MEAM 410/510 Mechatronics

Programming/Electronics Lab III

Goal

The goal of this lab is to become familiar with interfacing the BASIC Stamp 2 to various motors. You will learn how to program the BASIC Stamp to control three separate motors: servos, steppers and DC motors. 

Pre-Laboratory Preparation

1. Read the lab write-up carefully so you know what you have to do when you walk into the lab. 

2. Review your work for the Programming/Electronics Labs I and II as some elements in them will be incorporated in this lab. Having access to your lab 1 & 2 programs will save you time as they can be modified for this lab.

3. Look for descriptions for all the commands used in the write-up below so you understand what each command does and how to use the BASIC Stamp.

Procedures

1. Controlling and R/C Servo Motor

We will utilize the R/C “radio controlled” servo motor for this part of the lab. This type of motor is commonly used in hobbyist applications, such as remote controlled cars and planes. These motors are particularly useful; 

(a) they have a built-in gearbox so that the torque from the DC motor driving them is increased, and the speed is decreased

(b) they have built-in position feedback control so that one can directly control the angular rotation of the motor, instead of only its speed

There are three leads to the servo motor; power (red), ground (black), and control signal (yellow or white). The control signal is using 0/+5 V signal from the Stamp. As mentioned above, R/C servos are unusual in that they are position controlled. Thus, the input signal given to the servo controls must determine its position. This is done by sending the servo a signal that has a certain type of pulse in it. Generally, the basic signal is sent every 20 ms, and has a pulse length (where the signal is high) anywhere between 0.6 and 2.0 ms. The position of the servo is dependent on the pulse length that is used. (Figure 1)
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Figure 1: Servo control pulse diagram

The Stamp has a PWM command that creates a noisy signal with a duty cycle approximately what you want it to be. However that PWM signal is inappropriate, so you will need to create your own PWM command. A good way is to use two output signals with the PULSOUT command. Consider the following bit of Stamp code.

'{$STAMP BS2}

pos CON XXX

'value between 0-255

onTime VAR Word

offTime VAR Word

onTime = …


'pulse width proportional to pos (0.6-2.0 ms)

offTime = …

'20ms – onTime

onTime = …


'convert to PULSOUT units (1 unit = 2(s)

offTime = …

'convert to PULSOUT units (1 unit = 2(s)

loop:


PULSOUT 0, onTime
'pin 0 – control pin


PULSOUT 1, offTIme
'pin 1 – dummy pin

GOTO loop

The signal on pin 0 will be HIGH for a time proportional to pos/255, corresponding to the duty cycle of pos/255 %. Of course, in reality we can’t get a 100% duty cycle because the pin must be LOW when the GOTO instruction is being executed (and because the Stamp is running an interpreter – that’s a long time). Pin 1 is not actually being used here, but is a dummy pin for the PULSOUT command used to waste the right amount of time in which Pin 0 is kept LOW. 

Connect the servo to the Stamp and see how it works. 

· What happens if you try to turn the servo away from the given position? Why?

· Approximately how fast can the servos turn (degrees/second)?

· Write a program that cycle through the entire range of motion.

· Demonstrate the result to one of the lab assistants.

2. Stepper Motor Control
Another option aside from servo motors are stepper motors which offer a number of advantages over servos. They are controlled via incremental steps, instead of absolute position (servos) or speed (DC motors). Therefore, they are more easily adaptable to digital control applications. In addition, because of their consistent step sizes, accurate incremental positioning is easily achieved. Stepper motors are primarily used as precision positioning devices in robotics and industrial control applications.
(a) Wire the Stamp to read in the potentiometer as shown in Figure 2. This setup is different from the previous configurations used in the first two labs. Both sides of the pot are read, and the difference between the readings determines the speed and direction of the motor. Use the 9V battery to power the Stamp, and the power supply to power the motor and circuit. Make sure you use a common ground for the Stamp and the circuit.
(b) Connect the Stepper motor to the Stamp. Refer to the table below for the color correspondence between the figure and the actual cable color of your motor

	Figure Color
	Actual Color

	Brown
	Red

	Green
	Yellow

	Red
	Blue

	White
	Beige

	Black
	Black & White


(c) Use the code provided below to drive the stepper. Turn the pot to experiment with its motion.
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Figure 2: Stepper Motor Circuit Diagram
'{$STAMP BS2}

PotCW CON 0                       'clockwise pot input

PotCCW CON 1                      'counter clockwise pot input

Coils VAR OUTB                    'output to stepper coils

Scale CON $0100

Speed VAR Word                    'delay between steps

x VAR Byte                        'loop counter

sAddr VAR Byte                    'ee address of step data

rcRt VAR Word                     'rc reading right

rcLf VAR Word                     'rc reading left

diff VAR Word                     'difference between readings

step1 DATA %1010                  'A on  B off A\ on  B\ off

step2 DATA %1001                  'A on  B off A\ off B\ on

step3 DATA %0101                  'A off B on  A\ off B\ on

step4 DATA %0110                  'A off B on  A\ on  B\ off

initialize:

  DIRB = %1111                    'make stepper pins outputs

  speed = 5                       'set starting speed

main:

  FOR x = 1 TO 100                '1 rev forward

    GOSUB step_fwd

  NEXT

  PAUSE 200

  FOR x = 1 TO 100                '1 rev back

    GOSUB step_rev

  NEXT

  PAUSE 200

stepping:

  HIGH PotCW                      'discharge caps

  HIGH PotCCW

  PAUSE 1

  RCTIME PotCW, 1, rcRt           'read clockwise

  RCTIME PotCCW, 1, rcLf          'read counter clockwise

  rcRt = (rcRt */ Scale) MAX 600  'set speed limit

  rcLf = (rcLf */ Scale) MAX 600  'set speed limit

  diff = ABS(rcRt - rcLf)         'gets difference between readings

  IF (diff < 25) THEN stepping    'allow deadband

  IF (rcLf > rcRt) THEN step_ccw

step_cw:

  speed = 60 - (rcRt / 10)        'calculate speed

  GOSUB step_fwd                  'do a step

  GOTO stepping

step_ccw:

  speed = 60 - (rcLf / 10)        'calculate speed

  GOSUB step_rev                  'do a step

  GOTO stepping

step_fwd

  sAddr = sAddr + 1 // 4          'point to next step

  READ(step1 + sAddr), Coils      'output step data

  PAUSE speed                     'pause between steps

  RETURN

step_rev

  sAddr = sAddr + 3 // 4          'point to previous step

  READ(step1 + sAddr), Coils      'output step data

  PAUSE speed                     'pause between steps

  RETURN

· What is the approximate step size of the stepper? How many steps does it take to make a full rotation?
· What is approximately the maximum speed of the stepper motor?
· What are the applications for a stepper if it is incorporated onto the TXT-1 truck in your project?

· Demonstrate the result to one of the lab assistants.

3. Variable Speed Control of DC Motor

We would like to use a measured quantity to drive a mechanical device. For this lab, we will keep it simple and drive a DC motor (open loop) using a pulse width modulated (PWM) signal. To review the relevant theory, a typical motor drive system can be assumed to have the following form (Figure 3).
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Figure 3: DC Motor Drive System

The motor turns when opposing pairs of switches are closed ([A, D] or [C, B]). We fix the voltage at one side by closing the appropriate switch. Then we pulse the switches on the other side so there is a voltage drop across the motor for a percentage of the time proportional to the voltage we are trying to drive on the motor. In slightly less abstract terms, suppose we close switch A. Then side 1 is at +12V volts. If we close switch C, there is no voltage drop across the motor, so it is not activated. If we close switch D, then side 2 is at 0 volts, so the motor close at its maximum speed. If we keep switch D close half the time, then the motor integrate the voltage drop across it (which is +12V volts half the time and 0 volts half the time) to yield an effective voltage drop of +12V/2 volts. If on the other hand, we use the same approach with switches C & B, we can drive the motor in the opposite direction with a voltage drop of +12V/2 volts.

We are fortunate that we do not need to handle all this switching manually because we are using the LMD18201 H-Bridge driver chip, which decreases the amount of work we do. Refer to Figure 4 for an interface diagram.
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Figure 4: LMD18201 H-Bridge pin-out diagram

Again, the PWM command is inappropriate for the H-Bridge. Hence, write a program similar to part 1 of this lab using the PULSOUT command to generate the PWM signal. 
'{$STAMP BS2}

scale     CON $0100

potCW     CON 0

potCCW    CON 1

ton       VAR Word

rcRT      VAR Word

rcLT      VAR Word

diff      VAR Word

potchk:

  HIGH potCW


       'discharge caps
  HIGH potCCW

  PAUSE 1

  RCTIME PotCW, 1, rcRT           'read clockwise

  RCTIME PotCCW, 1, rcLT          'read counter clockwise

  rcRT = (rcRT */ Scale) MAX 600  'set speed limit

  rcLT = (rcLT */ Scale) MAX 600  'set speed limit

  diff = ABS(rcRT - rcLT)         'gets difference between readings
  debug ? diff

  IF (diff < 20) THEN Motor_off   'allow deadband
  IF (rcLT > rcRT) THEN Rot_CCW

  GOTO Rot_CW

Motor_off:

LOW 2




  'turns of motor
LOW 3

GOTO potchk

Rot_CW:

HIGH 3

ton = diff*15

PULSOUT 2, ton


  'generating pulse
GOTO potchk

Rot_CCW:

LOW 3

ton = diff*15

PULSOUT 2, ton


  'generating pulse
GOTO potchk
You probably won’t be able to exceed a 50% duty cycle due to time spent on calculations during each loop iteration. (Incidentally, this would be the case using the built-in PWM command, since the PWM signal is only generated when nothing else is happening).

Now you are ready to proceed:

(a) Keep the pot section of the circuit that was used before. Connect the Stamp to the motor driver according to Figure 4. 

(b) Now you are ready to do something interesting. Experiment with this design by turning the pot in both directions to test the speed and direction of the motor. 
· Remove the debug command. Do you notice any change in the performance of the motor? Why?
· Would hooking up an LED display to the circuit to indicate the speed of the motor change the duty cycle in any way? If so, why?

· What is approximately the maximum speed of the motor?

· What changes on the code do you have to make to increase the resolution of the speed control? What changes do you expect to see in the motor’s performance?

· Why is the limited duty cycle not a problem with servo motors?

· Demonstrate the result to one of the lab assistants.

Report

Organize your report into sections, one section for each set of experiments. Your report should include responses to all questions and plots where required. Pay special attention to questions against the  symbol. Provide hardcopies of your code.
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