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CLOSED LOOP CONTROL OF STEPPING MOTOR DRIVING CONTROL VALVE

NIPAT SUWANARAT
PRIN SONWAI

ADVISOR ASST. PROF. DR. MONGKOL MOMGKOLWONGROJ

ABSTRACT

This project deals with thetdevelopmentiof closed| loop position
control for | hydrayldic sysbtem. Thelsystem/isalisecpnd order hydraulic
actuator. Hydratlie directioni contrgol - tvalve  which ' was recently
developed wusing 2stepping “molor is|/lused bg “control [the hydraulic
actuatof. Progremable contvoller €losed "loop-eontral in/this project;P

—control and PID-contPoly areldevelop For this camputer.The performance

of the position of“Naywdraulbie, contrfol\sSystems would be increase
according to the increase of ™pulse . fregquency supply to stepping

motor as +the result the hydraulic o0il flow rate from the comntrol
valve driver by stepping motor would be increase. There are,the System
response increase.

From experiment show good result of the response of step input

with P-control and PID-control for the system.
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#include<time.h> & &
#include<dos.h>

#include<stdio.h>

#include<math.h>

#include<conio.h>

sdefine  PORT_A1  0x300 /* Port A on the 8255 No.H1 X/
#define CTRL_A1 0x303 /* 8255 control register */
#define  PORT_A2 0x308 /% Port A on the 8255 No.2 x/
tdefine CTRL 2 0x30b /* 8255 control register x/
#define  Fmax 500 /% Duty time maximum ( millisec) *x/
#define ESC 0x1b

#define  pidi1 P

#define pid2 " PID "

float getdata();
output(int i,float F);
float process(float DE,int n);
float P=0.0,DE1=0.0,DE2=0.0,Kp=15,Kd=0.00007,K1=O.15;
main()
{ struct time old;
struct time now;
float target,DE,F,x[6007, temp[500]
float told,tnow, d1stance S;
char ceB=’ y"" ’:}’Y’}:’N’;
int i=1,J,K,k1, A c,n.0.
int pidzpid2;
double Tsec[500];
clrscr();
window(5,3,70,70); textbackground(WHITE) textcolor(LIGHTRED);
gotoxy(? 5) corwntf( 'Desired distance is [0.0-5.0 cm] ");
scanf ("%f" &d1stance)
gotoxy(7,8f;
cprintf("DO YOQU WANT TO CHANGE SOLUTION METHOD _<%s>(Y or N)?",pid);
scanf("%s",&ceB);
if(ceB=="n’] \ceB=="N"))

{
gotoxy(7,12);cprintf(“Choose Method Control is PID");
gotoxy(? 14) cprintf("Change constant Kp is <%4.2f>_ " ,Kp);
scanf (" &Kp)
gotoxy(?,15);cpr1ntf("Change constant Kd dis <%6.5f>__ " ,Kd);
scanf("%f",&Kd);
gotoxy(7,16);printf("Change constant Ki is <%4.2f> " ,Ki);
scanf("%f",&Ki);
n=2;

}

if(ceB=="y’ | |ceB=="Y")
{

gotoxy(7,14) ;corintf(*1.P");
gotoxy(7,15);cprintf(” 2 PID");
gotoxy(? 16) ;cprintf("Choose Method Control (1-2):");
scanf("%d" &n)
if(n==1)
{
pid=pidi;
gotoxy(7,17);cprintf("Kp=%4.2f\n",Kp);
gotoxy(? 18) cprintf("DO YOU WANT TO CHANGE Kp(Y or N)?");
scanf("%s" &CeB)
1f(ceB==’y’}:ceB-=’Y’)

gotoxy(7,19);cprintf(“Change constant Kp is <%4.2f>_ ",Kp);
scanf("%f",&Kp);
}
}
if(n==2)



pid=pid2;
gotoxy(7,20);cprintf("Kp=%4.2f Ki=%4.2f Kd=%4.2f\n" ,Kp,Ki,Kd);
gotoxy(7,21);cprintf("DO YOU WANT TO CHANGE Kp,Ki,Kd (Y or N)?");
scanf("%¥s",&ceB); )
if(ceB=="y’ | ceB=="Y")

{

gotoxy(7,22);cprintf(”"Change constant Kp is <%4.2f> __",Kp);
scanf("%f",&Kp);

gotoxy(7,23);cprintf(“Change constant Kd is <%4.2f>_ " ,Kd);

scanf("%f",&Kd);
gotoxy(7,24);printf(“Change constant Ki is <%4.2f> " ,Ki);
scanf("%f",&Ki);

gettime(&old);
told=olid.ti_sec*100+o1d.ti_hund;
target=getdata();
s=distance-target;

DE=fabs(s);

k=0;k1=0;k2=0;

while(DE>0.186)

{
F=process(DE,n);
if(i>4) 9=1¢
if(s>0)
{
ifqP M. IS
outiduth ', Bl
}

if(s<0)

{
if(igE3x19
{
J=4;
m=J;
output(Jj,Fmax);
++k1;
}
iFEal=d)
{ .
J=m—-1;
m=J;
output(j,Fmax);
++k2;
}
}
++1;
x[kl=target;
templ[k]l=F;
target=getdata();
s=distance-target;
DE=fabs(s);
gettime(&now);
thow=now.ti_secx100+now.ti_hund;
Tsec[kl=tnow-told;
++K ;

+Kk2);

}
(k1
J=0;

k_..
4

2



}

F=Fmax;
while(j<k)

{

if(i<t) 1=4;

output(i,F);

=== o)
clrscr();
printf(” Kp=%4.2f Ki=%4.2f Kd=%6.5f distance=%4.2f cm\n"

,Kp,Ki,Kd,distance);

printf (" distance(cm) fregency(1/sec) time(sec/100) \n");
J=0;

for(i=0;i<k;++1)

printf("%16.2f%16.2f%18.21f\n",x[i],temp[i],Tsec(i]);
41 ¢
if(j>20)
{
c=getch();
if(ESC==c)
clrscr();
Jj=0;
}
}

float getdata()

{

float temp;

int ad;

outp(CTRLY B ,¢309 , /* Set the 8255 to mode 0 with port A as */
: /% input port and the remain as output port */
‘ad=inportb(PORT_A2);
temp=(adx5.0)/255;
return(temp);

output(int i,float F)

}

float T;
T=1/F%1000;
if(T<2)
£
gotoxy(7,16);cprintf("Time struction flux is not enough”);
exit(1);

}
outp(CTRL_1 ,0x86);
switch(i){
case 1: outp(PORT_A1,0x33);delay(T);break;
case 2: outp(PORT_A1,0x66);delay(T);break;
case 3: outp(PORT_A1,0xcc);delay(T);break;
case 4: outp(PORT_A1,0X99);delay(T);break;

}

float process(float DE,int n)

float A,B,C,DT=0.5,Pv;

¥ (r==49
Pv=Kp*DE;
if(n==2)
i

A=Kp+(Kp*K1i*DT)+(Kp*Kd/DT);
B=Kd+( 2%Kp*Kd/DT);
C=P*Kd/DT;



Pv=P+(AXDE)-(B*DE1)+(C*DE2);
P=Pv-(AXDE);

DE2=DE1;

DE1=DE;

return(fabs(Pv));
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ADC0802-ADC0O804

HARRIS

S EMICONDUCTOR

o

GENERAIL. DESCRIPTION

The ADCO802 fanuly are CMOS 8-bit successivo approxi-
mation A/D convertars which use a modified polentiomatic
ladder, and are designed to operale with the 8080A control
bus via llroo-stato outputs. Thoto convortors appoar to the
procossor as memory locations or 1/0 ports, and honce no
inturfacing logic is ruquired.

lhe dilferenlial analog voltago input has good cummon-
mode-tejection, ‘and permits offsetling the analo( zsro-in-
pul-voltage value. In addition, the vollags refsranca input
can be adjusted to allow encoding any smaller analog voit-
ayo span to the full 8 bits of resolution,

ORDERING INFORMATION

ADC0O802 - ADCO804
§-Bit . P-Compatible
A/D Converters

FEATURES

® 80C48 and 80C:80/85 Buy Compatihle — No
Intertacing Loyic Required

® Conversion Thne < 100us

® Eaay Inturiace 1o Most Microprocessors

® Will Opurate In & “Stand Alone!' Mode

° Ditferentlal Analog Voltags Inputs

¢ Works With Bandgap Voilage Refersnces

® TTL Compatibie inputs and Outputs

® On-Chip Clock Cienerator

20V to 5V Analog Voltage Input. Range (Single +5V
Supply)

® No Zero-Adjust Required

Part ‘Error Extarnal Tempurature —
Number i Conditlons Range =2 g
ADCUB0ZLCN 1Y, bit VREF/2 = 2.500 Ve 0°Cto +70°C’ 20 pin Plastic DIP

ADC08021.CO 13 bit (No Adjustimants) ~40°G 186G 20 pin CEADP
ADCOLOZL D L1 bit 55°C 1o 4 128°G 20 pin CERODIP
ALCOBO2L.D/HR L1 bt 55°Cto | 125°C 20 pin CERDIR,
ADCOBOJLCN + ', bit ViRizp/2 Adjusted for 0'Cto +70°C 20 pin Plastic DIP
ADC0803LCD Y, bil Corroct Full-Scale -40°Glo | 85°C 20 pin CERDIP -
ADCOB0OSID 11 bt Flading £-56:C4041+71 26°C 20 pin CERDIP
ADCO0B04L.CN 11ba VREF/2 72 2.500 Vpg 0*Cto +70°C 20 pin Plastic DIP
ADCO8041.CO 1 1-bit (No Adjustments) ~40'Clo 1 85°C 20 pin CERDIP

Figure 1: Typlcal Applicallon
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NOTE: AR ypical vakmes hiave baen characterized but sre not tested
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ADC0802-ADCOBO4

ADC0802-ADC0804
ABSOLUTE MAXIMUM RATINGS OPERATING RATINGS ‘
"Supply VOIBW i e e 6.5V Tomperature Range
Vollago at Ay Input ... .......... ~03Vio(VH103Y) ADCOB802/03LD ....covieanvnivaann —~55°Cto +125°C
Slorage Temperature Range .......... --65°Cto + 1£0°C ADC0802/03/04LCD ...t - 40°Cto +85°C
Package Dissipation at Ty, == #25°C .......oonnee 875w ADCO0B02/03/04LCM . ..oveninnnas ..0°Cto +70°C
Lead Temperature (Saldanng, 10s8C) ............. 360 C Supply Voltage Range ........cc..ovvininnn. 4.5V t0 6.3V

NOTE: Stogse: apove 1hose lis:ed umiee “"Abscluto Maximun) Aatngs™ i:dy ¢ sa permanont damaye 0 tho duvk:o. These arv uiross (atings only and lunctional
cperation of the davice at these or any other conditons 2bove those inn-ale d in tha oporational sections i the spoc.lcutions is 1iol impllod. Exposure 1o absolute
maxamuni rating conditions for extondad pencds may affect device bty

ELECTR‘CAL CHARACTERISTICS (4ulna 1 and 7)
Converter Specifications: v =5V, Ta= 1 &5°C and lg k= 840kHz unloss otherwino slalud,

Paramaeter Tost Cenditiogna . i - Min Typ ! Max - Unit
ADCOB0Z Viper/2 = 2.500V
; : -8 LS8
I'otal Unadjusted Error /e
ADC0803: " Vper/ 2 Adjusted lor Corract
g Y2 Ls8
Total Adjusted Error Full-Scale Reading
ADC0804: VReR/2 = 2.500V
Tolal Unadjusted Error =1 Ci
Vaer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 kQ
Analog Input Vollage Range (Note 2) GND--0.05 v+ +0.05 ie Vi
DC Common-Mode Rojection Over Analog Input Voitags Range Y x Ya LSB
v+ = 5V £10% Over Allowed
P I itivi , =)
ower Supply Sansitivily pIrVoltage Bic t e kA LS8

Converter Specifications: v+ =5V,0°C < Ta £ +70°Cand fg = 640 krlzunlass otherwise stated.

Parameter . TestConditlons ; 1in Typ Max Unit
ADC0802: Vpep/2 = 2.500Y .
Total Unadijusted Error t% Leg
ADC0803: X Vaer/2 Adjustad for Correct

] ; . £ LS8
Tolal Adjusted Error Full-Scale Reading ] i
ADC0804: VRer/2 = 2.500V :
Total Unadijusted Error ' 2 . 4 £1 LS8

- L
VReg/ 2 Input Resistance Input Resistance al Pin 9 " 140: 1.3 kN
Analog Input Voltage Range (Note 2) - Ghp= 0.65 V++0.06 \
DC Common-Mode Rejection Over Analog Input Voltagje Range . : % E A LS8
- V+ =5V t 10% Over Aliowed :
p - itivit ! Y Yo : :
ower Supply Sensilivity Input Voltage Rangs ‘ . Yie % LS8 ;

AAIIBE @8 Quatt < ar Pt Sy BT i T 5108 b0 bt el

44




Converter Specificallons: vt =5V, ~25C = Ta < 1 B5Candlgy = 640 kHz unless othaiwise statetl.

ADCOBC2~-ADCOBO4

Parameter Test Conditions Min Typ Max Unit
ADCO802: Vier/2 = 2.500V i3 )
i 2 3
Total Unadjusted Error i /s LS
ADCO0803: Viaer/2 Adjusted for Correct
@ t% LS
Total Adjusted Error Full-Scale Reading
ADC0804: Vair/2 = 2.500V
Total Unadjusted Error 1 LRt
Vner/ 2 Input Resistance Input Resistance al Fin 9 1.0 1.3 k{1
T .
Analog Input Voltage Rangs (Note 2) GND~-0.05 V++0.05 '
DC Common-Mode Rejection Over Analng Input Voltage Range A ERA LS8
. V' 5V + 10% Over Allowed
| nsitivit I 4+ S
Fowar Supply Sensilivity Input Voltage Range /in / LS8
Converter Specifications: v' - 5v, -55C = Ta 5 1125°C andIgri = 640 kliz unloss othorwiso statod.
(i Parameter Test Conditions Min Typ Max Unit
ADC0802: Vegg/2 = 2.500V
REF 0 +1 LSB
Total Unadjusted Error
ADC0803: Vrer/2 Adjusted for Correct +1 LS8
Total Adjustod Error Full-Scala Nonding .
ADCOB0A: Vper/2 2,500V , -
Tolal Unadjusted Error K% e
Vrer/2 Input Resistance inout Rasistance at Pin 9 1.0 18 ki
Analog Input Voitage Rarge .(Note 2) GND -0.05 V+ +0.05 \
DC Common-Moda Rejoction Over Analog Input Voltage Range £ Y% 2T LS8
i ; Vv =5V 1 10% Over Allowed : :
ot 8 ithvi £ ) S
Power Supply Sonsilivity Input Voltage Rangq Ya Va LS8

NOTE. AN ypical vakwes bave boan characterized bt s 1ot testad.
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Made Q Configurations

CONTROL WORD #0
07 08 D5 04 03 02 Ot 00

F]o!o!cio[o’om
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Al v —pPAT.PAQ
UMB2CS5A .

, - L —pCT.PCA
07.00 =—— o 4
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3
( ——> P87.P80

CONTROL WORD #1
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CONTROL WORD #2
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Hex Range Usage

000-00F DMA Chip 8237A-5

020-021 Interrupt 8259A

040-043 Timmer 8253-5

060-063 pPP1 8255A-5

080-083 DMA Page Registers

0AX*® NMI Mask Register

0CX Reserved

QEX Reserved

200-20F Game Control

210-217 Expansion Unit

220-24F Reserved

278-27F Reserved

2F0-2F7 Reserved

2FB-2FF Asynchronous Communications {Secondary)
300-31F Prototype Card

320-32F Fixed Disk

378-37F Printer

380-38C° " SDLC Communications

380-389° " 8inary Synchronous Communications (Secondary)
3A0-3A8 8inary Synchronous Cormmmunications (Primary)
380-38BF I'BM Monochrome Display/Printer

3C0-3CF Reserved

3D0-30F Color/Graphics

3E0-3E7 Reserved

3F0-3F7 Diskette

3F8-3FF Asynchranous Communications (Primary)

* At power-on time, the Non Mask Interrupt into the 8088 is masked off.
This mask bit can be set and reset through system software as follows:

Set'mask: Write hex 80 to |/0O Address hex AQ (enable NMI)
Clear mask: Write hex 00 to {/O Address hex AQ (disable NM1)

** SDLC Communications and Secondary Binary Synchronous
Communications cannot be used together because their hex
addresses overliap.

1/0 Address Map
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