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WATER TEMPERTURE CONTROLED BY COMPUTER

SUPHOT KUNAMART
SOMMAS LERTWATANAKUL

¢ PONSUK TESCHAREARN ADVISOR

ABSTRACT

This proJec@ is a computer application on water temperature
control system. The sensor is a Resistive Temperature Detective (RTD)
that vary its resistance by contacted temperature ,so the bridge
circui§ composes of RTD will generate each voltage in each

s

temperature. This voltage is amﬁlif&ed and decorated by Diffential
tmplifier and Low-passed Filter circuit. The measured signal transmit
to the computer by Analog to Dggita( circuit , and the computer
cowpares with the set-point and calculate in PID eguation ,then sends
the calculated —-digitatl signal back to the system by Digital to Analog
circuit. The control signal is changed to be the pulse signal by Pulse
Width Modulation technique. This pulse trigs Solid State Relay,that
performs Ltike a power-valve ,to let the heater heat the water in the
process,depends on the control signal.The project will introduce the
students to know about the basic of the computer control system.They

-

can apply this basic on controlling another system in the future.
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Unipolar Output Ranges ,J
Code Type lnput Code {Note 7) Output -
MSB - LSB State UmA-2mA;
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( start )
s ——

¥

SET b/a QUTPUT
10 ZERG VOLT

1

SET COUNTER #1
QUTPUT

10 168 Hz PULSE

Y

INPUT_REFERENCE
TEMP

INPUT PID CONTROL
RRERA

1
INPUT PROPORTIONAL GRIN; Kp
INPUT INTEGRATION TIME; Ti
INPUT DIFFERENTIATION TIME:Td
INPUT SAMPLING TIME; Ts
INPUT FINAL TIME; FIN

Y
CALCULATE
ALPHA=Kp(1+Ts/Ti+Td/Ts)
BETfi=-Kp%(1+2%¥ID/Ts)

GAMMA=Kp*Td/Ts,

1
SET SEQUENCE
NUMBER; SNUM

SNUM=6@(FIN/TS)

} )
£

VRITE GRAPH
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SET SAMPLING
PERIOD 10
COUNTER #2

=

y
L

PROCESS
TIME = SAMPLING
PLRIOD

GET DATA FRONM
A

Y
CALCULATE  §

E(8)=REFERENCE
~PROCESSTEMP

E(@)

IS IN PID
CONIROLL
anxa’/,/”’//

A

YES

DO PID ALGORITHM
T0 FIND MANIPURATED

VARIALBLE OUT

SET MANIPURATION

VARIABLE OUT T0

ACTUAL 188% HEAT
OF HEATER

-

F s
-




©,

\

(UT MAKIPULATED

UARIABLE T0 D/ £

3
E
3

¢

DISPLRAY

LA-L Saa 20t 2

DO LOOP

)
SEBUENCE
NUKEER

SAVE FILE jg
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34 0.932
36 0.961
37 1.040
38 1.134
33 1.230
40 1.327
41 1.432
42 . 1.519
43 1.615
44 1.713
45 1.852
26 (.} 1.945
47 2:030
48 oD
48 2.24
50 2.32
51 2.41
52 2.52
53 2.61
54 2.69
55 . 2.84
56 2.90
57 ' : 3.02
58 3.11

58 3.18
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3010 ° THIS FART 15 1/0 PORT DEFINITION

1020
10T0 “&H DO QU - D/ CHANNEL LOWER FORT ©

1040 &4 D2 EQu D/  CHANNEL 1 HIGHER FORT

1050 "UFFPER 4 BIT OF D/A CH1 HIBHER FORT SELECT 1 CHANNEL 1M FOUR /D CHAMNEL
1060 "4H D4 ECQU D/7A CHANMEL 2 LOWER FORT

1070 "&H D6 EQu. D/ CHAMNEL 2 HKIBER FORT

{080 "UFFER 4 BIT OF D/A CHZ2 HIGHER FORT DO NOT USE

1090

1100 '&H D8 ECU A/D FORT

1110

1120 "«H DA EQU TIMER COUNTER 1 PURT

1120 &K DC EQOU TIMER COUNTER 2 FORT

1140 "%H DE EQU TIMER CONTROL FORT

1150 7

1160 "%H EE EGU SAMFLING TIMER CHECK FORT AND ETC.

1170 !

1180 "TENMFU=-2.83969+19. 4638xV

1190 "TEMPD=-4. 33618+20. 1346+ Y

1200 "TEMFM=-3.78113+19.8628#%V {~——-- USE
1210 -

1220 DIM EC10O) ,M(10) JNI10) JA1$ (10) , TEMFL (3600)
1230 DEFINT C,1

1240 .

1220 ° THIS FART SET D/A DUTFUT TO ZERD VOLT
1260 OUT &HDZ, &HF ‘D/A CHY HIGHER FORT
1770 0UT SHDO, &HFF ‘D/A CHY LOWER FDRT
1280 0UT %HD&, IR ‘D/7A CH2 HIGHER FORT
1290 0UT &HD4, “HFF ‘D/A CH2 LOWER FORT
1300 -

1310 ° THIS FART SET COUNTER 1 10 100 Hz OSCIeLATION
1320 7 COUNT DATA IS 10000(DECIMAL) AND 10000 (DECIMAL) 15 Z710LHEXA DECIMAL)

1330 QUT &HDE ,4H76 "COMTROL. DATA IS %H 7& ,MODE 3 RATE GEMERATION
1340 QUT SHDA s EH1O ‘LOWER DATAH

15350 OUT &HDA § W27 "HIGHER DATA

1360

1370 CGEFFICIENT INFUT ROUTIMNE KEFEEEFEEAEAFE NP AR EF R KA UKETE KRS > 2
1380 INFUT"REFEMENCE TEMF. = ## DEGREE"; TEMP

1250 INFUT“FID CONTROL AREA  ##Y% = ":FF

1400 V= (TENF-26.2604) /10,2072 :REF=4055%V /5!

1410 FID=FF*REF/100

1420 LERINT"REF. TEMF= “; TEMF,"REF.VOLT= "V, "REF.NUN= ";REF,"FID= ";FID
1430 INFUT"FROFORTIONAL BAIN KP= "3 KF

1440 INFUT"INTEGRATION TIME TI= ";TI

1450 INFUT“DIFFERENTIATION TIME TD= “;TD

1460 INFUT"SAMFLING TIME TS = [SECI":TS

1470 INFUT“FINAL TIME = ## MINUTE";FIN

1480 ALFHASKE* (1+TS/TI+TDATS) :RETA=-KP* (1+2#TD/TS) :GAMMA=KE*TD/TS
1490 SHUM=INT (40%FIN/TS)

1500 LFRINT KF=" KF,"TI=";T1,“TD=";TD, "TS="3 TG

1510 FRINTYALFHA="; ALFHA, "BETA="; BETA, “GAMMA=" ; GAMMA

1520 GUSUE *BRAFH

1530 1TS=100'+TS :FRINT 1TS 4

1540 SAMFH=1TSY256 :SAMFL=1TS MOD =5

1550 FRINTYSAMFLING HIGH DATA = ";SAMFH,"SAMFLING LON DATA = ": SAMFL




1560 INFUT"KEY IN Y lF.PID STHRT —-> ";A%

1570 1F A4<>"Y" THEN 1560

1580 E(1)=0 :E(2)=0 :M(1)=0

1590 C0=1 :C1=128

1600. GOSUER *DI1SF

1610

1H20 " HERKEFANERTREE KRR KA REFF P EXY

1430 ° THIS PART SET SAMFLING FERIOD TO COUNTER 2

1640 OUT &HDE,%HR4 "CONTROL DATA IS &H E4 ,MODE 2 SINGLE SHOT
1650 0UT %HDC,SAMFL ‘LOWER DATA

1660 OUT %HDC,SAMFH "HIGHER DATA

1670

1680 "#¥FEFXEFREPERYHLAERIPEAEES START

1690 1=0

1700 MM=4095
1710 MAMIH=MM¥IS6 <MAMIL=MM MOD 256

1720 GOSUR «TMCHK 'TIMER CHECK
1730 GOSUER «MESURT ‘DATA MEASUREMENT
1740 IF 1= THENM TIME$="Q0:00:00"

1750 LOCATE 60,0,0:FRINT TIMEWw
1760 GOGUE =SENU
1770 TEMF1(1)=26.2604+10.2072%V1

1780 E(0)=REF-CD1 .
1790 1F E(0)<=FID THEM GOSUER #RFID )
1800 GOSUR *MANIOUT ‘MIANTFULATED VARIAERLE

1810 GOS5UK «DISET

1820 1=1+1

1830 IF 1<=SHUM THEN 1720

1840 ‘xeFxaxX+AXXFrrrrEEr ey FINAGL OFERATION S FESFERXFEFFEPAXIRRAFE

1850

1860 CORY 3

1370 FRINT"DD YDU SAVE CONMTROL RESULT (Y/N) 7?7 -———3 T INFUT YY$
1880 IF YY$<"Y" THEM 1920 A
18990 FRINMT'INFUT FILE NAME ( ###3 ) —=-=> "1:INFUT FL%

1200 GOSUR *FMAKE
1910 FRIMNTSAVE COMFLETE FROGRAM END"
1920 ENMD

1950 A
154¢ °

1950 "KREFFAKEKREEHR SUBROUTINES EEERERRERERF RALRE
1960 *RFID el 2o it FID ALGORITHM

1961 LOCATE 60,20:FRINT USING "E(O)= ##Hd. #HH#4" s E (D)
1962 LOCATE 60,21:PRINT USING "E(1})= ﬂ#ﬂﬂ.ﬂ##"-E(l)
1963 LOCATE &60,22:FRINT USING "E(2)= #H##H. #E8"E(2)
1970 MO =M{1)+ALFHA#E (O) +BETA*E (1) +GAMMA*E (2)

1980 MOY=M(0¥+.5

1990 MM=IMNT (M(O))

2000 LOCATE 60, 23:FRINT USING "M = {UH4, qH48";MOO)
2010

2020 IF MM>4095 THEN MM=4095
20E0 IF MM<O THEN MM=0

2040 MAMIH=MMF2S6 MANIL=MM MOD &
2050 E(2Y=E(1) :E(1)=E{() :Mi1)= um
2060 RETURM

20700

2080 #THCHK e hardware timer check



2090 C1=INF (&HEE) . 'STATUS READ
2100 CE=C1 AND &H1

2110 "PRINT C1,CE

2120  IF CE=1 THEN 20%0

o 2130 RETURN
2140 -
2150 «MESURT e ————— data measurement
2160 TEEEEERKRHR for channel 1§
2170 ¢ .
2180 0OUT &HD2, &HO "A/D CHANNEL 1 IS SELECTED
2190 OUT &HDB, &HFF 'CONVERSION START ,DATA &H FF 1S A& DUMMY
2200 DUT &HDZ, &HBO ‘BYSL. SET HIBH LEVEL
2210 Ci1=INF(&HDB) 'STATUS READ

2220 CE=C1 AND &HBO
2220 'PRINT C1,CE
2240 IF CE=128 THEN 2210

2250 CHIH=1INF (&HD8) ‘HIGHER DATA READ
2260 CHIH=CHIH AND 15 .
2270 0UT &HD2,&HO "BYSL SET LOW LEVEL
2280 CHIL=1NF (&HDS8) 'LOWER DATA READ
2290 'RETURN
CEERERAER " for channel 2
OUT &HD2,&H20 ‘A/D CHANNEL 2 IS SELECTED
OUT &HDB, &HFF ‘CONVERSION START ,DATA &H FF 1S A DUMMY
2340 DUT &HD2, &HAO "RYSI. SBET HIGH LEVEL
2350 Ci=INP(.HD&) ‘STATUS READ
2360 CE=C1 AND &HBO0
2370 IF CE=128 THEN 2350
2580 CHZ2H=1NF (&HDS8) ‘HIGHER DATA READ
2590 CH2H=CH2H AND 15
F400 OUT %HDZ, &H20 ‘BYSL SET LOW LEVEL
2410 CHZU=INF (&HDB) ‘LOWER DATA READ
2420 :
230 THERERELE for channel 3
2440 ‘no support
2450 " RAEEREERE for channel 4

2460 ‘no support

2470 RETURN

2480

2490 °

2500 *MANIOUT ‘——————= manipurated variable out
2510 MAH=NDOT MANIH :MAH=MAH AND &HF

2520 MAL=NOT MANIL :MAL=MAL AND &HFF

2530 OUT &HDZ,MAH ‘D/A CH1 HIGHER DATA

2540 0OUT &HDO,MAL ‘D/A CHY LOWER DATA

2550 0OUT %HD6,MAH ‘'D/A CH2 HIGHER DATA

2560 DUT &HD4,MAL ‘D76 CHZ2 LOWER DATA

2570 RETURN :

2580 - ;

2590 *SENU ‘————<—~ separate data of each channel to numerical data

2600 CDIi=CHIH*256+CHIL ‘FOR CHANNEL 1

2610 CDZ=CHZH#*256+CH2L 'FOR CHANNEL 2
2620 VI=51+CD1/4095 ‘CONVERT TO VOULTABGE
2630 V2=5'!+#CD2/4095 ‘CONVERT TO VOLTAGE
2640 RETURN

2650




26460
2670
2680
2690
2700
2710
2720
2730
274Q
2750
2760
2770
2780
2720
2800
2810
2820
2820
2840
2850
28460
=870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980

¥ BRAFH '****«*****x&i****************f*****ﬁ*¥
XO=30 : YO=350 : VEAL=350
TREF=INT(4.375% (TEMP-20))

SNUM=INT (LO#¥FIN/TB)

MFLY=INT (600/5NUM)

HTAL=INT (MFLY*SNUM)
HDIV=INT (1 O*HTAL/FIN)

"PRINT TREF,SNUM,MFLY ,HTAL ,HDIV
SCREEN 3,0,0,0

TPALNT (0,0 ,1 .
LINE(XO,Y0) - (X0, YO-VHAL) .
FOR X=X0+HD1V TO XQ+HTAL STEP HDIV
LINE (X,YO)—(X,YO-8)

NEXT X .

LINE (XO,YO) - (XO+HTAL ,YO0)
LINE(XO,YO—TREF)—(XD+20,YO~TREF),2
FOR Y=43.75 TO VKAL STEF 43.75
LINE(XQO,Y0~Y) - (XO+10,Y0-Y) ,
NEXT Y

VMAX=250

SCREEN 3,0,1,0

LINE (XO,Y0) - (X0, YO-VMAX)

FOR X=XO0+HDIV TO XO+HTAL STEP HDIV
LINE{(X,YO)=¢(X,Y0O-8)

NEXT X

LINE(XO,YO)—(XO+HTAL,YO) .

FOR Y=43.75% TO YMAY STEF 43.75
LINE(XO,YO=-Y) = (X0+10,Y0-Y)

NEXT Y

RETURN




2990
J0O00
30106
I020
3030
3040
3050
060
3070
I080
J0%0
3100
3110
3120
3130
=140
3150
J160
3170
180

3240

J250

3350
JIT60
IZ70
JII3IBO
A320
I400

ADISF "R R AR RERRERBEEFRER AR AR RERREER R AR AR K RX R
CLs 1

CONBOLE 0,25,0,0 :SCREEN 3,0,0,1
K=0

FOR J=0 TO 21 STEP 2.625
VX=100-10%k

LOCATE O,J:FRINT VX

J=+ 1

NEXT J

DTFIN=INT{((HTAL+30) %x77/640)
LOCATE 3,22 :PRINT "O"

LOCATE DTFIN-1,22 3PRINT FIN
RETURN

.

EDISET ‘—rm—mmm DOT SET
FN:=7

LOCATE 62,17,0:FRINT USING “TEMF= ##.## DEG":TEMFI(I)
LOCATE 62,18,0: PRINT USING "D/A= ####" ;MM

LOCATE 62,19,0:FRINT USING "FPID= ## %";FP

LOCATE 10,3:PRINT"LOOF="; I+1

LOCATE 0,23:PRINT USING "A/Di= ##i#t ——=3>":CD1

LOCATE 15,23: FRINT USING " #i#. ### VOLT";V1

LOCATE 30,23:FRINT USING "A/D2Z= ####f ——->";CD2
LOCATE 45,23: FRINT USING " #4.##8 VOLT";V2

DCA=TEMF1 (I)+.1 : DCP=INT(4.37#DCA)~B7.4

FSET (XO+MFLY*I,YO-DCF) ,FN

SCREEN 3,0,1,1

MME=INT (MM/12)

FSET (YO+MELY#* T, YO=MMP) , PN

SCREEN 3,0,0,1

RETURN

*FMAKE —o—mmmm e FILE MAKE
OFEN FL$+".PID" FOR OUTFUT AS #2
WRITE #2,5NUM,TS,FIN

FOR I=0 TO SNUM

WRITE #2,TEMF1(I)

‘NEXT 1

CLOSE #2
RETURN
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9.0
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