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STEPPER MOTOR EXPERIMENT

1.0 Stepper Motor Tutorial
Stepper motors are a special type of DC motor. Like all electric motors, they rotate a shaft. But a stepper
motor can rotate its shaft to a precise position and hold it there without the use of feedback. Standard
motors rotate smoothly, but stepper motors rotate in fixed angular increments (steps).

A standard DC motor can also be used for precise positioning but it requires an electronic feedback
system as shown in Figure I: the block-diagram of a position servo.
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Figure I: Position Servo

A position servo is complicated. It requires a position transducer (potentiometer), a difference amplifier.
and a motor driver circuit, and often uses speed reduction gears. It needs to be carefully engineered.
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Figure 2: Stepper System

Figure 2 shows a stepper motor used for positioning. It's obviously simpler than Figure I. For applications
that do not require the speed and power of a large servo motor, a stepper motor is often a good choice.
The block labeled Stepper Driver is usually based on a microprocessor, and includes power transistors to
activate the motor coils.

2.0 Types of Stepper Molars
There are two basic types of stepper motors: variable reluctance (VR) and permanent magnet (PM). There
is also a hybrid motor that combines features of both VR and PM stepper motors. Figure 3 shows the
basic mechanism of a VR stepper.

I
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i Figure 3: VR Stepper
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Figure 4A: Small PM Stepper
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3.0 Unipolar vs, Bipolar PM Stepper Motors

The coils of a unipolar stepper motor have center·taps while the coils of a bipolar motor do not as shown
in Figure 6. In a unipolar stepper, the coil ends (A & AI , B & BI) are grounded in a certain pattern to
rotate the motor either clockwise (CW) or counter-clockwise (CCW). The center-taps are connected to a
voltage source. In a bipolar motor, the voltage across each coil is swapped in a certain pattern. For
example, sometimes A will be at +V and AI will be at ground. Other times A will be at ground and AI
will beat+V ...j8 JG
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2.1 VR Stepper Motor
Both rotor and stator are made of magnetically "soft" steel. Figure 3 shows six "teeth" on the rotor and
eight poles on the stator. Each stator pole is inside a coil. The coils are energized in pairs on opposite
poles; in this example poles B and BI are energized. Note the alignment of the rotor teeth to the stator
coils. The force of the magnetic flux in the coils causes the rotor to tum so that the gap between the teeth
and the energized coils is minimized.

As long as coils B and BI are energized, the stator will remain "locked" in position. To make the rotor
tum clockwise, poles B & BI are de-energized and poles C & a are energized. To tum the rotor Counter-
clockwise instead, poles B & B\ are de-energized and poles A & AI are energized. Note that the rotor
turns in steps of 15 degrees as sequential pole-pairs are energized. Compared to PM stepper motors, VR
steppers can rotate faster (e.g. 10,000 steps per second) and often have higher torque. They can also have
smaller step size (e.g. 0.9·).

2.2 PM Stepper Motor
Figure 4A is a photo of a typical small "can stack" 6-wire PM stepper motor. A typical step size is 7.5·
per step. Figure 4B shows what's inside the two cans: two phase-coils and a permanent magnet rotor. The
"cans" are cut and folded and hold the coils fixed to form a stator (see Figure S).
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Figure 6: PM Stepper Coils
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4.0 Stepping Modes

Stepper motors can be run in four modes: wave, full-step, half-step, and micro-step: Below we describe
the modes for a unipolar PM stepper motor. (Refer to Figure 6_)

4.1 Wave-Mode

In wave-mode, each half-coil is energized sequentially as shown in Table I. Wave-mode stepping is
simple to implement but has low torque'.

Figure 4B: Internal View

STEP # A B AI BI
1 ON OFF OFF OFF
2 OFF ON OFF OFF _3 OFF OFF ON OFF
4 OFF OFF OFF I"IIV

Figure SA is an "exploded view" of the PM rotor and the two phase coils. The rotor has alternating bands
of north and south polarity. Figure 5A shows them in different shades, but in real-life they're the same
color. Also note the metal "teeth" on the cans that hold the phase-coils. The teeth of coil 2 have an angular
offset from the teeth of coil I as shown in Figure 5B. As the coils are sequentially energized, the magnetic
bands of the rotor align with the teeth of first one can and then the other.

Figure SA: PM Rotor & Coils

Table 1: Wave-Mode Sequence

Phase-1 Coil

IE
Phu.-2 Coil

4.2 Full-Step Mode

In full-step mode, pairs of half-coils are energized sequentially as shown in Table 2. This mode produces
more torque than wave-mode and is the mode most commonly used.

STEP # A B AI BI
1 ON ON OFF OFF
2 OFF ON ON OFF
3 OFF OFF ON ON
4 ON OFF OFF ()IV

Table 2: Full-Step Sequence

Figure 5B: Detail of Coil Teeth
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4.3 Half-Slep Mode
Half-step mode is a combination of wave-mode and full-step mode. As the name implies, step size is cut
in half in this mode. So a motor with a step size of7.5° per step will move in increments of3.75° per step.

Half-step mode gives finer resolution of rotation, The trade-off is speed: for the same number of steps per
second, half-step mode rotates the motor shaft half as fast as full-step mode. So if the motor was running
aiiO revolutions per minute (RPM) in full-step mode, it will run at, 5 RPM in half-step mode.

STEP # A 8 AI 81
1 ON OFF OFF OFF
2 ON ON OFF OFF
3 OFF ON OFF OFF
4 OFF ON ON OFF
5 OFF OFF ON OFF
6 OFF OFF ON ON
7 OFF OFF OFF ON
8 ON OFF OFF ON

Table 3: Balf-Step Sequence

4.4 Micro-Step Mode
While a full description of micro-stepping is beyond the scope of this tutorial, we will describe the basic
idea. Micro-stepping is used to achieve increased step resolution and smoother transitions between steps.
It works by using an electronic circuit to gradually transfer-ctitrent from one winding 10 another. 'Micro-
stepping produces smaller steps and gives smoother rotation. II also reduces noise.

5.0 Some Terminology
• Torque: Also called a moment. Torque is a twisting force with dimensions of force x distance and is
measured in units such as ounce-inches or gram-centimeters,

• Holding torque: The torque required to rotate the motor's shaft while the windings are energized and
the shaft is in a fixed position.

• Pull-in torque: The torque against which a motor can accelerate from a standing start without missing
any steps, when driven at a constant stepping rate.

• Pull-out torque: The maximum torque load a motor can move when at operating speed.

• Detent torque: The torque required to rotate the motor's shaft while the windings are not energized.

• Inertial load: If the load on the motor shaft has the characteristics of a flywheel, irs called an inertial
load. As an inertial load spins it develops a lot of angular momentum. When the motor stops, the angular
momentum must be reduced 10 zero almost instantly. The torque required to stop the load may exceed the
holding torque of the malar, meaning it will move a few extra steps before Slopping. In general, stepper
motors do not work well with inertial loads

• Maximum Start Rate: The max.imum steps per second the motor can start at with no-load.

• Slew Rate: The maximum steps per second at which the motor can run without losing steps.

• Resonance: Occurs when the pulses-per-second in the coils equals the mechanical oscillation frequency
(cycles-per-second) of the rotor. At resonance, torque drops and steps are 10Sl. The mal or might. stall.
Resonance problems can be reduced by driving the molar in half-step or micro-step mode.

This ends the tutorial
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) Required Parts
I. stepper motor

) 2. 78L051C
3. 5551C
4. 58041C
5. 10k, 114W resistors 4, 6. 5 In, IW resistors 2
7. 250k potentiometer I
8. O.I ",F capacitors 2
9. Schouky diodes 4
10. solderless breadboard
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Stepper Motor Experiment

Procedure
Step 1: Build this circuit on a solderless breadboard. Connect six-inch lengths of insulated hook-up wire
to pins IO'(step-size) and 14 (direction). Connect the color-coded motor wires to the circuit as shown. Put
3 small piece of tape on the malar shaft as an indicator of rotation.
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Circuit Schematic

Step 2: Verify your circuit matches the schematic.

Step 3: Connect circuit to a 12 volt DC supply.
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Step 4: Observe the direction of rotation and record it here: CW CCW (circle one)

STEPPER MOTOR EXPERIMENT

Step S: Ground the DlREcrJON wire and observe the direction of rotation.

Record it here: CW CCW (circle one)

Step 6: Tum the potentiometer shaft and verify that speed changes from max to min.

Step 7: Ground the STEP-SIZEwire and observe the effect on speed of rotation.

Step 8 Disconnect the 12V supply from the circuit. Disassemble the circuit.

Discussion
I. Describe the differences you observed between half-step mode and full-step mode.

2. Describe two possible applications for a stepper motor. Use the internet to get ideas.
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