STEP MOTOR BASICS

MOTOR ELECTRICAL BASICS

A step motor is a constant output power transducer, where power is defined as torque multiplied
by speed. This means motor torque is the inverse of motor speed. To help understand why a step
motor’s power is independent of speed, we need to construct (figuratively) an ideal step motor.

An ideal step motor would have zero mechanical friction, its torque would be proportional to
ampere-turns and its only electrical characteristic would be inductance. Ampere-turns simply
mean that torque is proportional to the number of turns of wire in the motor’'s stator multiplied by
the current passing through those turns of wire.

Anytime there are turns of wire surrounding a magnetic material such as the iron in the motor’s
stator, it will have an electrical property called inductance. Inductance describes the energy
stored in a magnetic field anytime current passes through this coil of wire.

Inductance (L) has a property called inductive reactance, which for the purposes of this
discussion may be thought of as a resistance proportional to frequency and therefore motor
speed.

According to ohm’s law, current is equal to voltage divided by resistance. In this case we
substitute inductive reactance for resistance in ohm’s law and conclude motor current is the
inverse of motor speed.

Since torque is proportional to ampere-turns (current times the number of turns of wire in the
winding), and current is the inverse of speed, torque also has to be the inverse of speed.

In an ideal step motor, as speed approaches zero, its torque would approach infinity while at
infinite speed torque would be zero. Because current is proportional to torque, motor current
would be infinite at zero speed as well.

Electrically, a real motor differs from an ideal one primarily by having a non-zero winding
resistance. Also the iron in the motor is subject to magnetic saturation, as well as having eddy
current and hysteresis losses. Magnetic saturation sets a limit on current to torque proportionality
while eddy current and hysteresis (iron losses) along with winding resistance (copper losses)
cause motor heating.





