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' THIS PROGRAM USED FOR ON-LINE MONITORING OF A BATCH-TYPE BIOREACTOR BY COMPUTER
" WRITE BY Mr. JAMROEN LEOWSEESUK
DECLARE SUB SIMULATE ()
DECLARE SUB PFD ()
DECLARE SUB GAUSS (CONS!, CON6I, CON7!, CONS!, CONS!, CON10!, CON11!, XI()
150 COMMON ARY1%(), ARY2%()
CLS : KEY OFF: SCREEN 9
NARY = 1001: NTIMES = 1000: NDATA = 1001
DIM SHARED X!(11)
DIM PHINDATA), ITER%(NDATA), TEMP!(NDATA), GCCb!{1001), PGCCb!(1001)
DIM NAMOI{10 TO 30), VNAMES$(10 TO 30)
‘#asse® DEFINE FUNCTION #asnes
DEF FNBIOMASS! (X!, Y!, BY)

FNBIOMASS! = (.56 * (YI - 1) * X!} - (K2 * X! * BI)
END DEF
DEF FNCELLLYSIS! (Y1, SI, BI)

FNCELLLYSIS! = Y1 * (KL / (KL + B) * SI * K1) - (.56 * (Y! - 1))
END DEF
DEF FNSUBSTRATE! (SI, X!)

FNSUBSTRATE! = ((-K3) * SI *XI) - ((S! / (KS + SI)) * K4 * X1)
END DEF
DEF FNBUTYRATE! (BA!, S!, B!, X)
FNBUTYRATE! = ((KL / (KL + BI)) * K5 * SI * XI) - ((BA! / (KBA + BAI) * K6 * XI)
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END DEF |
DEF FNBUTANOLI (B!, SI, X!, BA)
FNBUTANOL! = (K7 * SI * XI) - (841 * FNBUTYRATEI(BAL, SI, BI, X1)
END DEF :
DEF FNACETATE! (AAL, S, BI, X)
FNACETATE! = ((S!/ (KS + SI) * (KL / (KL + BI) * K8 * X1 - ((AA! / (KAA + AAI) * (S / (KS + S)) * K9
*X)
END DEF
DEF FNACETONE! (AAI, SI, B!, X1)
FNACETONE! = ((S! / (KS + SI)) * K10 * XI) - (484 * FNACETATENAAL S, BI, XI)
END DEF
DEF FNETHANOL! (S!, XI)
FNETHANOL! = (S! / (KS + Sh) * K11 * XI
END DEF
DEF FNCARBON! (S, X1)
FNCARBONI = (S! / (KS + SI) * K12 * XI
END DEF
DEF FNHYDROGEN! (8!, XI)
FNHYDROGENI = (IS! / (KS + SI) * K13 * X1} + (K14 * §I * X1)
END DEF
‘reasas END DEFINE **22ee
MENU1:
s asaseersnass Main Meny *404esesseasessasessane
CLS : LOCATE 6, 24: COLOR 12: PRINT "Menu Selection”
LINE (170, 65)4310, 90), 9, B
LOCATE 11, 1
COLOR 10: PRINT * 1> PFD DISPLAY *
COLOR 11: PRINT * 2> ON-LINE MONITORING *



'3(% f
. "'mm'\l\‘?—
COLOR 12: PRINT * 3> WRITE CONSTANT (k1-k14) TO FILE *
LOCATE 18, 15: COLOR 13: PRINT *Select ======>"

LOCATE 18, 17: Select1$ = INPUT$(1)
LOCATE 18, 30: PRlNT Select1$: FOR Q = 1 TO 400: NEXT Q
' #asxrsas [od of Main Meny ***2e2es

SELECT CASE Select1$

CASE IS = "1" '#22% DC[) s2szsase

CALL PFD
GOTO MENU1
raRteNNe End Case N°1 e

CASE IS ="2" '**** Online Monitoring ****#

‘#2222 DATA ACQUISITION PART #2#%222sz2ssssssxnsss
' clear screen; make sure all files are closed
CLS : CLOSE : COLOR 15
PRINT
PRINT * LOAD 711QB4.QLB FIRST : (Y/N) *
CONTS$ = INPUT$(1)
PRINT CONT$: FOR a = 1 TO 30: NEXT a
IF UCASES(CONT$) = "N* THEN
PRINT * PROGRAM WILL STOP NOW *
PRINT * REMEMBER TO LOAD 711QB4.QLB FIRST *
PRINT
PRINT * ANYKEY TO CONTINUE *
. CONT$ = INPUT$(1)
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END

ELSE
PRINT
PRINT * INPUT IN!TIAL CONCENTRATION OF SUBSTRATE : (g/l) *
INPUT * BIOMASS CONC. 00 =", PreCbl
INPUT * SUBSTRATE CONC. (S) =", PreCglul
INPUT * BUTANOL CONC. (B} =", PreCbl!
INPUT * ACETONE CONC.  (A) =*, PreCacol
INPUT " ETHANOL CONC.  (E) =", PreCet!
INPUT * BUTYRIC ACID CONC. (BA) =", PreCbt!
INPUT * ACETIC ACID CONC. (AA) =*, PreCaca!

GCTIMES =0
PRINT
PRINT * ANYKEY TO CONTINUE *
CONTS$ = INPUTS$(1)
END IF
MARK1:

CLS : COLOR 15

LOCATE 2, 5: PRINT "READ CONSTANT VALUE (k1-k14) FROM FILE"

LOCATE 3, 5: INPUT "ENTER NAME OF FILE TO READ [DAIVE:NAME] *; FILE2$
OPEN "FILE2$" FOR INPUT AS #3

INPUT #3, K1, K2, K3, K4, K5, K8, K7, K8, K9, K10, K11, K12, K13, K14, KL, KS, KBA, KAA
PRINT

PRINT " k1 =% K1;"k2="K2;"k3=" K3

PRINT

PRINT " k4 =", K&; " k5 =", K5; " k6 = ": KB

PRINT

PRINT " k7 =" K7:"k8 =" K8; " k9 = "; K9
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PRINT
PRINT " k10 =" K10; " k11 =" K11; " k12 = " K12

PRINT

PRINT " k13 =" K13; "k14 =" K14; "KL =" KL

PRINT '

PRINT * KS =*; KS; " KBA ="; KBA; " KAA ="; KAA

PRINT

PRINT * THIS CONSTANT IS CORRECT (Y/N)*:

CONTS$ = INPUT$(1)

PRINT CONT$: FOR a = 1 TO 30: NEXT a

IF UCASES(CONTS$) = "N* THEN GOTO MARK1

CLOSE #3: CLS : COLOR 15

'set communications protocol "serial port 1,9600 bps, even parity, 7 data bits, 1 stop bit,set Clear to Send,
set Data Set Ready with delay upto 65535

COMMS = "com1:9600,e,7,1,c80,ds0,cd0"

PRINT * Set Communication parameters for connection between Computer & GC. *
PRINT

PRINT * Communication parameters are :* + COMMS

LINE INPUT * <Enter> if OK, or change *: X$

IF X$ <> " THEN COMMS$ = X$

OPEN COMMS$ FOR RANDOM AS #1 LEN = 300

PRINT

INPUT * INPUT TIME RANGE TO GET DATA FOR 1 CYCLE : (1-15) MIN. *: TIMEMIN%
GETTIME% = TIMEMIN% * 60

PRINT

INPUT * HOW OFTEN TO GET SAMPLE FOR ANALISE BY G.C. : (H * TDELTA%
DELTAGC% = TDELTA% * 10

PRINT



PRINT * NOW WE USE INITIAL CONC. TO SIMULATION *
PRINT
PRINT * ANYKEY TO CONTINUE *
CONTS = INPUTS(1)
cLs
CALL SIMULATE
FOR P = 1 TO 700
GCCbI(P) = PGCCh(P)
NEXT P
CLS : COLOR 15
LOCATE 10, 20: PRINT * REDY TO START ON-LINE : ANYKEY TO CONTINUE *
CONTS = INPUTS(1)
's22222 INITIALIZE PCL-711 BOARD USING FUNC 0 *###e22s
DIM DAT%(4), ARY19%(NARY), ARY2%(NARY)

PORT% = &H220 'SET I/O PORT ADDRESS
DAT%(0) = PORT% 'GET 1/O PORT ADDRESS
ER% =0 ‘ERROR RETURN CODE
FUN% =0 ‘FUNCTION 0

CALL PCL711(FUN%, SEG DAT%(0), SEG ARY1%(0), SEG ARY2%(0), ER%)

IF ER% <> O THEN PRINT "DRIVER INITIALIZATION FAILED I*: STOP

450 '****** SET SCAN CHANNEL RANGE USING FUNC 1 te##sazasasanasss
START% = 0: STP% = 0: GAIN% = 100

DAT%(0) = START% "SET START CHANNEL NUMBER

DAT%(1) = STP% ‘SET STOP CHANNEL NUMBER

FUN% =1 ‘FUNCTION 1

CALL PCL711(FUN%, SEG DAT%(0), SEG ARY1%(0), SEG ARY2%{0), ER%)

IF ER% <> O THEN PRINT *SET SCAN CHANNEL FAILED! RE-ENTER": GOTO 450
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'===========> SCAN CHANNEL LOOP
CLS:COLOR 15
'*** Event Trapping for RS-232 communication and Jump To SUB GCANAL
ON COM(1) GOSUB GCANAL
COM(1) ON
‘*** DEFINE FUNCTION KEY AND TURNING ON KEY
KEY 1, "PFD": ON KEY(1) GOSUB DIAGRAM
KEY 2, "SIMULATE": ON KEY{2) GOSUB SIMULATION
KEY 3, “TIME": ON KEY({3) GOSUB CHANGETIME
KEY 10, "EXIT": ON KEY(10) GOSUB FINAL
KEY{1) ON: KEY(2} ON: KEY(3) ON: KEY(10} ON
KEY ON
‘#=2* BEGIN SCAN CHANNEL LOOP
DO
LABEL2:
'#222e22 GTED 4: DISPLAY DATA #2282 %%2s2sssxssssnssansnssssssnassanas
PHMIN = 0: PHMAX = 14: TMIN = 10: TMAX = 80: XMIN = 0: XMAX = GETTIME%
LABEL1:
'**2* DRAW SCALE FOR PH
VIEW (70, 34)-(280, 228): CLS 'DEFINE VIEWPORT OF PH
WINDOW (XMIN, PHMIN)-XMAX, PHMAX) 'SCALE DATA TO FIT ENTIRE VIEWPORT
LINE (XMIN, PHMIN)-XMAX, PHMAX), 10, B 'PUT BOX AROUND GRAPH
REM *** calculate number of divisions of x-éxis to use
DELTA = (XMAX - XMIN) / 5
FORZ=0TO5
X2 =Z * DELTA + XMIN
LINE (X2, PHMIN)-{X2, PHMAX), 11, , &HCCCC 'DRAW TICK MARK
NEXT Z



LOCATE 18, 9: COLOR 13: PRINT *0°
LOCATE 18, 34: COLOR 13: PRINT USING "###": TIMEMIN%
LOCATE 18, 16: COLOR 13: PRINT "TIME (MIN)*
REM 22* calculate number of divisions of y-axis to use
DELTA = (PHMAX - PHMIN} / 7
FORZ=0TO7
Y2 =7 * DELTA + PHMIN
LINE (XMIN, Y2)-{XMAX, Y2), 11, , &HCCCC 'DRAW TICK MARK
LOCATE (8-2) *2 + 1, 6 '#nens
COLOR 13: PRINT USING "##"; Y2 'TEXT LABEL FROM BOTTOM TO TOP
NEXT Z
LOCATE 10, 2: PRINT "pH"
‘*##** DRAW SCALE FOR TEMPERATURE
VIEW (380, 34)-{600, 228): CLS ~ 'DEFINE VIEWPORT OF TEMP
WINDOW (XMIN, TMIN-XMAX, TMAX) 'SCALE DATA TO FIT ENTIRE VIEWPORT
LINE (XMIN, TMIN-XMAX, TMAX), 10, B 'PUT BOX AROUND GRAPH
REM *** calculate number of division# of x-axis to use
DELTA = (XMAX - XMIN) / 5
FORZ=0TO5
X2 =7 * DELTA + XMIN
LINE (X2, TMIN)-X2, TMAX), 11, , &HCCCC 'DRAW TICK MARK
NEXT Z
LOCATE 18, 48: COLOR 13: PRINT *¢"
LOCATE 18, 74: COLOR 13: PRINT USING "###*; TIMEMIN%
LOCATE 18, 56: COLOR 13: PRINT "TIME (MIN)*
REM *** calculate number of divisions of y-axis to use
DELTA = (TMAX - TMIN) / 7
FORZ=0TO7



Y2 =Z * DELTA + TMIN
LINE (XMIN, Y2)-(XMAX, Y2), 11, , &HCCCC 'DRAW TICK MARK
LOCATE (8-2) *2 + 1, 44 '#2xx»
COLOR 13: PRINT USING "###"; Y2 ‘TEXT LABEL FROM BOTTOM TO TOP
NEXT Z :
LOCATE 10, 40: PRINT "TEMP*
LOCATE 11, 41: PRINT “(C)"
‘**** DRAW GRAPHICS
FOR | =0 TO GETTIME%

ITER%() = |
© 'a222 £OR PH
CH% =0

GOSUB ADCONVER
PHI( = (VOLTSINI * 1436.09)
LOCATE 20, 16: COLOR 10: PRINT "pH = *
LOCATE 20, 20: COLOR 10: PRINT USING “## ## PHI()
VIEW (70, 34){280, 228) 'DEFINE VIEWPORT OF PH
WINDOW (XMIN, PHMIN)-(XMAX, PHMAX) *SCALE DATA TO FIT ENTIRE VIEWPORT
IF | = 0 THEN
PSET (ITER%(N, PHI(), 12 'PLOT FIRST POINT
ELSE
LINE (ITER%(I - 1), PHI(l - 1)-UTER%(1), PHI(N), 12 'DRAW LINE CONNECTING REST OF POINTS
END IF
‘a2 FOR TEMPERATURE
CH% = 1
GOSUB ADCONVER
TEMPI() = (VOLTSIN! * 23298) + 31.98
LOCATE 20, 56: PRINT “TEMP = *



LOCATE 20, 63: PRINT USING "##.##"; TEMPN(I)
VIEW (380, 34)-(600, 228) 'DEFINE VIEWPORT OF TEMP
WINDOW (XMIN, TMIN)-(XMAX, TMAX) 'SCALE DATA TO FIT ENTIRE VIEWPORT
IF1=0 THEN
PSET (ITER%(I), TEMP!(I)), 14  'PLOT FIRST POINT
ELSE
LINE (ITER%(I - 1), TEMPI(I - 1)-ITER%(I), TEMPI(I)), 14 'DRAW LINE CONNECTING REST OF
' 'POINTS
END IF
NEXT |
LOOP
AR END GASE" 2"

CASE IS ="3" 'WRITE CONSTANT VALUE ( k1-k14 ) TO FILE

CLS : COLOR 12

LOCATE 2, 1: INPUT "ENTER NAME OF FILE FOR COLLECT CONSTANT (k1-k14) [ DRIVE:NAME ] *:
FILE1$

OPEN FILE1$ FOR OUTPUT AS #2

LOCATE 3, 5: INPUT * CONSTANT VALUE (k1,k2) =*, K1, K2
LOCATE 4, 5: INPUT " CONSTANT VALUE (k3,k4) =", K3, K4
LOCATE 5, 5: INPUT * CONSTANT VALUE (k5,k6) =", K5, K6
LOCATE 6, 5: INPUT " CONSTANT VALUE (k7.k8) =", K7, kK8
LOCATE 7, 5: INPUT * CONSTANT VALUE (k9,k10) =*, K9, K10
LOCATE 8, 5: INPUT * CONSTANT VALUE (k11,k12) =", K11, K12
LOCATE 8, 5: INPUT " CONSTANT VALUE (k13 k14) =", K13, K14
LOCATE 10, 5: INPUT * CONSTANT VALUE (KL,KS) =", KL, KS
LOCATE 11, 5: INPUT * CONSTANT VALUE (KBA,KAA) =", KBA, KAA
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WRITE #2, K1, K2, K3, K4, K5, K6, K7, K8, K9, K10, K11, K12, K13, K14, KL, KS, KBA, KAA
CLOSE #2

GOTO MENU1

'a1222 END CASE* 3°

END SELECT

' #### SUBROUTINE IN MAIN PROGRAM ####

GCANAL: '******RECEIVE DATA FROM GAS CHROMATOGRAPH *###

L

VIEW: CLS 0: COLOR 10
COM(1) OFF: KEY(1) OFF: KEY(2) OFF: KEY(3) OFF: KEY OFF
GCTIMES = GCTIMES + DELTAGC%
'define true and false
FALSE = 0: TRUE = NOT FALSE
'define the XON , XOFF characters
XOFF$ = CHR$(19): XON$ = CHR$(17)
I =1
PAUSE = FALSE
DO UNTIL EOF{1)
'if buffer more then 1/2 full, then
' set pause flag to say input suspended,
" send xoff to host to stop transmission
DO
IF LOC(1) > 150 THEN
PAUSE = TRUE: PRINT #1, XOFF$;
END IF
IF | <=9 THEN
INPUT #1, TEXT1$



END IF
IF1>9 AND | <= 14 THEN
INPUT #1, VNAMES(I)
END IF
IF 1> 14 THEN
INPUT #1, TEXT2$
END IF
I =T+1
LOOP WHILE LOC(1) >0
'if transmission suspended by xoff, resume by sending xon
IF PAUSE THEN PAUSE = FALSE: PRINT #1, XON$:
LOOP
FORJ =10TO 14
RVNAMES = RIGHT$(VNAMES(J), 25)
LRVNAMES = LEFT$(RVNAMES, 6)
NAMO!(J) = VAL(LRVNAMES)
NEXT J
‘Specific initial constant
Cgluin! = PreCglu! / 180.2 ‘change unit from g/l to molefl
Yeatp! = 10.5 'dimensionless
MWb! =103.9  'unit g/mol
"*** TRANFER VALUE OF PRODUCT FROM GC.
PreCbl = GCCb!(GCTIMES)
PreCet! = NAMO!(10): PreCaco! = NAMO!(11): PreCacal = NAMO!(12)
PreCbi! = NAMO!(13): PreCacil = 0: PreCbt! = NAMO!(14)
"*** CHANGE UNIT FROM G/L TO MOLE/L
Cb! = PreCb! / MWbl!: Cet! = PreCet! / 46.07: Cacol = PreCaco! / 58.08
Cacal = PreCacal / 60.05: Cbl! = PreCbll / 74.12: Cacil = 0: Cbt! = PreCbt! /88.11



"#* Call GAUSS ELIMINATION Subprogram ***
CALL GAUSSI(Cb!), (Cetl), (Cacol), (Cacal), (Cbil), (Cacil), (Cbtl), XI0)
coal = XI(1): cob! = X!(2): coc! = XI(3): cod! = X!(4): coel = X!{5)
cofl = XI(6): cog! = XI(7): coh! = X!(8): cojl = XI(9): aok! = XI(10)
coll = XI(11)
'** Calculate fermentation variable
Cglul = (Cgluin! - (2 * coll + coal)) * 180.2
ATPtot! =2 * coal + coel
ATPex! = (2 * coal) + coel - (103.9 * coll / Yeatp)
Yatp! = PreCb! / ATPtot!
Vsl = PreCbl / ({2 * coll + coal) * 180.2)
NfF! = cod!
Chy! = coc! * 2
Ceo2! = (2 * cokl + cobl + cohl) * 44
'Show result in table form
CLS
TABLES = STRING$(80, **)
COLOR 13: LOCATE 5, 1: PRINT TABLE$
COLOR 10: LOCATE 6, 12: PRINT "PRODUCT"
LOCATE 6, 50: PRINT "FERMENTATION VARIABLE"
COLOR 13: LOCATE 7, 1: PRINT TABLE$
FORZ=5TO 16
LOCATE Z, 38: PRINT **
NEXT Z
COLOR 10
"#** SHOW PRODUCT CONC. FROM GC.
LOCATE 8, 5: PRINT USING "BIOMASS #44 4448", PreCb!
LOCATE 9, 5: PRINT USING "ETHANOL ### ####": PreCet!



LOCATE 10, 5: PRINT USING "ACETONE ### ####"; PreCacol
LOCATE 11, 5: PRINT USING "ACETIC  ###.####": PreCacal
LOCATE 12, 5: PRINT USING "BUTANOL ### ####" PreCbl!
LOCATE 13, 5: PRINT USING "ACETOIN ###.####"; PreCacil
LOCATE 14, 5: PRINT USING "BUTYRIC ###.####": PreCbt!
FORZ=8T0 14

LOCATE Z, 30: PRINT *g/I
NEXT Z
'*22 SHOW FERMENTATION VARIABLE
LOCATE 8, 42: PRINT USING "Cglu  ####.2###"; Calul
LOCATE 9, 42: PRINT USING "Chy ~ #### ##4#", Chy!
LOCATE 10, 42: PRINT USING "C-co2  #### ####: Cco2!
LOCATE 11, 42: PRINT USING "ATP*tot #### ####"; ATPtot!
LOCATE 12, 42: PRINT USING "ATP*ex #### ####": ATPex!
LOCATE 13, 42: PRINT USING "NfF*  #### ##48° NFF)
LOCATE 14, 42: PRINT USING "Y-atp  ###%.####" Yatpl
LOCATE 15, 42: PRINT USING "Y-s  #### ##8#" Yl
FORZ=8T0 10

LOCATE Z, 65: PRINT *g/I
NEXT Z
FORZ =11T0 13

LOCATE Z, 65: PRINT *moleff
NEXT Z
LOCATE 14, 61: PRINT *g biomass/mol ATP*
LOCATE 15, 61: PRINT *g biomass/g glucose"
COLOR 13: LOCATE 16, 1: PRINT TABLES
COLOR 12: LOCATE 22, 20: PRINT *PRESS ANY KEY TO CONTINUE®
P$ = INPUT$(1)



COM(1) ON: KEY(1) ON: KEY{2) ON: KEY(3) ON: CLS : COLOR 15: KEY ON
RETURN LABEL1

DIAGRAM:; '**2#2% SHOW PFD *##

KEY(1) OFF: KEY(2) OFF: KEY(3) OFF: KEY OFF: VIEW: WINDOW: CLS 0
CALL PFD

KEY(1) ON: KEY(2) ON: KEY(3) ON: CLS : COLOR 15: KEY ON
"**LOCATE 1, 29: PRINT * PRESS <ESC> KEY TO EXIT * 'COLOR13
RETURN LABEL1

SIMULATION: '***#2* GIMULATE *#=*

KEY(1) OFF: KEY(2) OFF: KEY(3) OFF: KEY OFF: VIEW: WINDOW: CLS 0
CALL SIMULATE

KEY(1) ON: KEY(2) ON: KEY(3) ON: CLS : COLOR 15: KEY ON
"**LOCATE 1, 29: PRINT * PRESS <ESC> KEY TO EXIT " 'COLOR13
RETURN LABEL1

CHANGETIME: "****** CHANGE TIME TO GET DATA FOR ONC CYCLE

KEY(1) OFF: KEY(2) OFF: KEY(3) OFF: KEY OFF: VIEW: WINDOW: CLS 0

LOCATE 10, 10: COLOR 10: PRINT "NOW TIME RANGE (MIN.) FOR 1 CYCLE = * TIMEMIN%
LOCATE 12, 10: INPUT "CHANGE TO :(1-15 MIN.) =*; TIMEMIN%

GETTIME% = TIMEMIN% * 60

KEY(1) ON: KEY(2) ON: KEY(3) ON: CLS : COLOR 15: KEY ON

RETURN LABEL2



ADCONVER: '*#**** INPUT ANALOG SIGNAL DATA MANY TIMES AND AVERAGE DATA

'==========> WRITE DIGITAL OUTPUT TO SELECT CHANNEL USING FUNC 21
FUN% = 21

DAT = CH%

DAT%(1) = DAT \ 256

DAT%(0) = DAT MOD 256

CALL PCL711(FUN%, SEG DAT%(0), SEG ARY1%(0), SEG ARY2%(0), ER%)

IF ER% <> 0 THEN PRINT "PERFORM FUNC 21 FAILED!*: STOP

‘#kaax2* PERFORM N A/D CONVERSIONS USING FUNC 4 *##sszz2zaze

'** USE DELAY LOOPS = 150 FOR GET DATA = 1 MIN

DAT%(0) = NARY
DAT%(2) = 150 ‘DELAY LOOPS BETWEEN. SAMPLES
FUN% =4 'FUNCTION 4

CALL PCL711(FUN%, SEG DAT%{0), SEG ARY1%(0), SEG ARY2%(0), ER%)
IF ER% <> 0 THEN PRINT "PERFORM N A/D CONVERSIONS FAILED!": STOP
' Raxaxax AVERAGE DATA
READIN! =0
FOR W =20 TO NTIMES
READIN! = READIN! + ARY1%(W)
NEXT W
FILREADIN! = READIN! / (W - 20}
VOLTSIN! = FILREADIN! * (10 / 4095) / GAIN%
RETURN

FINAL: '*#*2*222 EXIT PROGRAM ****
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COM(1) OFF: KEY(1) OFF: KEY(2) OFF: KEY(10) OFF: KEY OFF

CLOSE : VIEW: WINDOW

SCREEN 0, 0, 0: WIDTH 80

END

‘#### SUBPROGRAM GAUSS ELINIMATION ####

SUB GAUSS (CONS!, CONBI, CON7!, CONB!, CONS!, CON10!, CON111, XI() STATIC
DIM a(11, 12), B(11, 12}, NPIVROWI(11, 2), NPIVCOL(11, 2)
N =11 'Number of equation = 11
‘Specific Coefficient and Constant of equation
B(1, 1) = 2: B(1, 2) =-1: B(1, 3) = 0: B(1, 4 = 0: B(1, 5 =0
B(1. 6 = 0: B(1, 7) = 0: B(1, 8 = 0: Bi1, 9) = 0: B{1, 10) = -2
B(1, 11) = 0: B(1, 12) = 0
B2, 1) = 0: B2, 2) = 1: B2, 3 =0; B2, 4) = 0: B2, 5 = -1
B2, 6) = -1: B2, 7) =-1: B(2, 8 = -1: B2, 9 =-1: B2, 10) =0
B2, 11) = 0: BI2, 12 = 0
B(3, 1) = 2: B3, 2) = 0: B3, 3) = 0: B3, 4) = 1: B3, 5 =0
B3, 6 = 2: B3, 7) = -2: B3, 8 = 0: B, 9) = -2: B3, 10) =0
B3, 11) = -1.75: B(3, 12) = 0
B4, 1) = 0: B(4, 2) = 1: B4, 3) =-1: BI4, 4) =-1: B4, 5) = 0
Bld, 6 = 0: B(4, 7) = 0: B4, 8) = 0: B(4, 9 = O: B4, 10) = 0
B(4, 11) = 0: B(4, 12) = 0
B(5. 1) = 0: B(5, 2) = 0: B(S, 3) = 0: B(5, 4) = 0: B5, 5 =0
B(S, 6) = 0: B(5, 7) = 0: B(5, 8) = 0: B(5, 9) = 0: B(5, 10) = 0
B(5, 11) = 3: B(5, 12) = CONS!
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'

B(6, 1) =0: B(6, 2) = 0: B(6, 3) =0: BB, 4) = 0: _B(6. 5=0
B(6, 6) =0: B(6, 7) =0: B(6, 8) =0: B(6, 9 =1: B{6, 10) =0
B(6, 11) = 0: B(6, 12) = CONS!

B(7.1=0:B(7,2 =0:B{7,3) =0: B(7, 4 =0: B(7,5 =0
B(7.60=0:B(7, 77 =0:B(7,8 =1:B(7,9 =0: B{7, 10) =0
B(7, 11) = 0: B{7, 12) = CON7!

B8 1) =0:B(8,2) =0:B(8, 3) =0: B(8, 4) =0: B8, 5 =1
B8 6) =-1:B(8, 71 =1:B(8, 8 =-1: B(8, 9) =0: B(8. 10) =0
B(8, 11) = 0: B(8, 12) = CONS8!

B(S, 1) =0:B(S, 2) =0: B(S, 3) = 0: B(9, 4) =0: B(Y, 5 =0

B(9, 6) =0: B9, 7 =1:B(9, 8 =0: B(9, 9 =0: B(9, 10) = 0

B(S, 11) = 0: B(9, 12) = CONgI

B(10, 1) = 0: B(10, 2) = 0: B(10, 3) = 0: B(10, 4) = 0: B(10, 5} = 0
B(10, 6) = 0: B(10, 7 = 0: B(10, 8) = 0: B(10, 9) = 0: B(10, 10} = 1
B(10, 11) = 0: B(10, 12) = CON10!

B(11, 1) = 0: B(11, 2) = 0: B(11, 3) = 0: B(11, 4 = 0: B(11, 5) =0
B(11, 6) = 1: B(11, 7 =-1: B(11, 8 =0: B(11, 9) = 0: B(11, 10) = 0
B(11, 11) = 0: B(11, 12) = CON11!

NC=N+1
EPS = .00001 '** GIVE THE MINIMUM ALLOWABLE VALUE OF THE PIVOT ELEMENT
DET =1

a3



FORK=1TON
FORJ =1TONC
alk, J) = B(K. J)
NEXT J: NEXT K .

'Beginning of the Gauss elimination procedure
FORK=1TON

'‘Apply complete pivoting strategy

MAXPIVOT = ABS(a(K, K))

NPIVROWI(K, 1) = K: NPIVROWIK, 2} = K

NPIVCOL(K, 1) = K: NPIVCOL(K, 2) =K

FORI=KTON

FORJ=KTON

IF MAXPIVOT >= ABSia(l, J)) GOTO 2000

MAXPIVOT = ABS(a(l, J))

NPIVROWI(K, 1) = K: NPIVROW(K, 2) = |

NPIVCOLIK, 1) = K: NPIVCOL(K, 2) =J
2000 NEXT J: NEXT |

IF MAXPIVOT >= EPS GOTO 2010

GOTO 2050

‘Where MAXPIVOT < EPS go back-substitution

2010 IF NPIVROWIK, 2} = K GOTO 2020
FOR J =KTO NC
SWAP a(NPIVROWI(K, 2), J), alK, J)

NEXT J

DET = DET * {-1)

2020 IF NPIVCOL(K, 2) = K GOTO 2030
FOR1=1TON
SWAP afl, NPIVCOLIK, 2)), all, K

NEXT |
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DET = DET * (-1)
2030 IF K = N THEN GOTO 2040
FORI=K+1TON
MULT = -all, K} / alK, K
FOR J = NC TO K STEP -1
all, J) = all, J) + MULT * a(K, J)
NEXT J
NEXT |
2040 NEXT K
‘Apply the back-substitution formulas
2050 RANK =K - 1: NMR = N - RANK
IF RANK = N THEN XIN) = a(N, N + 1)/ a(N, N): NCOUNT = N - 1: GOTO 2060
FOR JJ = 1 TONMR: XIN + 1 - JJ) = 1: NEXT JJ
NCOUNT = RANK
2060 FOR | = NCOUNT TO 1 STEP -1
SUM =0
FORJ=1+1TON
SUM = SUM + a(l, J) * X{J)
NEXT J
X() = (all, N + 1) - SUM) / all, )
NEXT |
'Interchange the order of the unknowns to correct for the column pivoting
FOR K =N TO 1 STEP -1
SWAP X(NPIVCOL(K, 2)), XINPIVCOL(K, 1))
NEXT K
END SuB
‘#### SUBPROGRAM SHOW PROCESS FLOW DIAGRAM ####
SUB PFD STATIC



%

CLS : DIM RUBBER1%(1060), RUBBER2%(1080), RUBBER3%:(70), RUBBER496(1060)
WINDOW SCREEN (0, 0)-{639, 200)
'RRRRRRRRE o |narn ant Brasssane
LINE (130, 122)-(251, 182), 10, B
COLOR 10: PSET (40, 145): DRAW *D5 G8 D35 R30 U35 H8 U5 L13 D5 R13"
COLCR 15
LINE (46, 170)-(46, 148), 11
CIRCLE (100, 92), 15, 10: CIRCLE (305, 100), 15, 10
CIRCLE (136, 109), 14, 14
BASE1$ = "C10 G8 R40 H8"
PSET (89, 97): CRAW BASE1$: PSET (294, 105): DRAW BASE1$
CIRCLE (305, 501, 15, 10: CIRCLE (405, 84), 14, 14
CIRCLE (410, 152), 15, 10
PSET (294, 54): DRAW BASE1$: PSET (399, 156): DRAW BASE1$
LINE (300, 142)-(360, 162), 10, B: LINE (450, 152)-(465, 172), 10, B
Pl = 3.14159: CIRCLE (515, 157), 10, 14, -2 * PI. -P|
DRAW "C14 D15 F10 U20 G20 U20 F10*
LINE (564, 112)-(604, 132), 10, B
LINE (4686, 55)-(600, 65), 14, B: LINE (533, 55)-(535, 65), 14, B
LINE (466, 20)-(600, 35), 14, B
PSET (350, 110): DRAW *C10 R10 D9 F20 L50 E20 Ug"
‘#xaasax22 Link Tube & Cable to Instrument ****2x2
COLOR 11: LINE (46, 145)-(46, 92): LINE (46, 92)-{100, 92)
LINE (110, 87)-(155, 87): LINE (155, 87)-{155, 122)
AD$ = "TA15 NU10 TA345 NU10": DRAW AD$
LINE (50, 67)-(161, 67): LINE (161, 67)-(161, 145): DRAW AD$
LINE (385, 122)-{355, 100): LINE (355, 100)-(305, 100)
LINE (295, 95)-(238, 95): LINE (238, 95)-(238, 130): DRAW AD$



97

LINE (232, 145)-(232, 50): LINE (232, 50)-(305, 50)
LINE (315, 45)-(395, 45): AR$ = "TA75 NU10 TA105 NU10": DRAW ARS
LINE (242, 152){300, 152): LINE (360, 152)-{413, 152)
DRAW ARS: LINE (420, 147457, 147): LINE (457, 1474457, 152)
LINE (457, 172)-(457, 175): LINE (457, 175251, 175)
DRAW "TA255 NU10 TA285 NU10": LINE (465, 1664610, 166)
DRAW AR$: COLOR 15 '
FOR | = 135 TO 235 STEP 20
CIRCLE I, 138), 5, 11, 0, Pl: NEXT |
"FOR J = 145 TO 245 STEP 20
CIRCLE (J, 135), 5, 11, PI, 2 * PI: NEXT J
CIRCLE (548, 52), 40, 13, 2 * PI, 8 * P|
CIRCLE (518, 52), 40, 13, 2 * PI, .8 * P|
COLOR 13: AU$ = “TA165 NU10 TA195 NU10 * LINE (582, 166)-(582, 132)
DRAW AUS: LINE (580, 112)-(580, 65): DRAW AUS: LINE (580, 65)-(580, 42)
LINE (330, 142)330, 132): LINE (330, 132)-{550, 132)
LINE (550, 132)-(550, 65): DRAW AUS: LINE (550, 65)-550, 42)
LINE (242, 139)-{405, 139): LINE (405, 139)405, 90): DRAW AUS$
LINE (391, 84)-{305, 84): LINE (305, 84)-(305, 94): DRAW AD$
LINE (420, 84)-{567, 84): LINE (567, 84)-(567, 65): DRAW AUS
LINE (567, 85)-(567, 35)
LINE (516, 42)-{516, 55): DRAW ADS$: LINE (516, 55)(516, 152): DRAW ADS$
LINE (486, 42)-{486, 55): DRAW ADS: LINE (486, 55)-(486, 70)
LINE (486, 70)-{305, 70): LINE (305, 70)-305, 59): DRAW AUS
LINE (134, 130)(144, 138), 14, B: LINE (137, 1301139, 115), 14, B
LINE (122, 109)100, 109): LINE (100, 109)-{100, 102)
DRAW "TA165 NUS TA195 NUS": COLOR 15

222NN Put Labe' NN LRLy



COLOR 9: LOCATE 8, 4: PRINT "NITROGEN GAS": LOCATE 20, 72
PRINT "Filtrate®: LOCATE 21, 79: PRINT *F1*: LOCATE 22, 72
PRINT *C-Butanol®: LOCATE 5, 42: PRINT "F2 (Cell Remove)*
COLOR 12: LOCATE 19, 39: PRINT "TERBIDI*: LOCATE 20, 40: PRINT "METER"
LOCATE 16, 72: PRINT "G.C.": LOCATE 4, 64: PRINT "COMPUTER"
LOCATE 18, 53: PRINT "MICRO FILTER"
LOCATE 14, 17: PRINT "LC": LOCATE 11, 51: PRINT "PH"
LOCATE 8, 56: PRINT "D/A": LOCATE 8, 77: PRINT "A/D": COLOR 15
LINE (182, 100)4202, 110), 10, B: LINE (192, 105)-(192, 150}, 10
LOCATE 4, 1: PRINT "Press SPACEBAR key to STOP*
'RRRRReees o Dl 1 2esreses
COLOR 10: LINE (192, 150)-(192, 163): LINE (152, 158)-(172, 168), , B
LINE (212, 158)-(232, 168), , B: LINE (172, 163)-{212, 163)
GET (162, 150)-(232, 177), RUBBER1%
VIEW (152, 262)-(232, 297): CLS : VIEW
'#2ste2a2e o Dlade 9 tErerzas
LINE (192, 150-(192, 163): LINE (162, 168){180, 162)
LINE (180, 162)-{180, 172): LINE (180, 172){162, 177
LINE (162, 177)-(162, 168): LINE (204, 156)-(222, 150)
LINE (222, 150)222, 160): LINE (222, 160)-(204, 165)
LINE (204, 165)-(204, 156): LINE (180, 167)-(204, 160)
GET (152, 150)-(232, 177), RUBBER2%
VIEW (152, 262)-(232, 309): CLS : VIEW
‘HRRRRRRRE o Dlade 3 Restrans
LINE (192, 163)-(192, 177)
GET (192, 163){192, 177), RUBBER3%
VIEW (191, 287)4193, 309): CLS : VIEW

222N Draw B,ade 4 2Rt



LINE (192, 150){192, 163): LINE (222, 168)-(204, 162)
LINE (204, 162)-(204, 172): LINE (208, 172)(222, 177)
LINE (222, 177)-(222, 168): LINE {180, 156)-{162, 150)
LINE (162, 150){162, 160): LINE (162, 160}-(180, 165)
LINE (180, 165)-(180, 156): LINE (180, 160)-{204, 167)
GET (152, 150)-(232, 177), RUBBER4%
VIEW (152, 262)-(232, 309): CLS : VIEW: COLOR 15
'HRERRRL22 Put Blade for Animation **%#22#
DO
PUT (152, 150}, RUBBER1%, PSET
FOR SLOW = 1 TO 100: NEXT SLOW
PUT {152, 150), RUBBER2%, PSET
FOR SLOW = 1 TO 100: NEXT SLOW
PUT {192, 163), RUBBER3%, PSET
FOR SLOW = 1 TO 100: NEXT SLOW
PUT (152, 150), RUBBER4%, PSET
FOR SLOW = 1 TO 100: NEXT SLOW
K$ = INKEY$
LOOP UNTILK$ =*"*
WINDOW
END SUB
‘#### SUBPROGRAM SIMULATION ####
SUB SIMULATE STATIC
DIM V11001, 11), VMI(5, 7), RKI(S, 11), VTIMEI{1001)
SHARED PreCbl!, PreCet!, PreCacol, PreCacal, PreCbi!, PreCbt!, PreCglul
SHARED Cglul, Chy!, Ceco2!, GCTIMES, PGCCbl()
' easszzaes INDUT DATA *22+
CLS : COLOR 15



1% =0

'*** TRANSFER DATA FROM ONLINE PART

IF GCTIMES < 1 THEN
VI{O, 1) = PreCbl ' BIOMASS CONC. (X)
VIO, 2) =1 ' DIMENSIONLESS RNA (V)
VHO, 3) = PreCglul ' SUBSTRATE CONC. (S)
VIO, 4) = PreCbt ' BUTYRIC ACID CONC. (BA)
VI{Q, 5) = PreCbl! ' BUTANOL CONC. (B}
VIO, 6) = PreCaca! ' ACETIC ACID CONC. (AA)
VIO, 7) = PreCaco! ' ACETONE CONC. {A)
VIO, 8) = PreCet! ' ETHANOL CONC. (E)
VI(0,9) =0 " CARBON DIOXIDE CONC. (C0O2)
VKO, 10) = 0 " HYDROGEN CONC. (H2)

ELSE
VIO, 1) = PreCb! ' BIOMASS CONC. (X)
VIO, 2) =1 " DIMENSIONLESS RNA (Y]

VIO, 3) = Cglul ' SUBSTRATE CONC. (S)
VIO, 4) = PreCbt ' BUTYRIC ACID CONC. (BA)
VIO, 5) = PreCbil ' BUTANOL CONC. (B)
V{0, 6) = PreCacal ' ACETIC ACID CONC. (AA)
VIO, 7) = PreCaco! ' ACETONE CONC. (A)
VIO, 8) = PreCet! ' ETHANOL CONC. (E)
VIO, 9) = Ceo2! ' CARBON DIOXIDE CONC. (CO2)
VIO, 10) = Chy! ' HYDROGEN CONC. (H2)
END IF
FORW=1TO6
VMI{0, W) = VI(0, W)
NEXT W
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'exe2e2 PRINT HEADER & CONC.OF MATERIAL AT TIME = O Hr #2222+

CLS

LOCATE 1, 1: PRINT *Time (HR %" X %* Y %

" S BT R

LOCATE 2, 26: PRINT "(g/"

LOCATE 3, 1: PRINT USING "  ### *; VTIME(I%);

PRINT USING * ##.8%8 *; VI(I1%, 1);

PRINT USING * ##.8#% ", VI(1%, 2);

PRINT USING * ##.### ", VI{1%, 3);

PRINT USING " ##.### ", VI(I%, 4);

PRINT USING * ##.### ", VI(1%, 5);

LOCATE 12, 1: PRINT " Time (Hn ", " AA " " A %

PRINE " B R TCERYT MET

LOCATE 13, 26: PRINT "(g/)"

LOCATE 14, 1: PRINT USING *  ### "; VTIME(I%);

PRINT USING * ##.### ", VI{I1%, 6);

PRINT USING * ##.#8# *, VU(I1%, 7);

PRINT USING " ##.4#% ", VI{1%, 8);

PRINT USING " ##.#8% *, VI(1%, 9);

PRINT USING " ##.### ", VI{I1%, 10);

ARRANSTS BEGIN CALCULATION treen

DELTATIME! = .1: J% = 100: K% = 100

VTIMENO) =0

LTOP = 4: LBOT = 15

DO

WHILE 1% < J%

VTIMEHI% + 1} = VTIMEYI%) + DELTATIME!
1222222 (Joa RUNG-KATTA **22*
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FORZ=1TO 4

RKHZ, 1) = FNBIOMASSI(VMI(Z - 1, 1), VI(1%, 2), VI{1%, 5))
RKIZ, 2) = FNCELLLYSISHVMI(Z - 1, 2), VI{I%, 3), VI(i%, 5))
RKI(Z, 3) = FNSUBSTRATENVMI(Z - 1, 3), VI{1%, 1)
RKIZ, 4) = FNBUTYRATEIVMI(Z - 1, 4), VI(I%, 3), VI{1%, 5), VI(1%, 1))
RKIZ 5) = FNBUTANOLHVMI(Z - 1, 5), VI(I%, 3), VH{I%, 1), VI{I%, 4))
RKI(Z, 6) = FNACETATEIVMI(Z - 1, ), VI{I%, 3), VI(I%, 5), VI{1%, 1))
'RKIZ, 7) = FNACETONE!(V!(1%, 8), VI(1%, 3), VI(I%, 5), VI(I%, 1))
'RKIZ, 8 = FNETHANOLI(VI{1%, 3), VI{I%, 1))
'RKI(Z, 9) = FNCARBONI(VH{1%, 3), VI{1%, 1))
'RKIZ, 10) = FNHYDROGEN!(V!(I%, 3}, V!(i%, 1))
FORW =1T0®6
IF Z <= 2 THEN
VMIZ, W) = VI(1%, W) + (DELTATIME! / 2 * RKIZ, W)
ELSE
VMIZ, W) = VI{I%, W) + (DELTATIME! * RKIZ, W))
END IF
NEXT W

NEXT Z
FORW=1TO®6
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VHI% + 1, W) = VI(I%, W) +(1/6 * (RKI{1, W) + (2 * RKI(2, W) + (2 * RKH3, W) + RK!(4, W) *

DELTATIME!)

'IF W <=6 THEN
VMIO, W) =VI(I% + 1, W)
‘END IF

NEXT W
IF GCTIMES < 1 THEN

PGCCbHI% + 1) =VI(I% + 1, 1)



103

END IF
'seases oo CULER *#2%*
XMID! = (VI(I%, 1) +VI{1% + 1, 1)) / 2
SMID! = (VH1%, 3) + V(1% + 1, 3)} / 2
BMID! = (VI{I%, 5) + VH{I% + 1, 5)) / 2
AAMID! = (VI{1%, 6) + VI(I% + 1, 6)) / 2
RKI(1, 7) = FNACETONE!(AAMID!, SMID!, BMID!, XMID!)
RKI(1, 8) = FNETHANOL!{SMID!, XMID!)
RK!(1, 9) = FNCARBONI!{SMID!, XMID!)
" RKI(1, 10) = FNHYDROGENKSMID!, XMID!)
FORW =7T0 10
VI{I% + 1, W) = VI{I%, W) + (RKI(1, W) * DELTATIME!)
NEXT W
'sx2xzas INNER LOOP **2**
1% = 1% + 1
WEND
'sxexsas SUOW RESULT *#**
LOCATE LTOP, 1: PRINT USING * ### " VTIME(I%);
PRINT USING * ##.### ", VI(1%, 1);
PRINT USING * ##.### ", VI(1%, 2);
PRINT USING * ##.### ", VI(1%, 3);
PRINT USING * ##.8#% ", VI(1%, 4);
PRINT USING * ##.### ", VI(1%, 5)
LOCATE LBOT, 1: PRINT USING *  ### " VTIME(1%):;
PRINT USING * ##.### *; VI(1%, 86);
PRINT USING * ##.### *; VI(I%, 7);
PRINT USING " ##.88# *; VI(1%, 8);
PRINT USING " ##.#8# *; VI(1%, 9);



PRINT USING * #5.4## * VI(I%, 10)
J% =J% + K%
LTOP = LTOP + 1: LBOT = LBOT + 1
LOOP UNTIL VTIMEKI%) >= 60
COLOR 12: LOCATE 23, 20: PRINT *PRESS ANY KEY TO CONTINUE"
P$ = INPUT$(1): CLS '
XTMIN = VTIME!(O): XTMAX = VTIME!(1%): YXMIN = 0: YXMAX = VI{280, 1) + 5
YSMIN = 0: YSMAX = VI{0, 3)
NRANGE% = XTMAX / 10
'sa888022 DLOT GRAPH OF PRODUCT *#sssss5¢
VIEW (85, 20)-{385, 135): CLS
WINDOW (XTMIN, YXMINIXTMAX, YXMAX)
LINE (XTMIN, YXMIN)-0XTMAX, YXMAX), 10, B
'#22 DRAW SCALE FOR X-AXIS
DELTA2 = (XTMAX - XTMIN) / NRANGE%
FOR E = 1 TO (NRANGE% - 1)
X2 = E * DELTA2 + XTMIN
LINE (X2, YXMIN--0X2, YXMAX), 11, , &HCCCC
NEXT E
LOCATE 12, 11: PRINT USING *#": XTMIN
LOCATE 12, 26: PRINT "TIME (Hr"
LOCATE 12, 48: PRINT USING *##": XTMAX
'#2% DRAW SCALE FOR Y-AXIS
DELTA2 = (YXMAX - YXMIN} / 5
FORE=1TO 4
Y2 = E * DELTA2 + YXMIN
LINE (XTMIN, Y2)-XTMAX, Y2}, 11, , &HCCCC
NEXT E
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LOCATE 2, 7: PRINT USING "##.#": YXMAX
LOCATE 8, 2: PRINT "CONCIg/"
LOCATE 10, 7: PRINT USING "###"; YXMIN
‘#22 DRAW GRAPH ;
PSET (VTIMEI(0), V{0, 1), 6
FORE=1TO %
LINE -(VTIMEI(E), VI(E, 1)), 6
NEXT E
PSET (VTIMEL(0), VO, 4)), 9
FORE =1T0 1%
LINE {VTIMEK(E), VI(E, 4)), 9
NEXT E '
PSET (VTIME!(Q), VKO, 8)), 10
FORE=1TO 1%
LINE -{VTIME!(E), VI(E, 6)), 10
NEXT E
PSET (VTIMEI(0), VIO, 8)), 11
FORE=1TO 1%
LINE -(VTIMEI(E), VI(E, 8)), 11
NEXT E
PSET (VTIME!NO), V{0, 100, 12
FORE=1TO %
LINE -(VTIME!(E), VI(E, 10)), 12
NEXT E
VIEW (85, 175)(385, 290): CLS
WINDOW (XTMIN, YSMIN)-XTMAX, YSMAX)
LINE (XTMIN, YSMIN)-(XTMAX, YSMAX), 10, B
*##+ DRAW SCALE FOR X-AXIS
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DELTA2 = (XTMAX - XTMIN) / NRANGE%
FOR E = 1 TO (NRANGE% - 1)

X2 = E * DELTA2 + XTMIN

LINE (X2, YSMIN)-(X2, YSMAX), 11, , &HCCCC
NEXT E

'*** DRAW SCALE FOR Y-AXIS
DELTA2 = (YSMAX - YSMIN) / 5
FORE=1TO4

Y2 = E * DELTA2 + YSMIN

LINE (XTMIN, Y2)-(XTMAX, Y2), 11, , &HCCCC
NEXT E
LOCATE 13, 7: PRINT USING "##.#*: YSMAX
LOCATE 17, 2: PRINT "CONC(g/"
LOCATE 21, 7: PRINT USING *##.#": YSMIN
'*** DRAW GRAPH
PSET (VTIME!O), VIO, 3)), 13
FORE=1TO 1%

LINE -(VTIMENE), VHE, 3)), 13
NEXT E
PSET (VTIMEO), VYO, 5)), 14
FORE=1TOI%

LINE -(VTIMEXE), VI(E, 5)), 14
NEXT E |
PSET (VTIMEXO), V!(0, 7)), 15
FORE=1TO %

LINE -(VTIMENE), VIE, 7)), 15
NEXT E
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PSET (VTIMEI(0), VI(0, 9, 4
FORE =1T0 1%
LINE VTIMEXE), VI(E, 9), 4
NEXT E
VIEW (500, 401600, 270)
WINDOW (500, 40}-(600, 270)
LINE (500, 401600, 270), 7, B
LINE (520, 245640, 245), &
LINE (560, 245)-{580, 245), 9
LINE (520, 200){540, 200), 10
LOCATE 6, 66: COLOR 15: PRINT * X *; * BA *
LOCATE 9, 66: PRINT"AA %, * E*
LOCATE 12, 66: PRINT*H2 %, * S *
LINE (560, 2001580, 200), 11
LINE (520, 1601540, 160), 12
LINE (560, 160)-(580, 160), 13
LOCATE 15, 66: PRINT*B %" A"
LOCATE 18, 66: PRINT *CO2 *
LINE (520, 1201540, 120), 14
LINE (560, 1204580, 120), 15
LINE (520, 80}-(540, 80), 4
COLOR 12: LOCATE 23, 30: PRINT *PRESS ANY KEY TO CONTINUE®
P$ = INPUT$(1)
VIEW: WINDOW: CLS
END'SUB



MANUIN o

ANANEUTIRIRLNTIB WA Fin T

auanrusIsamiaulaiuususdandiualines PCL-711S (5)

¥ Ahalog Input (A/D Converter)
Channels :
Resolution :
Input Range :
Overvoltage
Conversion type :
Converter :
Conversion speed :
Accuracy :
Linearity :
Trigger mode :

Data transfer :

* Analog Output (D/A Converter)

Channels :
Resolution :
Output Range :
Reference voltage :
Conversion type :
Analog devices :
Linearity :

Output drive :

Settling time :

8 single-ended.

12 bits.

Bipolar : +/- 5V.
Continuous +/- 30V Max.
Successive Approximation.
AD574 or equivalent.

25 microsecond max.

- 0.015 % of reading +/- 1bit.

+/- 1 bit.
Software trigger.

Program control.

1 channel.

12 Bits.

0 to +5V or 0 to +10V.

Internal -5V and -10V (+/- 0.005V).
12 bit monolithic multiplying.
AD7541AKN or equivalent.

+/- 1/2 bit.

+/- BmA max.

30 microseconds.



* Digital Input
Channel :

Level :

Input voltage :

Input load :

* Digital Output
Channel :

Level :

Output voltage :

* General Specifications

Power consumption :

I/O connector -

I/Obaseaddress

Operating Temp

Storage Temp :

Weight :

109

16 bits.

TTL compatible.

Low - 0.8V max. High - 2.0V min.
Low - 0.4mA max. at 0.5V.

High - 0.05mA max. at 2.7V.

16 bits.

TTL compatible.

Low - Sink 8mA at 0.5V max.
High - Source -0.4mA at 2.4V min.

+5V : typ. 100mA, max. 500mA.

+12V : typ. 40mA, max. 100mA.

-12V ; typ. 20mA, max. 50mA.

20-pin post headers for Analog/Digital I/O ports. Adapter available to
convert to 37 pin D-type connecter.

Requires 16 consecutive address locations Base address definable by the

DIP switch fof address line A9 - A4. (Factory setting is hex 220).

0 to +50 deg.C.

-20 to +65 deg.C.
4.49 oz (127 gms).

AMANMIICTEYLBSA Amplifier/Multiplexer PCLD-789 (6)

Input Channel :

Input Range :

Input Conditions:

16 differential channels.

+/- 10V Maximum, varies on the gain selection.



1000 125 dB
100 125 dB
10 110 dB

1 90 dB

0.015

0.015 mS
0.013 mS
0.012 mS

Overvoltage Protection : +/- 30V continuous.

Common Mode Voltage : +/- 10V max.

Output Range :

Output Current :

+/- 10V max.
20 mA max.

Cold Junction Compensation +24.4mV[Deg. C. (0.0 V at 0.0 Deg. C. )

Power Consumption
Connector type :
Dimensions :

Weight :

PCL-711S BLOCK DIAGRAM

+5V {(10mA max).

+12V (80mA max).

20 pin flat cable connectors.

20.5cm (L) x 11.43 cm (W) or 8.07 * (L) x 45" (W).
0.527 Lbs (239 gms).
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AMANUIN 3

nan X S B A E AA BA
(1)) (nFu/ans)
0 0.143 46 0.3952 | 0.3025 | 0.0426 | 0.1751 0
10 0143 | 455 | 0464 | 0.1312 | 0.0082 | 0.4038 | 0.4379
16.5 0.259 39 1.7147 | 0.6412 | 00548 | 1.0061 | 0.4777
22 3.231 32 32689 | 1.3074 | 0.1567 | 0.9233 | 0.2329
28 3.76 26 45458 | 1.8749 | 0.0798 | 0.4516 0.1
34 2803 | 195 6484 | 2.7127 | 0.1884 | 0.7562 | 0.1763
405 3763 | 145 | 79676 | 3.1107 | 0.2644 | 0.6985 | 0.1132
46 3.577 11 8.9897 3.5507 0.2859 0.7639 0.1814
54.5 3.054 86 | 106163 | 4.4517 | 02164 | 0.3498 | 0.1003
59 4 7 10.4221 | 4.3235 | 0.3107 | 0.6313 | 0.1817
65 3.615 6 10.852 | 45265 | 03623 | 0.79 | 02839
70 4.231 59 | 109137 | 4.4259 | 02205 | 0.2563 | 0.1404
76 3515 5.1 1158 | 4.4929 | 03387 | 06093 | 0.1127
82 4.054 49 | 109014 | 43751 | 0227 | 0.2414 | 0.1551
a8 3.677 47 | 10.7843 | 4.0107 | 0.2197 | 0.2652 | 0.2138

A 1 Faysmudndusesndaiuemidaanniswinaalag 7 pH 55 (7)




a1 X S B A E AA BA

(1) (nFN/an3)
0 0.143 46 0395 | 0303 | 0043 | 0175 0
10 0.977 38.664 1.624 0.408 0.148 1.273 0.962
20 1.962 17.882 5.602 2.497 0.524 1.652 0.851
30 2.07 23 9.359 5.254 0.938 1.121 0.092
40 1.937 0.004 9.548 5.777 1.016 1.016 0.001
50 1.795 0 9.549 5.778 1.017 1.016 0
60 1.663 0 9.549 5.778 1.017 1.016 0
70 1.54 0 9.549 5778 1.017 1.016 0

a1979h 2 daysearudindurandadueimidaannisinnalaeldAasfioes Votruba uavAne

nal X S B A E AA BA

(10.) (NFN/ARS)
0 0.143 46 0395 | 0303 | 0043 | 0175 0
10 0466 | 42142 | 1242 | 0346 | 0057 | 0732 | 0436
20 0817 | 33383 | 4168 | 1013 | 0094 | 0979 | 0087
30 0885 | 23806 | 5799 | 2093 | 0141 | 0824 | 0035
40 0799 | 16176 | 858 | 3156 | 0.186 | 0601 | 0018
50 066 | 10807 | 9614 | 4021 | 0223 0.44 0.01m
60 0.52 7223 | 1017 | 466 | 0251 | 0347 | 0007
70 0.4 489 | 10461 | 5109 | 027 0.298 | 0.005

a‘ ¥ [ - > rdJ o 3 ;
a91e7 3 dayaAudndurendadnsinidarnnisvinue e ldrmaivn 1§
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AnpaTl AN
k1 0.009
k2 0.0008
k3 0.0255
k4 0.6764
k5 0.0136
k6 0.117
k7 0.0113
k8 0.715
k9 0.135
k10 0.1558
k11 0.0258
k12 0.613¢
k13 0.0185

k14 0.00013

A13NT 4 AR (k1-k14) N1EAINA2ANMI299 Votruba WASATLY (4)
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nat | Ingleal | (nglasl | H2) [CO2] | ATP*wot | ATP*ex | NfF* Y-atp Y-s
niudanas/| nfudauna/

tou)  [(Tna/@ams) (nfu/ams) (uas@ng) Tua ATP | nfunglaa

10 | 02353 |[42.40106 0.06 1.59 0.048 0.033 0.004 9.742 0.129

22 0.1714 [30.88628| 0.242 7.92 0.798 0.172 0.036 413 0.054

28 0.1502 [27.06604| 0.282 10.16 0.24 0.212 0.057 3.692 0.047
40.5 0.0791 1425382 0472 17.42 0.409 0.383 0.108 1.956 0.025

50 0.0534 | 9.62268 0.488 19.89 0.463 0.442 0.118 1.464 0.019

59 0.0262 | 472124 0.64 23.14 0.539 0.522 0.131 0.966 0.013

70 0.0231 | 4.16262 0.628 23.54 0.541 0.529 0.145 0.739 0.009

ANTNA 5 Faulsiielulsa ldannisAuan



198 avduduresnglag
ATisneenlng IANIPATUINY
(1) [Asnuduazaniz|Taeldrdanaiisunnlélag 1 grannaisee ulaedsnus
(NFN/ans)
10 455 424 42.78
16.5 39 36.96
22 32 30.89 28.09
28 26 27.07 23.75
34 195 16.7
405 145 14.25 10.83
46 1 11.41
50 9.62
54.5 8.6 1.75
59 7 4.72 0.7
65 6 0
70 59 4.16 0

1 ' ¥ » S dvu £ 24 2 ar " o IJ ar '
A9 6 Avmrndnduraenglaaiiidannnisidannisdviunsmansessausisa i1y
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