ENGR 173

Name: _____________________________

Lesson 5 – Stepper Motors

11 points (of 75 total)

In this lesson we will learn the basics of stepper motors.  Stepper motors are so called because they rotate in discrete steps to discrete angular positions.  This makes them quite different from either servos or DC motors, which can rotate to any angular position.  Stepper motors are rated in terms of their voltage, torque, and step angle.  Stepper motors are typically more expensive than DC motors and require more current.  The motors used in this lesson are 5 volt motors with a 7.5° step angle.  We will be using Parallax Boards of Education fitted with Basic Stamp microcontrollers for this lesson, so get one of the ENGR 170 kits to use, as well as a 5 V stepper motor.  
Stepper motor theory of operation

Request a lecture on this.  It is too complicated to put in writing.
Activity 0.  Basic stepper motor operation
The stepper motor for this lab is a 6-wire unipolar stepper, a very common type.  The motor has 4 coils, labeled A, B, C, and D, connected electrically as shown in Figure 5.1.  
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Figure 5.1  6-wire unipolar stepper motor wiring layout

1. 6 wires emerge from the motor, and you need to determine which is connected to which coil.  Note there appear to be 2 sets of 3 wires each.  This is a hint.  Also, the resistance from A to C is twice the resistance from A to Com1.  It does not matter which wire you call A and which you call C.  Likewise with B and D. Determine A, B, C, D, Com1 and Com2, and complete the table below:

	Coil
	Wire Color
	Coil
	Wire Color

	A
	
	B
	

	C
	
	D
	

	Com1
	
	Com2
	


2. Build the circuit shown in Figure 5.2.  
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Figure 5.2 6-wire stepper motor test connection. The switches attached to coils A through D can be implemented by using a wire from Vdd which touches each input in turn.   

The most basic operation of the motor is called the wave step pattern, in which each coil is energized in turn (A, B, C, D, A, B, . . .) as indicated in following table.

	Step
	Coil A
	Coil B
	Coil C
	Coil D

	0
	On
	Off
	Off
	Off

	1
	Off
	On
	Off
	Off

	2
	Off
	Off
	On
	Off

	3
	Off
	Off
	Off
	On


             




Wave Step Pattern

Run the wave step pattern to confirm this makes the motor turn.  Reverse is just as easy: simply run the pattern backwards.  Attaching a flag made of black electrical tape to the motor shaft makes it easier to watch it rotate and to observe the angle of rotation it makes with each step.
3. The step angle is supposed to be 7.5°.  Confirm this to be true by stepping the motor 12 times.  The shaft should rotate 90°.  Did it?
4. A stepper motor is rated in terms of its torque.  Actually there are 2 measures of torque: 1) the holding torque, when the motor stays in one position because current is flowing in one coil, and 2) the detent torque, which is the torque the motor can apply when moving from one angular position to the next.  

5. Measure the current through one of the coils as it is connected to Vdd.  This current is called the holding current.  iholding = ___________
Activity 1.  (5 pt.  Instructor’s initials ________) Basic stepper motor control
We know enough now to try controlling the stepper motor using a microcontroller.  Stepper motor current requirements far exceed the current source ability of any microcontroller, so we will use transistors to switch the motor coils on and off.  The 2N3904 we used with the DC motors can handle 200 mA continuously, less than our measured holding current.  Therefore we will use a heavier transistor called a TIP 120 (Figure 5.3).  
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Figure 5.3.  a) TIP 120 Epitaxial Darlington Transistor   b) Innards of the TIP 120.

The TIP 120 can handle up to 5 Amps at 60V, which puts it into the medium power class.  Although we will represent the TIP 120 as an npn transistor in our circuits, in fact its innards are composed of 2 transistors, 2 resistors, and a diode (Figure 5.3b).  Incidently, if you want to build a beefier H-bridge circuit than the ones we built in Lesson 4, you can use a TIP 120 and its complementary pnp transistor, the TIP 125.

1. Build the circuit shown in Figure 5.4. 
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Figure 5.4 Basic stepper motor control circuit. QA – QD are TIP 120 transistors, DA – DD are 1N4148 diodes.
2. Run the following program which provides a wave step pattern to the motor.  
' {$STAMP BS2}

' {$PBASIC 2.5}

pausetime CON 500

OUTH = %00000000 'initially set pins 8 - 15 low

DIRH = %11111111 'sets pins 8 - 15 as output

DO

  OUTH = %00000001  'pin 8 (coil A) is high, all others low

  PAUSE pausetime

  OUTH = %00000010  'pin 9 (coil B) high

  PAUSE pausetime

  OUTH = %00000100  'pin 10 (coil C) high

  PAUSE pausetime

  OUTH = %00001000  'pin 11 (coil D) high

  PAUSE pausetime

LOOP
3. Change pausetime to 100 ms and observe what happens.  Now try 10 ms.  Now try 1 ms.  Explain what just happened.  What is the shortest pause time you can safely use? 
4. Change pausetime to 50 ms and determine the motor’s angular speed (that is, its rotational speed) by measuring the time it takes the motor to rotate 10 times.  Measured speed = ________cycles/s.  

Compare this speed to what you would predict if each step takes 50 ms (ignore the time required to execute the OUTH assignment).  Predicted speed = _________ cycles/s.

What pausetime would you use to run the motor at 1 cycle/s?  pausetime = _______.  Test this.  Do you think you could control the speed of a servo or DC motor as precisely?
5. The following program does exactly the same thing as the previous program.  Run it and make sure you understand how it works.

' {$STAMP BS2}

' {$PBASIC 2.5}

pausetime CON 100

MinCoilIndex CON 0

MaxCoilIndex CON 3

CoilIndex VAR Nib

Coil VAR Byte

OUTH = %00000000 'initially set pins 8 - 15 low

DIRH = %11111111 'sets pins 8 - 15 as output

CoilIndex = 0

Start:

PAUSE pausetime

 IF CoilIndex = MaxCoilIndex THEN
      CoilIndex = MinCoilIndex

      GOSUB SelectCoil

      OUTH = Coil

      GOTO Start

    ELSE

      CoilIndex = CoilIndex + 1

      GOSUB SelectCoil

      OUTH = Coil

      GOTO Start

    ENDIF

END

SelectCoil:

  LOOKUP CoilIndex, [%0001, %0010, %0100, %1000], Coil

  RETURN
6. Design a 2-button motor controller that does the following: 

a. Turns clockwise one (and only one) step each time you press the “up” button

b. Turns counterclockwise one (and only one) step each time you press the “down” button

c. Actively holds position (with power to one coil) when no buttons are pressed.

After testing clockwise and counterclockwise operation, confirm the controller works exactly as designed by stepping forward 48 steps, which should be exactly 1 revolution.  Demonstrate operation and attach a copy of the program.

7. Feel your motor.  Why is it so warm?
Activity 2.  (5 pts.  Instructor’s initials ________) A simple industrial robot
Here at Cuyamaca College the robotics program focuses primarily on behavioral robotics, in which robots are given a great deal of autonomy by combining primitive behaviors to produce robust behaviors that permit the robot to keep going, avoid getting stuck, and so forth.  We have found that a certain amount of randomness tends to be an asset in a robust behavioral design.  In contrast, another more widely known (and lucrative) area of robotics is industrial robotics, in which robots repeat the same action over and over precisely and expertly.  Here random behavior is most definitely not an asset.  

One advantage stepper motors have over their DC motor and servo counterparts is their precision.  When you step your motor 10 steps, it advances precisely 75°.  This makes stepper motors very attractive in the industrial robotics world.  For example robots frequently need to move an object (a tool, a welding rod, etc) to a precise 3-dimensional location.  The easiest way to accomplish this is with a 3-axis motorized positioner, also called a 3-axis motorized stage.  We will not build a 3-axis positioner.  However we will build a single-axis positioner.  Actually, I’ve already build it (Figure 5.5).  It’s cheap and cruddy, but it will give you experience a) connecting your stepper motor to other machines , and b) designing a controller that can place an object very precisely.
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Figure 5.5.  Single-axis positioner.  The nut riding on the threaded rod moves linearly as the rod rotates.  The stepper motor is connected to this contraption via a “flexible shaft” (aka “a piece of tubing”).  The flexible shaft connects to the motor shaft via a wooden dowel with a 5/64” hole drilled into the end.  The motor shaft is 0.08” dia, slightly larger than 5/64”, creating an interference fit.
1. The threaded rod is a 5/16 – 18 bolt, which means it is nominally 5/16 inches in diameter, and has 18 threads per inch.  The threads per inch are what interest us here.  18 threads per inch means that every time the bolt turns a full rotation, it moves linearly 1/18” relative to the nut.  In the case of the positioner in Figure 5.5, it is actually the nut that moves.  Since the stepper motor steps 48 times per revolution, this means that the motor must step 864 times in order for the nut to move 1 inch (=
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) .  Said differently, the nut moves 1.16 thousands of an inch for each step of the motor.  
2. Design a controller with the following features:
a. A computer interface that permits an operator to move the nut to any arbitrary position.  Assume that when the controller first powers up (or is reset) the nut is in position “0”.  The position does not have to be measured in inches, it can be measured in steps.  So for example, you might start by moving the nut from position 0 to position 864, which is exactly 1 inch.  
b. Once the nut has moved to its new position, the controller will query the operator where to move the nut next.  This cycle will repeat forever.

3. Demonstrate operation using the instructor’s positioner.  You are also welcome to build your own, or any part of it.  Attach a copy of your program.
4. What would you do to build a 3-axis positioner?
Activity 3.  (1 pt.  Instructor’s initials ________) Fine control using stepper motors
The stepper motor rotates exactly 7.5° per step.  This is comparatively poor resolution in the stepper motor world, but it was all we could afford.  There is a way to double the resolution using a technique called half-stepping.  In this technique you energize a coil, then in the next step you energize both that coil and the adjacent one.  This moves the stepper motor to a position halfway between the 2 coils.  In the next step after that, you energize only the 2nd coil, and so forth, as indicated in the table below.  
	Step
	Coil A
	Coil B
	Coil C
	Coil D

	0
	On
	Off
	Off
	Off

	1
	On
	On
	Off
	Off

	2
	Off
	On
	Off
	Off

	3
	Off
	On
	On
	Off

	4
	Off
	Off
	On
	Off

	5
	Off
	Off
	On
	On

	6
	Off
	Off
	Off
	On

	7
	On
	Off
	Off
	On


Half step pattern
1. Modify the 2-button controller from the Activity 2 to use half stepping.  Confirm that it works by stepping through 48 steps and observing this completes exactly 0.5 revolutions.
a. You may find that while the motor tries to move from position 0 to position 1, it can’t.  If this occurs, the problem is very likely your power supply.  Our power supplies are nominally rated at 300 mA.  Each coil requires more than that.  In addition, step 1 requires that 2 coils be on simultaneously!  You may have simply reached the limit of your power supply.

b. If this happens, ask the instructor to provide a larger power supply.

2. When 2 coils are on, the power requirement doubles, compared to a single coil being on.  At the same time, the torque increases by 41.4%.  This latter fact suggests that if you find your motor has too little torque for your application (and our cheapo motors have very little: 50 g-N), you can get a boost by running a 4-step pattern, but with 2 coils on at each step.  This step pattern, shown in the table below, is called a 2-phase step pattern.
	Step
	Coil A
	Coil B
	Coil C
	Coil D

	0
	On
	On
	Off
	Off

	1
	Off
	On
	On
	Off

	2
	Off
	Off
	On
	On

	3
	On
	Off
	Off
	On


2-phase pattern

Final Remarks
Pound for pound, stepper motors are more expensive than DC motors, and they guzzle power.  However if precise position or speed control is needed, they are unmatched.  
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