UNIVERSITI MALAYSIA PAHANG

BORANG PENGESAHAN STATUS TESIS*®

JupuL: DC MOTOR CONTROLLER USING LINEAR QUDRATIC
REGULATOR (LOR) IMPLEMENTION ON PIC
SESI PENGAJIAN:_ 2008/2009

Saya NUR IZNIE AFRAH BINTI MOHD ISA ( 860909-33-5794 )
(HURUF BESAR)

mengaku membenarkan tesis (Sarjana Muda/Sarjana /DekterFEalsafah)* ini disimpan di
Perpustakaan dengan syarat-syarat kegunaan seperti berikut:

Tesis adalah hakmilik Universiti Malaysia Pahang (UMP).

Perpustakaan dibenarkan membuat salinan untuk tujuan pengajian sahaja.

Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran antara institusi
pengajian tinggi.

**Sila tandakan ( \ )

(Mengandungi maklumat yang berdarjah keselamatan
SULIT atau kepentingan Malaysia seperti yang termaktub

di dalam AKTA RAHSIA RASMI 1972)
TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan

oleh organisasi/badan di mana penyelidikan dijalankan)

TIDAK TERHAD

Disahkan oleh:

(TANDATANGAN PENULIS) (TANDATANGAN PENYELIA)
Alamat Tetap:
NO. 3757, KG AIR MELINTAS BESAR, HASZURAIDAH BINTI ISHAK

13300, TASEK GELUGOR, S.P.U, (Nama Penyelia)
PULAU PINANG.

Tarikh: 17 NOVEMBER 2008 Tarikh: : 17 NOVEMBER 2008

CATATAN: * Potong yang tidak berkenaan.
wx Jika tesis ini SULIT atau TERHAD, sila lampirkan surat daripada pihak
berkuasa/organisasi berkenaan dengan menyatakan sekali tempoh tesis ini perlu
dikelaskan sebagai atau TERHAD.
. Tesis dimaksudkan sebagai tesis bagi [jazah doktor Falsafah dan Sarjana secara
Penyelidikan, atau disertasi bagi pengajian secara kerja kursus dan
penyelidikan, atau Laporan Projek Sarjana Muda (PSM).



“I hereby acknowledge that the scope and quality of this thesis is qualified for the

award of the Bachelor Degree of Electrical Engineering (Electronics)”

Signature

Name : HASZURAIDAH BINTI ISHAK

Date : 17 NOVEMBER 2008




DC MOTOR CONTROLLER USING LINEAR QUADRATIC REGULATOR (LQR)
ALGORITHM IMPLEMENTION ON PIC

NUR IZNIE AFRAH BINTI MOHD ISA

This thesis is submitted as partial fulfillment of the requirements for the award of the

Bachelor of Electrical Engineering (Hons.) (Electronics)

Faculty of Electrical & Electronics Engineering

Universiti Malaysia Pahang

NOVEMBER, 2008



“All the trademark and copyrights use herein are property of their respective owner.
References of information from other sources are quoted accordingly; otherwise the

information presented in this report is solely work of the author.”

Signature

Author : NUR IZNIE AFRAH BINTI MOHD ISA

Date : 17 NOVEMBER 2008

i



Dedicated to my beloved family, and the lecturers and friends of Universiti Malaysia
Pahang.

il



v

ACKNOWLEDGEMENT

First and foremost, the highest thank to God as finally I can accomplish my Final
Year Project. Special thanks to my supervisor, Mrs Haszuraidah binti Ishak who help me
in many things and give me the encouragement and guideline while doing this project.
To my friend, Wan Robaah binti W Ahmad, I really appreciate your help and support in
helping me finish this project.

I also would like to give this appreciation to all the panels for their advice. Not
forgetting, to all the lecturers and staff of Faculty of Electrical and Electronic
Engineering and to all my friends who were helping me direct or indirect, your help,

support and cooperation will always be remembered.



ABSTRACT

Linear Quadratic Regulator (LQR) algorithm is one of the controller methods to
control a system. In this project, the LQR was implemented on the PIC microcontroller
to control the dc motor. The main objective of this controller is to minimize the
deviation of the speed of dc motor. Dc motor speed is controlled by its driving voltage.
The higher the voltage, the higher the motor speed. The speed of the motor is specifying
that will be the input voltage of the motor and the output will be compare with the input.
As the result, the output must be the same as or approximately the same as the input
voltage. In this project, the LQR algorithm was implemented on the PIC microcontroller
so the result can be shown. Before the implementation on the PIC, the dc motor state-
space has to be derived. Then, from the state-space, we can design the LQR controller
by using the MATLAB software. The stable system is got by tuning the Q and R value

that can be seen by the simulation.
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ABSTRAK

Algorithma Linear Quadratic Regulator (LQR) merupakan salah satu daripada
kaedah pengawal untuk mengawal sesuatu sistem. Melalui projek ini, LQR dilaksanakan
ke atas pengawal mikro PIC untuk mengawal dc motor. Objektif utama pengawal LQR
adalah bagi meminimumkan kadar pesongan kelajuan motor. Kelajuan dc motor dikawal
oleh pemanduan voltannya. Semakin tinggi voltan, semakin meningkat kelajuannya.
Kelajuan dc motor yang dispesifikasikan akan menjadi voltan masuk kepada motor dan
kemudiannya akan dibandingkan dengan voltan yang dikeluarkan. Hasilnya, keluaran
mestilah sama ataupun hampir sama dengan kemasukan. Dalam projek ini, algorithma
LQR dilaksanakan ke atas pengawal miko PIC supaya hasilnya dapat dilihat. Sebelum
pelaksanaan ke atas pengawal mikro PIC, state-space bagi dc motor haruslah
didapatkan. Kemudian, daripada state-space tersebut barulah pengawal LQR dapat
dibentuk dengan menggunakan perisian MATLAB. Sistem yang stabil akan dihasilkan

dengan membetulkan nilai Q dan R dan dapat dilihat melalui simulasi.



CHAPTER

TABLE OF CONTENTS

CONTENTS
DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT
ABSTRAK

TABLE OF CONTENTS

LIST OF TABLE

LIST OF FIGURE

LIST OF ABBREVIATIONS

LIST OF APPENDIX

PAGE

i

il

v

vi

vii

Xi

Xil

Xiii

X1V

vii



INTRODUCTION

1.1 Background

1.2 Problem Statement

1.3 Objectives

1.5 Scope

LITERATURE REVIEW

2.1 DC Motor

2.2 Linear Quadratic Regulator (LQR) Algorithm

2.3 Programmable Integrated Circuit (PIC) Microcontroller

METHODOLOGY

3.1 Program Flow Chart

3.2 Mathematical Model of DC motor
3.2.1 Electrical Characteristic
3.3.2 Mechanical Characteristic
3.3.3 State-space Representation

33 LQR Design

34  Coding in MATLAB

3.5 Hardware Design
3.5.1 PIC Microcontroller
3.5.2 Power Supply Circuit
3.5.3 Complete Circuit

3.6 Software Development

3.6.1 Inside PICI6F84A

W W N ==

11

11
13
14
14
14
16
17
19
19
20
21
23
23

viii



3.6.1.1 Flash Program Memory
3.6.1.2 FR Registers
3.6.2 Programming in PIC16F84A

RESULT AND ANALYSIS

4.1 Simulation Result from MATLAB
4.1.1 Open-loop Simulation Result
4.1.1.1 Steady-state Error
4.1.2 Closed-loop Simulation Result
4.1.3 Tuning the Q Value
4.1.4 Tuning the R Value

CONCLUSION

5.1 Conclusion

5.2 Recommendation

53 Costing & Commercialization
5.3.1 Costing

5.2.2 Commercialization

23
24
26

28

28
29
29
31
32
35

38

38
39
40
40
42

X



REFERENCE

APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E

43

45
55
62
70
71



LIST OF TABLES
TABLE NO. TITLE
4.1 The value of gain, K, Time Rise, Settling Time

and Steady-State when the Q was tuned

4.2 The value of gain, K, Time Rise, Settling Time and
Steady-State when R was tuned

Xi

PAGE

34

37



LIST OF FIGURES

FIGURE NO. TITLE

2.1 Clifton Precision Servo Motor Model JDH-2250-HF-2C-Em
2.2 DC Motor Controlling System

3.1 Flow chart of the project

3.2 Electrical Circuit Representation Of A Dc Motor
33 PIC16F84A IC Pin Diagram

34 Power Supply Circuit

3.5 Complete Circuit Diagram

3.6 Program Flash Memory

3.7 SFR Registers

3.8 Programming of the system

3.9 Setup for PLL

4.1 Open-Loop Step Response

4.2 Closed-Loop Step Response

4.3 When Q=[10;01]andR=1

4.4 When Q=[10;010]andR=1

4.5 When Q=[10;0100]and R =1

4.6 When Q=[10;01]andR =1

4.7 When Q=[10;01]and R=0.1

4.8 When Q=[10;0 1] and R =0.01

Xii

PAGE

10
12
13
19
20
21
23
25
26
27
29
31
32
33
33
35
36
36



DC
LQR
PIC
PWM
SFR

USB
PC

LIST OF ABBREVIATION

Direct Current

Linear Quadratic Regulator
Programmable Integrated Circuit
Pulse Width Modulation

Special Function Registers
Random Access Memory
Universal Serial Bus

Personal Computer

xiii



APPENDIX

LIST OF APPENDICES

TITLE

PIC16F84A Datasheet

Clifton Precision Servo Motor Model
JDH-2250-HF-2C-E Datasheet

LM7895 Datasheet

ASM File

Circuit Diagram for the Whole Systems

X1V

PAGE

45

55

62

70

71



CHAPTER 1

INTRODUCTION

1.1 Background

DC motor can be controlled either by software or directly by hardware. Software
controlling needs computers which are bulky and common man cannot afford for it, so
hardware controls are in use. Even in hardware if it is programmable device then it is

preferred because it can be modeled according to the requirements of the user.

This project needs to develop the DC motor controller which is brushless
servomotor by using Linear Quadratic Regulator (LQR) that is implemented on
Programmable Integrated Circuit (PIC). To make the motor operate, first we must make
the program on PIC. On the program, the input has to be set up. Then the input voltage
is converted from analog signal into digital signal by ADC in the PIC. The PWM (Pulse
Width Modulation) function of PIC is used for the electric current control to drive a

motor.



The function of Linear Quadratic Regulator (LQR) is to minimize the deviation
of the speed of the motor. The speed of the motor is specifying that will be the input
voltage of the motor and the output will be compare with the input. The output must be

the same as or approximately the same as the input voltage.

The advantages of used LQR are it is easy to design and increases the accuracy
of the state variables by estimating the state. The nice feature of the LQR control as
compared to pole placement is that instead of having to specify where n eigenvalues
should be placed a set of performance weighting are specified that could have more

intuitive appeal. The result is a control that is guaranteed to be stable.

1.2 Problem Statement

The speed of the DC motor may change due to disturbance present surrounding
it. This will make the desired speed sometimes change and will be not maintain. By

using LQR control algorithm, the deviation of the speed can be minimized.



1.3 Objectives

The objectives of this project are;
1. To implement Linear Quadratic Regulator (LQR) controller in Programmable
Integrated Circuit (PIC) which can minimized the error of the speed of dc
servomotor. The PIC that has been used in this project was PIC16F84A.

ii. To develop de motor controller by using LQR algorithm.

1.4 Scope

This project actually concentrates on derivation of the mathematical model of dc
servomotor and gets the value of K in LQR algorithm. K is the gain of the close loop
system. To get the value of K, the state-space of the servomotor must be define first. So,
LQR algorithm was used by means to minimize the deviation of the dc motor speed. The
LQR is used to tune the value of Q and R. The value of Q and R is tuned the get the

stable system.



CHAPTER 2

LITERATURE REVIEW

2.1 DC Motor

A DC motor is devised to convert electrical power into mechanical power. In DC
motor, electrical energy is converted into mechanical energy through the interaction of
two magnetic fields. One field is produced by permanent magnet assembly (on the start)
and the other field is produced by an electrical current flowing in the motor winding (on
the rotor). These two fields result in a torque that tends to rotate the rotor. As the rotor
turns, the current in the windings is commutated to produce a continuous torque

output.[1]

DC motor speed is controlled by controlling its driving voltage. The higher the
voltage, the higher the motor speed. In many applications, a simple voltage regulation
would cause lots of power loss in the control circuit, so a PWM method is used in many

DC motor-controlling applications. In basic PWM method, the operating power to the



motors 1is turned on and off to modulate the current to the motor. The ration of on time to

off time is what determines the speed of the motor.

A PWM circuit can be implemented by using discrete components. However,
this approach cannot provide the desired flexibility and controllability is expensive. A
better implementation method for PWM circuitry is to use the PWM functions available

in many microcontrollers today. Most of the PIC 18 devices have PWM functions.[1]

Controlling the speed of the motor is an important area to be considered. The speed of
motor is directly proportional to the DC voltage applied across its terminals. Hence, if we

control the voltage applied across its terminal we actually control its speed.

A PWM (Pulse Width Modulation) wave can be used to control the speed of the motor.
Here the average voltage given or the average current flowing through the motor will change
depending on the ON and OFF time of the pulses controlling the speed of the motor. The duty

cycle of the wave controls its speed. [2]



For this project, Clifton Precision Servo Motor Model JDH-2250-HF-2C-E is used. The

specifications of this DC motor are;

e Torque Constant: 15.76 oz-in. / A

e Back EMF: 11.65 VDC / KRPM

e Peak Torque: 125 oz-in.

e Cont. Torque: 16.5 oz-in.

e Encoder: 250 counts / rev.

e Channels A, B in quadrature, 5 VDC input (no index)

¢ Body Dimensions: 2.25" dia. x 4.35" L (includes encoder)

e Shaft Dimensions: 8 mm x 1.0" L w/flat

Figure 2.1 Clifton Precision Servo Motor Model JDH-2250-HF-2C-E with its encoder



2.2 Linear Quadratic Regulator (LQR) Algorithm

In layman's terms, Linear Quadratic Regulator (LQR) means the settings of a
(regulating) controller governing either a machine or process (like an airplane or
chemical reactor) are found by using a mathematical algorithm that minimizes a cost
function with weighting factors supplied by a human (engineer). The "cost" (function) is
often defined as a sum of the deviations of key measurements from their desired values.
In effect this algorithm therefore finds those controller settings that minimize the
undesired deviations, like deviations from desired altitude or process temperature. Often
the magnitude of the control action itself is included in this sum as to keep the energy

expended by the control action itself limited.[5]

In the particular case of a quadratic performance index combining the square of
the error and square of the actuation, the solution to the optimal control problem is a
feedback control where the measurements used for the feedback are all of the state
variables. In this feedback control, each of the state variables is multiplied by a gain and
the results are summed to get a single actuation value. The result of the LQR
formulation is the set of gains, based on the relative weighting of the error and actuation

in the performance index. [6]

Identification techniques based on minimization of equation error give good
results, but it is essential that their sensitivity to high frequency noise and sample rate be
compensated. This fact has generally been overlooked in previous literature on
identification of flexible structures. Alternative approaches based on minimization of
output error perform poorly, probably due to the existence of local minima in the

performance index. [5]



Suppose that the space model is

with  x(t) € R n, u(t) € R m. The initial condition is x (0).[6]
Suppose that we have sensors to measure the entire state and that we use a controller
(regulator)
u=-Kx (2.2)
that seeks to drive the state to zero. You could use pole placement via Ackerman’s
formula. Here, we use the LQR methodology to specify the gain K. For this, let
J=["(x"O0x +u'Ru)dt (2.3)
where Q = Q >0 and R = R > 0.The term “linear-quadratic” refers to the linear system
dynamics and the quadratic cost function and we seek to find the gain vector K to

minimize this “cost function.”[7]

23 Programmable Integrated Controller (PIC) Microcontroller

A PIC is a Programmable Integrated Circuit microcontroller, a 'computer-on-a-
chip'. They have a processor and memory to run a program responding to inputs and
controlling outputs, so they can easily achieve complex functions which would require

several conventional ICs.[4]

The input voltage to PIC is converted by A/D converter. Changed voltage is used
for the PWM function of the CCP to control the motor drive. At the circuit this time, a
small motor is used as the generator to detect the number of rotations of the motor. The
input voltage (the control voltage) to PIC is changed by the fluctuation of the number of
rotations of the motor. The PWM (Pulse Width Modulation) function of PIC is used for

the electric current control to drive a motor.[8]



Many methods evolved to control the revolution of a motor. DC motors can be
controlled either by software or directly by hardware. Software controlling needs
computers which are bulky and common man cannot afford for it, so hardware controls
are in use. Even in hardware if it is programmable device then it is preferred because it

can be modeled according to the requirements of the user.[2]

Advantages of using PIC over other controlling devices for controlling the DC motor

are given below:

e Speed: The execution of an instruction in PIC IC is very fast (in micro seconds)
and can be changed by changing the oscillator frequency. One instruction
generally takes 0.2 microseconds.

e Compact: The PIC IC will make the hardware circuitry compact.

e RISC processor: The instruction set consists only 35 instructions.

e EPROM program memory: Program can be modified and rewritten very
easily.

¢ Inbuilt hardware support: Since PIC IC has inbuilt programmable timers, ports
an interrupts, no extra hardware is needed.

e Powerful output pin control: Output pins can be driven to high state, using a
single instruction. The output pin can drive a load up to 25mA.

¢ Inbuilt I/O ports expansions: This reduces the extra IC’s which are needed for
port  expansion and port can be expanded very easily.

o Integration of operational features: Power on reset and brown/out protection
ensures that the chip operates only when the supply voltage is within
specification. A watchdog timer resets PIC if the chip ever malfunctions and

deviates from its normal operation.
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INPUT PIC -» OUTPUT
MICRO
CONTROLLER

Figure 2.2 DC Motor Controlling System

The block diagram of the circuit is shown above. This circuit controls the speed
and direction of the motor. The PWM (Pulse Width modulation) output from the four
port pins is given to the H-Bridge circuit which drives the motor. On changing the duty
cycle (ON time), we can change the speed. By interchanging output ports, it will

effectively change direction of the motor. [9]

The PIC microcontroller is the brain of the circuit controlling all actions to be
done. Inputs are given to control the speed and direction of the motor. The PIC output

controls the DC motor.



CHAPTER 3

METHODOLOGY

This chapter explains on getting the state-space model of the dc servomotor,

LQR design, hardware configuration and the implementation of LQR controller on PIC.

3.1 Program Flow Chart

The flow chart in Figure 4 shows the flow of this project. The mathematical
modeling is doing to find the mathematical model for the DC motor where we will get
the state-space model. This followed by getting the LQR controller from the state-space
model. The MATLAB software is used to get the result. This mathematical modeling
had to be done so the result that was get can be compare with the result from the
experiment. The hardware design is needed to implement the DC motor with the PIC.
The software that used to make the programming of the PIC is MicroCode Studio. Then,

the integration between the software and hardware will run the motor.



DC servomotor mathematical model derivation

LQR design

Simulation in MATLAB

Implementation on PIC

Figure 3.1 Flow chart of the project
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3.2 Mathematical Model of DC Motor

The equivalent electrical circuit of a DC motor is illustrated in Figure 3.2. It can
be represented by a voltage source (V,) across the coil of the armature. The electrical
equivalent of the armature coil can be described by an inductance (L) in series with a
resistance (R) in series with an induced voltage (V.) which opposes the voltage source.
The induced voltage is generated by the rotation of the electrical coil through the fixed
flux lines of the permanent magnets. This voltage is often referred to as the back emf

(electromotive force).

-

Figure 3.2 Electrical Circuit Representation Of A Dc Motor.

The physical parameters have been set up as followed,;

Parameters Values

Electric Resistance, R 2.7Q

Electric Inductance, L 0.004 H
Electromotive Force Constant, K 0.105 Nm A
Moment of Inertia of the Rotor, J 0.0001 Kg m2
Damping Ratio of the Inertia of the Rotor, B 0.0000093 Nms rad”'
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3.2.1 Electrical characteristic

From the Figure 3.2, the following equations based on Newton’s Law and

Kirchoff’s Law has been had.

a, R, K, 1y (3.1)
dt L L L

do, _K, B, (3.2)
dt J J

3.2.2 Mechanical characteristic

The motor torque, T is related to the armature current, i, by a constant factor, K

and can be written as;

T=Ki, (3.3)

3.3.3 State-space Representation

In the state-space form, the equations above can be expressed by choosing the

rotating speed and electrical current as the states variables and the voltage as an input.

The output is chosen to be the rotating speed.



15

i, | [ R K 1
di A N

- Ll 3.4
do, ||k B o & oy
a | L 7

= Ax + Bu
y=[o 1{"‘ }[O]Va (3.5)

a)r

=Cx+ Du

By substituting the parameters on the state-space model, the value of A, B, C and D can

be getting.
di, 27 0105 {
dt 0.004 0.004 i, —
= +1 0.004 |V
do, 0.105 ~0.0000093 L}} 0 “
dt 0.0001 0.0001
i
y=[0 1{a }[o]n
a)r

-675 —26.25 250
A = B =
1050 —-0.093 0

c=[0 1] D=[0]
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33 LQR Design

To meet the desired specification, the controller is designed using LQR
methodology. Let the cost function be defined as

J=0"(x"Ox +u'Ru)dt (3.6)
Where Q is weighting factors of states (positive semidefinite matrix) and R is weighting
factors of control variables (positive definite matrix). To design the LQR controller, the
first step is to select the weighting matrices Q and R. The value R weight inputs more
than the states while the value of Q weight the state more than the inputs. Then the
feedback K can be computed and the closed loop system responses can be found by

simulation.

The LQR controller is given by
=-Kx (3.7)
where K is the constant feedback gain obtained from the solution of the discrete
algebraic Riccati equation. The gain matrix K which solve the LQR problem is
K =R'B'P" (3.8)
Where P is unique, positive semidefinite solution to the Riccati equation;

AP+ PA-PBR'B'P+0=0 (3.9)

Using the equation (3.9), the value of P is;
[0.0051 0.0036; 0.0036 0.0035]
Then, the value of K can be compute by using equation (3.8) which is

[1.2814 0.9002]
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3.4  Coding in MATLAB

To create the open-loop response, the following command is entered in MATLAB;

R

.004;

.0001;

.105;

0.0000095;

= [-r/L -kfL; K/J -b/J]:
= [1/L: 0O]:

= [0 1]:

= [0]:

step (A, B, C, I

1]
[ T I s %

2 0 Mme T F S B R
Il

The state feedback is designed by using nominal values of parameters and the
matrices Q and R is choose in such a way that both the state response of displacements
X1, X2 unit initial conditions in both and to a delayed unit step exhibit nearly critical

damping.

The K is found to minimize the J involves solving the Riccati equation. The
MATLAB °‘Iqr’ command is used to directly solve the gain vector K given A, B, Q and
R.



18

The coding for getting the simulation of the controller was as followed;

By

.0o4:

.0oo1;

.105;

= 0.0000093;

= [-r/L -k/L: K/J -b/J]:
= [1/L; 0]:

(o 11:

= [0O]:

= diagi[1l 1]):

= 1:

fo,2] = lgr (A, B,Q2,R):
= AL - B¥E:
steplic,B,C,D,1,L)

I
o o o M

= o T = T =« B o B R = e
oo It

In order to improve the design, the various Q matrices and R values were tried.
For Q matrices, [ 0; 0 10] and [1 0; 100] were used and for R, 0.1 and 0.01 were
applied.



3.5 Hardware Design

3.5.1 PIC Microcontroller
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It is used to control the rotation of the motor. This senses the input and process it

using the program burned in it and gives the required PWM output on the required port
pins. To control the speed we need to control the duty cycle (‘ON’TIME / PERIOD).

The output from the port A is given to the H-bridge. It is the arrangement of four

transistors as shown below. Here four power transistors 2N3055 are used (C1, C2, C3,

C4). At any time either C1, C3 or C2, C4 are made ‘ON’, hence current flows from the

source (Vqq) to ground (Vss) through the motor. The direction of the motor is dependent

on the polarity of the current. Hence by changing the ‘ON’ transistor pairs we can

control the direction of the motor. To ‘ON’ the transistor we need to give high to its

base. On controlling output coming out of port we can achieve the control over the

motor rotation direction.

RA2 —=— [

RA3 == [
RA4/TOCKI L
MCLR ——= [

Vss —= []
RBO/INT —— []
RB1 =— []

RB2 ]

RB3 —=—= []

A
1 18] ]| =—= RA1
2 17 ] =—= RADO
3 ——» w 16[] OSC1/CLKIN
4 QO 15[ ] ——= OSCZ2/CLKOUT
5 & D 14[] =—— VDD
& 0 o2 13[] =—= RB7
co ~<
7 o 12[] == RB6
8 111 RES5
9 10] =-—= RB4

Figure 3.3 PIC16F84A IC Pin Diagram
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3.5.2 Power Supply Circuit

U3
TEDS

LI PP wo E—B

E l

ICW ™ C12 11
| 1 T n 1u|:||

Figure 3.4 Power Supply Circuit

This circuit is very important as it was supply the power to the all component.
Three terminal regulator is used to get the operating voltage for PIC. The left pin is for
input voltage, the middle pin second is connected to ground while the right pin is 5V

output voltage which connected to power the PIC.



3.5.3 Complete Circuit
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Figure 3.5 Complete Circuit Diagram
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The circuit is built around the PIC IC 16F84A. The circuit is built as shown in
Figure 3.5. The power supply of 5V and ground is given to appropriate pin of the PIC
IC and to the H Bridge circuit. A 4M Hz crystal oscillator is connected as shown in the
figure. Other type of oscillators can also be used. The crystal oscillator is more stable

compare to other types. Oscillator acts as a clock source for the PIC IC operation.

The port B’s four pins are given to the H-Bridge as shown in the figure. These
pins are the control lines (PWM output lines) given to H-Bridge to rotate in the desired

speed.
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3.6 Software Development

3.6.1 Inside PIC16F84A

3.6.1.1 Flash Program Memory

Flash memory is used to store the program. One word is 14 bits long and 1024
words (1k words) can be stored. Even if power is switched off the contents of the flash
memory will not be lost. Flash memory can be written to using the writer, but the

number of times it be rewritten is limited to 1000 times.

Feset Vector 0000k

0004

03FFh
0400k

Urimp lemanted

1FFFh
2000h

2007k

Test Configuration

M 2EMOFy Space

Figure 3.6 Program Flash Memory
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The usage of some program memory addresses is already decided.

ii.

1il.

Reset Vector (0000h)
When a reset is executed, either by turning power on, by the WDT (Watchdog

Timer) or any other factor, the program will start from this address.

Peripheral Interrupt Vector (0004h)
When there is a time-out interruption from the timer (TMRO) or an outside

interrupt, the program will start from this address.

Configuration word (2007h)

The basic operation of the PIC is specified at this memory location. The enable
bits of the Power-up timer, and the Watch-dog timer as well as the oscillator
selection bits are set here. This area is behind the usual program area and can not
be accessed by the program. These parameters must be specified using the burner

when burning the program into flash memory.

3.6.1.2 SFR

16 different SFR (Special Function Registers) can be specified by the bank

switching technique. The figure below shows the RAM File Registers. The memory

capacity is only 160 bytes. The contents of the registers with the left pointing arrow are

the same on both banks. The other registers of the SFR are accessible through bank

switching, and the gray colored registers are not used.



dddress Banlk 0 Banl: 1 dddress
00k IMDF 20k
01h 21h
02h a2h
03h 23h
Ndh 24k
05k 25k
0&h 2Eh
0ah 28h
03k EECORZ 24h
0k aih
NBh 2Bh
0Ch - 4Fh 8Ch - CFh

Figure 3.7 SFR Registers

Each SFR has the following function;

INDF :
TMRO :
PCL
STATUS
FSR
PORTA
PORTB
EEDATA
EEADR
PCLATH
INTCON
OPTIN REG :
TRISA
TRISB
EECONI
EECON2

Data memory contents by indirect addressing
Timer counter

: Low order 8 bits of program counter

: Flag of calculation result

: Indirect data memory address pointer

: PORTA DATA I/O

: PORTB DATA 1/O

: Data for EEPROM

: Address for EEPROM

: Write buffer for upper 5 bits of the program counter

: Interruption control

Mode set

: Mode set for PORTA

: Mode set for PORTB

: Control Register for EEPROM

: Write protection Register for EEPROM

25
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3.6.2 Programming on PIC16F84A

To interface the hardware with the electronic equipment, a software program that
runs on a PC to develop applications for Microchip microcontrollers is required. Melabs
EPIC™ Programmer software is used but we need to change the type of document by

compiling it with the MicroCode Studio.

P

PFRL 1L, T

pE [[=Tr

Fstnrt]| T R | s b | e lad s [FERTR S Y e

Figure 3.8 Programming of the system

Figure 3.8 shows the compilation of the programming of a system. The
document must be save first before the compilation is done. After the compiling the

documentation type will change to the .HEX file.

Select for PIC16F84A on the Melabs EPIC™ Programmer. The Melabs EPIC™
Programmer connects to a PC compatible parallel printer port. The Melabs Serial
Programmer connects to a PC compatible serial port. The Melabs USB Programmer and
Melabs U2 Programmer connect to a PC USB port or powered USB hub. Each

programmer may be controlled by the Melabs Programmer software.
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After the selection of the PIC type, setup the Melabs configuration for PLL

applications as show in the Figure 3.9. The configuration must be filled correctly.

. ~meProg - Configurati =101
PLL Prezcaler /2 (8 MHz) j -
Spstem Clock Postscaler F214) jj
USE Clock 36 MHz PLL /2 |
Dzcillatar HSPLL j
Fail-Safe Clock Monitar Enabled |
Internal Extemal Switch Ower Enabled j
FPower-up Timer Dizabled j
Brown-out Aeset Enabled, SEOREN Dise ¥ |
Brown-out Reset Yoltage 2.0 hd |LI

Figure 3.9 Setup for PLL

After the deleting the previous program in the PIC, select the programming that
had been saving in .HEX type documentation. Verify the program and the PIC is ready

to be used.

The example of the program from PIC by using MicroCode Studio programmer

is shown as below. This program is to make the dc motor moving forward.

motor VAR porth.0

triszh = 0
trisa = 1
forward: PULSOUT (O, 170
PULSOUT 1,130
PAUSE 20

GOTO forward



CHAPTER 4

RESULT AND DISCUSSION

This chapter will explain about how to get the results that have been made

through the simulation in MATLAB software.

4.1 Simulation Result from MATLAB

The simulations below were get from the simulation in MATLAB. From these
simulations, the value of Rise Time, Settling Time and Steady-State can be found. The
Rise Time is the time required for the response to rise from 10% to 90% , 5% to 95%
OR 0% to 100% of its required final value. For underdamped second-order system, the
10% to 90% rise time are normally used. The settling time is the time required for the
response to reach and stay within a range about the final value of size specified by

absolute percentage of the final value (usually 2% or 5%).



29

4.1.1 Open-loop simulation result

The step response shows that the motor achieve its maximum speed at 9.5 rad/s

and it takes 0.091 seconds to reach its steady-state speech.

Step Response

10 : ‘ ‘

u

o System: sys -

System: sys )
Settling Time (sec): 0.091 Final Value: 9.5
81 System: oyo a
Time (sec): 0.0527

7+ Amplitude: 8.48 |

6 [ -
(o]
g

2 5| |
£

4r .

3 [ -

2r -

Tr -

0 \ ‘
¢ Rt 0.1 0.15
Time (sec)

Figure 4.1 Open-Loop Step Response

4.1.1.1 Steady-state Error

Steady-state error is the difference between the input and the output for a
prescribed test input as t = co. Unstable systems represent loss of control in the steady-
state and are not acceptable for use at all. The expressions we derive to calculate the

steady-state error can be applied erroneously to an unstable system.



The values of A, B and C are as get from the state-space in Chapter 3. There are;

-675  —26.25 -250
A = B =
1050 —-0.093 0

For unit step input, the steady-state error given by;

E(0)=1+CA'B

Therefore, the steady-state error is;
E(0)=1+CA™"'B
250
=1+[26.25 0.093 .

=1+(6562.5+0)
=6563.5

For a ramp unit, the steady-state error is given by;

E(e0) = flim(1+ 4™ B)+ {1+ (4™ VB

Solving for 1 + C(A™)’B;

. 4280625 —708847.65 |250
1+c(4a”¥B=[01
1772119 —27562.49 | 0

250
=[17721.19  -27562.49 0

=4430297.5

c=[0 1]

30

(4.1)

(4.2)
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Then, the steady error is;
E(w0) = {limt o (I+CA"BY + (1 +C(a )ZB)}

= [lim (6563 .5 )¢ + (4430297 .5)]

0

4.1.2 Closed-loop simulation result (applying LQR algorithm)

The step response shows that the motor achieve its maximum speed at 0.995

rad/s and it takes 0.0107 seconds to reach its steady-state speech.

System: sys

Setting Time (sec): 0.0107 SteP Response

System: sys
Final Value: 0.995

System: sys
Rise Time (sec): 0.00628 B

Amplitude

0.1 B

0 0.05 0.1 0.15
Time (sec)

Figure 4.2 Closed-Loop Step Response
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From these two simulations, it is shows that the closed loop system that was
using the LQR controller is much better and makes the system more stable than the

open-loop system.

4.1.3 Tuning the Q Value

These simulations is getting by tune the Q matrices where the value of R = 1 is

maintained.

System: sys
’ Settling Time (sec): 0.0107 SteP Response
| System: sys
0.9 Final Value: 0.995 -
System: sys
0.8 Rise Time (sec): 0.00628 —
0.7 .
0.6 u
[}
3
£ 05 —
S
=
<
0.4 N
0.3 u
0.2 .
0.1 .
0 .
(0] 0.05 0.1 0.15
Time (sec)

Figure 4.3 When Q=[10;01]andR=1

The step response shows that the motor achieve its maximum speed at 0.995

rad/s and it takes 0.0107 seconds to reach its steady-state speech.
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Step Response

0.356 — )
System: sys
Settling Time (sec): 0.0042
0.3 System: sys O
-4 Final Value: 0.316
System: sys
0.25 |-[i Rise Time (sec): 0.00297 .
o 02H 4
=
=
=
E 0.15 ,
0.1 .
0.05 —
0 . .
0 0.05 0.1 0.15

Time (sec)

Figure 4.4 When Q=[10;010]andR=1

The step response shows that the motor achieve its maximum speed at 0.316

rad/s and it takes 0.0042 seconds to reach its steady-state speech.

Step Response

System: sys
Settling Time (sec): 0.00358

0.1 #

System: sys

. Final Value: 0.1
System: sys
0.08 1 Rise Time (sec): 0.00165 1
@
3
£ 0.06 ]
H
0.04 il
0.02 _
) , ,
0 0.05 0.1 0.15

Time (sec)

Figure 4.5 When Q=[10;0 100] and R = 1

The step response shows that the motor achieve its maximum speed at 0.1 rad/s

and it takes 0.00358 seconds to reach its steady-state speech.



34

The table below shows data analysis for the result of values of K that were get
from the ‘lqr’ command while the value of Time Rise, Settling Time and Steady-State is

getting from the result of simulation.

Table 4.1 The value of gain, K, Time Rise, Settling Time and Steady-State when
the Q was tuned.
Q R K Time Settling Steady
(Gain) Rise Time State
[1 0;01] 1 K= [1.2814 0.9002] 0.00628 | 0.0107 0.995

[10;010] 1 K= [3.1294 3.0585] 0.00297 | 0.0042 0.316

[10;0100] 1 K= [6.8606 9.8947] 0.00165 | 0.00358 0.1

From the table, we can see that the Settling Time and Rise Time become faster as
increasing of the value of Q. This show the system is become more stable and the

deviation of the speed of the dc motor is minimized.
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4.1.3 Tuning the R Value

These simulations is getting by tune the R value where the value of the Q

matrices equal to [1 0; 0 1] is maintained.

System: sys
Settling Time (sec): 0.0107 Step Response

Py b
] System: sys
Final Value: 0.995 -

System: sys
Rise Time (sec): 0.00628 —

Amplitude

Time (sec)

Figure 4.6 When Q=[10;01]andR=1

The step response shows that the motor achieve its maximum speed at 0.995

rad/s and it takes 0.0107 seconds to reach its steady-state speech.
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Step Response

02 System: sys

Settling Time (sec): 0.00522

System: sys |
Final Value: 0.316

System: sys
0.25 |- || Rise Time (sec): 0.00339 .

Amplitude

|
(0] 0.05 0.1 0.15
Time (sec)

Figure 4.7 When Q=[10;01]and R=0.1

The step response shows that the motor achieve its maximum speed at 0.316

rad/s and it takes 0.00522 seconds to reach its steady-state speech.

System: sys
: Settling Time (sec): 0.00407 Step Response

System: sys
Final Value: 0.1 |
System: sys
Rise Time (sec): 0.00251 .

Amplitude

0.03 - -

0.02 - -

0.01 - -

(0] 0.05 0.1 0.15
Time (sec)

Figure 4.8 When Q=[10;0 1] and R=0.01

The step response shows that the motor achieve its maximum speed at 0.1 rad/s

and it takes 0.00407 seconds to reach its steady-state speech.
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Table 4.2 The value of gain, K, Time Rise, Settling Time and Steady-State when R

was tuned.
Q R K Time Settling Steady
(Gain) Rise(s) Time(s) State

[1 0;01] 1 K= [1.2814 0.9002] 0.00628 0.0107 0.995

[1 0;0 1] 0.1 K= [3.8560 3.0584] 0.00339 | 0.00522 0.316

[1 0;0 1] | 001 | K= [11.0986 9.8943] | 0.00251 | 0.00407 0.1

From the table, we can see that the Settling Time and Rise Time become faster as

decreasing the value of R. This show the system is become more stable and the deviation

of the speed of the dc motor is minimized.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

This chapter will explain about the overall project that has been made and future
recommendation to improve the study and make this project more valuable and

effective.

5.1 Conclusion

The purpose of using Linear Quadratic Regulator (LQR) algorithm is to
minimize the deviation or the error in a system. In DC motor control, the LQR is applied

to make sure the speed of the motor is always be maintained.
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By the simulation that have been made by using MATLAB software, this
algorithm 1is approved can reduce the error of the dc motor speed. But, for the
implementation on the PIC microcontroller, it did not success since there is the problem

in making the programming for the LQR algorithm.

5.2 Recommendation

Some recommendation may apply in this system to make it more reliable and useful
especially in control system field. The recommendations discussed here are focused
more on how to improve the system to be much better than what have been done in this

study.

Below are several recommendations which are suitable to apply in the existing

system.

1. Sliding mode control has been applied to many engineering fields due to
excellent robustness. So, in order to posses the optimal performance and
robustness against model uncertainty and external disturbance of the dc
motor, the LQR algorithm can be combined with this controller.

ii. Use another type of PIC microcontroller which has more features. For

example, PIC 16F873 which has CCP (Capture/Compare/PWM) feature that
can be used to control the motor drive.

iii. Built LED displaying circuit to monitor the drive situation of the motor.
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53 Costing & Commerecialization

5.3.1 Costing

This part explains about the costing of this project. The total project cost for all
components is estimated to be RM 3089.58. The highest cost is reflected in the price of
Clifton Precision Servo Motor Model JDH-2250-HF-2C-E. Even though the price of
these components is expensive, it is still a necessary item. The component chosen based
on the performance of the component, means that the chosen component rating is above

designed value. The table 4.3 shows the cost that takes for the overall project.



Table 4.3 Approximation Cost for the Project
No | Components Specifications Price / unit | Quantity | Estimation Cost
1 | PIC 16F84A RM 25.00 1 RM 25.00
2 | IC base 18 pin RM 0.20 1 RM 0.20
3 | IC Base 16 pin RM 0.18 1 RM 0.18
4 | Capacitor 10pF RM 0.08 2 RM 0.16
5 | Capacitor 4.TnF RM 0.08 1 RM 0.08
6 | Capacitor 100nF RM 0.10 2 RM 0.20
7 | Capacitor 10uF RM 0.12 4 RM 0.48
8 | Capacitor 1uF RM 0.12 2 RM 0.24
9 | Capacitor 100uF RM 0.20 1 RM 0.20
10 | Resistor 16KQ RM 0.04 1 RM 0.04
11 | Header RM 0.80 10 RM 8.00
12 | Heat Sink RMO0.70 1 RMO0.70
13 Regulator RM 2.00 1 RM 2.00
7805
14 | Reset switch RM 0.60 1 RM 0.60
15 | Crystal 4MHz RM 1.90 1 RM 1.90
16 | Wire Wrap RM 40.00 1 RM 40.00
17 | Wrap Tool - 1 -
18 | RS232 RM 0.60 1 RM 0.60
19 | MAX232 RM 4.00 1 RM 4.00
20 | Strip Board RM 5.00 1 RM 5.00
21 be JDH-2250-HF-2C-E RM 3000 1 RM 3000
servomotor
TOTAL RM 3089.58

41



42

5.3.2 Commercialized

This project has the ability to be commercialized as it function is to stabilize the
speed of the dc motor. So, the effectiveness of the system that used the dc servomotor

can be increase.

Besides, this project can be the reference for the further research. The

improvement may be able to be done to make the better system.
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APPENDIX A
PIC16F84A Datasheet

e

PIC16F84A

MICROCHIP

18-pin Enhanced FLASH/EEPROM 8-Bit Microcontroller

High Performance RISC CPU Features:

« Only 35 single ward insruclibns o keam
Al inetrus Bons single-cpoele axcepl faf program
branches which ane Baa-cyce
» Operding speed: DS - 20 MHE clack ingul
DT - 200 ns nanoct ion o yobe
1024 warnds of program memany
~ 58 byhes of Data RAM
« 54 bytes of Data EEPROM
14-Ii e ivetinus Ban wards
« 8ot wide data bytes
15 Spedial Funciion Hardware megistens
« Bght-evel deap hands ane stack
+ Direct, indirect and relafive addressing mades
Faur Rlermugl S oufons:
- Exfernal REOANT pin
- ThRD Sersar averbaw
- PORTB<T: 4> infesrupl-an-change
- Cata EEPROM write o om plebe

Peripheral Features:

« 13 152 pins wilh individual diseclion contra

« High cummnl sink Baunce Tor direct LED drive
- 23 mA sink max pargin
= 253 mA souros mac. per pin

« TMIRO: 2Bt Gmericountern with 3-biR
pragramimabbe prescaber

Special Microcontroller Featu res:

« 10,000 erasefarite cydes Enhanced FLASH
Pragram memary By pical

« 10,000,000 typical erasefvrite cydes EEPROM

Deata rrearrsarny Dppical

EEPROM Data Relention > 40 years

« In-Circul Sesal Pragrarmeming ™ (ICSP™) - via
B piins

« Pawer-on Resel (POR), Pewer-up Timer (PWRT),

Oscillster Start-up Tmer {OST)

Wiatehdag Tiemer (WOT) with s awn On-Chip RC

Oscillater for relable aperation

« Cade pra@cdinn

Pawer saving SLEEP made

Sebectable ascillator options

Pir Dlagrams

PDIF, 50IC

Aaz =1 — A

Aaz =—=[]2 ST
Asmocun -— 0 2 b - (0 WL

oL —= 4 E —— DS CACLEOUT
o —= 15 = — o
ASNT — e E — AET

ASY =7 = —EEE

AE2 — = —

aaz =-—[% — T
S50F

AaZ ==L = 2f] = A&

AaZ +—]2 154 »—s AAD
Asdmocun = 2 = 1 2] - 5 AN LB

mciA—-[ 4 E 17— CEcHCLEOUT
vos —=-= =] 1 —Nm
e —e & 3 1 s
ABMNT —=L] 7 £ 1 e—aar

CERR= § [ 1] e ABE

ASZ w = 12]] — AES

EEER T § R 11 [ =— A4

CMOS Enhanced FLASH/EEPROM
Technology:

» Law pawer, high spaed teshnalagy
- Fully stafic design
= Wide aperafing voRage range:
- Commerdal 2.0V b S50
- dustial: 2.0V b S5V
= Law powsar consurmpon
- =2 A Bypheal @ SV, 4 MHz
- 15 pA typical @ 2V, 32 kHz
- =05 pA typical standby cument @ 2
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PIC16F84A

TABLE 1-1:  PIC16F84A FINOUT DESCRIFTION
poi | soic |ssop | vor | Buller
Pintiame |\ Lo e | pe | e Deseription
oscwclan |16 | 16 | 18 | |sTcmos™ | osdliatr crystal inputfextemal dock source iIngul.
OSCICLKOUT| 15 | 15 | @ | © — | Oucllator crystal oupd. Connects 1o crystal ar
|rasanatan i Cﬁ#&lﬂ'&f’ﬂ!ﬁll’ ade, 7 RC mada,
0SC2 pin aulputs CLKOUT, which has 1/4 1he
TEQLEHE"' alO8C1 and denotes the insirucian
evche rale,
_
WCLR 4| a4 4 P 5T |Master Clear (Resel) inpubprograrming vallage
linput. This pin ks an acive low RESET lathe device.
PORTA i a bi-directiond 10 port.
RAD 17| w7 | w | o L
RA1 | 18| o | o TTL
RAZ 1 1 1 Vo L
RA3 2 | 2 2 Vo L
RALTOCKI 3| 3 3 | o 5T Can dsa be sdected to be Fe dock input to e
THRD rarsouniai. Outhu 1B apan dran lype.
PORTB i a bi-dreclinal VO pan. PORTH can be
s lwam Il'ﬂlgl'&'r'l"r'll!d TaF amal weak pullp an
allimputs.
REOANT 8 | & 7 vo | TTLET™Y | RBOVINT can abso be salected as an axtemal
inbermugd pin.
RE1 Tl o7 8 | vo TL
RBZ 8| & s | vo TL
RB3 3| 9 0w | o TL
RB4 w| 0| 1| w TL Iternet-an-change pin.
RBS 1| n 12 | o TL Itermpt-an-change pin.
REE 12 | 12 13 | vo | TwsT? | mempton-chamge pin.
Serial programeming chck.
RET 13 13| @ | o | TE™ | kemston-change pin.
Serial prgrameming data.
[Ves S| 5 |56 [ F —  |Ground relemnce Tor kagic and 10 pins.
Voo 14 | 14 [156] P — | Pasiive supply for logic and 10 pins.
LEQ!ﬂd: I= gt 0 = Ouipul 1O = Inpul Dhulpl F = Power
— = Nof used TTL=TTLinp 5T = Scheil Tdgger input

Note 1) This bufler i a Schimill TIHQEI' inpul when mﬂlgued as he slarmal ntermugl.
20 This bufler s a Scherilt Trigger input when used in Serial Prgramiming mode.
31 This bufler s a Schevill Trigger input when configured in RC oscilldlor made and a CMOS inpul afernise.
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PIC16F84A

20 MEMORY ORGANIZATION FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK - PIC16F 44

There am lwa fremafy blacks in he PICIGR34A,

Thess afe Be program memary and he daa mamary. [ SRR ]
Each black has s own bus, 5o |al acsess 1o each CHLL, RETUR ]' 11
block can mmrduﬁg e same oscillalor n'p.‘h KETFIE, RETLW

The data memary can futher be troken down inlo ha Sk |
QEIIEIHI purpase RAM and e Specid Fumclon :

Regisiers (SFRs). The opemibn of he SFRs thal Stack Level 8

conirol e “core” are described hem, The SFRs used - T

1o cantral e penighard madues afe desiribad in hea

seclion distussing each individud pergheral madue. Ferpheral Inbermupt Weckor

The daa frafmary ama akes confaine e dala
EEPROM mermary, This memary bs nal direc iy mapped
inko e data memary, bul ks indrectly mapped. That ks,
an indirect addmes painker spacifies he address of ke
data EEPROM mesmary 1o feadwiite. The 64 byles of
data EEPROM memary have he addess range
Oh-3Fh. Mare delalls on he EEPROM marmary can be
found In Seclion 3.0.

Addional nfarmation ondevics Fraimary I"r'ﬂ"'lﬁ Tewmd
i M PCmice™ Mid-Range Refeence Manud,
{D333023).

Spa o=

User Memory

Frh

2.1 Program Memeory Organization

The PIC1GFXX has a 13-bt agram caUnier capabla
ol addressing an 8K x 14 pragram memary space. Far
the PICIGFE4A, Me el 1K x 14 (0000R-03FFh) are
physically irplemented (Figum 2-1). Accessing a loca- FE
lbn shove Me physically implerented afdress will
cause a wraparound. For example, for lacalions 200,
4200, 8200, C20h, 10200, 14208, 18208, and 1020,
the instruction will be e same.

The RESET wectar is at 00000 and the infemupt vecior
i & 000dh,
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22 DataMemory Organization

The data maermory s padilaned it bwe aress. The st
b the Specidl Funclion Registers (SFR) area, while Ihe
sacand is he General Pupose Registens (GPR) anea.
The SFRs conral e aperaion of he device.

Pertions of data memary are banked. This is for balh
e SFR area and Me GPR area. The GPR area ks
banked to dlow greater han 116 bytes of general
purpase RAM. The banked areas of e SFR are fr Be
regis e that confrol the peripheral funcions. Banking
fequies Me use of contral bis for Bank seection.
These conifol bits are lacated in fe STATUS Register.
Figum 22 shows Mie data mamary mag arganizatian.

atrueBons MOVIHE and MOV E can mave valuas Trom
T W register 1o any kocaion i the regisler Ble [F),
and vica-vans,

The enfire dala mamary can e accassed afier
dinecily using Se absolie address of each register Hle
or indreclly tvough Me File Select Register (FSR)
{Secton 25) Idirec! addmssing uses Me present
value of the RPO bl for access inta the banked amas of
dala rraragy.

Data memory is parilioned inlo two banks which
cankain tha gEﬂEﬂl GUrpase MHHG and W special
Wnelon ragisers. Bank O s sebelad by dearing the
RPOBR{STAT US<5x). Seting e 7 PO bit selects Bank
1. Each Bank extends u lo 77 (128 byes). The frst
twelve boatlibns of each Bank am meanved lor he
Special Funcion HEQHEI'&. The remaindar ame Gan-
ordl Purpose Registers, implmentad as saic RAM.

221  GENERAL PURPOSE REGISTER
FILE

Each Generd Purpose Register (GPR) ks 34t wide
and b accessed eifer divecly of Indimelly through e
FaR (Secion 2.5).

The GPR addresses i Bamk 1 are mapped lo
addresses in Bank 0. As an example, addressing loss-
fian OCh of 3CH will acsess the same GPR.

AGURE 2-Z; REGISTER FILE MAP -
FIC16FE4A
Fie Addmss Al Addness
Mh | indirect acdet” | indieect acar tY | 8
dih TWRA GFTICHN_REG | ®h
@h PCL PCL i
Tih ESTATUS STATUS i
h FER FER Bk
o]y PORTA TRISA ¥h
h PORTE TRIEH L)
aTh - - by
h EEDATA, EECCOMI i
®Eh EEADR BE ot Eh
Qdin POLATH POLATH
e TSN WTSON 2 1L]
Gch BCh
(1]
General M pped
Pumpos: {accosses)
Reqisters in Bankd
VaRAM)
&Fh CFh
&n Ooh
~—
T e
"‘-\-\.,_\
TFh FFh
Bark 0 Bark 1
[ Urirnplemented daka memary location, ead as '
Mot 1: Mot aphyscal register.




2.3

The Special FuncBion Regiters (Figure 22 and
Table 2-1} are used by the CPU and Perigheral
funclions b confral the deviee operaBon. These

Speclal Function Registers

The s pedal undlion regisfiers canbe dassified inta v

Sals, cane and pedpherd. Thoss associled wilh (he

care Lncibns am descaibed in fis seclon. Those
refafed o he aparalian of Be pefisheral feafures am
deseribad in the seclan fr thal spedlc feature,

regisbens are slalhs RAM,
TABLE 2-1:  SPECIAL FUNCTION REGISTER FILE SUMMARY
Addr]  Mame Bit? | mits | Bith Bit 4 Bitd | Bitz | Bit1 [ Bito :.:::f; Dietails
reser |17 P
Bank(
faan JuwoF Juses corterts of PSR to adaress Data Memory (nct a physical register e L
Imh IEES Jisbit RevalsTime ClockiSounter NNEE EEE| 2
fozn JPoc Low Grer 8 bits. of the Program Gounter (PG| ao0a oaoa| 1
[on Jemrus® | we | & | o | W | B0 | 2 | oo | © [ooon mmas| 8
|I:uh R Jindirect Dats Memory hodress Pointer O ¥Exx x| 11
|I:|'5h BORTAN! - - - | RALTOCHI| RAD Ra2 | RAT RAO |==-x xxzx| 18
|I1'ih BORTRA RET L' RIS Ry Ry REZ | RE1 | RBOANT |xxxx sxxx| 18
Iﬂ?h - Ui plemenited location, read as ' = -
|I:Hh EEDATA EEFPROM Data Register KK XEEE | 1314
|I:ﬁlh EEADR EEFRCM Address Regigter KK XEEE | 1314
I':l-"'-l'l PELATH - - - [Write Ei.ﬂlerhrupp-er&binmlmll‘tﬁ' -==0 gana| M
[ogn JTCon =T EEIE | TaE WTE | REIE | TF | WTF | REIF Joood ooox| 10
|2ank 1
|a:|n | R Uses Sonteris of PR to address Dafa bemory inct a physcal egisern — T
[nh Josmon_rec kar:u|m‘r|;|:u:-.| m:$| TasE | =) | BH2 | B | PE0 |1111 1| @
mh |FoL Low order @ bits of Program Gourter (P a0a oagal N
[h Jemrus® [ we | ser | meo | T | PO | £ | 00 | C ooo maa|
Bih |FER [indirect dats memory address pointer O EIEE 3EE| 1
#h TRz - = | = [PORTA Data Girection Register ---1 1111] 18
[n [TrEE FORTE Data Directicn Reghter 1111 1111 18
I!?h - Ui plemenited location, read as ' - -
| JEECCH = | = | = | EEF [wrERR|WREN| WR [ RD |---0 w0a| 13
T [T EEFROM Sontrol Register 24not a physical register) R BT
|l1|'lh BELATH - - = |\urite berfer for upper 5 bis of the BSU0 T L
fosn Jurcon Git | eme | toe | wme | mmE | ToF | oorF [ RmE [oooo aoox| 10
Legend: x =unknown, u =unchanged. = = unimplemented, read as ', q = value depends on condtion
bote 1: Theupperbyte of the program counter isnot directly aocessible. FCLATH & a save register for FC <1282 The contents.

of FELATH can be marsdermed to the upper byte of the program oourter, but the conbents of FC<1238> am never rans.
ferrend bo PO LETH.

2

Thie TG and PO status bis in the STATUS register ane ot atected by a WGLR Reset
Gther inon poversup] RESETS include: extemal RESE T thmugh MC LR and the Wabtchdog Timer Resat
Gn ary device RESET, these pirs are configuned as inpubs.
This iz thie b bt will b in e port cutpes latch.
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3.0 DATA EEFROMMEMORY

The EEPROM data memary i readable and writable
duding narmal aperation (lll Voo range). This memary
s ol direcdly mappedin e register flespaca. hatead
i s indirecily addressed ihmugh the Special Funcion
Raegisiers. Thes are four 5FRs used o read and wiile
this memany. Thess regisles are

+ EECOMNI
+ EECONZ {nal a physically irplmentad register)

+ EEDATA

. EEADR

EEDATA hakis Te BbR data for readiwite, and

EEADR halds e address of the EEPROM kocafion

baing acoessad. PICIGFE4A devices have &4 ylesal
data EEPROM wih an address range fam Oh (o 3Fh
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The EEPROM data memeary allows byte read and wiite.
A byle wile aulmalically erases e beation and
wiites e new data erase batre write). The EEPROM
data mamary ks rated for Figh erasefvile cydes, The
wiite fime is contmBled by an an-chip liner. The wille-
i '.l..'l'ﬂ"" wih 'l'l:.ﬂ;E and amparaiure as wal as
Fam chip 1o ehip. Please reterlo A speciliealions for
axac] brils.

When @e device B code proleched, fe CPU may
confinue (o read and wite the data EEPROM memany.
The dedies programmer can no longer access
Fiis meriany.

Addisond infarmation on he Data EEPROM ks aval-
atle it Be PICmicra ™ Mid-Range Relerence Manual
{D333023).

REGISTER 3-1: EECON1REGISTER (ADDRESS &8h)
U-0 -0 U4 RIVHD R RMHD RS-0 RS0
| = 1 = | - EEIF | WRERR | WREN | WR RD |
bit 7 bit 0
b7-5  Unimplemented: Read as'0f
bit 4 EBIF: EEPROM Wite Operation Intermupt Flag b

1= The write aperaion completed {must be ceared in sofiwam)
0= The wite operaion ks nol complele or has nol been stared
bk 3 WRERR: EEPR M Errar Flag bit
1= Awrite aperafion ks pramaturely tenminabed
{any WCLR Resel or any WOT Resel during narreal apestion)

&= The wite aperation comrpleted
bt 2 WREN: EEPROM Wile Enable bt
1= Alws wilte cyches
0= Inkibits wiite 1o Bie EEPROM
bt 1 W Ve Cantral bR

1 = lnikates a wiite cyche. The bif i claned by hardeane ance wite ks complete. The WE bit
can anly be sal ol deanad ) in sofwan.
U= Yille cycle o e EEPROM is camplete
bt O RD: Read Confrol bit
1 = Inikates an EEPROM read R Dis deared in haddware. The RDbil can anly be sef {nof

deared ) in salware,
&= Does nel infiale an EEPROM mad

Lagend:
R = Readanle bt W = Viritable bt U = Unirglemanied b, read as0"
-0 = \alue at POR "1"= Bl s =el 0°= Bl is clearad €= B i unknawn




4.0 VOPORTS

Same pins for hese 0 pafs are mulipbaosd Wit an
akernale uncion for (he pernpgheral feafures on e
devica. Ingenaral, when a perighera ks enablad, that
pin may nat be uwsed a5 & general purpose VO pin.

Adaipnal nkrraion on 160 ports may be fund in He
PiCmicra™ Mid-Range Reference Manual (DS33023.

4.1 PORTA and TRISA Registers

PORTA ks a Sbit wide, bi-direcianal part. The some-
spanding data direcion register is TRISA. Sefing a
TRISA B {= 1) wil make the carmes panding PORTA gin
an hput {ie., pul the camespanding autput diver in a
Hidmpedance made). Cleafing a TRISA bR {= 0 will
friake Fe correspanding PORTA pinan aulpu {ie., put
the contents afthe autput lstch an the sdected gin).

Note: On a Power-on Resal, fhese pins ane con-
IQI.IEH as inpuls and mad as 'l

Raading e PORTA mgiser reads Me status of he
pins, wheneas wriing o @ will wite o fe port lalch, AR
write oparaions are read-modify-wille operalibns.
Theralasm, 3 wiite o a par imples thal he pat ping are
raad. This value i modiied and then wrilenlo @e part
data latch.

Fin RAd s mullipheoed with the Timend modue dack
ingul o bacome Me RALTOCK] pin. The FA4LTOCK]
pin s a Schimill Trigger input and an apen drain oulpul.

All ather RA porn gine hawe TTL inpul Evels and Tull
CMOS aulpul drivers.

EXAMPLE 4-1: INITIALEEING PORTA
BCF ETAETUE, RPMD
CLRF PCRTE # Imitializa PORTHE by
§ elaaping autput
¢ data latahag
HEF ETETUE, RM) ; Balast Hank 1
HOGVLE  OxdF § Valua used Ca
d initialisza data
§ dipeatian
HOAWWE  TRIBK ¢ Bat RA<3:0> a9 inpute
¢ REA ae autput
# TRIBRCT:E> qra aluaya
F oPaad am "0f.

FIGURE 4-1: BLOCK DIAGRAM OF
FINS RAIRAD
Daka
e i n a
Iﬂ 'l.l'm
ey kLT : '—I -
Tt L2t T
HEy [+
i & ‘
IJ"J'R m
Il o
Latch
TTL 7
| I— -
RO TR
LT
RDPor

Mote: MO pires b probechon dicdes bo Woh and Ves

FIKGURE 4-2: BLOCK DIAGRAM OF PIN
RA4
Data
L‘E ] =]
. L]
Pﬂ't _—
— l:-l_l."'-ﬂ —-E“'-'_| M B4 pin
tﬁ Laich
R ves
WR
TRE Latch .
Tagger W7
e
ROTRE:
~1
- J o
EH
RO Por o _I
TWRO Cock npiut

Mote: MOpirs hewe protechon dicdes bo VoD aird Vs,
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TABLE 4-1: PORTAFUNCTIONS
Hame Bitd Buller Type Function

RAD i {¥] TTL Inputfautput

RA1 b1 TTL Inputfautpul

RAZ il TTL Inputfautpul

RA3 b3 TTL Inputfautpul

RAATOCK] b4 T Inpulfoutpul or exiemal chock inpul for TMRD.

Oulpul s apen desin type.

Legand: TTL = TTL hgut, ST = Sehrilt Trgger ot

TABLE 4-2:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Yalue an | Value an all
Sddress| Mame | Bit? | Bt | GRS | Bitd Bitd | @itz | @it1 | @0 | Poweran | oter
Reset RESETS
— — — | ul 1 ===F KKEK | ===U UWlu
&h THIZA - - - THRESAS | TRIEAD | TREEAZ | TREEAT | TRESAD | ---1 1111] -=-1 1111

Legend: x =unknown, u =unchang ed, = = unimplemented, ead as 0% Shaded cols are unimplemented, read as ‘0.
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4.2 PORTE and TRISE Registers

PORTE s an 8-bt wie, bi-direcional pa. The some-
spanding data direcion register is TRISH. Sefing a
TRISBBR {= 1) will rake he carespanding PORTE pin
an nput {Le., pul the camespanding autput diver in a
Hi-dnpedance made). Clearing a TRISE bE {= O will
friake e carres panding PORT B pin anautput {Le., put
the contents afthe outpul latch on the sdecled pin).

EXAMPLE 4-2: INITIALIANG PORTE

BIF ETRTUS, R

CLRF FORTH ¢ Imitializa PORTH by
i eluaping output
d data latehas

HEF ETRTUS, R ; Balaert Hank 1

HCVLE  axcF d Valua used ta
dinitialim data
¢ diEatian

HCVAE  TRIEH ¢ Bat RE<3:0> ag inputs
i RECB:id» ag autputs
§ RET:6> oo inputa

Each of ®ie PORTB gins has a weak internal pull-p. A
singhe conbrol B cantum onallthe pulugs. TS i per-
farmad by chearing b RBPU (OPTION<T=). The weak
pullup B sutomalialy lumed off when e par pin ks
l.‘.ﬂl'lul.lﬁlﬂ as anauipul. The pullups are disabled an a
Povesar-an Rasal,

Faur af PORT Bs pins, RB7:RB4, have an inlemupl-an-
change faaslue. Only pins configured as inpuls can
cause s inferrugt o ootur (Le., any REBTRBA pin
conigured as an oulpul B eccudad from B ntermupt-
an-change comparison). The input pins (ol RET:RB4)
anre camparsd wilth e od value lalched on the last
read of PORTH. The “mismatch”™ oulputs of RBT:RB4
are OR%ed lagether lo ganarale e RB Parl Change
Interrup? with Bag b RBIF {INTCON 0],

This nlermupl can wake fe device fram SLEEP. The
usef, i the Inerup! Savice Routihe, can dear e
intermupd in B Tollowing rmamer:

a} Any read of wille of PORTE. This »il end the
e alch condifion.

b} Clear lag bit RBIF.

A iz ralch candion will continue Lo set Bag bit RBIF.
Reading PORTB will end Me mizmalch condiion and
allow Bag bit RBIF lo be ceanad.

The nlefrupt-an-change leature ks recammended Tor
wake-up an key depression aparation and oparatians
where PORTE s only used for the infermupt-on-changs
leature., Poling of PORTE B nal recamimended while
uging he interme-on-change leature.
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FIGURE 4-3: BLOCK DIAGRAM OF
PINS RET:RBE4
HEee 5
L
[T
—{—ERL
it Latedy
m;.'- ﬂ D -.‘._
WO R
Wil Poit | o
T FES Latchy
— D =]
Wil TRES o s &
- Buta
T
AD LI& Ltz by
- O O f—
Sat AEIF AD Part EN
_(‘\-Hl—l #-1
Fram athar “‘-i[__ Qa ©
AET-A84 pirs
EM
AT Part
Metd 1z TREEE =" 7 emable weak pulsg
ATAERAU ="0 e OFTION _RE G gl
2z WO pind e e disd s probes bom b Voo ad Vas
FIGURE 4-4: BLOCK DIAGRAM OF
PINS REB3:RBO
==
-
_1:1—@_3‘:1,
Cata Hus [ata Latdy .
o o > E
Vil Pt o WO i
— _l‘_
THRES Labchy _
— O [&] L R
R T PR3 CE™y_ ﬁr ’
FI'.‘II'LE
-1 o ey
AD Pt EM 1
AENT _.: ‘{:5'
mﬁ: Trigger I AD Pat
Mot + THESS ='Temables weak pulup
CEHERT = T in the OFT IDM_AEG reghta).
F WD pina here disde probee bembs Voo and Vso




TABLE 4-3; PORTE FUNCTIONS
Hame Bit | Bulfer Type KD Consistency Function
REOINT b TTUET | hputfeutsut pin or exdamal intarnagt ingul.
Intemnal safwana ﬂ'ﬂgl‘&'ﬁr‘r‘ﬂll& waak pull-up.
RE1 b1 TTL Inpuoutpul gin. lniemal sobware prograrmerable wesk pull-ug.
RE2 Bi2 TTL Inputoutpul gin. Intemal soBsae progarrranie we pull-ig.
RE3 b3 TTL Inpuoutpul gin. lniemal sobware prograrmerable wesk pull-ug.
RB4 b4 TTL Inputfoulpul pin (aith inteFupt-on-change.
Iternal salwana ﬂ'ﬂgl‘&'ﬁr‘r‘ﬂll& waak pull-up.
RES BES TTL Inputieutpul gin (With inkerupt-an-changel.
Infernal safware pragram mable weak pull-up.
REG bEG TTUSTE  |inputfoutout pin (with interugt-on-change).
Internal sakwana ﬂ'ﬂgl‘&'r'lr'r'ﬂll& waak pull-up. SmlpmmMg chack,
RET Bt7 | TTLETY  |hputoutsut gn (with interupt-on-<hange).
Internal sakwana ﬂ'ﬂgl‘&'r'lr'r'ﬂll& whaak pull-up. SmlpmmMg dala,

Legend: TTL=TTLingut, ST = Scheril Trigger.
Nole 1 This buffer is a Schmilt Tigger input when configured as the extemal intermp!.
2 This bufler is a Sehwnill Tigger input when used in Seridl Pragrameming mada_

TABLE 4-4:

SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

MName

Bit 7

ButE

Value an Walue an
Bit & Bitd B3 Bnz Bt 1 Bno Foweron | all other
Bz et RESETS

o] PORTE RET R RES Ry RE3 ) RE1 | RBOANT |sxsx xxam|uudu uduu
I!Eh TRIER TRIEBT| TRISES [ TRISES | TRIZEL | TRISED | TRIEE2| TRISET] TREEED (1111 1111{1111 1111
|!1h OFTION_REG | REPU |INTEDG | TOCE | TOSE | PSA PE2 PE1 PE0 |1111 1111)1111 1111
II:IBh,!Bh IMTOON GIE EEIE | TOE INTE | REME | TAF | INTF REIF (0000 000x|0300 000y

Legent % =unknown, u = unchanged Shaded cels are not usad by PORTE
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APPENDIX B
Clifton Precision Servo Motor Model JDH-2250-HF-2C-E Datasheet

1 eS| 1[7E)5
ﬁg;; *0 g;? %2
A{m nja 4lo njs

e 0|5, 1w =g
2 (e 5 He vlf .
3o o|? i '3I'lt17)<
‘4o ofa | =

~ MULTIPLIER HEADER |

L COMMON GROUMD

TN + 5

PTION HEADER

]

G340 TERMINAL WIRING:

EMPORTANT: When first testing the G320, connect ERRIRES (term. 5) to ENCH+ (term. 7},
Please follow the next steps in the ==quance they are giver.

STEP 1: ENCODER HOOK-UP

The encoder must be at minimum a 25 line-count cigital quadraluie encoder and must overale on a single +5YDC power
supply. If the encoder supply current is more than 50 mA, use an exlernal +5VDC supply. It may have an INDEX output,
which will not be used. f it has differential outouts, use orly the "+" phasa outpuis. IMPORTANT: Connect a 470-ohm
resistor froin TERM. 6 to TERM. 7 If an external power supply is used for the encoder.

(TERM. 6) ENC- Gonrect the encoder power supply ground to this terminzl,
[TERM. 7) ENC+ Connect the encoder +5YDC to this terminal

(TERM. 8) PHASE A Connucl the encodar phase "A” to this terminal
{TERM. 9) PHASE B Conned the encadar phase "B {o this termiral

To determine the optimal encodar line count, please follow the instructiors below.

Determine motors fio load R
Calctilate rated RPM ds 80% of no load RPM
Divide (#2) by 60 ta gat revolutions per sacond
¢ Delermiva tha CNG program’s maximum slep pulse frecuenay {in Hz)
1 Divide (#4) by (#3), which Wil give you the maximum counts per revolutian
) | Divide (#5) by 4, which Wil give you!the max line count :
. Pick the first staridard line count belbw (#6)

YO Bt
e e S

i ?\h,eké!:n%ﬁie of lishg that formulal with 2 45kHz step pulde fraquency and & maximum motor REM of 3000:
R e i ] :

| (dskHzid0) 4 = 981 28

. STEP 2: POWER SUPPLY HOOK-UP

: CAUTION! Never put 3 swilsh on the DC side of the power suppty! This will damage, il not desiroy, your drivel
Keep the power stpply feads shorl and Use the larges! wire gauge thal will fil in the terminals. If the lead length is more
than 18" use a 1000 uF capacilor across the G340 power supply terminals. Make sure your power supnly can provide the

peak curent (hé motor may draw. The power supoly voltage must be betwaen 18 VIIC and B0 VIIC. The actual vellage
should nat be more than 5 vols highar than the malor s rated vollage.

{TERM 1) POWER GROUND Connect the power supply ground to this terminal.
{TERM. 2} +18 TO 80 VDC Cornect the power supohy “+7 ta this terminal
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STEP 3: TESTING THE ENCODER

At this point the encoder should be tested for functionality. If you wish o maenitor the POSITION ERROR test point with a
vollmeter or oscilloscope, then ramove tha cover of the drive now, If you have a chnice, pick the oscilloseope.

The POSITION ERROR test point shows lhe difference belween the command position and the actual motar position.
When both are the same, the voltage will be +5VDC. For every counl the molor is clockwise of the command position, the
voltage will decrease by 0.04 volis. When Il drops to 0.4 volts. the protection rlrrLlil lakes over and resets the drive for 2
second'; While reset, the FAULT light is on.

For couriler-clockwise position errors the \roltage will increase by 0.04 volts for evpry ronnl unil lr reaches 9.6 U(}Hc. whmn :

again the protection circuit takes over as before.

VOLTMETER MONITORING: Place thph red lead on the test point and the black lead on the large blue capacilor lead
{GND) furthest from the main connector.[Turr on tha power supply. The FAULT light should be or for 3 saconds and than
turn off. The vallmeter should read +5VDC. Turr the motor shafl clockwise VERY slowly. The volimeter reading should
decrease 0.04 voils for every encoder count. When the reading reaches 0.4 volls, the red light will turn on and the voltage
will Jump back lo +5VDC. After 3 seconds the light will turn off. You may turn the motor shafl countar-clockwise as well.
The vollage will increase then by 0.04 volts per count until It reachas 9.6 volts and trips he proteclion circuit,

OSCILLOSCPE MONITORING: Set the scope to 2 volis / cm vertical ard aboul 1 millisecond per cm horizanlal. Zero the

trace to the bottom line on the screen. DC couple the input. Place the probe on the test point and the ground clip lo the
blue capacitor ground lead. Follow the sleps in VOLTMETER TESTING ahove.

STEP 4: CONTROL INPUT HOOK-UP

| CURRENT LIMIT TRIMPOT
'-——;DAMPING TRIMPOT

~a———GAIN TRIMPOT

[7 X 1 4
ANTIL-DITHER

L
H o als MZABLED

LCWLINERTIA
FHARLED

RECTINN
INVFRTED

QFTION JUMI.:"ER BLOCK

m

TEST POINT GND

g SR ——TEST POINT
{UNDER MULTIPLIER BOARD)

The control input group is the standard step mofor dilve STEPR, DIRECTION and +5VDC lines. The STEP and
DIRECTION signal drivérs must be TTL compalible and have edge transition times of 100 ns or faster. The +5VDC is the
opto-isolator common anode lire and must be returned lo the pulse source +5YDC supply.

 [TERM. 10) DIR Conrect the DIRECTION line to this terminal.
{TERM. 11) STEP Connect the STEP line ta this terminal.
{TERM. 12) +5VDC Caonnect this terminal fo the controller +5VDC power aupply

STEP &: TESTING THE CONTROL, INPUTS

You may wrsh ta test the funclionality of thesa inpuls. I you usec an oscilloscope in |he prnvlmﬂ section, leave il
connected to the test point. If you used 3 voltmeler, then remove it from the drive.

Set the STEP pulse generator to about 40 pulses per second and sel the DIRECTION output lo clockwise (logical "1").
Turn on the power supply. After the paviEton reset period of & seconds the FAULT light will turn off.

if you are using an oscilloscope, then the test pairt voltage will h@qln to increase until 3 seconds fater it trigs the protection
circuit at 9.6 volts. The FAULT light will turn on for 5 seconds and voltage wit ifl snap back lo +5VDC, After the FAULT turns
off, the sequence will repeat again. !

If you are not using an oscilloscope, just see if the FAULT light turns on and off every three seconds.
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STEP 6: MOTOR HOOK-UP

Make sure the power is off and the STEP pulse source is sel to zerb pulses per second. Check la see if the lrimpot
seltings are set according to the instructions on page 2. You may wish lo secure the motor so it can't jump off the bench.

(TERM. 3) ARM- Connect the BLACK molor lead to this terminal.
(TERM. 4) ARM+ Connect the RED moter lead lo {his lerminal.

STEP 7: TUNING THE SERVO

Tum on lhe power supply. The FAULT fight should turn off afler 3 seconds: If everylhing is correct you should hear the
motor “singing’. This is normal. The motor s ditheting or bouncing betweer adjacent encoder counts. The integral term in

a PID loop has infinite DC gain over time and will ampfify even the smallest posttion error. Because encoder leedback can

only oceur on count edges, the loop is “blind™ until il encounters an encoder count edge. 1t then reverses the molot
direction until anather edge is found, then the process repeats.

If the molor jumps slighﬂy'and the FAULT light immediately wrns back on, then elther the mator is wired hackwards of the
trimpols are misadjusted. Check the trimpot seltings. If they seem right then switch the motor leads and try again. If it stilt
doesn't work and you followed all the previous steps, call me at the number at the end of this documsnt.

Now turn an your STEP pulse source and ramp the speed up lo see if the molor tumns. 1 should lurn clockwise with a
logical 1" on the DIRECTION irput.

The oplimum way to Wune the serva is to induce an impulse Ioad on the motor while watching an ascilloscope o see how
the motor behaves in response, then adjusting the PID co-efficient for oplimal behavior,

P lepd 1ok 4 MR
qasnuaged
OVERDAMPED CRITICALLY DAMPED UNDERDAMPED

In 4l cases the motor must Tetum to the command position, what matters is how it does it. The manner in which the malor
returns to its command position is called damping. At pne extreme, called over damped response, the motor returns tn
position after a lorig, drawn out delay. At the other exireme, called under damped response, the motor returns lo its
position too rapidly, overshoots, returns and indershoots and so on until it finally seltles at its command position. This is
also called ringing; when extreme, lhe overfundershoot builds in amplitude until the motor enlers violent oscilation.
Between the lwo extremes is the optimal response called crilical damping. Hare the motor rapidly returns to ils position
with litlle or no overshoot in the minimal ameunt of time. -

GAIN AND DAMPING |

GAIN and DAMPING setlings generally track each other. If you increase GAIN (grealer sliffress), then increased
DAMPING is neaded as well lo restore tritical damping. Be careful increasing GAIN wilthout increasing DAMPING may
cause the molor to-hreak out into violent oscillation.

The higher GAIN is set, the noisier lhe motor will be when s.;iopped', This is bacause higher gain causes more vigorous
dithering belween encoder counts atrest. There is a trade-off helween high gain (high stifffress) one hand and excessive
dithering {noise and motor heating) on the other. Use judgment here. :

To see how your servo is compensated it is ﬁrst'n’f-_\cessaw'to induce a disturbance. The easiest way is lo switch the
DIRECTION input while commanding a constant speed via the STEP input. The abrupl direction change puts just the
momentary lnad needed on the motor while you walch how il responds.

If you are using an oscilloscope, use channel 1 on the test point and channel 2 on the DIRECTION input. Sel the trigger fo
*normal”, trigger source to channel 2 and trigger adge to "+, You should see a single sweep for every clockwise change
in direction. : :

Siowly increase STEP speed until you get a picture similar to one of the three above, and then do the following:
| : i 3
i 1) OVERDAMPED: Decrease DAMPING or increase GAIN

- 2) - CRITICALLY DAMPED: Do nothing; you're there
| 3) UNUERD_AMPED: Decreasa GAIN or increase DAMPING
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(POSITION ERROR TEST POINT NOTE)

Don't confuse the POSITION ERROR with the motor or machine position. The signal is aclually the differential positicn
~ error between the command speed and the motor speed. As noted-above, sending clockwise STEP pulses moves the
POSITION ERROR vollage more positive while turning the moter clockwise moves the F’OSiTI(N FRRUR voilage more
neqa[we

When the molor encoder counts malch the number of STEP pulses being sent one for ong, the POSITION ERROR

vollage slays at +5YDC. 1f the motor gets ahead of the STEP pulses such as during very rapid deceleration., the voltage-

will decrease by 0.04 volis for every encoder count the molor is ahead of the STEP pulses senl, The PID algorithm wil
force the motar to match lhe STEP input over time and restore the POSITION ERROR vollage back fo tH VDC.

CURRENT LIMIT

" x rl 3
The current LIMIT trimpet sets maximum current the motor is permitted to have. It is adjuslable fram 0 amps to 20 amps
Normally the LIMIT frimpol is set to maximurm (20 amps) unless you want fe limit molor torque 1 a lower vahe.

Molor speed and posilion is unaffacted by the current LIMIT setting unless the torque demand due to Inad exceeds this
selling, then the mitor position will fall behind the command position becanse of insufficient torque.

FAULT INDICATOR

The FAULT indicator is on while the driva is in power-on reset, the DISABLE input is held "low” or if the protecton circuit is
tripped due to a faull condition. All power MOSFETs are lurned off and all intefnal counters are reset. The FAULT
condition lasts for 3 seconds, and then self-resels to Iry again. If the protaction circuit tripped it and the vause is nol
cleared, then il will rmmndidtely re-enler the FAULT slale again and repeat the cycle.

There zre two mnrimons that will Irip the protection circuit. One condition is if a short-circuit occurs and current exceeds
20 amps. The other condition is il the POSITION ERROR exceeds +/- 120 counts r‘nmmq a braak of the servo-lock. This
condition can h'we several causes:

1) The loop settings are se‘_;erely under-damped and the maotor breaks out into oscillation.
2} Excessive molor load due lo acceleration or workload,

3} The speed command in excess of whal the motor can deliver.

4y The current LIMIT is set too low.

5)  The power supply current is insufficient for the demand,

8)  The power supply vollage is below 18 VDG,

7)  The moloris wired backwards, is brok{=n or disconnected.

8)  Encoder failure.

REVERSING DEFAULT MOTOR DIRECTION

“The G340 will turn the mator in the CW directinn when the DIRECTION input is "high' (logical 1", ot +5VDC). If irstead
CCW is preferred, then: '

1) Reverse the motor "+ and " leads (term. 3 with term. 4)
2} Reverse the enmripr “channel A" and “channel B leads (term. 8 with term, 3)

USING THE G340 WITH VERY SMALL MOTORS

Very small moters have low inductance ralative to their operating Lurrent Cmsequr-‘nlly ripple current due to pulqp -width
modulalion can quickly overheat and destroy these motors, If the G340 wifl be used with these motors, lhen an external
low pass filler must be used to altenuate ripple current 1o tolerahle levels,

A suggested filler consists of two 150 micro Henry inductors in series with each malor lead and a 2 microfarad, low
inductance film capacitor across the mator leads. The inductors must be rated for the anticipated pesk motor current

This filter is also need if irorless-armature or "pancake” moters are used. These mators have very low inductance as well
and will overheal if driven direclly by the G340, ;

(TERM. 5) ERR/RES

This terminal functions as an ERROR aulput and as a RESET inpul. Berause this terminal functions as both an inpul and
an oulpul, some detaited description is necessary.
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When first testing the G340, ERR/RES (lerm. 5) was connected to ENG+ (term. 7). 't can be lefl thal way if it ic not
necessary to read the state of the ERROR output. Otherwise, the following details are Important.

Th_é ERROR output is lalched in the "ERROR" stale (term. 5 = '07) by the power-on reset circuitry in the G340. It will stay
n tflﬁs state indefinitely until it is cleared by applying +5V to this terminal for at least 1 second,

|| %l ;
. Tha voltage on this termirial Is +5VDC when the G340 is funclioning normally. The voltage on this terminal goes to DVDC
. l:név'e"r the FAULT indicator is ft. Tihls output can be used to signal your controller that an error has occurred.
Lo ! ! b i -
N'otji‘riaﬂy when the G340 is first pawered up, it will be necessary to push the momentary switch to START for 5 seconds.
Thié will clear the power-on resel éondition and: extinguish the FAULT LED. The mofor will then be enabled and the drive
- will begn to operate. If al anytime after that a condifion occurs that causes the G340 fo “fault out”, such as not being able
to compléte a step command, the ERR/RES terminal will go to 0", signaling the computer an error has occurred. This will
teqiire the oparator to correct the problem that caused the fault and then push the switch to "START" for 5 seconds 1o re-
anable the G340, )
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At dnytime the operator €an push the switch to the "STOP" position to immediately hall the G340 drive . Anytime the G340
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. 2 iy = e gqgr\{:"__ |
. : (A3 5 rr"rm :
; - _ e Bae o oA R \
g H Jla % 44 5 mmy)
G340 Servodrive mw{ij 1
(X10 Step Multiplier) e o e T
i ‘ LIMIT DAMP GAIN TEST k|
Cover: Aluminum, Anodized
Plate:  Aluminum, Hard Anodized gfﬂg?gfiggg
Color: = Black, Green Text (¥10 STEP MULTIPLIER) :
‘Weight: 3.6 oz (100 gm) 2 3750" _ - = | 25000
Size:  2.5"X 2.5"X0.825" (603 mm) g u ot T q m.g m)
{636 X 3.5 X 21 mmy) ) 3 = F . i
[ooae
e - AR o e o 0 2000"-~
(546 mmy) (5 mm

(340 SPECIFICATIONS:

Power Supply

Motor Current

Lock Range
Feedback

Feedback Resolution
Switching Freguency
Current Limit
Anzlnn PID

Step Pulse Frequency
Siep Pulse "0" Time
Step Pulse “1” Time
Mulliplier Settings
Size

Weight ,
Encoder Supply

Geckodrive Int.
14662 Franklin Ave
Suite F

Tustin, CA 92780

0.175" 0 8750" 8 |
[3.2 mm) (24 ) 0.5000"
. L . {12.7 mmj

S o o
f ! f
1810 80 VDC
0to 20 Amps -
H- 128 count following error
Quadrature TTL Encoder
X4 Encoder Line Count
25 kHz

{0 to 20-Amp. Trimpol Adjustable

Diamning and Gain annnrﬂ-:
Emping

010 250 kM2 _
0.5 Microseconds Min,
3.5 Microseconds Min.
X1, X2, X4, X5 and X10
2.5 X 25X 0.825°

3.6 oz weight

+5VDC, 50mA max

Phone:  1-714-832-8874
Fax: 1-714-832-8082
Weh Site: wwaw.geckodrive.com

i
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A Full Service Motion Control Distributor and Systems Integrator,

TDH-R252- HE- 2¢-E
DM-683
CLIFfoN PRECIS/ON

REF. ONLY..

‘Supply. Voltage, Voo ....oovvvvvennnin, 084 T
(gt Voltage Ve .. oo oo, -.05 ta Vee
Output Cutrent per Channel............. -1.0mato Sma

PIN OUT

[1] GND
5
[3] Channel A
[4] +Vee
(5] Channel B
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APPENDIC C
LM7805 Datasheet

www fairchildsemi.com

MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features
* Cwmipot Cument up o LA

+ Cmipot Vallagesaf 5,6,8,9, 10, 12, 15 1824V

* Thermal Overload Protection
+ Short Crcodt Prokection

+ Cwmtpot Transistar Safe Operating Arca Pratection

Internal Block Digram

Description

The MCTEXCALMTENALCT RN A series of hiree

terminal positive regulsors are availshle | the
TOR220D0-PAK package and with several fed omtpat
volages, makng them uselulin a wide range af
applications. Fach type employs internal coment limiting,
thermal shut down and safe operating arca protection,
making it essentially indestroctible. If adequate heat sinking
& movided, they can deliver over 1A oofpmt coment.
Althongh designed primarily a5 fiwed valtsge mgulators,
these devices can be used with extermal componen fo
ahtain adjustahle volteges and comrents.

o

DPAK

.
1. nput 2. GND 3. Output
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AT TEX XL NTEINMMCTEX KA

Absolute Maximum Ratings

Parameter Symbal Value Unit
Input Vakage (for Vio = 510 18v) | k2 )
{lor Vig= 24} W 40 W
Thermal Reskstance Junclion-Cases (TO-220) Raue 5 el
Thermal Resistance Junction-Air (TO-220) Rigs &5 SO
Operaling Temperature Range Taorr 0~ +125 o
Siorage Temperature Range TsTa | E5~+180 | "C

Electrical Characteristics (MCT805/LM7805)
{Refer to test droull (G < T) < 125 ko = 500ma, Vi = 10V, CF 0.330F, Co= QUF, unless otherwise specified)

. MCTROSILMTE05 ,
Parameter Symbal Conditions - Unit
Min. | Typ | Max
Ty =+28°C 48 | 50 | B2
Ouput Vokage Vo [SomaA < o< 108, Po < 15W v
W= T o 20V 475 | 50 | B35
Line Requiaton (ate1) | Regine | Ti=sseg oo lw 0 BV il IR L
V=8 12 - 16 | 50
I = 50mAtol 54 - g | 100
Load Reguladon {Hotet) Reghad | TF+25°C [ g =280mAto mi
TEOMA - 4 | 50
Cuieacent Curment lg | Ty=+28°C - | &0 | 80| ma
, ko =5ma& 1o 104 - |oos| o5
Cubescent Cumrent Change Al VF TVIo25Y - FRIEE mé,
Ouiput \oliage Drif AVRlT | lo=5mA - | o8| - [mwec
Ouput Nolse Vokage WH | = 10Hz to 100KHz, TA=+25°C - a2 | - | e
. f=130He
Ripgle Rejeciion RR Vi =8V 1o 18V g | 73 - dB
Cropout \oktage Vomp | k=14, Ty =25 - 2 - L)
Cuput Reslstance (s} f=1KHz - 15 - mil
Shn Circuit Curment lBo | VI= 38V, Ta =254 - | =mo) - mA
Peak Current lpg | Ty=+28°C - ez - A

Mote:

1. Load and line reguiation am specified o constant junclion temperature. Changes in Vo due to heafing effecks must be taen
infa account se pamtely. Pulss testing with low duty is usad.
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Typical Perfomance Characteristics
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Typical Applications
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Figure 7. Ripple Rejection

Figure 8. Fixed Oulput Regulator

65



Figure 8. Constani Current Regulalar

Holes:

{1} Ta specify an output voltage. substtute valtage value for 00" A comman ground is required babwesn the input and the
Output woltage. The input volage must remain Bpicaly 20V above e output voltage aven dudng the low part an the input
ripple waltage.

{2} Cp i required if regulatar is located an appreciable dstance fmom pawer Supply fiber.

{3} Cio immprovee s sfakilify and fransient respamss.

LR

Iy 251

WO =\ 1+RZR1MaRz
Figure 10 Circuit for Increasing Output Vollage
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Figure 11. Adjustable Ouiput Regulator (7 1o 30V)
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Mechanical Dimensions

Package
TO-220
9.90 o020 450 o0
gl e :
? 2 @360 €010 % __I_ 1 MEEE

-

sl of %
g 493
= @ 'E} E o I
g i
2 g
IRiiine
g (I
- I | g
8 it
.."j 1.27 240 | 152 040 E
|| g
[
!D.ﬁﬂtll‘ll:l 050 0y 2400
254ATYP 2EATYP
254 :02q [2.54 z020]

10,00 2020




APPENDIX D

ASM File
' Name  UNTTTLED.BAS *
'+ Author @ [select VIEW...EDITOR OFTIONS] *
T Notice @ Ceopypright (c) 2008 [select VIEW...EDTTOR OFPTIONS] *
ha : All Rights Reserved #*
"+ Date ;D 10/13/2008 #*
'+ Versicon @ 1.0 *
'+ Notes : do motor *
L *
P sk ok sk sk sk ok sk sb sk sk ok sb sk sk sk sk ok sk o sb sb sk b sk s sh ok sk sk ob ok sk sb sk ok ok sbsb sh ok sk ok sb ok ok sb sk ok ok sbsh sk sk sk ob ob sk sh sk ob ob o ot

motor VAR porth.O

triskh = 0
trisa =

|
[

forward: PULSOUT 0, 170
PULSOUT 1,130
PAUSE Z0
GOTO forward

backwaed: PULSOUT 0, 130
PULSOUT 1,170
PAUSE 20
GOTO hackward

EHD
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APPENDIX E
Circuit Diagram for the Whole System

]
by
Ri |H|
L HRETL L
I° I’
=0 E -
b G
11
YD
LH T T A P
5 UZA L% logzuair s (-2 * —
I 1Mz A T L
| il
ol i a o
RECINT MR
L B :
- mI;
F.Eﬁ
g |0
m%
M
il T — i
E o 4%
e
) 20
0 i 1 4 LI [ J—.
THE
I = ‘DE 08 ” Bt ot . i
! 5 b, PET D TIH O e UZE
W R0 o LT T S 3 I -
H °< t
10 " (2 O30
™ Tu  BEm E
f

7




	pengesahan_status_tesis.doc
	acknowledgment_by_supervisor.doc
	title.doc
	declaration.doc
	ABSTRACT_acknowledgement.doc
	TABLE OF CONTENTS.doc
	CHAPTER 1.doc
	CHAPTER 2.doc
	CHAPTER 3.doc
	CHAPTER 4.doc
	CHAPTER 5.doc
	REFERENCES.doc

