the remaining energy is converted into heat,
which can cause a motor to burn out if it is operated at
a torque/rpm where its efficiency is very low
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• This graph shows the motor curves for a CIM motor,
one that is very common in FRC

Picking a motor
• Motor characteristics are available for FRC motors
– or we can determine them experimentally

• Most of the time we want to operate our motors between
maximum efficiency and maximum power
• We lose power to friction in the gearbox.

– For a single well-designed gearing stage, the loss is between 5%
and 10%. Some gearboxes use cheap plastic gears and has
multiple stages, so an estimate of its overall efficiency could be
~60%.

• We don't want to run the motor anywhere near stall
torque.

– When the motor stalls, all of the electrical energy going into it
is converted into heat instead of motion. Within a few seconds,
the motor will begin to smoke.
– Air-cooled motors cannot operate near stall for more than a
few seconds.

Next Lecture (Part 2)
• Gear / Gearbox Basics
– Types / basic equations (t vs. w)

• Selecting the right motor / gearbox
combination for a robot application
– Drive train
– Manipulator arms
– Intakes
– Shooting mechanisms
– Etc.

Questions?

Sources:
http://stanford.edu/~sebell/firstphysics.html
http://www.instructables.com/id/Understanding-Motor-and-Gearbox-Design
http://www.instructables.com/id/Basic-Gear-Mechanisms
http://geargenerator.com

