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ABSTRACT

This thesis presents the design of a two-dimensional crane structure and its positional
control system. The crane’s structure is designed to allow its movements in two dimensions
on the plane with the movement’s distance of 80 centimeters in both X and Y axises. A
personal computer with Delphi 7 is employed as a controller. The computer will receive the
measured crane’s position via microcontrollers, which are programmed to count the pulses
from an encoder in each axis. Then the computer will calculate and send according command
signals to motors’ drivers.

Experimental results show that the on-off crane positional control systems cannot
maintain the crane’s positions at the desired locations. Therefore, the P control systems are
implemented. It is found from the experiments that the P control systems can move the crane

to and keep the crane at the desired position within the acceptable steady-state error.
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unit p_control;
interface
uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls, VaClasses, VaComm, ExtCtrls;
type
TForm1 = class(TForm)
Memol: TMemo;
Memo2: TMemo;
GroupBox1: TGroupBox;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Editl: TEdit;
Edit2: TEdit;
Edit3: TEdit;
Edit4: TEdit;
GroupBox2: TGroupBox;
Label5: TLabel;
Label6: TLabel;
Edit5: TEdit;
Edit6: TEdit;
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Buttonl: TButton;
Button2: TButton;
Button3: TButton;
VaComml: TVaComm;
Memo3: TMemo;
Memo4: TMemo;
procedure ButtonlClick(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure VaCommlRxChar(Sender: TObject; Count: Integer);
procedure CheckCom;
procedure Button3Click(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end:
var
Forml: TForml;
i,distance x.distance y,size,motorl,motor2,ux,uy : Integer;
pulse x,pulse ykp xkp y,ul,u2 :Real ;
St,buf,readl read2 direction_x,direction_y,pwm x,pwm_Y : String;
implementation
{$R *.dfm}
procedure TForm1.ButtonlClick(Sender: TObject);
begin
1f{i=0) Then
Begin
Buttonl.Caption :="'Comport_Close';
VaComm1.Open;
1:=tt+1;

End



Else
Begin
Buttonl.Caption :='Comport_Open’;
VaComm1.Close;
1:=0;
End;
end;
procedure TForm1.FormCreate(Sender: TObject);
begin
i:=0;
end;

procedure TForm1.Button2Click(Sender: TObject);

begin

distance x = StrToInt(Edit. Text) ;
distance y = StrToInt(Edit2. Text) ;
kp_x := StrTofloat(Edit3.Text) ;
kp y = StrTofloat(Edit4.Text) ;
pulse x = ((distance_x/10)*800);
pulse y := ((distance_y/5)*800);
Edit5.Text = FloatToStr(pulse_x);
Edit6.Text := FloatToStr(pulse_y);

end;

procedure TForml.VaComm1RxChar(Sender: TObject; Count: Integer);
begin
St :=VaComml.ReadText;
buf := buf + St;
size = Length(Buf);,
iflord(Buf] Size])=13)
Then Begin
CheckCom ;
End;

end;
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procedure TForm1.Button3Click(Sender: TObject);
begin
VaComm1.WriteText('0'+#13);
VaComm]1.WriteText('0'+#13);
VaComm]1 . WriteText("'0'+#13);
VaComm1.WriteText('0+#13);
Timerl.Enabled = False;
end;
procedure TForm1.CheckCom;
Begin
ifl(buf[1}="y)And(buflsize-1]="y")) Then //**'y’ Axis**//
Begin
readl := Copy(Buf,2,size-3);

motor]l := StrTolnt(readl); // pulse read form y axis //

buf = '";

Memol.Lines.Add(readl);

End Else

if{(bufl 1]="x")And(buf size-1]='x")) Then //**'x'_Axis **//
Begin
read2 = Copy(Buf,2,size-3);

motor2 := StrToInt(read2);  // pulse read form x axis //

buf ="'
Memo?2.Lines.Add(read2);
End;

buf ="";

ul :=kp x*(pulse x-motor2);
u2 :=kp y*(pulse y-motorl);
ux := Round(ul);
uy :=Round(u2);
iflux>0)Then
Begin
if (ux>1022) Then Begin ux:=1022;End;
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End Else
iflux<0)Then
Begin
if (ux<(-1022)) Then Begin ux:=-1022;End;
End;
iftuy>0)Then
Begin
if (uy>1022) Then Begin uy:=1022;End;
End Else
if{luy<0)Then
Begin
if (uy<(-1022)) Then Begin uy:=-1022;End;
End;
VaComm]1.WriteText(IntToStr{ux)+#13);
VaComm1. WriteText(IntToStr(uy)+#13);
Memo3.Lines. Add(IntToStr(ux)):
Memo4.Lines. Add(IntToStr(uy));
Eng;

end.
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n.2.1 1sunsuaemdgenaudeunduszoznvedlulnsnoulnsaimss PICI nag PIC2

#include <16F877.h>
#define TxD PIN _C6
#define RxD PIN_C7
#define clock _sp 20000000
#fuses HS NOWDT NOPROTECT,NOLVP
#use delay(clock=20000000)
#use fast_io(A)
#use rs232(baud=115200,xmit=TxD,r¢cv=RxD)
#priority timer],timer(
#include <math.h>
signed int32 tick up;
signed int32 tick_down,value up,value_down,forwardreverse,distance2;
float  distance;
#INT_TIMERO
void Timer0_ISR(void){
tick down = tick down + 1,

}



#INT_TIMERI
void timerl ISR(void){
tick up =tick up +1;
¥
#INT Ext
void EXT ISR(void){
printf{"x%ldx\r" distance2);  // Tu PIC2 Wldounssviatiu printf(*‘y%ldy” distance2); //
}
void main (void){
tick_up=0;
tick_down=0;
enable_interrupts(GLOBAL);
enable_interrupts(INT_EXT);
enable interrupts(INT_TIMERO);
enable_interrupts(INT TIMERI);
setup_timer O(RTCC_EXT L_TO H|RTCC DIV _1);
sctup timer 1(T1_EXTERNAL| T1 DIV BY 1),
set_timer0(0);
set_timer1(0);
forward = 0;
reverse = 0;
while (TRUE){
value_up = get_timerl();
value_down = get_timer0();
forward = ((tick_up*65536)+value up);
reverse = ((tick_down*256)+value_down);
distance = forward - reverse;
distance2 = distance;

}
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n.2.2 TWsunsusamsdumsdemshiflulnsneulnsames PIc4
#include <16F877.h>
#define TxD PIN_C6
#define RxD PIN C7
#define clock sp 20000000
#fuses HSNOWDT NOPROTECT,NOLVP
#use delay(clock=20000000)
#use fast_io(A)
#use 1$232(baud=115200,xmit=TxD,rcv=RxD)
int tick1;
#INT TIMER2
void timer2 ISR(void){
tickl = tick1+1;
if(tick 1==6)}{
set_timer2(0);
tick1=0;
delay ms(2);
output_d(5);
delay_ms(6);
output_d(10);
delay_ms(6);
set_timer2(0); }
}
void main (void){
tickl = 0;
set_tris_d(0x00);
enable interrupts(GLOBALY);
enable interrupts(INT_TIMER?2);
setup_timer 2(T2_DIV_BY_16,255,15);
set_timer2(0);
while (TRUE){ ; }
}
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n.2.3 Tsunsusumdaenamuguoinneuiiunesluluinsnsulnsames PIC3
#include <16F877A h>
#include <CTYPE H>
#include <stdio.h>
#include <stdlib.h>
#define TxD PIN_C6
fdefine RxD PIN_C7
#define clock_sp 20000000
#fuses HSNOWDT NOPROTECT NOLVP
#use delay(clock=20000000)
#use rs232(baud=115200,xmit=TxD rcv=RxD)

char str1{8],str2{8];

nt direction],direction2 direction,old;
signed int16 pwml,pwm?2;

mt32 dutyl,duty?2;

#INT_RDA
void RxD_ISR(void){
/fprintf{"\n\rinsert string");
gets(strl); //** direction of 'x" **//
gets(str2); //** direction of 'y' **//
pwml = atol(strl);
pwm?2 = atol(str2);
if(pwm1 > 0}
dutyl =pwml;
directionl = 1;
} else if{pwml < 0){
dutyl = abs(pwml);
directionl = 2;
}

else {



dutyl =0;
directionl = 0;
}
Hlpwm2 > 0)4
duty2 =pwm2;
direction2 = 4;
}
else if{pwm2<0){
duty2 = abs(pwm?2);
direction2 = 8;}
else {
duty2 =0
direction2 = 0;
$
direction = directionl + direction2;
if{direction != old){
output_d(0);
delay_ms(10);
old = direction;
} else {old = direction;}
}
void main (void){
directionl = 0;
dutyl =0;
duty2 ~=0;
enable_interrupts(GLOBAL);
enable_interrupts(INT_RDA);
setup_ccpl(CCP_PWM);
setup_ccp2(CCP_PWM);
setup_timer_2(T2_DIV_BY_16,255,1);
set_timer2(0);

set_tris_d(0x00);

//** set PWM_frequency = 1.22KHz **//

63



while {TRUE){
output_d(direction);
set_pwml_duty(dutyl);
set pwm?2 duty(duty2);
}
3
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L6201 - L6202 - L6203

Quiescent Energy

The last contrbuton to the energy dissipation is
due to the quiescent supply cument and 1s grvenby-

Ecuscenr =lauescen Vs T

Total Energy Per Cycle
Ever=Eorron+ Ep+ Econe+
+ Eonosr + EcuizstenT
The Total Power Dissipation Pruz is simply:

Poiz = EreT
T: = Rise time
Tiz = Load drive ame
Te=Fall tme
Te = Dead time
T = Penod

T=T+Tp+T+Te

DC Motor Speed Control

Smce the 1.C. integrates a full H-Bridge in a single
package it is idealy suited for controiing DC mo-
tors. When used for DC motor contro! it performs
the power stage required for both speed and dr-
rection control. The device can be combned with
a current regulator ke the L6506 to impiement a
transconductance amplifier for speed control. as
shown in figure 17 In this particular configuration
only half of the L6506 1s used and the other haif
of the device may be used to tontro’' 2 second

Figure 17: Bidirectonal DC Motor Control

molor.

The L6506 senses the voltage across the sense
resistor Rs to monitor the motor current: it com-
pares the sensed voltage both to control the
speed and during the brake of the motor.

Between the sense resistor and each sense input
of the L6506 a resistor 15 recommended; if the
connections between the outputs of the L6508
and the nputs of the L6203 need a long path, a
ressstor must be added between each input of the
L6203 and ground.

A snubber network made by the seriesof Rand C
must be foreseen very near to the output pins of
the 1.C.. one dwode (BYW3B) s connected be-
tween each power output pin and ground as well.

The following formulas can be used to calculate
the snubber values
R =Vs'k
C = ¥idVidt) where
Ve 15 the maximum Supply Voltage foreseen on
the applicaton:
:; is the peak of the load current

fdtis the kmited nise time of the output voltage
{200%/us 15 generaily used)
If the Power Supply Cannot Sink Cument, a surt-
able large capacitor must be used and connected
near the supply pin of the L6203. Sometimes a
capactor at pin 17 of the L5506 iet the application
better work. For motor current up to 2A max., the
L6202 can be used in a similar circud configura-
tion for which a typicai Supply Voltage of 24V is
recommended.

VUcesSY Us e 38Unax
228nF 1e8nF
18805 é 14 7] 220 3 2
8 - il T ] toF ayuag
p1eEcTIoN { ]
{ LY
Vapsod. 2Unsx 18  Ret 1
tInp max-4R)
a 100
EnnBLE 3 L5586 oC MOTOR
10N/0FF) E 2
3]
2.2 4 BYUSB
Ueca3V Y Ret 2
"2 18pr D2
2.2¢ 4
Sl BRENT-29
12 SES-THOMSON
by s

U v.7 lo® L6203



v.2.7 o 7408

-~ ¥ [ . 2 ] P
ihule® And Gate 19w luae95¥ DY Full-Bridge He1lsznovegluaeesfi 3.15 uaz

A9 uane 13negalil .8

Philips Semiconductors Product specification
Quad 2-input AND gate 74F08
® 74502 Avalable for ndustne’ range 1-40°C 10 485°C; PIN CONFIGURATION
we d R
TYPE TYPICAL TYPICAL .
PROPAGATION SUPPLY CURRENT o [ ERS
DELAY (TOTAL) co [3] B
73703 4.1ns 7.4mA c-a 2] ) @
c-o [F] | cx
ot 3] BEE
e 7] [£] =
JEXIE
ORDERING INFORMATION
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee = 5.0V $10%, Tamp = C0+70C | Voo = 5.0V £10%. Tamp = —30°C to +85 € PKG DWG
14-pir: pastie DIP NTSFOBN 174F09H SOTIT.
4 pap plashc SO N74FOBD {74F0BD SOT123.7
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION 74F (U.L) HIGHL.OW LOAD VALUE HIGHILOW
Dna. Cnb Data inputs 140 SOUALD B
Cn Daa sutput 033 1.0MAL20mA
HOTE: One (1.0 FAST unet load & defined as. 220l in the High state and 0 8maA m the Low oate.
LOGIC DIAGRAM FUNCTION TABLE
peg 1 s o INPUTS OUTPUT
[ :! ) “ Dna Dnb an
34 4 3
Ev: 8 —a- L L L
. L H L
B G L L
o g 12 " [ad H H
apganas H = Highvoltage level
Shnce L = Low voltage levet
LOGIC SYMBOL LOGIC SYMBOL {IEEE/IEC)
¢ 2 4 5 9 L 12 %) . . &
‘ l : 3
[Xa 3203010033 3 £33 DD 3
e 3
SE OF QT QI
Voo =912
GND-PR 7 2 F & 3
L7050 ] o,
. SR
SFAGEY

51" 2.8 lod 7408
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¥. 2.10 NIUTMAD BC547

oy = 1 .4 A U y
Slunsmdmasiaiia NPN 19de lur99sduuuy Full-Bridge Heilsznovegluaesn

3.15 uagwAen ueae 13aegalf v.1

Philips Semiconductors Product specification
e e
NPN general purpose transistors BC546; BC547
FEATURES PINNING
o Low current (max 100 mA) PIN DESCRIPTION
» Low voltage {max. 65 V). 1 emitter
2 base
APPLICATIONS 3 collector
» General purpose svatching and amplification.
DESCRIPTION 1 3
NPN transistor n a TO-92, SOT54 plastic package. 3 = -
PNP complements: BC5E6 and BCAR57. = =
i
At 8l
Fig.1 Simplified outline {TC-92: SOT54)
and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (JEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vego collector-base voltage open emitter
BC546 - 80 v
BCS47 - 50 v
Veeo collector-emitter voltage open base
BC546 - 65 v
BC547 - 45 Y
Veao emitter-base voltage open collector
BC546 - 6 v
BC547 - 6 v
Ic collector current {DC) - 100 mA
o) peak collector curent - 200 mA
Igu pesak base cumrent - 't 200 mA
Prot total power dissipation Temy £25°C; note 1 - 500 mW
Tary storage temperature 55 +150 C
T, junction temperature - 150 C
Tame operating ambient temperature -65 +150 C
Note

1. Transistor mounted on an FR4 printed-circuit board.

U7 @.11 5 wBomes BC547
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