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Figure 1: Front Panel of the HP /AGILENT 3631 A Power Supply
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Georgia Institute of Technology, George W. Woodruff School of Mechanical
Engineering, “ME 4447: Control System Components, Laboratory Manual”, 1989.
Georgia Institute of Technology, George W. Woodruff School of Mechanical
Engineering, “ME 3056: Experimental Methodology, Laboratory Manual”, Summer
Quarter, 1994.

Motorola, “MC9S12C Family Reference Manual”, Motorola, Inc., Rev. 01.23, 2007.
Motorola, “MC9S12C Programming Reference Guide”, Motorola, Inc. , 2001.
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Sharp IR distance sensors: either the GP2YOAO2 or GP2D12 analog sensor and the
GP2DO05 digital sensor
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le Enabled l Button Pressed
Enable LED ON
UHIDCk LED DN Read 51,52;53,54
Alarm LED OFF
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L3=53,L4=54 S o
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Wrong! Correct!
Alarm LED ON Unlock LED ON

Mot Enabled

Figure 1: Digital lock state machine.
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Red LED Blue LED

Red Button Pressed

Figure 2: Sample state machine diagram.
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Sample state machine code

//first define states with obvious names and different values
#define STARTO

#define RED 1

#define BLUE 2

//assign names to possible input conditions and give them unique values
#define GO_BLUE 4

#define GO_RED 5

//assign input pins

#define BLUE_SWITCH 2

#define RED_SWITCH 3

//assign output pins

#define RED_PIN 8

#define BLUE_PIN 9

//create state variable and initialize it to START state
int state = START;

//create input variable and initialize to represent an undefined input
int input =0;

void setup(){

pinMode(BLUE_SWITCH, INPUT);
pinMode(RED_SWITCH, INPUT);

pinMode(RED_PIN, OUTPUT);

pinMode(BLUE_PIN, OUTPUT);
digitalWrite(BLUE_PIN, LOW); //turn blue led off
digitalWrite(RED_PIN, LOW); //turn red led off

}

void loop(){

//read inputs

if(digitalRead(BLUE_SWITCH)K

input = GO_BLUE;

delay(100); //for debouncing

}

else if(digitalRead(RED_SWITCH)){

input = GO_RED;

delay(100); //for debouncing

}

else

input = 0;

MES588 Spring 2013

//generate appropriate output and evaluate state transitions
switch(state){

case START:

digitalWrite(BLUE_PIN,LOW); // turn blue LED off
digitalWrite(RED_PIN,LOW); //turn red LED off
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/* NOTE: you could check inputs here instead of earlier input block, but don't do it in both
places */

//evaluate input condition to determine next state...
switch(input){

case GO_BLUE: //this transition can be reduced
state = START; //stay in START state

case GO_RED:

state = RED; //go to RED state

default:

state = START; //stay in START if no inputs detected
}

/* NOTE: input conditions can be evaluted using if/then statements instead of a switch
arrangement */

break; //jump out of current switch statement
case RED:

digitalWrite(BLUE_PIN,LOW); // turn blue LED off
digitalWrite(RED_PIN,HIGH); //turn red LED on
switch(input){

case GO_BLUE: //go to BLUE state

state = BLUE;

case GO_RED: // this transition can be reduced
state = RED; //stay in RED state

default:

state = RED; //stay in RED if no inputs detected

}

break;

case BLUE:

digitalWrite(BLUE_PIN,HIGH); // turn blue LED on
digitalWrite(RED_PIN,LOW); //turn red LED off
switch(input){

case GO_BLUE: //this transition can be reduced
state = BLUE; //stay in BLUE state

case GO_RED: // go to RED state

state = RED;

default:

state = BLUE; //stay in BLUE if no inputs detected

}

break;

}

}
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: Modeling and Analysis of Mechatronic Systems
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ECP_LAB_EXERCISE-FOR control system analysis and design
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* Gain a familiarity with standard laboratory instruments including the function
generator, oscilloscope, multi-meter, DC power supply and analog computer.

* Learn HP VEE - the PC software we use in the lab.

* Gain working experience with DC motors, the direct measurement of their physical
properties for use in deriving a transfer function, and the indirect measurement of the
motor transfer function using frequency response methods.

* Design and implement the control for an actuator-positioning device.
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Measurable Events and Electric Signals

Electronic Devices and Parts
Electrical Sensors in the Lab

5ol ol by Giolesl slo lgie
Experiment 1: Analog Computer, Tachometer,
Potentiometer, Motor Dead zone
Experiment 2: DC Motor Transfer Function Estimation by
Explicit Measurement
Experiment 3: DC Motor Voltage—to—Speed Transfer
Function Estimation by Step—Response and Frequency—
Response
Experiment 4: Position Control Systems
Experiment 5: AWOLL1 Plant Identification and Controller Design
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The Reaction Wheel Pendulum

A8 ol by olall Caand [ yizmen g
The Reaction Wheel Pendulum (RWP), shown in Figure 1, is a simple pendulum with a
rotating wheel at the end. The wheel is actuated by a 24-V, permanent magnet DC motor
mounted on the pendulum. This motor can produce a torque on the wheel, causing the wheel
to spin. According to Newton’s third law, there is an equal and opposite reaction torque on
the motor, and hence on the pendulum. This reaction torque can be used to control the motion
of the pendulum. We begin by obtaining the equations of motion for the RWP. Next, control
of only the reaction wheel's speed is examined. As part of this phase, we investigate
counteracting the effect of friction in the motor by “friction compensation.” Finally control of
the complete RWP is considered.
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Lab 4: Introduction to the DC Motor  Wiring Diagrams
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Lab 5: PD Control on Analog Computer and Wincon Wiring Diagrams
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LabManual: ;& b -)

This is a set of laboratory assignments designed to complement the
introductory robotics lecture taught in the College of Engineering at the
University of lllinois at Urbana-Champaign. Together, the lecture and labs
introduce students to robot manipulators and computer vision and serve as the
foundation for more advanced courses on robot dynamics and control and
computer vision. The course is cross-listed in four departments (Computer
Science, Electrical & Computer Engineering, Industrial & Enterprise Systems
Engineering, and Mechanical Science & Engineering) and consequently
includes students from a variety of academic backgrounds.

robotica_manual: 15 sL-Y

CISE-302-Linear-Control-Systems-Lab-Manual: ;5 sl-
King Fahd University of Petroleum & Minerals
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Lab Experiment 6: DC Motor Characteristics Objective: The objective of the
experiment is to show how a permanent magnet D.C. motor may be controlled by
varying the magnitude and direction of its armature current and recognize the
torque/speed characteristic of the D.C. Motor List of Equipment/Software
Following equipment/software is required:

[0 MATLAB
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] LabVIEW

[0 DC Servo System (feedback equipment)
a. OU150A Op Amp Unit

b. AU150B Attenuator Unit

c. PA150C Pre-Amplifier Unit

d. SA150D Servo Amplifier

e. PS150E Power Supply

f. DCM150F DC Motor

g. IP150H Input Potentiometer

h. OP150K Output Potentiometer
I. GT150X Reduction Gear Tacho
j. DC Voltmeter
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Figure 3: L298 Circuit.
Table 1: L298 Truth Table
Inputs Function

Inl =H:In2=L Forward
EnA=H Inl=L;:In2=H Reverse

Inl = In2 Fast Motor Stop
EnA =L Inl=X;In2=X Free Running

Dimming an LED with a PWM Output .\
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Sample PWM Code

int ledPin = 9; // LED connected to digital pin 9

int analogPin = 3; // potentiometer connected to analog pin 3
int val = 0; // variable to store the read value

void setup()

{
pinMode(ledPin, OUTPUT); // sets the pin as output

¥
void loop()
{

val = analogRead(analogPin); // read the input pin
analogWrite(ledPin, val / 4); // analogRead values go from 0 to 1023,
// analogWrite values from 0 to 255

}
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Implementing a Transistor to Drive a Solenoid
Sl dpgighe o J5uS lp 25 slee G SBaa

Soleraid

Figure 4: Solenoid driven by transistor and PWM output.

2. Implementing a Transistor to Drive a DC Motor
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4. Driving a Motor
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3. Controlling a Motor
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Table 2: Motor control logic

No Object Fast Forwards
Object Visible Slow Forwards
Object Close Slow Backwards
Emergency Stop
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Verify that the differential equation governing applied voltage to
the coil and the current through the coil is
di

L—+Ri=VF
at

Verify that the transfer function relating V and i is given by
i(s) 1 1/R

= = where T=—
Vis) Is+R sr+l
Verify that the expression for linear approximation
of F(X. 7)Y becomes
sy =—T o N xoxye 22y
(X, +L) (X, +L) (Ao +1)
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Verify that the step response will be unbounded and is given by

x(H) = %[1 _%{-E-J;r g ]]
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