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. seTf tunlng controTTer (STC) on a p1Tot scale d1st1TTatton

Ce 0 < asswEcT . o

. \\
L ] \

Th1s Wbrk concerns the eXper1mentaT evaluat1on of thegg_g

i

coTumn The evaluatlon of the STC is done by compar1ng the R

performance of the STC w1th that’ of well tune proport1onal-'
Tntegral derlvatwvef(PID) controlleri? S " .b o
' The ST and PID controTTers are used to control the“-ﬁu.

term]nal compos1t1ons of the coTumn when 1t 1s subJected totﬁ

-fef?~step changes 1n the feed flow rate The controllers are ‘J“‘

tested 1n the foTTow1ng conftgurat1ons top cOmpos1t,on ;}xi;,“

laj.controT bottom comp031t10n controT,‘and SImuTtaneous

o compos1t1ons control For the seTf tun1ng controTIer /dual-f‘::

PN
X

ends controT is. performed us1ng both the multtloop and
muTt1var1able arrangements The performance of the

controllers 1s quant1f1ed by cons1der1ng the sum of the ,??3

\ LR

' absolute error vaTues over a spec1f1ed t1me per1od after thegdﬁb

feed fTow rate 1s changed

The exper1mental resuTts show that for aTT the

d1fferent conf1gurat1ons tested thé“SeTf tun1ng controTTer:fhfr
1s equaT to or better than the PID compensabg The STC is [fve~

found to be very robust ln that 1t can handTe determ1nlst1c R

d1sturbances (feed fTow changes) as good as a weTT tuned PID~

’ _compensator even though feedforward control act1on xs not

added W1th the add1t1on of feedfoward compensat1on,.theg,

L STC performance is super1or to that of the PID contro]]er

p v
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1. INTRODUCTION

1 1 INTRODUCTION
' Interest in, 1mprov1ng termlnal comp051t1on control
'istrateg1es for d1st1llatlon columns has 1ncreased 1n v1ew ofd
}the dramat1e uncreases 1n energy cost W1th better control -
’less over purlflcat1on is needed to guarantee product '
,specmf1cat1on , The result 1s reduced expend1ture in both
”'heat1ng and cobl1ng med1as hence lower1ng energy V';fxv
'Arequ1rements .;.‘x | I ,* S .
Over the years,- cons1derable effort has been made to
f1nd better control methods that would 1mporve the control\
,performance over that of the conventwonal feedback ‘ :
:“proport1onal-1ntegral- dertvat1ve (PID) controller [1]
ttSome of the approaches have been 1mplementeJ on the p1lot
-fplant d1st1llat1on column at the Un1vers1ty of Alberta W1th |
"vary1ng degree of success [2 9]. The d1ff1cult1es j7 ’ ‘
'experlenced w1th many of the strategles that have been
3ihtested stem from the fact that the techn1ques were des1gnedf '
h‘to handle l1near systems l Unfortunately, the d1st1llat1on -
lu.column 1s clearly a nonl1near sttem [9] ' When a controllertt
':1s tuned to perform well for one d1sturbance, the control
'behavwor for another d1sturbance or set po1nt change may

’:<not be sat1sfactory To compensate for nonl1near1ty,gthej7.f,'

B

*7tcontrollers have to. be retuned\\ An 1deal control]er would

'“ be an adapt1ve controller where the parameters of the

*'controller change to compensate for changes in process .
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N

B conditlon The self- tunlng regulator (STR) is such a

controller [10] S In the self tunn1ng regulator, a recur51ve

Ra . l_. N

1dent1f1cat1on scheme 1s used to 1dent1fy elther the _ ;l-
parameters of a. stochast1c model for the process or the" :

'_controller parameters dtrectly In elther case, the control ‘_;'
nparameters W1ll be changed to suit changes-ln operat1ng |
‘condltlon | - ‘d | | |

The self tun1ng regulator has been developed’from work |

done by Astrom and thtenmark [lO ll] Peterka [12] and

kS Clarke et al (13- 18] As or1g1nally proposed the‘

VTT_- controlle\\was for a 51ngle 1nput stngle output tSISO)

| system Bor1sson [19]‘\Kev1scky et al [20-21] and

llMorr1s et al [22 24 extended the work to handle a class of
'fmultlvar1able cases. '?_f;;_". f‘{ ,.‘.{ ",'_';. S 1;\\
llé'OBdéCTIVEm '?iif_ 7 7T,T,g;”t//TT.J;f;'7 f'; .Tf.t}fu} e

By The obJect of th1s study 1s to exper1menatally evaluate |

,the performance of the self tun1ng controller (STC)

- ,modlfled by Momrls et al. [24] on the p1lot plant =;';f,f,/fb_if

o Y
-vdlst1llatton column at the Un1vers1ty of Alberta The STC

""}j w1ll be: stud1ed 1n s1ngle loop, multlloop and multlvarlable jf"

‘*‘.rbe compared to those for well tuned proport1onal-1ntegral-”'

\

;,conf1guratton Results for the self tunlng controller W1ll

| v.“derlvattve (PID) controllers. -~ Both the STC and PID T"j].~"¢?; R

'controller W1ll be used to control the termtnal compos1t10n ff-7i

: of the dlst1llatlon column when the column 1s subJected to

B

ffeed flow dtsturbances *{}3



| f‘f1rst chapter g1ves an 1ntroduct1on Chapte

1 3. THESIS ORGANIZATION y

The the51s w1ll be separated 1nto 51x chapters 'The

ha ey

ﬁtwo contatns a

e N
survey of the work done to date and a br1ef d1scu551on of
'-'the theorytunderly1ng the STC Extens1ons to r1g1nally

proposed scheme by Astrom and W1ttenmark [10] w111 be

o 3presented and the actual algor1thms used 1n th1s study w1ll .

'be derlved Chapter three descr1bes the expertmental

equwpment used 1n th1s study Chapter four deals w1th the

i tselectlon of . the man1pu1ated var1ab1e for control of

’r'd1st111ate comp051t1on An ana1y31s of the 1nterna1 refluxii-:
-;ratto w11] be g1ven to show wh1ch of the manlpulated
-‘var1ab1es,”ref1ux flow or d1st111ate flow should be used‘

.Exper1menta1 open 100p responses w1]4 be presented to show
dthe sens1t1v1ty of dwst111ate comp051t1on to ref]ux flow and tt*:”

:fd1st1llate flow man1pu1at1ons - Chapter f1ve conta1ns the C:‘
'1expermenta1 results The results W1ll be presented 1n the "'”tfu:d

”ffollow1ng manner :’_f‘:‘"3"7 ."“f."sfi 'fuf“aif;‘

5Ca5f;fs1ngle laop control for overhead comp051t1on
»4;yb? p.S1ngle loop contril for bottom comp051t1on. ldr"

| :Cfcf.;fs1multaneous cont’ol 1n mu1t1loop conf1gurat1on,f'

"'7df: ]s1mu1atneous control 1n multtvar1ab1e

'.conf1gurat1on

pfﬁ



"“2 R INTRODUCTION

o2l DEVELOPEMENT OF THE SELF TUNING CONTROLLER
P ' : \ |

The self tunlng regulator as proposed by Astrom [10] aSj—
'the name . 1mpl1és 1s an adaptlve controller | The algorlthm
con51sts of two stages at every sample 1nterval The flPSt

stage is a - recurs1ve least square 1dent1f1cat1on scheme to :

‘7_fobta1n the parameters of a llnear stochastlc model ‘used to

Ao

”descr1be the process be1ng controlled wh1le~{§‘the second
imum varlance

‘rstage a control sngnag is calculated us1ng
l-sof the output as a cr1ter1on The parameters est1mated from
~the 1dent1f1cat1on step are used d1rectly as 1f they are the"

| ltrue parameters f Astrom [10] has shown that for systems‘

‘wa1th constant parameters,‘tf the parameters converge, theu; SR

fi{controller w1ll converge to the true m1n1mum var1ance

t'fcontroller The structure of the self tunlng regulator 1s ‘ij~g"t

- ,JY.. .

‘Ti'shown in. Fﬂgure 2. 1 ““”f7*,i<1; rj%;¢{v;~*~

There are many advantages 1n us1ng a self tunlng S

{

r,}regulator FlPSt 1t ls an adapt1ve controller Slnce thedf[:;a'

"‘5:parameters of the model are belng constantly updated

',changes 1n the process parameters are automatlcally

' ':faaccountedufor £ For a nonllnear plant the parameters

”":hi.1dent1f1ed w1ll gtve a l1near1zed approx1mate model of the :

';_lfnonllnear plant As the operatlng cond1tlons change thertﬂ7~77'“’

p parameters readJust to l1near1ze the model around the ne
"'operatlhg p01nt For a planb w1th t1me varylng propert1es,]d

'”»ragaln the parameters w1ll adapt to the new cond1t10n

o~
7
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tSecond, as 1t is self- tuntng._l1m1ted Knowledge of the
h'system to be controlled 1s needed There is no need to do a

"dlengthy background 1dent1f1catlon test to obtatn model

; ;parameters Although certaln parmeters have to be spe01-';'

“'jfted these parameters are read1ly obta1ned 1n comparlson tO’u"
‘1determ1n1ng the constants for ‘a well tuned PID controller
‘;Three, ‘since a model is be1ng used to do’ the control
.”calculat1on, there 1s an 1nherent pPedlCtOP Fon a systemv;‘u

']w1th t1me delay, the predtctor removes the effect of t1me o

RN delay on the system character1st1c equat1on The process 1Sf

'sﬁcontrolled as 1f there was: no t1me delay Fwnally, by us1ng'

”Qﬁa stochasglc model formulatlon, random dlsturbances such as _‘:l

_Vmeasurement or process notse are automattcally accommodated. '

”7,2 2 LITERATURE SURVEY e | s
2. 2 1 H!stor1cal Development of Self Tuntng Regulator_ir'
The 1dea of comblntng est1mat1on and control 1n one '

f‘algor1thm is not new. Kalman [25] 1n 1958 formulated a

:di;SImpllfted algor1thm that attempted to do both est1mat10n f%1575““'

“.}Lf'and control at the same t1me However the theoh%kwas o

,¢h1nsufflc1ent and dlg1tal computers were not avail Ieﬁfoﬁ;'tl7°°

'fprocess control :1“/ wa

Astrom was flPSt 1nvolved W1th the self tun1ng

' jtregulator en he and Bohl1n presented a general form for

ﬁftfi'fStOChaSth models [26] They Con51dered the max1mum

‘f:igllKEIlhOOd techn1que for 1dent1fy1ng the parameters of

Ry

:l,ﬂl1near stochasttc models structured accord1ng to the1r ?ff'jf'.ffﬂ7

T B
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-general'torm. PSubseQUentiy,~Astr6m [27] ]ooked»at‘the"

‘ accuracy of the est1mates obta1ned and the poss1b111ty of

us1ng recurs1ve 1east squares to 1dent1fy the parameters

PeterKa [12] then used the Astrom Boh11n model

‘d$~\\formulat1on to der1ve an algor1thm that combtned est1mat1on“

-

.. of the model parameters and calcu]atxon of the control

[He used recurs1ve least squares to 1dent1fy the parameters

of the Astrom Boh]1n model. w1th the model est1mates :?J}” a

*ava11able.ta m1n1mum var1ance of the output was used as. the
‘lf_ r1ter1on for determ1n1ng control]er act1on For some\' V;i"“
-ﬁ_cond1t1ons,‘Peterka found that the contro]ler used was “

f1dent1cal to the m1n1mum var1ance contro]]er that cou]d be

B ;'der1ved had the model parameters been Known

'fffygt1me varytng Gauss Markov processes W1th Peterka s results:‘ﬁtfdf

‘ifﬂstself tun1ng regulator [10] They proved two theorems

o :fconcern1ng the self tun1ng regulator Us1ng weaK

; Follow1ng Peterka s work Astrom and W1ttenmark [28]

o 7d1d a. thorough study looK1ng at seperate and comb1ned
a'nfest1mat1on and control stratergles They con51dered mode]s

'tﬂwthat have constant unknown parameters and models that are :f n

ﬂ"ffiiand the1r own work Astrom and W1ttenmark formulated the

:zﬂassumpt1ons, they showed that 1f the parameters conyerged f;:f-/
fh;}then the covartance of the output var1ab1e and the ':»:d'
751;crosscovar1ance between the output and 1nput varzable wouldtff,;ttt
‘u;[tend to zero Futhermore,}lt ‘was- shown for systems w1th sy
wd;dtconstant parameters that 1f the parameters converged he;fy;i

3’fcontroller would converge‘TB the m1n1mum var1ance controller._*'



that could be der1ved 1f the model parameters were Known

Results of a deta1led s1mulat1on study us1ng the self tun1ng

- regulator were presented by W1ttenmarK [29]

A more complete survey of the d1fferent stud1es that r

l.'led to the formulat1on of the self tunlng regulator has been -

‘-_Lg1ven by Chang [30] The papers by Clarke [18] and o

- Astrom [11] are. exceflent rev1ews of many oF the self tunlng

‘stud1es that have been performed

“?=$2 2 2 Mod1f1cat1on and Extens1on ?"’

In 1ts or1g1nal formulat1on the self tun1ng regulator

A

- »_had very few opt1ons For 1nstance,,there was no set po1nt

”“wfollow1ng capablllty Many exten51ons and mod1f1cat1ons o

-?;have since been added to 1ncrease the general1ty and .i'l

‘\ifrobustness of the controller

W1ttenmark has extended the regulator by add1ng

'features to allow set p01nt follow1ng for the output var1a-“ft-fff'

: ff'l;ble and feedforward act1on for measurable d1sturbances [29]

Clarke et 31 [13‘J8] have presented a generallzed

f?vers1on of the self tun1ng regulator The term self tunlng
»Vr;controller des1gnatlon is. used for the Clarke approach to
Jhd1st1ngu1sh th1s type of controller from the selfrtun1ng
_g;;;ymregulator for the Astrom approach In Qlarke s scheme
.{th1nstead of 1dent1fy1ng the parameters of a model and then d";h':
litSUbJeCtlng the 1dent1f1ed model to some control cr1ter1on '
:le:the controller parameters are 1dent1f1€d’d1rectly I'

":;;ffadd1t1on the cost functlon for the controller 1s mod1f1ed



.';:no offset results when a set po1nt change 1s made and

‘to_lnclude_COntrol:effort process OUfput {nd set p01nt
rﬁfollowing ) Inclus1on of control effort 1nto the performance
jcr1ter1a ach1eves two: obJect1ves Add1ng a penalty for yt'

control effort causes the control output to rema1n w1th1n

il,the constralnt l1m1ts& The bang bang controller response;-

‘nthat is observed w1th m1n1mum var1ance controller is
'iprevented Second ,1t can be shown that w1th ‘the v

“tapproprlate ch01ce of controlkwewght1ng, systems that are

. nonm1n1mum phase can be made cloSed loop stable [14] In a;f't"‘

:‘ttreatment of nonm1n1mum phase systems, Cegrell and

”f:'Hedqv1st [31] have proposed a s1m1lar solutlon to that used

*_ﬁﬂby Clarke Astrom [32] As%gom and W1ttenmark [33] urtle';f

.grand Ph1lltpson [34] and petepka [12] haye suggested the use"gb

hof subopt1mal straterg1es to handle such systems

Morr1s [22 24] 1nturn has general1zed the work

"»fpresented by Clarke He has 1ntroduced a. d1screte

'f.facompensator 1n PID form for the control wetght1ng used 1n tg;[;gtlh

.}3fthe cost funct1on The PID controller 1s suggested becauseff‘f~«.ﬁ

yj:_f}futhermore. the character1st1cs of the PID alQONthm are

‘fo;well understood Set po1nt model follow1ng 1s added to

7fjr[spec1f1ed response when a set po1nt change 1s made e g )

fff:allow the process output to change accord1ng to any user L

'§f7the output can be made to follow a f1rst order response w1thffftl .

”ﬁvaffsome spec1f1ed t1me constant By allow1ng the output to

I.

"hchange slowly, there 1s no need for excess1ve control aot1on',4,5.};r

‘f:}at the start of a set po1nt change
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Morr1s has further extended the controller to handle x

ﬁ‘_multtvar1able systems w1th an equal number of 1nputs and

- outputs : The mult1var1able system 1s reduced to a ser1es of

'f decoupled swngle loop controllers The decoupllng is |

Tt ach1eved by us1ng the feedforward opt1on to handle the _f
| .lnteractlon between the 1nd1v1dual loops 'lfe.; the”tvl'
’ 1nteractlons between the loops are treated as measurab@%

i d1sturbances Th1s apdroach removes the need to 1dent1fy

4

Jlfid1rectly the parameters (matrlces) of a mult1var1able-"

. cons1dered by Gustavsson et al [35]

: ,gf;w1th constant and unknown parameters [36] They looked a“:t

“ystem Dlrect 1dent1flcat1on of such system has been “QTVV

"Wfﬁ Astrom and Peterka have con51dered extend1ng the .

f_self tun1ng regulator to the multlvarlable case for systtms R

l7i1dent1fy1ng the parameters of the mult1var1able model

\‘2 E :

'{td1rectly Borr1son [19] and Kevwczky [20] have presented

’T'k}algorlthms to handle mult1var1able systems that 1dent1fy the _f- :

“',4]3fparameters of the multlvarlable structure d1rectly D_:lji}']ri

'f*m;fKeyser [37] has proposed a mult1var1able self tun1ng scheme

'é’ttthat calculates a control output based on the 1dent1f1ed

*’”Tfthest1mates and the covarlance of the est1mates W1th thlS s':'b |

e e
‘1’approach excesstve control 1s prevented when the parameters_;?%ﬂ

”fikgare bad 1n effect. a more caut1ous controller 1s dev1sed

D1fferent 1dent1f1cat1on schemes have been con51dered

"'7f;for the se]f tun@ng regulator A51de from normal least

,U;]'; squares, othér methods that have been trled 1nclude

T:'fstochast1c approx1mat1on [38], extended least squares [39]

S ‘h. e S N
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‘qand mngmum l]Kelthodd l40] Recently,v1t has been shown o
o that the standard least square 1dent1fwcatlon method can R
‘lead to problems when a system expertences no qlsturbances

",over a. long per1od of t1me [24] W1thout any- d1sturbance

*;_the 1dent1f1cat1on scheme rece1ves no new 1nformatlon and as,f o

| tfa result the covartance matr1x tends to blow up or lose o

‘Wf;p051t1ve def1n1teness In etther case,‘the parameters w1ll

”‘f.d1verge caus1ng stab1l1ty problems w1th the controller lfTo"

. :"[“overcome th1s problem Morr1s [24}) has proposed mod1fy1ng

';the normal least square scheme by s1mply updat1ng the squareq,'
f,froot of the covar1ancelmatr1x MOPrlS also proposed to 3
"[employ a: recurs1ve learnlng est1mator [24] once reasonableb";

fbestlmates have been obta1ned w1th normal least squares ;.”

*lﬁiclarke [18] has reported alteipate solut1ons wh1ch mod1fy

‘f:the 1dent1f1cat1on after a '‘no dlsturbance s1tuat1on 1s S

| :1jdetected One poss1b1llty would be to stop the 1dent1f1-”'

’7f:$Jcat1on 1f the determ1nant of the covar1ance matrxx exceedS“Fiptfﬁ'

d'some spec1f1ed l1m1t or to Tntroduce a d1sturbance 1f thlsfﬂfFff

"Vﬂcond1flon occurs The th1rd approach Clarke suggested wan;ﬁL:V,“

tfanfftthat the forgettlng factor be adJusted so that 1t tends tofflf{?ld

j‘a.:ftlun1ty 1f no d1sturbance ns enterlng the system

-
A

,_gfujz 2 3 Appllcatlon

Numerous appl1cattons of the self tun1ng regulator for“ffr%fhl

ngﬁbthe control of varlous d1fferent types of systems have been f‘f;jt

igﬁﬁ;reported Those cons1dered pertlnent to th1s work w1ll be

bi-brlefly d1scussed W1ttenmark and BOr1sson [40] have Used
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' the self- tun1ng regulator for. controll1ng the m01sture

T

content of a paper machine. They found that the regulator"'

was able to handle nonstat1onary dlsturbances and that the

‘1 ch01ce for the number of parameters in the: model was

'*~_ un1mportant i Cegrell and Hedqv1st on a d1fferent paper.“

'f one output [41] They reported that ‘the self- tun1ng

regulator,<1n compar1son to a-PI regulator, reduced the
: output. var1ance dur1ng qual1ty change andwm1ll step up In

add1t1on, thelr exper1ence was conststent W1th that of

k BOPlSSOh and Wlttenmark in that they also concluded that the

number of parameters in the model was unwmportant

| | Bor1sson and Syd1ng have reported the use of a

self tun1ng regulator on an ore crusher [42] They found |
that the regulator was a?le to adapt to changes 1n the . |

character1st1cs of the ore feed and the crusher 1tself 'Asb

a dlrect result of us1ng the'self tuner a 10% 1ncreased in

| productlon was achieved over that posstble us1ng PI controlt{_l‘

Dumont and. Belanger [43- 44],have used the self tunang
regulator for controll1ng a t1tan1um ox1de K1ln , They were,‘“
able to reduce the number of parameters requ1red 1n the
self tun1ng regulator by apply1ng the regulator on a plant
that was already controlled by a ftxedsﬁ?%?neter regulator
They reported that w1th thts type of stratergy, 1nstead of a.
normal 19 12 hours of offspec1ftcat1on product during a

grade change, the sw1tchover t1me was reduced to 2 hours.

 Keviczky et al. [21] and Westerlund et al, [45] haVe

N a
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appl1ed the self tun1ng regulator to control of cementvraw
~mater1al m1x1ng | The appl1cat1on by Kev1czky was on a
_mult1var1able system and the control crlter1a was based on
'm1n1mum variance of the output and some requ1red average y
. over a t1me durat1on In both appl1cat10ns it was found
that the STR gave results that were superlor to those
ach1eved W1th a convent1onal control approach

| Var1ous authors have presented results from
appltcat1ons of the self tunlng regulator to pilot scale
" equ1pment Sastry et al [46] reported on. the performance
_'of the self tun1ng regulator for controlllng the overhead

.compos1t1on of “a b1nary dlstlllat1on column In general

{

the self tunwng regulator performed better than a Pl

controller | Chang l30] used the self tuner on a p1lot scale

‘»;Vevaporator He cons1dered how the var1ous des1gn parameters,y

affected the performance of the regulator Harrls et
al. [47] studted the control of a p1lot scale packed bed
‘reactor w1th the self tun1ng controller The reactton ; ?
.}1nvolved was extremely temperature sen51t1ve wh1th resulted
in h1ghly nonl1near and nonm1n1mum phase system behav1our
{The self tunlng c0ntroller was reported to be super1or to
'the convent1onal PL algorlthm The study also looked at the}(
tproblem of parameter w1ndup 3 thiS'1s a s1tuat1on when the ;f~”r
"parameters starts to d1verge because the controller output |
- is clamped at one of the constra1nts N |

Appl1catxons of the self -tuning regulator have also

been reported for.. the control of an enthalpy exchanger{48]

!)
o



,2;2 4 Convergence'and Stabllity Analysis.

. R ‘u$‘H , ‘ - _i T f 14 ’
. . . . : . A h

fdlgesterl49]} absorption column(50] and ship steering[51]t‘

. [
B

L6

S .

LJung has presented results for convergence analys1s of

~ general recurs1ve stochasttc a)@or1thms.[52 56] ‘ HlS

-

' approach was to a55001ate the algorlthms W1th an ordlnary

d1fferent1al equatlon so that the convergence propert1es of

| the algortthm could be obtalned by look1ng at “the stabllwty

i tpropertles of the d1fferent1al ebuat1on , Astrom has used

vLJung s results to analyze the self tun1ng regulator [11].

For the self tun1ng controller,,convergence analys1s 1s

.'based on the 1dea of treattng the controller as a feedback

system [57 58] Us1ng the Martlngale theorem [59 60]

Gawthrop l61] has shown that under certa1n cond1tlons d,j

“-econvergence w1ll occur w1th a probab1l1ty of 1. O

EN

'2 3 DERIVATION OF THE SELF TUNING CONTROLLER

7

2 3 1 Control Law Formulatlon N

s
rd

— .

A s1ngle 1nput s1ngle output (SISOl stochastic’prOCeSS- -

‘can be descrlbed by

Ayt :.z;kBu 4 Cgt + z_kLLVt. o ». '\.: . (2”

R

’where A B C, L are polynomtals in z‘] w1th a, -::lf bd = 0 and l
S = Nl thh z Nyt denotlng the value of . y,_N samples in the
jpast The terms yt, ut,.gt, Vt are. respect1vely the proceSS‘
',output. control 1nput, random d1sturbance and measurable

: d1sturbance The system is cons1dered to be of order n W1tht7~
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oo a time delay equal to Kk times the sampfe time and KL the

time delay associated with the known disturbance. It is
'also assumed that C has roots that are w1th1n the Z- domaln
: un1t c1rcle and that Et 1s a random uncorrelated notse‘_
51gnal w1th zero: mean. The control]er is des1gned ta (‘J- /

m1n1m1ze the cost functwon
d] ERI "R Qug® i2.2)

‘-Where P.R}Q"aregpolynomialsain z -1 wh1ch a]]ow we1ght1ng}tov-‘
tﬁ be~apptied‘to the outpUt set po1nt and control effoft. The .
‘».tern'tpy£+k - Rw ) prov1des set po1nt fo]tow1ng wh11e>(Q ut)
tputs a penalty on contro] act1on From the form of the. cost
‘-funt1ona1 it can be seen’ that 1f Q’ u does not tend to- zéto
at steady state, Pyt+k - th will tend to some constant
other than zero and the“process output will exh1b1t -an . o
offset (c f. equat1on (2. 23)) | |

| In order to m1n1m1ze J,, an express1on}1s requ1red for

1"
.yt+k'1n terms of past 1nput and output data Here yt+k

e i

] denotes the K-step ahead predtctor for the output - The -
'ba31c der1vat1on of the se]f tunlng regulator was g1ven
f._fwrst by Astrom [10] However, the ensu1ng der1vatlon :*.‘

'follows closely the formulat1on g1ven by Clarke [13] and
B B

_}Morrxs and coworkers [24]
.‘. Express1ng Equat1on (2. 1) in terms of the K step ahead

;~pred1ctpr g1ves .
'%.,;r o o S S 4
,.B L BRI R
= - ut +- Z'k—Et + zk'k - Vt ' ,"” o (23) . o

Y, .
otk Tat T ot



e
In Equation. (2.3), at time t, prov1dang kL is.larger
'a than K, only the future random d1sturbances from t1me t+1 to_
t+K are unKnown Separat1ng zk(C/A)gt 1nto d1sturbances up

to the present t1me ‘and those at future t1me g1ves

C P - R
z2'-g = RzVE v - £ ' L2.4)

'where E zkgt represents the future d1sturbances and {F' /A)Et

equals the d1sturbances up to the present t1me - The

, , Y
polynom1ats E”'and F’ have terms S |
B s 1+ ez f j e +'eé_]z’(kf]) (2.5) -
‘ ) N v,!’ . ) | .
RN = fa }»fiz'; CEEET. ;'fé]]z7(n'])" S (2.8)

Subst]tut1on of Equat1on (2. 4) into - the’ predlctor B

equatlon (2 3) and not1ng that. zkE: 1s the same. as

t.._
Yerk TRV T R TR *_Z R

The random d1sturbance gt up to t1me t can be expressed

o
: <//terms of prev1ous 1nputs and outputs by rewr1t1ng

- zquat1on (2 f) 1n terms of Et as:’ ot .ff;?‘ < *,ptd:‘ff
‘K .ngf_‘a . o ~'”}' e
o VoA B L e T e L s
oz oy ko g e kLI e
T e _Z,'C>9t_ »Z‘».C‘thve_: S L LU

f Us1ng Equat1on (2 8) to subst1tue for at in Equatlon

(2 T, after some rearrangement y1elds

12,70



o

f B K ‘kF F! oz K ,g kL" |
Yisr = B Eppp +i[— - , 18Uy + - yt * o= - - zZ8R KLy,
_,t+k - tfk‘bt A AC t - Yt A . .,t
R e ‘, RO '7l2.9)

4

; From Equat1on (2 4), 1t follows that the terms in thp |

| brackets s1mpl1fy to E' /C so Equat1on (2. 9) becomes

/e .

y yk = E Etgpg T — Ut ¥ oyt ¥ —— 2 . 12.10)
: , t SR C.-v, ¢ _ C - .t B

Slnce &y has been assumed to be a whlte notze sequence T

"the future dlsturbance is expected to be zero : Tak1ng the

L3

"A' expectat1on of Equat1on’(2,10) the pred1cted output '_ggi‘
Cgiven as: - T L
S E'B . ‘-:F’[' E L 7""L
SV ooy, o — ey, b kK '
gty (2.11)

Ccotrett e T T

where the asterlsK denotes a pred1cted quant1ty

vf All the terms on the right hand side of Equat1on (2 1)
are Known at tlme 't prov1ded KL is equal to or greater than 'flj'
: thl the t1me delay 1n the feedforward path must be __;xl-
.rlarger than the t1me delay for the control actlon IF the 5:ﬁ:
above cond1t1on 1s not true a pred1ctor for Future.measured ;4'
’t d1sturbances is needed However, for most actual processes
fthe t1me delaylfor the measured d1sturbance is much larger
v“than the tlme delay for the control var1able | | i
- The performance crlter1a g1ven by Equat1on (2 2)
‘H:requ1res a we1ghted output Applylng P welght to Equat1on
| ;(2 3) y1elds B L : ' A



. LI e kLPL ' T
Py k._-.;— “e ;“’fukv e »'(2.'.1.2)
tNow by def1n1ng o i _‘h | ‘ | - |
p' : .pN' / p | . - o (2_.13),:

and, , R
pc. ~z+k'i=.,>
S = E4——

| ,»-..(‘2.1--4)1

.'Us1ng Equat1ons (2 12) ‘to (2 14) and follOWTng the
f »der1vat1on used for ‘the K- step pred1ctor (Equat1on (2 10))
"the we1ghted output Pyt+k can be wr1tten ds: o
o S F "d EB- EL 'k’kL - ,'k‘, .)',v”
Py, (= EE 4+ —y i+ — oy o+ — z o l2a1s) e
As before. the best est1mate of future d1sturbances is _1
w"zero SO the K step ahead we1ghted output pred1ctor 1s g1ven |
Py r ey ey e zk Ky o e
”vahe actual welghted output and the pred1cted output are

'5:re1ated by

'i'.PYt{k;f‘(pyt+k) ,t%kttf"flffiﬁ_.ffhff{: ,uﬂie7(2411)7fdh35

w's"5Where’ t+k 'E€t¥k.t Subst1tut1ng the wetghted output g1veﬁjj{f“ﬁ

',; fby Equat1on (2 17) 1nto the cost funct1on y1elds

”'a01_é?E{ {(Py£+k) _fiéftktf th]2 + [Q'utjzA} . fh{g;ia{fﬁ
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. Slnce it has been assumed that . the random d1sturbances
- are uncorrelated w1th e1ther the 1nput or output thev

expectat1on s1mpl1f1es to:

91,';E{_llpyt+kl _ RW'] | *vE{lQ u 1'} " ey 1218
li”r whepe °2t+kv1s the vartance of the random d1sturbances . o

“The cost funct1on is m1n1m1zed by sett1ng the partwal |
'hder1vat1ve 8d /But to zero To obtaln the true opt1mal B
stsolut1on the expectat1on operator must be 1ncluded 1n the
-'d1fferent1at1on [62] However va compllcated control law .
1::results SO 1nstead a stage by stage opttmal controller 15‘(
used In thls work follow1ng the approach of ClarKe and
rGawthrop [14] the expectatton is removed from Equat1on
37(2 9) and ‘the result1ng equat1on is. dtfferent1ated w1th

'-respect to u The controller that results is opttmal each

_ th B
t1me the cbntrol calculat1on 1s performed Although the

l-lsolut1on is. not globally opt1mal Harrts 447] has shhwn that

i ;the control response of the subOpt1mal stratergy 1s‘close to u o

'y'gthe result that is- obtatned when the true opt1mal controller

'Tgfg.ts used Remov1ng the expectat1on operator the partlal

ﬁ:'ﬂ.tf§;i”

B N . ,_ : . o - ," ./ S

‘”"\.jder1vat1ve becomes I e TN
s , r«f'-p‘”;;, a(Py 0 :'":77'3(0 u)
= -'-—].. 2l(Py l* Rw | x —-—-t—t‘—‘-— “ RL ——t—- (2. 20)
o t+k BT } t , SRR

’”“fperfopmyng the necessary d1fferent1at1on and not1ng that

t+k:

;;'_lpy )* 1s related to ut( Equatton (2 16)) Settlng;‘f‘-':
,rEquat1on (2 20) to zero glves L .
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0 : eob0
)7 - Rw, ] x —
t+k Lot e
T To

+d Q’ =0 . q2o2n

wnete_ea bo' C, and: o' are the leadlng coeff1c1ents for

the polynomlals E B. C and Q’ Def1n1ng; j“

R RN

‘\\,and recall1ng that e0 and co are equal to 1 Eduation'(Q;Qll_ :

e Can be wrltten as

DRug = (Pygd 1 223

Exam1nat10n of Equatton (2 23) shows that it is s1m1lar»;;rf

e to a standard feedback control law w1th the maln d1fference »

- .that the feedbacK value is a bred1cted output 1nstead of thev-x"

.“fhf Qactual measurement It follows that the 1nverse of the

7control effort welghtlng 1s the dlscrete compensator used 1nh

Vthe feedbacK loop Wh1le any dlscrete compensator can be fj

'h,Used the PI compensator 1s selected because 1ts charac-‘“}', 1l

k“fil;ter1st1cs are w1dely known ' The PI compensator used 1s of fﬁf'

T '

"lthe form f-ff

The PI compensator 1s used 1nstead of a PID compensatorffhfh

";h:jbecause der1vat1ve act1on 1s generally not requ1red for

‘:'_jcsystems w1thout t1me delay As the self tun1ng controller ]f;
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' predicts‘the output, the effect of process t1me delay is
f.removed hencekderlvat1ve actlon is not necessary Theﬂ
| 1ncremental PI form is used to 1nsure that Qu tends to zero'»i
at steady state 51nce th1s is- the requ1rement for zero 'g

- ,
_ offset If Qu does not tend to zero at steady state, the ~

':‘.dlfference between the welghted setpo1nt and the predtcted

~’output (Rw - (Py ltl is dlfferent from zero lcf Equat1on "

t+ k
_(2 23)) At steady state, the expected pred1cted output 1s

,:*eQUal to the actual output CIF Qu, does not equal zero, the;~l
":d1fference between the we1ghted set po1nt and output 1s' |
‘:d1fferent from zéro so an offset occurs 4 \‘ R .

The control law can now be formulated in terms of a

fpred1cted scalar output def1ned as

__ -.,_.Q“k—,_—, .l,Pyv;ttkl _-.Rw;t : 0ut e (2.25)

' The control law formulatlon thus 1nvolves the calculatlon of i

g by zer01ng 0t+k at every sample 1nstant QThe actual'-'

e rscalar output is g1yen by

| "fle' t+k and Pyt+k are uncorrelated the error 1n the

‘*5pfest1mates of 0t+k can be obtalned from Equat1on (2 17) as :__ﬁ

ek T R T T

Subst1tut1on of the expre351on for (Pyt k) from

;_f?.Equatlon (2 16) 1nto Equat1on (2 25) ylelds ‘l;]“f"lvn’

Cﬁ*t+k- F/P y + EBU + CQU 'CRw + ELZkk V (2 28):""; o
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oy

~.: Defining:
\ : . .

YiPe e ‘»(2i29)..v

o
S
.

£
ot
",
o
E
ﬁ-

(2.30)
o ;‘?" Ve _1t-'.t‘,"fﬂ_.’f’ ,T L o
: _;”H.JQZ;ET* - 1“.A__:L»;Mleef_;tt_‘ftgf 1 ) (Qﬁéé;;e}
'fot;;f;p : ;.;.fi-‘ffj Q 553 ';."_ ’f;.;~(¢[33{[
.jiét]oﬁétthe‘eeht;oj,tewito'betwnttteh%esf,.e | -
h°5e§¢i+ f%er ; Eéu * cdetet'ﬂﬁ/a4"obéil* - :‘f_” ;(é;34)1

VFurthermore, the polynomlal assoc1ated w1th the control

ouput ut can be def1ned to be 1ndependent of the control

';h'qwe1ght funct1on by setttng

'71‘f‘whlch then allows the contro] law to be eXpressed as

# g.Gf;:éB~ji;.{,5*‘Li??“'?i - '1.17!'. V:L?; ‘2 35’fv

SN

S .Cﬁt+k = Fy£ + Gut7- HQut ¥ Hwt + th ff; ff;_' (2 36)“hi;hi

' _Alternatavely. all the po]ynom1als 1nvolv1ng ut can be
i':ffgrouped together 1n the form of S T

"f:,EB foCf'f"° ,

‘1¢¥;i{Q‘h"“ f'~
. S0 the control law takes the form: -

e
o Dot o

vhﬁhF?tﬁ+;GQU£vf“Hwtf%eb?th;‘h; eh}f2j:;?g£:7};(2;33);ﬂtﬂ?fﬁ
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| ) i / T,
: The block d1agram of. %he control law as. expressed in
:Equat1ons (2 36) and (2.38)" are shown in F1gures 2 2 and 2 3

'"_reSpect1vely

2. 3 2 Closed Loop Response"" o

: The closed loop response can be obta1ned by |
'substltutlng (Pyt+k) glven by Equatwon (2 17) 1nto the
»’control law Equat1on (2 23) After rearrang1ng the output

L yt is: glven by | | B
- - s : 'k - "k : R R . T . : .

Solv1ng Equat1on (2 l) for Z kut and subst1tut1ng 1nto t']T‘

«Equatlon (2 39) y1elds the closed loop resbonse e

o (2.40)

- - co + z’kBth + z‘k QLvt
(B + QA/P) |

57e'ltiisgolea hat 1f B 1s nonm1n1mum phase “ff 1ts roots

;€;;£1ns1de the un1t c1rcle The closed TOOD PGSPO”SE 1s then

ilt ﬁstable It 1s to be noted that as. in the case of the

:’fffanalyt1cal pred1ctor [63] and Smwth pred1ctor [64] the Heg

the z- doma1n un1t c1rcle by proper cho1ce of Q,_ -

'vdﬁfthe roots of the character1st1c equatlon w1ll st1ll be j_‘[l'

'ﬂ;feffect of the system t1me delay lif ) has been removed from ‘he'fﬂf
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the characteristic equation.

.

2.3.3vMode1'Fotlowtng For Set Point
The ability of the algorithm to- force the output to

follow a spec1f1ed response can be clegrly seen from F1gures
2 2 and 2.3. By changtng the we1ght1ng functtons P and R,
the output can be made to follow a des1red response
Furthermore, the set p01nt we1ght1ng funct1on R can. be
changed W1thout alterlng the closed loop stab1]1ty of the¢w

system. In contrast if the P we1ght is’ changed it will

“alter the characteristic equat1on and poss1bly change the

stab1l1ty of the closed Ioop system
” /\._

2 3.4 Controller Parameter Est1matL*¢ |

- The algor1thm that has been derlved is for a system
with known structure and parameters Yet in pract1ce this
s rare]y the case - Even 1f the order of the: mode] is-
~Known, usually the exact process dynamtcs and hence the
model parameters are .not Known.. Dne poss1b1e solution is to ;f

use an on- l1ne.1dent1f1cat1on scheme to obta1n parameter

- esttmates ‘The contro] law can be rendered less sens1t1ve

to parameter bias and var1at1on by ustng a spec1f1c
structured contro]]er -mode 1" [24]. This is truetpr?v1ded
the performance funct1on d] is mtnlmlzed when the estimated.
parameters are used. Subtractlng Equat1on (2.34) from
Equat1on (2. 27) and rearranglng yields ﬂt+k_1nj11near'

regress1on form,.that 1s
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0‘ - T v+ (1- ) * N —.
K t+k T 5 tﬂt , -C1o ‘t'*'k‘ + €t+k (2.42) B
o ‘ . ‘ »
Where{
: gt v‘::" i Ft , Gt ,»D:t.,"H't ] ' Y '

The bﬁrameters in the 9 vector can now be est1mated
us1ng a recurs1ve least squares algorlthm [65] At every
sample 1nterval the parameter estlmate ‘vector 8 1s updated

7*'accord1ng.to:

. a . Q
| =8 owoqa Lol oa : . U ; ,
SIS T -K-t(ﬂt 8y o ‘(2- 441
.
P™ X, | S ‘ o
K= .Z;‘"t kc | S | (2.45)
L R SR SN ' |
BpagE c BRI KX S 12,48
P - - : : a :
here{ 5£ is the Ka]man gatn vector and PC a -

;‘-isymmetrtc matr1x that WS pﬁoport eﬁal to the covarlance |
matrtx To a]low track1§g of . sliw t1me vary1ng parameters,
| a forgett1ng factor pis used to we1ght out ~the effect of i
- past data or. a]ternat1ve1y, a p051t1ve def1n1te matr1x can‘{hh
lbe added to the Pc Update relat1onsh1p to welght out old |
;data In’ both cases, when the system exper1ences no.

vdlsturbance over a long per1od the PC matr1x can become
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éxtremely large [24]. This occurs because wi thout any

' d1sturbances, no new 1nformat1on can be obta1ned by the
'1dent1f1cat10n.algor1thm. - As a‘result, the Kalman gains
become small and from Equation (2.46), PC(t) approaches.the.‘.
valueVES(t-l)/o. If the'system\remains undisturbed over 2'
period of time t, then PC(tl is equal to P (t ) /ot , where t

'refers to the t ime- when the system last exper1enced a

‘ ;dlsturbance As the forgetttng factor (p) is less than one,

as time passes. 1/pt becomes very large hence caus1ng the
atrlx to. "blow- up When the Pc matrix becomes large
l1m1ted mach1ne prec1s1on may cause the matrtx to 10se
.jhp051t1ve def1n1teness As a result the parameters w1ll -
d1verge caus1ng 1nstab1l1ty in the control loop. The -
Tproposed solutlon, and that. adopted 1n this study.}1s to :
.mod1fy the 1dent1f1cat1@? scheme. to update the square root -
of the &p matrix [24] | The square root will always be
pos1t1ve def1n1te and 1t is 1nherently of h1gher numer1cal
| prec1s1on Consequently, the control algorlthm now cons1sts
T of | us1ng a recur51ve square root 1dent1f1cat1on td\oﬁta1n

~

| the parameter vecto Q and then u51ng the est1mates to

v\calculate a new control output accord1ng to the cr1ter1a*

ﬁ._(cf equatlon (2. 38))

Astrom has shown that by u51ng a control law of the
; form glven by Equat1on (2 47), all vectors w1th the form

o ;Q = af w1ll produced the same: control [11] | Th1s means" that |
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the parameters w1ll not necessar1ly converge to prov1de a
unique solut1on If the parameters converge to an « that is ,'

too large or small, numerlcal problems could result. In

. addition, as the estimates are being used in the. feedbacK

& ,
*controller they are correlated w1th the dtsturbance It

;fmay then not be p0551ble to 1dent1fy all the parameters 1n
the § vector Astrom has proposed that one. parameter be "
f1xed to overcome these problems - One obv1ous cho1ce is to
lf1x the lead1ng coeff1c1ent for the set point we1ght1ng
'polynomlal prov1d1ng wt 1s not zero. In this case, ho'
t_should be set to -1"as it is equal to co; Alternathely{
‘Astrom has suggested f1x1ng the leadlng coeff1c1ent of the G
fpolynom1al- i.e., the scaling parameter for the controller
output‘ He showed that if th1s parameter 1s much smaller
than the true value, the other parameters will d1verge In
: contrast 1f the«parameter 1s much larger than the true

value' the control actlon becomes very small and convergence

of the parameters ds- very slow

32 3.5 Extens1on to Multlvarlable case |

The control structure der1ved for the SISO case can be
"extended to a class of mult1var1able systems by use of the
feedforward terms The system ls\decoupled by us1ng feed- o
forward action of the manlpulated varlable of one output as :‘»

L a measurable d1sturbance for the other outputs : ThlS .

treatment w1ll be restrlcted to systems w1th an equal number RN

'7_of 1nputs and outputs In add1tlon, the t1me delays due to
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the 1nteract1ve terms must be greater than the time delay
- due to the mantpulated vartable for any gtven loop A
Cons1der a multlvar1able system w1th M 1nputs and .

M- outputs the system can be descr1bed by the vector matrlx

-d1fference equatlon V | |
A ‘ o LWL S

k‘JlAllxt] = z 'kiilgllgt1*+ g, +'z‘lilgllgtl- 12.48)

‘where lA] [g] [C] }[gl are polynomlal matrtces 1n z ]:

(y.], [ul, g ] and lvt] are vectors correspondtng to the
.output 1nput, n01se and feedforward dtsturbances. KA13'
'RBijL RL1J are the tlme delays of the output l1nput and -
feedforward dlsturbance for the jth component in the ith'
loop The assumptlon is made that. [B ] is non51ngular and
that the roots of all the row polynomtals in [C] l1e 1n51de

the z- domatn untt c1rcle

-~

The controller performanCe‘indexeis,Similar to.the SISO’

v,

case:

S = ECURMy ) - (RIwe D URHy L) - (R1weh Ty
COEC I Iy, 1) (g 11y, ]lT} O 2.9

. The dtfference is that ([P][xt+k] - lRIle]l‘is noW*a Vectore
| 1nstead of a scalar value. As before. [Pl' [R], and [Q I
‘are matr1x we1ght1ng funct1ons in z ] Analogous Wlth the

hfSISO case, (lP][xt+k])vcan be replaced by the predtcted
| vvector ([Pl[yt+k}) yleldtng the follow1ng equatton t; };h‘

,;:; E{ llPllxt+k]) lRllwt]) ((lP][¥t+k1) [R][thlt; +.,»v
EC g 11 ])(lQ’llutl)Ti+ legndleg T 2500
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where [et+klvis a vector of weighted prediction errors‘which
is assumed to be. uncorre]ated w1th all the 1nputs and
- outputs M1n1m121ng Equatlon (2. 50) by setttng 3d/3[ut] to
vtvzero g1ves '

3 | . “ = .
{-([;E]'['Xuk])_f - IRIIw JHE 1T+ 19 1[9 ][ut] = 0 (2.51).

oizeftntngi
Ig1‘=_[Q’ltgbl<fgoth-1-. | L s

"the control 1aw can NOW - be wrltten 1n terms of a pred1cted

vector output as:
© o1 t+k1 191[ 1 + ‘[P][¥t+k]’ [R][w 1y (2.53)r_.v.

Reptac1ng ({p][¥t+k]) w1th an expre551on analogous to
‘LEquat1on (2. 16) and u31ng 51m1]ar def1n1t1on to those 1n S

Equat1ons {2, 29) to (2. 33) and (2 37) the control 1

becomes :
A B 1A B
,zk13 k1J[G][Ut] = ——{zkjj- li [Fl[xt] + [Hl[wtl + [D][V ]}
N 1#3 | 7‘,[9_]_‘» | 1#3 - R S o

- By. expre551ng the - 1nteract1ve terms ‘as feedforward///
fd1sturbances the parameters can be 1dent1f1ed as_a sertes
jhjof M-loops Each loop would correspond to the/parameters
flﬁfor each row in Equat1on (2 54) : Us)ng/recurs1ve least
aF.squares 1dent1f1cat1on the algor1thm for obta1n1ng the :i;”

/

parameters where i denotes the 1th loop.

it"f'iwiffk3i1‘+fQiQif?ka{ ~n(?-55)r,]
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't (g]t i 1t kB §1t5]t3 L (2.56)
Ko s f-=v1tx7t-th‘ o . o |
! e xT : | - {2.57)
R VAN R . asal
T Tt ’.'p | | K‘t L kB )E iy .uﬂ__(2.58)_

By separattng the toops the 1dent1f1catton scheme is
51mp11f1ed Futhermore. the we1ght1ng functtons for each
‘;'toop is treated separate]y, that 1s the control effort |
wetghttng Q -can be tuned 1nd1v1duatty 1oop by loop In.
'addttton thts 1mp1ementat10n allows the used of a dtfferent'
tﬂforgetttng factor for each loop o » |
u 7‘ For most processes,-the control law gtven by Equatton R :
(2 54) can be stmp]tfted 51nce in practtqe one output 1n a
:’,multtvartable system does not dtrectly affect another
n‘output ' It is the controlter actton that causes |
itnteracttons It fo]lows that [F] is dtagcnal and the termsv

e’KA{; are zero The 51mp11f1ed control ]aw 1s then

- [g]tgtt 1/(91 { [F][yt} + [H][w |+ [D]{ t]} (2. 59)

A f1n31 note, although the 1dent1f1catton 1s done one :

illoop at a t1me 1n genera] the control s1gnals have to be

”1:ca1culated 51multaneous]y The [u ] vector 1s obtatned

dtrectly by solv1ng Equatton (2 59) However for systems ~~fst

Q,;p,i‘

-?afw1th few 1nputs and outputs, the solutton for [Ut] can be

: wrttten out exp11c1ty w1thout too much compltcatton so that’h[-*

[u ] can be so]ved by d1rect substttutton



3. EXPERIMENTAL‘IMPLEMEAJATION

3. 1 DESCRIPTON OF EXPERIMENTAL EOUIPMENT

The pllot plant d1st1llatlon column in the Department
5of Chemlcal Englneerlng at the Un1vers1ty of Alberta is a
.22 5 cm dlameter column It has a thermosyphon reb01ler :a”t}
Httotal condenser and elght bubble cap trays spaced 30. 5 cm
:‘apart w1th four bubble caps per tray A deta1led i
descr1ptlon of the column and the assoc1ated equ1pment is
.glven by Svrcek [2] and Pacey 161, | |

The feed 1s a water methanol mlxture conta1n1ng 50% by

"t we1ght methanol The feed enters at a rate of 18 08 g/s and

l1s separated to an overhead composlt1on of 95% by - welght o
’methanol and a bottom composltlon of 5% by we1ght methanol

'The control ob3ect1ve 1s to m1n1m1ze varlatlons in- term1nal

s compos1tlons when the feed flow rate is. changed by 25% from

7“»f.]stratepg1es | A schematlc dlagram show1ng the ei'q

:'_pffvarlables that affect the performance of the p1lot plant

blts normal steady state feed flow rate "d :_ S
| The dlst1llat1on column 1s extens1vely 1nstrumented to !

f‘glve maX1mum flex1b1l1ty for study1ng d1fferent control j‘ o

Tlnstrumentat1on is g1ven 1n Append1x A All the measurable

"*column are recorded Temperature measurements are taken fonv

'1gfithe l1qu1ds at every tray, the rebowler and condenser Ang:t{”ﬂt

:“,'fwell temperatures and flow rates of the bottoms,

fﬁ'[;d1st1llate, feed, reflux and steam are. recorded Thé”,'

’

':'fcool1ng load for the condenser is mon1tored by measur1ng theg;f{ff_
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\

inlet and outlet temperatures and flow rate of the cool1ng
}:water The overhead compos1tton is measured conttnuously
‘ustng a capac1tance probe whtle the bottom comp051tlon is
= obtatned by - us1ng a Hewlett- Packard (HP) mode | 5720A gas .
;~Achromatograph equ1pped W1th an automattc sampl1ng valve
The sampltng conftguratlon 1s the one developed by o
< iBtlec [9] : The chromatogram is. analyzed on- ltne by a HP
i-1000 mini- computer u51n8'a cycle t1me of three m1nutes
;Add1t1onal vartables that are’ measured 1nclude the column
' pressure and the l1qu1d levels in. both the condenser and |
reb01ler 1 All the s1gnals from the measured var1ables can
‘Tbe brought 1nto the central HP - 1000 m1n1 computer located in

| the Data Acqu1s1tton Control and Stmul1n1on (DACS) center at

‘the Department of Chem1cal Engtneertng for access by any

'H-g program execut1ng 1n the computer It should be noted that

vthe central computer 1s not the same one . used for analy21ng

xthe gas chromatograph F1gure 3 1 shows how the -

N

jv_dtsttllat1on column 1s 1nterfaced to the dtfferent computers o
: R _ A R ¥

1n the DACS center

The column 1s 1nstrumented w1th local analog control-'

‘;‘lers that control all the flow rates,‘the condenser and e

'°ffrebo1ler levels,:the feed and reflux temperatures and the_"t -

,Qdcolumn pressure The 1nstrumentat1on 1s such that control

;of the flows and temperatures an be taken over by the-‘f]f"’fw"

at the DACS center The;;f«-'

’:'central HP 1000 m1n1 computf;

."7gf_computer can assume d1rect dtgltal control—lDDGl or operate f~71*

‘ft1n the superv1sory mode thh DDC the computer sends the iff7f
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cOntrol output to the valve directly kfIn\the:supervisory
‘mode the computer relays a set p01nt to the local analog
controller The computer prov1des the master~ loop and,then
..analog controller becomes the ' slave loop Jd -

One advantage of - superv1sory control ‘over DDC is that

: superv1sory control can remove the undes1rable effect caused“
'.by a nonl1near valve 1f the control outpg} is sent

, d1rectly to a nonl1near vadve. then the same. change in valve?

ERIET postt1on for dlfferent 1n1tal valve p051tyon w1ll result 1n AR

-a d1fferent change in absolute flow It follows that for
the same dev1at1on from d1fferent set p01nts the change in

| flow caused ‘by the controller w1ll be d1fferent W1th

"V‘supervwsory control the approprlate change 1n flow 15 o

: calculated d1rectly in the computer and sent to the flow |
- controller TQ§ requ1red change 1n valve pos1t1on w1ll be
:ftsubsequently determ1ned by the analog controller The_fr‘_
_.result is that the same output W1ll always produce the same
f‘change in the flow o “ o |
| Another advantage w1th superv1sory control 1s that the’
}flow is held constant 1n between sample t1mes so d1stur- ;
;igbances that affect the flow are 1mmed1ately compensated forfﬂt
”by the analog controller W1th DDC the control output 1s
"4asent dlrectly to the valve If the valve pos1t1on is held i:':

‘ﬁfconstant pressure fluctuat1ons between sample t1mes can

-

‘fcause the flow to osc1llate Local control 1s advantageousr;;

. hY

'f‘;1n the event of computer fa1lure

'-%i;) However superv1sory control becomes less deS1rablev‘f
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: when the response t1me of the slave loop is of the same

magn1tude as the sample ttme of ‘the master loop In th1sh

:s1tuat1pn thjhw”'“otcs of the s]ave loop adds d1rectly to :

that of”thehvf ﬂﬁ- hence caus1ng the control response
\;,to deterjorat;‘ | | |

;tant d1st111atlon column the response

: the compo< jod oop Typ1ca]ly, the analog contro]lers .'
| ».V rulows to the new set p01nts w1th1n a few |
‘_secahds whig fb s1gn1f1cant1y less than the sample t1me for
‘ ‘ ;]oops So consequently, the superv1sory

 the experlmental study

' '3 2 CONJROL LAW IMPLEMENTAION - |
| To eva]uat he self tun1ng control]er\(STC)
: output respons ;STC w1ll be compared to the response'
well tuned PID compensator The compar1son

\'w111 be made on how well ‘the. contro]lers ma1nta1n the;ff'

tﬁVVHterm1nal comp051t1ons when the feed rate s changed

f:r For the three term proport1onal—1ntegral der1vat1ve :

{'compensator the PID opt1on 1n the Dtstrtbuted System and .l

'rh;Control (DISCO) package is used Deta1ts of the ;'_'ﬂ

ftmplementat1on of DISCO on the p]lot p]ant dlsttllat1on

“_‘column and the PID algortthm wrttten 1n the 1ntegra1 form,

uﬁ;fare g1ven by Kan [66] The STC algor1thm could not be pgtw o
'1mplemented us1ng the DISCD executtve because of s1ze

ffhttrestr1ct1on As‘a result,ua comp]etely separate program had

- '-_
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to be'wriiieh”id’eXéCUte'under the'Réal TiMé'EXcht%ve
operat1ng in the HP 1000 m1n1 computer ‘A:]isiﬁng.of‘fhé.'f
v‘ppogram is. g1ven An. ApFendlx C. The STC‘algdrithvasedvjné

~"the program is g1ven by Equat1ons (2{55) to (2.59).




‘"4; SELECTION OF MANIPULATED VARIABLE =

4, 1 INTRODUCTION ’
Before undertak1ng the control study, the process

. output and control 1nput pa1rs for the p1lot plant

w*.; d1st1llat1on column were f1rst chosen ~ The f1ve-var1ab]es.\-u'

"that have to be controﬂled are: top comp051tlon bottom - f
' compos1t10n column pressure, level in the reflux drum and '
ylevel in the reb01ler The f1ve ava1lable manlpulated

"variables are: reflux flow d1st1llate flow bottom productf’

' Z\Lflow heat input to the reb01ler and heat removal by the ,

'.'condenser ) The vartables feed temperature, reflux

- temperature and feed compos1t1on w1ll be kept constant for L

i”ffthws study

There are: varwous conflgurattons for palrtng the
115controlled and man1pulated vartables The tw0‘types of s

';strateg1es that have been used most frequently are the ffgvl,

'~»,,;sohemes termed mater1al balance control and energy balance o

.'igtcontrolled by bo1lup rate The term energy balance

:;fcontrol [67] ,ﬁ1th the energy balance sCheme, the pressure

.‘fof the column 1s controlled by man1pulat1ng the cool1ng load}tfp'

-1n the condenser The two drum levels are ma1@ta1ned by

.,chang1ng the respect1ve output flows The top comp051t1on

”_1s controlled by the reflux flow wh1le bottom compds1t1on 1sf}ff~

2.

""aor1g1nates because the term1nal compos1t1ons of the column i

_tare controlled by changlng the energy balance of the system i;}fh

'»fjfand 1t 1s clear that reflux flow and reboqler load changes
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“will‘directly affect the_epergy balance of the column.

:Wlth material balance control the term1nal comp051tlon
- is controlled by d1rectly altering the material balance of
the‘d1st1llat1on column. Orne of the product flow rate is
man1pulated to control qts own compos1t1on tevel for that
end of the column is then‘controlled by e1thervreflux flow

| or rebo1ler load depend1ng on whlch product flow rate is
used - The rema1n1ng var1ables will be pa1red the same way
they are matched in the heat balance stratery a3
D1st1llate flow is usually selected to control the
anter1al balance The reason for th1s is that problems
’ could develop if the the reb01ler level is to be controlled
by man1pulat1on of the rebo1ler load. As the d1st1llate |
[flow'isIUSUally usedt;the ensuing discus51on on mater1al
balance control W1ll be based on us1ng d1st1llate flow to
control the top compos1t1on Analogous arguments can be
g1ven that will be appl1cable to the case when the bottom
compos1t1on is” controlled by manlpulatlng bottom product
flow rate Schemat1c d1agrams of the overhead comp051t1on
_rcontrol conf1gurat1on for the mater1al and energy balance
’control ‘schemes are shown in Flgures 4,1 and 4.2,

The concept of ’float1ng the reflux flow on'level'
control is not an gasy one to accept since bas1c to the
distillation columh des1gn procedure is the assumpt1on of

the operat1on at a constant ref lux flow and f1xed reflux ,

ratio. Nevertheless, stud1es on different d1st1llat1on

columns have shown that the use of the mater1al Falance

LY 4 %
\ .\,.
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control scheme can result 1n 1mproved control behav1our over
the case when energy balance control is used [68-73]. In
certa1n cases, it has been found that it is not poss1ble to
\ stab1l1ze control w1thout us1ng the mater1al balance
approach [72,73]. In both cases, control of.the‘overheadd.
composition could not‘be realized by direct'manipulation of
“reflux £ low beCause of the very high external reflux ratlo
_(greater than 25). | |
The main advantage of the materlal balance strategy is
that 1t exh1b1ts 1nherent reflux control when an energy
,dlsturbance-as encountered because the reflux flow readJusts
itself before any actlon 1s taken by the compos1t1on . |
:contréller This is accompl1shed because an energy
-;gdlsturbance will change the vapor rate in the column ‘As

[
}the new vapor rate reaches the condenser, the reflux drum

level starts[to change S1nce the reflux flow is used to
control the level 1t will be adJusted to ma1nta1n level set
. boint.' The overall result is that reflux flow W1i&ychange
in the same dlrectlon as the change in vapor rate Slnce
the scheme 1nherently handles heat dlsturbances, mater1al \

balance control reduces the 1nteract1on that occurs during

- vs1multaneous control of top and bottom comp051tlon Varla-

tlons in the reb011er load due to the bottom compos1t10n
}1controller are treated as heat d1sturbances by the overhead
:controller so the reflux flow w1ll be adJusted in the
fapproprlate dlrectlon before any change in overhead

’.COmpos1t1on is detected

\ ‘ .
U B [y ‘



Otherﬁadvantages_of the material balance scheme are the.

‘following:

a.
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o4

For the case where the reflux ratio is very large,

| using the dlst1llate flow to control the reflux

‘ flow a large percentage change in dlstlllate flow

'drum level can be very d1ff1cult Since the

,d1st1llate flow rate is much lower than the reflux_l

is requ1red to compensate for small percentage

;fchanges in reflux flow These large swings in

| d1st1llate flow can be 2 b1g problem espec1ally in

“ s1tuatlons where the d1stlllate product is a feed

to another column Additional drum capac1ty m1ght.

'be needed to damp out the var1at10n

".necessary change 1n d1st1llate flow to compensate :

.'jilhefmaferlal balance stratery is readily adapted

‘for feedforward application-since the required

d1st1llate to feed rat1o can be determlned exactly

from the mater1al balance relatlonsh1p Thus, the

,;for changes in feed Flow rate and feed compos1t1on

' ‘can be ea51ly calculated and subsequently fed

a<forward through the appropr1ate dynam1c

. comggnsator f' R

The materlal balance scheme w1ll not exh1b1t a f?

- trans1ent 1nverse response that 1s somet1mes

1’observed when reflux flow is. d1rectly used to

control overhead compos1tlon The 1nverse reponse

as explalned by Rosenbrock [74] is caused by plate -

Q



. Qtthat more. dynamlcs is added hence slow1ng the response of
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\overflow when?an'lncreased vapor rate first
reaches the ‘top of. the d1st1llat1on column. .The'

overflow acts as an 1ncreased reflux flow hence

caus1ng the comp051t1on to 1n1t1ally become r1cher{

~in the more volatile component. ~ When the overflow
'stOps the 1ncreased vapor rate takes over. and. the
'compos1t1on becomes leaner 1n the more volat1le
component W1th materlal balance control the,
'_-1ncreased vapor rate would cause the reflux to
1ncrease and as a result, the inverse response
‘;should‘not occur‘ | |
The main dlsadvantage of the mater1al balance strategy
~over the heat balance control case 1s the add1t10n of the
’control dynam1cs ,of the level loop 1nto the dynam1cs of the—~
| ~compos1t1on loop When the top comp051t1on varles from the
set po1nt the d1st1llate flow is. first adJusted Th1s
change in turn affects the level in the reflux drum -
ﬁSubsequently, the reflux flow then adJusts to ma1nta1n thel
drum level The compos1t1on w1ll not beg1n to change unt1l
f'the reflux flow has been changed The overall result 1s f.

\.

the OVerhead compos1t1on loop Futhermore controller \\

N

response to set po1nt changes could be slower than the case\

'when the reflux is adJusted d1rectly
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, 4. 2 ANALYSIS OF INTERNAL REFLUX RATIO SENSITIVITY 10 HEAT
1DISTURBANCE | | |
The self regulatlon of the reflux flow in matertal
balance control w1ll lead to lmproved control performance
only 1f the change in reflux flow is changed 1n ‘a way wh1ch

/
malnta1ns the lnternal reflux ratlo Clearly, 1t is the :

| ma1ntenance of the 1nternal reflux rat1b that allow the g

mater1al balance scheme to be less sens1t1ve to heat ,

f'_d1sturbances By holdlng a constant lnternal reflux rat1o, |
| the slope of the operat1ng ‘curve remains unchanged hence the

‘compos1t1on 1s unaltered ?

For a d1stlllat1on column operat1ng wvth a large‘

B external reflux ratlo, a mater1al balance strategy w1ll

"ma1nta1n the 1nternal reflux rat1o better than the energy’
’ balance case However, 1f the external reflux ratlo 1s low, -
:the self regulat1ng change 1n reflux flow can cause the |
,‘1nternal reflux rat1o to vary more ‘than the energy balance'
"scheme The best way to 1llustrate the effect is a 51mple
”ﬂnumerlcal example It should be noted that 1n the ensu1ng
-analySTS, the V/L rat1o w1ll be cons1dered lnstead of: L/fo

i,ijtrad1t1onally deftned as the 1nternal reflux rat1o "Thewfh

°."'--reason for. th1s s that the reg1on of 1nterest is for o

rl”wff10 o that is:

.inlnternal reflux rat1o less than 1 The rec1procal V/L;fi?-

.‘w1ll have a greater numer1cal range

Cons1der a s1tuat1on where the external reflux ratlo ‘sff'“"

~nfRef1ufo16w*(E),"

~ Distillate Flow (D)
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Since the vapor»rate tvl'js given by’
B v LD ,~1-‘,lf a3

Combining Equation (4.2) and .(4.3) yields:

Vet ‘///(4.4)

and the resilting ratio is:

v o1 DN L

= E =11 S R - (4:5) ¢
L _10tOD e ‘ B ,

Suppose that the column 1s subJected to energy

d1sturbances that correspond to a requ1red change in the ‘

o vapor rate of a 20% 1ncrease and a 20% decrease ~The

requ1red new V/L ratlo for both materlal balance and energy'.j '

balance straterg1es for such changes are g1ven in. Table 4 1
Recall that for mater1al balance control the reflux flow L
w1ll change by the same amount the vapor rate ls changed

From Equatton (4 4). a ZOA change 1n vapor rate 1s

= v.-o';.-vzvz:j=,._0‘.-’.'2-%-* 11 00 2, .201‘ e f - <4 o)
It 1s ev1dent from the values 1n Table 4 1 that the

materlal balance control clear]y matnta1ns a more constant

V/L rat1o than the heat balance case as. the rat1o under the ";75

"?ﬁf materlal scheme changes less than 3A compared t° the 20%
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-”éhanges for the'energy balance case.

- Table 4.1

- Control

Scheme

- o
Material

Balance
“Energy

Balance

Now, -

is only 1.

o i
.\O.

and the steady value of V/L is:. *

10.0+2.2 " Gp.0-2.2

9

R

Variation of V/L w1th Control Scheme for +20%
Changes in Vapor Rate at an External Reflux
Rat10 of 10 o . :

Pos1t1ve_v Deviation  Negative . Deviation

3 D1sturbance From.5.S. Disturbance From §.5

11.042.2 - - 11022 w
= .08 -1.6% ——— = 1.13 * +2.6%

11.042.2 o 4q0-2.2
21,32 420.0% @—— "
1000 T T 0.0

0.88 +-20.0% - -

,cons1der the case when the external reflux rat1o |
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The new V/L ratios that result from £20% changes in '~
vapor rate are given in Table 4.2. .~ Ny
;‘s.
Table 4.2» Var1atlon of V/L wi th Control ‘Scheme .for £20%
o . Changes in Vapor Rate at an External Reflux ’
,Ratlo of 1.0 -
~ Control - Positive Deviation h Negat1ve }Deviation
~ Scheme Disturbance  From S;S. Dlsturbance From S.S
. Material 2.0+0.4. . »2.0-0.4 | Lo
REER — = 1,71 -14.3%  ——— = 2,87 +33.3%
Balance = 1.0+0.4 . . = .~ 1.0-0.4
Energy a2,0+0.4 S s 2.0-0.4 Lo '
R — = 2.40 | +20.0%4 ~———— =.1.60 -20.0%
~Balance . 1.0 - 1.0 °

| As'can be seen from the numer1cal values in Table 4.2,
which are markedly different from those in Table 4.1, the3

b_'~mater1al balance control scheme 1s preferable for a’ post1ve :*

Ad1sturbance but Just the reverse for the negat1ve

"fi5d1sturbance Cleary. for a s1tuat10n where the external

reflux rat1o 1s 1 0 the energy balance strategy w1ll prove

v~:rto be less sen51t1ve to heat dlsturbances The ch01ce of

':f‘energy balance control ?ecomes even more advantageous 1f 1ta:f -

'-f,fls recalled that W1th the energy balance schéhe él___{df*f”

-u.?e~compos1t1on control loop

N “dynamlcs of - the reflux drum level do not enter the overheadljf‘

B '._

These SImple numer1cal calculat1ons have clearly



= not always be super1or to heat balance control with the

an external ratio much greater than' one, that 15 not

. "‘\

oo o0
. ! N

ﬂ\‘ Yo y '

1lﬁustrated that the mater1a1 balance control scheme w111

)

cho1ce of scheme dependent on the external reflux rat1o

‘.Wh1le it 1s true that most 1ndustr1al columns operate with |

S

. necessarily the case w1th p1lot~plant d1st1llat1on columns

“In.this study, thevp1lot plant column_operatlng cond1tJons<

are: !

L ey
-~

: Refiux'Ftow‘é 10.2 g/s i“g,} S
D1st1]1ate Flow 8 8 g/s» . :

so, the steadygstate V/L ratjo'is{‘ N ' B i/ff

SV 10.2 + 8.8
0.2

=1.87

o

- I3

The change in the V/L rat1o for +20% changes 1n the

' vapor rate are shown in Table 4 3

'gTable 4 3 Var1at1on of . V/L w1th Control Scheme for +20%

. Changes 1n Vapor Rate

i

N

. Control: r. Pos1t1ve “f Devwat1on ’“}Négatﬁ&ef“l Déviatjonr_gg‘xlr
- Scheme . D1sturbance From S S , Disturbance‘ 7FFOW;$-5?Y SR

 Material 19 o+3 8 '*".2;’5255;19 0+3.8

-1 63 C-12.6% -————-—-—-2 34 +27¢5%l71

,__;;Bajah¢é*:cwo 2+3 B 1o 2- 3 8

'<“E”é"99*ff 19. 0+3.8 '?¢y*fﬁﬂ19 0-3.8

~2 24 +20.0% —-——————-1 49 .—2C;Q%f}f}
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;pof 7: 1/2% from 1ts steady state value The open loop
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The results presented in Table 4, 3 1nd1cate that the
reduced dev1atton with the materlal balance control compared
to energy balance control for a p051t1ve dlsturbance (7.4
lower dev1at1on) is JUSt about equal to the h1gher dev1at1on

of 7.6%a for the negat1ve d1sturbance "As both stratergles

| are equally sensttlve to heat dlsturbances heat balance

¥

;'responses for the matertal balance scheme are shown 1n

' control 1s the strategy chosen because the materlal balance -

scheme has the added dlsadvantage of hav1ng a: slower

response due to the 1nclus1on of the condenser level

dynamlcs LI E[,,,. o R

£ 4 3 EXPERIMENTAL OPEy LOOP RESPONSES

To substanttate the analy31s carrled out in the

prev1ous sectlon experlmental open loop responses where

obtalned for the top and bottom compos1tlons to changes in
steam flow u51ng both the mater1al balance and energy ;A

balance conf1guratlons The steam flow changes 51mulated

:éheat dlsturbances enter1ng the system

For each control strateQY. steam flow rate was

1ncreased and decreased to flow rates representlng a. change

P

‘ 3F1gures 4 3 and 4 4 The correspondlng responses for energy

balance control are shown 1n Flgures 4 5 and 4 6 ;Thg.g;‘f'

ﬁl results are summartzed in’ Table 4 4
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~ Table 4.4 Top. and Bottom Comp051t10n Changes to. Steam Flow
a | Rate Dtsturbance o

7 1/2% Increase In 7 1/2% DecreaSe in

” Steam Flow Rate » Steam Flow Rate
Control X0 . x8  xp X8
Scheme Change Change Change Change
| A o . , D |
“Material = +0.82% i+o:5§;fi U -1.32% #1309
Balance o R T A
Energy -1.50% . -4.08% +0.58%  +6.57%

Balance

- The results of Table 4 4 are in agreement w1th the
pred1ct1ons g1ven by the analys1s of the vapor to- l1qu1d
rat1o for vapor rate changes The values in Table 4 3
_1nd1cateﬁthat the overhead compos1t1on should be more |
: senswttve to a p051t1ve energy d1sturbance when the energy ff
balance scheme is used than 1f matertal balance control is.

' used Thts is 1ndeed the case as can be seen from the 1. 5%
NTT decrease 1n oveﬁhead composttton W1th energy balance contro/”-
compared to the 0. 82% 1ncrease under the matertal balance ‘T'

scheme The results for the negattve d1sturbance are also -

”,T_ cons1stent w1th those in Table 4 3 s1nce the top comp051tton :

decreases by 1 32% for matertal balance control but pnly f..'
1ncreases by 0 58% for energy balance control i ing. }

. The potent1al advantage of the matertal balance scheme 5 .
for systems w1th a large external reflux ratlo is Illus-'bfg |
trated by con31der1ng the bottom composttton v Stnce the ~1Tt‘

enter1ng feed is a ltqutd the l1qu1d rate below the feed
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plate‘is increased‘substantially. In.effect, more reflux is
}being added tovthe‘column.,,ﬁggm the results of Table 4.1,
it should follow that the vapor-to-liquid ratio and henCem
‘ the bottom composition should be less‘sensitive to heat
”aistuhbances if material balance control is used. This‘js
in fact-the situation observed. For both positive and
negative disturbances, there is a more s1gn1f1cant change . in
the bottom comp051t1on with the energy balance conf1gurat1on'
than w1th material balance control. For the positive

‘d1sturbance, the compos1t1on change with energy balance:  /
‘ /
control is 7 1/2 times larger than the change with mater1al

balance control

4.4 CONCLUSION -

Material balance control ls shown to be superior to
energy balance contﬁol:foh,thewcase of a large external
reflux'ratio,while_with smaller reflux ratio it will be more
adVantageous‘to use the energy.balance scheme Compar1son
of the change in the vapor to- l1qu1d rat1o for the same

change in vapor rate for both control schemes can help to
dec1de Wthh strategy should be\uwed for a g1ven s1tuat1on

For the column operatlng cond1t1ons,‘analy51s of the :

| vapor - to l1qu1d rat1o for vapor rate changes and subsequent :

':exper1mental vertftcatlon have shown that the chowce of s

control strategy depends on the type of d1sturbance Energy o

balance control is less sens1t1ve to a negatlve energy

~td1sturbance but because the materlal balance control scheme



o
"
inherently includeé condenser level dynamics, the energy

balance scheme is embloyed in this study.
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§. EXPERIMENTAL RESULTS

b4

- 5.1 INTRODUCTION
| Th]S chapter presents the results of the exper1HEnta1
'runs that have been carrled out on the distillation column
using the PID and self- tun1ng control]ers A br1ef A
}dlscuss1on of the exper1mental procedures and the actua] 4
programs that were used will be given. The results are |
presented in the following order.v‘ -

. ~ PID runs forntop composition,'bottQM‘composition_

‘and dual'compOSition controt;

'p’bf STC runs‘forrtop compos3tion control;
c. 'STC runs for bottom compos1t1on control; ~
vd. STC runs for dual comp051t1on us1ng multiloop i
‘ conf1gurat1on (ML- STC); U
. T STC runs for dual compos1t1on us1ng mult1var1able

T conf1gurat1on (MV- STC) , _ |
Control of . top preduct compos1t1on w111 be used to |

;study most of the propertles of the self tun1ng contro]ler

Iwh1le bottom compos1t1on w111 be used to eva]uate the

feedforward (FF) %eature of the STC

5.2’ExPEéiME&TAL PRdCEDUREt"\ | |
| Four types of d1sturbances were.used to perturb the o
’-_d1st1llat1on column | .‘_ ‘ |
'r‘7a;‘;‘a 25% reduct1on 1n feed flow rate, ff"; |
“dffb,-' a subsequent feed flow rate 1ncrease to return the f/;jh

RO



rate to its normal steady state flow;"‘
c. .a'2“% increase ln feed:flow rate' |
d.- a subsequent feed flow rate decrease to return the
' rate to 1ts normal steady state value |
‘For the study of top- comp051t1on control, the—
d1sturbances of a 25% increase - in feed flow rate and the
jsubsequent.return of theg?low rate to its steady state value °
. were not used because the top comp051tlon showed v1rtualy no
change for these d1sturbances -as can be seen from the
responses 1n F1gures 5.1 and 5,2 (The arrow qh the'flgures'
1nd1cate the time that the step change in feed. flow rate is
1ntroduced) In add1t1on only a. llmlted number of
"mult1loop and mult1var1able runs were performed for these
; two d1sturbances because a cond1t1on of flood1ng nearly)z

v'resulted when the feed rate was 1ncreased 25% above the

*steady state flow rate

W1th single loop control the self tun1ng controller o -

-;jwas started W1th zero 1n1t1al parameter est1mates and the

“1n1t1al PC hatrlx is set at 1000I to show that there was

1llack of conf1dence 1n the 1n1t1al est1mates The controller?'

S.was’ g1ven tlme to obtaln reasonable estlmates before a feed e

N d1sturbance was 1ntroduced For the multlloop and |
’:mut1var1able conflgurat1on. the self tun1ng controller was;

-1started w1th the f1nal est1mates obtatned from the s1ngle

‘W'Jffloop control tests To show that there was conf1dence 1n j;j‘“

t:;i'these est1mates,_the 1n1t1al Pc matr1x was set equal to

011 As w1th the s1ngle loop control case the parameters v
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ﬂ_were-allowed.to converge before a.feed.change was fhade.
»When‘comparing the control performance of the self—tuning
| controller with that of the PID controller, only STC runs
for wh1ch the d1sturbance is 1ntroduced after the 1n1t1al
identification are conslderedv |

| ‘-The,diScussion given,inlsectionv2.371'has‘shown that
the self?tuntng controlter can be thought‘of as a feedback
'rcontroller with a dtscrete compensator wh1ch uses the:
.ftpred1cted output 1nstead of the measured output as the
feedback signal for control actlon From Equat1on (2. 23)
';1t can. be seen that the d1screte compensator is equal to the b
1nverse of the Q- wenghttng (Q- WT) By selecttng the 1nverse

of the Q- welght1ng to be the Pl controller and assumtng the

pred1cted output to be Correct standard techn1ques proposed‘¥3'

-:‘ by Verbruggen et al. [75] can be used to obtatn an 1n1t1al_

cho1ce for tne Pl constants based on the open loop response .
"S1nce the predacted output 1s used the Pl constants are

7,_‘those based on the system except for the ‘effect of the |

{,:process t1me delay "l_>'

For the s1ngle loop control tests, the constants

v’i obtalned from the method based on the open loop responses

¢

:;f produced good control but 1t was found that 1ncrea51ng the

ft:_1ntegral ga1n 1mproved the control response For the 2

fifmult1loop and mult1var1able.cases, a certa1n amount of

i,f”de tunlng was necessary to prevent os01llatory responses

Exper1ence w1th tun1ng theﬁ?-we1ght1ng showed that thev_;;,f:h

.l;“response was not as senSIttve to var1atton 1n the

‘@”.e
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Q-weighting parametefs compared to the sensitivity of the
PID‘compensator to change541nfthe PID constants The reason
for th1s 1nsen51t1v1ty is due to the fact that ‘the

‘parameters change to compensate to some degree for changes

| 1n the Q- we1ght1ng constants Although the sen51t1v1ty was:

_:_d1fferent 1t was found that the PI constants in the

t_‘Q weighting could be tuned in the same way a normal PI

o

‘.compensator 1s tuned' jwe{, the relatlonshlp between the
_proport1onal and 1ntegral ga1ns and how they affect the

_output response rema1ns the same.

5. 3 COMPUTER PROGRAMS

U W1th the change of computer system in the DACS center
j;:?support programs for the d1st1llat1on column had to be
written for the new system A mon1tor program. BDC99 was
l")wrltten to mon1tor Key process var1ables on the‘column |
When the values of the, var1ables exceeds spe01f1ed
i'sconstratnts, BDC99 w1ll shut down the dtst1llatlon column'
: ;;_ As d1scussed ln chapter three,lthe chromatogram ;;

~,analysxs ts done by a computer seperate from the Central

"-_computer where the other process measurements are ava1lablerd_

hh_As the control algortthm w1ll execute in the central

E computer, a program GCLNK had to be wr1tten to rece1ve the :e:tbyﬁ’

“--{report from the GC computer and transfer the 1nformat1on .

'ﬂy'1nto some buffer in the central computer Programs GCSCH

v”llﬁfand GCSWT then processed the 1nformat1on 1n the buffer to 4e:’l

YVhextract the value of the the bottom compos1twon from the



65

report. The programs also served to start the GC sample

cycle” at the appropr1ate t1me ' .

The 1mplementat1on of the selfg%unlng control algor1thm
©a

~on. the column ‘was carrled out w1th programs gtc and HSET.
‘ Program HSET is used to alter the data flle that conta1ns

" the startlng parameters and 0pt1ons used for the self-tuning -

controller wh1le program STC conta1ns the control algor1thm

In add1tton to the. algor1thm 1tself program STC takes care
. of stor1ng the relevant varlables in a disk f1le “ When the
STC program is execut1ng. commun1cat1on w1th the program can

be accompllshed through a group of d1g1tal sw1tches ' ‘gfrf,_

Ut1l1ty programs HPLOT and ERSUM were written to prov1de .

"=plots and calculat1on of the sum of the absolute error (SAE)L

of the results stored. in. the data f1les for a user spéb1f1ed
per1od of tlme (number of sampl1ng 1ntervalsl |

A l1st1ng of programs HSET and STC is- 1ncluded 1n

. ,7Append1x C ‘ A l1st1ng of the rema1n1ng programs is only =

'1ncluded in certa1n coples of thvs work

v“"r5 4 CONTROL BEHAVIOUR USING PID CONTROL I

VV The control performance obta1ned us1ng convent1onal PID‘
Zkffcontrol actlon gﬁ%l be used as the base case for evaluat1on‘t4;ﬁi'
sgiof the self tun1ng controller For the three cases of tgpjfg:f
“.ficompos1t1on control bottom composwt1on control and »”'fvt
‘f;gs1multaneous product compos1t1on control the PID results t?.‘ﬂ?”ﬁ

g:'presented are for a well tuned PID compensator Wh1le the

*f,performaHCescannot be guaranteed to have been obtaIned u51ng_,wﬂhf'
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true optimal tuneleID controller settings. the constants
have been so well tuned that any changes in their values
cause the contrOI performance to deteriorate. The h
controller perFOrmance is measured by the sum of the
absoﬂute error (SAE). For top compos1t1on control, with a
saMpl1ng t1me of 1 minute, the SAE is taken over one hour or
60 samples after the feed flow rate change “For bot}om and
dual compos1t1on controt w1th a samp11ng time of'é minute.
'the SAE is taken over 1 1/2° hour perlod or 30 samples after
the feed flow rate change » ‘
For the 51ngle ]oop control test, the f1rst ch01ce of |

‘if PID constants was obtalned us1ng the techntques proposed by g
‘y1Verbruggen et 1. [75])" wh1ch bases the select1on of PID |
}'constants on’ the system open loop response Us1ng these*
- values as a startlng po1nt~ the parameters were altered -in a_'
» systemat1c way until. further changes 1n the constants a
.resulted in. deterlorat1on of the control performance For‘,
t'dthe 51multaneous controt case, the well tuned 51ngle loop R
};constants, reduced by one: half were used as the 1n1t1a1 SRR

Vcho1ce The constants were reduced because of the _
"1nteract1on between the top and bottom composItlon control
Cfeeps, il T
| f»tThe exper1mental results for top comp051t1on control

-~ ( 3

i‘QUPeS 5 3 and 5 4 v The bottom compos1t1on control
,-.fresults are shown in F1gures 5 5 to 5 8 For bottom g;;-‘r~

‘{,comp051t1on control the PID constants are slgn1f1cantly

those g1ven in Sect1on 5 2 (cf F1gures 5 1 and 5“27 andly{ifif
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d1fferent for the pos1t1ve and the negative feed flow rate

3 d1sturbances as can be seen from Table 5.1. This is due to

- Top. .Return to’ s s,

"g?_sBottomfx ReiUrn*tO'S;S.
. Bottom . -25% to feed

‘.',Bdffom‘h_Reﬁuhh'to SjSQ 5.

T obual 425% to feed 5.9 1 2.75/27.3  top constants:
. Dual | ‘Return to S.5.  5.10 ‘2;87/27;i~'13,57/0;9570.831"

- Dual - -25% to feed f5.11,d2;13/21;7‘ﬁ*bdt}égnstants;u,.,;,;;
Dual  Return to'S.5. 5,12 2.30/23.0  -.58/-.13/-.13. [FEHE

the nonl1near dynam1c character1st1cs of the co]umn :The~‘

°
.

results for the dual- compos1t1onycontrol are shown in

F1gures 5.9 ta 5.12, The PID constants aré tuned on the .ﬁ;'

Eh

'.bas1s of a -25A step change in feed flow rate only ,A

o summary of the SAE for these resultsz1s glven in Table 5 1

.

~ Table 5.1 Summary of Absolute Error Values For PID Control

- Type of : Type of ‘ o : SAE PID Constants,
Control  Disturbance Figure  (wt¥) /K; /kd 3

o
4 0.460°
o7

,81/0 73/0 ssh‘(
81/0.73/0.65
.81/0.73/0.65
.81/0 73/0 65

Top +25% to'fééd;;’

.Tdb";5 -25% to feed

S NS, SRS, NS

& woN

Top Repupnuto,s.s;ef

";525:05ftf77f;§§/§433/%;0875 _
1843 -0/15/-87

Bottomfv: 425%hfovfeed.~.

.U.l U]'U] m” . -

top / bot .
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5 5 TOP COMPOSITION CONTROL - T ;A, | o o
| Thws sectlon contalns the eXper1mental responses pﬂ’
'_'ach1eved u51ng the self-tuning controller for overhead
-f‘compos1tton control, Results are, presented to show the -
effect on control behav1our of | :
| a. removtng Q»wetghtlng_(QfWTl;

| ”~b. Chanothgdsampllhs tlme;

N

:-‘c{', stopptng 1dent1ftcat1on

Top compos1t1on control was selected to demonstrate

~some character1&t1c of the self tuntng controller because of o

j;the loop s smaller ttme constant and the allowable user ‘
ch01ce of sampl1ng rate for the overhead comp051t10n from
~}the cont1nuos measurement s1gnaJ of the capa01tance cell

‘4
vt

| 5 5 1 Control Performance Us:ng the STC w1th Q- wetghting

The 1n1ttal controller parameters and opttons used for-fl:

vself tun1ng control when the column was - subJected to the
7'1d1fferent feed dtsturbances are shown 1n Table 5 2

The top compos1tlon response when the self tun1ng

2 ;;controller 1s flPSt made operattve w1th zero 1n1t1al

»?hparameter est1mates 1s shown 1n thure 5 13 The changes}lnpdiif

':w1th zero 1n1tal est1mates, the parameters have converged?ho*crt”

\fafter less than 30 sampltng lntervals W1th the parameters

‘5_f[hav1ng converged the feed floﬁsrate was decreased bY 25% ‘;

,;’»4

-

li:tfthe parameters dur1ng the 1n1t1al tuntng per1od are shown;lnfj;;f'

~._Tthures 5 14 and 5 15 It can be seen that even starttngf*ffff;‘
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‘ﬂTab1e 5.2 Controller Parameters an
- Composwt1on Control o

'IdehtifiCatﬁQnaScheme

;'en;ofipahaheter35

<@

' ;ﬁn1t1a] Value of Parameters.

. p- welgHt1ng
 _Samp11ng Interval |
vForgett1ng Factor'.‘”*

~In1t1a] Pc Matr1x <';ffuf?

Ki
ot
:_‘All set to zero

3.876 (g/s)/wt%’e%~ o
919 (g/s)/wt%‘ i

‘:f_Set to '
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the system allowed to reach steady state and the flow '
1ncreased to 1ts normal steady state rate The controlled

;responses for these d1sturbances are shown in F1gures 5 16
[ ,

and 5 17 To provlde a’ quant1tat1ve 1ndlcatton of the

hl !
controller performance, the absolute error values are
( ¥

| jcalculated for 60 sampl1ng 1ntervala§after the d1sturbance
'has been 1ntroduced These values are glven 1n Table 5 3

}Also shown are the results from.lphcate runs

.' , ER o ‘:‘\_if i""~f~"-- l“;ifg;\\iwf' .
';s‘Table 5, 3 Summary of Top Compos1tton Absolute-Error Valueslru\\;
. S (Over 60 Samples) for STC w1th Q welghtqng e

~ Run SURI N R Type of Lo g SAE
.. No. ~ Figure P D1sturbanceg';'-‘ (wt%) _
2-2 5.1 A.-25% to Feed 2, 177 \§ o
2-3.° .5.17 .. Return to S. S;", 2.197 - .
f5-4'§:‘xDupllcate - -25% to Feed - . 2.347 B
v_5‘5'.»jADupl1cate Return to S$.8. . oo1.867 .

o
~—

Comparlson of the SAE results Wlth those shown in. Table )

| 5;1,'shows that the. STC performs better than the PID
controller for the feed dlsturbances used. Wh1le the SAE
; Aachleved by the STC is, not much better than the PID case,;tth‘

o should be noted that the PID results were obtalned only _
) A\ o .
_'after cons1derable time had been eXpended to. tune the /E»

.chntroller Th1s is in marked contrast to the STC results
-obta1ned us1ng the f1rst Q we1ght1ng selected (cf values

v's‘gtven 1n Table 5: 2).

~

‘ .
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(:QQ we1ght1ng r%moved The 1n1t1al controller parameters and

L optlons are the same as those g1ven in Table 5 2 except that ‘ng

I T ' P A
" 86y

LT | "“
: . ‘

*.5 5 2 Control Performance Us1ng the STC WNthout Q welght1ng
To 1llustrate ‘the effect of the Q we1ght1ng (Q WT) the"

'fSTC was used to control the top comp051tlon w1th the
‘f

- \
-the Q we1ght1ng 1s set to zero Flgure 5 18 shows the top

- *3gfcomp031t10n response when the controller 1s f1rst applled

o wh1le the var1at1on of the parameters a they adapt dur1ng

A

the 1n1t1al 1dent1f1cat1on per1od is dlsplayed 1n thuresv”'f'V i

¢

’.";:55 19 and 5, 20 As 1n the case w1th the Q welghttng' vh :f.}'f" R

fsparaﬁeters have converged after 30 samples The response of

‘Tffithe top compos1tton for a’-25% decrease in feed flow and the Fhifﬁ

’f'ffsubsequent change to the normal steady state flow rate are

ﬁffshown 1n F1gures 5 21 and 5 22 The SAE for these result?

PR
' *rtvand those of some dupllcate runs are compared w1th the _'p( R
ﬂ'_prev1ous results obta1ned us1ng Q we1ght1ng 1n Table 5 4
' Table 5.4 Compar1son of Top. Composzt1on Absolute Error L
oo Values (Over 60 Samples) for STC W1th and R
L j"-‘thhout Q wetghtlng L B A
R _ v, e 15':'

With SRR Without
Q welght1ng f‘; Q- we1ght1ng

Type of o '3; SAE aQ""i) SR
D1sturbance X _rFigure~ (wt%l . Figdre . (wt%l .
. %% to Feed .~ '5.16 2177 5.2{ pj.14;278{
-Return to S.S. - 5.17 . 2,197 .. ©5.22 7 ~2.693

. -25% to Feed 'Dupltcate 12;347;,*-Duplicate<52,goe_ff.3f
’-Return to S S. - Duplicate . 1.867 . Duplicate 13.327
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riﬂallows the man1pulated var1able to exh1b1t larger

92
",“0» As d1scussed,1n Chapter Two the Q we1ght1ng adds a _}
B penalty for controlaeffort SO remov1ng the Q welghtlng 'a

.

: dev1at1ons Comparlson of the var1at1ons 1n reflux flow

u"hf_drate shown in F1gure 5. 21 aﬁé 5. 16 shows that thvs(ls 1ndeed

ﬁ‘,the case Lt can be sben that w1thout Q welghtlng,uth L
Y

‘~magn1tude of the reflux fl0w var1at1on 1s tw1ce the
L S T ey
'var1at1on tﬁat resulted when Q we1ght1ng was used ‘The‘un"

TR BN
'-“alarger var1at1on 1n reflux flow due to the removal of the

: :Q we1ght1ng causes the control performance to deter1orate as:

'lgshown by the SAE values for STC Wlth and w1thout Q we1ght1ng

tfnglvenM1n Table 5 4

Compar1ng the 1n1t1al tun1ng 1n per1od for the cases

7cf;JW1th and W1thout Q welght1ng,‘1t 1s seen that the added

'gfpenalty 1n control effort helps to reduce the var1at1on dn

dhf{freflux flow/ In additlonﬂ W1thout the u welghtlng, the >

%,Lcontroller demands a max1mum reflux flow of over 16 g/s but

'*71;;uslng the Q we1ght1ng, the max1mum 1s reduced to 11 5 q/s

"fffTh1s reduct1on 1n the max1mum control output leads to less

ﬁfﬂi,overshoot in the dVerhead compOSltlor response.

'“mf/ These results clearly show that the use of the

4

»'70 wevght1ng reduces the amount of var1at1on 1n the reflux

’afn;flow rate Th1s w1ll lead to an lmprovement 1n the [fﬁwfﬁ

: Kﬂcontroller performance 1n terms of the SAE crﬁter1a

“fﬁﬂfFuthermore the use of Q we1ght1ng does not slow down the

/t:f{rate at wh1ch the parameters converge dUP‘nQ the 1n1t1al

h'ﬂggtun1ng 1n perlod and 1t g1ves the added advantage of

b



=

Lo

| reduc1ng the maxlmum reflux flow requ1red dur1ng the 1n1t1al ;'

B o

. trans1t1on pertod

5 5 3 Effect of Samplwng T1me | | A
: To show the effect of sampltng twme exper1mental runs ,-t
were made us1ng t1mes of. two and three m1nutes The7 | |
'Iexperlmental responses for a -254 step\decrease in feed flow ;;t

o rate,,for—the—two~and three m1nute rates are shown in

F1gures 5 23 and 5. 24 W1th~the except1on of tbg changeLan ;é&d;

sampl1ng t1me and the absence of the Q welght1ng, th'.ﬂ,'”

1n1t1al controller parameters and opt1ons are the same as\ l?}:L

those shown 1n Table 5 2 No Q we1ght1ng was employed 1n

¥

order to demonstrate that 1ncrea51ng the sampl1ng t1me has

the same effect as add1ng the Q we1ght1ng, that 1s 1n termsaf;*":'

f of reduc1ng the osc1llat1on 1n the man1pulated var1able[24l:,ft;f”

Compar1ng the overhead comp051t10n response for the

dtfferent sampl1ng t1mes. 1t 1s seen that by 1ncreas1ng thel‘f,t7j

t1me to two m1nutes, the magn1tude of the var1at1on 1n the
,Efff reflux flow is greatly reduced As can be seen from the
absolute error values 1n Table 5 5 the performance 1s not

much better than that ach1eved ustng the one mlnute sampl1ng

[~rate because at the two m1nute samplfng t1me the Controllep v:“‘

’*‘]% responds mbre slowly to an unknown d1sturbance 51nce the

controller 1s only act1ng 1n the feedback mode | By further

_,E;f1ncreas1ng the samplxng t1me to three mlnutes, the magnltude ”}f”"'

of the osc1llat1on 1n the refluxfflow starts to 1ncrease

The CO”tPOIIed resPOnse to the d1sturbance is not as. ;_::q

~—



[

.m”}

1¢ﬁf

34500

94;; 

£

pary
kd IJ
’?

p e ‘120, e (_;49;
1E \mm |

B . .-

A

T N A NP N o

¥ : - . B RN - A - B . T y .
s Sl

o

se ae 1280 . 188 e B 24a
‘ TIHE (M[H?

F1gure 5. 23 ST Control of Top Compos1t1on to a =

.,j M1nute Samp11ng

~Decrease in Fee

d Flow Rate W1thout Q
T1me J”f.

v;  ij}3;}{ﬁJi ;;

0

25% Step

Wt'

EBQ;inxi ﬂi

qu‘A‘ SR



~ [6/8]

11. 98

— T
g

1388 -

AT — 'v‘ T B
- 8.09 59.@9 o lea.e - 188, G 9 “ '243.9 v
‘ | TIME kM[N)

el
94.5p

»

S

\Nf\;\wﬂj\'N\«x;/\,wufwf\fvﬁ-~vﬂﬁv“*ﬁvﬂ\l\v/\/

i — T T T

@.05 ©  60.e8 . 1209 maa . 2408

TIME (MINY

F1gure 5.24 ST Control of Top Comp031Yﬁon to a. -25
Decrease in Feed Flow Rate W1thout Q- w

Minute Samp]1ng T1me S

:’

]

% Step

Three |

300,90



96
'satisfactory because of the larger sampling time.
Table 5 § Comparlson of Top Comp051t1on Absolute Error

-Values Calculated for a.Period of One Hour After
the Feed D1sturbance for Different Sampl1ng T1mes g

4

o Sampl1ng Tlme SAE~

Figure' (mlnutes) - Awtk)
5.16 N “'~_4Q278' e
5., 23 20 C3ga7 e

o 5.24 ©,6.700" .

3

The resu]ts show that wh11e 1t is p0551b1e to use

-

- Iarger samp11ng t1mes to reduce the var1at1on 1n the ref]ux

':flow the larger sampl1ng t1me tends to slow down the-n_vg PR

"‘controller response for a d1sturbance«that has to be :

nfdetected by feedback of the output var1ab1e For a feedback

3hﬁ'strateQY.:1t would be better to- sample faster and 1ncrease

| the welght1ng piaced on the control effort However for a

y:_t,controller w1th feedforward act1on 1t should be poss1b1e to_‘t.,*

:ach1eve the same control performance w1th a larger sampllng

t1me

. SN

"‘ .

.5, 5 4 Effect on Contpeleﬂerformance when Ident1ficat1on js f..
| From Equat1on (2 34). theycontrol 1?Wv§an be expressed o

'éS? '.,~."/ A

w»

e S TR TR 0T 20 8
}‘_1and,without feedforward action, thelcontPOJdlqw‘réduces to:

| e



__;”y@\ . ff o »-9?'

.\‘. '

Fy. +Gu - HQu +HE =0 s,
PV Gut ‘ HQu ¢ ‘wt | 0; , L o _(5 2]

“At steady state, the outputs and. 1nputs remain constant
and " Qu tends to %e:o (cf Chapter 2) Equatlon (5 2)
béComes. | | '

(S

.
R
R4

zriyt+k‘f*ze,u. S IHw =0 E _'5fffl:(5'3)

C1f the 1dent1f1cat1on scheme is stopped the %;m of thex:

“coeff1c1ents for each of the polynomlals becomes constant
When a d1sturbance is 1ntroduced it is clear that the

s-control output w1ll reach a new steady state value Slnce

"*ft’the sum of these coefflcents rema1ns the same, to satlsfy
x::“Equat1on (5 3),\only the process output value can change

.‘: fhence resultlng 1n an offset The magn1tude of the offset

t‘wwll depend on the G and F parameters If the sum of the G o

f’parameters is small compared to the sum of the F parameters{‘

’“3ujon1y a small change in y is- needed.eso a smaller offset

:k_
‘ occurs .

To demonstrate the effect dtscussed, a run was made o S

where the 1dent1f1cat1on was stopped after the STC had v

',brought the top compos1tton to 1ts steady state value ’Thelll

",11n1t1al controller parameters and. optlons are: the same as‘ f 4
" those g1ven in Table 5. 2 w1th the except1on that Q welghtlng pfi'l
l1s not used The response of the top compos1t1on to a -25% -

'step change from the steady state feed flow rate is recordedu"

~1n thure 5. 25 Althoug,,tbe offset is small 1t‘1s clear
that: there is an offset of about 0. 05% By«resumjng‘the |
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findentiflcation the parameters W1ll readJust to. remove the

- w,offset as can,be seen from the response shown in ngure

5.26.

5 6 BOTTOM COMPOSITION CONTROL WITH STC

'j} The self tuntng controller was used to control the y

fbottom compos1t10n desptte changes 1n feed flow rate by

,'mantpulat1ng the steam flow rate The reflux flow/was ftxed‘ -

’f t its normal steady state value of 10, 2 g/s The 1n1t1al T

”"»jself tun1ng controller parameters and opttons are glven in .

‘TiTable 5 6 The control behav1or for bottom comp051t1on that

"'resulted for the four dtfferent feed flow rate d1sturbances

t.jused in thts study are shown 1n thures 5 27 to 5 3p e '

’ {fresults glven are for STC runs that already have good’

Ifeparameter est1mates Some re tun1ng of the Q we1ght1ng was:sn:a

:fnecessary w1th the resultwng values/gs noted Table 5 7

'Tf%-g1ves a. summary of the absolute error values for bottom ,i;:
S Compos1t1on control for a per1od of 1 1/2 hour after the

':3I1feed rate was ch?nged For both the STC and the prev1ous PID‘

1?results (cf Table 5. 1) ; It can be seen from these values

}I"that “the STC performs better than PID for the +25% 1ncreasevffI'
”I‘jvln feed flow rate away from the steady state value and for
:f‘the decrease back to steady state feed flow whtle PID 1s -
“ *Tbetter than the STC for. the other two dtsturbances On the,}
'fbas1s of . these results, it can be seen that both controllers,vgjiff

'Tf'performed equally well , However; 1t should be noted that

I cons1derable more t1me was needed to tune the PID TR
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':‘7e;Number oi Parameters {

4i‘fngarameter F1xed

'd“;::1o welght1ng

'1_i;1n1t1al pe Matr1x

. .
~.,

Lo

"HeIdent1f1catlon Scheme /

S ;G Polynom1al ”:§{f :\_"

Ty _v‘t,&?,‘-‘

"7f°51n1t1al Value of Parameters/{li

:ﬁwkp 145
Pk 0226 (g/s)/wt%

d:ff}"'Set to 1

P we1ghting

':Q;,Samp11ng Interva]

o

fForgett1ng Factor»

“r_Incremental Contro] L1m1t

o101

Tf,jTable 5.6 Controller Parameters and Opt1ons for src
: Bottom Compos1t1on Control '

) SR
A

:JdRecghstéfsquahe”Rdotf:fﬁ‘

fEaiey_,fﬁif}-’-;'w;;;;;

=
o
:' n l.lvv "o " "'u'

R SRR - v
3 S
B (FF added)
o o

1

1

(FF added)

'A11 set to zero -f&;vﬂ*}f”}fdfi-’ .

/s)/wt%

"e&x";- e
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| compensator than the Q welghtlng constants Also the f1nal

R Q- welghtlng parameters are closer to the or1g1nal est1mates

In addltton, the PID constants for the d1fferent dlsturbances

l'if d1ffer by a conSIderable amount in. compar1son tO the .
""uvar1atlons in'the Q- we1ght1ng parameters for the d1fferent
: R

-7d1sturbances ThlS can be seen’ by compar1ng the dlfference T"',

‘_'1n the two sets of PID constants for bottom compos1tlon
U

"fcontrol gvven 1n Table 5 1 w1§h the d1fference 1n the

;Q we1ght1ng parameters for the responses shown 1n Flgure ,,f'

l5 27: to 5 30 Th1s is because the STC is able to adapt to U

¥

lthe nonl1near dynam1c behav1or of the column

_qprable 5 7_ Compar1son of Bo om Compos1t1on Absolute Error Tiy.

Values (over 1 1/ hour) for PID and STC

PID Control ST Control

S Type of ahf“ﬂ“' s SAE

7;iD1sturbance : F1gure (th) F1gure AwtE) o
"7“-25% to Feed 5;7;;‘?18 43;f;5 27 19,7013

;;ﬁReturn to S S 5 6 ‘"f25.04l°ﬂ5‘3oat 20 51‘}”“-

Addltlonal ev1dence that the STC handles nonllnearlty

lﬁl};better than the PID compensator 1s seen by compar1ng the
vllﬁﬂt?performances of the two controllers for the +25% step |
:rTl;¥1ncrease 1n feed flow and the subsequent step decrease to' »
.;d;l%the normal feed rate (cf F1gures 5 6 5 7 and 5. 29 5 30)

u?From the SAE values g1ven91n Table 5 7 1t can be seen that

th;Llfjthe STC compared to the PID compensator,_provwded s1mtlar;:i%hifhﬂf



S control performance for theses dlfferent step changes 1n e ~K .

feed flow

: The effect of the add1t10n of feedforward (FF) control

*act1on to the STC was stud1ed u51ng the same controller

-
e~

“'::parameters and opt1ons glven 1n Table 5 6 except that the
fl~values of the Gl and F parameters are 1n1t1ally set equal to i

f the f1nal values obta1ned when us1ng the STC w1thout feed\;}sg A

'forward action Ty

- The bottom compos1t1on responses for the same four fd'

. “d1fferent feed flow rate d1sturbances are glven 1n F1gures
- 5.31 to 5 34 w1th the absolute error values for these

}ls_responses and those of the prev1ous PID and STC tests
"summarlzed in Table 5.8. R s S

[

¢ B

. Table 5 8 Compar1son of Bottom Compos1t1on Absolute Error _
: : Values (over 1 1/2 hour) for PID STC and STC+FF-

PID Control ST Control = STC + FF

Type of ”f”" _SAE ﬂ};'_ SAE SAE

"*ffigD1sturbance thure (wt%) "Flgure p(wt%) F1gure (wt%)V’vffé?;it

. 25% to Feed . 5.7 . 18.43 1%5;275: 1970 5.31° 26.27

., Return to §. 5
- Retumn tos.s.

yr 5.8 ;14 00 5.28 ° 14.90" 5. 32 Tglez
-+ +25% to Feed ;5 50-20.72+ 5:29 0 18,76 5,33 0917 e
5.6 ,;25 04 5. 30 20;51 5.3 8! s

Tl

LNt

| "T The results g1ven are for STC runs that already have e

. ”f good parameter est1mates Except for the 25% SteP

'?f;decrease in feed fﬁ&u rate from 1ts steady state value,'theht,z;rﬁ'fx

hﬁff[ STC w1th feedforward control actton 1mproves the bottom f‘f";;ffT;flf
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- 9,ltnked by feedforward terms to cancel the effect of

112

,compos1tton control 51gn1f1cantly The error values ustng
feedforward are almost one- half of those values obtatned

l»when feedforward control actton was not used. The"

—

t /
_ Aself tun1ng controller did not perform better than the PID

controller for the 25% step decrease from the steady state -/{
| feed flow rate because the feedforward terms have not had //

'rttme to be 1dent1f1ed

5.7 SIMULTANEOUS CONTROL OF TERMINAL COMPOSITION
S1multaneous control of overhead and bottom “
f‘compos1t10ns u51ng the self tun1ng controller was carrled
B out for each of the dtfferent feed dtsturbances The |
termtnal comp051t10ns were controlled ustng two separate STC

v-:(multlloop conflguratlon ML STC) and two STC that were S

' 1nteractlon (multtvartable conftguratton MV STC)
35 7 1 Multlloop Self Tuntng Control of Termtnal Compos1tlon
»g The or1gtnal controller parameters and opttons for the
Ttwo separate self tuntng controllers are glven in Table 5 9
t,lThe 1nt1al parameters values are the f1nal est1mates from ﬁujlk
rnthe stngle compOSItton control tests " .
#f Kfter an 1nt1al 1dent1ftcatton perlod the feed
dlsturbance is 1ntroduced It was found that the top loop :
Q wetghttng had to be de- tuned to prevent osc1llatory

behavxor | The compos1t1on behav1or, for the de- tuned

Q we1ght1ng test for the 25% step decrease from the steady :



113

- Table 5 g. Controller Parameters and DptionS'for Multiloopf - g

and Mult1var1able STC

b’*Ident1f1catlon ;: y : "7\ . Ll |
-Scheme L ' Recurs1ve Square root (top and bottom).”J

L G Polynom1al , 15> EB (top and bottom)

)‘~Number of .j ):_x B Top. "'-); Bottom

Parameters -t NGt =

NGt =

‘ NF\
ND
NH
NG2

‘. ‘“kz

=
gl
- . u-

(FF added)
(MV STC) - NG2 = 3 (MV- STC) ‘;,

(MV STC) K2-# 0 {My- STC) .
K3 (FF added)

1CH3;4KJ#RDNJQ>
Nw: cnoib

‘tParameter f1xed :-)hg;: -1 (top and bottom)

' ":In1t1al Value of 1 ‘Topa*-:r"*_’ 'llBottom o

Gweighting g Sottom.
T ke

>\\.
BN

. Parameters BRI S S 3 S R

D
.1586 :1.0340 0.03257
.0548 - 0.1695 " 0.04689
.0997 - -.6200
-.0763 .

0.2090 0.7382
-:0409 0.1161
B L R,

O

.03920 .
;03590'

rroo

3.676 . 1.145. g/s)/wt% -

K
| i K _
P Welght1ng "ft?ﬂT5§tft¢,l (top and bottom)
l1ng Interval :3 minute (top and bottom)

for ettlng Factor 0. 99 (top and bottom)

itial o e ', o ERSEE ),fl:)\):'d )i'))' )'
i\ MatrlJ ;}?;’ _:~‘0;01; (top,and'bottOm)fl A T

gontrol Limit @ - To R Bottom l
R 2, 30 g/s ] 2.25 g/s;

00937 -

0 919 J.A e : 0 226 g/S)/Wt%lgvli
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E state feed flow rate and the subsequent return to the normaT
value are shown in F1gures 5 35 and 5 36 The control

s i

;'performance that was obta1ned w1th feedforward control o

V_ action added to ‘the bottom STC 1s shown in F1gures 5.37 and

“fff5f38,‘}A_summary,of the absoTute error vaTues over a per1od

4

~of 30 samples after the feed flow rate d1sturbance was :?;V

*,zintroduced,fS“giyen 1n Table 5 10

»4aﬂTabTe’5;10 Summary of Top and Bottom Compos1t1on Abso]ute
- . Error Values for Mu|t1Toop STC W1th and: W1thout
-ZFeedforward (FF) added R

T y' p e 0 f D i s t u r b a n c e

‘-25% to Feed Return to S, S "+25% to Feed

;_Tybeﬁoff*nj.'- LT SAE . SAE J,‘ﬁ"*; SAE
.+ Control . F1gure (wt%) F1gure wt%)"Figure‘_(wt%)

CoWML-sie te 5.3 2 s 2
. . bot. 5.35 -23.75 5.36 19.71 -

ML - ST tep . 537 .3.74 538 2.7 -

-vnf_FFa;={,bot-"] =5-?~ ;_;jfj5;37 1“14;59-:15;3875§8;97g17*'

SRR

The SAE values show that the control performance of the

t‘rmultlloop self tun1ng controTler was comparabte to that of

’T:Ttthe weTl tuned PID compensator It should be noted that as.

‘”9w1th bottom compos1t1on control 1mplementat1on of the STC f;u‘

B fhrequ1red much Tess tunlng than was the case for the PID

.:';regulator In fact the Q welght1ng for “the bottom
vtcompos1t1on STC was. not re- tuned from the s1ng]e Toop
- vaTues, for use w1th mult1loop controT : In add1t1on
';pPOpOPtlona] 1ntegra1 and der1vat1ve act1ons are 1nvoTved

»‘1n the PID compensator wh1le onTy proport1onal and 1ntegra1"'
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: actlons are used w1th the Q wE1ght1ng of the self tun1ng

~

controller The STC response should 1mprove 1f dertvat1ve

actlon is added‘t’

' The add1t1on of feedforward act1on for the bottom

self tunlng controller has s1gn1f1cantly 1mproved the

o control performance as can be seen by exam1n1ng the SAE .

ﬁvalues in Table 5 10 The bottom compos1t10n SAE values aref

‘_greatly reduced wh1le~the top compOS1t1on SAE values for the-

‘tSTC are comparable to the values that result W1th PID

B Tcontrol

'L"T;5 7 2 Mult1var1able ST Control of Terminal Compos1tlon

A mult1var1able STC was also used to control the

termlnal comp051t1ons The orlg1nal parameters and optlons'lf’

Etused by the mult1var1able STC ‘are. the same as those 1n Tableﬁ

.'5 8 except that the feedforward l1nkage terms (G2) are L

Tfldent1f1ed - The compos1t1on responses for the 25% step SRSt

- m?!decrease in. feed flow rate and the subsequent 1ncrease in N
V,T?fffeed,iﬂ°w rate to return the flow to the normal steady statef:'b;
7l7?gvalue are glven 1n FTQUP?S 5 39 and 5 40 o | ..»" u-u-.n .

| The absolute error values for these responses and those{f\tk

Hk.lﬁ;:Of the mult1loop STC and PID control are g1ven 1n Table
wthS 1. These error values show that the multtvar1able STC Vjohwil

ﬁlih%*]performed as well as the PID compensator f°” bottom it
“'ilcompos’tlon control but prov1ded 51gn1f1cantly better

"”Tfacontpo] of top compos1t1on control than d1d PID control

"‘7Q The top composttlon error values w1th mult1var1able STC are
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‘f/;h;tfs 8 DISCUSSION OF RESULTS

”5ftﬁcomp051t1ons of the d1st1llat1on column as well as or better
:'sti_;than well tuned PID compensators W1th the mult1var1able

7f*f§;:STC the top compos1t1on controller 1s able to react

1_122"

 about one- half the values that result us1ng PID control
'The 1mprovement is due to the add1t1q9 of the feedforward
_terms wh1ch Tink . the two controllers and serve to reduce ‘svaA

;.1nteract1on hence 1mprov1ng control R

o : AR S S a : .

, f_-Table 5.11 Compar1son of Top and Bottom Compos1t10n
o , . Absolute Error -Values for Multiloop PID, -

~“Multiloop STC (With and W1thout,FFl, andf
5—Mult1var1able STC AR ’j

T T y pe, D f D. i s t u.r b a n. c(
‘-25% to Feed Return to S. S, +25£ tqgfeed

Control - = Elguref:KWt%) Figure (wt%) Figure_,(wt%) ,
PR N 2;l3; 12 2,30 £5.9. 7 2,75
DL bot = 5.1 21.69 5.12 22.96 5,9 - 27.26
CUMLSSTC top 5135 2.3 5.3 247

o kot 535 2375 536 971 .
. 537 3.4 5.3 2.1
.37 14.59 5.38  8.97
40 107 :
;40.L17a28";1“;j1,

C ML - PID  top

e

1.
5

CHFF o bot

139 1,38

oMV - STC top. 538 13
SR ©38.27.39 -

Loy oo oo gl

From the results g1ven,,1t has been shown that theff'“*:f‘V

H‘sifeedback self tunlng controllers can control the term1nal

-y

. p,uf1mmed1ately to steam changes hence 1mpP0Vlng the top

:'tfd;scompos1t1on control compared to the multllOOp PID case

/ovf
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The ab111ty of the feedback STC to prov1de a control,‘
. performance that is comparable to a PID compensator is
remarkable cons1der1ng\the type of dtsturbance used to
Q"compare the control4érs \ The use of step changes in feed |
flow rate as d1sturbances is a- very severe test. In the ¢
der1vat1on of the STC the disturbances have been assumed to
dhave zero mean When a step change in the feed flow rate is
1ntroduced, a. new steady state control output is requ1red
as calcu]ated from the control 1aw Therefore the feed
flow step changes are not zero mean d1sturbances kTO‘j
fur ther apprec1ate th1s s1tuat1on, con31der what happens to
vthe STC when the feed rate is 1ncreased As the add1t1ona1
'.flow of mater1a1 moves through the co]umn. the bot tom o
- methanol compos1tlon starts to 1ncrease and the STC comparesi‘
ithe composit1on with the pred1cted va@gg and f1nds there 1s '
'an error. The contro]ler will then 1ncrease the steam flow ‘
‘prate and in add1t1on change the parameters 'so that they w111'
. %g1ve a)predtct1on cons1stent with the h1gher recorded value
| As more of the 1ncreased feed reaches the reb011er the -
‘compos1t1on becomes even htgher “the steam'flow rate is- s

tagatn increased and the parameters further changed to gtve

the correct output. In effect, there- 1s a trans1tton per1od';'

-when the parametens”change and the predlcted outputno long-
er matches the' actual output Figures 5.41 ‘and 5t42{§how
;how the bottom STC parameters change when a -25% step change
~in feed flow rate occurs (run shown - in Fig 5.27). It is

 seen that there is a 51gn1f1cant change in the parameter .



Figure 5.41.. Qmﬁ;m~403 of. G1. Parameters
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‘ estimates It is due to the robustness of . the STC that us1ng
only feedback 1nformat1on it is aple to match the control

‘ performance of the well tuned PID.. To properly handle step o
»lchanges 1n feed flow rate the feedforward opt1on shou ld be
used 6The results of the self tun1ng controller Wlth
feedforward added does 1ndeed show cons1derable 1mprovement
‘over the PID case. | | " ; “ }H
- It should also be noted that the PID control behav1or

- shown has been obta1ned after con51derable t1me was’ spent .'\

f1ne tun1ng the compensator On ‘the other hand the amount

"_of t1me needed to tune the Q- we1ght1ng was m1n1mal 'The o

',<or1g1nal estlmates obta1ned from Halman s. technlque [75]

l:gave good control -With more tun1ng of the Q welght1ng, it
‘should be poss1ble to 1mprove the control performaoe :
"Add1t1onal 1mprovement 1n the controller performance should
also be realtzed 1f der1vat1ve act1on 1s added 1nto the

vq Q- we1ght1ng
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6. CONCLUSIONS AND RECOMENDATIONS

Th1s work was concerned pr1mar1ly W1th the exper1mental«

'g evaluatton of the self tunlng controller _ However before
"the evaluatton could be carrted out the palrlng of .}

, ymanlpulated and controlled var1ables had to be dec1ded 'lhe;_
}ma1n concern was whether top compos1t10n should be :
:controlled by man1pulat1ng reflux flow (energy balance

control) or dlst1llate flow (mater1al balance control) It

was found that compared to energy balance control the-“d

",lmater1al balance control strategy is not as sens1t1ve to ‘.,- 9
l heat dtsturbance prov1ded the external reflux rat1o is |

large However Just the reverse case 1s true 1f the -

external reflux ratlo 1s small i Analys1s of the sens1t1v1typ‘

.}of the vapor to l1qu1d rat1o to changes 1n the vapor rates

a,tfor the two strategles prov1des valuable lnformatmon OQ\T7"'

whtéh of the two’ control schemes should prov1de better,-.‘

'_.control performance for heat dxsturbances enter1ng the

P

'column For the p1lot plant d1stlllatlon column used 1n‘_
tnth1s work, analy51s of the vapor to lquld ratto 1nd1cated
'flthat energy balance cdntrol was superlor and th1s was T;l
‘.Jsubstantlated by the results from exper1mental tests
| To evaluate the STC. a compartson was made between the j;l”
f";performance of the STC and a well tuned PID compensator 1n
controlling the termlnal compos1tlons of the p1lot plant
.'lcolumn when 1t was subJected to step changes in the feed y'
rate : The evaluat1on was carrted out for: top ccmposltton‘

control,.bottom:compo51t1on}control and'dualecomposition;

127
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,contrOl.“In'all cases, it was found that the STC 1s super1or |
. to the PID compensator, Spec1f1cally, it has been shown
that: | o - |
(ll The STC act1ng only in the feedback mode using 1n1t1al
| Q we1ght1ng est1mates from Halman S [75] technlque :d
dlperformed as well as a PID compensator that had been
very well tuned at a cons1derable expendlture of tlme
t(é):.Add1t1on of feedforward Control act1on on the bottom
‘h hcomp051t1on loop s1gn1f1cantly 1mproved the controller o
'performance | | : vp ' S |
(3); Use of the mult1var1able STC allowed the top
”}d[ composit1on controller to react 1mmed1ately to changes
in heat 1nput hence 1mprove top compos1t1on control
| performance | B v
In add1tlon the.STCuuasffoundttoihayefthe”folloulngwra7 i

> propert1es 3? f}

”‘f(l)';Startlng thh zero estlmates the STC can for a fast"f t'fd

~ system: (t°p Comp°51t‘°n IOOP). converge to reasonabler;
}nfest1mates after only 30 sampl1ng 1ntervals It g1vesf;?‘

’l”super1or control compared to PID control results whenf?

’°the STC 1s used w1th these estlmates f;fi,”pv ;7;_-f{e-;f.

':hgfl2);iF1x1ng the h parameter value to--1 does not create any :

‘fpproblems w1th parameter convergence ’;)4/f;;'1

‘4;;,l3)-lThe addltlon of Q welght1ng reduces the varlatlon 1n
e

r'the manlpulated varlables and/as a result the control
/ tL

‘ fof the output varlable 1s 1mproved consvderably

s

’ w(4).jlhe controller parameters are able to readJust to some
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- | | ,
degree for changes in- the Q we1ght1ng\so that the |
_output*response is not as sensttlve to changes in the
Q- wetght1ng constants as in the case of the PID
Icompensator Nevertheless. the Q- we1ght1ng can st1ll .
‘be f1ne tuned the same way ‘as. a normal PI compensator |
is tuned to obtatn even 1mproved control responses |
fThe relatlonshtp between Kp and K, and how they affect
| the output response rema1ns the same .
tS)n;If the 1dent1f1catton phase of the STC is stopped, an
""[unknown dtsturbance w1ll cause an’ offset to. occur [Thev
‘f’ f‘magn1tude of the offset depends upon the sum of the F
'f'-ffiand G parameters i - S _“ | |
ft'(styylo an . extent, a large sampl1ng ttme has the same effecth

'f”as add1ng more Q welghttng. t}e?; 1t smooths out the

a'vartat1on in. the mantpulated var1able However 1f the o

'7fiSTC s actlng only 1n the feedback mode the controllerl7ef

ffhresponse wlll suffer because 1t reacts more slowly to?mpffg

"3fffunknown d1sturbances due to the larger sampltng ttme S

' JIn summary, the exper1mental evaluatton of the

?tfself tun1ng controller as mod1f1ed by Morﬁts [24] has shown.

'~fthat the controller is supertor to the PID compensator If j}”"’

'lttun1ng 1s necessary.,the controller can be f1ne tuned the fth R

':'same way a PID regulator is tuned The coﬁtroller is

5 extreme]y robust a§-1t is able to handle non zero mean

"ﬁftdlsturbances even though the control law was der1ved based

"t‘on the assumpt1on that the dlsturbance rs a wh1te no1vsg

sequence

T8
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From the reSults.of this work, the follOWing'

recommendat1ons are- gtven for posstble fu\ure stud1es

(1)

W1th the present column operat1ng cond1t1ons energy

balance control has been shown to be super1or It 1s

' recommended that test be performed w1th the operatlng

'condttlons altered SO that the external reflux ratlo 1sw

‘”;'h1gher Th1s would indicate whether materlal balance r

“(2)‘

;icontrol will 1ndeed be less sens1t1ve to heat
'dtsturbances under the new operattng condttlons

;Wh1le performlng the exper1mental work for th1s study..

o i‘Viobservat1ons on the mult1po1nt temperature chart

) 'jrecorder 1nd1cated that the l1qu1d temperature on . tray"t;

] gave a good 1nd1cat1on of changes in bottom d*

:*tsﬁ*%pmpos1t1on It 1s suggested that bottom compos1tlon Hae

idl;be controlled by ma1nta1n1ng tray B temperature fVY’J“

.,‘:yf7breset the tray-l temperature set po1nt
:ttf;VQt‘
»"Jfg’handle stochast1c d1sturbances wh1le the evaluat1ontha55#"’"

'7}tbeen carr1ed out u51ng determ1n1stlc d1sturbances 'A.gf,f’

'5;3pressure,,the result of the GC analys1s can be

";tconstant us1ng the self tunlng controller For a
*;v:blnary system, prov1d1ng the pressure 1s constant
“fg3f1x1ng the temperature 1mpl1es that the compos1t1on:17“”’

"f]”w1ll rema1n constant To account for any var1at1on lﬁ;”{*%g

sed to

o
N

:fThe self tuntng controller 1s de51gned pr1mar1ly tot;',fft}'

*lefurther evaluat1on should be made on how the

| ._v_"performance of the STC compares w1th the PID

f,compensator when random dtsturbances are used e. g 3



-add n01se to the composvtton measurements

: When an unknown determ1n1st1c dtsturbance 1s

- 131

N

-’encountered the STC forces the parameters to change

irap1d1y to account for the d1sturbance An Improved

e Vresponse m1ght be achleved by free21ng the parameters

3 donce reasonab]e est1mates have been obta1ned To,f

'7rprevent the offset that occurs when 1dent1f1cat0n ls

Cstopped. an 1ntegrator can be added to the controller
g-The contro] act1on JZuld be the norma] STC algor1thm .}C
Vtoutput p]us an added actlon based on the error from set
1A;po1nt , _a\ L _,,.t , . v, ’s :
:isln the present 1mplementatlon of the STC algorlthm '?hafg
'teedforward control act1on optlon on]y allows ‘the use‘
-':Of lead’ terms As lag actlon 1s normally requ1red 1n
»u;feedforward compensatlon '1t should be added 1nto the
[falgortthm i

[,hTh1s study cons1dered the performance of the

v-;i}ﬁfse]f tun1ng control]er only for 1oad d1sturbances

| f.Addtttonal test1ng should be performed to study the

“17f;?performance of the controTler for set pO1nt changes

ERNCIRE

:The mult1var1able approach gtven by Morr1s [24] wh1ch

"thi1s used 1n th1s study dtffers from that proposed by |

'VC:ffKev1czKy [19] and’ Borrtson [19] in that the

"fﬁidenttfication;ofsthe;system;isjperfqrmed'ah'a}Idapnbyg;*Fa‘

' 'TJf:,dent1fy1ng the mult1var1able model d1rectly A d1rect B

h":filoop basis. Both Kev1cz,y and Borr1son suggested

""compar1son by stmulatton or exper1mentally of these e
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. d1fferent mult1var1able self tun1ng schemes should be
undertaken | ‘ . ._ N - .
(8] Rather than start1ng W1th zero 1n1t1al estlmates,‘1t 1s:‘
"sh; suggested that the STC be allowed to 1dent1fy para-f
‘ meter est1mates wh1le the process 1s operatlng under

L'l/efb PID control These est ,atesﬂshoulleFOVlde:a

e smooth tran51t1on dur1ng.Tde”lhitlalpsthchfto the

‘ self tunlng controller | S __} | v
h(9l The problem of the covar1ance matr1x burst1ng due to .
; '<1nadequate exc1tatxon should be 1nvest1gated :The_ |

d1F?erent methods that have been proposed to- overcome o

the problem should be tested,veg use of recur51vejg,ﬂ_i~ -

learn1ng 1dent1f1

”tion as proposed by Morr1s [24]



NOMENCLATURE
'Abbrevtations{‘

" DACS

Data Acqu131tlon Control and Slmulat1on |
f‘DDQ d:'D1rect D1g1tal Contro] | |

- FF- :jiFeedForward ’

'd:GC .-iGas Chromatograph lt'tt; ';ft,d
v~tHP_d -QHew]ett Packard S

ow - Mudtivariabie

d"tdpiD_‘

Proport1onal Integral Der1vat1ve L

LI

.;eQ;WT. 'Q welghtlng 3
SAE, - Sum of Absg]ute Error

SIS

L

,S1ng]e Input Slngle Dutput fn; ?(‘s";:fvd ;]:?;tk
f'STth4tSelf Tun1ng Regulator s | | I -
| dztsr¢ﬂ7?»5e1f Tﬁzlng Controller

vSteady State f ;]_

.ffVariableSt@ ’[15"

adtf:}fo//\\Jst1llate flow rate

F-f;faFeed flow rate

awfiffffdf';' Cost functwon for SISO case fftit:a‘

‘fff;fddfff Cost functlon for mult1var1able case U

-,

. Tst'I;t}~'Ident1ty matr1x

i _f k tj? System t1me delay 1n 1nteger samp]e 1ntervals

1t;ka.;- T1me de]ay due to other output for a mu]t1var1able |
T system e e R . i
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- p» KBr - Time delay due to other: control input. for a

’7ivL,'EE_L1qu1t rate 1ns1de the column

G2 -

‘ﬂ.fﬂP?f;%fCovarlance Matrlx

;liltiif“{f T1me measured in 1ntegral sample 1ntervals }ffy

multlvarlable system

Kkl 3 'ief' “ﬁaSSOClated with»load'disturoance_gy\

iconstant 1n PID compensator,*
‘f_ln PID compensator

B gain in PIDicompensator”'
‘aih‘Vector'used“in parameter esttmatlond"
m. :;‘_",_ ' o

j';‘%TC program to de51gnate t1me delay of .

8

STC program to des1gnate tlme delay due to
Eontrol jnput_for a multlvar1able system

BN}

STC program to d151gnate tlme delay
ted w1th load dlsturbance kb -k~

"M‘.‘r‘Number of loops 1n mult1var1able system i

'"tRND:;Q"No;,of lrameters 1n controller jft‘

’TLNGl“ G1 parameters 1n controller c

]
=
o
o
"'h

[*ts G2 parameters in controller i

)
o
-’.'

}5quFlo;fNo;1of F parameters in controller ittﬁf

'f_NH¢_;FN¢;{¢f H. parameters 1n controller

“~l;REa{;eReflux flow rate ;gﬂ.i7sl

'VfuilfF Control lnput jﬁgf;iuffef ¢7gf;”’3d

"‘AV;ﬂq+ Vapor rate 1n51de the column

1.

e Load d1sturbance l€t:,f5"l



’v;?A - Order N correspondlng to system output,:a
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\'.va,;}Mod1f1ed load dlsturbance def1ned as‘zk’kLV
W Set po1nt
w - Mod1f1ed set p01nt deflned as Hw -
}uﬁr 3‘Vector contalnlng measured data
XBi ?tBottom Comp051t10n in WT% methanol ;
XD[_FIDverhead Comes1tlon in WT% methanol7j, L | s
'-Vyv,,?;System output \ y | |
,;y.,'r‘Mod1f1ed system\output deflned as y/P
2"~¥’Backsh1ft pperator, z kut ,(t Kl |

tE:p_a;Welghted output pred1ct1on error
£ .v-_Uncorrelated zero- mean random 1nput éf3
ﬁljﬁ;;Scalar output functlon |

Q «éfVector of controller parameters EF; Gr-H;5Df -
| fp.aiftForgettlng factor ff S L
"éi;t- Var1ance wiT’L’ |
a4 polynomlals m z'] | ..

SR
: Mr

w o :

‘5_;8 = Order N correspond1ng to control 1nput bo :

II

f}C#}{OPdeP N correspondlng to random d1sturbance S e
'f:Assoc1ated w1th load 1n flnal control lan;-{*»*
¢ .

fnste to separate past and”ﬁuture dlsturbance f17*/7*"i

'ﬂste to separate past and future d1sturbance

. ' T

*;Assoc1ated w1th control 1nput 1n the flnal control
=bjlaw f:‘.RQth,~ e IR E
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.

'fH*f A55001ated w1th set p01nt in the ftnal control law

E —
'

Drder N correspondlng to determ1ntst1c Joad
dlsturbance input,. 10‘=‘t y . :

O
".

We1ght1ng functwon on system output

o
e

Wetght1ng functton on system 1nput

?. o
. |.

Wetghttng functton on set pont

: ;SuperSCrtpt:
i Ind1cates po]ynom1als used for dertvatlon of STC
‘i‘“for the case w1thout wetghted output

-‘,71” Est1mates of the parameters

“f:*’~ Pred1cted value ;vi"f;'if :%pffugh.

‘.nft_'T"- Transpose of Matr1x 'yﬁiflfuv'f"jl SRR

.';SubSCript;'ah

"ﬂ'tjlf-fFor the multtvarlable case denotes the Jth
g jt'component of the 1th loop S :

uﬁizf-fNumerator of a z transfer functton

- jﬁDﬂf”“.Denom1nator of z transfer functlonr’

"Jf=t;_f7¢Value at present tlme

"i;t+k;**Value at k samples from present t1me .

Ry ;;‘*'DeSIQnates a vector

[ ] --Use to de51gnate the var1ables when extend1 the
“iresults to the: mult1var1able system.. “When #sed -
oowitth polynom1als in .z 5 the result is a poly-" . .
o -nomial matrix in z When used. w1th scalars,a.;-i
“.ﬁ,the results in a vector fﬁ_:_vtpu :

| ’;d'- Des1gnates a matr1x fﬂ.kaf'”’” Sl



"3.‘
‘ | ,4_. .
. - 5. ‘

6.

7.

v

g " ' REFERENCES =~ o

Rademakér 0., Rijnsdorp, J.E., Maarleveld A.
Dynamlcs and Control of Contlnuous Dlstlllatlon
Un1ts » Elsevier Sc1ent1f1c Publwsh1ng Company, New

York (1975).

Svrcek w \ ”B1nary Dlstlllat1on Column Dynam1cs y
Ph.D. Thes1s. Un1vers1ty oﬁ Alberta, Edmonton, Alberta,
967.. . o |

Chanh, - B. M. Control of a B1nary D1stlllat1on Column:

Effect of Sensor Locatlon , M,Sc. Thes1s,.Unrversmty of
Alberta, Edmonton, Alberta, 1972. - |
McGlnnls, R.G. Mult1var1able Control of a B1nary
D1stlllat1on Column", M.Sc. Thes1s Unlver51ty of

Alberta, Edmonton Alberta" 1972.

Dlstlllat1on Column" M Sc. Thes1s, Unlver51ty of

Alberta, Edmonton Alberta 1973 )

Pacey, w C., "Control of a Binary DistlllationvColumn
wxeAn Expermental Evaluat1on of Feedforward and Combined

Feedforward Feedback Control Scheme", M Sc Thesx%,'

Unlver51ty of Alberta, Edmonton Alberta 1973 |

Llesch D. W, Decoupled Feedforward Feedback Control

of a Binary Dlstlllat1on Column”", M. Sc Thes1s,

Un1vers1ty of Alberta Edmonton Alberta, 1974,

Control Schemes for Distillation Column Contro

Meyer, C.B. .G. "ExperImental Evaluatlon of Pre#1ctor
Thes1s Un1versxty of Alberta Edmonton Albert

137

Berry, M.W., “Termlnal Compos1t1on Control of a B1nary‘"

M. Sc.
1977,"



10.

11,

12.

13,

'Y

Bilec, R.J. “Modell1ng and

'D1st1llatlon Column , M.So,

Alberta, Edmonton,- Alberta,

Astrom, K. U and Wittenmark, .
| Regulators , Automatica, Qf

| Astrom K'd ‘ Borisson u.

Regulators"”, Automatlca, 13,

oo 138
Dual Control of a Binary
Thesis, University‘of’
1980, |

Baf “On Self Tunlng

pp. 185-199, 1973,

, Ljung, L. and W1ttenmark

‘B., 'Theory and Appl1cat1ons of Self Tun1ng

Pp. 457-476, 1977,

Peterka;'v., "Adapt1ve D1g1tal Regulatton of Noisy"

Systems" Prepr1nt of 2nd Prague IFAC Symp. - on

Ident1f1cat1on and Process Parameter Est1mat1on,

Prague *paper no. 6 2 dune,

»,j M1croprocessors to Self Tun1

14,

1967

_Clarke D.W. , Cope S N and Gawthrop, P.U.
‘ Fea51b1l1ty Study of the Appllcat1on of

ng Controllers ; OUEL

‘Research Report 1137/75 Department of Englneer1ng

Science . Un1vers1ty of Oxford Dxford (1975)

1975,

15"

17,

16.

Clarke, D.W, and Gawthrop, P. d "S1mulat1on of a

t1, pp. 41- 42 dan 1975,

’Clarke D W and Gawthrop, P J., fSelf»Tun1ng |
}Controllers"; Proc. IEEE,‘122,-nog 9, pp.5929¥934;f

|

R'Generallzed Self Tun1ng Regulator". Eleotron1c Letters,

£ /‘

Clarke D. w and Gawthrop, P.J., %eneral1zat1on of the

Self-Tuning Regulator ) Electron1c Letters, 1’,'pp.

40-41, dan. 1975

Gawthrop, P d " Some Interpretations of the



18,

- 20.

21.

22,

19,

'\_,)

23,

24,

’uMorris,_A d Fenton, T.P. ,.and Nazer Y.,

139

Se1f-Tuning Controlier”, Proc. IEEE, 124, no. 10, Pp.
889-894, 1977. - o ) f
Clarke, D.W. and Géwthrop. P. d‘ "Self- Tunlng -
Controllers”, Proo; IEEE, 128, no. 6, June 1919

Borisson,nu., "Self- Tun1ng Regulators for a Class of’

'lMult1var1able Systems ¥ Automatlca, 15 pp 208-215,
1979. _ | )

~ Keviczky, L.Aand Hetthessy, d,;' Self Tunlng M1n1mum
_Var1ance Control of MIMD Dlscrete T1me Systems , Auto..

"lControl 5(1), Jan. 1977 v
Kev1czky, L.,vHetthessy,'d Hllger M. and

kolOStori ‘d:, "Self -Tuning Adapt1ve Control of a

.1_Cement Raw Mater1al Blend1ng", Automat1ca,.14 pp
525-532 1978

/n

'fof Self Tun1ng Regulators to the Control of Chem1cali B

:Processes", IFAC Congress on D1gltal Computer

Applications to Process Control Holland pp 447 - 455

4977, (V. N. Lenke Ed1tor)

Morr1s, A.J. and Nazer. Y. ‘ D1st1llat1on Column

%

_-Congress on: the Contr1but1on of Computers to the.
7Development of Chem1cal Englneer1ng and Industr1al
'Chemlstry, Paris, 1978

‘Morris, A.J. and Nazer, Y., "Self-Tuning Process

Controllers for S1ngle and Mult1var1able Systems"

Subm1tted to Automat1ca, 1979

s

Appllcatlon‘ .

~Control Using Self Tun1ng Techn1ques" Internatlonal }'c

o~



25,

26.

27

28.

- 29,

31,
32.

140

Ka]mah, R.E., "Design of a Self-Optimising Contro]

‘Systeq", Trans. ASME, pp. 468-478, 1958,
Astrom, K.J. and BohJ% T., "Numerical Identification

of L1near Dynam1c Systems from Normal Operat1ng Data"”,

Proc 2nd IFAC Symp on the Theory of Se]f Adapt1ve
Control_Systems, Tedd1ngton pp 96-111 Sept 1965.

&strom K.d. "On the Ach1evab1e Accuracy in-

'Ident1f1cat1on Problems , Prepr1nts of 2nd IFAC Symp

on Ident1f1cat1on in Automatlc Contro] Systems, Prague,

paper no 1.8, dune 1967

' Astrom K d and W1ttenmark B. ""Probiems of

Ident1f1cat1on and Contro]" dournal of Mathemat1cal

‘-Analys1s and App11cat1on 34 pp 90 13, 1971
‘_'W1ttenmark B., " A Self Tun1ng Regu]ator K Research
P-Report~7311 D1v1swon of Automat1c Control Lund |
| PPInst1tue of- Technology,‘Apr1] 1973

:30}nghang{ F.L.Y, "An Appl1cat1on of. Self Tunlng

T

-Regulators M Sc. Thes1s,.Dept of Chem1ca1 »
EfsEng1neer1ng, Un1vers1ty of A]berta, EdmontonQ\Alberta,
1975, | el : | 1 ol
y'CegrelI;{T.'aho'Hedoyist*vT;,'"A Self- AdJust1ng
' Regulator ASEA LME Automat1on,‘Interna] report 1973

‘Astrom K. d ’"Introduct1on‘io Stochastlc Control

Theory , Academ1c Press New York (1970)‘

Astrom K.d. and W1ttenmark B. "Analys1s of

, Self Tuning Regulator for Nonm1n1mum Phase Systems N

'Research Report 7418(c) D1v1sion of Automat1c Control



34,

. 35 .. ¢

';‘Instttute of Techno]ogY. dan 1974 .
36,

Lund Inst1tute of Technology, August 1974,

mTurtle, D.P. and Ph1111pson P.H., "Simultaneous

Ident1f1cat1on and Contro]‘ “Automatica, 7| pp.

445- 453 1871.

:Gustavsson ‘1., Lijung, L. 'andtsoderStrom’ T.,

Ident1f1cat1on of L1near Mult1var1able Process

- Dynamtcs Us1ng Closed Loop Experlments" Research‘

E,Report 7401 D1v151on of Automat1c Contnol Lunda

gPeterKa v, and Astrom Kid., Control of Mu]t1var1able'
pSystem W1th Unknown but Constant Parameters ” 3rd IFAC,

Symp on Ident1f1cat1on and System Parameter

Est1mat10n Hague pp 535 554 dune. 1973 o
De Keyser R, and Van Gauwenberghe A. “Se]f AdJust1ng -

}=Contro] of Mult1var1ate Nonstattonary Process"‘

’ "fInterna] Report Automattc Contro] Laboratory, )

",‘jUnlver51ty of Ghent Belg1um 1978
'38?1

39,

Sage, A P. and Melsa. d L "System Ident1flcat1on

PAcademlc‘Press, New YorK (1971) | -
,Panuska, y.‘v"An Adapt1ve Recurs1ve Least Squares ;f"

:”Ident1f1cat1on Algor1thm"i Proc 8th IEEE Symp -on

"ug Adapt1ve Processes, 1969

a1,

W1ttenmarw’ B. and Bor1sson ‘U An Industr1al

Appl1cat1on of a Self- Tun1ng Regu]ator" Research

"‘Report 7310 Dlv151on of Automattc Control Lund

Institue of Technology, Apr11 1973

~Cegrell, T. and Hedqv1st,.T., "Successful\Adaptive =



‘42;
43,
a4.

45.

';‘irCement Raw Mater1a] M1x1ng System"‘i Report 78 3

UWesterlund T T01vonen H. and Nyman, K E

o Stochast1c and Se]f Tun1ng Control of a Cont1nuous

| Inst1tut1on for Automat1c Control F1n1and August

142

Control of Paper Machines", Automatica, 11, pp..53-59,

1975.

Borieson, u. ‘and Syding, R., ! Se]f Tun1ng Control of an
Ore;Crusher"; Proceed1ngs of the IFAC Symp. on - |
Stochast1c Control, Budapest pp. 491- 497 1974

Dummont -G, A and Belanger. P .R.. Control of T1tan1um -

D1xo1de Kllns". IEEE Trans on Automat1c Contro] .

_AC- 23,‘no 4 pp 521 531 1978 ‘ |
_Dummont G.A. and Belanger. P. R Se]f Tunwng Contro]
'.of A T1tan1um D10X1de Klln“ IEEE—Trans on Automat1c

_ Control AC 23, no 4, pp 532 538 1978

',1f1978

",:46;:

_Sastry, V A Seborg, D E and Wood R K
o ‘A Se]f Tunlng Regulator Appl1ed to a B1nary

| ”oiD1st1llat1on Column"’ Automattca. 13 pp 417 424

o 47,

Harr15, T d MacGregor, J. F and Wr1ght d D., "An

71’3-App11cat1on of Self- Tun1ng Regulators To Catalyt1c

4.

a9,

 Reactor | Control"' uacc,2,1978. -5._.;'\\v'

u]de”sen L. and Hansel R., "Computer Control of an N\

| Enthalpy Exchanger"" Research Report 7417 D1v1s1on of -

Automat1o.Control ‘Lund Instxtue of Technology. 1974
Cegrell{ﬂT -and Hedqv1st T A New Approach to ﬂ.



50.
. : 51 ';.

52,

143

~ Contihuos Dtgester Control" IFAC Symp on D1g1tal

| Computer Appltcat1ons to Process ControT Zurich, @1974

Fortescue T R g Kerschenbaum L S and Ydst1e B, E |
Implementatton of Se]f Tun1ng Regulators w1th Var1able3

Forgett1ng Factor“, Subm1tted for Pub11cat1on 1979'

1KaTlstrom C.G. and Astrom K Jo, "Adapt1ve Autop1lots

jfor Large Tankers . Proc of the IFAC World Congress

.”Hels1nk1 ﬁﬁgﬁﬂ X'f

:jLJung, E.Z' thVérbence Recurs1ve Stochasttc C

e

'Algor1thms“ Proc of the IFAC Symp on Stochast1c‘s
- 't‘Control Budapest Pp. 215- 223, 1974 |

LjunngL; T"Convergence of Recurs1ve Stochast1c

-Algor1thms Research Report 7403 Dlv151on of _
L T;;Automat1c Control Lund Inst1tute of Techno]ogy, 1974 h
'L'A%7Ident1f1cat1on Method" IEEE trans AC 21

_LJung, L{Vi“Cons1stency of the Least Squares

"'97{-T779 781, 19765

o os5. |
’rTATgor1thms IEEE trans. AC 22 pp 551 ‘575, 1977.

fLJung,th :"Analy51s of Recur51ve Stochasttc

Ay-LJung, L "on Pos1t1ve ReaT Transfer Funct1ons and the”j_gf7'
~‘Convergence of Some Recurs1ve SCheme"”'IEEE trans | _11__,‘ E
| ac22, ppS39-ss0, 0.

| ;.57;_:Landau, 1. D X "Unbtased Recurstve~Ident1f4catton Us1ng R"'

T*f.Model Reference Adapt1ve Techn1ques. Theory and
f’e:Appl1cat10ns“, IEEE Trans , AC-21, pp 194 -202, 1976

tLandau. I D. '"An Addendum to Unb1ased Recur51ve ‘

'h,Ident1f1cat10n Us1ng Model Reference Adaptive

R



..so§
61.

"lsz

'C' ;63:

Chung, K.L.
Ed1tton, Academvc Press

Doob Jd. L.

(1974)

';w T

Stochastlc Processes , W1ley (1953)

144
, Techn1ques ,‘IEEE Trans., AC 23 pp 97 99 1978‘“

59, “A Course in Probab1l1ty Theory ; 2nd

Gawthrop, P d “Dn the Stabll1ty and Convergence oﬁ

Self T0n1ng Controllers

: Proc of the IMA Conferencev

on Analy51skand Dpt1mlzat1on of StOChaSth Systems,-”

'-'1978 N R /
MacGregor,:d F and Tldwell PLF- P'Dtscrete Stoch stic

Control W1th Input Constra1nts". Proc

pg 732 1977
Meyer C Seborg, D E

’;Eﬁ:Fﬁulff;Hﬂ.vﬂ”

Ry

SO

and Wood R K.

IEE, 124,Q-1

Expertmental

p1\Appl1catlon of T1me Delay Compensat1on Technlques to

. Dlst1llatlon Column Control". IFAC Congress on Dag1tal f

55

"'f,ss;

o ’37.:

Computer Appltcat1ons to Process Control Holland

1977

Sm1th O d M l"A Controller to Overcome Dead T1me 'gfyi~;

ISA dournal 6.'no 2, pp 28 33 1959

Hast1ngs dames.»R and Sage M W

'Recurs1ve

General1zed Least Square Procedure for Dnltne

Ident1f1cat1on of Process Parameters‘, Proc IEEE

12 DEC 1969

Kan H B1nary Dlstlllaton Column Control

B of D1gltal Control Algortthms"; M Sc Thes1s. e

Un1vers1ty of Alberta Edmonton Alberta. 1980

Evaluatlont:f‘“

Shlnskey,_F G “D1stlllation Control for Produet1v1ty

| ~and Energy Conservatton"

McGraw H1ll

Neerork;

e

1977, -



|  ‘:68;

“i’iéglf

';Relat1ve Ga1n Matr1x to a D1st1llat1on Column" Proc

'-;7f3;

145

dBristol E. H '“On a New Measure of Interactlon for

iMult1var1able Process Control" IEEE Trans “Auto.

Control, .AC-10, 133, 1965. _'5 o

duantoreno and Romeo R T An~Appllcatlon of the

\

12th Annual ISA Chem and %etrol Instrum Symp

o ‘rr‘Houston Texas, 1971 | o _ |
| .Q70¥itMcclune L. C :Gallier PWL, D1g1tal S1mulatlon A .
. tool for the Analys1s and Des1gn of D1stlllat1qg |

;Controls“» ISA Trans ; 12 193 1973

N1senfeld A E ”"Reflux or DIst1llate Wh1ch to _::"

“:]}Control"; Chem Eng.. 76, 169, 1969, ‘j'“,‘_-‘x.

70

jVan Kampen, d A :“Automat1c Control by Chromotographs‘=-:

:hrhOf the pPOdUCt Qual1ty of a: D1st1llat1on Column fr"

e V_;__riiard 1FAC Congress London. 1966 I
“}7'Cij7égh:McNe1ll G:A._and §acks,;d D .:"H1gh Performance Columnrd:f:f
i "*l”%ﬁ%Control""Chémf7Eh§'rProg March 1969 _"' P
Cfsjg;ffRosenbrock H H C"The Control of D@stlllatlon

lhﬁ?}hColumns" Trans Instn Chem Engrs v 40 35, 1962

'"-[&fjs;deerbruggen J.A, Peperstraete d A and Debruyn H P

.”'Cf,"D1g1tal Controllers and D1g1tal Control

o fAlgorlthms",dournal A 16 2, pp 53- 67 1975



DETAIL SCHEMATIC OF PILOT SCALE DISTILLATION COLUMN

LEGEND:
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- BT

- APPENDIX A -

1nd1cates local analog equ1pment
TYPE -,glves functlon

- TYPE CODES

S rtransmltter

~:?' recorder

f? jCéhtrQilere

- "indi'c‘a/t_c‘)r! co

. flow : ‘
e;_vconcentratlon (analyzer)
rérrtemperature"-“ '

ir‘,pressure o

‘?v.F}¥>jvﬂfy4 c)<wv»€
|

*rfDP*QLLdlfferentlal pressure o

Soon =1 1dent1flcatlon number

.;;gas chromatograph

T_f{thermocouple f«"'

: control 11nes

»j}rheater exchanger

-},_nr.e 1dent1flcatlon number': 

_-Tlndlcates utllltles;fﬁl |
: ,UT - ST - 60 p51g steam

f}'- CW A’ coollng water

'Fssolen01d valve §
o nﬁqéf 1dent1f1cat10n number

. process;llnes o
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APPENDIX B

SAMPLE CALCULATION TO OBTAIN INITIAL Q- WEIGHTING PARAMETERS '

Tu. Us1ng Halman s techn1que [75] the Kp - and K. are
' reTated to the process dynam1cs accord1ng to:

o
u [1]

I’QfQT/BKGaT Co o s

_ i‘ia ‘1 /27 : ,f.f. , ‘T’f' N ‘. t?.“. : {B.B) -
--11’- TS/QfL FE N 1 B A B

N Thah
—
11

‘proport1ona1 ga1n constant in Q wt
integral gain constant 1n Q wto
Process gain- :

Process time’ delay

Sample time = ‘

;“'Process t1me constant

=
. R s -
’ i n . un

'52;j'From resu]ts gtven by Kan [66] the bottom compos1t1on
... response for a 7 1/2% decrease in steam can be re-
e presented: by - a f1rst order p]us t1me delay model w1th
) -,constants o ST e . o

1. 965 wté/(g/s)
1000 second

180 second B
316 second 1'f"~‘f

'-'n 1 it, "

. 9"

! "be removed. So, the’ time delay is set-equal to: the -

}fconstants in. sect1on 1 become

10259

1TAe

o4 0. 5 * T /T e ti, o - - (B.41

:5~From the dvscu5510n g1ven in. Chapter 2, 1t has been fe,j
% shown . that: the affect of the process t1me delay. should « ©

' sample time. Us1ng the values g1ven in sect1on 2 he“ff:f}
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- PROGRAM
s
CHSET

 ERSUM

HPLOT

l"GCLNK

GCSCH.

GCSWT - Reset Digital Sw1tch That In1t1ate GC Cycle |

| BDCQQ;'_Monltors Column 0perat1on

APPENDIX C

 PROGRAMS LISTING

'w, D’EuS‘C;R'IfP'T}I;O N

f-Implements the STC Algorlthm on the Column
Sets 0r1glnal Controller Parameters and 0pt1on
1Computes Absolute Error Value of Data

;fPlots Data Stored 1n Flles | "v
VObtalns GC Report from GC Computer L

u;Process GC Report and In1t1ate -GC Cycle o

o

© PAGE
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198
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.0001

0002 .
© 0003

0004
0005
0006
0007

0008 .

0009
0010
0011
" 0012

0013 .

0014

0015
0014
0017

0018
0019

0020

FTNA

151

\
\‘\

PROGRAN STC { ,94) ,ST CONTROL HOQ\ BY HYL NOV. 1, 1979

CONHON ICON(1)

DINENSION IDCB2(144) , IDCBI(144) , IFILE(J) y IFILU(I)

DINENSION ICX(S) , IDX(4) , ERR1(2) , ERR2(2) , IPRAN(Z)

" DINENSION PERERR(2),YSTAR(2),USEND(2)"

-~ DIHENSION NP(2) PN(2,4) PD(2,4)

DINENSION YERR(2), DPR(Z) BUF(56) ACLOSS(2)

DIMENSION NSELF(Z) N(2, 6) ITYID(Z) SAUE(Z 11,30)
DINENSION UN(2), DN(2) YN(2) vo(2), UOLD(Z) PHI(Z) ,
- DINENSION K1(2),K2(2),K3(2),UN(2),CA(2), CB(”) Co(2)
DIMENSION NO(2),0D(2, 4) an<2,3)

DINENSION ITYW(2),INU(2), HU(2) LU(2) ,BU(2),

~ DIMENSION ITYD(2);IND(2),HD(2), Lbt2), BD(2)

DINENSION ITYCT(2) UNT(Z) UBL(Z) UTL(2) IRAHP(“) ACT(Z)

-‘ADIHENSION uss2) , UP!D(2)

0021

0022
0023
0024
0025

0024
- 0027

0028

0029

0030
0031
0032
0033
0034
0035

0036
0037
0038 .

. 0039
" 0040
0041
0042

0043

0044
0043
0044
0047

0048

0049
0050

DINENSION UPROP(2),UINT(2), UDINT(Z) USINT(Z) UDER(2)
DIMENSION AKP(2) AKI(Z) ,AKD(2) AKU(Z) AKDN(Z)

DINENSION AKPIS(Z) AKPD(2),T5(2), UDIS(Z) '

DIMENSION AKPS(2), AKIS(Z) AKDS(Z) ER1(2),ER2(D), SIAE(Z) .

. DIMENSION ADCC(2),ADCN(2),DACC(2), DACH(Z) ITEST( ,8)

[ o

[l o }

t- “op

3
¢ .
Comoce

.c-

IN

e

DIMENSION KRS(16) , CHAR(S), ITIHE(S), JOUTCH(Z) :
DINENSION X(2,30),PAR(2,30),P(2,210),6(2,30),RO4(2 3)
DIMENSION IPIS(2) IPI$2) IP2(2) IFP(Z 2) SADC(B) ’

~ DATA NPARN/30/,NPNN/210/, NSCAN/S/ 15CAN/500/,

- CA ,CB, CO/ 2#1. , 430, 0/,
10Xx/15,10,13,9,12/, -
ILG, IFILE/!!O ZH&H 2HDA,2HTA/,
: ITEST/!thI IDUTCH/? 8/, '
o JCHAR/4HINC ,4H510 4HSTI ,4HPOS 4HuAN /

CALL REPAR(IPRAN)

IUI0=IPRAN(1) - - ‘ .t

IRIO = IWID

T R e S G s Gy R N P R % e D S T > S s P > " - -

EN UP FILE CONTAINING “ORIGINAL DATA". -

" I1CR=13%

CALL OPEN(IDCBY, IERR, IFILE 0,77, ICR, 144)

S D D A T D e S W D G SV S R R TV R ED s DGR TR D AP e R W A D N G A e T S T T W T -

xranxzxns CONSTANTS. .~



0051
0052
0053
0054

0053

0056
0057
- 0058

0059

0040
0061
0062

0063
0064

0065
0064

0067

0068

0069

0070

0071

0072

0073

0074

0075
0076
0077

0078
0079

0080
0081 :

0082

0083

.0084
0085
0086
0087
0088
0089

0090 -
0091 ¢

0092

0093

0094
0095
00946

0097
0098
0099

0100
0101

C- . : . _
c S N
' H=0 , SN -
0 25 I=1,2
c
C- - N
’ AKDN(1)=0.0
ERICI) =0.0
1915(1) 1
. ER2(I)
- ERRI(I)
ERR2(I) -
- ‘SIAE(I1)=0.
L UINT(D)=0.0
L USINT(I)=0.0
S YN =0.0
UNCI) =0.0
CUNT(D)=0.0
YSTAR(1)=0.0
©NOLD(I)=0.0
4 ACLOSS(I)=0, o
AKNEW=0.0 '
- =0
1JK=0 -
ITEST(I,B)=5
ITEST(I, 1)=1

0
0

0.
0. '
=0.0

o

0 15 J=1,HPKN
N P(I1,3)=0.0
1S CONTINUE

C : s o . K
D0 20 J=1,NPARN : , S0
' X1, 0=0.0, L
- 6(1,1)=20.0
D0 20 Kai, 11
L SAVE(I,K,J)=0. o
20 CONTINUE- .
25  CONTINUE S
WRITE(IV10,800) '

C- ASK FOR NO. OF SYSTEM AND INTIAL 'FREQUENCY OF DUHPING .
c- INFORHATION 70 DISK. :
c-

c

o REAB (IR10,%) NSYSRD , IDWP , IDPR
- D0 90 IS-I NSYSRD

c

e e L D D tahinltldbahd i
c-

\f{‘,
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0102
0103
0104
0105
0108
0107
0108
0109
0110
0111

0112

0113

0114

0113

0116

0117
o118
0119

0120 -

0121
0122
0123
0124
0125

0126
0127 -
0128

0129

0130

0131
0132
0133

0134

. 0135
0136
. 0137
0138

0139

0140
0141

0142 -
0143

0144
0143

0146
0147

0148

0149

01350
01351
0152

‘ 153

4}

C- READING FROM SECTOR 1 CIS=1] AND 4 [I§=21.

c - .
c ‘

CALL READF (IDCB1, 1ERR, BUF, 80, ILG)

~ TS(IS)=BUF(2)
> CALL READF(IDCBI IERR,BUF,?O,IDUM)

ADCH(IS)=  BUF(40) . . L

ADCC(IS)=.  BUF(41) U
C. B _ A
c - |

» -BACM(IS)=  BUF(42)

DACC(IS)= - BUF(43)
C ‘ ' .
Cmmmmmmmmmnee T e e
c- . | | .
C- READ. FRON SECTOR 2 AND 5.
c-
c

CALL READF(IDCB1, IERR, BUF; 80, IL6)

c

C- NO. OF UELAYS FOR CONTROL, INTERACTIUE AND FEEDFORUARD

C- TERM.. ,
- o | '
Kt(I8) = IFIX(BUF(é))
K2€IS5) = IFIX(BUF(?))
= IFIX(BUF (8))

K
c o
C- |OBTAIN INITIAL PARAMETER GUESS. -
c Lo |

IFLE =0 -
NSELF(1§)=0
S =0
0 45Is1,5
IR LLT.S) NGIe, D= IFIX(BUF(I))
NSELF(IS)=NSELF (IS)4N(IS, 1)
NLOOP _ = N(IS,1) -
IFC NLBOP..EQ. 0) GO TO 45
‘D0 40 J=1,NLOOP 3 - 5
W=1d+1 | o e~
IK = Is10° 4+ J - 4 s
IF(IK L6T. 40) IK = IK -40 .
PAR(IS,1J)=BUF(IK) R
IFCLNE.A LOR. J.GT.1) GOTD 40
N(IS,5) = IFIX(BUF(5))
ALL'READF(1DCB1, IERR, BUF, 70, 1DUN)
IFLG = |
20 < CONTINUE | B
A5 CONTINUE o - . .
c 3 ,

.C- TYPE OF IDENTIFICATION SCHEME.

c B



- 0183

0153
0154
0155
0154
0157
0158
0159

0160 C .

0161
0142
0143
0144
0145
0164
0167
0168
0169
0170
0171
0172
0173
0174
0175 €
0176 C-
0177 ¢
0178
0179
0180
0181
0182
0183
0184

Lor BN or B 2> I o B or ]

0184
0187 ¢
o188 C-
- 018y C-
L0190 C
S0191
o192 -
0193
0194
0193
0194
0197
o198
- 0199
0200
0201 €
0202 ¢-
0203 C

- - - 154

IF(IFLG 'NE.1) CALL READF(IDCBI;IERR BUF 90 IDUN) L
ITYID(IS)= IFIX(BUF(ZO)) ’
ROW(IS,1)= - BUF(21)
ROW(IS,2)= BUF{22)
ROW{IS,3)=  BUF(26)
PINT
PINTI=PINT

 BUF(23)

.IF(ITYID(IS) NE.Z) 60.T0 S50 Ty

USING SOUARE RUOT 1D NETHOD.

50

PINT=SQRT(PINT) .

" ROW(IS, 1)=8QRT(ROUCIS, 1)) ~ o
ROW(IS,2)=SORT(ROW(IS,2)) | SR -
ROW(IS,3)=5ORT(ROW(IS, M - S -

CONTINUE : «

IFP(IS, 1)=IFIX(BUF(24))
IFP(IS,2)=LFIX(BUF(25)) :
-IF(ITYID(IS) «E0. 3) GO TO 60

COVARIANCE HATRIX FOR ID TYPE l 2 & 4, o

- 55

¥

 ‘CONTINUE
60 T0 70

IJ = 0

BUIRE P

NLOOP=NSELF(IS)"“ : : SRR

DO 55 ‘I =, NLooP

1 = 1) + 1 ' ’
IF(I ‘NE-. IFP(IS 1) AND.I. NE IFP(IS ))
P(IS IJ) 2 PINT N .

ol

COVARI“NCE HATRIX INITIALIZATION FOR IDENTIFIATION

HETHOD 3.

60

65
70

INFORNATION ON SETPOINT.

]

o - PUIS,1J) = PINT

: NLO0P=NSELF(IS).

= NLOOP , ‘~\\\¢\(

D0 65 I1=1,NLOOP

- IF(1. NE IFP(IS, !) AND.I. NE. IFP(IS 2))

IJ= 1K + 1
IK = IJ + NLOOP: - T - 1

CONTINUE e 5 | g
CCONTINUE . | : S



. .A . . ‘ : '*'. ;g':)\ >155,

b
0204 < ITYW(IS)=IFIX(BUF(30))
0205 HUCIS) = " BUF(31)
0206 . " LN(IS) . =IFIX(BUF(32))
0207 ~ UBW(IS) = - BUF(35)
0208 . - AKW(IS) =. - BUW(IS)
0209 € | o
0210 C- INFORMATION ON LOAD.
o211 ¢ - o -
0212 ITYD(IS)=IFIX(BUF(40))
0213 ~ L HD(I§) = BUF(41)
0214 © LDCIS) =IFIX(BUF(42))
0215 .- BDCIS) = BUF(4%5)
o116 . ’ e ,
0217 c;-__--_f__-;-_;-f_-_;;i----;f,---_;_,____;__--__; ___________
0218 ¢- S S
0219 C- READING FRON SECTOR 3 [IS=1] AND 4 [IS221.
S0221 ¢ . S : . : v ‘
: Qng'.c- -_~ T g o '
0223 ¢ ‘ .
0224 - CALL Rsnnr(rncn1 IERR, BUF eo ILG)
0225 . ITYCT(IS)= IFIX(BUF(I)) .
C 0226 IFCITYCT(IS) .NE. 3) 6O TO ao
0227 o D0 75 II=t,6
0228 0 ‘ NUIS, 11) 0.
0229 R : PAR(IS 11) 0.0 X
0230 75 -/ CONTINUE - o
0231 80 CONTINUE .
0232 ¢ - .
0233 . UBL(IS) = BUF(2)
0234 ! S UTLUIS) = BUF(3)
70235 . IRANP(IS) =xr1x«aur<4)>
- 0236 ACTUIS) = BUF(&)
0237 © 0 UNO(IS) - sTFIX(BUF(10))
0238 7 NPUIS) - =IFIX(BUF(30))
0239 ¢ Y S
0240 no 85 I=1,4"
0241 N ab(1s, 1)=BUF(I+10) -
0242° o QNCIS,I)=BUF(I+14) -
0243 - PDCIS,I)=BUF(I+430) =
0244  PN(IS, 1)-Bur(1+34) '
. 0245 85 courxuus . ‘
0246 °C - o e '
0247 C- KP,KI,KD USED FOR Pxn AND n-uexsnrxuc;
0248 ¢ -
.- 0249 CALL. READF (1DCB1, IERR, BUF, 90, Inun)
0250 AKPS(IS)=BUF(21) ,
0251 -«  AKIS(IS)=BUF(22). , !
, 0252 ~ AKDS(IS)=BUF(23) ' L
0253 AKP(IS)=BUF(24)

0254 - AKI(1S)=BUF(25)



0255

0270

" 0281

0284

< 0286

- 0293

0302

0305

.. " 156

AKD(IS)=BUF (24)
0256 90  CONTINUE
0297 ¢
0258 C- READ IN PRESENT QUTPUT AND EQUATE uss To PRESENT -QUTPUT.
0259 C v | o
0260 D0 88 IS = 1 NSYSRD Lo T \ 1 - O
0261 - IDUN .= 13. S . g
0262 CIFCIS LEQ. 2) IDUM Ly
0263 CALL AIRD(S,IDUN,INEA,IERR)
0264  USS(I§) = 10. * SORT(IHEA*ADCH(IS) + ADCC(IS))
0265 - IFCACT(IS) .LT. 0.) USS(IS) = 100 - USS(IS)
0286 - UNUIS) = USsS(1S) o
0267 ~UPIDCIS) = USS(IS)
0268 88 * CONTINUE. -
0269 ¢ '
0 C- CLOSE FILES conrnxnxus INITIAL STARTING DATA.
0271 '€ ‘
0272 CALL CLDSE(IDCB! IERR)
0273 ¢
0274 ¢
0275 ¢ i
0276 ¢ .
0277 C‘-f‘""‘""f"-*'-------*""'f'f"‘fﬁ""—-—f -------------
0278 C- ‘ S ; e
0279 C- . ASK FOR NAMES OF TW0 FILES. UHERE DATA UILL as nunpsn
0280 C- opeu FILE ACCORDINLY.,- .
YC.. ;
0282 ¢ ,xk i _;__ o T L e
0283 - 91 . URITE(IUIO g20) - . St
( .. READ(IRIO, 825)IFILU IR o ' SR
0285 - " CALL OPEN(IDCBi IERR 1FILN,0,77, ICR 144) R
© - IF(IERR.LT.0) CALL FNGER(IERR) R
287 ~URITE(Iulo,820) A e
0288' ' READ(IRID,825)IFILW,ICR Coae
-{ 0289 -CALL OPEN(IDCB2, XERR IFILV,0,7 CR 144) e
M0290 7 IF(IERR.LT.Q) CALL FHGER(IERR)Z*§> e I
0291 IDISK=IDNP ——
0292 - -ECNT=IDISK-1 L
10293 DO 94 1=1,5¢
0294 94 - BUF(1)=0, o . ;
s HULT=((IFIX1TS(I)))/NSCAN)
0296 - KULT2 = 1rlx<19(2)/15(1)) .
0297 € ‘ ‘ ' R
. 0298 C+ TJK = nuLT -1 UILL causs EXECUTION oF CONTROL SECTION on
0299 Cs FIRST SCAN a e
0300 C
0301 - . xe NULT N
_ C xez = HULTZ -1 _
0303 ¢ - ' SRR »
0304 C- ASK FOR nescnxpron FOR zacu DATAFILE. ONE LINE OF 80
C- ASCII cuanacrsns CAN BE USED. S



157

i
2 \moso/ C o | - v
Ei 0307 . DO 940 IS =1 NSYSRD X o
S 0308 ,‘URITE(IUID 932) -18 ‘ L o
0309 'READ(IUIO 934) (BUF(I). ,I = 1,50) . - .;'
0310 CF LIRS LEN. 2) GOTO 935 . : ’
0311 CaLL URIIF(IDCBI IERR BUF 40)
0312 - GOTD 937 : -
0313 235 - CALL WRITF(IDCB2, IERR, BUF 40)"
0314 937 - CONTINUE = ‘
038 940 .CONTINUE o
0316 ¢ - - B , ‘ B
'0317 934 :FORHhT(20A4) . : h ) , o T
0318 932 - FORMNAT(” ENTER DESCRIPTOR FOR';IB) S Con o '
0319 €
. 0320 Cr INITIALIZE THE START TIHE
0321 7C» ITHI IS IN UNITS OF IO*HILLISECOND
-.0322- € .

: 0323\ ' CALL EXEC(I! ITIHE) -~ o ST R IR
0324 ITH1= !OotITIHE(Z)flTIHE(I) ST e o e
0325 ¢ - R S

N __0326 [

j,.0327 C . - \ o ‘ , |
. 0328. Ct#ttt*tt######ttttt#t**#t**t#t*t*t*t*t*#**t*#ktkt*t*t**tt**t :
0329 C+ SR R ‘ '
0330 ¢ - G R S
© 0332 Ce o STARTHUF~EACHISCANT»w'“
0333 s . v - :

e 0334 C##t##tt##ttttttt*tt*ttttttttttt#tttt#ttt#*t*t*t*t**t*t#t*t*t ; S T
0338 C L e e : L e
T 0337 Cemem e e la Ll *---~---------f-----f---~---------ff

~j;,-0338-‘C-j_ - R ' o

~ 0339 C- 'READ STATUS DF REGISTER USING SUBROUTINE RSU THE STATUS
0340 C- WILL BE STORED IN ARRAY KRS. KRS(1) UILL BE- THE o
' 0341E1C+ STATUS OF BIT 1 FROM FRON. THE LEFT, ' : 5
'~_:,0342' - 1. E. BIT 15 ASINDICATED. ON THE SWITCH. e e BT
- 0343 C- A VALUE OF l INDXCATES THAT THE SUITCH IS UP 0 IS FOR DOUN. RS
-_0344,1C-A : R
0345 ' C ' ¢
T 0346 95 CONTINUE . .
- 0347 - c. - Lo
0348 CALL EXEC(11, ITIHE)
0349 - ITH=IOOtITIHE(2)+ITIHE(I)
00350 - CALL.RSW(KRS)
035¢ " IF(KRS(15).E0.1) URITE(IUIO 1000) ITH ITHI IUAII
0352 1000 FORHAT(' TIHE IS -,’,2!8 ‘- IUAIT x ’,14)
0353 ¢ S A S
*0354' C- DECIDE UHICH SYSTEH ' LT "_ ;
0355 . ¢ _ . . pr .
0336 to - L

i L B ‘f'-_f4¥



0897

0358
0359

0340

0361

0362

0363
0344

0385
0386,
0367 €

0368
0389
0370 -

0321

L0372

0373
0374,

0375

0376 -

0377

. .0378.
S 0379

0380
L0381
. .0382

158

LFAKRS(Y).EU.1) 1§22

IF(KRS(1) .EQ.

1) 60 T0 105
CIF(KRS(2) .EQ. 0) GO TO 105

---_-__.;-—..-“._—_—_-__—-—-—--_—_---——_--—'

C- BIT 2 FRON LEFT IS ON, VANT TO PRINT QUT VALUES OF
C-  SPECIFIED CONSTANTS. (BIT2 FROM LEFT IS BIT 14 ON SUITCH

C-»,REGISTER)..f

'ASIG +1.0

60 TD 110

c- CONUERT REGISTER READING TO TYPE OF ITEST AND THE NEU

c51 VALUE.

0383 .C-

0384

0385

0386
0387
70388
v 0389
03%0
C0391
0392
0393
0394
0395
0396
. 0397
0398
0399
0400
0401
0402

0403

0404

0405
0406

0407

IF (KRS(SY.EQ.1) ASIG=~1,0
AKNEU=AKNEU+ASIG¢(FLOAT(KRS(b))+O ItFLUAT(KRS(7))+

.0.01+FLOAT(KRS(8)) )

‘ IF(KRS(4) EQ. 1) AKNEW=0.0 - R
. WRITE(IVI0,800)1S,AKNEV, AKP(IS) AKI(IS) AKD(IS)
& AKUCIS), AKDN(IS) AKPS(IS) AKIS(IS) AKDS(IS)

0 % i o e o s o i e o e

105 IF(KRS(D).EMO) GO TO-110 ot

IT = KRS(S)+KRS(4)#24KRS(3) #4471

]
At IF(ITEST(IS 4)

CIFCITEST(IS,4)

. IF(ITEST(IS,4)
‘” IF(ITEST(1S,4)

‘110 IF(KRS(!O) ED I)URITE(IUIO 610)((ITEST(JJ J) J=I 8)

- IF(ITEST(1S,4)
rr(xtssr(ls;ax

- ITESTUIS,IT)=KRS(B)+KRS(7)52+KRS(6)#d - =
: IF(ITEST(IS 1.60.7) VRITECIVI0,815) X

c,'vcunuée'vALusﬁbf coxsraurs,vo:oALUE sTohEn[iu’Axusui;» Vo

REER NES Py 2 SE
.Eﬂ. l) AKP(IS)}=AKNEU + AKP(IS)
EQ, 2) AKI(IS) =AKNEW + AKI(IS)
.£0. . 3) AKD(IS) :3AKNEW + AKD(IS)
-£Q. 5) AKPS(IS)=AKNEU + AKPS(IS)

+EQ. &) AKIS(IS)=AKNEU + AKIS(IS)
}Eﬂ. 28 AKDS(IS)SAKNEU + AKDS(IS)

IF(ITEST(IS 5) .Eﬂ. I) AKU(IS)=AKNEU

xr&xrzsr(xs 5) .EQ.°2) AKDN(IS)=AKNEV



0408

C0a3s
- oA3s

0440
e

o 0Ms

- 0MB.

0451

0452

oas8

IF(ITEST(IS, 55 .EQ. D) TPFIL AKNEY

0409 IF(ITEST(IS 5) JEQ. &) USS(IS)=AKNEV + USS(IS)
0410 IF(ITEST(IS S) .EQ. 7) IRANP(IS)=IFIX(AKNEW)+IRAMP(IS)
0411 - IF(ITEST(IS a) Bik 7) HuLT= ((IFIX(AKNEU))/NSCAN) :
0M2 €
0413 C- cuscx IF JusT uaxr:ns UANT TO srop READ INITIAL DATA
0414 C~ FILE AGAIN,
0415 C.
o418 IF(ITEST(l 8). EQ 5 OR. 17551(2 9) 0. 5) soro 301
0417 IF(ITEST(IS 8).GE.6) GOTO 999 .
0418 ¢
0419 ¢ o L SR R v
020 e e e e e e
S04t C- \ '
0422 - CHECK FOR NEW VALUE OF SETPOINT.
0423 C- -~ . R
. 0424 C CEE T PR L
0425 - D0 157 _15=1,NSYSRD - \ A
0426 vocIs)=pucrsy - - 0 o
0427 - - IF(ITEST{1S,2) .EQ. 0) INUCIS)=0
0428 . IFCITEST(IS,2) .EQ. 3) WOCIS) =AKW(IS)
0429 CIFCITEST(1S,2) LEQ. 8) WO(IS) =BU(IS)+11.47
0430 IF(TTEST(IS,2) .EQ. 7) WOCIS) =BW(IS)-11,67
0431 140 IF(ITEST(IS 4) .NE. 4) 60 ro 155 R
L0432 C : BT
0433 Cmmmmm el
0434 C- o
C;'.RESETIINGvTHEfOfHATRIX““ .
T - i = e
L0372 C S 5 ©
-0438 NO(IS) 3 :
0439 vuo 145 x 1, 4
. [ ,
oML C S
oMz aD(Is, 10,0 {
043 T O ONCIS, 1) 0.0
g 145~ ' *;. B CONTINUE
oS € RESTS PN e
H, _ ce. IF KRS(!4) xs up, THEN UANT TO REHOVE u FILTER. S
0447 € B ORI PR
g xr(xn5(14) eo 0) so ro W T
0449 OBLIS, 1)y
0450 - - " G0-TO 155
6 , T
0452 - C- RESETTING a HATRIX ro PID FILTER. v
o053 c y
0ASA 147 Nﬂ(lS)=3
0455 ON(IS 1=, o -
0456 ON(IS,2)a-1.0 . R *Y
0457 B OD(IS 1) 5 AKP(IS) + AKILIS) + AKD(IS)

OD(IS 2) s -(AKP(IS) + 2tﬁKD(IS))

!

159



160

0P 0 EDwIs,d) = AKD(IS)
0460 ¢
0441 - 155 - URITE(IUIO 505) 15, AKP (1S) AKI(IS) AKD(IS)
0462 % Ly 18, NG(IS) (DD(IS 0 J=l,4) (ON(1S,d),0=1,4)
0463 154 conrluus
0464 € S . ; . s
0485 ¢ » o “ S e
0486 - IF(ITEST(IS,S). £0.0) 60 TO 157 : -
0467 AR IF(ITEST(IS §).EQ.4) WRITE(IWIO, 606)TPFIL
0448 - IF(ITEST(1S,5).NE.5) GO TO 157
0469 C , ‘ | L
_'0479, c_-_---_;_T---;,-f--;-;---;-i_,f ....... ,_-_;i,_4---,,_-__;_,_ R
0471 .C- : Co ‘ o '
0472 C- RESETTING THE P-UEIGHTING.
0473 - o R ‘
0474 C - Lo
0475 - - NP{IS)=1
0426 - PDUIS,1)=1.0

0477 PNUIS, 1 )=1,0

C0A7B L PN(IS.2)=0.0 S

. 0429 IF(TPFIL LE.O. 0) GO 10 137
L0480 oo NPAIS)=2 o :

o0a8t - PN(IS,2)= =-EXP(=1. O/TPFIL) :

o482 ~ . PD(15,1)=1,0- PN(IS,Q)
0483, N URITE(IUIO 607)TPFIL IS NP(IS) (PN(IS, J) J=1,4),
0484 % (PDAIS, ), U1, 4
© 0485 157 UN(IS) UO(IS) )
LoeeeC SR
"0487.’ C“'-‘T"f,':""".';""'.'._'"_f-*‘;“_f"";"'""-'--‘»_;-7"-—'—'-_-""""-.';"""-"_-'
0489 - RESETTING. THE COVARIANCE MATRIX.

0490 ¢- e
o

“»Ti':o§94--'. ;;xr(xresr(xs 8).NE.3) soro 4ao’f*7 ; *;ﬁv‘F f

o2 I | "'.'f.“<'~ e
L0493 IF(KRS(9).ED. 1) 15= 2 SRR R

o 0a9S

0496 € |
0497 :_qusprnrx o o

0498 . - qussnnr((no 0)¢t(AKNEU))

L N o |

Yoy ¢
.. 0500 .a“’DO 455 I=1 NPHN

050t p(IS,I)=0. 0
0502 - IF(ILLE.30) stxs x)~o 0
0503 455 jcourrnue _—
0504 ¢ - e T
0505 T e
0506 - NLOOP=NSELF(IS) |
~0507 . DO 440 1=y, NLOOP -
© 0508 LsIel L | ‘ o
- 0509 S';;-xrcx NE. er(xs 1. ANB 1. NE Ig@%ls 2)) P(Is IJ) rxn

@



161

0510 ¢ - ' ‘

0511 WRITE(IMIO, 990)13 1 1J, P(IS 1)

0512 440 CONTINUE .

0513 €

0514 480 conrxnus

0515 IJK=TJK+1

- 0516 IF(IJK LT.HULT) GOTO 301

0517. ¢~ - . | | . o

0518 ;c--f-f-------------;—r----—--;;-------——--4--e------——~-~;-+-.

- 0519 ¢-. ' - . L :

0520 C- . TINE TO DO CONTROL CALCULATION. , ~

70521 C- - NOTE, HAVE TO CHECK IF DOING BOTH SYSTEM OR JUST ONE
0522 C- FOR CASE WHERE 2 SYSTEN HAVE DIFFERENT SAHPLE RATE.

. 0523 - SECOND HUST BE A NULTIPLE OF FIRST.‘

: f‘53a0551_*
0552

0524 C-

0525 .C . | _

0526 - 97 IJK2=IJK2+| U

0527 - NSYS=NSYSRD ‘
0528 TFULIK2.LT.HULT2) NSYS = | - -
0529 © . IF(IJK2 .GE. HULT2) 1915(2)=1915(2)+1

0530 IF(IJK2. GE. HULT2) IJK2:= 0 |

0531~ - IJK=0
0532 7t H=MH L
(0533 IF(M.GT.9999) M=1.

0534 IPIS(1) = IPIS(I) + 1 o

0535 -~~~ IFC UIPIS(1) .6T. 30 ) - IPIS(1) =1

0536 - TIFC IP15(2) .6T.. 30 pIs(2) =0
10537 T oo

0538, C- GET INPUT' uzasunsnsur. - | S
0339 C- READING IN 5 POINTS, THEY ARE: S AT
0540 C- . POINT NO.. ncscaxprron EORE .
0541.C- - 15.- " TOP.COMPOSITION

0542 ¢~ = j,ro;"'* - DISTILLATE FLOW

0543 C-- " 13 CREFLUX FLOW .

0344 C- -~ 9 . STEAM FLou :
0545 C--7 12 s _ﬁ"FEEn A U o

Q548 C S T P

0547 f]iﬂanL AIRD(S ch xnx IERR) e T

0548 <7 DO 96 KJI=t,5 0 R

0549 SADC(KJI)=FLOAT(IDX(KJI)) T
“osso“ L

0552 98 conrxnue e AN

- 0883 - YBTM= FLOAT(ICOH(ICUN(h)+I))*0 OOl'PT'f) ERE T AR R

0554 . . YTOP= ﬁnCN(l)tSABC(I)4ADCC(t) e e e

0585 - o YN(DayTOP o e s el e R
0556 YN(IYBIN U T o

0557 -__'l_IDX(“ YBTH
0538 C .

OS89 FEED = ADCNCI) o SADC(S) ¢ ADCCD .
OO0 DIST x ADCK(I) # SWIC(2) ¢ AKCC(D

TG



0562 “UDIS(2) = ADCH(1) * SADC(4) + ADCC(1)

0563 € o v ’

0584 'c-----------------------—------------;--~v-;----—----a---—--—
0545 C- - é} ‘ ‘
0546 - C- FILTERING OF Y USING THE P-WEIGHT, . \ S
0567 C- SWITCH 3 UP THEN WANT TO ADD nxsrunsencs INCREMENTALLY.

0568 C-

0569 € o R
0570 - B0 159 IS=1,NSYS
0571 IP=1PIS(1S)

- 0572 . DN(IS) =0.0 ' ‘

10573 - IFCITEST(IS,3) .EQ. 4) DN(IS)=FEED- BD(IS)#KRS(|3)

- 0574 ~ DPR(IS)=(YN(IS)- YSTAR(IS))*IDPR ' .

0575 SAVE(1S,1,IP)=0.0 " - - -

0574 SAVE(IS,3,IP)=DN(IS) ‘\\
0577 SAVE(IS 4,1?) WN(IS) - ,
0578 - SAVE(IS,6,IP)=YN(IS) . -
0579 SAVE(IS,?7, IP)=DPR(IS) - -
0580 159 courxnus

0581 C .

0582 C
0583 no 240 I5=1 NSYS

- 0584 IP=IPIS(IS)

0585 - CYPD = YN(IS) ,
0586 - NLOOPENP(IS) , S -
0587 . IF(NLDOP LT. 2 )60 T0 165
0588 ¢ - TR .

., 0589 “C- YD =17/ PD(Z) N ST

0590 € - : - .
L0591 o DO- 160 J=2, NLOOP

- 0592 . C L IC=TP- J+I : L

S0893 . . S IR LT 1) IC= 1430

0594 . YPD .= YPD - PD(IS, D4SAVE(1S, 2, IC) L

0595 - 160 CONTINUE -

0596 . . - IF(PD(IS,1).LE.0. 0) unxrecxuxo 7oo)

. 0897 ~ IF(PD(IS,1).LE.0.0) PO(IS, t)=t 0

0598 165 . YPD = YPD/PD(IS .o v B

0599 ,?,r."fff savstxs 2, IP) an '?,'-t-_j_ ;_~i~j*

0800 C ‘ .

5 0801 C-i YP = PN(Z) / PD(Z) N |

A c . . : v-v'“ ]

, '0603' ’;’. s Q,YP e
S 0404 ~'snvE s a IP)=0 o
0605 C e g
L0807 3s]NL00P=NP(IS) .
10608 D0 170 Jai, NLOOP
»';g,:oao9,.'-,;__;fv,r; ©ICaIp- M SR
CU0810 CUIFRCIC LT, 1 IC=IC430

03541

% 0802

ostr

| UDIS(I) ADCH(I) * SADC(3) + ADCCCY)

TP xYP 4 PNUIS, D)eSAVECIS, 4, IC)

162




- LEAST SQUARE USING LEﬁST SQUARE ROOT.

e
o YP. s YP - PDUIS, J)tSAUE(IS ,8,1C)
170 CONTINUE
YP = YP/PD(IS,1)
 SAVE(IS, 8, IP)=YP
c S
c’-"--‘--'-"“_"""""'v ------- et DL DL LR
G- ACCUNULATE COST FUNCTION AND ERROR.
C B | )
IC = IP - KI'(IS) - 1
IFCIC LT, 1) - IC=IC + 30 ‘
PHIUIS)= YP - SAVE(IS,4,IC) + SAVE(IS,9,1¢)
- ACLOSS(IS)=ACLOSS(IS) + PHI(IS)*PHI(IS)
YERR(IS)=YN(IS) - YSTARCIS)
‘rc_;-_--___-;-----f----f--__--_----; ..........................
) C-_CHECK WHICH IDENTIFICATION ALGORITHN. AT.PRESENT'ONLY' |

¢

€-

C

IFCITEST(IS, 8) . €0, 1) 60 T0 200
CALL IDENTZ(PHI(IS) NSELF(1S) IS, PERERR(IS)
e ~4X,PAR,P,G,ROU, IFP)
200 CONTINUE. o

- C- CALCULATING YSTAR AND X#THETA LESS THAT CONTRIBUTION OF THE
e- CONTROL ACTION IN THIS SCAN.v§j>f

'"7vﬂrJ'=”0"ﬁ
XP: 30,0

iDO 220 I I 5

“WLooP ='N(1s, 1y 5*\3 e R

IF(NLOOP .Eﬂ 0) . 60 TO 2”0 e
e :Kzo v - : SRR
'A "JSTHP‘Is S L &f}},“ ;"."
S LTENP s T o ‘ﬁf  ¢- o
o IF(lv.Eﬂ 3) K KB(IS) T ”,'3 “:"x
. IF(1.EQ.3 .AND.IDPR. EQ. !) ITEHP=7 '
”IF(I .NE. 5) 60 TO 205
ISTHP = 2.
o ,IF(IS ,Eﬂ.,Z)-_ISTH?.:zt

'“1-f leH;;v§;11;37"

e

g YSTAR(IS)IO 0 'f,,' f;*i ~ R
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0863

0464
0645 -

0446

0667
04648
0449

0870

<0871 -

- 04672
0673
0674

0475
0876
0477

. 0478
- 0679

200

215
220

>

205

K = K2(18)

D0 < 215 J=1,NLOOP
Id = IJ t 1
IC=IP-J ¢+ - K
CIF(IC LLT. 1) IC=IC+30

XP=XP+PAR(IS, IJ)*SAUE(ISTHP ITEMP, IC)

IF(1.EQ.4) GO TO 210
YSTAR(IS)=YSTAR{IS) +

‘PAR(IS, IJ)*SQUE‘ISTHP ITEHP IC) ,

€= IC - K1118)

CIFCIC LLT. 1) IC = IC + 30

“X{1§, IJ) SAUE(XSTHP ITEHP IC)

cuﬁrlnue
 CONTINUE-

C- CHECK TYPE. OF VALUE ACTION. ‘

9 Coo
0480

0681 -

0682

0483
.'0484
0685

104868
SR 0687
71'10699'
089 -
0890

08910
0692 . -

0893

0k

L{f06955. SO

R [ 7 T,
0897 -

Sl 0898
0899

0700

Soor01
©. 0702
0703
. ‘070‘3 "
0705
o 0702 f'.ﬁ‘-’
0708
*ﬁfa 0’°’;ﬁ
0710 € -
e
.‘_“vﬂf 07'2ﬂf1* o
oM

o™

225 f'

C- 'CQLCULATfNGJNEU‘FQNIRQL“ACTION. o

7~:';no 230 451, NLO0P

230

i;%jconrxqﬁg

'ffxlxr(N(xs $) .60 0) 60 TO 240

IF(ITEST(IS §).EQ. 5) ACT(IS)=-hCT(IS)
IF(ITYCT(IS)..NE. 3) 60 TO 225 e
' XP =(YN(IS) - UN(IS)) * ABS(ACT(IS))/ACT(IS)

cdnrlnus -

" SAVE(IS, 10, 19) X {&#..f

Coocoe18)=0.0 | .

. CACIS)=ON(IS,1) + PAR(IS 1)*nn(19 1)
L CBIS)=0.0

NLOOP= nn«xsy

e

e

o

. 1C=IP- J+| f,
CIFCIC LTSS ) 16= 1c+3o

N

“CO(IS)=CO(15)-0D(1S, JI+SAVELIS, 19, IC)

S cotIs)= cq«xs» -(ONULS, J)+PARCIS, tf;

*SAVE(IS l IC)

NS=NSELF(I5)- N(IS 5)+1

" LoOP=MO(IS) Y “*'=u*ﬁlNi; VAR
T CBUS)IPAR(IS, us»:ancxs 1) R T
L LS T

‘7ﬂf _t'no 235 J-t uLooP,fﬂff" o

- ISTHP=2. . -
IF(IS .EQ. 2) ISTHP’l

OD(IS J)x""’ o

164



. 238

C240

- o0

.C- P

. . SN
IC=IP - 4o W i

s : T, - . i

IFCIC WLT. 1) IC=IC+30
CO(I8)=CO(1S)-PAR(IS NS)‘QD(IS J)

. - +SAVE(ISTHP, 1, 1C)
CONTINUE: |
* CONTINUE \ S .
DEN = CB(1)#CB(2) -CA(1)#CA(2) o ‘ ’

IF(DEN .EQ. 0.0) WRITE(IWIOD,?705)
IF(DEN .EQ. 0.0) DEN =1.0 -

CUNT(1)=(CO(2)#CB(1)~ ~CO(1)+CA(2) )/DEN
UNT(Z)’(CO(I)‘CB(2) CO(Z)*CA(I))/DEN

?-“‘-‘--"---"-‘--"-"--""--‘"----'-"‘““"'—-"‘,—'_-‘-"-‘-—----

BTAIN INDEX IP! AND IP2 FOR PREVIDUS AND PREUIOUS
REUIOUS VALUE IN SAVE VECTOR.

" D0 241 ls-r,usvsy =

IP=IPIS(1S)

O IMUIS)sIPy o 0
© IFCIPICIS).LT.) 121(13)=3o

C

c- UP
C

n

.anbuLnrxus PID CONTROL ACTION.,

IP2(18)=1P1(1S)-1
'IF(IPZ(IS)’LT 1) IP2(IS)=30

- CONTINUE

------—--------qn-—----—-.—----—-—‘—--—-._-~_-—_—-—-—-—-—-_

D0 250 I§ai, ,NSYS

IP‘IPIS(IS)
;Pcnr-curL(xS) UBL(IS))*XRAHP(IS)/IOO 0
TUTOP.  =UNCIS)+PCNT . . -

UBOT  =UN(IS)-PCNT
- ‘ERR2(15)= ERR1(I§)
_ERR1(IS)= ER1(IS)" .
‘ .ERI(IS) = un<19),-.yu<15) u

BATING SIAE COUNTER.
IF(ITEST(IS 8). .6) SIAE(IS)=0 0 ¢
. SIAE(IS)' RE(IS) + ABS(ERI(IS)).
' "UPROP(I§)=AKPS(I§)$ERI(1S)
IFCITEST(1S,8).LE.2) 60T0 247
IF(ITEST(15,8).EQ.4.AND. AKIS(IS) NE.O. 0) GOTO 247
'IF(ITEST(IS 8) EO.Q) GOTO 248 ‘



0745
0786 |

0767
0748

0749.

0770

0771

0772
0773
0774
0775
0774
0777
0778
0779
- 0780
0781
0782
0783
0784
0785
0784

0787 -

0788
0789
0790
. 0791

0792
0793
0794
0795

0796
0797

0798

0799

0800
0801

. 0802

10803
0804

- 0803

0806
0807

0808 -

0809
0810
0811
. 0812
- 0813
0814

- 0815

UN(IS)lUTL(IS)

i

UDER(IS)=AKDSCIS)#(ERR1(IS)-ER1(IS))
UINTCIS)=UINT(IS) +AKIS(IS)*ERT (]S)
UPID(IS)= =UPROP(IS) +UINT(IS) +UDER(IS)
GOTO 246
c .
C
C , : : -
247 UINT(IS)=UN{IS)-UPROP(IS)
_ IF(ITEST(1S,8).E0.4) GOTO 248
c ............................................................
c-' | o
C- INCREMENTAL CONTROL EQUATION
c-
c S -«
' 245 UPROP(IS)"ERI(IS) ERRl(IS)
IM=IP1qIS) .
1D221P2(15) )
"UDER(IS)=AKDS(I5)+(YN(1S)-2.4SAVE(IS,6,1D1) -
o+ © - 4SAVE(1S,s, ID2))
UDINT(IS)=AKIS(IS)$ERI(IS) . .
~ USINT(IS)=USINT(IS)+UDINT(IS)
DELTA=UPROP(IS)+UDINT(IS)+UDERCIS)
"UPID(IS)=UPID(IS)+DELTA*AKPS(IS) -
IF(ITEST(IS 8) .Ed. 4) UPIDUIS) = USS(1S)
c \ _
244 IFCITEST(IS,8).E0.0) UNCIS)=UPID(IS)"
‘ IF(ITEST(15,8).£0.3) UNCIS)=UPID(IS)
xr(lresrcxs,a) ns 0.AND.ITEST(IS,8).NE.3)
y “UPIDUIS) =
zr(xresrtxs 8).£0.2) URCIS)=UNT(IS)+USINT(IS)
- IFCITEST(IS,8).EQ.1) UN(IS)=UNT(IS)
248 IF(ITEST(IS,8),EQ.4) UNCIS)=USS(IS)
g ........... L__---___-,--I_-----------_ ______________________
c_ . . . :
C- LINIT qnscxxus.
c- - ‘
C
IF(ITEST(IS 1) .6E. 1) unxrstxuxo 630) UNCIS)
IFCUNCIS) L6T. UTOP ) UN(IS)syTOP
IFCUPID(IS) .6T. UTOP ) UPID(IS)=yTOP
IFCUNCIS) LLT. UBOT ) UNCIS)=UBOT
CIF(UPID(IS) LY. UBOT - ) UPID(IS)=UBOT
c o ' ,
C- 'CHECK RESET.WINDUP. ’
c s L
©TFUNCIS) LT.UTLAIS) ) GOTO 249
UINT(IS)=UINT(IS)+(UNCIS)-UTL(IS))
usxur<13)=u51nr(15)+(uu(1s) UTL(IS))

1bb



167

OB1& 249  [F(UN(IS).6T.UBL(IS)) GUID Y42

0817 UINT(IS)=UINT(IS)+(UN(IS)-UBL(IS))
0818 USINT(IS)=USINT(IS)+(UN(IS)-UBL(IS))
0819 UNCIS)=UBL(IS) |
0820 942 CONTINUE \
0821 ¢ o : . ,
082 e
- 0823 (- 3 i o | .
~0824  C- CALCULATING FHE NEV YSTAR I.E: ESTINATE OF Y
0825 ¢ .
0826 ¢
0827 C-
© 0828 , ISTHP = 2
0829  IFCIS .EQ. 2) ISTHP = |
0830 NS a NSELF(IS) - N(I§,5) + 1
0831 _ YSTAR(IS)zYSTAR(IS)+PAR(IS 1)#UNCIS)
- 0832 .  *PAR(IS, NS)+UN(ISTHP)
0833 SAVE(IS, 1, IP) UN(IS) |
0834 . C | ‘ /
0835 C- IF SWITCH 3 IS UP, -WANT To Ineurxrv ONLY. READ IN THE
0836 C- CONTROL -
0837 "¢ |
0838 -IF(KRS(I4) E0.1) SAVE(IS,1,1P) = UDIS(IS)
0839 IC=IP-K1(18§)
0840 IF(IC .LT. 1) IC=IC+30 »
0841 XIS, )= SAUE(IS“I IC) &
0842 250 courxuue |
0843 ¢ | ‘ e
0844 C----- et L L LR A -
0845 - L T e o
(0846 L- SENDING OUTPUT
. 0847 C- |
0848 ¢ | v ; o »
0849 ¢ - S N
osgo - Do 251 IS=1 /NSYS o N
0831 : USEND(IS) = UN(IS) '
10852 - | IF(ACTCIS) .LT. 0) USEND(IS) = ABS(ACT(IS)) ~UN(IS)
- 0853 USEND(IS) = USEND(IS)%#2 » DACK(IS) + DACC(IS) .
0854 IOUT = IFIX(USEND(IS)) = . Y
0855 - IF(KRS(14) .EQ. 1) CALL OUT(IOUTCH(IS) 10UT, IERR) b
0856 IF(KRS(18).EQ.0) WRITE(IVIO,1234)

0Q57 - 1234  FORMAT(’ NOT SENBING OUTPUT’)
0858 251 CONTINUE : :

0859 ¢

0840 CO‘#ttttt#t#ttttttt‘ttttttttttOtt*t#t*t*#tt**t#t*t*t#‘*t##tt*
- 0861 (s J

0842 C» SECTION TO PRINT OUT THE. RESULTS.

0863 (s
0864‘.Ctt#ttttt#t#ttt#‘tt#t#tttttt#tttttttttttttt‘*t*t#t##t*t#t#t*t'

0885 €

0864 D0 299 xs=(,usvs e



0847
0848.

0849
0870
0871
0872
0873
0874
0875

- 0878
0877 . -
0878
0879

0880
0881
0882

0883

0884
0885
0886

0887

. 0888

088y

0890

oot
0892 -

0893
0894
0895

0896

0897
0898
- 0899
0900
0901
0%02

- 0903

0904
09035
0906
0907
0908
0909
0910

- 0P1t

0912
0913
0914
0915
0916
0917

IP=IPIS(IS) : g

ICH=ITEST(IS,8)+1 ‘ o f
IF(ITEST(IS, . E0.0) 60 TO 224 ' o
IF(ITEST(IS,1).LT.5)
: . WRITE(IMIO, 615) CHAR(ICH), IS,
: M UNCIS),YNCIS), YSTAR(IS) nucxs>,
" : un<19) USEND(IS) yPHICIS),SIAE(IS)
c .
272 1F(4}Esr(xs 1).LT. 3 .0R. ITESTAIS, 1. 6T. 4) GO TO 273
~ NPAR= NSELF(IS) :
, WRITE(IVI10,625)(18,) PAR(IS, J) 6(I5,J),J=1,NPAR)
273 IFCITEST(IS,1), En 4)
c -
c . : :
: * : CALL PURITECITYID(IS),
ok NSELF(I8),IS, Iu10,1,X,PAR,P,G, Rou IFP)
274 CONTINUE , '
C : d
c-’. ..........................................................
c- ,
C-- UPDATE THE HEASUREHENT vscron, L.E. ADD EFFECT OF SETPOINT :

- AND xurznacrxvt TERNS.
c..
c -

IF(N(}S 5).E0.0) g0 70 255
NS=NSELF(1S)-N(15,5)¢1 °
IC=1P-K2(IS)-K1(IS)

CIFUCLLT) 1610430

ISTHPs2 s

CIF(1S.E0.2)ISTHP=1 .
L | X(IS, n9)=sau£(xsrnr ' IC)
285 CONTINUE

c- CALCULATED Q- FILTERED VALUE DFWU(T).

g = 0.0 |
NLOOPaNO(IS)
SAVE(IS,9,1P)=0,0 o -
IFCITYCT(IS) .Eé I GoT0ONS
D0 260 J=1,NLOOP R
IC=IP-J4
IFIC T ) Ic=I0e30
U0 = UB - QD(1S,J)+SAVE(IS,?,1C)
L, UG- = UQ + GN(IS, ) #SAVE(IS, 1, 1c:
280 CONTINUE
265 IF(OD(IS,1).E0.0.0) WRITE(IVIOD,?10)
R IF{QD(1S,1).E0.0.0) @D(IS,1)=1, o

C- TR I
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0918

019
0920

0921

0922

0923
0924
0925
0924

0927

0928
10929
0930
0931
- 0932

0933,

0934
© 0935
0936
0937

0938
0939 -
0940

0941
0942

c- 0943
0944

0945

0946

0947
0948

0749

0950
09351
0952

0953

0954
0955

0956

0957

0958

09359

0980
90961

0942
0943
0964
0945

0966
o7

0948

E FEN e

SAVE(IS,?,IP)=U0/0D(IS,1)

C . L e
C*+ ESTINATING W-OLD .
c . e
297 IC = IP -K1(15) : o N
- IFCIC LLT. 1) IC=IC+30 ) .
- WOLD(IS) = SAVE(IS,4,IC) R
NS = NSELF(IS) - N(IS 5) - N(IS, ST f,“
- NF = NSELF{IS) -  N(I 5)
C - IFCITYCT(IS) .ED. 1) /60 T0 290
IF(ITYCT(IS) .EQ. 3), GO TO 290,
DO 298" I=iS, Np
IC=IP = 1 - K1(IS) + NS
IFCIC WLT. 1) IC=IC+30 ~ .
AR X(1§,1)= X(IS 1) - SAVE(IS,9, IR §
298° . CONTINUE . :
© 290 'CONTINUE
c L T .
C L *
299 CONTINUE -
t o s ¥
o _
c------------------------—--------: --------------------------
c- cuecx xr 11 IS TIHE T0 STORE INFORHATIDN T0. uxsx.
c..
ICNT= xcnr+| L
, Ir(xcur LT, IDISK) Goro~3o| .
C .
C-‘ ....................... T T S e e e e el i
C-  TRANSFER- INFORMATION TO DISK.
Co L
. ICNT=0 T
, -1nxsx=xnur : ’
¢ . .
DO 305 ISaf JNSYS P
-'IF(ITEST(IS 71.E0.4) GOTO 999 . :
CIFCITEST(1S,7).EQ,7) IDMP=IFIX(AKU(IS)) ’
_ Ir(xrzsr(xs 7).LE. 1) 6070 307 , L
_'BUF(t)aFLOAT(ICH) - . e
BUF(2)=FLOAT(IS) AN o

~ BUF(3)=FLOAT(N)
/'y DUFLA)aUN(IS) R
COBUF(S)=YNCIS) . . B I PR
BUF(8)=UN(IS) B e
~BUF(7)=PHI(IS)
~ BUF(8)=SIAE(IS)
. BUF(9)aYTOP
L'BUF(IO)=UDIS(I)



"y
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0969 CCBUF(11)=YBTH

0970 *BUF (12) =FEED
0971 ~ BUF(13)sUDIS(2)
0972 - BUF(14)=DIST
0973 BUF(15)=YSTAR(1) N
0974 'BUF{18)=YSTAR(2) ' . o 2
o975 ¢ o T > R .
0978 Cmmmommmm o e o R LS RE T "
0977 C- S , I e o o
0978 C- BUF(15) ---- BUF(85) - . O R T
0979 C- - - B T A
0981 € S Ty IR ,
. 0982 . NPAR=NSELF(IS) R N
0983 HPTS = 2 % (16 + 2%NPAR) ’ -
0984 .- D0 302 I=1,NPAR
0985 302 BUF(16+I) PaR(IS D
0986 € . e :
0987 no 303 r=1 MNPAR -*w. PRRRE DR
..-0988 303 'BUF(|6+NPAR+I)=G(IS n. o -
0989 ¢
0990 C
0991 €
0992 €. . o T e T
0993 € IF(NPAR. GE 10) GOTO 308 L e
0994 C - NPE=(NPAR®*2+NPAR) /2 - --j B SR
(0995 € - DO3OAI=t,NPE o R
0994 C304 “BUF(14+2#NPAR+I)=P(IS D e L e
0997 ¢ . e

o 0998 308 ' IF(IS.EQ. 2) GOTo" 306 -
0999 .. CALL. WRITF (IDCBI, IERR BUF NPTS)

10000 . GOTD 307 e T 3
1001 306 " CALL unxrr(lncsz IERR aur NPTS) L T I e e
1002 . 307 vcunrxuus ‘ , e AR TR RN AP
1003 ¢ - :

L1004 305 courxuue | AT

1005 € . : | | S,
- 1006 C+ CALL TIHE 10 CHECK HOW . LONG PRUGRAN SHBULD BE SUSPENDED S
© 1007 C+ BEFORE MEXT SCAN. NOTE, EXCEPT FOR INITIAL SCAN, TRE * ~ . -

1008 Cs. START TINE OF THE NEXT SCAN 1S CALCULATED FROM END OF - °

. 1009 Ce THIS SCAN + TINE IN UAIT. .IF THE PROGRAN BECOMES B

- 1010 Cs  SUSPENDED FOR LONGER THAN SPECIFIED TINE (DUE T0 LOAD- ST
-~ 1011 € ING) THE. NEXT. suspenn VILL BE suoar:nsn - S
1012, ¢ :

1013 301\ courruu: _
1014 CALL EXEC(11,ITINE) e T e
15 11n2=r66t171n5(2)+171n£(1) R S T
1016 " IDIFsITH2-1THY . L T
1017 - 312 IF(IDIF.6E.0) 60 To 315
1018 IDIF=IDIF+4000
St019 o G0 TO 312




1020
21021
© 1022

1023
1024 -

1025
1024
1027

1028,

1029
1030
1031

1032
1033
1034
1035
1036
1037 -
1038
1039
1040
1041
1042
1043 -
1044
1045 .
1044 -

1047 .

to4g

1049

1050

1054

L1052
1053
1054

10385

1058
’i10581'
1059

- 11060 o

1061.,_'
1062 -

O
,C

1063 .
1064

1044

1087
1068
d0ey <
1070

‘5f; 1065

800 FORHAT(’ AK-7 ,Il,’*',GIZ 5,7.P” FB 2,‘ I’ F8 2,

& D/,F8. 2,’ u’,F8. 2 » " D7,F8.2,/,
& Y PID 2/ ,F8. 2, I’,FG 2,’ D ,F8. 2)
RESET Q-FILTER 1s=7,11,/,

805 FORHAT(’

AKI=",F8.3, Akn;f,re 3 7

604 FORHAT(’ T-P- FILTER 8’,6!2 5)

607 FORMAT(/ RESET P- -FILTER T- -P=/,612,5 /,
3 S PO(“, 11,7, 11 ’)l’,Gll 5,1X,612.5,
3612, 3, /gFPN(~,~)a" 12, J3,1X,612.5, lX 612 3y l

LblO FORHAT(’ ITEST",G(IZ IX) SX 8(12, IX) )

e T H-',Il,’=

:'nn',ax UN“) 5%, ©0UT~, 6X, , “PHI” ,5X, “SIAE”, /,
113, 1%,F5.2, tX 7.3,

s

e T '
A LI, I, )=t 612,5,1,612.5, 1X, 612, 5,1%,
3612.5,/,7 ON(-,-)a? 6125, 1%,612.5,1X,612. 5,1X,612.5, 1x>

tx,sjz.s,jx,
X,612.5)

- 413 roannr(tox.'xrk',zx,'ssrrr',zx,'nens. ,JXI’YSTAR',SX,

lX F? 3 IX, .

e

177

\

C
Cs CHECK IF CONTROL CALCULATION UITHIN THE SCAN TIHE
c

315 IF(IDIF LE. ISCAN) GO T0>320

: URITE(IUIO 900) IDIF -
- IDIF=IDIF-ISCAN
TTHI=ITHI+ISCAN
o 1JK=LUK+1 -

-~ IF(IJK.GE. HULT) G0 10 97

o GO 0315 ‘ '

c e

320 'IUAIT ISCAN IDIF y .

- ITHI=ITH2+IUALT

CALL UAIT(IUAIT 0, IERR)
60 TO s o S

C--f----f ----------------------------------------------------
c- ;CLDSE rit;s nuanx:i"} |
Cf'_" :

C: S ‘ '

999 CALL CLOSE(IDCBI IERR).
EEAA CALL CLOSE(IDCBZ IERR)
L o IF(ITEST(IS 8) EO 6) 60 TO 5 vl‘
BN IF(ITEST(IS 7) .EQ 4) co ro 91 ,.'j,- '

.o STOP RETTRR i
_c‘tcttttatttt#tattatttcttttt*ata*:*§;a¢;§;i¢t§§#:¢;*t**i*t*b* e
s S e R e e TR T
Cs FORHAT STATEHENTS

‘t‘#tt##t‘t#“*‘##*‘t‘ttt‘tt‘ttt‘t*tt##t#t#*#"**t*t*t*t#t* :



“

v

1072

1073

1074

1075
1076

1077

‘1078
1079

1080
1081

1082

- S m

/.

 8F252,1X,F7.3,1X,F7.1,1X,66.3,1X,68.3)

625

- 630

700
705
10~
800
R
819
8]5

820

108 -
R TIE
1085

1087
SRLLL R

| 825
900
990

FDRHAT(IX,’PAR(’,II,’,’,I3,’)= y612. 5, - K-6=7,612.35)
FORMAT(1X,”CAL. OUTPUT = ,610.5). i

FORMAT(- PD IS ZEROD, RESET 0 1.0 *) o

FORMAT(” CA IS ZERO, RESET T0 1.0 /)

FORMAT(Z QD IS ZERO, RESET T0 1.0 /)

FORMAT(2X, “ENTER. NSYS, IDHP, 10PR; {,'_');'

FORNAT(217) .

FORHRT(IX,S(GIZ 3y IX)) : .

FORNAT('X,’TP PR ',F7 2,” DS-FL /| F? 2,’ RF FL - ,F?.‘, P
" ‘ST-FL 7, F7.2,7 FE<FL*,F7. 2,’ BY-PR ',F7 2) .

FORHATﬁZX,’INPUT DATA DUNP FILES.......HUST EXIST" o

/ ALREADY’,/,
L U2X, PITESTUZ) HyST. BE 2 10" nunr ....«,
ronnnf«znz 13) - F
FORNAT(2X, ” EXCEED TINE SCAN, TIME NEEDED . ,IIO)
FORNAT(” 152, 12,' Loop=f,17 g P(’,IQ,’)- /B12.5)
snn i | ‘ o -



0001
0002

0003
0004
0005

FTNA

b

X

0006

0007
0008 -

0009
0010
0011
50012

' SUBRDUTINE ZTRAN(IIYP T

DINENSION T(3),A(20), stzo)
D0 10 I=1,20

A(I)=0.0
 B(1)=0,0

YCONTINUE

- NA=1
NB=1

0013

0014

0013
- 0014
0017
- 0018

S 0019

0020

0021

0022
o 0023

0024 ¢
0025

. 0026

o

C-

A=t

B(1)=0,0 T

GO TOC 15 ,°20 , 25,30, 3%) o ITYP

15

LY

o

,7'0022~" |
0028
20029

,._,oosop*.tfg

0031
0032
0033
0034
0035
0034
0037

O

-; 25

0038

_50039-_,,
0040
004
‘0042
0043
0044
0045 C
0048 -

c VA" ' B
T
c

0047

0048
0048
0050

o005t

"30'

FIRST onnzn LAG 1
NB=1 o

" NA=2

BUI)=GAIN*(1.0-EXP(- 73/7(1) )y
A2 =-EXPC-TS/T())

S, GAIN T, A B, NA NB)

CIFCITYE. .LE. 0 .0R. ITYP 6T, 5) Go T0. 4@

TUITSH) weneivannnnnn,

760 T oo _ | ,
T SECOND ORDER ‘/(S)(s+')llll.ll’lll.ﬁ)l." " )
NB=2 L |
NAa3.

B(1)=snxﬂ:(ts TR -EXP(o 18T ) )

173

B(2)=GAINs( ~EXP(~ TS/T(l))*TS + T(l)*(! -EXP( TS/T(I)) )
~A(2)3-(1, 0+EXP(- TS/T(I))) ;

Atz)a-sxp( TS/
50.T0 40 B

SECOND ORDER /(ST!+I)(STZ+1)
AA=EXP( TS/T(l))

BB=EXP(- 19/112)) e
NB=2 s S,

; NA=3 SN ® B
T BCD=0AING L (BB/TC2)-AR/TLT ) /1L /T(2)-1 . T (An+as)+|

: B(2)=GAIN#(AA¢B§ (BB/T(Z) AA/T(!))/(I /T(2) 1. /T(I)) )

4'f 50 T0 40

AL2)3-(BB+AA)
A(3)=AA+BD

SECOND ORDER
NB=2

NA=3
ﬁh*EXP( TS/T(I))

- BU1)=GAINS( (1. +TS/T(1))‘AA*1 o)

- .

Suasenags

B(Z)=GAIN‘(AA*AA - (l.ﬂ- TS/T(l))‘AA)

A(2)=-2 *Aﬁ

e

AT

5'5,



g
vy

p 174

0052 A(3)=AAAA : ~ S
0053 ‘ 60 T0 40 e o o , , -
0054 C S ‘ : o
0055 € SECOND ORDER ©1/(TISHS + r"s LA B IO

0056 ¢

0057 - 35 . AA 7(2)/(2 :7(1))
. 0058 BB =1/T(1) - (TC2)$T(2))/(T(1)#2, ) a%2

0059 - IF{BB.LT.0.0) GO TO 40
0040 - BB=SORT(BB) - -
0061 - B(1)=EXP(-AASTS)#(- COS(BB*TS) AA/BBkSIN(BB#TS))+I 0
(0082 B(2)SEXP(-2.#AASTS)- -EXP(- AA#TS)*(COS(BB#TS) -AA

0063 IE T /BB*SIN(BB*TS))

0064 . AD=10 - '

0085 . A(2)=-2.#EXP(- AA*TS)*COS(BB#TS)
0086 T M3)=EXP(-2, *AATS) .

0067 T AUDIZEXP(-2.4AASTS) o :
-.0068 ¢ - B(1)= GAIN*B(I)/(T(l)*(BBtBB+AAtAA))“ .
0089 CB(2)= GAIN*B(Z)/(T(I)t(BB*BB+AAtAA)).-*

0070t ygeg

0072 AORETURN.

A,i ;Q-0t84v CIFCID LT, 0). ID = Ip + 32766 * 2. o f“f.'f f’;ﬁ
0185 . IF(IERR .NE. 1) 60 TQ 999 DL e

. ff,OtBB C U UIRSWUII) =0 - R N
1L D=1/ (ZttlJ) el
70190 IFCIDT LEQ. 1) IRSU(IJ+1)=| I e A

,'-‘:0'93>v:_ o no 200 l . ' e &ﬁ%ﬁ” A

0196 IRSWI) a ___xrsu?_,',?_ e

0071 N3

10073 B

L0179 susnuurxns RSU(IRSU)

0180 - DIMENSIQN IRSU(16) - S R RPN D Y S

0181 CALL DI(1,1, I, IERR) -”,~'f-f"_£;‘ SRR
0182 IRSW(16)30 T T Tl el o SN
0183 _:: IFUID oLT. 0) IRSU(lé)st LT e g e

0186 D0 100.1%2,14
0187 ', BT Y

01914_ 7, CIFUIDT JEQ. 1) ID = ID -

/

<0192 100 CONTINUE. v.q_, .

ttIJ
']

0194 e lIE“P & 1“30“7_4 T
0195 L IRSU(|7 -I)= B tRSU(I) \

C 0192 200 courlnue
0198 999 RETURN i LA e T L
: o", 3 :j Eun S‘: ‘_rn:f;::;v;ubvi;“ .;._i‘;.?:“:“::f '§v" ‘.'; 



0044
0047

. 0048

0049 -
. 0050
0053

0052

0053

00354

© 0055
0056

0057
0058
0059

0040
0061
0082
0043
Q044

0045
" 0084
- 0087
0048
0069

© 0070
00217
0072 .

10073

0078 .-

| "nxoo79

0080
0081

: ;;ooaz;t;’~~': S
L0083, e
0084

0085
w0088
0087
SERRREY 1 |:1: B
.. 0089
0090
ST009
S 0092 <
0093
T 0094
- 0095
- 0096
0097
0098

-
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SUBROUTINE IDENT2(YNEW,N,IS,PERER, X, A, P, G ROU IFP)
DIHENSION X(2 30) A(Z 30) P(2 465) 6(2 30) ROU(Z 3),IFP(2,2)
C

~ RECURSIVE SOUARE RODT ALGORITH..... R

- PERER = vnzu

D010 I=1,N. “ SR R -

‘ _ PERER = PERER - X(IS I)tA(IS n. oy
10 ‘courlnue'ﬁ : . . | : o

' GAnA ] Rou«xs 1)
GANA22 ROU(IS I)#ROU(IS 1)
IJ=0
JI=0 K
b0 30 J=1, N -

: -PX ® 0 0 ;

1= JI £
) I PX 4 PUIS, JI)*X(IS n
15 CONTINUE

- Y ALFA = GAHA/ROU(IS 2)
0074
0075
0078
0077

- PX/G6ANA2- n. PRI S
, - GANA2 "+ PXsPX ‘ '

- GANA soar(snnnz) e

" ALFA "2 ALFA/GAMA

618, )" = peIS, JI)'PX S
S P18, = ALFA‘P(IS JI)

,ﬁlF(Jt EQ. 0260 TO 25
b0 20 T=1,9t T
S ST VP o
*-=.’Q;“.~f-.; :;“POP = PEIS, 1D o
e f~~"~,;'Pcls !J)=ALFA#(POP BETA*G(IS x> )

S GLIS, 1)=c(1s x> + PnPtPX '

‘ zor_*-~j:- conrxuuz L
25 CONTINUE
o Wl 1 B R BN T o o L s L P
30 courxuue ‘ -) o iA{ B R T PR

~ 'BETA" .
. GANA2-

7RIS, x)-s(xs 1)/GAMA2" -
e A(ls 1) = A(xs 1) + stxs I)*PERER PR
'3s_bcourluus j s

ff[‘ENn‘ SR """} Vvl'efféi' ‘ ff_ RO : ‘ ,"fu

~ PERER = PERER - E 'f?}:,” e N
0 IBIaN T R R



0099 . SUBROUTINE PURITE(ITYPE. N, 18,1010, IPRNT, X, A, P, G, ROU, IFP)
, 0100 DINENSION D(30) , CHAR(E)’

’ Olgl : DIHENSION X(2,300,4(2,30),P(2, 465) 6(2 30), ROU(Z 3) IFP(Z,‘)

'TV‘

o PRINTING ROUTINE ...

N . e~
lll..l.ll....!..

]
.
[
»
.
L]
.
[
L]
-
L]
L]
.
»
-
-
[ ]
[ ]
[ ]
-
L
.
R )
.
[ ]
.
L]
[ ]
-
-
[ ]
.
.
[ ]
»
a
-
]
- ®
L]
]
]
]
]
-

o
S
o
OO0 00OOn:

0U1 - pATA tHAR/4HRLS JAHRSR 4uunu JAHRL ,4u+~--/
o2 T ys e
o O3 IF(ITYPELLT.Y .OR.. ITYPE 6T 3) 60 10 65

S 01 IFCIPRNT.EQL1) URITE(IUIO 70)CHAR(ITYPE) -
s k5 D0 b0 It N Vi ,

| ¢ g+ DO 10.Lsf,N : |

Dm0 | |

60 10 (15, 25 ) 40, 85, ITYPE

10 2o J=I, n : o
Lo IJ= Ja(J -1)72°+ 1 SRR
IF(J LT, 1) 1ys 1:(1 1)/2 +. J
B S TR 1+1) P(IS, IJ) '

0126 200 v CONTINUE -
S0122. 7 . 6D YO 55

oy s -n0~-35 =L N
2 o KDD s u - J + 1
e 0133 e e g
T L D0 30 x=1 xno L e e
T s e 2. J"(“ ~1)72 + I . -t - : LT o
S 0N g3 e el 72 J “‘53 T A S
01370 ;.;,',~-qf;_ D(J- I+l)=D(J “141) + P(IS J2)¢P(IS J3) RS
0138 lr*%. . .J|-Jl+l . : R
L0139 301_,1:;. connuug R S S g
0140 35 CONTINUE CE e e e
REREEEE 1 7 ] R ,;;so T ss ,-fe;;v_fgﬁgeﬁ.;' SRR
S ‘0!>13;.1‘C-é+--7'-f'-_- U = n - U -“"_1-*?_-:"-.f*f‘é?ff'-'é*-é4If4~7'-.ﬁ',-ffr-.-f. S
U C0144 c EATEN A ; } "7*7  _‘?311;11 RIS
RN 17 T U I SR 4 s RTINS b
o 0M48 T T gp0a N ST ey
047 st DO 50 Jat, )00 S
coolag . n(J)-o.i_ S




0149
0150
0151
0152
0133
0154
- 0155
0136

0157 .

0158

0159

0140
- 0141

0162 -

0143
0144
0145

0146
0167
! 0168

0169

01720
017y

on
- 01723

ot
0175
0174

L0177
"0178

~

177

~.
SUM =10 .
KDO = JDO - J 41 : A
DO 45 K=1,KDO | = g
N2 05+ (D v K
JBe=y3er :
2= 024 KDO - K + 2
IF(K LERL 1) 02 = 33
IF(J.GT.1) SUN = 'SUM * P(IS,J1)
7 IF(K.GT.1) SUN = SUN s P(TS, J3)
- SUN = SUN.® PAIS,J2) o
T | D)= DeesUN
s conrxuus L
50 CONTINUE.
Commmmmmnn kanr SECTION --77;-f--f-::----e-~-r By
: ' T - ) . . y ‘ _::‘\9‘# o
OS5 MEN-Te I
g " WRITE(IVIO, 80)ND,(D(L),L=1, nn) SO «><<\
IF(ND.GT.5)ND=S =~ SO SN
IF (IPRNT.EQ.1) URITE(IUIO 75)(CHAR(5) L=1,ND).
60 CONTINUE .~ G e T e
65 RETURN = | PR ..
70 FORNAT(” 4~/ YRS DIAGNAL =474/, o
R TR A ey e i A0 (R
78 FORMAT(  #-=====7 5 (A4, 9H=----m- =) L
80 FORNAT(” I.P<,13,% 17, 20(Gt2v5,’l’,Gl2 5,’17,612.5,°17, B
T 1t 2 5,’1',612 5, 10,7 TCONT I ) e
CEND |
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FTNe

 PROGRAN HSET 0 , THIS PRDGRAHHE GENERATES SELF TUNER DATAFI
DINENSION D(4,85) , N(10) , AINC10), o RTYPE(S) . .

'DIMENSION IDCBC144) , BUF(4S) , IFILE(3)
DIMENSION PRIDNT(S),PRITYP(3) -
DINENSION T(3) , A(20), B(20).
. DATA PRIDNT/AHNONE,AHRLS ,AHRSR ,4HU-D ,AHRL. /
DATA RTYPE/AHTOP ,AHTOP , AHTOP. ,AHBOT ,AHBOT yAHBOT /
DATA PRITYP/AHST ,AHSTPI,4WPID ¢ *.
. DATA KC,KN,KS,KR/1HC, 1HN, 1HS, IHR/ Coemre
DATA KTWO/1H2/ . . E
~ DATA IQPIZHLPI

«

Xz T

- DATA stn IFILE/170 2uzu,2unA zurn/

...( I/O RDUTINE )..............

™

IU=L06LU(IDUHHY) i
OIR=I | -
"™~ CALL OPEN(IDCB,IERR,IFILE, o 77, 136 :44) B

IFCIERR LGE. 0) 60 TO S . T R
. CALL FMGERCIERR) o T
o ,_srop ' R T T A

3y

. READCIU,#) IFLE - i, . -

. IFUIFL6.EQ.1) 60.T0 15~ S e e
AD0 10 dut 6 e o ’)'j;;"e_a,'
Ceew 0032 - o CALL neanr(xncn IERR, aur ao ILEN) e
‘200337 IF(IERR .GE. 0). so TO '3 Y AT
L0034 CALL rnscn(xznn) ',:;{r_,,v1~:j LN
,.4 0035]_'ﬁ3?:¢s]0p 4 o .-*.  11_" 2 SRR T S
00384 DD 800 e 21,40 *?'L”.
L0037 D, ) s BUF(JJ)
‘>]{<0038-1‘800;~:CDNTINUE ;ju.ﬁ(,vaz-::~
0039 g N e L
;0040 - cALL® Rennr(xncn IERR, BUF, 9o ILEN)(J,’lj:vf,f'” e
oo 0041 D0 802 JJ = A, 85 LR
S 00427t IDUM. = JJ =40
U 0043 D, dd) = BUF(IDUH) B I i ARt
_3'0044-;802'7*;t0NTINUE T e e e
Lo 00AS - 1O CCONTINUE - . oot T e T '
. 0046 - 15 CWRITETIV, 125) o L S e L L e
oo qgep MR P e b e
0048 " . READ (IR, 310)ICHAR ICHARS, oG, . oL
0049 7 IF(ICHARS.EQ.KTWO) T6=p0 0
0050 IF(ICHAR .EQ, KR ) - GOTO90 . . T ST
F , ;xr(lcunn EQ. Kc _n,on xcunn EQLKN /° .OR.ICHAR.EQ.KS ) -

.

.,sj;v'uerztxu 120) L e 5:’; EEIREE

320 FORMAT( ENTER 1" If. xnxranxzxns FILE--’ L e e T
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\\* !
~— 40052 - sgG0TO20 . % S
0053 . - G0 TO IS S | : L
0054~ 20 ISYS=1 # I6#3 . oo - et oo
) 0055 ‘»\LE;ICHAR E0.KS ) 60 T0 35 N
T4 0056 IFUICHAR LED. kC ) 60 T0 45 A
0057 ¢ o “
L o058 | Cueeer HODEL sscrxou ,..........ﬂ..;. . ' 3
0059 ¢ _ ‘ N T
0060  IFCILOG.EQLILP) TU=$ o . S
006T - NTYPE=IFIX(D(ISYS,1) - S L
0062 URITE(IN,1500) RTYPE(ISYS) * o
0063 WRITECIW, TS0INTYPE LTy
" 0064 . IF(NTYPE_ .GT. 0 G0 ro 25 4 :
0065 € N - S
0066 Covevennns z - raansagp nonEL SINULATION ereeeatene
0067 ¢ - ‘\\ L
0068 . NF =IFIX(D(ISYS; 10)) : 7
- 0049 ~ NFP=NF#11 A T
0070 % " URITE(IW,1S5)NF, (D(ISYS,d), =11 MNEPY .
0071 . . WRITE(IN,1200 . T R
T0072 w L NF=IFIX(D(ISYS 20))- [
0073 - NFP=NFe21 ~ . R
0074 TURITE(IN, 140)KF, (D(ISYS, s ﬂ!,nrp) e k
L0078 . WRITE(IN,120). _ c
0078 NF=IFIX(D(ISYB 30)) ',_j '-\\\
0077 NFPMF+31 | | |
0078 - URITECIV,145)NF, (D(ISYS, J) J=31,HFP) !
T~ 0079 - WRITECIV, 1203 - .
{0080 . . NF=IFIX(D(ISYS, 100
" 0081 ‘ NFP=NF+41 ~ | |
0082 WRITECIV, 170)NF , (D(ISYS, 9y 44 NFP)
0083 WRITECIN,120) - . T
0084 — - . NF=IFIX(D(ISYS, 50)) _dAv | N
0085, . . NFP=NF+51 o ' S
0086 - WRITE(IN,175)NF, (D(ISYS J),J=51,NEPY |
‘0087  WRITE(IN,120) , . -
. 0088 ., 60 To 30 . o | )
0089 C . P E S
¢ 0090 C......RK - SIpULArron....................... ...... .
- 0091° ¢ | |
0092 25  WRITE(IV, 180) (D(15YS, R 10,14)
0093 - WRITE(IV,120)
0094 MRITECIV,185)(D(ISYS, ), =20,24)
- 0095 uaxrs\ru 1200 -
- 0092/////¢‘:\Nnxrs(xu 190) ({1875, 4, J=30,34)
T~ 099 WRITE(IV, 120)
0098 - WRITECIV,195)(DIISYS, ), J=40,44)
0099 "+ . WRITE(IN,120) | S
0100 30° WRITE(IN,200)(B(ISYS, ),d=2,6) . :
101  DELAY = DCISYS,-D(ISYS7) . o
» Q1020 T RITE(IY; 205)(ntrsvs 3,J= 7;7) DELAY i@“;



T o3

T 3

0103 URITE(IU 210)(D(15YS, 1), J=80, 93) e
- 0104 WRITE(IW,120)
0105, =1k Y ' o |

0106 CoeeTezo N T S

0102 ¢ . P L
" 0108 c......srsren‘ssctrun,.....,;...........i..........,..
0109 ¢ . : N S
0110 35 1SYSs2 + 1643
SOUIY L po 40 J=1,9 |
o2 . NG = IFIX(D(ISYS )
.40 CONTINUE . _ N L
OIt4 —  IF(ILOGLEQ/ILP) Iu=s - = - o z
0115 NFIX=N(1)+N(2)+N(3) 41 L
0114 ~ WRITE(IW,2150) RTYPE(ISYS)
0117 URITE(IW, 2153 (N, J=1,8) NFIX N(?)
KIRE:S URITE(IW,120) - \
Song NF=N(1)+10, R R o
0120 * URITE(IN, 2209 (D(ISYS, )= 10, NF) : e
0121 . NFaN(2)420 - o
S 0122 URITE(IN 225)(D(1915,J> J= "g§ur> : ;
0123 UNF=N(3)+30 » N
0124 MRITE(IW 2soz(n(lsvs J) e 30 NF)'yn_ o LN
0125 NF=H(4) 440 T N
L0126 - VRITE(H, 235)(D(IS‘iiJ) J-40 NF) - AT _
0127 NF=N(5)+50 L TN
0128 . WRITE(IN,240)(D{ISYS, J), J= 50, NF). ' =
0129 WRITECIN,120) - RS
0130 ~r=1r1x(n(xsvs 600 ,-g A
0131 NFP = NF+1 . - S
0132 L UUIFUNFP LT 1 :0R. NFP /GT 5) NFP ]
C 0133 - NI=IFIX(B(ISYS,44) o
N2=IFEX(D(ISYS, 850) .

0135 STD=2.75#50RT( ABS( (D(ISYS-{ 5)*‘2+o oooo1)/3o 0.0 -
0134 (WRITE(IW,245)NF,PRIDNT(NFP), (D(ISYS 3 ,4=61,63), u1 N2, D(ISY
0137 P ‘ ,n(xsvs 57) sru - o @
0138 CWRME(IW, 1200 U »

0139 ; -URITE(Iﬂ;ZSO)(D(ISYS h, J 7o 75)
0140 ~ WRITE(IW,120) :
0141 "URITE(IU 255)(ntxsvs 9),J=80, 8s) L
- 0142 WRITE(IW, 120) R, P
0143 IU=IR , f\\> . e
0144 60 10.70 AT
0145 ¢ S
0146 C.......CONTROLER SECTION...oveenieninn el
0147 (. - I
0148 45 ISYS=3 4 16e3 , L ,
0149 - NI=IFIX(D(ISYS,1)) R R
0150 IFCNT.LT.) LOR. N1.GT.3) N13t : ‘ S
0151 . N2=IFIX(D(ISYS,5)) - U
0152 o NO=IFIX(D(ISYS,10)) e '
0153 : NP=IFIX(B(ISYS R N
. -

180

’
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N L i,l h , o oo fﬂf
0154 o N3=IFIX(D(ISYS,300). - ., o
0155 NR=IFIX(D(ISYS,40)) S - i
. 0156 \.f PCNT=(D(I5YS, 1)- -D(ISYS, 2)):n(rsvs 4>/1oo 0
0157 IF(ILOG.EQ, ILP) Iu=6.
0158 -7 WRITE(IW,2600) RTYPE(ISYS)
S0159 URITE(IU 260)N1 PRITYP(N!L»(D(ISYS J) J= 2 4) PCNT
.00180 € o o
. 0]61;_C.,,.;.. 0 FILTER..........::.....,;'f o - L
. 0142 €. o : ' SRS
0143 ~ WRITE(IV,245)N2, D(ISYS 8) S . | .
01464 IF(N2 En 0) G0 7055

0145 g‘ L WRITECIN, 270) (DUISYS, 1), J'7 9j

o166 - URITE(IU 120) _~; S T T DRI
018 €7 LN Ty
0168 'C...,..;;.ESTIHATIDN OF EOUILANT z TRANSFORH..;.,..... . IR
0169 - ¢ |
0120 . NDs 1 »
L0121 e DUISYS,15)=1. o T L e
C0122 0t DUISYS,16)20.0 B LT < ;
o023 wxrtn(xsvs 7) .61, 9. .0)- G0 TO 50 ‘f*, L o
017 4IF(D(ISYS 8) .EQ, o 0). 60 TO. 55 e
o 0'75 C- SRR S ? ) RS < :
0176 €., .......INTEGRAL acrxou ONLY .....;.....;... B R - SRR
0177 € % KPR T
S 0178 . ‘Qmu =2 e e
0179 D(ISYS 1k n(ISYS 8) A e e T
oo O1B0- T DCISYS,N2y=0,0 0 . % T T
018 D(ISYS, 18010 e
0182 - - 60 TO 55 o
0183 50« N@st ' *
0184 ; D(ISYS,11)= n(xsvs 7)+D(ISYS a)
0185 . . . .DB(ISYS,12)=0.0 . o .. .
0186~ - . DCISYS,13)=D(ISYS,9) . o =
0187 o DUISYS,14)s0.00 F O MU S
0188 . = IF(D(ISYS,8) .LE. 0. 0) GO ro 55 L
o189 N@=2 -
o190 ~ DUISYS,12)=-D(ISYS, 7) 2, *D(ISYS 9) \*
0191 - - D(ISYS,14)=-1,0
o192 - ¢ xr(n(xsvs 9) .6T. 0.0) NO= 3
0193 ¢ 55 URITE(IU 275)N0 (DLISYS,d), d=11,14)
0194 - WRITE(IV,280)  (D(ISYS,J),J=15,18) -
0195 CODCISYS,10)=Na '
0196 € . o ~ o .
0197 C..... P - FILTER ............,,.;.............;.; )
0198 C . \ R
"o19y ’URITE(IU 120)° ;
0200 N = ‘ ,
0201 . ITYP = IFIX(D(ISYS,20))
0202 TS = D(ISYS-2,2) N
0203 URITE(IU 285)ITYP 5 . o
0204 IF(ITYP, NE. 1) 60 TO 40 BEPL IR .



o5 Trvess IFIX(D(ISYS A
0206 - . " GAIN = .. D(I§VS,22)

0207 TN = .'jn(xsvs,21>q_ B T
0208 - T2 = DBUISYS, 2y o T T e
L0209 - }IT(B)" CDAISYS,28). . T
o210 T URITECIY, 290) ITYPS;GAIN, (T(U), U=1,3)
0211, - .. CALL ZTRAN(ITYPS TS,GAIN, T, 4, n NA NB)
0212 o+ D(ISYS,30)=FLOA (NA) LT .
0213 .7 DUISYS, 3=
o4 L o DUIgYs, 3= 3(2)'. RS
.. 0215 »rf_ CUDUISYS, 3R 4 o T
0216 . DUISYS;3A)=BQAY T T o )
L0217 .+ . DLISYS,ISNEAC) T
L0218 . DUISYS,38d=AL2)
»-j0219 - -li;;>* DISYS, 37>»Nk3) R ifi“ SR
“o 022000 . DUISYS,3@)=Al4) - - Lo :
L0221 40 unxrs<;y,295)na (n<xsvs J) J= 3\ 34) (D(ISYS J) J= 35 38)_
So0222.C . o
0223 Cavens R --FILTER........;........ i .;.,.;..
SRSV 3 7 S R G e
00225 URITE(IU 120) e
100226 o WRITE(IW,300)(D(ISYS, ), = so 54)
10227 .. T WRITE(TIW,301)D(ISYS, 60) o
10228, - WRITE(IN, 302)(n(xsvs J), J 61 53)
0229 " URITE(IM, 303)(37?915 Jr,Js64,68)
0230 7:65 ISYS=ISYS ., . . ;j~l P
S 0231’ . WRITE(IV, 120) ' ;g__ S T SR
00232 o IWsIR- At ‘*%Rg;;f;._
0233, C.;....INPUT ouwpur ssczrun Sl NG
c\ 0234 ¢ L Tl
0235 70 WRITE(IW, !30)ICHAR ICHARS IG S
) 0236 . - READ (IR, 310) CHARZ LT T

0237 ¢ : L
0238 C..,.,.CHANGE y cunucss. RESET PRINT pessenniae

0239 ¢©

0240 IF(ICHAR2 0. KC ) GO_TOWZS
0241 IF(ICHAR2 .EQ. KS ") GO TQ 80 -
0242 . IF(ICHAR2 .E0. KR ) GO TO 15

o3 G0TO70 L o
o4 C ~

0245 C..uevas SINGLE INPUT
0246 C -

0247 75 WRITE(IV,140),

0248 . READCIR,®)N1,AINC1) . '

0249 . - IF(N1. LT.1 .OR. NI .6T. 100) URITE(IU 135) :

10250 IF(N1LLT.1 LOR. N1 .GT. 100) GO TO 70
-"0251'”" ~ - DAISYS, N1)=AIN(1). ‘ S

. 0252 .60 ALE 70 B R I ST
0253 €. : S Coe o

0254 C.......HULTI INPUT 10 NUHBER.....................'_

025 ¢

0



0256 -

087 T
0258

70259

. 0260

0241

S ooy

02b3

- 0264

- 0265
0266 C

S 0%
w0248 -
S - 0269
0270

| "”';027r -
0272

A /0273:]
0274
L0275
n0
0277 .

LN 8

0278
7029

0281

0282
0283

Qe
L9285 .

0288

0288
0289

0290

S8
e s

0293

0294

.. 0295
0296

97

95 e

80

ol

WRITE(IN, 145) . .
READ{ IR, ')N! (AIN(J) J‘ﬁ,IO)
IF(Nl GT §0) URITE(IU {35) L
IF(N1 .GT. 90) GO 10 ’0 !

D0 -85 J=1,10

90

83

S JNL= J*Nl (R .4.7 Yy
DCISYS, K1) = AIN(J) -
CONTINUE = . " \
GO,TO 70 » S
- .3‘

CONTINGE . T VAV“E
CALL CLOSE (IDCE, TERR)"

IF(IERR GE. 0) GO TO ?1

CSTOP 4

20

Lf 20 95 SR¥ b

‘”~h0‘eéo T 1, 40

- 'CALL OPENCIDCB, IERR;IFILE 0,77,146,170)
© CALL RWNDF (IDCB, IERR) ‘-*.\. SR

BUF(I) = DY, I :L’f:fiﬁxj'[;:j.tf:',Qr?yii;?x5.”

CONTINUE [w
. CALL WRITF(IDCB, IERR BuF ao SR

‘”DO 822 1=41, 85

100
105
110

115

0297

0298

Co0299
130

0300 -
- 0301
--0302

0303

0304

0305
0306

120
125

“140

1500 FORHAT( l’,/////,’ LR ’,A4 ’HODEL *

150

IDUN.= T - 40
BUF (IDUN) = D(J_I)

822, CONTINUE .

. CALL unxTr(xnca IERR BUF 90)
CIF(IERR .GE. 0) 60 TO 97
CALL FMGER(IERR) = -

. STOP 4 o B
- -CONTINUE - ‘»r%ﬁ

E uaxrs(lu 305)J
CONTINUE e
CALL CLOSE(IDCB IERR) L

stop
FORHAT(sslz.sx.,f L
FORNAT(17,10612.5) . =
FORMAT(SG12.5) ~ = .-
FORMAT(S(612.5,1X)) "
FORMAT(1X,60(1H-)) -

LIPS

Ty

ronnnr(1x “HODEL svsrsn 3 CONTRBL -#CTION , RUN 4,7,

1 Xy

FORHAT(IX ’CHANGE y CHANGES ¥ RESET f
T b TR ==
FORKAT (1X, “INPUT INDEX , VALUE’)

FORMAT(”<01)> <TYPE OF SINULATION =/,I2) -

,__)

135 FORMATC1X,“URONG ﬂUuBER OF INDEX TRY_AGIAN’

145 FORMAT(2X,”INPUT INDEX , VALUES ....<3<>7)

'. ;-,‘Al I, 5 0ty

*?}///),“' DI

T



0307 }nijﬁs FORNAT(1X, 7 <10>
C0308 1 (raD
NC B2 )=%012,7,

0309 . 140 FURHAT(iX,’<20>

CER e axan
WO DY D=712,7,

o3t -,\165 FORNAT(!X <30y

eItz axgan R
NCCE D= 02,7, e 8

0313170 FORHAT(IX,’<40>
0314 ‘;'.~1 X KAy
0315 175 FORHAT(IX y <50
IRV X AT PR UIX, 451>
- 0317 180 FORHAT(ix,'<1o>>
0318 1, RSP
S 0319188 FORHAT(!X,’(ZO)
0320 iw~¢| 1%, 721
L0z o190 FORHAT(!X /€305

0322 ':-~‘~1~‘_~, 1X,7<3>
0323195 FORHAT(IX 7€40)-
0324 X, Ay
0325 200 FORHAT(!X,’(OZ)
L0326 X, C03y
032700 2l plx 7<05>

0328 205 Fonnar(1x 073
0329 XKy
. 0330° 210 FORMAT(” <80> AD

0331 kv 2 482> DA

0332 (2150 FORNAT(1¢,///4/

0333 215 FGRHAT( 01> NG1=

03T _;1..- TAX, 204>
0335 ;1;»2 1x,'<os>
e 0336 30Xl FIX-
C 0337 220 FORHAT(IX 410>
";\sxoaze 225 FORNAT(IX,”<20>

e 0339 - 230 FORMAT(1X,”<30>

0340 235 FORNAT(IX,” <0
(0TI 240 FORKATUIX, “<50>
0342 245 FORM R0y

Mt X, eIy T

0344 %2,vi GT'IX €83
0345 3 1X,7€86>
0348 0250 FORHAT(IX 420>

N(~B| e 12 /y R
Bl w7 5612, 5)'y (R

‘nz~~vser’5f)*,

D1 o=7,5612.9) ) o -

o C' Y _/ Sﬁ'q(f) o '_ :
NCA D=0 7K. -

A =,5612.5) ) ey
T-RK=7,F2.0,7 FOR_GOY, 7, |
S\

GAIN- =7,612, 5 {12140 T=7,30612
T-RK =7,F2.0,7 FOR G(12),7,"

GAIN ;’,612 5 /(22 24>‘T" 3612 5) RN

saxn,- ,G|2 s ¢32-34> T=* ,3612 5)
T-RK =7,F2. 0, FOR 6L CY, 7,
GAIN =7,612.5,7 <4244 r*',391 5)
1-54.=7,612.5,

RH-DT=" 161251 7<00> RK-HY,F3.0,/, ;-‘f'
5T-D1=* ,612 5,7 <06y NLINZ, 612.5)

Kllr’,F3 0,7 <08 KI2‘ ,F3 0,

KD. ",F3 0,1X,F3. 0) - S
C.¥=7%, 612 3% & SADC + f GI'1 5 YATRE
Cu. S-~,612 5,7 % UN o+ GIL.S) o

TR 'sysrsn e *',///)

= 12,' <02 NF'27,12,7 <035-ND = x
NH: ,,Iz,f <05) Ncé=',12 Iy

KU =4, 12,% <075 K2 =4,12,% \QS) kD = ,IL,/

N.=7112,7 <09>NDEL=’,12 )
61 f',ssiz §) -

D =, §612.5) L0
Hoo=4,5612.5). oo
62 2/,5612,5) . - o

184

g
v
.
R
L & B
“_:,:4 LR
. \
o 4
L
R

!'v

T - ) . ' .
ROU 1",612 5 <82) ROU- 73612.5 /,

P-INT=’ ,6%2~5-'—<64>~1-Fix‘i~2k3—f—~—*-f—‘

6+C0P=/,612.5,7 (67> L-PHI=",2612.5)
TYPE OF SET- Poxnr=',r2 0,/,

HIEGHT =7,612,5,” ¢72> LEINGHT=’;GI Syl

0347 . o1 XD R
0348 2 1X,7<73> START " ;12 5,7 <74> FINAL = 612 5 /,,ij“
. 0349 “ 3 UU1X,7475> BASE . =/,612.5) . o o
0350 . 255 FORHAT(!X ’<80> IYPE‘0F nlsrunsaucz “,F2. 0 /, o e
_0381 e lx,'<8!>.HIEGHT =/,612.5,” <82> LEINGHT=",612. 5 /, S
£ 0352 2 ;-_ “1X,74<83> START =’,612 5,7 <a4> FINAL ~=7,612.5 /,_; R
S0353 3 X, 4en

2600 FORNAT(” 1',/////
(260 FORNAT(7<01> TYP
V 14»"A. 1X,7€02>
; ;2ff; |x '<o4?

0354,
0355
0358 )
0357 U

BASE .= ,Gi2 5) : ‘j

IS IR TN T ’CONTRDL ** *’ ///)
E OF CONTROLLER=’,12 4X, A4 oIy

LOVER-U=",642.5,” <08> UPPER- U=7,612.5 A

PERCENT=’,612 5" USTEP.  =/,6f2 45)__,-



- 0358

- 0359

0360,
0341,
0362

0363

0344

03650

0344

0347
jm'osaa

- 0349
0370
: ,-032'1:
0372
0373

0375

Lo 0378
0377 1;
f{ 0378

\Qg79
0380,
0381
10382
_o;ez

0385
: 0386

~ 302 FORMATHIX,”. " PID SETTINGS (AKPS,AKIS AKDS)’,/,

.o S
- . . N . v B
' v":\v‘ S b » - ) e St 185 .
I . . Lo o . PR S e
) . w . . R . . . L BN L - ) ) :
. N - B N . .

.‘,-‘v
3

265‘FORHAT(IX,’<05> TYPE 0F PID= ,12 IOX 0> Z—TRAN’ /,

Ch X, 28K, ‘o 1 --> §- TRAN'}/,
2.7 X088 PIB ACTIDN=?,G]2 5) .

2’0;FDRNAT(IX 7<07> KP. 27,612.5,/, ,L;,»”

1™ 50 01X, /€08 KI 55" 612.5 /, )

fgs V‘“ 1X, <095 KD =7,612.5) : S
275 FORHAT(IX *Q-FILTER. erty 1x,*<1o> No. = ,1‘,/ Do g

I 1% <15 0D42) =7, 5612.5, {7,105, 5612.5)). :
280 FORMATL1X, /<155 QN(Z)="" 5612 5 (/y rox, 5612.5))
285 FORNAT(1X; P~ FILTER....-,/
‘~;»: X, 7K205 TYPE =7, 12, 1ox o RSN z TRAN’,/,

£ 01X, T-8 =7,612.5,% 2l et s TRAN ) S
290 ronnartnx €2y 1- -RK=*,12,/, - e
Sy 1X,7€22> GAIN 27,612, 5,' <23-ﬂ5> T" 351 5) R
295 FORHAT(IX “<30> NP A~' 12,7, e

A Xt PN 27 4012 5, /

YO IX, (355 D ar 4012 5) U
3oo FORHAT(IX R FILTER.... $ <so> 1 RK-’ rz o /

11X, 7¢51> . GAIN= 25612.5;¢°¢52-53> J=4 ,20:2 5,f<54> x- ,F2 o>
301 roannrtux “<60> U-STEADY- -STATE=“,612.5) .

a’ TG POSITIONAL .OR INCREHENTAL CONTROLLER’&/,
1AX,7<61- 63)7’,3612 5) b
303 FORHAT(ix “ - O=FILTER SETTINGSI(AKP AKI AKD)’,/
ooy, ’<64 -66> 7,3612\5)
305 FORMAT(* sscroa ',12 . HAS BEEN uaxrren '> R _%1 o
30 FORNAT(241, A2\ AT
315 FORMAT(T1) " ~;, *‘J;uv Y W
END a;»,_»_;.;_i e



0013 - ?‘unxrs(Lun 1000)°

"-jssksun 1-00004 xs ON CR00146 usxus 00011 BLks K- ooa7

. 0001 FTNG Ty
0002 PROGRAN ERSUH( ,101) SRR
0003 (-
c 0004 nxnsusrnu IDCEC144) , BUF (58), ISTR(ZO),
w0005 e U (20),12(20) IR(20) oo :
0008 IFILE(J) LU(S) o SR
10007 .. IR rssn1(20> FEEDZ("O) SIAE("O)
o008 . . \
20009 CALL RHPAR(LU) ‘
0010 < LUN LU(I) ‘
Q011 .
0012 ¢ e
=0014]ﬁ,;{:H'READ(LUN 1ooz> (IFILE(I) 1 1, 13), ICR
L0015 € . S
&QOOIé .“fV;,'URITE(LUN 1006) : ,.,u.;fw‘\ .;,,-:3vt L
0017 .-READ(LUNz#) HAXREG P
720018 C L R R R
0019f“;‘ ©WRITE(LUN, 1010) TR L
0020 - Afaeﬂ (LUN :) ILU - S e A e
00217 e e R L
..i-‘\°°221-C“”.‘ ,?Ii‘,~'f]i -1;';z~ﬂ-:~ ﬁ;v<nv- Ll e
R e b
0024 T g 50 TREG =y HAXREG »
,A.oozs; i;";;f:x4 WRITE(LUN,1012) IREG - i '
"oozavi | READ(LUN,#) II(IREG) I“(IREG) IR(IREG)
0027 so conrxuus R
0028 R
S 0029,
0030 | o -
oot g g .
-‘-0032'_'~‘P;‘CALL opsn<1ncn IERR IFILE 0, 77 xcn 144)
0033 - IF(IERR.GE.0) GOTO 70\ RERRN
C0034 o caLl FHGER(IERR) .\g\i;,f:
0035 _srop ST
0034 - ¢ |
0037 C- READ HEADER RECORD

: va

© r’_inh

[0

o008 ¢ | *fl‘ S ,'“;j; S

0039 7o conrxnue o :
0040 CALL READF ( IDCB, 1ERR sur 40, ILEN)

- 0041 " IF(IERR. LT.0) CALL rnssn«rfikx\
0042 f-A-_iiURITE(ILU 1020) (BUE(I),T=1,20)\:

0043 - pp 9oo . xéss =1 nnxass -

00 C :

-‘,joo4s.1‘-*}.,xnss = Il(IREG)

0046 . IEND 'z 0 e

9047 ~ - 1DUM = IREG. - 0

omm IFUIREG K. D IEND - Isratrﬁun>;ffxgginuq)ff,t.' o



S

0049 .
0050 -
0051

0052

0053

0058

- 0059
0060
: "0061 .
0062
»9063  ‘ﬂ

i .0064 S
;20065

0054
0055
0056
. 0057

C
¢-
C

*
L

IRU

= IBEG - IEND -l

;f CALL: POSNT(IDCB IERR, IRU 0) -

CALL HSIAE(IDCB BUF, ISTR(IREG) BEG END,

"I1(IREG), I2(IREG) IR(IREG))

URITE(ILU 1022) IREG,BEG,END - - &

tPRiNT OUT:SIAE?RESULIS;.»v7?

CALL RUNDF(IDCB IERR)

el

T
‘ "'.

-

- CALL READF(IDCB IERR, BUF ,40, ILEN)
: URITE(ILU 951) (BUF(I) I=1 0)

-';Ooss;.a;f?-'

0073 -

S 0075 €
0076
S kW0077 

50078 €=
S079 L
,:, {{“0030 .

to0081
0082

'0967   {
0068
0049
’0070”
§ 0071

0072 -

oo74‘“€

959;»

) ”no 950 IREGv--I HAXREG

CALL CLOSE(IDCB IERR) -155.’“'
srop o

:':CONTINUE v!;w

"7; v; IR(IREG) SIAE(IREG)

\,

. SIAEUIREG),FEEDI(IREG),FEEDI(IREG),

S, URITE(ILU 953)" IREG, 11 (IREG) IZ(IREG),,,,”' j“" Tl
. O ISTR(IREG) FEED! (IREG), FEEDZ(IREG), o

187,

1022 FORNATC” REGION 7414, BEGINS AT V7. 2,’ ENDS AI 47 2) e
c - ¥ , c
o

9oo:}cpN11NUE’;

~---,—--,----;-----------_-_.-_i;—-§______-______§—p—4_ﬁ___-;_*__ .

951

953 FORﬁAT(/ 7 FOR REGHY,

| ‘”fooez;?u"~

o
0.0085
oo 0086

S 0087
= 70088
0089 ¢
0090
E 009""”

ﬂff@,

X

 _F0RHAf;sT§xEﬁE~f§;:,_ )

,gv,} S : PEE Sl
FORMAT(//,' 3 F.R F ,E ON LN} ',/ 20A4 /)

¥

£

1000 FORHAT(/,’ ENTER" FILENA
1002 FORMAT(3A2,13) ,,:?]:'73 :
1004 FORMAT(/,”" ENTER NO. OF REGION A
1010 FORMAT(/,7 ENTER OUTPUT DEUICE"’,’ ’)
’;1012 FDRHAT(/,’ FOR REGION: 7,12, + ' RO

/4’ ENTER: START, FINAL AND NO. OF ITERATIUNS' 5 "t
; 1020 FORHAT(/,’ PLOTTING FOR ’,/ 20A4) a?aliv- ;.x;-’

END

.5, FRONs- * 14,/ ro.f ”i4
] 4 Sx k¢ FROH ,}’Fs 3, TO.

‘12

W&z,' ITERAIION 18 =/,F10.4)"

/,% .FEED CHANG
/,’ SIAE. AFTER.

izdsgf’;f;iiff.jjifaiﬂ;j»

. y:;vr#;&..fzu

3A2) ‘AND CARTRIDGE(I3): /,”. ‘)“



o001 €

[T 3

' .i‘&HPLM T 00004 1S ‘0N CR00136 USING 00028 BLKS R= 0000

0002 C#. rnrs PROGRAH PLOTS DATA STORED w DATA FILE.'" R
0003 € S I R A

0004 FTHA

0009 et
AL B

S 00MA nATA 1g98/9 1o 12 11 13 14 17 0*0 0, 0/

0019

0024 LUN=LU(I)
“-,oozsA'c~

0005 PROGRAH HPLOT(- ,1ot> [ T R P
0008 C - RN
0007 _;'»., nlnsnsxou I0CB(144), BUF(56) X(’02) v<7oz)_
0008 - C11(15), 120150, IR(15), |
- ~?jSPAN(6) 1EROC4), IFLD(é) Y00(4),
010 IPOS(1),SSTART (11, 15), RRANGE(1 1, 15)
001y .. - NPAR(S); IFILE(3) LU(S),,_’r
0012 T DSTART(é) DRANGE(6) A
003 S

X‘ -

T s 'u
+

0015w L CONA/L.LO/, connxo

-'0016*‘,gu§'*" SIFLO/A, 1,1,0 1 1/,; _ -
0017° "~~~ # . SPAN/.12857,2. 2975 2.5517, l.,‘.Sl
0018 - x . ZER0/89:1567,0.,0.,0,,0.,0./, .

'+ jSSTART/IIOtO / RRANGE/11030./,’
* 0 Y00/0.,44,5.5, o.,4.,5 S, ERE

S ooo%  DSTART/93.5,0.00,12.0,1.00,0.00,0. 00/,
00227 ¥ - DRANGEZ1. oo o 00,12, oo 3. oo 0. oo 0,00/ RN
1 0023”,:'~ CALL RHPAR(LU) S S RNV P -J%?j; i

0020

-i.—;,

00267 €s oaraxu INFORHATION N UHERE DATA IS STORED

"fﬂVjooz7':c

‘l”70°23f URITE(LUN 1000 ”fx”'f”’« & "'»-&';1\~;*
‘VOO29”-‘_“;-[READ(LUN 1002) (IFILE(I) 1=1, 3) ICR

0030 C
003 igjf’URITE(LUN 1004) SR y, Gl e e e
- f[OQgZ.AZ.fL,HREAn(LUN *) (NPAR(I) 1 1, 5) B T R
okl P | c

[ 0035 li;REAn(Lun :) naxnec
L0036 C i
0037, unxrs(Luu 1008) -

0043 .f‘;funlrstLuu 1011)

0034 URTTECLUN,1008) -?.4 iﬂ':_‘ ‘.;’-iff{”f;,‘- ERE

0038 READ(LUN, * xvopw
0039 ¢ P
0040 - WRITE(LUN,1010) -
COMA1L L READCLUN,) TLU
0042 ¢ e '

0044 . -READ(LUN,#) ST -
COME L e s B e

T 0047 C+- READ IN INFORMATION FOR EACH REGION.:



S

-

0049
0050 -
0051
0052
0053

0054

0055
. 0056
S 0057
0058
0059
. 0060
o 0061
0082
0083
L0064

0085

T 0064"
0067
0048

B »,.-0069

u‘¥

_';0021;{'
C0072

0073
0074

0075

| ..99?@1
0077
0078 L
L0029
7-00801},2% R
0081 -
0082 .
ooezfv”
0084 -
0085}
; ’1[ 0086 -
_00871f

0088

-0089”
0090315”
0091

. 0092 -
0093 -
0094..
0096
0097
. 0098
0099’* '

o DO SO IREG = 1,MAXREG
READ(LUN,*) 1IUREG), 1 IZ(IREG) IR(IREG)

C I R A

'{V‘URITE(LUN 1014)
READCLUN,*)IDUN . ST
~IF(IDUH NE 1) 60 rn 2o L ;'-_‘\§

o i .

_ URITE(LUN,1016) xhxaco
. READ(LUN,*) (SSTART(I, IREG) , 1=1, 5)
. WRITECLUN,1019)" NAXREG
« . READLUN, s) (RRANGE (1, IREG) 1 1 6)
2000 ﬂfIF(IDUH NE 2) so ro 22
R S AR
c- TAKE DEFAULT SCALING »;<“,;f;ﬂ»&,, K
C i SR
: ..gna uo1e 1,6 R
. SSTARTAI, IREG) = nsranr<1> ‘; g
. RRANGE(I, IREG) ='DRANGE(X)
. _“couTxuue _:,,4 RE S
R / ~;f;w'ﬂu
22 \* URITECLUN,1018)
\\READ(LUN % xnuﬁ/
s IF CITUK. . n 50 TO 30
c;i uaur srnnr AND RANGE or PARAHETERS._vJ :
VC;. » " e
‘;URITE(LUN 1016) NAXREG o
©* READ(LUN,+) (SSTART(I,IREG),I=7, 11)
e 77 U URTTEGLUN,1017) MAXREG . - ,»_,._'
T ',;READ(LUN ') (RRANGE(I IREG), 1: ,,11> o
305:. ;'ncourxnuf
S
5o courrnus

vC,h, Ry

RITEECES SRS L
_ ,/:‘, IPOS(I) IPOS(IDUH) s NPRR(IDUl)
B 60 CUNTINUE e
L .
c/ B e
S ‘CALL OPEN(IDCB IERR, IFILE 0,77, ICR, 144)
- IF(IERR.GE.O) coro 0

CALL" FHGER(LUN IERR)

Ot WRITE(LUN,1012) JREG - Com

C DBTAIN THE ST&RTING POSITION OF EACH TYPE OF PARAHETER  ‘

Ctr;OBTAIﬂ RANGE AND START PONT DF EACH REGION FOR PRUCESS HEASU%E -



70100
0101
0102 ¢

103
. 0104

S 0105
0106

-~ 0107
0108

0109

S0t
oot
0112
L3
Sof14
0115

0116

017
- 0118
;;*~0t20 ;»‘;Q
01220

0123

0129 :
0130~
L0131

© 0137

0140

0141 .
0142 -
Q1430 Ry
0144 T
0145
T 0146
0147
T omB
S 0149
.. 0150

y -

.C'

70

Cstor |
- KEAD HEADER RECORD

cnurluue . L o
CALL READF(IDCB IERR BUF 40 ILEN)

. IF(IERR.LT, 0) CALL FHGER(LUN IERR)
o WRITE(LUN, 1020) (BUF(I),I= 1,50)
: b0-900 IREG = l HAXREG ‘

',URITE(LUN 2040)

. IBEG = I1(IREG)

. IEND-=-0 L e

 IF(IREG. .NE..l)IEun IZ(IREG 1)
T IRW = IBEG - IEND - 2 .

" CALL POSNT(IDCB,IERR,IRW,0) -

'C

:;jor24i_:

: [012J,
"QOIZ&
0127

1bbi-” .
.C.-‘.
“C

C
0128 .
Cie

Cs
o
0132
0133 . '
0134
0’35
0136 'c”
0138
0139

¥

C:m

LSRN

:CALL LOCF(IDCB IERR, IREC IRB IOFF) ?'

FILL IN ran INFORHATION (x AXIS) ,’4* k "f;;)

.-‘,‘J:z"ou .:.

DO IOO 1 IREG) I“(IREG) IR(IREG)

n+v-"‘

J.
) LOAT(I II(IREG))*ST ‘

:'!.j'.

I
J:
‘ X(J
CONTINUE

- . Y S
COHPUTE NO OF POINTS TD BE PLOTTED

NPT IZ(IREG) - II(IREG) i
INITIALIZE PLOTTING

,ﬁf:-CALL PLOTS(O 0, ILU) L
- IFCILU.EQ.4)- CALL FACTOR( 6) .i.“_ '

CALL PLOT(1. 87 1,61,-3) '

CALL HCALE(X 5 0 NPT I)

DETERHINE UHICH OPTION TO PLDT
'”?J'IBEG

CIEND =3 L e
 IF(IYOPT EO 1 .OR. IYOPT Eﬂ .3) G0T0. 150

~fgIF(IYOPT Eﬂ 2) GOTO 150 IR '

ll .

,thf-fxnss =5
9" CONTINUE

)i‘;190'*



MOy T o e
S R T- T I
I»'A' ) .' S f-" '-_N'.' L,

Cots1 g- START PLOTTING THE rLuu HEASUREHENT S I TR § R A
0‘52 c . - : A :._.‘ . »‘ T
. 0153 - ;fs. B0 2oo~1 = IBEG iEND - ai-"i_~"A]- B
0154 ~,7."i, ITYP 2 S o :ﬁf" BRI e
Comss ¢ et A _ _
0158 C- xr UNLY PLOTTING BOTTOH, PLOT FEED INSTEAD QF REFLUX.  .
L0157 ¢ R
0158 5;_lw,u,; IF(IYQPT EO 2 AND. ITYP £Q. 6) ITYP = 3 : R
0159 o IFCIYOPT.EQ.3 .AND. ITYP.EQ.2) ITYP =4 - .2 .
0180 - START = SSTART(ITYP; IREG) _'!'tw T A

0161 f.‘~.a' “RANGE = RRANGE(ITYP IREG)

~oote2 ¢ e

0185 ;v‘; f;;;ki»f? CALL HPLT(IDCB BUF, X, Y, IREC IRB IOFF

: 01ss——cr-tntt—SUBRUUTxns TO PLOT ouv HEASUREHENT roa EACH kEsron *'3';°(i;5[]§;j1
0164 T e

CooM8e w0 _,,_“ II(IREG) IZ(IREG) IR(IREG) BEG ékn,

o7 “. T MRITE(LUN,2020) BEG, END.

e ;vo173~svzoo CONTINUE f',,‘ T
C0174 °C D e e ,_.?5,-a o
e g’OtZSC;C PLOT DUT PARAHETERS FOR EACH REGION.¢,;'~: el e
S u;cotzz,;g*a}’;;, IF(ILU EG 4y su TO eoo L e et
;.@g,_;ogaj;-c_.g;-~vifv-- Bl ke
0182 L b0 3oo 1

e
SRR 1 A ;373, START
U 0eBe -;.: RANGE

0167 a;-;fg,' IPOSCITYP),SPAN(LTYP), ZERO(ITYP) Yoo<1)'4;5;7<“
0188 el CIFLOCITYP), START,RANGE,ITYP) o
0489 ’IF(ITYP EQ.3.AND. IEND.EQ. 6. AND. xvopr £Q.4) CALL PLOT(0., 9541,
’617034-;.:.-c:¢; CWRITE(LUN,2000) ITYP,IREG . . - .- ..,uﬁq,f__..u S

'~0172;}2ozo roannr(' PLOTTING FROH»’,F? 2 To ’ r,.a)

_CALL PLOT(0.,<9.5,73) =
CALL PLOT(I 397,.2733 3)

1,5
6 + I

ol

SSTART(ITYP IREB) TZ:?'ff:%--;.3:' S
“RRANGE(ITYP, IRE

qfﬁf‘0187x7cl N 8 Pl T
0188 €k CALL sunkourxus ro PLOT our PARAHETE 5 FOR EACH REGION RO

018y o

o192

CALL HELT(1DCB, BUF, XY, IREC IRB IOFF, S
-*»i, U IN(IREG), 12(IREG) TRCIREG) ,BEG END, R
":=Y;< v IPDS(ITYP) CONA, cona YOO(I) NPARCDY,0,

B T F T SN S 'START, RANGE, ITYP)

;;gqn9éf§**:“fr«jiiﬁ" _WRITE(LUN,2000) ITYP, IREG R ._‘;j;i;'gbggq;;«,”u#j&f”“***‘
0195 :.v;~,;g<; URITE(LUN 2020)856 END ,-;v~_;; SN

o198 ¢

0197 300 CONTINUE e 1 'f_ TR R
2 019911_.::v:u “CALL PLOT(-1. 397, .2733,—3) | G -
0199 800 CALL PL01(0.,0.,999) .;W.;f!"

L 0200°°C < e

L0201 '



0229

END

w

f' /’)

2-DEFAULT:% ,*

Vv

: S e : ‘;.‘*'\'
0202"x9oo conr:uus S A
0203 ¢ . ) oy S
10204 CALL.CtOSE(IDCB,IERR) o
020 ., stoP - R 0 .
0206 € R o
0202, C"'"“"f‘“'«“"".“-““""' """"" ."“*“j‘?‘“""""""ff ------- tg‘.--—-"-"-f“
0208 C- . e g y |
,0209° T FORHAT STATEMENTS. : : ot
0210 (- . '
0211 € | |
o212 1000 rnanar(/,' ENTER FILENAHE(3A2) AND CARTRIDGE(I3)' ‘
0213 ° 1002 FORMAT(34A2,13)
0214 1004 FORMAT(/,” ENTER N0~ OF G1,F,D,H,62 PAR&HENTERS- )
02151006 FORNAT(/,* ENTER uo OF REGION (HAX: 100 (.0 r
0216, 1008 FORNAHY, ENTER | = TOP,, 2 = BO}Toﬁ 3 = FDTC, BC, 4= ALL:
0217, ENTER: PLOT DEVICE (44 #P2648. 6<CP)s. -,/ '>
RSN g  ENTER SPHPEE TINE IN MINUTES: EORE
0219 "‘i!’B' AL(/,” FOR REGION: *,I2, - o
70220 1%, ;" ENTER START, FINAL AND REPEAT. FACTOR: *, oy
0221 . 1014’ FORNAT(/,7 Eg}fl. 0-AUTOSCALE 1-MANUAL ENTRY
0222 1016 FORHAT(” ENTER /,12,” START VALUE FOR REGIONS, 0 = ‘AUTO SCAL
0223 * 1017 FORMAT(/ ENTER 7,12,/ RANGE FOR DIFFERENT REGION (UNITS/TIC&
0224.v'1019 FORNAT(/,” DANF TO ENTER séALE FACTOR roa PARAH
10225 * - YES): ) | ,
0226 . 1020 FORMAT(” '+ * PLOTTING FOR * +/,/,2004)
10227 2000 FORNAT(/,” # s COMPLETED TYPE ',x‘," Fnqugpxon ‘
0228 2040 FORNAT(/)

192

gt

»;.S;;;v



! . 193
3HPLT2 1= oooo4 1S oK CR00136 usxus ooo17 BLKS R QOOO
0001 C‘ l f o ‘, ‘ " o . . B .
0002 C# ~THIS sunaouv1uzvnoss-$n§ ACTUAL RLOTTI&G FOR EACH REGION.
003, ¢ . RO ‘ - i TEORE
0004 ‘FTNA : \\\\¥‘ L
0005 sunaourlne HPLT(IDCB, B XY, xazc IRB, I0FF, °
0006 2 . I1,12,IR,BEG,END, S )
0007 - &, B IPOS SPAN ZERO YOO NPAR, IFLO RIS
0008 - & START RANGE ITYP) o -
0009 ¢ ‘ ' - '. L :
0010, - nxnsusxon IDCB(I) JBUF (1), x<1> Y(!) - f\ ‘
0011 DATA ILEN/112/, IFLG/i/ % SRR : o
0012 {LjF(NPAR ED o> 60 70 soo ]
0013 ¢ y
004 ¢ o e | T
U005 NPT’- 12 - 11 + 1 o . NG
L0017 €L oo ST
o8 o
0019 *'v.hno 100 II = 1,NPAR 5
0020 J=0. o :
0021 - CALL APDSN(IDCB IER, IRCD, IRB, IDFF)
® 0022 " . - CALL READF(IDCB, IERR BUF; 20, ILEN)
0023 IUAL = IPOS,+ K o
L0024 " R SR + N
’\\0026 - S e
0027 ¢ DO 1101 = 1 NPT AR g o
Lo o CALL READF(IDCB IERR, BUF, IIB,ILEN LEN)
0029° . g IFCILEN Q. -1) 60 T0 900
0030 - ~, IF(I .E@. 1) BEG = BUF(3) e
0031 IF(I .EG. NPT) END.= BUF(3) AR
0032 ¢ o B R S . :
0033 R R R E
0034 o YW= BUFaVAL) .
0035 ~ . IF(IFLG ) Y(d) = SART(Y(J))
0036 T Y(J) = SPAV (J): + ZERD '
0037 110 conrrnuz,» -
0038 ¢ - . {
0039 ¢ S . S
0040 IF(K .NE. 4) 60 TO 120 G e
0041 - CALL PLOT(0.,0.,10) AR ) L
0042~ - CALL PLOT(0.,-7.,-3) : N -
0043 ¢ : ' '
0044 120 CONTINUE
0045 X050 ' R
0046 IF(Y00 .EQ. 0.) GO TO 2oo ST
0047 ©~ YO =Y0O - - -
0048 ~ 60TO 210 .



004y

0050

0051

0052 -

0053 -
0054
0055
0056

0057
0058"

0039

0060
Co0081
0062

0063

L0064
0045
0066

0047

0048

0049
0070

. 0071

0072

- 0073
0074
o075

0076

0077

0078
0079
- 0080

0081
0082

0083
0084

0085
084

,0087 o

0088
0089

0090
-~ 0091
0092

0093
™ 0094
10095
0096
0097
0098

0099

,

194

L

C
200 Y0 = 3.5 . g T

| IF(II EQ.1 .OR, 1I. Eﬂ 4) Y0 = 0.

210 CALL PLOT(XO0,Y0,-3) / -~ o
c Ny | |
C-  START PLOTTING. \~1“ﬂ‘ )
“N=NPT | |
CALL' SYMBOL(1.88,- 55,.15 TONTINE (HIN) 0.0, 10) ‘
CALL AXIS(0. o.,2ou\ - o
*oL o 20,5.0,0, b\X(N+l) X(H+2))
YD START \
Co0 . Y(N#2) = RAMNGE - . T
~ . IF(START .EQ. 0.) CALL HCALE(Y 3.0,NPT, 1)
60TO(1,2,3,4, s 6,7,8,9, 1o 11) ITYP
| 1<fCALL SYHBOL(- 4, 975,.15 10HXD - [UTZ] 90.0,10)
CALL AXIS§(0.,0.,0,0,3. o 90. o Y(N+l) Y(N+2)) R
‘600 250 . | :
2 CALL.SYHBOL(-.4,.975,.15 10HRE - [G/S] 90.0,10)
- CALL AXIS(0.,0.,0,0,3.0,90. Y(N+1) Y(N+2)) o
- G0TO-250 e |
3 CALL SYHBDL(- 4,.975, 15 10HFE - t6/53, 90. 0, 1o)Az'
CALL AXIS(O.,O.,O 0, 2.0, 9o Y(N+l) Y(N+°))

7 .6OTO 250 -

4 CALL SYNBOL (- 4,.975,.15 1onxn - [urzn 90. o 101; o
* CALL AxIS(o.,o.,o 0,3.0, 90. Y1), Y(N+2)) o
6070 250 ;

5 CALL,SYHBOL(- .. 975 .15, 10HST. —'cs/sJ 90.0, 10).;:.j

© CALL AXIS(0.,0.,0,0,3.0 9o.,v(n+1) Yoy L

- G60TO 250 |

co | U g TR
<6 CALL SYNBOL(-, 4:;975,;15 10HD1 - (6/52,90.0,10)

| CALL AXIS(0.,0.,0,0,3.0,90.0, Y(N+1) Y(N+“)) |

©-G0TO 250, , :

c T L -
7 CALL SYHBUL(-.4,.975,.15,!0HPARAH*- 91,2930,10)~'_‘
. CALL AXIS(0.,0.,18H . ,18,3.0,90.,
B T Y(N*l),Y(N+2)) CLoo T o

GOTO 250 “

c . |

8 CALL SYMBOL(-, 4,.975,.15 1onpnnan - F ,90.0,10)

CALL AXIS(0.,0.,18H o ,18,3.0, 90.,
* S YONED),Y(NE2)) |

. eoTe 250 0 R -

c L . S B .



( e

'0!007 9 CALL SYHBOL(-.4,.975,.|5 IOHPARAH =D ,90 9, 10)°
0101 . CALL. AXIS(O.,O.,IBH s e < 418,3.0,90.,
0102 .. Y(N+1) Y(N*Z)) N ,' ‘

0103 - 5070 2so

.. 0104 € ‘ R |
© 0105 - to CALL SYHBOL(-.4,.975,.!5 IOHPARAH = K 490.0,10) -
0106 - -CALL AXIS(0,,0.,18H - ,18,3.0,90.,
C0107 S UYON4Y), Y(N+2)) S Co
0108 . 0070 250 . , SR ' U R
0109 € ' R o o
L0110 "o CALL SYHBOL(- 4,.975,.15 IOHPARAH - s ,90.0,10)
BRI -CALL AXIS(0.,0 oy 18H o y18,300,90., .
012 e a‘. Y(Nfl) YLN+2)) R
SR ¢TI I S ' \
© 0114 250 CONTINUE : ‘
- 0115 - CALL LINE(X, v NPT 1,0, 1)
0118 “100'.CONTINUE , o ,-.A_-A. S e
oo ¢ DI S e e L
S ONe "IF(ITYP EO 3 OR. ITYP GE 6) CALL PLOT(O 0.,10)

0120 ¢

0123 “"“IF(NPAR Ea 1 .OR NPRR EQ 4 YO

v 0’”27,. , ~C1: i
0128 *500'vCONTINUE

<0121 C- CHECK IF us HAUE T0 RESET THE ORIGIN fff-Lf ” %F',, R
0122 ¢ SRR

L ll Il

| IR I o

hS 7Y
[&4]
<

0124 - . IF(NPAR.EQ.2 .OR. NPAR.E.5) YO = .
© 0125 © IF(NPAR.EQ.3 ,OR. NPAR.EQ.4) Yo =
0126 oL PLOTCO.,Y0,-3)

L0129 RETURN f,'-

Cemoc

013 C ’

0132 900 URITE(LUN 999) : Rt
01337 999 FORMAT(” REACKED END OF FILE '),'
0134 CALL. CLOSE(IDCB IERR)
0135 STOP. :

L0136 - END

©




 00)0]

v‘: '196$'; 

g\tka T 09003(15 ON CROOJS? USING 00012 BLKS R 0000 ‘

ooou_,FrN4 ,“l o A ,"' | S
0002 - PRDGRAﬂ‘GCLNK‘(3,70), GC"DATA;TRANSFER,'790301, UFB, »
0003 € - L ’; 5& T e ‘
0005 € ,~ans PROGRAH IS ussn 10 RECEIVE 5 DATR FROH A REHOTE
© 0006 C - CPU. IT USES CLASS 1/0 TO RECEIVE THE DATA. ~ . =
7 0007/°C . THE PROGRAN IS ALWAYS READY TO RECEIVE. THE DATA. o
0008, C . _THE PROGRAN. STORES DATA IN REAL TINE CONNON AREA.
0009 C - START OF THE AREA NUST BE SET UP'IN REAL: TINE v‘j .
[0010°.C/~  COMNON POINTER AREA. CURRENTLY. POINTER 4, WORD 8 .
©0011 . C o OF RT COMMON IS USED TO POINT 7O THE sc DATA AREA._, : :
0012 €. THE LENGTH 0F THE AREA 1s 80 uonns : S
:"10013'," C . i . n o A S
00A L o BE TR
0015 € b Ry
007 --,counon 1 ICOH(I) L S
0018 fu‘_"DIHENSION Isur(so |o), ICLAS(!O) B
oMy o
©0020 € INITIALIZE 1/0, cuscx srnrus LOCK chsrvrus unxr,
0021 €. . CSTART CLASS I/0 AND ~ - -7 oo
0022 ¢ - SET hg connon ADDRESSING R R ;;, B
S0023. €. G T
0024 . paTA LUGC/33/ NBUF/IO/ NEXT/O/
0025 .. DATA IRLEN/50/,LEN/50/ - o
© 10026 -7 DATA ICLAS/IO#!OOOOOB/
0027 <7 TAS=ICON(8) |
S 0028 - IAD=IAS+s
0029 - ICON(IAS)=0 -
0030 L= LOGLU(ISESN)
0031 .. CALL EXEC (13,LUBC,ISTH, 1572 1313) : S
70032 IF CIST3.LT.0) GO TO. 800 T R S
0033 ¢ CALL LURG(1,LUGC,1). = .
0034 € . CALL (22 0N
L0035 . pod I=1,NBUF
0036 . o1rer & | 35
0037% - CALL EXEC(17,LUGE, IBUF(1, 1) ,IRLEN IPI 12, ICLAS(I)) o
0038 - CALL ABREG (IA, B S
0039 D . WRITE (LU,1030) A, IB: '
0040 D1030 - FORMAT (* ALOCATE: 1. 1A, Ia-",zoa)f
= 0041 - IF (IALLT.0) GO TO 110 o
S 0042 T ICLAS(I)=IAND(ICLAS(I) 07’7713) , o
0043 n,;too‘;,-courzuue SR e e e
00 ¢ N AR ?';' L o
0045 110 N UFsII-1
0045 WRITE(LU,1035) NBUF
0047 1035 FORHhT(IX “NUNBER' OF BUFFERS=", 13)

C,f‘f_ICLAS=IOR (ICLAS, 200009) :



0049

L e

0050

0051
0052 -

0053

10054

0055.

0056

0061,
0082
003
0064
L0065

0060

o 0087 0

L0068
e 00489
0070
R

0071

o2
o073

OOCOOoOOo O

L0082
" 0058
0059

D

D‘

"‘f~j 0074 -
So007%

7“f00765]
Lo

S 0078
0079

om0
0081

0084

0085
0084

0087
0088

0089.

0090

cv
: -ooez.,~
- 0083

0091

0092

0093

R I

ICLASSIAND(ICLAS,077777B) <.\

- START OF INPUT LOGP

-sog,couranE

-0 200 IBUFN 1 NBUF

CALL” ABREG(IA IBUFL) =
- WRITE (LU,1050) IA,IBUFL e

D1050 FORMAT(*" GET KRS IA, IBUFL= ,208)

 ICLAS(IBUFN)=0
IF (IBUFL.EQ.0) 60 T0 130

25110)

 ; no 120 J= 1 IBUFL S
k ICOH(IAD+J) IBUF(J IBUFN)

f:zo.b, conr:uus

:30 IF (ICON(IAS) ea 0y 90-70"14°~ﬁv-~“' i

CNEXT=MEXT#) S

_IF (IBUFL.LT.0.0R.IBUFL.GT.40) 6O TO 150" R
MRITE (LU,1060) (IBUFCIIT, IBUFN) 1=t IBUFL)ifw' o
DI040 FORNAT(1X,2042) = -
" IF (TAD¥IBUFL.GT. xas+xcon(9) -1 IAD=IAS+6 o

~ RITE(LU,1070) LUGC,IRLEN,LEN, IBUFN, IAD - .
1o7o FDRHAT("LUGC IRLEN LEN IBUFN xans*/ |

CALL- EXEC(21 ICLAS(IBUFN) IBUF(J IBUFN) LEN IPI IP 1P35

~IF (NEXT.GE. NBUF) 60 10 999 ERR A o

GO TD 200

140 IAD IﬁD+IBUFL

150 CALL EXEC (17, LUGC 139541 IBUFN) IRLEN IPI IP2 ICLAS(IBUFN)) ”’

CALL ABREG (IA,IB)
\URITE (LU,1030) IA,1B.
200 CONTINE = - -
6010 soo_:-__,q~v. e

| END”OF‘iNPUTTLOOP‘

800 CALL ABORT (0 1y 25Htt#GC LINK UNIT DOUN
999 CALL LURO(O LUGC l) ' : :
STOP

“END ; .:J!.;;‘

t#f)

197



. 0001
0002

0003
- 0004
0005

0008
0007

0008

- 0009

0010

0011

0012
C0013
0014
L0015
C 0016
0017
oM
~a%ooa9gA;{
©.0022
10023
0024
0025
0026
0022
0028

0029

.. 0030
0031 .
0032 -
0033 =
~ 0034 -
- 0035
0034
0037 ¢
0038 ¢ -
0039 -
- 0040
0041 -
0042 | | |
Cs SEARCH OR CHARACTER STRING "&”' THE~C0ﬂPOSITIONfOF WATER WIL - .
.CtV‘PRECED THIS STRING..»- . T A RN S

0043

0044
10045
0044
. 0047

0048

Qo
0030

“

FTN4

"COMNON ICON(1)" )
© DINENSION INANEY(3), INANEZ() . |

~"BATA INAME1/2HGC, 2usu M)/, INAHEZ/ZHSE ZHGS, HT /

- ISTR=ICON(8) - e
CILENSICON(9)-7 111,'h L -
(LUKsICOM(ISTRe3y ~ %

- INAX=TCON(ISTR#4) L R
o IDFLT = ICOMCISTR + 5)

. ;CALL BOTCN(IS\R ILEN LUN IHAX)
AL poL(1,1, 4,4, IERR)
'*IF(IERR NE. I) 60 ro 5oo

Ct SCHEDULE GCSUT TD RESET GC START BUTTON
C

- CALL EXEC(10+IOOOOOB INAHEI)

-60-T0 950

PN

cv,?.

c* IF ERROR DETECTED TURN PROGAH OFF AND SET COHPOSITION T0 DEFA

C N
500 URITE(LUN 600)IERR

BOTO 999 e e
950 .URITE(LUN 952) ' s :

_9szl.ronnnr(*scuznugs oF scsur UNSUCCESSFUL“ 'jf‘iijJR’ T

C .
,999‘:Icon(xsra¢a) x xanr R
T CALL EXEC(!O INAHEZ) Lo a~‘
- §TOP - s
»jENn°

[ or]

 SUBROUTINE Borcn<xsra ILEN LUN IHAL

-COMMON ‘ICOM(1) . '
'~ DINENSION CON(s), IVALCA), ITIHECS) |
_ DATA CON/IOO.,I.,.I,.OOl 1o.,.01/ IBLANK/ZH /
CTOHR=2H & EREN R |

c

o IﬁDD’ISTROb _>.-: S
D10 =1, xLG N “+,",
IPRE=I SR :
IF(ICOH(IADD+IPRE) EQ. rcun) so ro 14

B

PROGRAN GCSCH(J 80), PROGRAH TO INITIATE GC ON COLUHN HYL790 o

STOP. ;;", 1~-.;H;}~jjiif1;gj,frv,ff;ff ‘AA'>3#~:fgf??“i ;‘,uj?.%-’*

400 - FORHAT("PROGRAH scscn FAILED 10 CLOSE DITIGAL suxrcu, IERR -f‘gAc, ST

LR



©. 0051 10 . CONTINUE - ST RIS
0052 GoTOS00 Lo ',”f¢a
- 0053 ¢ : | N
0054 Cs sroac ASCII REPRESENTATIDN OF conposrrron INTO ARRAY IVAL.
0055 € S
10056 12 0 20 151,4° :f'»"~ j-;,.-v‘;'
- 0057 . IPOS=IPRE-I1 . . T .
0058 IF(IPOS.LT.0) IPOS*ILEN+IPOS+1 R
0059 . IVAL(S- 1)=1con<xnnn+1903) e TR
0060° - 20 fconrlnus C __,? ;i_:_--- .

0081 C - ' w |
\< 0082. C¥ couusnr THE VALUE IN Ascxx INTO A BECIHAL NUHBER | SR

“\ooss e L e R e
0064 ‘-"_‘TUQLU=0.. L "*z l,;;;" e
0085 DO 30 I=1,4 - R

0086 - f‘¥.IDUN=IAND(ISHFT(IVAL(I), a) 3773) e

“’0067['; -~ IF{IDUN.EQ.32)" CONDI=0. - . R
0068 gUALu=vALu+conﬁx)trLonrxrnun -48) . o
. 0069 - IF((1.E0.2).0R. (1.E0.4)) so TU 30 '

0020 - IDUN=(I-1)/2¢5 .

C 0020 o IDUts xnnntxan(x) 3778)

0072 o CIF(IDUILEQL32) coutxnun)=o.-- .

S oq;z;'-”' -UALU=UALU+CON(IDUH)*FLOAT(IDU1 48)
0074 30 courxuua L
0075 € S
}0076w e T R . . s
0077 C# conusnr rus cunPosxrxou ro au INTEGER BETUEEN 0= 3“767 FOR nsru
70078 :C# NOTE' 1= 1000. . T
0079 €
ooeo>g_* vALu=|oo.-anu AR

| £0081 IHET*IFIX(UALU#!OOO TR
“; ~0082 - . IF (LUN.NE.34) WRITE(LUN, 103) UALU
L ooex,.‘tos ronuar(tox "B = ',F6 Hoo
0084 -
0085 Cs cuzcx IF rne UALUE uas CHANGED
oogs;icf,ﬁ. |
o087 TFCINET.EQ. lcoutxsré+|)> GO ro 2oo
. 0088 xr(xnzr AT 0) 60 TO 220 £
ooee g | SR | |

0090 C- ! CHECK IHAT 6C Rznnrue HAS nor CHANGE av HAX nax IS STORED IN
0091 C- - WORD OF GC AREA. : ». SR B

. 0092 € g ' ‘ ‘*_--;' S

.;‘f0093-"':_;'1n1rr = IABS(ICOH(ISTR + 1) SINETY L A

- 0094 © - IF(IDIFF, sr..xcontlsra +8)) soro 3oo PR

0095 ¢ |
0096 . ICOMISTR + 2) = 0 RN
10097 _‘,~1con(lsrn+|)-1ner ;}»-,,f\
L0098 C '

0099 C- BLA@K ourt GC AREA IN ar connuu.
0100 € .

o101 Do 25 1=1 ILEN

¥



S 013

-

0102
0103
0104
0105
0106
0107
© 0108
SRIITE
“0110
IR
o2
ooy
Tooona
Sl oS
Cons
SR I R b 25
C.ooo118
Sroong.
0120
o2
L0122
L0123
S 0124
' :;30125ﬂ
S 0126
T01270
0128
._jzgp 0|29h1’>
0130 ¢

C*
-

0138

T 0138

013y
© 0 0140
0141

'0137'};

c
c
T

02 |
222 FORMAT(” GC OUTPUT IS NEGATIVE?) . . o

 ;30143f
0144

0146

.AFII ] R
“ICOM(IADD + II) 3 IBLANK

- RETURN )

‘25 CONTINUE o ,_”f_' CR <5;2/4. 5

A!, IF [ READING REHAINS THE SAHE FOR IHAX TIHE GC COHPUTER 1S P o

DOUN PUT OUTPUT SEGHENT OF STEAN FLOU On- HANUAL AND GIVE HESS '

2oo xcontxsrn+z>=1con(xsrk+2)+1
< IFCICOM(ISTR#2) .LT.INAX) RETURN
. MRITE(LUN,205)ICONCISTR#2) .
3 -Icon(lsrn+1» = 100n<131n+5) S LI
’.:_RETURN R ; ::.~1v'; o

220’*»R115(Lun 222)
- G010 600

{3oo'junxvs(Lun 3|o>” 'fA*l,_i“-t',.fjifg""q  T

© - 0To 400

soo;_anL EXEC(II ITINE)

600 TBEG = TADD ¢ 1 ;75g'“”' s
L0135

S IEND = TADD. + ILEN i a S
URITE(LUN,612) (ICOH(I) G ls xnss xeun> ;92;
GO T0- 2oo R R S RN o

ronnar srnreusurs.;v~. |

IF I EOUAL TO ILEN SEARCH FOR UATER COHPOSITION FAILED.,:ix:

,’ﬂfw?IT=ITIHE(4)¢I00+ITIHE(3) o 4315«;,--17;‘4' |
- MRITE(LUN,104) 1T ' ' R ' St
i 104 ;ronuar( cnnuot FIND Borron conposrron OF UATER AT',IS)
SR TE 7 2 R R _,' SR AR Sl e
S 0134

e

205 FORHAT(* READING FRON GC HAS NOT CHANGE FOR’,IS /, R

* -/ COMPOSITION SET 10 DEFAULT.’)

310 FORMAT(/ GC READING CHANGE. GR;AIER THAN HAX. '>
612 Fonnar(4onz / 40A2) o 4;? N
CEND e o
‘_;;ggy'




\

- 0006
0007
L0008

0001
0002

e | . Sl , |
~ PROGRAM GCSWT(3, 801, sc AUTO. SAMPLING INITIATION PROGRAH s

“CALL WAIT(S, 2, IERR) . e

CALL DOLY,1 0,4,IERR) B //éfi . ;,;»"“

IFCIERR. NE. 1) WRITEC1,100) 1ERR o

000~

0005
100

STOP

.__fronnnr(' scsur CALL DOL ERROR, IERR = 7 12) |
om0 R



0001
L0002
0003
L0004
0005 €

0008 -
0007

0008

- 0009
. 0010
SR 0042
0013
0014
e 0015 0 C
0018 - C
30017f
:0018'»
e 0019
'AOOZOHf '
L2t
w0022 ;
0023 -
00024
.3_f;’0025f;
"‘¥i0026:iir
Co0027
"X,"0029f‘,:
L0031
'-fyiuf;0032f
L0033
©0034
0035
ST 0036
0037
R 3f0038.,
'?~fhj0939“
ovo
0041
'f*i-!0°42”
‘}71 ;0053
o 0044
"..v;00l5.v v
0046
L0047
'ﬁjlng»°°‘8 Jv 
TL009
0050
- 0051

:FTNQ

c e St ,.;- ? 'f[   f4“f_ s
fc.'.[fFOR"ﬁT STQTEHENTS ii{Lffﬁ.a.; _?Tl'&{;  }j'Hflff.°_f'j”fx-f”‘
T » ,,.. S R n.i“- f;’h“:-l ‘ :_ -Tf;AS"

Qon 'FORNAT(1X, 212, 12(ix ra 3)»; s
2030 ,roanar(///) IR

 Cf:'jjlﬂlTlﬁLIZATIOﬂ:’ﬂ' fv'ﬂ,

J020

PROGRAH BDC99(3 85) DISTILLATION COLUHN HONITOR PROGRAH HK -
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

THIS PROGRAH HUNITORS THE DISTILLATION COLUHN IN THE
ABSENCE OF - AN OPERATOR THE KEY~ VARIABLES ARE:

D ZHILIH LOLIM ~ IDUN2

< 4%00 1000 - 6MIN
4900 1000 3OMIN
751000 1000 JOMIN
5000 1000 - 3OMIN -
3800 1200 “ISMIN
5100 0 1200 . 1SMIN
4900 1200 ISMIN
049000 1100 fSMIN -
f-,4900",;1100fv‘_30HIN';5‘~

-
)

c

C~'

c -'.egxsv UARRIABLES ‘ ICHAN uo. 1
€ -°  FEED FLOW'LOOP = 12
c. -
C
C
c

':DISTILLATE FLOW LooP 10 «!;

. _BOTTOM-FLOW LOOP = : B
. “REFLUX ‘FLOW Laop - 13 ‘
... 'STEAM FLOW LoopP - ?.,9-..9’

~i

c - _3C00L1N8 VATER LoOP n.oo
C . TOWER PRESSURE LOOP 14 B
c ,F:i‘”REBOILER LEVEL - LDOP 172 -
C ,;f:_JCONDENSER LEVEL LOOP 18”
¢
¢

O N O A S s

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc S
‘CONMON TCON(1). e R
REAL-'DCDATA(11), CONA(II) CONB(!I) R T T , : E
“INTEGER IPARAM(S),ITINE(S), IDATE(1S), ITY!(II) ITYZ(I!),_;L
SICHAN(]I) 1DATAUIL), xnun1(9) xnuu2(9) HILIH(?) LOLIN(S)

“DATA ICHAN/12 10,8.13,9, 11, 14, 17,18,15,0/ - | RS
‘DATA CONA/2, 577701, 5205,1,5105, 2. 2975,2.25. 71.«78,v-..,_ .-*,;f-ﬁ-'
1$0.96988,1.0212,1.0723,0. 12857, 0. oo10/ *_~'_‘ f«fu.':ﬁ

" DATA CONB/940.0, 89.167,0.0 . - |
. DATA NDATA,NTEST/11,9/, ITYI/IO*! 227, 1712/9:1 3:2/
DATA IDHN!/?*O/ IDUN2/5, 3830, 4*15 30/, IDOUN/O/

* DATA HILIN/294900,5100,3800, 5000, 5|oo 3*4900/

o DATA LnLIn/Attooo,zatzoo 2:1100/ o -

2000 FORHAT(/ 5X,'BBC99 e, !5A2)

120'0 FORHAT(/ 1x “TIHE. ZX “c L ERR' 'x l I = FE u”x,n 2 = TP f‘ﬁb ‘E'ﬂ:

" 3 =i BP "x,?‘ 4 -RE u,‘x’-v 5 - ST ",‘X," 6 - Cu ."x

$"11 = XB ")

c.

c B R
CALLfRHfAR(IPARAH).lh,
-fLUN*IPARAH(‘)”:=_,wa"
‘~ijHULT=IPARAH(2)

_ IRESa3 ’

20 D0-5000 I=1,9. . - L
'-'; ,lDUN2(1) IDUN?(I)/HULT ;, 12 

"‘ 7 -~ PR "'x " 8 - RL l',‘x * 0 - CL n‘x'u‘o o XD ',X, k .'-‘-.,‘r

IanN(|1>i1c0u<e)+g zi{rﬁf?‘i,'.f;;*Q~:f-;ji7;f; R



- 0052
-0053
0054
.- 0055

Lo 0058
0097

- 0058
0059

0060

0041
- 0062
0063
0084
005
0088
0087,
0048
0089
0070
#'10071"
S 0072
0073

S 0074
o 0025 00

~ “_f5'0676f;;'
0077
0078
0079
L0080
o008t
0082 1
0083
" ..0084 :
0085
0088

~ 10087
C..0088
T 0089
S 0090 ¢
0091
0092 L
0093 o
S 0094
ST 0095
0098
Co0e7 ¢
0098
0099
0100
SRS 1 [ )
o2

~urn<nn

K I« BRI

5000

203

'CONTINUE o e
CCALL FTIME(IDATE). = . RS
WRITE(1,2000) IDATE. - . S s

“URITE(LUN,2000) IDATE

010

URITE(LUN 20!0)

‘ISKIP=0

"nATA Acauxsxrrou

CALL ACGUI(LUN NBATA ITYI\ITYZ ICHAN IDATA DCDATA CONA CONB E

 $TERR) o

| or ]

i

o

=‘{f9uspenn THE PROGRAN ron HULT HIN

IF (IERR NE. l) GO TO 5005 L ff‘

oAU EXECH,ITINE) - -
' ERR=100. oa(nanTA(t) ncnnrn(z) DCDATA(B))/DCDATA(!) R
_.:URITE(LUN 2020) xrxns(4) xrlns(s) ERR (DCDATA(I) I=1,NDATA)

'ﬂUARIABLE LIKIT CHECKING  '”

CALL LHTCK(LUN nrssr 1DATA, thxn LOLIH IDUNt xnuuz rnoun,‘ -
SISKIP). J
ilr(xnouu NE 0 50 TO 5005

© CALL WAITCHULT, IRES, IERR)
| TF CIERRLNELD) 60 ru 3005
" ISKIP=ISKIP#1

IF (ISKIP, NE ) so TO soto Ay

- ISKIP=0
URITE(LUN, 2030)

- URITE(LUN,2010)

'60°T0 5010 - L

;inlSTILLhTION cOLUMQSSHUT noun ";_2 :‘~1:;:“
,ffconrxuuz S i

AL DL, 1 8, 8, IERR) o e
:“{ffREssr THE ECO 15 ssc AFTER rns suur nouu i‘ ;{;}.f; ;Qj}f€iji;%'ﬁ o

O CALL UAITUIS, 2, 1ERR) : S
- CALL DOL(1, 1,9, e 1ERR)

STOP

'e"_snn_,.ﬁif?f?~;h o

SUBROUTINE LHTCK(LUN NDATA IDATA HILIH LOLIH IDUNI IDUN2 IDO

CSISKIP) S
. INTEGER IDATA(1), HILIH(!) LOLIH(I) 1nuu1(|) IDUN2(I) xrrnsts -»'udez;
~ $IDATE(15),LABEL(S) o

DATA LABEL/2HFE 2HTP 2HBP 2HRE 2HST 2HCU 2HPR ZHRL HCL/



0103
0104

2000
2010

. 0105

L0124
0125 -
0126
S 0127
~.0128
L0129
o130
ST 3 B
0132

0106
0107

2020

0108 "

0109
010
o
0112
Coois
o114
s
P16
0172
- 0118
OB E AN
T 0120
21
0122
' 0123 .

o

5010

i | 204
FORMAT(/, SX,"A LERT LOOP - ,AZ) :
FORMAT(/,5X,"D A N’ 6 ER . DIST. COL. DOUN 8 ",15A2 1 5X,

S“DOUN LOOP ",AZ) - : , -
FORNAT(/,5X,"BDCY9 DOUN- @ '.15A2 5X 'D L.-= " A2)"L

- CALL- FTIHE(IDATE)

D0 5000 I=1,NDATA . B
- IF(IDATACL)LLLE.LOLINGI).OR. ~ . ¢
SIDATA(I) GE.HILIN(I)) GO.TO S010 ° ~ = o o

60 T0 5020 . T 4
IF (IDWNT (1) 6T, TDUN2(T)) 60 ro 5030 SEREEEE SR
IDIRLC) =IDUNI(D) 41 S

IDOWN=0

5020

5000

“ RETURN B R S AR PR
IDOUNET | B S P ¢ I

5030

0133,

0134

07
0138
L0139

SRR 1 T IR
U I §
01420

0143

C0nA

SRR IL - TR

L0147

L0148

049,
L0150
0152

0183
oIS
S 'c,0|55j“
*fe,f310156

,,2ooo
0135 -

" WRITE(H, 2020) xnnrs LABEL(I) RO
e RETURN S S _},: i:.:‘ , S ]
END ;j3~‘ | _1;; ;_- B PR T

| sunnourzns ACOUI(LUN gparn,xrv1,Irmz,ICHAN,IDArA;ncnarA,j :
'~ ‘$CONA, CONB,IERR) % L e Tonn
~ . .CONMON 1COM(1)" | L

" DIMENSION DCDATA(1), CONA(I) CONB(l) | R T e
 INTEGER ‘ICHAN(1),IDATA(1), ITYi(!) e ' *~“a‘,;vA~f;%a

WRITE(LUN,2000) " LABEL(Ii: _"

© 1SKIP= ISKIP+3 g

60 ro 5ooo AR B R
-~ 1DOWN=0 -;{‘, e
CONTINUE . - '

"WRITE(LUN, 2010) IDATE LABEL(I)

= F o

_FORNAT(/, 5X,'DIST GOL.u. LOOP 12," 1 IERR ' ",!2)

.00 5000 1 1,NDATA

ﬁSOZl

’}5010

ﬁ,5°30

5040

5600

"funxrs(Luu 2ooo) 1, IERR
5020
. IF (IDATACD).LT.1000) IDATA(T)=1000

TF(ITYI(D) EQ.2) 60 TO 5010

" CALL AIRD(1,ICHAN(I), IDATA(D), Iskﬁ)'
" IF (IERR.EQ.1) 60 T0 5020 o

RETURN- ‘ ISR S
IF . (IDQTA(I) 6E. 1000 AND IDATA(I) LE 5000) GO TO 50°l SR
IR (IDATA(I) 67.5000) IDATA(1)= 5000 .}x
RDATA 0. 0250*FLOAT(IDATA(I)) 25 0 B
60°T0 5030 : :
IERR=y <70 o o
- IDATA(I)= ICUH(ICHAN(I))

ﬂfﬁRnArA=FL0AT(1narAt1))

.60 T0 5030 - “\~~,<:,-;-¢;g;;;,; o
TF (ITY2(1).E0.2) GO T0 5040° . o 'tvﬁﬁ‘[_i;w..;.°w ERR e
'DCDATACI)= CONA(I)tsnRT(RDATA)+CONB(I) S T YT
60 T0 5000 . .- L
DCDATA(I)*CONA(I)tRDATA+CONB(I)

CONTIRUE T

CRETURN A



S M ' S LT ey R 179

\\* !
~— 40052 - sgG0TO20 . % S
0053 . - G0 TO IS S | : L
0054~ 20 ISYS=1 # I6#3 . oo - et oo
) 0055 ‘»\LE;ICHAR E0.KS ) 60 T0 35 N
T4 0056 IFUICHAR LED. kC ) 60 T0 45 A
0057 ¢ o “
L o058 | Cueeer HODEL sscrxou ,..........ﬂ..;. . ' 3
0059 ¢ _ ‘ N T
0060  IFCILOG.EQLILP) TU=$ o . S
006T - NTYPE=IFIX(D(ISYS,1) - S L
0062 URITE(IN,1500) RTYPE(ISYS) * o
0063 WRITECIW, TS0INTYPE LTy
" 0064 . IF(NTYPE_ .GT. 0 G0 ro 25 4 :
0065 € N - S
0066 Covevennns z - raansagp nonEL SINULATION ereeeatene
0067 ¢ - ‘\\ L
0068 . NF =IFIX(D(ISYS; 10)) : 7
- 0049 ~ NFP=NF#11 A T
0070 % " URITE(IW,1S5)NF, (D(ISYS,d), =11 MNEPY .
0071 . . WRITE(IN,1200 . T R
T0072 w L NF=IFIX(D(ISYS 20))- [
0073 - NFP=NFe21 ~ . R
0074 TURITE(IN, 140)KF, (D(ISYS, s ﬂ!,nrp) e k
L0078 . WRITE(IN,120). _ c
0078 NF=IFIX(D(ISYB 30)) ',_j '-\\\
0077 NFPMF+31 | | |
0078 - URITECIV,145)NF, (D(ISYS, J) J=31,HFP) !
T~ 0079 - WRITECIV, 1203 - .
{0080 . . NF=IFIX(D(ISYS, 100
" 0081 ‘ NFP=NF+41 ~ | |
0082 WRITECIV, 170)NF , (D(ISYS, 9y 44 NFP)
0083 WRITECIN,120) - . T
0084 — - . NF=IFIX(D(ISYS, 50)) _dAv | N
0085, . . NFP=NF+51 o ' S
0086 - WRITE(IN,175)NF, (D(ISYS J),J=51,NEPY |
‘0087  WRITE(IN,120) , . -
. 0088 ., 60 To 30 . o | )
0089 C . P E S
¢ 0090 C......RK - SIpULArron....................... ...... .
- 0091° ¢ | |
0092 25  WRITE(IV, 180) (D(15YS, R 10,14)
0093 - WRITE(IV,120)
0094 MRITECIV,185)(D(ISYS, ), =20,24)
- 0095 uaxrs\ru 1200 -
- 0092/////¢‘:\Nnxrs(xu 190) ({1875, 4, J=30,34)
T~ 099 WRITE(IV, 120)
0098 - WRITECIV,195)(DIISYS, ), J=40,44)
0099 "+ . WRITE(IN,120) | S
0100 30° WRITE(IN,200)(B(ISYS, ),d=2,6) . :
101  DELAY = DCISYS,-D(ISYS7) . o
» Q1020 T RITE(IY; 205)(ntrsvs 3,J= 7;7) DELAY i@“;



0113

ST 0134

‘. . . - . - ,“\\\ | . ‘ \‘\\ ‘ .‘Ar » @ N

- 0103 URITE(IU 210)(D(15YS, ), J=80, 93) o
- 0104 WRITE(IU,120) :
0105 Iu=IR v - _

0106 CoseToze N o

0102 ¢ . SO L
" 0108 c......srsren‘ssctlon,.....,;...........i..........,..
0109 ¢ . : N o
0110 35 ISYS=2 + 163
COUTY L DO 40 J=1,9 '
SLor2 N(J)= IFIX(D(ISYS )
.40 CONTINUE . _ o o
0114~  IF(ILOG-EQ.ILP) IV=6 = = - S o z
0115 NFIX=NC1)4N(2)+N(3)+1. L
© 0116 ~ WRITE(IW,2150) RTYPE(ISYS)
017 WRITE(IW, 215N (), J=1,8) NFIX N(?)
0118 SRITECIV, 1200 | .
o119 NF=N(1)+10, S t g S
0120 * - WRITE(IN,2209(D(ISYS, )= 10, NF) : e
0121 . NFaN(2)420 - o
S 0122 URITE(IN 225)(D(1915,J> J= "g§ur> : ;
0123 NF=N(3)+30 : AN
0124 MRITE(IM 2soz(n(lsvs J) J 30 NF)'yn_ o N
0125 CNF=N(4)+40 T N
0126 WRITE(IY, 235)(D(IS‘iiJ) J~4o NF) LN TN
0122 0 NF=N(5)+50 O N
0128 . WRITE(IN,240)(D{ISYS, J), J= 50, NF). : "
0129 WRITE(IW,120) - . RS
0130 NF=IFIX(D(ISYS 40)) B ,-; o
0131 NFP = NF+1 . - - S
0132 L UUIFUNFP LT 1 :0R. NFP .GT 5) NFP ]
C 0133 - < NMI=IFIX(B(ISYS,44) -
N2= xriX(n(xsvs 850) :

0135 - STD=2.75+50RT( ABS{ (D(ISYS-{ 5)*‘2+o oooor)/zo 0.1y
0136 (WRITE(IW,245)NF,PRIDNT(NFP), (D(ISYS ), J=61, 63) N1,N2, D(ISY
0137 P ‘ ,n(xsvs 57) sru - o : «& :
. 0138 WRIE(IN, 120) :

0139 . -URITE(Iﬂ;ZSO)(D(ISYS n, J 7o 75)

0140 ~ MRITE(INW,120) :

0141 "URITE(IU 255)(ntxsvs 34280, 85) L

- 0142 WRITECIV, 120) L P

0143 CIu=IR , f\\> . C

0144 60 IO 70 o

0145 ¢ T

0146 C.......CONTROLER SECTION. «evennnin it

0147 (. . - S
0148 45 ISYS§s3 + 16#3 V S _
0149 . NI=IFIX(D(ISYS,1)) - v
0150 IF(NT.LT.) LOR. N1.GT.3) N131 : ‘ S
0151 N2=IFIX(D(ISYS,5)) - ST A
0152 o NO=IFIX(D(ISYS,10)) IR ‘ '
0153 : NP=IFIX(B(ISYS R N

. -

180



.‘ ‘e .

S

N _ L o {2
0154 o N3=IFIX(DAISYS,300). — . oy
0155 NR=IFIX(D(ISYS,40)) -~ - 'y
- 0154 \.f PCNT=(D{ISYS,3)- -D(ISYS, 2))#D(ISYS 4>/1oo 0
0157 IF(ILOG.EQ. ILP) =6~ -
+0158 - WRITE(IY,2600) RTYPE(ISYS) .
C0189 URITE(IU 260)N1 PRITYP(N!L»(D(ISYS 1, 2 4) PCNT
L0180 € .o L
10161, Cuvpesens 0- FILTER..........:&.....,}'; o , SR
S 0162 ¢, - o ' s
0163 . URITE(IN,285)K2, D(ISYS 8) SRR | o
0164 RLE E0. 0) G0T055 .
0145 g‘ .,. WRITE(IW,270) (D(ISYS,J),J=7,9) "
0166 - URITE(IU 120) TR e PR
0187 €7 - N ’ Loy
0168 'C...,..;;.ESTIHATIDN OF EOUILANT z TRANSFORH....,..... . IR
0169 - ¢ |
0120 . . Ns 1 B
L0121 e DLISYS,15)=1, o L e L e
C0122 0t DUISYS,16)20.0 B < ;
L0123 WIF(D(ISYS 7) .GT 9. .0)- G0 TO 50 "f*, L B
017 4IF(D(ISYS 8) .EQ, o 0). 60 TO. 55 AR
. i 0175 C D . . ‘? ; -A«I . .‘ ~ ..V'.{ .‘ L
0176 C. .......INTEGRAL acrxou ONLY .....;.....;... B TR -~ PR
0177 € Ly L S
S 0178 . ‘Qmu =2 e e
o017y D(ISYS 1k n(ISYS B) ool
0180 DAISYS,120=0.0. . . N e oo TR
0181 D(ISYS,16)3-1,0 S e e :
0182 - . GoT05s
0183 0 50 < M@=t ' *
0184 ; D(ISYS,11)= D(ISYS 7)+D(ISYS a)
0185 . DB(I18Y$,12)20.0 L =
0186~ - . DCISYS,13)=D(ISYS,9) . o N
0187 o DUISYS,14)s0.00 F O MU S
0188 .~~~ IF(D(ISYS,8) .LE. 0.0) GO ro 55 L
o189 N@=2 -
o190 ~ DUISYS,12)=-D(ISYS, 7) 2, *D(ISYS 9) \*
0191 - - D(ISYS,14)=-1,0
0192 xr(n(xsvs 9) .6T. 0.0) NO= 3
0193 ¢ 55 URITE(IU 275)N0 (DLISYS,d), d=11,14)
0194 - WRITE(IV,280)  (D(ISYS,J),J=15,18) -
0195 CODCISYS,10)=Na '
0196 € . o ~ .
0197 C..... P - FILTER ...........,,,.;.............;.; }
o198 C . S
ooy ’URITE(IU 120) ;
0200 CNA R ,
0201 . ITYP = IFIX(D(ISYS,20))
0202 TS = D(ISYS-2,2) N
0203 uaxrstxu 285)ITYP 5 . FE TR
0204 IF(ITYP, NE. 1) 60 TO 40 BEPL IR .



© 0208 o . T(2) s

0205 - ITYPSe iFIX(D(ISYS,Zl)) S

0206 - - . - *GRIN = .. D(ISVS,22) . R

0207 TR = TDMISYS,28) .
DUISYS, 2y o T

L0209 L T{3)~= . DUISYS,25))

o o0 JURITE(IU 290)1TYPS/GAIN‘(T(J) J 1,3) .

0211, .« .. CALL ZTRAN(ITYPS TS,GAIN,T,A, B NA NB)

0

02122 o DCISYS,30)=FLOA (NA)
0213 .7 DUISYS, 3=
o4 L o DUIgYs, 3= 3(2)'. RS
.. 0215 »rf_ CUODISYS,3B=B(d) T
SREER 73 T ;D(ISYS;34);B(4)Q‘,'.S- T L R
.07 - DUISYS,35)=AC) S
L0218 o DUISYS,38)=AC2) o e
»-j0219 | -li;;>* DLISYS, 37>»Nk3) o ~j;f.»," B
022000 . D(ISYS,3@)=Al4) - - Lo :
0221 40 unxTE<;y,295)NA (n<xsvs J) J= 3\ 34) (D(ISYS n, J= 35 38)_
C0222 € - . e
\ ‘0223\\0...., R --FILTER........;........ i ;.,.;..
0224 °C . ey

10225 _4spj')'UR115(1u 1200

10226 .- WRITE(IW, 3oo)(ntsts D)y s so 54)
L0227 . T WRITE(TW,301)D(ISYS,40) -

10228, - WRITE(IN, 302)(D(ISYS, 1), J 61 63
0229 . URITE(IW, 303)(%7?915 Jr,Js64,68)
0230 7:65 ISYS=ISYS o, e ;j~l P
S 0231 . WRITE(IV, 120) ' ;g;_ S S
0232 o IMeIR- A ‘*%Rg;;fg_,
0233, C.;....INPUT OUTPUT ssczrun Sl NG
0235 70 WRITE(IN, !30)ICHAR ICHARS IG B R TN DEE L M R

| 0236 . READ (IR, 310) CHAR2
0237 ¢ | . L T
0218 C..,...CHANGE oy cunuces. RESET , PRINT pessianion

0239 ¢©

- 0240 ‘ IF(ICHAR2 .EQ. KC , ) 60- TO 73
024y - IF(ICHAR2 LE0. KS ") 6O TO,BO
0242 . IF(ICHAR2 .EQ. KR ) GO TO 15

C 0243 60 TO 70 o o I

20244 ' C

0245 C..uevas SINGLE INPUT

0246 € s

0247 75 WURITECIV,140),

0248 . READCIR,®)N1,AIN(1) - e

0249 . - IF(N1. LT.1 .OR. NI .6T. 100) URITE(IU 135) :

10250 IF(N1LLT.1 LOR. N1 .GT. 100) GO TO 70
-"0251'”" ~ - DAISYS, N1)=AIN(1). ‘ S

. 0252 .60 ALE 70 S TR I R ST
0253 €. : S Coe o

0254 C.......HULTI INPUT 10 NUHBER.....................ﬂ

025 ¢



ol

0256 . ao WRITE(TW, 145) < S Lo
0257 READCIR, NI, (AIN(J) J-xJIO) S
0258 IF(NT.GT.90) WRITECIN,135) L
0259 - IF(M1 .GT. 90) GO TO 70
~,0260“A","'n0 BS J=t,10 ¢ o
0261 T T T
© 02620 - DCISYS, K= AIN(J) 8
0263 85 CONTINUE . N e Lo s
O A A
.,7’0265_9-. SR -’v" .. . | | SRS
0266 C. SRR 9
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- 0317- . 180, FORMAI(1x,'<to>>
S0318 I KD
S 0319188 Foanar(ax,'<2o>
0320 iw~¢| 1%, 7 €21)
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(0TI 240 FORKATUIX, “<50>
0342 245 FORM R0y

Mt X, eIy T

0344 %2,vi GT'IX €83
0345 3 1X,7€86>
0348 0250 FORHAT(IX 420>
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0025 ; '_j';_f;v_ MRITE(LUN,1012) IREG.

[0
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0034 1 cary FHGER(IERR) -\gli‘fi '
0035 _srop RO OO St
0036 € |

0037 ¢- READ HEﬁDER RECORD
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URITE(ILU 1022) IREG,BEG,END - - &

tPRiNT OUT:SIAE?RESULIS;.»v7?
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0005 PROGRAH HPLOT(- ,101)

10007 _;'»., nlnsnsxou 1BCB(144), BUF(56), X(’02) Y(702)_'
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S u;cotzz,;g*a}’;;, IF(ILU EG 4y su TO eoo L e et
;.@g,_;ogaj;-c_.g;-~vifv-- Bl ke
0182 L b0 3oo 1

e
SRR 1 A ;373, START
U 0eBe -;.: RANGE

0167 a;-;fg,' IPOSCITYP),SPAN(LTYP), ZERO(ITYP) Yoo<1)'4;5;7<“
0188 el CIFLOCITYP), START,RANGE,ITYP) o
0489 ’IF(ITYP EQ.3.AND. IEND.EQ. 6. AND. xvopr £Q.4) CALL PLOT(0., 9541,
’617034-;.:.-c:¢; CWRITE(LUN,2000) ITYP,IREG . . - .- ..,uﬁq,f__..u S

'~0172;}2ozo roannr(' PLOTTING FROH»’,F? 2 To ’ r,.a)

_CALL PLOT(0.,<9.5,73) =
CALL PLOT(I 397,.2733 3)

1,5
6 + I

ol

SSTART(ITYP IREB) TZ:?'ff:%--;.3:' S
“RRANGE(ITYP, IRE

qfﬁf‘0187x7cl N 8 Pl T
0188 €k CALL sunkourxus ro PLOT our PARAHETE 5 FOR EACH REGION RO

018y o

o192

CALL HELT(1DCB, BUF, XY, IREC IRB IOFF, S
-*»i, U IN(IREG), 12(IREG) TRCIREG) ,BEG END, R
":=Y;< v IPDS(ITYP) CONA, cona YOO(I) NPARCDY,0,

B T F T SN S 'START, RANGE, ITYP)

;;gqn9éf§**:“fr«jiiﬁ" _WRITE(LUN,2000) ITYP, IREG R ._‘;j;i;'gbggq;;«,”u#j&f”“***‘
0195 :.v;~,;g<; URITE(LUN 2020)856 END ,-;v~_;; SN

o198 ¢

0197 300 CONTINUE e 1 'f_ TR R
2 019911_.::v:u “CALL PLOT(-1. 397, .2733,—3) | G -
0199 800 CALL PL01(0.,0.,999) .;W.;f!"

L 0200°°C < e

L0201 '



&

0229

) . .l.‘*
. N

END

192

0202"x9oo conr:uus O A .
0203 ¢ . ) Sy S -
0204 cALL. CLOSE(IDCB IERR) o
0205, STOP - | N 0
0206 € R o
0202, C"'"“"f‘“'«“"".“-““""' """"" ."“*“j‘?‘“""""""ff ------- tg‘.--—-"-"-f“
0208 C- . S o N -
(0209 T~ FORNAT STATEMENTS. : ot
0210 ¢ L '
0211 ¢ | | ' -
o2 - 1000 rnanar(/,’ ENTER FILENAHE(3A2) AND cnarkxnes(xz)- )
0213 © 1002 FORMAT(3A2,13) |
0214 1004 FORMAT(/,” ENTER N0~ OF G1,F,D,H,62 PAR&HENTERS- )
0215 1006 FORHAT(/,{ ENTER. uo OF REGION (NAXS 100 1,0
0214, 1008 FORNAFN,” ENTER | = TOP,; 2 = BORTON, 3 = FDTC, BC; 4 = ALL:
C0217 \/ ENTER: pLOT DEVECE (AZHP2648 6<CP)s- -, '> -
0218 (/,¢ ENTER SpMPLE TINE IN nluuras- R
0219 RURNATL/,” FOR REGION: 7,12, ~ o
10220 %, ,' ENTER START, FINAL AND REPEAT FACTOR: <,/ /)
0221 . 1014’ FORNAT(/,7 Eg}’l. 0-AUTOSCALE 1-MANUAL ENTRY 2-DEFAULT: ™,/
0222 1016 FORHAT(” ENTER /,12,” START VALUE FOR REGIONS, 0 = ‘AUTO SCAL
0223 * 1017 FORMAT(/ ENTER 7,12,/ RANGE FOR DIFFERENT REGION (UNITS/TIC&
0224.v‘1019 FORNAT(/,” DANF TO ENTER séALE FACTOR roa PARAH
10225 * - YES)r ) | v
0226 . 1020 FORMAT(” '+ * PLOTTING FOR * +/,/,2004)
10227 2000 FORNAT(/,” # s COMPLETED TYPE ',x‘," Fnqugpxon ‘
0228 2040 FORNAT(/)

gt

»;.S;;;v



! . 193
3HPLT2 1= 00004 1S oK CR00136 usxus ooo17 BLKS R QOOO
0001 C‘ l f o ‘, ‘ " o . . B .
0002 C# ~THIS SUBROUTIRE~DOES'$H§ ACTUAL RLOTTI&G FOR EACH REGION.
003, ¢ . RO 4 - o TEORE
0004 ‘FTNA : \\\\¥‘ L
0005 suaaourlne HPLT(IDCB, BU XY, xnzc IRB, I0FF, °

0006 2 , I1,12,IR,BEG,END, . S ,
0007 - &, L IPOS SPAN ZERO YOO NPAR, IFLO RIS
0008 - & START RANGE ITYP) o -

0009 ¢ ‘ ’ o L :

0010, - nxnansxon IDCB(!) JBUF (1), X(I) Y(i) - ,\ ‘

0011 DATA ILEN/112/, IFLG/1/ % S : o
0012 IF(NPAR ED 0) 60 70 soo !

03 ¢ L,

905 NPT = 12 - 11 + 1 o . N
006 . K=o . AR IR
L0017 €L oo N
oo -
0019 *'v.hno 100 sy NPAR 5
0020 J=0. S !
0021 - CALL APDSN(IDCB IER, IRCD, IRB, IOFF)
.o 0022 - CALL READF(IDCB, IERR BUF; 20, ILEN)
0023 IVAL = IPOS + K S
L0024 " K=K + v e
’\\0026 - e e
0027 DO 1101 = 1 NPT AR g
Lo o\ caLe READF(IDCB IERR, BUF, IIQ,ILEN LEN)
0029° . © IFCILEN .EQ. -1) GO To 900 '

0030 - ~, IF(I .E@. 1) BEG = BUF(3) Ce
003t - o IF(I .EG. NPT) END.= BUF(3) AR
0032 ¢ o B Rt S . :
0033 R R R E

0034 o YU)_= BUF(IvaL). -

0035 ~ . IF(IFLG ) Y(d) = SART(Y(J))

0036 T Y(J) = SPAV (J): + ZERO '
0037 110 conrrnuz,» -

0038 ¢ - . {

0039 ¢ S . -

0040 IF(K .NE. 4) 60 TO 120 G e

0041 CALL PLOT(0.,0.,10) AR ) N
0042~ - CALL PLOT(0.,-7.,-3) : N -
0043 ¢ : ’ '

0044 120 CONTINUE

0045 xoﬁo ' P
0046 . IF(Y00 .EQ. 0.) 60 TO 2oo ST
0047 © Y0 = Y00 o - -

0048 6070 210 -



0050

0060

0099

/'

194

L
o0y €
| 200 Y0 = 3.5 . - T
0051 IF(II EQ.1 .OR, 1. Eﬂ 4) Yo= 0,0
0052 € S
10053 - 210 CALL PLor(xo Y0,-3) o B
0054 C A B,
0055 C- START PLOTTING. \»1‘5
0056 C ‘ S \ | —_
0057 “N=NPT |
0058 CALL- SYMBOL(1.88,- 55,.15 10HTIHE (HIN) 0.0, 10) ‘
0059 CALL AXIS(0. 0,200, o
| *oL o 20,5.0,0, b\X(N+l) X(H+2))
0081 Y(Ne1) = START \
0062 - Y(N+2) = RANGE - . T
0043 S IF(START .E0. 0.) CALL HCALE(Y 3.0,NPT, 1)
L0064 0070(1 2,3,4, s 6,7,8,9, 1o 1) ITYP
0085 7°C.. . S o
0084 1<fCALL-SYHBOL(- 4, 975,.15 10HXD - [UTZ] 90.0,10)
0067 CALL AXIS§(0.,0.,0,0,3. o 90. o Y(N+l) Y(N+2)) R
0048 6OTO 250 . | .
20070 2 CALL.SYHBOL(-.4,.975,.15 10HRE - [G/S] 90.0,10)
0071 CALL AXIS(0.,0.,0,0,3.090. Y(N+1) Y(N+2)) -
0072 o GOTO-250 N |
L0073 C ' N | L <
0074 3 CALL SYHBOL(- 4,.975, 15 10HFE - £6/51, 9. g, 1o)A='
0075 . CALL AXIS(O.,O.,O 0, 2.0, 9o Y(N+l) Y(N+°))
0076 - GOTO 250
0077, C : ‘ ’ o
0078° 4 CALL SYMBOL (- 4,.975,.15 1ORXB - rurzn 90, o 1ox;.j
0079 ‘CALL AxIS(o.,o.,o 0,3.0,90. YR, Y(N+2)) -
0080 (6010 250 _
0081 C. . RO _,;_ T R A
0082 S CALL,SYHBOL(- .. 975 .15, 1 OHST - [6/51,90.0,10).
0083 © CALL AXIS(0.,0.,0,0,3.0 9o.,v(n+1) YD) .
0084 “GOTO 250 '
0085 C - - | | R TR
086 .6 CALL SYNBOL(-, 4:;975,;15 10HD1 - (6/51,90.0,10)
0087 | CALL AXIS(0.,0.,0,0,3.0,90.0, Y(N+1) Y(N+“))
0088 © .GOTD 250, | ,
0089 € S e St -
0090 7 CALL SYHBOL(-.A,.975,.1S,IOHPARAH*- 91,2930,10)~'.V
~ 0091 - . CALL AXIS(0.,0.,184 . . ,18,3.0,90.,
0092 T Y(N*l),Y(N%Z)) SR o
0093 GOTO 250 “
0094 C . , |
30095 8 CALL SYMBOL(-, 4,.975,.15 lOHPARAH - F,90.0,10)
0096 © CALL AXIS(0.,0.,18H ,18,3.0, 90.,
0097 . YON+D),Y(N+2)) |
0098 .~ GOTO 250 © ‘
C - .



r e . . ‘ .
01007 9. CALL SYHBOL( .4,.975,.15 IOHPARAH =D ,90.0,10)"
0101 CALL AXIS(0.,0.,18H, . - 18 3.0,90.,
0102 * Y(N+1) Y(N+2)) I
0103 - 60TO 250~ _ :
0104 € ¢ ‘ R
0105 - 10 CALL SYHBOL( .4,.975,.15 IOHPARAH = H,90.0,10) -
0106 - CALL AXIS(0.,0.,18H o ,18,3.0,90.,
C0107 YN, YNe2))y feT
0108 . '60TO 250 . , SRR L R
0109 C . 7 ' I PO o
0110 11 CALL SYNBOL( 4,.975,.15 IOHPARAH - G 190.0,10).
SNy ~CALL AXIS(0,0.,18H . A 18 3. o 90.,.‘»
0112 ;.‘ a‘. YIN#T), Y£N+2)) o :
C 0114 250 CONTINUE _
015 T CALL LINE(X, 1 NPT 1,0, 1)
© 0118 100 CONTINUE
07 ¢ . .
o8 Cﬂ' o -
oo IF(ITYP EO 3 OR. ITYP GE 6) CALL PLOT(O 0.,10)
.1 0120 ¢ e
T 0121 C- CHECK IF us NAvs T0 RESET THE ORIGIN . S .
01220 T RN
o123 ‘“IF(NPAR Ea 1 .OR. NPNR E0.4) Y0 = 0
0124 - . IF(NPAR.ER.2 .OR. NPAR.ED.5) Y0 = -3.50
w0125 0 IF(NPAR.EQ.3 LOR. NPAR. EQ.6) Y0 = -7,
01260 CALL PLOT(O.,YO -3 :
0127 ¢ o
0128 *500'vCONTINUE N
. j\.01293v'""..RETURN _
0130
0132 900 URITE(LUN 999)
01337 999 FORMAT(” REACHED END OF ‘FILE ')
0134 CALL. CLOSE(IDCB IERR) |
0135 . STOP. . :
L0136 - END




 00)0]

s

g\tka T 09003(15 ON CROOJS? USING 00012 BLKS R 0000 ‘

C,f‘f_ICLAS=IOR (ICLAS, 200009) :

OOOI_,FTN4 .“l : ’ e ,
0002 - PROGRAﬂ‘GCLNK‘(3,70), cc*nArA;TRANSFER,'790301, UFB,
50003 € - o ’; 5& R f‘ o _ ‘
0005 C _ V~THIS PROGRAH IS ussn TO RECEIVE o nara FROH A REMOTE
- 0006 C - CPU.  IT USES CLASS 1/0 TO RECEIVE THE DATA. ._..3
©0007°C .. 'THE PROGRAN IS ALWAYS READY TO-RECEIVE THE DATA.
0008 C . _THE PROGRAN. STORES DATA IN REAL TIHE. 'COMNON AREA.
0009 C - START OF THE AREA NUST BE SET UP'IN REAL: TINE -
0010°.C '+ " CONNON POINTER AREA. CURRENTLY. POINTER 4, WORD 8 S
©0011°C " OF RT COMNON IS USED TO POINT TO THE sc DATA AREA..H
0012 €. THE LENGTH 0F THE AREA Is 8o uonns : ’
C 004 C -.f
S 0015 ¢ b
R+ 1/} IS ‘ o
~._.0017,:;.-'--,comion s ICOH(I) e
0018 fu‘_"DIHENSION Isur(so |o), ICLAS(tO)
0 oo T x
©00200 € INITIALIZE 1/0, cuscx STATUS LOCK RECEIOING unrr,
0021 €. CSTART CLASS I/0 AND ~ - -7 oo
0022 ¢ ssr hg connon ADDRESSING AT, sL; B
L0023 € T B
‘ ?’0024_;q'>;-*nnra LUGC/SS/ NBUF/IO/ NEXT/O/
0025 . . DATA IRLEN/50/,LEN/50/ - -
10028 - .7 DATA ICLAS/!O‘!OOOOOB/
L0027 7 1AS=ICOM(8)
0028 IAD=IAS# - .
0029 - ICON(IAS)=0" \\.‘ |
0030 LU= LOGLU(ISESN)

0031 . CALL EXEC (13,LUSC,ISTI, 1572 1373) , R
0032 . UIF (IST3.LT.0) GO TO. 800 I T St
0033 - CALL LURG(1,LUGC,1)" R N
0034 € - CALL: (22 L

L0035 - pod I=1,NBUF -

0036 amsr -~ : &
- 0037~ . CALL EXEC(17,LUGL, IBUF(l 1) ,IRLEN IPI 12, ICLAS(I))’
0038 - CALL ABREG (Ia, IB) J , R

S 0039 D . . WRITE (LY, 1030) 14,18 - S
. 0040 D1030- FORMAT (™ ALOCATE 1. 1A,1B=",208) -
© 0041 - IF (IA.LT.0) GO TO 110 e
S 0042 W7 ICLAS(I)=IAND(ICLAS(I) 07’7713) Y SRR
0043 n,;loo-;,-courxnue SR e e e

o004 © o AR ?';' R L
0045 110 N UFsII-1
0044 WRITE(LU,1035) NBUF -

0047 1035 FORHhT(IX "NUNBER OF surrsns-" 13)



0061,
0082
003
0064
L0065

0049

L e

0050

0051
0052 -

0053

0054

0055

L0056 €
0087
0058
0059

0060

d e
C 0068
e 0049
'“'i,0070-11"
0071
0072
0073
0074
S0075
v“f00767j
- 0077"
0078
S0079

0080

0081
: -ooez..~
0083 .

0084

0085
0084

0087
0088

0089.

0090
-0091:

S 0092
0093
L0094 -

OOCOOoOOo O

n’.
D‘

c B

ICLASSIAND(ICLAS,077777B) <.\

- START OF INPUT LOGP

-sog,couranE

-0 200 IBUFN 1 NBUF

CALL” ABREG(IA IBUFL) =
- WRITE (LU,1050) IA,IBUFL e

D1050 FORMAT(*" GET KRS IA, IBUFL= ,208)

 ICLAS(IBUFN)=0
IF (IBUFL.EQ.0) 60 T0 130

25110)

 ; no 120 J= 1 IBUFL S
k ICOH(IAD+J) IBUF(J IBUFN)

f:zo.b, CONTINUE

:30 IF (ICON(IAS) ea 0y 90-70"14°~ﬁv-~“' i

CNEXT=MEXT#) S

_IF (IBUFL.LT.0.0R.IBUFL.GT.40) 6O TO 150" R
MRITE (LU,1060) (IBUFCIIT, IBUFN) 1=t IBUFL)ifw' o
DI040 FORNAT(1X,2042) = -
" IF (TAD¥IBUFL.GT. xas+xcon(9) -1 IAD=IAS+6 o

~ RITE(LU,1070) LUGC,IRLEN,LEN, IBUFN, IAD - .
1o7o FDRHAT("LUGC IRLEN LEN IBUFN xans*/ |

CALL- EXEC(21 ICLAS(IBUFN) IBUF(J IBUFN) LEN IPI IP 1P35

~IF (NEXT.GE. NBUF) 60 10 999 ERR A o

GO TD 200

140 IAD IﬁD+IBUFL

150 CALL EXEC (17, LUGC 139541 IBUFN) IRLEN IPI IP2 ICLAS(IBUFN)) ”’

CALL ABREG (IA,IB)
\URITE (LU,1030) IA,1B.
200 CONTINE = - -
6010 soo_:-__,q~v. e

| END”OF‘iNPUTTLOOP‘

800 CALL ABORT (0 1y 25Htt#GC LINK UNIT DOUN
999 CALL LURO(O LUGC l) ' : :
STOP

“END ; .:J!.;;‘

**f)

197



. 0001
0002

0003
- 0004
0005

0008
0007

0008

- 0009

0010

0011

0012
C0M3
L0014
g ,\~j0015j
"’fC:°°'6;
0N 7
looone
"fiC'%700l9A“'f
R 71 B
S 0022
L0023
0024
0025
o .0026 o
'1_0022
0028

0029

C 0030
SR 0030
0032 -
0033 o
0034
e 0038
0038
0037 ¢
0038 .
0039 -
e ~OOAO, :
L0048
042 | | |
Cs SEARCH OR CHARACTER STRING "&”' THE~C0ﬂPOSITIONfOF WATER WIL - .
.CtV‘PRECED THIS STRING..»- . I o SRR S

0043

0044
o 0045
0044
0047

0048

0049 f'i
0030

Ce IF ERROR DETECTED TURN PROGRH OFF AND SET CUHPOS[TION TU DEFA

“

FTN4

"COMNON ICON(1)" )
© DINENSION INANEY(3), INANEZ() .
~"BATA INAME1/2HGC, 2usu M)/, INAHEZ/ZHSE 2HGS,2HT /
- ISTR=ICON(8) -
OILENSICON(9)-7 111,'h L -
(LUKsICOM(ISTRe3y ~ %
- INAX=TCON(ISTR#4) L R
o IDFLT = ICOMCISTR + 5)

. ;CALL BOTCN(IS\R ILEN LUN IHAX)
AL poL(1,1, 4,4, IERR)
'*IF(IERR NE. I) 60 ro 5oo

Ct SCHEDULE GCSUT TD RESET GC START BUTTON
C

- CALL EXEC(10+IOOOOOB INAHEI)

-60-T0 950

PN

C N
500 URITE(LUN 600)IERR

60 T° 999 ERRRE U D . S -
_950 URITE(LUN 952) : e '

982+ ronnnr('scuanuks oF scsur UNSUCCESSFUL“ 'jf‘iijJR’ T

C
999 ICOH(ISTR*I) x xanr [
U CALL EXEC(!O INAHEZ) Lo a~‘
- §TOP - =
,jENn°

[ or]

,.susnourxns Borcn<xsra ILEN LUN IHAL

-CONMON ICOM(1) '
' DINENSION CON(6), IVALCA), ITIMECS) |
" DATA CON/IOO.,I.,.I,.OOl 1o.,.01/ IBLANK/ZH /
CTOHR=2H & EREN R |

c

o IﬁDD’ISTROb _>.-: S
D10 =1, xLG N “+,",
IPRE=I SR -
IF(ICOH(IADD+IPRE) EQ. rcun) so ro 14

B

PROGRAN GCSCH(J 80), PROGRAH TO INITIATE GC ON COLUHN HYL790 o

srov ,i_“v = ,H:}"jj?5f1;gj,fr¥,fj;ff ‘1°',;m~1f¢”f\;. ;ﬂ,Af SR

400 - FORHAT("PROGRAH scscn FAILED 10 CLOSE DITIGAL suxrcu, IERR -f‘gAc, ST

LR



©. 0051 10 . CONTINUE - ST RIS
0052 GoTOS00 Lo ',”f¢a
- 0053 ¢ : | N
0054 Cs sroac ASCII REPRESENTATIDN OF conposrrron INTO ARRAY IVAL.
0055 € S
10056 12 0 20 151,4° :f'»"~ j-;,.-v‘;'
- 0057 . IPOS=IPRE-I1 . . T .
0058 IF(IPOS.LT.0) IPOS*ILEN+IPOS+1 R
0059 . IVAL(S- 1)=1con<xnnn+1903) e TR
0060° - 20 fconrlnus C __,? ;i_:_--- .

0081 C - ' w |
\< 0082. C¥ couusnr THE VALUE IN Ascxx INTO A BECIHAL NUHBER | SR

“\ooss e L e R e
0064 ‘-"_‘TUQLU=0.. L "*z l,;;;" e
0085 DO 30 I=1,4 - R

0086 - f‘¥.IDUN=IAND(ISHFT(IVAL(I), a) 3773) e

“’0067['; -~ IF{IDUN.EQ.32)" CONDI=0. - . R
0068 gUALu=vALu+conﬁx)trLonrxrnun -48) . o
. 0069 - IF((1.E0.2).0R. (1.E0.4)) so TU 30 '

0020 - IDUN=(I-1)/2¢5 .

C 0020 o IDUts xnnntxan(x) 3778)

0072 o CIF(IDUILEQL32) coutxnun)=o.-- .

S oq;z;'-”' -UALU=UALU+CON(IDUH)*FLOAT(IDU1 48)
0074 30 courxuua L
0075 € S
}0076w e T R . . s
0077 C# conusnr rus cunPosxrxou ro au INTEGER BETUEEN 0= 3“767 FOR nsru
70078 :C# NOTE' 1= 1000. . T
0079 €
ooeo>g_* vALu=|oo.-anu AR

| £0081 IHET*IFIX(UALU#!OOO TR
“; ~0082 - . IF (LUN.NE.34) WRITE(LUN, 103) UALU
L ooex,.‘tos ronuar(tox "B = ',F6 Hoo
0084 -
0085 Cs cuzcx IF rne UALUE uas CHANGED
oogs;icf,ﬁ. |
o087 TFCINET.EQ. lcoutxsré+|)> GO ro 2oo
. 0088 xr(xnzr AT 0) 60 TO 220 £
ooee g | SR | |

0090 C- ! CHECK IHAT 6C Rznnrue HAS nor CHANGE av HAX nax IS STORED IN
0091 C- - WORD OF GC AREA. : ». SR B

. 0092 € g ' ‘ ‘*_--;' S

.;‘f0093-"':_;'1n1rr = IABS(ICOH(ISTR + 1) SINETY L A

- 0094 © - IF(IDIFF, sr..xcontlsra +8)) soro 3oo PR

0095 ¢ |
0096 . ICOMISTR + 2) = 0 RN
10097 _‘,~1con(lsrn+|)-1ner ;}»-,,f\
L0098 C '

0099 C- BLA@K ourt GC AREA IN ar connuu.
0100 € .

o101 Do 25 1=1 ILEN

¥



o3

-

oA
SoLonse
Cons
L1 A
- oi18
U
... 0120
B P
L-0122.
L0123
0124
' :;30125i
L0126
01277
L0128
- 0|2‘9,;_ ’ :
S 0130
SRR 1] I I
01320
Lt Q134

R T

0102 . .
0103 [
0104
0105
0106
0107
0108
SRIITE
“0110
o111
L0112

C*
-

| ';T0136~"'

T 0138

013y
0140
0141

0137

c
c
T

oot b
222 FORWAT(’ GC OUTPUT IS NEGATIVE‘) . =

 ;30143f
0144

0146

-

n =l
“ICON(IADD + ID)' = IBLANK

‘ RETURN )

25 CONTDNOE . <5;)/4' :

A!, IF [ READING REHAINS THE SAHE FOR IHAX TIHE GC COHPUTER 1S P o

DOUN PUT OUTPUT SEGHENT OF STEAN FLOU On- HANUAL AND GIVE HESS '

2oo ICOH(ISTR+2)=ICOH(ISTR+2)+I
“IF(ICOH(ISTR*Z) LT.INAX) RETURN

. MRITE(LUN, 205>lcon(xsrn+2) '

o 'ICOH(ISTR+1K 2 ICON(ISTR+5) S

f.:_RETURN e ;”z;--’: T

220’*»R115(Lun 222)
- G010 600

{3oo'junxvs(Lun 3|o>” .ﬁ‘":;ui“'fl,.  i {v">f  e

© - 0To 400

soo;_anL EXEC(II ITINE)

L0135

4 IEND TADD + ILEN L SO C
URITE(LUN,612) txcon<x) G ls xnss xeun> ;?u;
GO T0- 2oo RO R L

ronnar srnreusurs.;v~. |

205 FORHAT(’ REABINB FROH GC HAS NOT CHhNGE FOR’,IS /, i

* -/ COMPOSITION SET 10 DEFAULT.’)

310 FORMAT(/ GC READING CHANGE. GR;ATER THAN HAX. '>
612 ronuar(4onz / 4oaz) o 4;? N
CEND e o

IF I EOUAL TO ILEN SEARCH FOR UATER COHPOSITION FAILED.,:ix:

,’ﬂ;»?xrarrlnstq)ttoo+111ns(3>  "'<?151;f:ﬁ3¢;;;ﬂ-”'_'"“'
. WRITE(LUN,10A)IT - - S R
*td}v;roauar( CANNOT FIND sorron conposrron OF UATER ar~,15)




o001 FTMA | Do S . |
0002 - PROGRAN GCSWT(3,80), GC AUTO. SANPLING INITIATION PROGRAH R

0003 U CALL WAIT(S;2,TERR) | |

»_.3361>;:7 ~CALL-DOL(1,1 0,4,IERR) o //éfi .

0005 - IF(IERR, HE.1) WRITECH, 100) TERR ‘

- 0006 . sTOP . |

» ;'ooo7_'_|qo;fr0RnAr(' scsur CALL DOL ERROR, IERR = xz)
L0008 ,END R NS



0001
L0002
0003
L0004
0005 €

0006
0007

0008

- 0009
. 0010
o002
0013
0014
e 0018 €
0018 - C
lOOI?f
:0018‘n
e 0019
0020
coo002r
o 0022 xa
- .0023
0024
L0028
"*¥f0026;ﬂ2r
L0027
e 0028
0029
ce 0030
oL 0031
--fya¢f;0032f
1ﬁ?§:y}f00337
0034
0035
ST 0038
,i;[‘0037.f-
SRR 1‘00.38, 5
';”fhj0939”
00k0
0048
C 0042
0043
L0044
,V;OOJS.Y ,
o TooMs
L0047
-ﬁf ;:ﬁ 00‘8 ¢' 
L0049
0051

:FTNQ

¢ o RN ,.;- ? 'f[   f4“f_ D S I
fc.'.[fFOR"ﬁT STQTEHENTS ij{5f7f.;_1  §¥f, f;?tfa." flT"n.j_:,L%‘i.-u
T » ,,.. S R n.i“- f;’h“:-l ‘ :_ -Tf;AS"

»Qon 'FORMAT(1X, 212, 12(ix re 3));;' o
2030 roannr(///) )

J2

PROGRAH BDC99(3 85) DISTILLATION COLUHN HONITOR PROGRAH HK -
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

THIS PROGRAH HUNITORS THE DISTILLATION COLUHN IN THE
ABSENCE OF - AN OPERATOR THE KEY~ VARIABLES ARE:

D ZHILIH LOLIM ~ IDUN2

< 4%00 1000 - 6MIN
4900 1000 3OMIN
751000 1000 JOMIN
5000 1000 - 3OMIN -
3800 1200 “ISMIN
5100 0 1200 . 1SMIN
4900 1200 ISMIN
049000 1100 fSMIN -
f-,4900",;1100fv‘_30HIN';J‘~

c
C

C

c .

C -'.egxsv UARRIABLES ‘ ICHAN uo. 1
C - FEED FLOW'LOOP = 12
c. -
C
C
C

 DISTILLATE FLOW LOOP 10 «z;

-~ _BOTTOM-FLOW LOOP. 8 .-, -
. 'REFLUX FLON LOOP = 13 =
. 'STEAM FLOW LOOP ~ - 9 ..

~i

C - CODLING WATER LOOP 11 ..
€ TOUER PRESSURE LODP 14
C - REBOILER LEVEL LOOP 17 -
C . CONDENSER LEVEL LOOP 18
&
c

O N O A S s

"COHMON ICOM(1). : _
.REAL - DCDATA(11), CONA(II) CONB(II) B PR
“INTEGER IPARAH(S) ITIHE(S) IDATE(IS) ITY!(I!) ITYZ(I!),

SICHAN(II) IDATACT1), IDUNT(9) , TDUN2(9), HILIH(?) L0LIH(9)*f;."*'

- DATA ICHAN/12 10,8, 13 9,11, 16 12,18, 15 0/ , » S
‘DATA- CONA/Z 5777 1. 5205 14 5105 2. 2975 2 25, 71.«78,v,..,v_--&vj5'3‘”
$O 96988,1.0212,1. 0723 0. 12857 0 0010/ : ‘*_‘ fmxu o
. DATA CONB/?#O 0 89. 167 0.0/ o 5 ’
.- DATA: NDATA, NTEST/I! 8/, ITYI/IO*! 12/, ITY2/8$I 3#2/
: jDATA IDUN!/?*O/ IDUNZ/S 330, 4*!5 30/ IDOUN/O/

~ DATA HILIH/2f4900 5100, 3800 5000 5100 3*4900/

= DATA LOLIH/4¢1000,3*!200 2#!100/ 0 -

2000 FORHAT(/ 5X,'BBC99 e, !5A2)

12010, FORMAT(/,1X,“TINE*,2X,"C. L ERR™, 1x o FE ",1x,- 2- TP f.“ff-f'f7>

" 3 =i BP "x,$ 4 -‘RE u,‘x’-vs - STIFj‘X'. 6 - Cu ”‘x

$"11 = XB ')

c

]cy’:sfxnxranxznrxon

c e T
CALL:RH?AR(IPARAH).ng-P o
 LUNSIPARAN() . -
- NULT=IPARAN(2) -

 IRES=3 |

; no sooo Is' 9 . ' ,. r.  e ) Sl T
:;.xnuuzcx) IDUN?(I)/HULT s e

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc ]}f__l;"f

87 PROYIX,M B - RL 1%t 9 - oL "1x,-|o : xn ,1x,_;31,,f-;;ﬁl”~*

IanN(|1>i1c0u<e)+g :i{rﬁf?‘i,'.f_;*Q~:f-;ji7;f; S



- 0052
-0053
0054
.- 0055
Lo 0058
0097
- 0058
© 0059

0060

10061 -
- Q062 -
0083
0084
C00e5
. 0064
D 0067
- 0088
0089
0070
#'10071"
o 0072
L0073
L0074
L0075 "
: "~fiv0676fl;
S0y
0078
0079
EPREPIY 1/[:1 RN
o ooe2
0083
'_4;§fv20094_
ST 008S
0088
© 10087
©.,0088 ¢
T 0089
S 0090
0091
0092 i
S 0093 o
S 0094
0098 L
S 0097 e
"~T_0098:-5A'1”
0098
0100
SRS 1 [ )
R 5010223‘i3 

. urnn o

5000

203

'CONTINUE o e
CCALL FTIME(IDATE). = . RS
WRITE(1,2000) IDATE. - . S s

“URITE(LUN,2000) IDATE

010

URITE(LUN 20!0)

ISRIP=0 |
. “nara Acauxsxrrou

CALL ACGUI(LUN NBATA ITYI\ITYZ ICHAN IDATA DCDATA CONA CONB E

" $IERR). o

| or ]

i

o

Rx¥=¥

=‘{f9uspenn THE PROGRAN ron HULT HIN

IF (IERR NE. l) GO TO 5005 L 53‘

oAU EXECH,ITINE) - -
' ERR=100. oa(nanTA(t) ncnnrn(z) DCDATA(B))/DCDATA(!) R
_.:URITE(LUN 2020) xrxns(4) xrlns(s) ERR (DCDATA(I) I=1,NDATA)

'ﬂUARIABLE LIKIT CHECKING  '”

CALL LHTCK(LUN NTEST IDATA HILIH LOLIH IDUNt IDUNZ IDOUN,‘ -
tISKIP) .
;IF(IDUUN NE 0) 60 TO 5005

oAl UAIT(HULT IRES, TERR)'

;. IF (IERR.NE.1) 60 ru 5005
T ISKIP=ISKIP#! | e
- IF (ISKIP.NE.AS) so TO 5010 3

ISKIP=0

- URITE(LUN, 2030)

- MRITE(LUN, 2010)

160°T0.5010 - e

;iDlSTILLhTION cOLUMQSSHUT noun "f,;L:j*'*"‘

“LONTINUE. e
- CALL. DOL(! 1 s 0, IERR)

“Jffnsssr THE ECO 15 ssc AFTER rns suur nouu j‘ f{;3'r;f}%7;;j:;j;f*ﬁ,"

O CALL UAITUIS, 2, 1ERR) : *'**”" o
- CALL DOLU1, 1,0, e IERR)

STOP

- SUBROUTINE LHTCK(LUN ND“TA IDATA HILIH LOLIH IDUNI IDUN2 IDO
CAISKIPY) Tl
. INTEGER: IDATh(l) HILIH(I) LOLIH(I) IDUN!(I) IDUN2(I) ITIHE(S ERRRS
~$IDATE(15). LABEL(9) ,“f"“

DATA LABEL/2HFE 2HTP 2HBP 2HRE 2HST 2HCU 2HPR ZHRL HCL/



0103
0104

2000
2010

. 0105

L0124
0125 -
0126
S 0127
~.0128
L0129
o130
0131 - -

0106
0107

2020

0108 "

0109
L0110
o0y
0112
0113
o114
ooy
P11e
0117
- 0118
CoMe
T0120°
SRR 1 3 PR
10122
' 0123 . ,
" WRITE(1, 2020) IDATE LABEL(I) ST
" RETURN e LR
END e o gﬁ T L e

0132

0133. -
_,2ooo
0135 »
S 0138
B Ik VA
0138
Cooota0
U I §
01427
01430
C0nA
0145
S oms
L0147
L0148
049,
0150
EERI I ] 1]
S 0182
5040 °

0134

= 0153

cffgfvoisd;
e jc,0|55j“

5030

o

5010

5020

15000

CRETURN B R S AR I
IDOUNET | e e el TR

ﬁSOZl

}5o|o

: ,50,30

5600

. sunnourzns ACOUI(LUN gparn,xrv1,Irmz,ICHAN,IDArA;ncnarA,I :
'~ ‘$CONA, CONB,IERR) - . ﬂ‘] e T
L CONNON 1C0H(1)" | o
' DIKENSION DCDATA(1), CONA(I) CONB(l) | LA e s
~ INTEGER ICHAN(1), xnarn(r) ITYi(!) e ' *~“a‘,;vA~f;%a

"funxrs(Luu 2ooo) 1, IERR

5020
 IF(IDATACI).LT.1000) IDATA(I)=1000
~ IF (1DATA(I),67.5000) “IDATA(I)= 5000 _§§

. | 204
FORMAT(/,5X,"A L' E R

FORMAT(/,5%,"D A N 6
$"DOUN LOOP *‘,AZ) .
FORNAT(/,5X,"BDC99 DOUN. @ '.ISAZ 5x 'n L.-= " Az)‘;

T Lo - " 82) : |
ER . DIST. coL. DOWN € "11582,1, 5x,

- CALL- FTIHE(IDATE)

D0 5000 I=1,NDATA . B
- IF(IDATACL)LLLE.LOLINGI).OR. ~ . ¢
SIDATA(I) GE.HILIN(I)) GO.TO S010 ° ~ = o o

60 T0 5020 . T 4
IF (IDWNT (1) 6T, TDUN2(T)) 60 ro 5030 SEREEEE SR
IDIRLC) =IDUNI(D) 41 S

IDOWN=0

WRITE(LUN,2000) " LABEL(Ii: _"

© 1SKIP= ISKIP+3 i

6OTOS000
CDDowkso Y R
CONTINUE ' o '

"WRITE(LUN, 2010) IDATE LABEL(I)

e fo i

_FORNAT(/, 5X,“DIST GOL. : LOOP 12,“ : IERR 'U",IZ)
~.D0 5000 1 1,NDATA o 5 - E
IF (ITYI(I) £0.2) 60 TO 5010

" CALL AIRD(1,ICHAN(I), IDATA(D), Iskﬁ)'
" IF (IERR.EQ.1) 60 T0 5020 o

RETURN- ‘ ISR L e
IF (IDﬁTA(I) 6E. 1000 AND IDATA(I) LE 5000) GO TO 50”1 ::  1"

oy

RDATA 0. 0250*FLOAT(IDATA(I)) 25 0

60°T0 5030 : -

JERR=Y - iy
- IDATA(I)= ICUH(ICHAN(I))

ﬂ;ﬁRnArA=FL0AT(1narAt1))

.60 TO 5030 - “\~~;%:;~}-;;ff:;;; o
TF (ITY2(1).E0.2) GO T0 5040° . o 'a,;a';_i,.,,;.‘a ERR e
'DCDATA(I)= CONA(I)tSORT(RDATA)+CONB(I) B R I
60 705000 . .- L
DCDATA(I)=CONA(I)tRDATA+CONB(I)

CONTIRUE T

CRETURN - . o A



L

0059 ¢ |
0060  IFCILOG.EQLILP) TU=$
006T - NTYPE=IFIX(D(ISYS,13)
0062 URITE(IN,1500) RTYPE(ISYS) -
0063 WRITECIY, TS0INTYPE S
" 0064 - IFCKTYPE .GT. 0) G0 &) 25
0065 € . . K S
0086 Cuvuvennes z - raansagp HODEL SIHULATION . oeeeeaiin,
0067 T - N L
0068 . NF =IFIX(D(ISYS 10)) g
0069 O NFPENFHIL, :
0070 % " URITE(IW,1S5)NF, (D(ISYS,d), =11 NFP).
0021 - URITECIN,120)
0072 = U NF=IFIX(D(ISYS, 20))- -
0073 CONFP=NF#21 . '
10074 URITECIN, 160)NF, (DUISYS, DI ﬂiﬁurp)
0075 © WRITE(IN,120). ,
0076 NF=IFIX(D(ISYS,30)) - ~
0072 NFPMNF+3! - .
0078 - WRITECIV,165)NF, (D(ISYS, J) J=31,HFP)
0079 - WRITECIV, 1203 - - \
{0080 . . NF=IFIX(D(ISYS, 100
" 0081 ‘ NFP=NF+41
0082 WRITECIN, 170)NF, (D(15YS, J), J= a1,HFP)
0083 WRITECIN,120) . .
0084 — . KF=IFIX(D(ISYS, 50))
0085, . . NFP=NF+§1
0086 " URITECIN, 175)NF, (DISYS, J), J=51 NEP)
' 0087 ~ WRITE(IN,120) .
0088 . 60 To 30
0089 ¢ B
0090 C......RK - SIpULArron....................... ......
- 0091° ¢ | |
0092 25  WRITE(IV, 180) (D(15YS, D0 10,14)
0093 . WRITE(IW,120)
0094 ARITE(IV, 185) (D(ISYS, J), J=20,24)
0095 WRITEXIN,120)
- 0092/////¢‘:\Nnxrs(xu 190) ({1875, 4, J=30,34)
T~ o9 WRITE(IV, 120)
0098 - WRITECIV,195)(DUISYS, ), d=40,44) o
0099 .. WRITE(IW,120) - | :
0100 30" WRITE(IV,200)(D(ISYS,J), =2,4) )
0101 DELAY = D(ISYS,9)-D(ISYS 7)

- #

0057 ¢ o EE
o058 Cevern HODEL sscrxou ,..........ﬂ,.;. :

<0052 - % GD TO 20 . o

0102 .~ URITE(IU 205)(D(ISYS J)yJ= 7,'9). DELAYY

0053 - GO TO 15 S |
0054 20 ISYS=1 4 IG#3 . o - et o
0055 ‘»\Lgilcnax EDKS ) G0 TOIY .-
0056 IFUICHAR .EQ ‘Kc ) G0 T0 45

p

2

179



- 0103 URITE(IU 210)(D(ISYS, ), J=80, 83) o
- 0104 URITE (1Y, 120) :
0105, Iu=IR v o _
0106 CoeeTezo N T S
0107 ¢ N . SO L
0108 c......srsren(ssctlun......,;...........i..........]..
0109 ¢ . : SN S
0110 35 ISYS32 + IG#3
SO L D0 40 J=t1,9 '
SLor2 N(J)= IFIX(D(ISYS H)

T 0113 A0 CONTINUE . _ o o
0114~  IF(ILOG-EQ.ILP) IV=6 = = - Co o a
0115 NFIX=NC1)+N{2)+N(3)+1 S
0116 © WRITE(IW,2150) RTYPE(ISYS)
017~ WRITE(IW, 215N (), J=1,8) NFIX N(?)

0118 URITE(IW,120) - X
o119 NF=N(1)+10, SRR R S
0120 © - WRITE(IW,2209(D(ISYS, b, s 10, NF) : . :

0121 . NFaN(2)+20 . A
0122 . WRITE(IN 225)(D(1915,J> J= "g§ur> : ;

0123 . " NF=N(3)+30 o ' N
0124 WRITE(IW 2soz(n(lsvs J) J 30 NF)vyn_ o N
0125 - NF=H(4) 440 T N

L0126 WRITE(IY, 235)(D(IS‘iiJ) J-4o NF) AT .
0127 .. NF=N(5)+50 T
0128 . WRITE(IN,240)(D{ISYS, J), J= 50, NF) : -

0129 URITE(IN,120) - . RS

0130 NF=IFIX(D(ISYS 60)) B ,-g o

0131 NFP = NF+1 . - S

L0132 UIFCNFP LLT. 1 :0R. NFP /GT 5) NFP ]
0133 - < NMI=IFIX(B(ISYS,44) L

T 0134 N2= xrix(n(xsvs 850) e

0135 - sTD=2. 75%SORT (- ABS(  (D(ISYS-1 5)*‘2+o oooor)/3o 0.))" \
0136 RITE(IV, 245)NF, PRIDNT(NFP), (D(ISYS ,J=61,63), NI /N2, D(ISY
0137 P ‘ ,n(xsvs 57) sru - o @
. 0138 CWRIE(IV, 1200 T :

0139 . -URITE(Iﬂ;ZSO)(D(ISYS n, J 7o 75)

0140 " MRITE(IN,120) :

0141 "URITE(IU 255)(ntxsvs J), J 80, 85) .

. 0142 WRITE(IW, 120) L P

0143 CIu=IR , f\\> . s
0144 60 IO 70 B

0145 ¢ TR e
0146 C.......CONTROLER secrron.........................za.. -

0147 (. . ST
0148 45 ISYS§s3 + 16#3 , B ,

0149 . NI=IFIX(D(ISYS,1)) o v
0150 IF(NT.LY.) LOR. N1.6T.3) N131 : ‘ S

0151 . N2=IFIX(D(ISYS,5)) - ST oA

0152 o NO=IFIX(D(ISYS,10)) S ‘ '

0153 : NP=IFIX(B(ISYS R N

y ‘ ' -
a
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o7

.‘ ‘e .

LN . : :
0154 - N3=IFIX(D(ISYS,30))  — TR
0155 NR=IFIX(D(ISYS,40)) S ' '
. 0156 \.f PCNT=(D(I5YS, 1)- -D(ISYS, 2)):n(rsvs 4)/100 0
0157 IF(ILOG.EQ, ILP) =4 -
0158 " WRITE(IN,2600) RTYPE(ISYS) -
S0159 URITE(IU 260)N1 PRITYP(ley(D(ISYS J) J= 2 4) PCNT
.00180 € o o
. 0161;_C.,,.;.. 0 FILTER..........::.....,}"
. 0162 €. -
0143 ~ WRITE(IW,285)N2, D(ISYS 6)
01464 IF(N2 En 0) G0 7055

0145 g' ./. WRITE(IN,270) (D(ISYS,J), J'7 95
o8 - URITE(IU 120) .~; e
o018y ¢ C N *

o

0148 'c...,..;;,ssrxnarluu OF EOUILANT z TRANSFORH..;.,..... .
0169 -
o170 M= »
L0 e D(ISYS,15)%1.0 R L E SR
C0172 o DUISYS,16)50.0 S e
0123 wxr(n(xsrs 7) .61, .00 G0'TO 50- ‘f*, o
o i 4IF(D(ISYS 8) .EQ, o 0). 6070 55
U L V£ T RN S : T
0176 €. .......INTEGRAL ACTION ONLY .....;.....;... o
0177 o o | Lo
L0178 . ‘Qmu =2 G
TV 4 A D(ISYS 1k ntxsvs 8 -
. 01B0- v DCISYS,12)=0.0 . I '
0181 D(ISYS, 14)a-1.0
0182 - - 60 TO 55 o
0183 S0 . NOst | '
0184 ; D(ISYS,11)= n(xsvs 7>+n(lsvs a)
0185 . . D(ISYS,12)=0.0 .. - . . .
0186~ . . D(ISYS,13)=D(ISYS,9) . - e
0187 . DUISYS,14)20.0 | L
0188 =~ IF(DUISYS,8) .LE. 0.0) GO ro 55
S o189 0 N@=2
o190 . ~ DUISYS,12)=-D(ISYS, 2. *D(ISYS 9) \*
0191 - DCISYS,16)==1,0
0192 - CIF(DUISYS, ) .6T. 0.0) N@= 3 v
0193 ¢ 55 unxrztru 275)K0, (D(I§YS, J), J=11, L DI
0194 - WRITE(IN,280)  (D(ISYS,J),J=15,18) -
0195 CDCISYS, 100N . |
0196 € . o ~ .
0197 C..... P - FILTER ............,,.;.............;.; )
0198 C RN .
"o19y ’URITE(IU 120)
0200 A= |
0201 . ITYP = IFIX(D(ISYS,20))
0202 - TS = D(ISYS-2,2) N
0203 uaxrscxu 285)ITYP 15

0204 IF(ITYP, NE. 1) GO TO 60

/! ‘\ e



o5 Trvess IFIX(D(ISYS A
0206 - . " GAIN = .. D(I§VS,22)

0207 TN = .'jn(xsvs,21>q_ B T
0208 - T2 = DBUISYS, 2y o T T e
L0209 }IT(B)" CDAISYS,28). . T
o210 T URITECIY, 290) ITYPS;GAIN, (T(U), U=1,3)
0211, - .. CALL ZTRAN(ITYPS TS,GAIN, T, 4, n NA NB)
0212 o+ D(ISYS,30)=FLOA (NA) LT .
0213 .7 DUISYS, 3=
o4 L o DUIgYs, 3= 3(2)'. RS
.. 0215 »rf_ CUDUISYS, 3R 4 o T
0216 . DUISYS;3A)=BQAY T T o )
L0217 .+ . DLISYS,ISNEAC) T
L0218 . DUISYS,38d=AL2)
»-j0219 - -li;;>* DISYS, 37>»Nk3) R ifi“ SR
“o 022000 . DUISYS,3@)=Al4) - - Lo :
L0221 40 unxrs<;y,295)na (n<xsvs J) J= 3\ 34) (D(ISYS J) J= 35 38)_
So0222.C . o
0223 Cavens R --FILTER........;........ i .;.,.;..
S 024C SRR AR IR
00225 URITE(IU 120) e
100226 o WRITE(IW,300)(D(ISYS, ), = so 54)
10227 .. T WRITE(TIW,301)D(ISYS, 60) o
10228, - WRITE(IN, 302)(n(xsvs J), J 61 53)
0229 " URITE(IM, 303)(37?915 Jr,Js64,68)
0230 7:65 ISYS=ISYS ., . . ;j~l P
S 0231’ . WRITE(IV, 120) ' ;g__ S T SR
00232 o IWsIR- At ‘*%Rg;;f;._
0233, C.;....INPUT ouwpur ssczrun Sl NG
c\ 0234 ¢ L Tl
0235 70 WRITE(IW, !30)ICHAR ICHARS IG S
) 0236 . - READ (IR, 310) CHARZ LT T

0237 ¢ : L
0238 C..,.,.CHANGE y cunucss. RESET PRINT pessenniae

0239 ¢©

0240 IF (ICHAR2 0. KC ) GO_TOWZS
0241 :  IF(ICHAR2 .EQ. KS ) GO TQ 80
0242 . IF(ICHAR2 .E0. KR ) GO TO 15

o3 G0TO70 Rt o
o4 C

0245 C..uevas SINGLE INPUT
0246 C -

0247 75 WRITE(IV,140),

0248 . READCIR,®)N1,AINC1) . '

0249 . - IF(N1. LT.1 .OR. NI .6T. 100) URITE(IU 135) :

10250 IF(N1LLT.1 LOR. N1 .GT. 100) GO TO 70
-"0251'”" ~ - DAISYS, N1)=AIN(1). ‘ S

. 0252 .60 ALE 70 B R I ST
0253 €. : S Coe o

0254 C.......HULTI INPUT 10 NUHBER.....................'_

025 ¢

0



0256 -

.. 0257

80

70259

. 0260

0241

02

02b3

0264 o
- 0285 €
Q266 -

BRIT S

L. o0us
oy
0279

"’;027L e
0272 ¢

A /0273:]
0274
L0275
Tr0226

9

ol

WRITE(IN, 145) . .
READ{ IR, ')N! (AIN(J) J‘ﬁ,IO)
IF(Nl GT §0) URITE(IU {35) L
IF(N1 .GT. 90) GO 10 ’0 !

© D0 -85 J=1,10

83

90

S JNL= J*Nl 1 14-7 “ .
DCISYS, K1) = AIN(J) .
CONTINUE =~ = = \

'Go,ro 70 ¢
Ny .3‘

CONTINGE . T VAV“E
CALL CLOSE (IDCE, TERR)"

IF(IERR GE. 0) GO TO ?1

-if;sruP N

"1*-h0‘920 T 1, 40

0277

0278
. 70279

b 8

0281

o2
0283

8

CoQed

0285 .

0284

0288
0289

0290

Lo
o am
e 100

0293

0294

.. 0295
0296

20

2095 e

BUF (1) ‘= D(J it ’;rf,f§>x5';;5- i

‘”DO 822 1=41, 85
IDUN.= T - 40 -

22&

95 e

105

» 110
115

0297

0298

Co0299

0300 -
0301
0302

0303

0304

0305
0306

130

120
125
1

“140

1500 FORHAT( l’,/////,’ LR ’,A4 ’HODEL *

150

BUF (IDUN) = D(J I)
CONTINUE .
. CALL URITF(IDCB IERR BUF 90)

IFUIERR .GE. ) G0 T0 37

CALL FMGER(IERR) -

Lo STOP 4 s L
97 CONTINUE "fxﬁ

e URITE(IU 305)J

CONTINUE Rt
CALL CLOSE(IDCB IERR) |

CONTINUE (el
. CALL WRITF(IDCB, IERR BuF ao SR

- 'CALL OPENCIDCB, IERR;IFILE 0,77,146,170)
© CALL RWNDF (IDCB, IERR) ‘-*.\. SR

'STOP .

FORMAT(SG12.5). ¢
FORMAT(17,10612.5) . - _
FORMAT(SG12.5) ~ =
FORMAT(S(612.5,1X)) "

FORMAT(1X, 60(1H-)) -

LIPS

Ty

ronnnr(1x “HODEL svsrsn 3 CONTRBL -#CTION , RUN 4,7,

. ]X’ I
FORHAT(IX “CHANGE ., cuansss , RESET .
BT B
FORMAT(1X,“INPUT INDEX , VALUE’)

FORMAT(”<01)> <TYPE OF SINULATION =/,I2) -

=)

135 FORMAT(1X, /URONG ﬂUuBER OF INDEX TRY. AGIAN’

145 FORMAT(2X,” INPUT "INDEX ', -VALUES ....\5\} )

o ;-,‘Al I, oy

sty

i




0307 }nijﬁs FORNAT(1X, 7 <10>
C0308 1 (e

0309 . 140 FURHAT(iX,’<20>

BRI ey
NODY )=012,7,

o3t -,\165 FORNAT(!X <30y
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0315 175 FORHAT(IX y <50
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- 0317 180 FORMAI(ix,'<to>%
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0320 jv~¢| C1X, 021
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P-INT=’ ,6%2~5-'—<64>~1-Fix‘i~2k3—f—~—*-f—‘

6+C0P=/,612.5,7 (67> L-PHI=",2612.5)
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E OF CONTROLLER=’,12 4X, A4 oIy

START =12.5, 74 FINAL =,612.5 /,,fﬂg*'“'
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0003 (-
c0004 nxnsusron IDCEC144) , BUF (58), ISTR(ZO),
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 Zaors .“fﬂp,'URITE(LUN 1008 ,_.n.gfw“ R e o
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: va

- (~

5 r’_inh

0035 € '
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00187 ' ' IER0/89.167,0.,0.,0.,0.,0./,
¥
*
:t
t

X‘ -

T s 'u
+

0019 fSSTART/lIO#O / \RRANGE/11050,/,’
00200 . Y00/0.,44,5.5, o.,4.,5 5/, g
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0106 - IF(IERR.LT.0) CALL FHGER(LUN IERR)

0109 € e ii'f‘_f” |
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0112 . IEND-=-0 -
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S 0r24 0100 CONTIN

R REPRL I I
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BS T ’IF(ITYP E0. 3. AND. IEND E0.6. AND. xvopr EQ. 4) CALL PLOT(O 9.
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0210 (- . '
0211 ¢ . | ' -
0212 1000 rnanar(/,’ ENTER FILENAHE(3AZ) AND CARTRIDGE(I3)' )
0213 ° 1002 FORMAT(3A2,13) .
0214 1004 FORMAT(/,” ENTER N0~ OF G1,F,D,H,62 PAR&HENTERS- R
0215 1006, FORHAT(/,{ ENTER. uo OF REGION (HAX: 100 0L
0216, 1008 FORMATHY,” ENTER | = TOP,,2 = BorToﬁ 3 = FDTC, BC, 4 = pLL:
S 02171010, FOR AT(N’ ENTER- PLOT DEVECE (42 #P2648. 6<CP)s. -,/ '>
0218 _ ENTER SBMPCE TINE IN MWINUTES: S
0219 RURBAT{/,” FOR REGION: /,12, ~ o
10220 —7i%,r;” ENTER START, FINAL AND REPEAT FACTOR: <’ /)
0221 . 1014 FORMAT(/,? Eg}’l-~ 0-AUTOSCALE 1-MANUAL ENTRY 2-DEFAULT: ™,/
0222 1016 FORHAT(” ENTER /,12,” START VALUE FOR REGIONS, 0 = ‘AUTO SCAL
0223 * 1017 FORMAT(/ ENTER 7,12,/ RANGE FOR DIFFERENT REGION (UNITS/TIC&
0224.v'1019 FORNAT(/,” DANF TO ENTER séALE FACTOR roa PARAH
10225 * - YES)r ) | y
0226 . 1020 FORNAT(” '+ * PLOTTING FOR % +/,/,2084)
0227 2000 FORNAT(/,” + + COMPLETED TYPE : x‘," Fnqugpxon ‘
0228 2040 FORNAT(/) |

»;.S;;;v
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3HPLT2 1= oooo4 1S oK CR00136 usxus ooo17 BLKS R QOOO
0001 C‘ l f o ‘, ‘ " o . . B .
0002 C# ~THIS sunaouv1uzvnoss-$n§ ACTUAL RLOTTI&G FOR EACH REGION.
003, ¢ . RO ‘ - i TEORE
0004 ‘FTNA : \\\\¥‘ L
0005 sunaourlne HPLT(IDCB, BU XY, xazc IRB, I0FF, °
0006 2 . I1,12,IR,BEG,END, . S )
0007 - &, B IPOS SPAN ZERO YOO NPAR, IFLO RIS
0008 - & START RANGE ITYP) o -
0009 ¢ ‘ ' N ', S )
0010, - nxnsusxon IDCB(I) JBUF (1), x<1> Y(!) - f\ ‘
0011 DATA ILEN/112/, IFLG/i/ % SRR : o
0012 {LjF(NPAR ED o> 60 70 soo ]
0013 ¢ y
004 ¢ o ST | | S :
U005 NPT‘- 12 - 11 + 1 o . NG s
L0017 ¢ ;;_ ‘ oo ST
oo -
0019 *'v.hno 100 B NPAR 5
0020 J=0. oo :
0021 - CALL APDSN(IDCB IER, IRCD, IRB, IDFF)
.o 0022 - CALL READF(IDCB, IERR BUF; 20, ILEN)
0023 IUAL = IPOS,+ K -
0024 "_b B K . .= K . + ‘ . " s
’\\0026 - e e
0027 ¢ DO 1101 = 1 NPT AR g o
Lo o\ caLe READF(IDCB IERR, BUF, IIB,ILEN LEN)
0029° . © IFCILEN .EQ. -1) GO To 900
0030 - ~, IF(I .E@. 1) BEG = BUF(3) e
003t - o IF(I .EG. NPT) END.= BUF(3) AR
0032 ¢ o B Rt S . :
0033 R R R E
0034 o YW= BUFaVAL) .
0035 ~ . IF(IFLG ) Y(d) = SART(Y(J))
0036 T Y(J) = SPAV (J): + ZERO '
0037 110 conrrnuz,» -
0038 ¢ - . {
0039 ¢ S . S
0040 IF(K .NE. 4) 60 TO 120 G e
0041 - CALL PLOT(0.,0.,10) AR ) L
0042~ - CALL PLOT(0.,-7.,-3) : N -
0043 ¢ : ' '
0044 120 CONTINUE
0045 X0£0 ' R e
0046 . IF(Y00 .EQ. 0.) 60 TO 2oo ST
0047 © Y0 = Y00 L - :
0048 ~ 60TO 210 .



0050

0060

T 0094

0099

/'
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L
o0y €
| 200 Y0 = 3.5 . - T
0051 IF(II EQ.1 .OR, 1. Eﬂ 4) o= 0.
0052 € S
10053 - 210 CALL PLor(xo Y0,-3) o B
0054 C XN L
0055 C- START PLOTTING. \»1‘5
0056 C ‘ S \ . | —_
0057 -N=HPT |
0058 CALL- SYMBOL(1.88,- 55,.15 10HTIHE (HIN) 0.0, 10) ‘
0059 CALL AXIS(0. 0,200, o
| *oL o 20,5.0,0, b\X(N+l) X(H+2))
C0081 YN START \
0062 - Y(N+2) = RANGE - . T
0043 S IF(SThRT .E0. 0.) CALL HCALE(Y 3.0,NPT, 1)
L0064 0070(1 2,3,4, s 6,7,8,9, 1o 1) ITYP
0085 7°C.. . S o
0084 IafCALL-SYHBOL(- 4, 975,.15 10HXD - [UTZ] 90.0,10)
0067 CALL AXIS§(0.,0.,0,0,3. o 90. o Y(N+l) Y(N+2)) R
0048 6OTO 250 . | .
20070 2 CALL.SYHBOL(-.4,.975,.IS lOHRE - [G/S] 90.0,10)
0071 CALL AXIS(0.,0.,0,0,3.090. Y(N+1) Y(N+2)) -
0072 o GOTO-250 N |
L0073 C ' N | L <
0074 3 CALL SYHBOL(- 4,.975, 15 10HFE - £6/51, 9. g, 1o)A='
0075 . CALL AXIS(O.,O.,O 0, 2.0, 9o Y(N+l) Y(N+°))
0076 - GOTO 250
0077, C : ‘ ; o
0078° 4 CALL SYMBOL (- 4,.975,.15 1onxn - rurzn 90, o 1ox;.j
0079 ‘CALL AxIS(o.,o.,o 0,3.0, 90. YR, Y(N+2)) -
0080 (6010 250 _
0081 C. . RO _,;_ T R A
0082 S CALL,SYHBOL(- .. 975 .15, 1 OHST - [6/51,90.0,10).
0083 CALL AXIS(0.,0.,0,0,3.0 9o.,v(n+1) YD) .
0084 “GOTO 250 '
0085 C - - | | R TR
086 .6 CALL SYNBOL(-, 4:;975,;15 10HD1 - (6/51,90.0,10)
0087 | CALL AXIS(0.,0.,0,0,3.0,90.0, Y(N+1) Y(N+“))
0088 © .GOTD 250, | ,
0089 € S e St -
0090 7 CALL SYHBUL(-.4,.975,.15,!0HPARAH*- 91,2930,10)~'_‘
~ 0091 - . CALL AXIS(0.,0.,184 . . ,18,3.0,90.,
0092 T Y(N*l),Y(N%Z)) SR o
- 0093 GOTO 250 “
c ; ‘
%0095 © 8 CALL SYMBOL(-, 4,.975,.15 lOHPARAH - F,90.0,10)
0096 © CALL AXIS(0.,0.,18H ,18,3.0, 90.,
0097 * YON#1),Y(N+2))
0098 - GOTD 250 © - ‘
C - .
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'0100';' 9 CALL SYHBOL( .4,.975,.15 IOHPARAH =D ,90 9, 10)°
0101 . CALL. AXIS(O.,O.,IBH ' o 18 3.0, 1 70.,
o102 .. s Y(N+1) Y(N+2)) S

0103 - 6070 250

0104 € ‘ ' R \
0105 - to CALL SYHBOL( .4,.975,.15 IOHPARAH = H ,90.0,10)
0106 - -CALL AXIS(0,,0.,18H - ,18,3.0,90.,
C0107 ok S UYON4Y), Y(N+2)) S Co
0108 - . 0070 250 . , SR ' U R
0109 € ‘ ' R o o
L0110 "o CALL SYHBOL( 4,.975,.15 IOHPARAH - s ,90.0,10)
BRI -CALL AXIS(0.,0 oy 18H G 18 3. o 90.,.‘»
0112 ;. a‘. Y(Nfl) YLN+2)) o :
SR (DB I S '
C 0114 250 CONTINUE _
- 0115 - CALL LINE(X, v NPT 1,0, 1)
016 100 CONTINUE , o .igA_-A. S e
oz ¢ ‘:_  o ;:, _ I 5:’ RO B R
Cone o o s T R T

Coony IF(ITYP EQ.3 OR. ITYP GE 6) CALL PLOT(O 0.,10)
- 0120 € RO
0121 'C- CHECK IF us HAUE T RESET THE ORIGIN i R

0123 “"“IF(NPAR Ea 1 .OR NPRR EQ 4 YO

C0i7 ¢

0132 900 WRITECLUN, 999);
01337 999 FORMAT(” REACHED END OF FILE )

o122 ¢ e e R

R B0

ull Il
1.7
hS 7Y
. m e
[&4]
<

0124 - . IF(NPAR.EQ.2 .OR. NPAR.E.5) YO = .
0125 IF(KPAR.EQ.D LOR. NPAR.EQ.¢) Yo
026 AL PLOTCO.,Y0,-3) -

0128 =soo',cunrxnu: N\

. 0129 " RETURN =~

oMo co
0131 ¢

©

0134 _CALL CLOSE(IDCB IERR)
- 0135 - STOP. :
L0136 END




 00)0]

s

g\tka T 09003(15 ON CROOJS? USING 00012 BLKS R 0000 ‘

C,f‘f_ICLAS=IOR (ICLAS, 200009) :

OOOI_,FTN4 .“l : ’ e ,
0002 - PRDGRAﬂ‘GCLNK‘(3,70), sc‘nArA;TRANSFER,'790301, UFB,
L0003 € 2 ’; 5& T R _ ‘
0005 C _ V~THIS PROGRAH IS ussn TO RECEIVE o nara FROH A REMOTE
- 0006 C- - CPU.  IT USES CLASS 1/0 TO RECEIVE THE DATA. ._..3
©0007°C .. 'THE PROGRAN IS ALWAYS READY TO-RECEIVE THE DATA.
0008 C . _THE PROGRAN. STORES DATA IN REAL TIHE. CONNON AREA.
0009 C - START OF THE AREA NUST BE SET UP'IN REAL: TINE -
0010°.C '+ " CONNON POINTER AREA. CURRENTLY. POINTER 4, WORD 8 S
©0011°C " OF RT COMNON IS USED TO POINT TO THE cc DATA AREA..H
0012 €. THE LENGTH 0F THE AREA Is 8o uonns : ’
C 004 C -.f
S 0015 ¢ b
R+ 1/} IS ‘ .
~._.0017,:;.-'--,comion s ICOH(I) e
0018 fu‘_"DIHENSION Isur(so |o), ICLAS(!O)
0Ny Lo Toal E
t0020 € INITIALIZE 1/0, cuscx srnrus LOCK chsrvrus unxr,
0021 ¢ CSTART CLASS I/0 AND ~ - -7 oo
0022 ¢ ssr hg connon ADDRESSING AT, sL; B
L0023, € G
' 3’0024_jﬁ’:j"DATA LUGC/J;/ NBUF/IO/ NEXT/O/
0025 . . DATA IRLEN/50/,LEN/50/ - a
10028 - .7 DATA ICLAS/IO‘!OOOOOB/
L0027 0 7 IAS=ICOM(8)
0028 IAD=IAS# - .
0029 ICON(IAS)=0" \\.‘ |
0030 LU= LOGLU(ISESN) :

0031 . CALL EXEC (13,LUSC,ISTI, 1512 1373) , RIS
0032 . UIF (IST3.LT.0) GO TO. 800 T S
0033 - CALL LURG(1,LUGC,1)" R N
0034 C - CALL: (22 10

S-0035 . Dot I=1,NBUF -

0036 . 1rer & | i

- 0037~ . CALL EXEC(17,LUGL, :nur«u 1) ,IRLEN IPI 12, ICLAS(I))’
0038 - CALL ABREG (Ia, IB) ) , R
©0039- D . MRITE (LY, 1030) 14,18 - SRR

. 0040 D1030- FORMAT (™ ALOCATE 1. 1A,1B=",208) -

© 0041 - IF (IA.LT.0) GO TO 110 o

S 0042 W7 ICLAS(I)=IAND(ICLAS(I) 07’7713) Y SRR

0043 n,;too.;,-courznue R e R e

00 ¢ N AR ?';' L L
0045 110 N UFsII-1
0046 WRITE(LU;1035) NBUF
0047 1035 FORHhT(IX "NUNBER OF surrsns-" 13)



L e

004y,
0050
0051
0052 -

0053

10054
0055

0056
L -.0087
0058
0059

0040

{' 006$
L0062 0
T 0083
0084
L0048
; 10065”
e 0068
0089

200

0072
0073
0074
S0075
“f00765j
- 0077"
0078 .
00797
L oo0080
0084
o -oosz.,~
0083
0084
0085
0084 - ¢
10087
0088
0089.
0090
20091
Q092
S 0093 L
L0094

D - WRITE (LU,1050) IA, PBUFL‘I':” -
D1050 FORMAT(*" GET KRS IA, IBUFL= ,208)

D URITE (LU,1060) (IBUF(IIT, IBUFN) 1=t IBUFLxl'a"“

D WRITE(LU,1070) LUGE, IRLEN, LEN, [BUFN, IAD' _;V,._-'-

197
ICLASSIAND(ICLAS,077777B) <.\

- START OF INPUT LOGP

OOCOOoOOo O

-sog,couranE

D0 200 TBUFNs1,NBUF - S SR
©CALL EXEC(21,I1CLASCIBUFN), IBUF L, IBUFN) LEN, IPI 1p2, 1P3)
CALLABREG(IA, IBUFL) . o

- ICLAS(IBUFN)=0 -
©IF (IBUFL.E0.0) 60 T30
IF (IBUFL.LT.0.0R.IBUFL.GT.40) 6O T0 150"

DI040 FORNAT(1X, 20A2) AR
f'IF (IAD+IBUFL GT. IAS*ICOH(?) I) IADSIAS+6

1o7o FDRHAT("LUGC IRLEN LEN IBUFN xans*/ g PRI S
_ 25110) ' J‘. S .~-,;f; R IR,
,:d; no 120 J= 1 IBUFL ST
B E ICOH(IAD+J) IBUF(J IBUFN)
:120.N, conr:uus

:30 IF (1CON(IAS). £0. 0) so-rn 140*’1 |
ONEXT=NEXT#1 IR e e
~IF (NEXT.GE. NBUF) GO 10 999 B
60 T0200 - e
C |
140 1aD= IAD+IBUFL | B i
150 CALL EXEC (17, Luce, IBQEA! IBUFN) IRLEN 1, 1?2 ICLAS(IBUFN))
CALL ABREG (IA,IB) . =
D \URITE (LU,1030) 1A, 13
200 CONTINUE - =
60T0O500 - . W

| END”OF‘iNPUTTLOOP‘

oOooo

800 CALL ABORT (0 1y 25Htt#GC LINK UNIT DOUN *##)
999 CALL LURO(O LUGC 1) ’ : : :
STOP

“END ; .:J!.;;‘



. 0001
0002

0003
- 0004
0005

0008
0007

0008

- 0009

0010

0011

S 002
Com3
0014
.. 0015
'»f :O016;
oz

S one
“~-a%ooa9jA;;
00200
00
S 0022
L0023
0024
0028
: A_;oozokse«--
0027
0028

0029

L0030
S 003
co 00320
0033
0034
0035
0038
0037
0038 .
0039 -
0040 :
0041
00042 . _
ct » o i_;-‘ e e
Cs SEARCH OR anRACTER STRING "&"' THE CONPOSITION ‘OF WATER WIL -~
.Ctv‘PRECED THIS SIRING.‘»- S T A U R

0043

0044
o 0045
0046
- 0047

0048

0049 -f"
0030

‘Cv{: e
‘C* IF ERROR DETECTED TURN PRUGRN OFF AND SET CUHPOSITION TU DEFA o

«

PROGRAN GCSCH(3 80), PROGRAH TO INITIATE GC ON COLUHN HYL790
~COMMON ICON(1) : . ,
- DINENSTON INAHEI(I) INAH??(J)

FTN4

~DATA INAME1/2HGC, 2HSW, 2HT// INAHEZ/ZHSE ZHGS, ur /
- ISTR=ICON(8) -
CILENSICON(R)-7 o :
(LUKsICOM(ISTRe3y ~ %
- INAX=TCON(ISTR#4) L R
o IDFLT = ICOMCISTR + 5)

| ’anL sorcn<13\h ILEN, LUN IHAX)
- CALL DOL(1,1,4,4,1ERR) -
 IFUTERR. NE. I) co T0.500

Ct SCHEDULE GCSUT TD RESET GC START BUTTON
C

- CALL EXEC(10+IOOOOOB INAHEI)

-60-T0 950

PN

C N
500 URITE(LUN 600)IERR

. 60 T0 999 SRR R: SR
950 URITE(LUN 952) '

982 ronnnr(*scuanuks oF scsur UNSUCCESSFUL“ 'ﬁf_iﬁf!j' T

C .

,999‘:Icon(xsra¢a) x xanr o
T CALL EXEC(IO xnansz) R

~STOP 25
, END°

[ or]

,.susnourxns Borcn<xsra ILEN LUN IHQL

-COMMON ‘ICOM(1) . '
'~ DINENSION CON(s), IVALCA), ITIHECS) |
_ DATA CON/IOO.,I.,.I,.OOl 1o.,.01/ IBLANK/ZH /
CTOHR=2H & T |

c

o IﬁDD’ISTROb _>.-: S

DB 10 =1, xLG N “v,",
CIPRE=I SR :
IF(ICOH(IADD+IPRE) EQ. rcun) so ro 14

Y

. srop ; ~; o <¥T}"15?5ft;gj,"V,['fgf".  '5vffl i1u3 }751*

400 FORHAT("PROGRAH scscn FAILED o CLOSE DITIGAL suxrcu, IERR -='_,c, S
. 4 o




©. 0051 10 . CONTINUE - ST RIS
0052 GoTOS00 Lo ',”f¢a
- 0053 ¢ : | N
0054 Cs sroac ASCII REPRESENTATIDN OF conposrrron INTO ARRAY IVAL.
0055 € S
10056 12 0 20 151,4° :f'»"~ j-;,.-v‘;'
- 0057 . IPOS=IPRE-I1 . . T .
0058 IF(IPOS.LT.0) IPOS*ILEN+IPOS+1 R
0059 . IVAL(S- 1)=1con<xnnn+1903) e TR
0060° - 20 fconrlnus C __,? ;i_:_--- .

0081 C - ' w |
\< 0082. C¥ couusnr THE VALUE IN Ascxx INTO A BECIHAL NUHBER | SR

“\ooss e L e R e
0064 ‘-"_‘TUQLU=0.. L "*z l,;;;" e
0085 DO 30 I=1,4 - R

0086 - f‘¥.IDUN=IAND(ISHFT(IVAL(I), a) 3773) e

“’0067['; -~ IF{IDUN.EQ.32)" CONDI=0. - . R
0068 gUALu=vALu+conﬁx)trLonrxrnun -48) . o
. 0069 - IF((1.E0.2).0R. (1.E0.4)) so TU 30 '

0020 - IDUN=(I-1)/2¢5 .

C 0020 o IDUts xnnntxan(x) 3778)

0072 o CIF(IDUILEQL32) coutxnun)=o.-- .

S oq;z;'-”' -UALU=UALU+CON(IDUH)*FLOAT(IDU1 48)
0074 30 courxuua L
0075 € S
}0076w e T R . . s
0077 C# conusnr rus cunPosxrxou ro au INTEGER BETUEEN 0= 3“767 FOR nsru
70078 :C# NOTE' 1= 1000. . T
0079 €
ooeo>g_* vALu=|oo.-anu AR

| £0081 IHET*IFIX(UALU#!OOO TR
“; ~0082 - . IF (LUN.NE.34) WRITE(LUN, 103) UALU
L ooex,.‘tos ronuar(tox "B = ',F6 Hoo
0084 -
0085 Cs cuzcx IF rne UALUE uas CHANGED
oogs;icf,ﬁ. |
o087 TFCINET.EQ. lcoutxsré+|)> GO ro 2oo
. 0088 xr(xnzr AT 0) 60 TO 220 £
ooee g | SR | |

0090 C- ! CHECK IHAT 6C Rznnrue HAS nor CHANGE av HAX nax IS STORED IN
0091 C- - WORD OF GC AREA. : ». SR B

. 0092 € g ' ‘ ‘*_--;' S

.;‘f0093-"':_;'1n1rr = IABS(ICOH(ISTR + 1) SINETY L A

- 0094 © - IF(IDIFF, sr..xcontlsra +8)) soro 3oo PR

0095 ¢ |
0096 . ICOMISTR + 2) = 0 RN
10097 _‘,~1con(lsrn+|)-1ner ;}»-,,f\
L0098 C '

0099 C- BLA@K ourt GC AREA IN ar connuu.
0100 € .

o101 Do 25 1=1 ILEN

¥



S 013

-

T 0138

013y
-~ - 0l40
0141

0102
0103
0104
0105
0106
0107
© 0108
SRIITE
“0110
IR
o2
ooy
Tooona
Sl oS
Cons
SR I R b 25
C.ooo118
Sroong.
0120
o2
0122
0123
S 0124
' :;30125ﬂ
S 0126
T01270
0128
- o|2‘9._~: Lo
0130

C*
-

c
c
T

0142
222 FORMAT(” GC OUTPUT 1S NEGATIVE”) S e

 ;30143f
L0144

0146

-

BT : ‘ S
ICOM(IADD + II) 3 IBLANK

- RETURN )

!, IF [ READING REHAINS THE SAHE FOR IHAX TIHE GC COHPUTER

DOUN PUT OUTPUT SEGHENT OF STEAN FLOU On- HANUAL AND GIVE

2oo ICOH(ISTR+2)=ICOH(ISTR+2)+I
“IF(ICOH(ISTR*Z) LT.INAX) RETURN

. MRITE(LUN, 205>lcon(xsrn+2) '

. 'ICOH(ISTR+1K = ICON(ISTR+5) S

f.:_RETURN e ;”z;--’: T

220’*»R115(Lun 222)
- G010 600

{3oo'junxvs(Lun 3|o>” 'fA*l,_,“-t',.fjifg""q  T

© - 0To 400

soo;_anL EXEC(II ITINE)

7600 vxscs = IADD L A

- 0135 EfT

0138
'0137'};

S IEND = TADD. + ILEN L o R
URITE(LUN,612) (ICOH(I) G ls xnss xeun> ;92;
60 T0- 2oo R L

ronnar srnreusurs.;v~. |

,>ﬂ;wsxr=171ns(4>¢1oo+111ns(3> | ‘*7f*iq-'€??“' |
. NRITE(LUN,JOA)IT - K L e
o 104 ;roauar( cnnuor rxnn norron conposrron or UATER ar~,15) S
0320 C .,' SR AR Sl e
S 0134

e

‘25 CONTINUE o ,_”f_' CR <5;2/4. 5

15 P 'f'.j-
MESS

IF I EOUAL TO ILEN SEARCH FOR UATER COHPOSITION FAILED.,:ix:

205 FORKAT(” READING FRON GC HAS NOT. CHANGE FOR’,IS /, R

* -/ COMPOSITION SET 10 DEFAULT.’)

310 FORMAT(’ 6C READING CHANGE GR;ATER THAN HAX ')
6!2 FORHAT(40A2 / 40A2) :f_‘ éﬁy S e
Eun SRl R S
‘_;;ggy'




\

- 0006
0007
L0008

0001
0002

e | . Sl , |
~ PROGRAM GCSWT(3, 801, sc AUTO. SAMPLING INITIATION PROGRAH s

“CALL WAIT(S, 2, IERR) . e

CALL DOLY,1 0,4,IERR) B //éfi . ;,;»"“

IFCIERR. NE. 1) WRITEC1,100) 1ERR o

000~

0005
100

STOP

.__fronnnr(' scsur CALL DOL ERROR, IERR = 7 12) |
om0 R



0001
L0002
0003
L0004
0005 €

0008 -
0007

0008

- 0009
. 0010
SR 0042
0013
0014
e 0015 0 C
0018 - C
30017f
:0018'»
e 0019
'AOOZOHf '
L2t
w0022 ;
0023 -
00024
.3_f;’0025f;
"‘¥i0026:iir
Co0027
"X,"0029f‘,:
L0031
'-fyiuf;0032f
L0033
©0034
0035
ST 0036
0037
R 3f0038.,
'?~fhj0939“
ovo
0041
'f*i-!0°42”
‘}71 ;0053
o 0044
"..v;00l5.v v
0046
L0047
'ﬁjlng»°°‘8 Jv 
TL009
0050
- 0051

:FTNQ

c e St ,.;- ? 'f[   f4“f_ s
fc.'.[fFOR"ﬁT STQTEHENTS ii{Lffﬁ.a.; _?Tl'&{;  }j'Hflff.°_f'j”fx-f”‘
T » ,,.. S R n.i“- f;’h“:-l ‘ :_ -Tf;AS"

Qon 'FORNAT(1X, 212, 12(ix ra 3)»; s
2030 ,roanar(///) IR

 Cf:'jjlﬂlTlﬁLIZATIOﬂ:’ﬂ' fv'ﬂ,

J020

PROGRAH BDC99(3 85) DISTILLATION COLUHN HONITOR PROGRAH HK -
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

THIS PROGRAH HUNITORS THE DISTILLATION COLUHN IN THE
ABSENCE OF - AN OPERATOR THE KEY~ VARIABLES ARE:

D ZHILIH LOLIM ~ IDUN2

< 4%00 1000 - 6MIN
4900 1000 3OMIN
751000 1000 JOMIN
5000 1000 - 3OMIN -
3800 1200 “ISMIN
5100 0 1200 . 1SMIN
4900 1200 ISMIN
049000 1100 fSMIN -
f-,4900",;1100fv‘_30HIN';5‘~

-
)

c

C~'

c -'.egxsv UARRIABLES ‘ ICHAN uo. 1
€ -°  FEED FLOW'LOOP = 12
c. -
C
C
c

':DISTILLATE FLOW LooP 10 «!;

. _BOTTOM-FLOW LOOP = : B
. “REFLUX ‘FLOW Laop - 13 ‘
... 'STEAM FLOW LoopP - ?.,9-..9’

~i

c - _3C00L1N8 VATER LoOP n.oo
C . TOWER PRESSURE LOOP 14 B
c ,F:i‘”REBOILER LEVEL - LDOP 172 -
C ,;f:_JCONDENSER LEVEL LOOP 18”
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‘CONMON TCON(1). e R
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SICHAN(]I) 1DATAUIL), xnun1(9) xnuu2(9) HILIH(?) LOLIN(S)
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'CONTINUE | S e
CCALL FTINE(IDATE) = ° R
WRITE(1,2000) IDATE. : S

“URITE(LUN,2000) IDATE

010

URITE(LUN 20!0)
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"nATA Acauxsxrrou
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IF (IERR NE. l) GO TO 5005 L 53‘
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L CALL UAIT(HULT IRES IERR)
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“LONTINUE. e
e DOL(! 1 s 0, IERR)
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O CALL UAITUIS, 2, 1ERR) : S
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STOP
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60 T0 5020 . T 4
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IDIRLC) =IDUNI(D) 41 S

IDOWN=0

5020

5000
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END ;j3~‘ | _1;; ;_- B PR T

| sunnourzns ACOUI(LUN gparn,xrv1,Irmz,ICHAN,IDArA;ncnarA,j :
'~ ‘$CONA, CONB,IERR) % L e Tonn
~ . .CONMON 1COM(1)" | L
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" IF (IERR.EQ.1) 60 T0 5020 o
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CONTIRUE T
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0230 7:65 ISYS=ISYS o, e ;j~l P

Cpe 0231 - WRITE(IW, 120) ' ;g__ T SR

00232 ¢ IMeIR- ) ‘*%Rg;;fg_,
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" 0342 245 FORM
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GAIN =/,§12.5,<22- 24>‘T-’,3612 5
T-RK =7,F2.0,7 FOR - 6 D)y, o

GAIN, =,612.5,7¢32-34> T=" ,3612 5)
T-RK =7,F2. 0, FOR 6L CY, 7,
GAIN =7,612.5,7 <4244 r*',391 5)
1-54.=7,612.5,

RH-DT=" 161251 7<00> RK-HY,F3.0,/, ;-‘f'
5T-D1=* ,612 5,7 <06y NLINZ, 612.5)

Kllr’,F3 0,7 <08 Kl2‘ ,F3 0,
KD. ",F3 0,1X,F3. 0)

C YA7,612.5,4 % SADC + ,612.5 /._;.’ -

C u. S-~,612 5,7 ¢ UN ¢ 7,612.5)
A R Y 'sysrsn . *',///)
=/, 12,7 €025 NF'af,12,7 <035 KD = x

NH: ,,Iz,f <05) Ncé=',12 /,

KU =4,12,7 <075 K2 =,12,° \QS) kD = ,IL,/

N.=7112,7 <09>NDEL=’,12 ).
61 =/,5612.5) -

r,;-%,scuz.s)jritf~ffvg thir:5; S

D =/,5612.5)
Ho=7,5612.5)
62 =/,5612,8)
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ROU 1",612 5 <82) ROU- 73612.5 /,

P-INT=’ ,6%2~5-'—<64>~1-Fix‘i~2k3—f—~—*-f—‘

6+C0P=/,612.5,7 (67> L-PHI=",2612.5)
TYPE OF SET- Poxnr=',r2 0,/,

HIEGHT =7,612,5,” ¢72> LEINGHT=’;GI Syl

0347 . 1 XK1Y S
0348 2 . 1X,7<23) STARTS ‘Hf12.5,7 <74> FINAL =/ 161245 /,ITV““
. 0349 T3 UU1X,/475) BASE . =/,612.5) o |
0350 255 FDRHAT(!X » /<80 TYPE*OF DISTURBANCE= £ F2.0 /, SR
0351 o 1X,7<81> HIEGHT =,612.5," <82 LEINGHT=,612.5 e S
£ 0352 20 - 1X,7<B3> START =/,612.5,” <B4> FINAL =7,612.5,/, -
0353 3 X8

. 0354

, - 2600 FORNAT(” 1',/////
© 0355 (260 FORMAT(’<01> TYP
0358 v 1*>"A. 1X,7€02>.

A 2T '<o4?

"BASE l",GiZ 5) : _)

IS IR TN T ’CONTRDL ** *’ ///)
E OF CONTROLLER=’,12 4X, A4 oIy

LOVER-U=",G42.5,* <03> UPPER- U-',GIZ s/,

PERCENT=’,612 5" USTEP.  =/,6f2 45)__,-
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0389 .

0360,
0341,
0362

0363

0344

0365

0344
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jm'osaa

- 0349
0370
-;0321
0372
023
0374
0375

' -f 0376

-.0377
0378
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0381
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’-: 0386
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- . . N . v B
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I . . Lo o . PR S e
) * w : € T . . . . . Lo } : .
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zasﬁsonnartnx,'<os> rvps or PID= ,12 1ox 0> Z—TRAN’ ily
X, e, SRR TRAN’}/, ]
27T 1Xy7<06> PID- ACTIDN=?,612 5 . “ I
zvo;rannnr(ux 707> KP.. =4,612.5,/, L S e
1% 201X, 7408 KI gf" 612.5 /, )
g 1X, <095 KD =7,612.5) . o
275 FORHAT(IX ‘Q-FILTER, .. %4/, 1X,7¢10> No - = ,x‘,/ S gl
P 1%, 0D(2) =7, 5612, 5, (7,108, 5612.5)) o
280 FORMAT(1X,”<15> ON(Z)=’,5612. 5,0/, 10X,5612.5))
285 FORMAT(1X; /p- FILTER....-,/
o 1% 720 TYPE =7, 12, 1ox 0 R z TRAN’,/,
I, T-8 24,612,541 e s TRAN Voo
290 ronnartnx €21 T-RK=%,12,7, - e
oy 1X,7€22> GAIN 27,612, 5,' <23-ﬂs> T" 351 5) R,
295 FORHAT(IX ‘€30) NP =212/, -
Sl X BIPNe 4012 5, /
YO IX, (355 D ar 4012 5) U
3oo FORHAT(IX ‘RFILTER. .. .” $ <so> 1 RK-’ rz o / C
11X, 7¢51> . GAIN= “y612.5,¢°¢52-53> T-4,2o:2 5, <54> x- ,F2 o>

1& 301 FORHAT(IX ’<§0) u- STEABY SThTE=’,612 o)
302 FORMAT®IX, . PID SETT&NGS (AKPS,AKIS AKDS)’,/,

a’ T IX% U POSITIONAL.OR INCREHENTAL CONTROLLER’&/,
1AX,7<61- 63)7’,3612 5) b

303 FORHAT(ix “ - O=FILTER SETTINGSI(AKP AKI AKD)’,/
ooy, ’<64 -66> 7,3612\5)

305 FORMAT(* sscroa ',12 s HAS BEEN URITTEN ')

310 FORNAT( 241, A2;

315 FORMAT(T1) " T
END a;»,_»_;.;_i e
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0013 - ?‘unxrs(Lun 1000)°

"-jssksun 1-00004 xs ON CR00146 usxus 00011 BLks K- ooa7

. 0001 FTNG Ty
0002 PROGRAN ERSUH( ,101) SRR
0003 (-
c 0004 nxnsusrnu IDCEC144) , BUF (58), ISTR(ZO),
w0005 e U (20),12(20) IR(20) oo :
0008 IFILE(J) LU(S) o SR
10007 .. IR rssn1(20> FEEDZ("O) SIAE("O)
o008 . . \
20009 CALL RHPAR(LU) ‘
0010 < LUN LU(I) ‘
Q011 .
0012 ¢ e
=0014]ﬁ,;{:H'READ(LUN 1ooz> (IFILE(I) 1 1, 13), ICR
L0015 € . S
&QOOIé .“fV;,'URITE(LUN 1006) : ,.,u.;fw‘\ .;,,-:3vt L
0017 .-READ(LUNz#) HAXREG P
720018 C L R R R
0019f“;‘ ©WRITE(LUN, 1010) TR L
0020 - Afaeﬂ (LUN :) ILU - S e A e
00217 e e R L
..i-‘\°°221-C“”.‘ ,?Ii‘,~'f]i -1;';z~ﬂ-:~ ﬁ;v<nv- Ll e
R e b
0024 T g 50 TREG =y HAXREG »
,A.oozs; i;";;f:x4 WRITE(LUN,1012) IREG - i '
"oozavi | READ(LUN,#) II(IREG) I“(IREG) IR(IREG)
0027 so conrxuus R
0028 R
S 0029,
0030 | o -
oot g g .
-‘-0032'_'~‘P;‘CALL opsn<1ncn IERR IFILE 0, 77 xcn 144)
0033 - IF(IERR.GE.0) GOTO 70\ RERRN
C0034 o caLl FHGER(IERR) .\g\i;,f:
0035 _srop ST
0034 - ¢ |
0037 C- READ HEADER RECORD

: va

© r’_inh

[0

o008 ¢ | *fl‘ S ,'“;j; S

0039 7o conrxnue o :
0040 CALL READF ( IDCB, 1ERR sur 40, ILEN)

- 0041 " IF(IERR. LT.0) CALL rnssn«rfikx\
0042 f-A-_iiURITE(ILU 1020) (BUE(I),T=1,20)\:

0043 - pp 9oo . xéss =1 nnxass -

00 C :

-‘,joo4s.1‘-*}.,xnss = Il(IREG)

0046 . IEND 'z 0 e

9047 ~ - 1DUM = IREG. - 0

omm IFUIREG K. D IEND - Isratrﬁun>;ffxgginuq)ff,t.' o
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0075-C
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0060
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- .0064 R
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0070
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0054
0055
0056
. 0057

C
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C
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S 0080

~o0081
L0082
L0083
0084
0085
oo 0086
0087
S 0088
S 0089 ¢
L0090
R 009""”
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IRU

= IBEG - IEND -l

;f CALL: POSNT(IDCB IERR, IRU 0) -

CALL HSIAE(IDCB BUF, ISTR(IREG) BEG END,

"I1(IREG), I2(IREG) IR(IREG))

URITE(ILU 1022) IREG,BEG,END .- #

1022 FORMAT(* REGION *
o e

c . s
900 CONTINUE
tPRiNT OUT:SIAE?RESULIS;.»vZF

CALL RWNDF(TDCB, IERR) LA
~ CALL READF{IDCB,IERR,BUF 40, ILEN)

S URITE(ILU 951) (BUF(I) I=1 0)
c X :

e
P,
B s

-

) _no 950" IREB =, HAXREG

CALL CLOSE(IDCB IERR) -1f5.’“'
srop 2

~ . WRITECILU, 953) - IREG, L1 (IRED), 12(1R£G),,,f”'ff“' e
3 T ISTRUIREG), FEEDT (IREG) ,FEED2(IREG), o

e TRUIREG), SIAE(IREG)

' TR R (

:':CONTINUE s

. SIAEUIREG),FEEDI(IREG),FEEDI(IREG),
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953 FORﬁAT(/ “ FOR REGYON/ ’,l12, 5X, FROH' ’ 14,’ TO..» I4

t

IR

1000 FORNAT(/,” ENTER" FILENA
1002 FORMAT(3A2,13) ,,:?f:'7ﬁ :
1004 FORMAT(/,”" ENTER NO. OF REGION HAX7
1010 FORMAT(/,7 ENTER OUTPUT DEUICE"’,’ ’)
';1012 FDRHAT(/,’ FOR REGION: 7,12, + ' IR

/4’ ENTER: START, FINAL AND NO. OF ITERATIUNS' (AR e
; 1020 FORHAT(/,’ PLOTTING FOR ’,/ 20A4) . ;,x;-’

END

/,% .FEED CHANG
/,’ SIAE. AFTER.

AY7IT4,5X,” FROH.,;,FS 3, ro.
12,7 ITERAIION 1S =/, F10.4)

3A2) -AND cnnrnxnsstrs)-" . ‘)“
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' .i‘&HPLM T 00004 1S ‘0N CR00136 USING 00028 BLKS R= 0000

0002 Cs. rnrs PROGRAH PLOTS DATA STORED w DATA FILE.'" N
0003 € o N S L LR

0004 FTHA

0008 C -
0009

Coooate oo

S 00MA nATA 1g98/9 1o 12 11 13 14 17 0*0 0, 0/
’ - .‘ 0019‘.

0024 LUN=LU(I)
“-,oozsA'c~

0005 PROGRAH HPLOT(- ,101)

10007 _;'»., nlnsnsxou 1BCB(144), BUF(56), X(’02) Y(702)_'
0008 - 110150, 120157, IR(15), - |
- ~?jSPAN(6) ZEROCA), IFLD(é) Y00(4),
010 IPOS(i1),5START (11, 15), RRANGE (11, 15)
0ot . - NPAR(S), IFILE(3) LU(S),,_’r
Co0m2 S DSTART(é) DRANGE (6)" A
oMy Sy

X‘ -

T s 'u
+

0015w L CONA/L.LO/, conn/o
-'oojst‘:aug‘*-' SIFLO/Q, 1,1,0 1 1/,; _ -
0017° "~~~ # . SPAN/.12857,2. 2975 2.5517, l.,‘.S'
0018 - x . ZER0/89:1567,0.,0.,0,,0.,0./, .
) IR B jSSTART/lIOto / RRANGE/11030./,’
L-0020 L x T Y00/0.,44,5.5, o.,c.,s 57, pRa
70021 % " DSTART/93.5,0.00,12.0,1.00,0.00,0. 00/,
00227 v . DRANGEZ1. oo o 00,12, oo 3. oo 0. oo 0,00/ RN
: Oozxﬂ,a'~ CALL RHPAR(LU) R N S -J%?’; I

-i.—;,

00267 €s oaraxu INFORHATION N UHERE DATA IS STORED

0032 C

0028 ji;*}fURITE(Luu 000y """‘?7~' =
£ 0029 READ(LUN,1002) (IFILE(I) 1=1,3), ICR

003 igjf’URITE(LUN 1004) SR }  el T e e T
o ffOQgZ.Aﬂ;f_,HREAD(LUN 4 (NPAR(I) 1 1, 5) B T S LI H
& S ' o

[ 0035 li;REAn(Lun :) naxnec
L0036 C i
0037, unxrs(Luu 1008) -

0043 .f‘;funlrstLuu 1011)

0034 WRITE(LUN, 1006) -?.4 13':_‘ ‘s;’-iff{”f;,‘- DR

0038 READ(LUN, * xvopw
0039 ¢ P
0040 - WRITE(LUN,1010)
COMA1L L READCLUN,) TLU
0042 ¢ e '

0044 . -READ(LUN,#) ST -
Soms T s
SRR R o

7 o0a7 C+- READ IN INFORMATION FOR EACH REGION.:

L
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0049
0050 -
0051
0052
0053

0054

0055
L0056
0057
. 0058
0059
0060
o 0061
0082
0083
0064 -

0085

0066
0067
0068
- »”-0069 S

0070
0021
S0072-
0073 .
0074 -

0075

o 9026._’1
0077
0078 L
L0029
"v-oosoij_x; h
008'13.‘“; R
0082 .
0083
0084ffw
0085
’ *:; 0086
0087 ¢

0088

~0089"

o DO SO IREG = 1,MAXREG
READ(LUN,*) 1IUREG), 1 IZ(IREG) IR(IREG)

C ! ‘ ; P RN SRS

'}V‘URITE(LUN 1014)
READCLUN,*)IDUN . ST
~IF(IDUH NE 1) 60 rn 2o L ;'-_‘\§

o i .

- URITE(LUN 1016) xhxaso
_ READ(LUN, ) (SSTART(I, TREG), I=1, 5)
* URITE(LUN,1013)" HAXREG -

S READ(LUN :) (RRANGE(I IREG) 1 ] 6)

o 20- 0 ::IF(Inuu NE 2) GO ro 22

c R U

C- TAKE DEFAULT SCALING »;*',;f;.;%ﬁ‘ ORI

(N - R
- ‘a.gno 24 x- 1, & S -

Au?SSTART(I IREG o= nsranr<1> ‘; ,"

. ';RRANGE(I IREG ='DRANGE(X)

YT ,"CONTINUE z,,i L

Cooohe iy ~rf,."v

22 N IURITE(LUN 10!8) %

\\READ(LUN % xnuﬁ/

L IF(IDUH NE 1) so TO 3o

i e ST

c;i uaur srnnr AND RANGE or PARAHETERS._vJ R

‘LURITE(LUN 1016) HAXREG i S
- READ(LUN,¥) (SSTART(I,IREG),I=7, 11)
. WRITE(LUN,1017): NAXRED j' . ,._,._'
s ‘_;READ(LUN *) (RRANGE(I IREG) 1 ,,11> S
Lo
:3o;z. ;'ncourxnuf
[

so courrnue

RITEECES SRS BN
/:‘, IPOS(I) IPOS(IDUH) s NPRR(IDUl)
B 60 CUNTINUE R
€/ A .
¢/ B ST
: -"CALL OPEN(IDCB IERR, IFILE 0,77, ICR, 144)
- IF(IERR.GE.O) coro 0
CALL" FHGER(LUN IERR)

Ot WRITE(LUN,1012) JREG - e

c OBTAIN THE STARTING POSITION OF EACH TYPE oF PARAMETER .
L
009oinf"" ]
0091
. 0092 -

0093
0094..
0095
0096
S 0097 4

0098 ¢ .

' 0099’“ '

Ct:;OBTAIR RANGE AND START PONT DF EACH REGION FOR PROCESS HEASU%E -



0106 - IF(IERR.LT.0) CALL FHGER(LUN IERR)

0109 € e ii'f‘_f” |

01 IBEG = T1(IREG) -
S 0112 . IEND-=-0 -

oz is“'.J==7o" B
o022

S 0r24 0100 CONTIN

R REPRL I I

0100 ,.  stop -

otol,,c’ ' ~ '
0102 ¢ READ HEADER RECORD R o BRI
03 C. _ .‘-_ e B T
- 0104 7o CONTINUE S L e
0105 CALL READF(IDCB IERR, BUF, 40 1EN) e TR

© 0107 URITE(LUN,1020) (BUF(I),1= 1,‘o>
0108 " . b0 900 IREG = 1 naxnso

oo . '7,.}URITE(LUN 2040) j G R, g

L0130 TFCIREG .NE.~I)IEND IZ(IREG I S T O
(0114 o 7 IRW = IBEG - IEND -2 - .- L e
015 ' CALL POSNT(IDCB, IERR,IRW,0) e

0116 _CALL LOCF(IDCB 1ERR, IREC IRB IOFF) Vo T
Somzoco T L

0118 - C# FILL IN ran INFORHATION (x AXIS) ,'4* ; ‘,;;)

0119 € e DR

1

'ﬁ*:otzi"'“.»_f"fi 10 1oo IREG) I“(IREG) IR(IREG)

n+v-"‘

J.
) LOAT(I II(IREG))*ST

- -n_.A

T

. ; SR =
o2z X4J
UE"

f'!.j'.

o o NS e

- i0126st COHPUTE NO OF POINTS TD BE PLOTTED

0127 ¢

0128 . NPT IZ(IREG) - II(IREG) o
0129 "¢ ,
0130 C¥ INITIALIZE PLOTTING

013 ¢

0132 7T CALL PLOTS(0. .0, ILU)

0133 " IF(ILU.EQ.4) CALL FACTOR( 6y
0134 .j~h, - CALL PLOT(1.87,1.61,-3) ~
0135 Y AL HCALE(X, 5. 0, NPT 1

B 1 TR
0137 - C DETERHINE UHICH OPTION TO PLOT L T e

S 0140 TEND = 3 e e
0141 o -IF(IYUPT EO 1 .OR. IYOPT Eu 3) GOTO 150
0142 .C.7 = SRR
- ;0143-';~@«“;;ei_xa£5 4 ~*-1}
Co OT4A T U IEND = e

0N ~”gIF(IYOPT EO 2) soro 1501 ,

ll .

Coomee
0147 _“f~1~.IBEG =i

0148 150 9° CONTINUE
01490 N e
Coamt



I»'A' .' S f-" '-_N'.' L,

oS g- START PLOTTING THE rLuu HEASUREHENT L e e
L0182 € L R R E R

. 0153 - ;fs. B0 2oo~1 = IBEG iEND - ai-"i_~"A]- B

0154 ~,7."i, ITYP 2 S o :ﬁf" BRI e

Comss ¢ et A _ _

0158 C- xr UNLY PLOTTING BOTTOH, PLOT FEED INSTEAD QF REFLUX.  .
L0157 ¢ R
. 0158 5;_lw,u,; IF(IYQPT EO 2 AND. ITYP £Q. 6) ITYP = 3 : R

. 0159 IFCIYOPT.EQ.3 .AND. ITYP.EQ.2) ITYP = A A,-r: 7 .

0180 ~ START ‘= SSTARTCITYP;IREG) f _':',.

0185 ;v‘; f;;;ki»f? CALL HPLT(IDCB BUF, X, Y, IREC IRB IOFF

af0161».-'l:;',1-&- RANGE RRANGE(ITYP IREG) Al |

e 0162C 0 ' ST e e
. ol63——ft'*tﬁtt_SUBRUUTINE TO PLOT OUT HEASUREHENT FOR EACH kEsION*"g"'<Z;‘,,5;t.
0164 L ;,_¢~.;. e

CooM8e w0 _,,_“ II(IREG) IZ(IREG) IR(IREG) BEG ékn,

o7 “. T MRITE(LUN,2020) BEG, END.

o 'fv0173*£vzoo CONTINUE A _
0174 T S ‘:é.%f]u?:rww
S otrsoes PLOT our PARAHETERS FOR EACH REGIDN.i,;Amgff‘ ISR

Y0180 €L

Corgan e no 3oo T
‘}ﬁjolasflg“*;;;?:';'xig START

: Ob86 o ﬁ RANGE
0187 € - ;

0187 g;-;f;,' IPOS(ITYP) SPAN(IT¥P) zsno<rrvp) Yoo(x)'aﬁ5;i<“
L0188 IFLOCITYP),START; RANGE ITYP) o ot

0489 ’IF(ITYP Eﬂ 3. AND xcun E0.6. AND. xvopr EQ. 4) CALL PLOT(O 9o
f6170ff-;,:.-c:¢; WRITE(LUN,2000) ITYP,IREG - ,.. a,@';_._.. ; ju:E'A*'*‘

0172 2020 roannr(' PLOTTING FROH»’,F? 2 To ’ r,.a)

';cot77{;y*a5f;;, IF(ILU JEQ. ) 60 TO. eoo
. CALL PLOT(0.,-9.5,¢3)
CALL PLOTA, 397,.2733 3)

Coer C e
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+

L0183 z;ur; RUENY 1 S T
Come o B T T e L e
SSTART(ITYP TREG), L
RRANGE(ITYP IRE .

o189 ¢

Cooner s
0192

0188 L CALL sunkourxus ro PLOT our PARAHETE‘S FOR EACH REGION U
""0190‘3{.r“2 P CALL HELT(IDCB BUF, XY, IREC, IRD. 10FF, - - ”. B
. LICIREG),T2(IREG), IRCIREG) ,BEG,END, . . St
ek IPOSCITYP),CONA, cona YOO(I) NPAR(1), 0 ENE

'”1"L,or9zi-x‘lf'if;.-'!?'w“ C U START, RANGE ITYP)

0195 :.v;~.;g<; URITE(LUN 2ozo>aze END ,-1r~_;; A

"fff;“0196f:G_jIJ';1f L R LT
0197 300 CONTINUE RRA . ';_ T e
0198 CALL PLOT(-1.397,-.2733,3) S e

0200

0199 800 CALL PLOT(O.,O.,999) .;w ;fr‘“
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0229
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0202"x9oo conr:uus O A .
0203 ¢ . ) Ty - -
0204 - CALL.CtOSE(IDCB,IERR) o
0208 ., SsTOP . - [ 0 -
0206 € R o
i 0207‘; C"'"“"f‘“'«“"".“-““""' """"" ."“*“j‘?‘“""""""ff ------- tg‘.--—-"-"-f“
h0208 C- . TR A T N -
0209 C-  FORNAT STATEMENTS. = : ot
0210 (- . '
0211 € ' ' ' S
0212 1000 rnanar(/,’ ENTER FILENAHE(3AZ) AND CARTRIDGE(I3)' )
0213 ° 1002 FORMAT(342,13) .
0214 1004 FORMAT(/,” ENTER N0~ OF G1,F,D,H,62 PAR&HENTERS- RS
0215 1006 FORHAT(/,{ ENTER. uo OF REGION (HAX: 100 0
0216, 1008 FORNAFY,” ENTER | = TOP,,2 = BorToﬁ i rn TC,BC, 4 = ALL:
S 0217 1010 FOR AT(A’ ENTER. PLOT nsvics (44 HP2648 b= [P)-<’ ’ '>
0218 | ENTER SBMPCE TINE IN MWINUTES: Sy
0219 RORWAY(/,” FOR REGION: <,I2, ~ o
10220 —7i%,r;” ENTER START, FINAL AND REPEAT FACTOR: <’ /)
0221 .- 1014 FORMAT(/,7 Eg;’l. 0-AUTOSCALE 1-NANUAL ENTRY 2-DEFAULT: ™,/
0222 . 1016 FORKAT(’ ENTER /,12,” START VALUE FOR REGIONS, 0 = -AUTO sCAL
0223~ 1017 FORMAT(” ENTER 7,12,/ RANGE FOR DIFFERENT REGION (UNITS/TIC&
0224.v'1019 FORNAT(/,” DANF TO ENTER séALE FACTOR roa PARAH
10225 * - YES) L) ‘ 3
0226 . 1020 FORNAT(” '+ # PLOTTING FOR * +7,/,2004)
0227 2000 FORNAT(/,” * s COMPLETED TYPE ',x‘," Fnqugpxon ‘
0228 2040 FORNAT(/) -
END
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3HPLT2 1= oooo4 1S oK CR00136 USING ooo17 BLKS R QOOO
0001 C‘ l f o ‘, ‘ " o . . B .
0002 C# ~THIS su3R001135~noEs-$ﬂf ACTUAL RLOTTI&G FOR EACH REGION.
003, ¢ . RO ‘ - i ey
0004 ‘FTNA : \\\\¥‘ L
0005 suaaourlne HPLT(IDCB, B XY, xazc IRB, I0FF, °
0006 2 . I1,12,IR,BEG,END, . S )
0007 - &, B IPOS SPAN ZERO YOO NPAR, IFLO RIS
0008 - & START RANGE ITYP) o -
0009 ¢ ‘ ‘ - '. L :
0010, - nxnsusxon IDCB(!) JBUF (1), x<1) Y(i) - f\ ‘
0011 DATA ILEN/112/, IFLG/1/ % SRR : o
0012 {LjF(NPAR ED o) 60 70 soo ]
0013 ¢ y
004 ¢ o o | S :
U005 NPT‘- 12 - 11 + 1 o . NG s
L0017 €L oo ST
o8 o
0019 *'v.hno 100 II = 1,NPAR 5
0020 J=0. S :
e 0021 - CALL APDSN(IDCB IER, IRCD, IRB, IOFF)
oo2® 0022 - CALL READF(IDCE, IERR BUF; 20, ILEN)
0023 IUAL = IPOS,+ K o
0024 "_b B K . .= K . + ‘ . " s
’\\0026 - S e
0027 ¢ DO 1101 = 1 NPT AR g o
Lo o\ caw READF(IDCB IERR, BUF, IIB,ILEN LEN)
0029° . © IFCILEN .EQ. -1) GO To 900
0030 - ~, IF(I .E@. 1) BEG = BUF(3) e
0031 IF(I .EG. NPT) END.= BUF(3) AR
0032 ¢ o SR R S . :
0033 R R R E
0034 o YW= BUFaVAL) .
0035 ~ . IF(IFLG ) Y(d) = SART(Y(J))
0036 T Y(J) = SPAV (J): + ZERD ‘
0037 110 conrrnuz,» -
0038 ¢ - . {
0039 ¢ S . S
0040 IF(K .NE. 4) 60 TO 120 G e
0041 - CALL PLOT(0.,0.,10) AR ) L
0042~ - CALL PLOT(0.,-7.,-3) : N -
0043 ¢ : ‘ '
0044 120 CONTINUE
0045 X050 ' R e
0046 . IF(Y00 .EQ. 0.) 60 TO 2oo CoT
0047 ©~ YO =Y0O - - -
0048 ~ 60TO 210 .



0050

0060

T 0094

0099

c

/'

194

L
o0y €
| 200 Y0 = 3.5 . - |
0051 IF(II EQ.1 .OR, 1. Eﬂ 4) Yo= 0,0
0052 € S
10053 - 210 CALL PLor(xo Y0,-3) o B
0054 C ) RANE B,
0055 C- START PLOTTING. \»1‘5
0056 C ‘ S ,\ | —_
0057 “N=NPT |
0058 CALL- SYMBOL(1.88,- 55,.15 10HTIHE (HIN) 0.0, 10) ‘
0059 CALL AXIS(0. 0,200, o
| *oL o 20,5.0,0, b\X(N+l) X(H+2))
0081 Y(Ne1) = START \
0062 - Y(N+2) = RANGE - . T
0043 S IF(START .E0. 0.) CALL HCALE(Y 3.0,NPT, 1)
L0064 0070(1 2,3,4, s 6,7,8,9, 1o 1) ITYP
0085 7°C.. . S o
0084 1<fCALL-SYHBOL(- 4, 975,.15 10HXD - [UTZ] 90.0,10)
0047 CALL AXIS§(0.,0.,0,0,3. o 90. o Y(N+l) Y(N+2)) B
0048 6OTO 250 . | .
20070 2 CALL.SYHBOL(-.4,.975,.15 10HRE - [G/S] 90.0,10)
0071 CALL AXIS(0.,0.,0,0,3.090. Y(N+1) Y(N+2)) -
0072 o GOTO-250 N |
L0073 C ' N | L <
0074 3 CALL SYHBOL(- 4,.975, 15 10HFE - £6/51, 9. g, 1o)A='
0075 . CALL AXIS(O.,O.,O 0, 2.0, 9o Y(N+l) Y(N+°))
0076 - GOTO 250
0077, C : ‘ ’ o
0078° 4 CALL SYMBOL (- 4,.975,.15 1ORXB - rurzn 90, o 1ox;.j
0079 ‘CALL AxIS(o.,o.,o 0,3.0,90. YR, Y(N+2)) -
0080 (6010 250 _
0081 C. . RO _,;_ T R A
0082 S CALL,SYHBOL(- .. 975 .15, 1 OHST - [6/51,90.0,10).
0083 © CALL AXIS(0.,0.,0,0,3.0 9o.,v(n+1) YD) .
0084 “GOTO 250 '
0085 C - - | | R TR
086 .6 CALL SYNBOL(-, 4:;975,;15 10HD1 - (6/51,90.0,10)
0087 | CALL AXIS(0.,0.,0,0,3.0,90.0, Y(N+1) Y(N+“))
0088 © .GOTD 250, | ,
0089 € S e St -
0090 7 CALL SYHBOL(-.A,.975,.1S,IOHPARAH*- 91,2930,10)~'.V
~ 0091 - . CALL AXIS(0.,0.,184 . . ,18,3.0,90.,
0092 T Y(N*l),Y(N%Z)) SR o
- 0093 GOTO 250 “
c . |
%0095 © 8 CALL SYMBOL(-, 4,.975,.15 lOHPARAH - F,90.0,10)
0096 © CALL AXIS(0.,0.,18H ,18,3.0, 90.,
0097 . YON+D),Y(N+2)) |
0098 - 60TO 250 © ‘



( e

'0!007 9. CALL SYHBOL(-.4,.975,.|5 IOHPARAH =D ,90 9, 10)°
0101 . CALL. AXIS(O.,O.,IBH s e < 418,3.0,90.,
0102 . » Y(N+1) Y(N+2)) N v' _

0103 ¢ GoTo 2so~

..0104 ¢ ¢ R |
© 0105 10 CALL SYHBOL( .4,.975,.15 IOHPARAH = K 490.0,10) -
0106 - -CALL AXIS(0,,0.,18H - ,18,3.0,90.,
007 %L Y(N+1), Y(N+2)) S Co
0108 6070 250*. , SR ' U SR
0109 ¢ . ' I s o
L0110 11 CALL SYHBOL(- 4,.975,.15 IOHPARAH - s ,90.0,10)
BRI ~CALL AXIS(0.,0.,18H . o y18,300,90., .
0112 ;.‘ s‘_ Y(N#1), vgn+2)) R
© 0114 250 CONTINUE ; ‘
- 0115 - CALL LINE(X, v NPT 1,0, 1)
0118 “100'.CONTINUE , S ,-_‘_-‘. L
Lons o S e e
S ONe "IF(ITYP EO 3 OR. ITYP GE 6) CALL PLOT(O 0.,10)

0120 ¢

0123 “"“IF(NPAR Ea 1 .OR. NPRR EQ 4 YO

..{:voiZZV.C§‘  .
00128 “500'vCONTINUE

0132 900 WRITECLUN, 999);

<0121 C- CHECK IF us HAUE T0 RESET THE ORIGIN fff-Lf ” %F',, R
0122 ¢ SRR

L ll Il

| IR I o

hS 7Y
[&4]
<

0124 - . IF(NPAR.EQ.2 .OR. NPAR.E.5) YO = .
S 01250 IF(NPAR.EQ.3 ,OR. NPAR.EQ.4) Yo
0126 - CALL PLOTCO.,Y0,-3)

j\.01293v'"'” :RETURN j f,'-’
013 ¢

©

01337 999 VFORHAT(' REACHED END OF ‘FILE '):‘

- 0134 CALL. CLOSE(IDCB IERR) ‘ ' ‘
L0135 STOP. . :

L0136 - END




 00)0]

c - _ICLAS=IOR (ICLAS, 200009) :

: i\ttkz 1= onosﬂxs un CR00139 USING 00012 BLKS R oooo ‘
OOOI_,FTN4 e o e e |
0002 PRDGRAﬂ‘GCLNK‘(3,70), GC"nArA;TRANSFER,'790301, UFB,
L0003 € - ’; 5& T R ‘
0005 C- _ ,~ans PROGRAH IS ussn TO RECEIVE 5 nara FROH A REHOTE
- 0006 C- -7 CPU. IT USES CLASS 1/0°TO RECEIVE THE DATA.
©0007°C .. 'THE PROGRAN IS ALWAYS READY TO-RECEIVE THE DATA.
0008 . C- . _THE PROGRAN. STORES DATA IN REAL TIHE. CONNON AREA.
0009 C - START OF THE AREA NUST BE SET UP'IN REAL: TINE
0010°.C '+ " CONNON POINTER AREA. CURRENTLY. POINTER 4, WORD 8 S
©0011°C " OF RT COMNON IS USED TO POINT TO THE sc DATA AREA. e
0012 €. " THE LENGTH 0F THE AREA 1s 80 uonns : ’

03 e : - =

0014 C -.f
S 0015 ¢ b

R+ 1/} IS ‘ R
~._.0017,-;.-'--.comion s ICOH(!) R
0018 fu‘_"DIHENSION Isur(so |o), ICLAS(!O)
o0y oo

©0020 € INITIALIZE 1/0, cuscx srnrus LOCK chsrvrus unxr,

0021 €. CSTART CLASS I/0 AND ~ - -7 oo
0022 € ssr hg connon ADDRESSING R R ;;, o
S0023. €. G T

‘ ?'0024.;;’:;-*nnra LUGC/SS/ NBUF/IO/ NEXT/O/

0025 - .. DATA IRLEN/50/,LEN/S50/ - a

© 0026 . " DATA ICLAS/IO#!OOOOOB/

L0027 . 7 IAS=ICOM(B) _

50028 - IAD=IAS+S
0029 - ICON(IAS)=0
0030 LU= LOGLU(ISESN)

0031 . CALL EXEC (13,LUSC,ISTI, 1572 1373) , PR
70032 - UIF (IST3.LT.0) 6O TO- 800 T S
0033 - CALL LURG(1,LUGC,1). - el
0034 € . CALL: (22 10

S-0035 . Dot I=1,NBUF
0036 amsr -~ : &
- 0037~ . CALL EXEC(17,LUGL, IBUF(I 1) ,IRLEN IPI 12, ICLAS(I))’

0038 - CALL ABREG (IA, IB) ) , ;

©0039- D . WRITE (LY, 1030) 14,1 - S

- 0040 D1030-  FORMAT (™ ALOCATE 1. 14, Ia-",zoa)

< 0041 - IF (IA.LT.0) GO TO 110

S 0042 T ICLAS(I)=IAND(ICLAS(I) 07’7713) , o

0043 n,;too-;,-conrxuue SR e e e
00 ¢ N AR ?';' BT o

0045 110 N UFsII-1
0044 WRITE(LU;1035) NBUF
0047 1035 FORHhT(IX “NUNBER OF BUFFERS=" 13)



197

T 0050
0051~
0052 -

0053
0054 € -
. 0055 -soogcouTINQg
o.0058 € R
. +.0057 - DD 200 IBUFN: 1 NBUF . ' ' SR

0058 . CALL EXEC(21, ICLAS(IBUFN) IBUF(J IBUFN) LEN IPI IP IPJ)

© 0059 - CALLC ABREG(IA IBUFL) . , :

ICLASSIAND(ICLAS,077777B) <.\

- START OF INPUT LOGP

OOCOOoOOo O

© 0060 D. . WRITE {(LU,1050% TA,IBUFL .~ °
0041 D1050 FORMAT(* GET 13 IA, IBUFL= ,209)
L0 0082 . - ICLAS(IBUFN)=0 -
D 0083 T IF-(IBUFLLEQ.O) - so 10 130 _
~ . 0064 " IF (IBUFL:LT:0.0RIBUFL.GT.40) GO TO 150 R
. 006% D URITE (LU,1060) (IBUF(III IBUFN) 111= 1 IBUFLL_ -
.y 00667 DIO&0 FORMAT(1X,20A2) = -
0087 L IF (TAD¥IBUFL.GT. xns+1con(9) 1) IAD=IAS+6 o
o - 0088 D URITE(LU,1070) LUGC,IRLEN,LEN, IBUFN, IAD e o
S A 0089 1o7o FDRHAT("LUGC IRLEN LEN xnuru xansﬂ/ e
0070 25110) T R R Y

C007 e ISR
Co0072 no 120 J=, IBUFL SO
00730 ICOH(IAD+J) IBUF(J IBUFN)
0074 1200 conrruus
0075 € o L '_ __f‘];}‘;,.'.ﬁf
v”foo765; :30 IF (ICON(IAS) eu 0y GO'TD 140f‘1 |
0077 U UNEXT=NEXTHL N
0078 IF (NEXT. GE. NBUF) GO 10 999 R
0079 60 10 2oo ’ IR
L0080 C B :
0081 140 xan IAD+IBUFL - o R v
T 00082150 CALL EXEC (17, LUGC 139541 IBUFN) IRLEN IPI IP2 ICLAS(IBUFN)).”
0083 . CALL ABREG (IA I o ST
0084 D \WRITE (LU,1030) IA,IB
0085 200 CONTINUE® -~ -
0086 GOTO SO0 .- . W
10088
0089,
0090 o “ . _ S
20091 800 CALL ABORT (o 1, 25H8336C LINK uu:r noun t##)
S 0092 999 CALL LURn(o LUGC 1) B , S
0093 . sTOP

:;v9091//“:;. END  . :J€.;;‘

| END”OF‘iNPUTTLOOP‘

Lo e o BN v BN o |




. 0001
0002

0003
- 0004
0005

0008
0007

0008

- 0009

0010

0011

0012
C0M3
L0014
S ons
"’JE:°°'6;
0N 7
S 0nMe
‘~5]~~-%oon9jA;{
o020 -
S0
S 0022
L0023
0024
L0028
S 0026
0027
0028

0029

100300
0030
s “100321

Cs SCHEDULE scsur TD RESET cc START BUTTON R

FTN4

" "DATA INANET/ZHGC 2HSN, 2HT
- ISTR=ICON(8) -

C

Ce

C !
500
800 -

c
.950

982

C
999

0033

0034
0035
0036
0037
0038
0039 -
0040 :
0041
0042 | | . |
c » S ,-,.1 RN el
SEARCH FOR CHARACTER srnxns "s"' THE COMPOSITION OF WATER WIL . = i
Cs PRECEDE THIS srnxua.,».u,. ST L T M

0043

0044
o 0045
0044
0047

0048

[ or]

Cs
c.

0050

OILENSICON(9)-7 AR T RN :
(LUKsICOM(ISTRe3y ~ %
- INAX=TCON(ISTR#4) L R
o IDFLT = ICOMCISTR + 5)

. ’anL norcn<13\h ILEN, LUN IHAX) T T S I
- CALL DOL(1,1, 4,4, IERR) Gl e S
'*IF(IERR NE. I) 60 T0. 5oo I A R SR

IF ERROR DETECTED TURN PROGAH OFF AND SET COHPOSITION T0 DEFA ,"‘.

O CALL EXEC(IO INAHEZ)

'l;ENn°

,.susnourxns Borcn<xsra ILEN LUN IHQL

-COMMON ‘ICOM(1) . '
'~ DINENSION CON(s), IVALCA), ITIHECS) |
_ DATA CON/IOO.,I.,.I,.OOT 1o.,.01/ IBLANK/ZH /
CTOHR=2H & LR |

Y ,T;T; DG 10 I:] ILEN ..'fg} ,.;u
0049 - ‘ E
IF(ICUH(IADD+IPRE) 0. ICHR) 50 TO ‘5

“

PRUGRAN GCSCH(3 80), PROGRAH TO INITIATE GC ON COLUHN HYL790

~COMMON ICON(1)
- DINENSTON INAHEI(J) INAH??(J)

/ rnanszfzusz 2HGS,2HT ; ER S AN S

- CALL EXEC(10+IOOOOOB xnanzt)
60 TO 950 P DR -,_ Lyt
STOP 1 - : v» | '. | ! RO

PN

uaxrs(Luu 600)IERR BT eI e T
FORHAT(”PROGRAH scscn FAILED To CLOSE DITIGAL suxrcu, IERR -~'_;c, s
so ro 999 R e S
URITE(LUN 992) e B AL I
ronnnr«*scuanuks or scsur UNSUCCESSFUL“ A 5jfl§.‘

ICONCISTR#1) = IDFLT. »,;’v f;j,:;;;:;*.ﬂyf‘;, N S

vvz.

IADD!ISTR#&

¢

~IPRE=]

B




©. 0051 10 . CONTINUE - ST e
o052 - goTos0 LTl ’,'f;ﬂ
- 0053 ¢ : | N
. 0054 Cs sroac ASCII REPRESENTATIDN OF conposrrron INTO ARRAY IVAL.
0055 €
10056 12 0 20 151,4° R R
- 0057 . IPOS=IPRE-I1 . . T .
0058 IF(IPOS.LT.0) IPOS*ILEN+IPOS+1 R
0059 . IVAL(S- 1)=1con<xnnn+1903) e TR
0060° - 20 fconrlnus C __,? ;i_:_--- .

0061 € - ' w '
\< 0082, C¥ couusnr THE VALUE IN Ascxr INTO A DECIHAL NUNBER
“\0063 e T S |
_-'f:v'_%~ 0064 ‘-"_‘TUhLU=0.. o "*: ;.L;t" e e
= L0085 .. DO 30 Is1,4 - e
0086 - f‘¥.IDUN=IAND(ISHFT(IVAL(I), a) 3773) e
“’0067['; -~ IF{IDUN.EQ.32)" CONDI=0. - . R
0068 ;UALu=vALu+conﬁ1):rLonrxrnun -48) . o
0089 IF((1.E.2).0R. (1.E0.4)) so TU 30 )
0070 ' IDUN=(I-1)/2¢5
C 0020 o IDUts IAND(IVAL(I) 3778)
0072 o CIF(IDUILEQL32) coutrnun)=o.-- 5
o oq;x,--”' -UALU=UALU+CON(IDUH)*FLOAT(IDUI 48)
0074 30 courxuua Lo
0075 €. o

,
..*‘s
]

0076 ¢ e L | _ T
ST 0077 C# couusnr rus convosxrzou ro AN INTEGER BETUEEN 0= 3“767 FOR nsru
;:f“‘5; 20078 Cs” NOTE- 1= 1ooo. . T
o 0079 €
ooeo>g_* vALu=|oo.-anu AR
B £0081 IHET*IFIX(UALU#!OOO )
g f; ~0082 - . IF (LUN.NE.34) WRITE(LUN, 103) UALU
Wt ooex,>‘1os ronuar(tox "XB = ',F6 Hoo
ot  ' 0084 C-
70085 Cs. cuecx IF rns UALUE uas CHANGED
oogs;‘cf-v. |
o087 TFCINET.EQ. lcoutxsré+|)> GO ro 2oo
. 0088 xr(xnzr AT 0) 60 TO 220 .
ooee g | SR | |
0080 C- - CHECK THAT 6C Rznnrue HAS nor CHANGE BY HAX nax IS sroasn IN
0091 C- uonn 0F GC AREA. = PRI e
. 0092 € g ‘ ‘ ‘>,-.;' S
.;‘f0093-"':_;'1n1rr = IABS(ICOH(ISTR + 1) SINETY L A
- 0094 © - IF(IDIFF, sr..xcontlsra +8)) sovo 3oo Lo
0095 ¢ |
0096 . ICOMISTR + 2) = 0 RN
10097 _.,~1con(lsrn+|)-1ner ;}»-,,f\
L0098 C '
LT 0099 C- BLA@K ourt sc AREA IN ar connuu.
=L 0100 € .
e Do 25 1-1 ILEN

¥



-2 0118

SEIong.
S 0120
0121 S
L0122 €
L0123

S 013

-

0102
0103
0104
0105
0106
0107
© 0108
SRIITE
“0110
oo
o2
ooy
LH‘:°|[4jt.j.
Sl oS
Cons
o7

C*
-

0138

T 0138

0139

otde

014y

'0137'};

c
c
T

02 |
222 FORMAT(” GC OUTPUT IS NEGATIVE?) . . o

 ;30143f
0144

0145

0146

.AFII ] RO
“ICOM(IADD + II) 3 IBLANK

- RETURN )

‘25 CONTINUE o ,_”f_' CR <5;2/4. -

A!, IF [ READING REHAINS THE SAHE FOR IHAX TIHE GC COHPUTER 1S P o

DOUN PUT OUTPUT SEGHENT OF STEAN FLOU On- HANUAL AND GIVE HESS '

2oo TCOM(ISTR#2) =ICORCISTR+2) 1

< “IF(ICOM(ISTR¥2) (LT, INAX) RETURN
“WRITE(LUN,205)TCONCISTR$2) .

: -Icon(lsrn+1» : 100n<131n+5) e
f_:.RETUR“ BT o f”t:"’f ft o 3

220’*uRITE(Lun 222)
- G010 600

,;3oo'jURIT£(Lun 310) T e e e
L0124 i ;v;:a ' ._c'?'v-' s :--;,i.-i~‘»~'
' :;30125ﬂ
S 0126
01270
0128
._jzgp 0|29h1’>

0130 ¢

-f«g:coro 00

soo;_anL EXEC(II ITINE)

600 TBEG = TADD ¢ 1 ;75g'“”' s
L0135

S IEND = TADD. + ILEN L i S
URITE(LUN,612) (ICOH(I) G ls xnss xeun> ;92;
GO T0- 2oo R R S RN o

ronnar srnreusurs.;v~. |

IF I EOUAL TO ILEN SEARCH FOR UATER COHPOSITION FAILED.,:ix:

,’ﬂfw?IT=ITIHE(4)¢I00+ITIHE(3) o 4315«;,--17;‘4' |
- MRITE(LUN,104) 1T ' ' R ' St
i 104 ;ronuar( cnnuot FIND Borron conposrron OF UATER AT',IS)
B T _,"“. R N =
0134

e

205 FORHAT(* READING FRON GC HAS NOT CHANGE FOR’,IS /, R

* -/ COMPOSITION SET 10 DEFAULT.’)
310 FORMAT(” 6C READING ‘CHANGE. GR;ATER THAN HAX ’)

END

j.612 FORHAT(40A2 / 40A2) L }fy _

A




o001 P Pl |
0002 - PROGRAN GCSWT(3,80), GC AUTO. SANPLING INITIATION PROGRAH R

S .M0003 - U CALL WAIT(S;?2, IERR) _ , .

»_.3361>;:7 " CALL DBOL(Y,1 0,4,IERR) R //éfi L
0005 - IF(IERR, ns 1) WRITE(1,100) IERR ‘

0006 - .. STOP" : N

_ ;'0007_',|Q0;fFORHAT(’ scsur CALL DOL ERROR, IERR =/ xz)
L0008 ,END SR



0001
L0002
0003
L0004
0005 €

0006
0007

0008

- 0009
. 0010
SR 0042
0013
0014
e 001
0018
30017f
:0018‘»
wn 0019
‘30020aj '
L0021
w0022 ;
0023 -
00024
.,_f;’OOZSf;
”*150026;#2r
0027
.  ;_ ”00281‘ 
"X,"0029f',f
:'th:ooso. Lt
L0031
'-fyigf;0032f
003y
0034
0035
ST 0038
a;j‘0037.1;
SR 1‘00.38, 5
0039
0040
L0040
L0042
'y f°°$3
o 0044
”..V;OOJS., v
S 0048
©0047
0049
0050
- 0051~

:FTNQ

¢

¢ s
C i}gf=“REBOILER LEVEL - LDOP 2

cC =

C.

¢

c . G AR j“i‘~f_ TR R PP
ﬂc.'.;JFORHAT srarsnsnrs 7,jsgvy'2_13 ;35,_§;3_;;,~ jJ5 R R A
. e e 1;,_,}_.__,P_ i

J2

PROGRAH BDC99(3 85) DISTILLATION COLUHN HONITOR PROGRAH HK -
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

THIS PROGRAH HUNITORS THE DISTILLATION COLUHN IN THE
ABSENCE OF - AN OPERATOR THE KEY~ VARIABLES ARE:

c
C

C

cC Lo
Cq‘-'.egxsv UARRIABLES ‘ICHAN NO. 1 D 1nxL1n LOLIM ~ IDUN2
€~ FEED FLOW'LOOP 12 1 & 4900 1000 - -4MIN
c. - 4900 1000 - ZOMIN
C 75100 1000 JONIN
C "REFLUX 'FLOW LOOP - 13 5000 1000 - 3OMIN

C

R
DISTILLATE FLOW LOOP TR

3

. o | . -

g

7

8

9

'BOTTON-FLOW LOOP. 8 .,

- COOLING WATER LOOP 11 .. . -5100 1200 . 15MIN

. TOWER PRESSURE LOOP 16 - 7. 4900 1200 ~ {SMIN
B 49000 1900 . fSMIN
“‘,_counsnssa LEUEL LOOP 18" o As00 ,;lloofv‘_JOHIN';f‘~
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc o
‘COHMON ICOM(1). S R
REAL DCDATA(11), CONA(II) CONB(!I) L Ll .j: &
“INTEGER IPARAH(S) ITINE(S), IDATE(1S), ITY!(I!) 1r¥2(|t>,_,1
SICHAN(II) IDATA(II) xnun1(9) xnun2(9) HILIH(?) LOLIN(S) -

~DATA ICHAN/12 10,8, 13, 9,11, 16, 17,18,15,0/ - . o
“DATA CONA/2, 5777 1.5205,1.5105,2 2975,2.25, 7l.¢78,v-._,_ .-*v;f-ﬁ-'
1$0.96988,1.0212,1.0723,0. 12857, o oo1o/ P_*'_‘ f«~¢.':ﬁ
. DATA conn/9so 0,89. 162,0.0/ - : |
"' DATA: NDATA, nrssr/11 9/, ITYI/IO*! 12/, 1712/9:1 3:2/
- DATA- 1nun1/9to/ 1DUN2/5, 3430, 4*15 30/, IDOUN/O/
" DATA HILIN/294900, 5100, 3800, sooo 5|oo 3*4900/
o DATA Lannxnttooo,sanzoo 2:1100/ L -

2000 FORHAT(/ 5X,'BBC99 e, !5A2)

120'0 FORHAT(/ 1x “TIHE. ZX “c L ERR' 'x l I = FE u”x “n 2 = TP f‘ﬁb ‘E'ﬂ:

" 3 =i BP "x,?‘ 4 -RE u,‘x’-v 5 - ST ",‘X," 6 - Cu ."x

$"11 = XB ")

Qon 'FORMAT(1X, 212, 12(ix ra 3)»;‘w;,Vin,fgj;;;« ;;,, S T
2030 ,roanar(///) ST e

C.

 cf:-ijNIIIALIZAIIOﬂ:;h' fv s

c B S
CALL RHPAR(IPARAN) .
-jLUNélPARAH(i)”:=_nJu:"
< MULT=IPARAN(2) -

_ IRE§a3 |

.00 5000 I=t,9. . - L
-'; ,lDUN2(1) IDUN?(I)/HULT ;¢f:: 

87 PROYIX,M B - RL 1% 9~ OL *1X,*10° - XD ,1x,_;31,,f15;7l”~*

IanN(|1>i1c0u<e)+g zi{rﬁf?‘i,'.f;;*Q~:f-;ji7;f; R



- 0052
-0053
0054
.- 0055
Lo 0058
0097
- 0058
© 0059

0060

0061
- 0082 -
0083
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ch¢ﬁ<r1:ﬁ

;;r7r1f-,

5000

203

CALL FTIME(IDATE) . S G SN
URITE(1,2000) IDATE E R

»‘URITE(LUN 2000) IDATE‘

010

URITE(LUN 20!0)

‘ISKIP=0

"nATA Acauxsxrrou

CALL ACGUI(LUN NBATA ITYI\ITYZ ICHAN IDATA DCDATA CONA CONB E

 $TERR) o

| or ]

i

o

=‘{f9uspenn THE PROGRAN ron HULT HIN

L CALL UAIT(HULT IRES IERR)

o TIF (IERR.NE, 1) 60 ru soos

" ISKIP=ISKIP#1 . _rv; o
- IF (IsK1P, NE 43). so TO 5010 S

- ISKIP=0 | SR

- WRITE(LUN; 2030)

* WRITE(LUN, 2010)

60°T0 5010 -

IF (IERR NE. l) GO TO 5005 L 53‘

oAU EXECH,ITINE) - -
' ERR=100.0%(DCDATA()-=DCDATA(2)-DCDATA(3) )/DEDATAC1 ) |
 URITE(LUN,2020) 'ITINE (4), ITINE(3), ERR (DCDATA(I), Lot HoaTh)

'ﬂUARIABLE LIKIT CHECKING  '”

CALL LHTCK(LUN NTEST IDATA HILIH LOLIH IDUNt IDUNZ IDOUN,‘ -
tISKIP) .
;IF(IDUUN NE 0) 60 TO 5005

;{DISTILLQTION cOLUMQSSHUT noun ':}_k};‘='*"“

“LONTINUE. e
- CALL. DOL(! 1 s 0, IERR)

"*fnsssr THE ECO 15 ssc AFTER rns suur nouulj‘;f{;;'r;f};;;jfi;jj]'e :

O CALL UAITUIS, 2, 1ERR) : S
- CALL DOL(1, 1,9, e 1ERR)

STOP

vﬂv'lgnn_b.ﬂi:?f?7jﬁ ;~;:

.'i SUBROUTINE LHTCK(LUN NDATA IDATA HILIH LOLIH IDUNI IDUN2 IDO
CAISKIPY) Tl

. INTEGER: IDATh(l) HILIH(!) LOLIH(I) IDUN!(I) IDUNZ(I) ITIHE(S ERRRS
~$IDATE(15). LABEL(9) v”f"”

DATA LABEL/2HFE 2HTP 2HBP 2HRE 2HST 2HCU 2HPR 2HRL,2HCL/
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0108 "
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0Ny
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20113
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oS
P11s
07
- 0118
IR E AN
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SRR 113 PR,
0122
: 0123

o

5010

i | 204
FORMAT(/, SX,"A LERT LOOP - ,AZ) :
FORMAT(/,5X,"D A N’ 6 ER . DIST. COL. DOUN 8 ",15A2 1 5X,

S“DOUN LOOP ",AZ) - : , -
FORNAT(/,5X,"BDCY9 DOUN- @ '.15A2 5X D L.-= " A2)"L

- CALL- FTIHE(IDATE)

D0 5000 I=1,NDATA . B
- IF(IDATACL)LLLE.LOLINGI).OR. ~ . ¢
SIDATA(I) GE.HILIN(I)) GO.TO S010 ° ~ = o o

60 T0 5020 . T 4
IF (IDWNT (1) 6T, TDUN2(T)) 60 ro 5030 SEREEEE SR
IDIRLC) =IDUNI(D) 41 S

IDOWN=0

5020

5000

“ RETURN B R S AR PR
IDOUNET | B S P ¢ I

5030

0133,

0134

'1.] ; 0136;‘51¥Q*
0137
0138
0139

Lote0
R I §
01427
0143
L0144
0145
H'.;:Oiqbg
L0147
L0148
SR LT A
S 0150
EEREIE 111 KR
L 0152
0183
R | L
SRS 'c,0|55j“
*fe,f310156

. 2000
0135 -

" WRITE(, 2020) IDATE, LABEL(I) S b
" RETURN e e S R T
END Ce .1:: o o

| sunnourzns ACOUI(LUN gparn,xrv1,Irmz,ICHAN,IDArA;ncnarA,j :
'~ ‘$CONA, CONB,IERR) % L e Tonn
~ . .CONMON 1COM(1)" | L

" DIMENSION DCDATA(1), CONA(I) CONB(l) | R T e
 INTEGER ‘ICHAN(1),IDATA(1), ITYi(!) e LT

WRITE(LUN, 2000)'LABEL(11: _'
" ISKIP=ISKIP+3

60°T0 5000
ID“N'(I) 0 .. _ » . ‘,vgvu a P
CIDOWN=O- - T k7 AT
CONTINUE . - S

"WRITE(LUN, 2010) IDATE LABEL(I)

@SK

= F o

FORKAT(/,5X, *DIST. QOL.u. Loop 12," - IERR ;v,rz> ;kg;‘j

.00 5000 1 1,NDATA

ﬁSOZl

’}5010

ﬁ,5°30

5040

5600

”“funxTE(Lun 2ooo) 1, IERR

5020 .

TF(ITYI(D) EQ.2) 60 TO 5010

" CALL AIRD(1,ICHAN(I), IDATA(D), Iskﬁ)'
I (IERR.EQ.1) 60 T0 5020 |

RETURN- ISR S e
IF (IDﬁTA(I) 6E. 1000 AND IDATA(I) LE 5000) GO TO 50°l :: ,1"

';‘IF CIDATACI).LT.1000) IDATA(I)=IOOO

IR (IDATA(I) 67.5000) IDATA(1)= 5000 .%K,
RDATA 0. 0250*FLOAT(IDATA(I)) 25 0 B
60°T0 5030 : :

IERR=y <70 o o

- IDATA(I)= ICUH(ICHAN(I))

ﬂfﬁRnArA=FL0AT(1narAt1))

.60 T0 5030 : “*”~:“=:"E-t;ffﬁx;; R ER SR
TF (ITY2(1).€0.2) GO T0 5040 o 'ZYJV‘[_i;w..;,"f A
'DCDATACI)= CONh(I)tSORT(RDATA)+CONB(I) S T YT
60 705000 . .- L
DCDATA(I)=CONA(I)‘RDATA+CONB(I)

CONTIRUE S

CRETURN - . o A



