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A robust mult1var1able controller des1gn techn1que Is 'i~ | ffvg:

trtoutl1ned The problems encountered when applylng th1s

' ,technlque to a nonl1near system are analyzed To OVercome .

',dithese problems, 1t 1s propOsed to apply the robust

’rt;controller 1n a cascaded scheme w1th s1mple mult1loop

';ﬁproportwonal or proport1onal plus der1vat1Ve control 1n the e

”]ﬂ,slave loop The performance of thls control arrangement 1s

".f1jevaluated on a nonl1near dtst1llat1on column s1mulatlon Lfﬁfu‘f

'“»Tﬁmodel and compared to conventlonal PID control

To apply the robust mult1var1able oontroller to a p1hot,f:5*

;”-;plant dlstlllatlon column. a control system utlllz1ng an

'LSI 11 m1crocomputer has been developed The system software V‘;,}

"ffand hardware desmgned to pPOVlde flex1b111ty and a

‘f'comprehens1ve operator 1nterface..are descr1bed 1n deta1l

tf!fThe mod1f1cat1ons necessary to adapt the system to dwfferenttj;ff'

T?tf;‘control algortthms are 1nd1cated 'pfrfﬁ,gif}f‘ffﬁ”‘

The newly developed control system 1s used to apply

§753 mult1var1able rdbust control and multlloop P{p control'to a rh"*

‘:ffépilot plant d1st1llat1on column The robust controller 1s J;T~-*'

'3?used both w1th pr0port1onal and proportional plus derlvat1vertfﬁi

»_;control yp the slave loop

Compar1son of the results shows that the robust

. t'tf{oontroller generally performs b?tter than convent1onal

wuflfrmult1loop PlD control

l
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1'.; 1. Introduction |

' 7_»There 1s a conSIderable 1nterest in. the de31gn of

- controllers for mult1var1able systems [2 3] Most of the o
’;fmodern control synthesis techn1ques requ1re a mathematlcal
:».model of the process that 1s to be controlled In many

’T1nstances the modell1ng of complex often poorly understood

L ;processes is a substant1al and cruc1al task and by no means

”f'rout1ne A prom1swng alternat1ve for the control of such

f 'processes 1s to employ des1gn methods that requ1re only

';hfplant 1nput output data and not an eXp]l01t mathemat1cal

o (/
**'model of the process Self tunlng methods that have ar1sen

Uf~largely out of the work of Astrom and co workers [4- 6] have
been used successfully to control a number of 1ndustr1al

:-ffprocesses A ‘more - recent techn1que 1ntroduced by Dav1son [lll_i}

' ﬁy;rel1es only on plant 1nput output data and 1s based on the l_:a“

'j_not1on of compensator 1dent1f1cat10n as opposed to plant

.'_1dent1f1catlon [7 10] It 1s to be noted that Dav1son s

v-{t;COntroller and Franc1s and WOnham s [lll controller based on fﬁ

- ‘the 1nternal model pr1nc1ple are very s1m1lar 1n structure“."

ffln that both requ1re an 1nternal model A good compar1son of«ff

'~fftthe twoKmethodolog1es 1s descr1bed by Kwatny and Kaln1tsky ffw
v s N Py : o X ‘ : &
. [12] N & | - :

Two l1m1tat1ons apply to Dav1son s techn1que the plant“fT

ife:character1st1cs should be such that 1t can be descr1bed by a.

'fllnear, t1me 1nvar1ant model. and 1t is also requ1red to be g::t

"open loop asymptot1cally stable However, unllke the self

‘?fftun1ng methods, Dav1son s robust feedback feedforward



:plant model order - m1n1mum phase character1st1cs, et

fSecondly, the technlque guarantees a robust (w1th respec73;__

5;sma11 parameter var1at1ons), closed ]°°p-‘asymptot1ca]\y Tft;‘~'-

'rstable,‘mult1var1able system In contrast convergence and
T.fstab1l1ty propert1es of even 51ngle loop systems under

| bself tunlng control are d1ff1cult to analyze or guarantee

;-;_{.[131 s R R e

The ava1lab1l1ty of soph1stlcated computlng hardware

'fb’band the development of complex control strategles have ,ffr'f"ill

ﬁ“,tr1ggered a rap1d development of computer control systems ﬁ{yl':V

;Y;f{19 20 22, 23] The tendency is away from s1ngle maX1 }rl:*

f‘ycomputers to h1erarch1al networks of m1n1 Computers as these_ .

\.j'prov1de more flex1b1llty and rel1ab1l1ty comb1ned w1th more t*,]’

than enough comput1ng power The detalled development of one!_'p

'binode" 1n a control network is necessary for the f;.Fvg
fImplementatton of complex process control algor1thms ~j".;;j;>5
| The purpose of th1s thes1s 1s twofo]d the evaluat1on

¢

"f]of Dav1son s robust control techn1que on as realist1c plant ‘_»"

f‘dg'and the development of the tools to do so

Th1s thesms 1s organ1zed as follows In chapter 2 the

V'ﬁ'theory of robust multtvar1able COﬂtPOl lS outl1ned Thé

;d1ff1cult1es posed by nonl1near systems are 1nd1cated and a -'h'

s s1mple but\elegant way of solv1ng those problems IS

- fgproposed The chapter 13 concluded W1th an extens1ve Tf -

“fﬁlevaluat1on of the controller on a s1mulatton program

75?fﬁf_{° Chapter 3 descrlbes the development of a control system“g"

i



whlch rnvolves putt1ng together the necessary hardware and:if]“'

develop1ng the software Although the system Was developedﬁf-3“7

w1th the department s pllot p1ant dtstﬂlatmn column in

m1nd 1t can eas;

. ’_, o

| y;be adapted to other systems ,?;.

dl1cat1on of the robust control techn1que on the

dmst111atxon column An extens1ve sertes of eXper1ments

forms the bas1s for the controller evaluat1on._74
The lyft chapter conta1ns the cohclus1bns and



e

2. Theory of Robust Control

: ﬂ;s2 1 Introduct1on

A maJor1ty of the advanced control techn1ques deal w1th

. -‘.‘

“~e;1deal1zed l1near systems and are generally more complex than

7ffconvent1onal PID control and requlre 1n depth Knowledge of

tl;fithe plant that 1s to be controlled In comparwson to th1s,t_g,ﬁf

Afzf}the des1gn and appl1cat1on of a multlvarlable tun1ng "};{3ji,?

"fff;techn1que due to Dav1son 1s 31mple and stra1ghtforward

'{However,,l1ke mostkobher methods 1t has been developed for

;f1deal1zed l1near systems. 1ts performance for nonllnear ;;;,;qﬂf

Lle e

‘f'plants 1s unknown and a subject of 1nterest ;'ixﬂf??
At th1s p01nt we should polnt out that there seems to
; lfbe no- s1ngle def1n1t1on of the term “robustness 1n the j[fiu

Jl*llterature Generally robustness of a control system

Q!

'il~.1nd1cates the fact that the system performance 1s.ma1nta1ned

V;],_ln the face of uncerta1nt1es or dwfferences between plant

SR A
‘?-.we spec1fy ga1n and phase marg1ns for s1ngle loop l1near

;ﬁ;model and actual plant Usually when we th1nk of robustness, .fﬁ

B e
LA e A

| A poss1ble measure of robustness for a feedback system ;f;ﬂ
=pf:f1s the magnltude of (otherw1se arb1trary) perturbatxons |

;7'fwh1ch may be tolerated w1thout 1nstab1llty By LT
: el

B perturbatlons" 1s meant the dev1at1on of the plant transfer ,FT

'tzthfunct1on model G(s) from the true plant [141 f=w?}ftj%'f”

B

RN

"“Q,V,Dav1son [1] does not quant1fy robustness but pﬁoves

Gy -

;5that asymptotlc tqacklng and output regulatlon occurs E

) .o“ T
PSR N & ¥



irf;developeq,for l1near systems,:we may eXpect to encounter

’:Wavsome problems when app]y1ng the Robust Controller d1reotly

. character of the d1ff1cult1e!

: ‘.»1.4 i

.dhi1ndependent of 1nput dlsturbances and plant parameter {
‘"varlat1ons, as long as the plant 1s stable and 1s |

';descr1bable by a f1n1te d1mens1onal llnear, ttme 1nvar1anth'u»f

A . hd .
T A A
N L

f"rstate space model R o
- In th1s Chapter we w1ll outltne thf theory as

1Qoior1g1nally publtshed by DaV1son [1] Slnce the theory was ttfﬁ

e

X to a real ltfe nonl1near syst;m We w1ll look at the ”ftiie

and 1ts causes

Then we W1]] make a proposal to deal w1th the nonltnear ‘b

S system to make 1ts behav1our acceptable for the robust

P .

t“_controller by 1ncorporat1ng slave control loops 1n the total

f

| 'éicontrol system Several advantages to thts approaCh W‘]] beff::¥
ua» F1nally, we w1ll des1gn and evaluate a Robust
;Ei}Controller for a nonltnear dtst1llat1on column s1mulat1on

N T

’;~f»programps*? }'s»%?“if ifx*:=ff“:*tﬁfﬁqgri,_u-¢

2 2 Theory of Robust Control

2 2 1 Davison s Robust Feedforward - Robust ControTﬁerfffft
/=¥i$ﬂ

Cons1der the followwng llnear t1me \nvar1ant stable

JR*A§5+5Bu4¥REW:ffﬁi;;uﬁ”';‘"‘:":"’"'”

v " N .

< cx + Du + Fw -;y’ PR o R
y(s) (sI A) Bu(s) + C(sI A) Ew(s) + Du(s) 'df;lllﬁf}]

i@.i
ll: :







‘“7~fSteady State Dtsturbance Gatn Matr1x

ru

’\

}*feed forward controller for the system (l) so that e(t)
."(ygef ~y)-*0 as t—-co for all constant d1sturbances weRl,

.'s'land constant reference 1nputs y,ch R 1f and only 1f
St . “3,<*

e 'ranK G(O) 5 rank C(sl A) B ‘s-o~,-.
f?;hTheorem 2 .-”f'l75fnfﬁf"f'i[}f::;‘;ff%:eﬁiriﬁ3fl .
V~f__ There ex1sts a robust controller for the system (1) f.
:"‘;‘.f;such that e(t) "' (y,,cf i-}y)—'O as t-.oo for all constant

f%ifdtsturbances weRiﬂ and all constant reference 1nputs iﬂf-'

fj*fy;rtin; and the system 1s asymptotlcally stable 1f and only

ranK G(O) rank C(sI A) B lso

m}LfDav1son s T -matrtx is. equ1valent to G(O) used in frequency i

fﬂ[_doma1n techntques *!1iff

V}ffThe controllen identfflcation procedure :

If the condttlons of theorems l and 2 are sattsfted we Ffjt

7fiycan proceed Wlth the controller 1dent1f1catton We W1ll

lﬁfncons1der a controller for tracktng of constant set potnts fdf;?f

:*nyand regulatory control under constant d1sturbances,c1 e. thed;fff

‘7nf?and dtsturbances,'not for ramps.:parabolas, efcg,

“'ﬁ‘ ! |

We have to perform two sets of expertments-

Cto ftnd the Steady state Tracktng Galn,MatP‘X a”d‘ihe

e e e e :

‘&

ﬂltcontroller w1ll be des1gned for step changes lD Setlpdlnts R

T Eiﬂffilfﬂ“3@“7l5l’?"”

co"the plant |



if*Step 1 Apply an. 1nput u(t) ']; where qe-R - u # O then"
| s1nce the system (1) 1s stable 'there ex1sts a constant

'f vector y,; so that

Jim {y(t) }0 R T T
++m§ﬁf: SR T

Measure y, PRI EN R | _ _
i.;_' In-other words, measure the steady state Tesponse y, to

a step 1nput u

);f;fVStep 2 Apply an 'ndut u(t) <u;ﬂ’where u eR and T

11nearly 1ndependent of u,,u3.}g} then there ex1sts '

J—

11m {y(t) -tyt}

: {:-ooo s

Measure yz

In other words, measure the steady state responsey‘r

a step 1nput u1 whtch 1s 1ndependent of atl other step

LV .

d” 1nputs 1n expertment I

fxft{;Step m Apply an 1nput u(t) = uh, where u { ff

]1nearly 1ndependent of u ,Q;}U; then there

<<7;j ex1sts a constant vector y,, so that _jp;j,fkétdaffjﬂf;’
‘ R A S T N R S s Y ‘,V;l,




11m {y(t) - yh} = Q

{-0‘0 ‘

Measure yhﬁ;f

“hﬂ;fThen,"=f;!??

| ‘haiExpepfment II (to flnd D )
*7ff}Eexc1teﬂ VWe perform exact]y the same procedure as 1n

to.11nstead of the control 1nputs

’y"yl"?-SYat(ﬁﬁfU;y;.l;Ug)¢§7ﬁ, L

| ‘~7fIt 1s'now assumeJ that the dnsturbance 1nputs w can be f*;

Exper1ment I but th1s t1me we exc1te the d1sturbance 1nputs? j

‘h-fﬁf;Step 1 Apply an 1nput w(t) w‘_ where w eRl, w # 0; vﬁhén}ﬁﬁ{h

:} we, f1nd a constant vector_y‘ so that' i

b’“::u . n.f;”~f'a'- RS . =

\:Step a@ App‘y an. "‘P”t W‘“ =Wy, where W,(eR“ Cand W) s o
]1nearly lndependent of w‘ .W,_., ‘;‘.{”wo!— T

Then we f1nd a constant vector yf so that vti;f'?;afitt




}-2,_ = AR e S SR R EARIR SIS
Measure d T S S S I A S

'1t.Then
(V. 'Yw --vy.z)(w. 'ww EERUTE N

“and the fdfd ‘Robust controller i given by:

Cus Ty AT T [ (yyglatt

A;gwhere T track1ng steady state ga1n matr1x'u'”3“"

dlsturbance steady state ga1n matr1x;fff_fff7f

Yaef -set po1nts

plant outputs s

| d1sturbance inputs

’ “;;éf'tun1ng constant ‘ﬁfﬁ??Lﬂ;ﬁnﬁns}ﬁ7g??;3j;;§*;fjifff
_asf;iyf?denotes pseudo 1nverse?f:ff;;:ﬂ;;fﬁ?"

Canre (T,' o

'tlbffffor a square matrxx




IR

2 2 2 Feedforward - Robust Controllers and Frequency Domaln '..H
":; ( In the prev1ous sect1on we looked at the R
ﬁ:ffeedforwardz?uroéust contrdller in the t1me domatn In th1s
f§;fsect10n w;/try”to’translate some results of (state space)
cl[?robust controller de51gn to frequency doma1n des1gn "w

The feedforward {'robust controller fop a stable plant

Lo o

'fﬂand constant dlsturbances was g1ven by (5)”;L1<

e f o pldr 100, iy

- ﬁi_[T ] y,,{ [T l D w F:

*?:jAs we saw T and D can be determ1ned by some 51mple

1*"5fsteady state exper1ments Slnce we are 1nterested 1n

;waﬁrequency doma1n techn18ues, we cons1der the relat1onsh1p ‘A'f'jt

: _‘(_‘.‘

'5ffbetween T', D;. and the transfer funct1on matr1ces

’tij1gure l shows the plant conflgurat1on lffﬂﬂf;flf**‘”

fy,;Column 1 of T contalns the steady state response of the
“Ligoutput vector y to a un1t step 1n u,, column 2 the response
':ljof y to a un1t step 1n “1' etc Hence 1t 1s obv1ous that T

?f?f1s the same as G(O) and 1n the same way D D(O)

3f;§Generally, ;5‘




N

| 12:1'?

u(er—

Figuhg 1. Plant representation in s-domain |

-

v . N . . . m’;'n?"

where

t = 1,.2, ..., Gy, Bk S the multiplicity of root
K =1, 2j~.}a, B, P is the number'piidifferent

‘characteristic Fobtsyofv(2)-

. : .
“ R a
o ) -
‘e . .

£

' :fThe éame'type of relatiohship éXis{S‘for‘p:;“feplace‘G(s)'by

-

B(s) in (7). e ST

jwe_éonsider.COnstang‘%nputs and disturbances,:so equation

(3);'ﬁ‘='0,'applies;:This has one root, 1* =,0 éhd from (7)

<

we.find,



2
“py

.1;

.+ We can'rewrite (6) as

See

B
| The

i G“”sa o=em)

13

(8)

N .

u(s) [G(O)] {y,&((s - D(O)w(s) - (y(s y -Y(S)}(g)

f1gure 2 for the block d1agram

1cloeed ledp_tbansfer function iSHf fe

G(s)u(s) + D(s)w(s)

4y(s) ,
= (s)G(O) {y,ef(s) - D(O)w(s) "'(y(s)
L yr ((s))} + D(s)w(s)
 'ymr:[1+—maem)1eummx(1+—wnge)

R B +£G(s)G(0) ]"(D(s) - G(s)G(o)“D(o))w(s)

o)

(11)

When we apply step 1nputs to Yie { and w, the f1na1 value

theorem shows

lfmﬂy(t)‘ﬁ Tim sy(s):= vie? 
fro00 - ., S0 . e
o . i Y ‘«‘ A >

I A oA

A poss1ble deSIQn procedure for a constant set po1nt and

.L'

d1sturbances controller'1s

(12)

Us1ng DNA (D1rect Nyqu1st Array) and Character1st1c .



1 o)t | ol =

e v ] e —— i e

!

D e .

Figure 2. Block diagram-of controlled plant .

'tF_Locus Technlques, de51gn a controller K(s) for the plant
| fQ(s),Fsuch that the resultant closed loop system G(s)
1fstable (see flg 3) [15 16] | |
2. Using DNA obtaln G(0). L R
"'3gt”lmplement the control scheme as shown in f1gure 2
; 4f;(Tune the . controller by vary1ng eps1lon | -
i We w1ll br1efly look at a feedforward controller for
E constant dlsturbances and track1ng set po1nts In thlS case
the set po1nts satlsfy the d1fferent1al equatlon
L . L o R -

wh1ch has character1st1c root 1 = 0 w1th mult1pl101ty
A - _ T



15_'1.

he controller we need ™ '

1} '

1 G(O) o (14) -

-
n

and the controller 15 g1ven by ? 

U‘S) G(m D(O)w( s) + G( 0’ YH{? ‘s
| i"?‘G(O) G' (O)G(O) syu{ (S B N NI

See f1gure 4 for the blocK dlagram

We have seen that the robust controller des1gn

?ﬁ | technique can be useful 1n frequency doma1n design However




18

‘3ﬁflfy(s):

y:‘-_'ef'; : = e

. Figure 4. Plant with controller for set point tracking
| fﬁf1f the de51red outputs or dlsturbances follow hlgher order &ffj
};i;f;d1fferent1al equations, the des1gn becomes more cumbersome e]f
jA“*f;because we have to evaluate der1vat1ves of G(s) and G(l Vol

R Y

-;fTh1s 1s not eas1ly done by graph1cal methods s1nce we f;,;q;a

PR

waguusually work.w1th G“ﬂ)



. N

' ﬁ,'2 3 Applloatton of Robust Controller to a Nonllnear System

2 3 1 Introduct1on

In the follow1ng dxscuss1on,o1t uull be assumed that

:ffathe system}unf:r cons1deratton is 2x2 two 1nputs and

"hf}two outputs For a square matr1x [T ] [T ]

: .J»

'f?rAs we outl1ned in the prev1ous chapters we use steady state

:f“;ffdata for the\des1gn of a feedback controller %{1'7”7-7

BTSRRI

s qn 1’sf Vomwg ot T an

VR

‘L”;flf we change the sign but not the magnttude of a control :n7 .

’71nput only the s1gn of the (steady state) plant OUtPUt Wl“

fChange, not the magn1tude When we de51gn a robust feedback 'ff

.'1'.?Controller for a l1near plant bOth POSltlve and negat1ve ;:

a”f{control 1nputs w1ll lead to the same controller as we w1ll hh

| In a nonltnear plant the effects of pos1t1ve and
-tifnegat1ve 1nputs Wl]l often cause outputs to be d1fferent 1n aﬁf
* R \! ) .

| "flmagnttude as well as s1gn in that case, we W1ll f1nd two

}“'ﬁfd1fferent feedback controllers for the same operat1ng POl"t

‘dfrftof a nonlxnear plant one for pos1t1ve 1nputs (dtsturbances)

‘~,3_fand one’ for nega ive 1nputs

‘,g. R

-

The most ser1ous dlfference in the contnollers would be b

a d1fference 1n s1gn._1 e one controller would perform

=7vﬁt%f“r;f*‘

e



i
eI

pos1t1ve feedback and the other negatlve feedback In‘thatVI

Comateix TS et

. -

-~
'

case the controllers would have to be reJected for stab1l1tyf?;f
reasons We w1ll 1nvest1gate under what c1rcumstances a s1gn;:i‘

ifffg change w1ll occur The effect of changes 1n magn1tude of the'-ﬁ‘

entr1es 1n the feedback controller matr1x w1ll nOt be @f;f*itff”
con51dered o Sf;}{b-fjiifc[f-f'T:T:ffﬂf,=fﬁ{ﬂ,jf;;.Jtr}

2 3 2 D1stillation Column General

w'fffi Let the 1nputs and outputs of a d1st1llatlon column be

.

top compos1t1on

.e;~q; reflux flowrate 'fyrl

L IR
¥ A

é/: steam flowrate ??yé;}» bottom comp051tlon S

All var1ables are perturbat1on var1ables df;"l"*

| g-y;;t: change in hottom composit1on result1ng from a change '

B ff_1n reflux flowrate

onh
i

e

£




L in'*""" f;'K STk LS T -“iﬁjﬁf,fj}vfff13~bttfy,t]5t
[T ] | [ MR e e T gy
L o B e DU e STy

'“fo;where K’s are steady state ga1n parameters

If u, and ut are pos1t1ve, then y“ and Yz: w111 be

“~tfp051t1ve (1 e an 1ncrease 1n reflux f]owrate W111 cause an_ff

n*7*jﬁif1ncrease 1n both tOp and bottom compos1t1on). and %1. ‘”dfiiTﬂ

:byfyzz

w11l be negat1ve

'ngenote the steady state ga1n parameters for pos1t1ve 1nputs }

/Ebiiaw‘th a superscrtpt P

" v K,_I are pos1t1ve and Kn v Kzz are negat1ve

| "7€[1f u‘, and “z are negat1ven y" and yz, w11] be negat1ve

"ft&fand yii and y12 w1ll be pos1t1ve but

,“' K" K” are pos1t1ve and K,i,,K are negat1ve

g ff;Ergo, the entr1es 1n the steady state ga1n matr1x have the

tih;nsame s1gns for po$1t1ve and negat1ve 1nputs But for control

: ﬁiif?we use the 1nvense of the steady state ga1n matr1x

.‘fV;The entrtes 1n the 1nverse of the K matr1x W111 have

v.»- .- o

55ff;oppos1te s1gns of the entr1es 1n the K - matr1x 1f f'y fﬂfflﬁ

s1gn( det K ) # s1gn(det K )

‘“3fWe w111 now 1nvest1gate what the phys1ca] meanlng of a s1gn ‘

i "’“qjchange 15 ' “?:niQ°53ﬁ?%?§5;fQ?jn;f:ijg€;”[g}f?5fg@f}:f‘fiﬂ

”V’f};Cons1der det KP :




.20
. From steady-state data, 10%‘change in inputs we find, .
det K” > 0 | B T TN ’(2'1' )
,~P. -~f~g{r'ji;;»i-?a ”w.,jzj'i?,‘ o
“ﬁg Tak1ng the s1gns of K’s 1nto account we can wr1te (23) as 2

'”;Q7The parameter r 1s a ga1n rat1o and can be consxdered as a ‘Xf
"*'fmeasure of select1v1ty R o |

> 1 means control 1nput 1 affects the top product dngJ?f

f-ficompos1txon stronger than the bottom product

'*Tffjcomp051t1on.g,'ffyg@f:”;itf'“'“”

1 means control 1nput 1 affects top and bottom productifff

s con'pos1 t lon equa] ]y strong, . [

H&ti?ffb?{< 1 means control 1nput 1 affects the bottom product
: J'fficompos1t1on stronger than the top product comp051t1on th;i
riié}Express1on (25) in words isi np ' .,“'fﬂt., i ".'ﬂ'limifa
for positive control fnputs, the select ivfty of the steam

S f Iowrate llnput 2) for the top product compositlon is;_

Sf"‘Onge’" than the Se’ethVIty of the reflux f lowrate for the
._';'I‘:f_.},_.'-”_':"ftop produc’t compositlon ' R T




'*EfohgnegatiVe inputs*we,find;' |

"t?ExpreSS1on (28) in words 1s

PRCI W .

‘..ﬂ;%';sggiff-glt”f?i. (279
Gl R R

' jifon negative control lnputs, the selectivzty of the neflux

°aaf;;flowrate for the top ppoduct compos:t;on is stronger than

P '*'the selectlvrty bf the stea?n f]ownate for' the top pr-oduct

//We see that the empha51s 1n the respdnse has changed

“hf;fﬁnow the most effect1ve way of 1nf1uenc1ng the top product

B y

T'iiK pos1t1ve we expect the case of det K 0 For a 11near

‘aaﬁcompos1t1on w1th as 11tt]e effect as posswble on the bottom 1f

@

fth;fproduct compos1t1on appears to be a change 1n reflux "ﬂ7

Somewhere between the s1tuatnons det K negat1ve and det

°7tjf7system th1s would mean uncontrollab111ty s1nce the outputs

'\. . "\h

-{fbjfwould no longer be 1ndependent 1 e y,vwould be a muTt1ple

'v“rnof y2 for every comanatWOn of 1nputs However. 1n OUP

e

,“f'gnonl1near s1tuat1on det K 1s notfﬁ

‘dependent of the s1gn

and magn1tude of the 1nputs and we cannot speaK of

'*"dependent outputs for every comblnatxon of 1nputs

Therefore,_1n this case the occurence of det K 0 has only




-

4 -

mathemat1cal 51gn1f1cance

1nd1catVng a po1nt where A'

m_.22>‘

Dav1son s synthes1s techntque 1s not appl1cable

S1mulat1on and exper1mental data elsewhere 1n th1s

J'fflplant exper1ments ffg;cf};l'M””

Some open loop exper1ments were performed on a

f“fjsz 3 3 Dtst1llation Column Numerlcal Examp1e

'1tthe31s w1ll show that we 1ndeed get a 51gn change in
7fcontrollers<des1gned w1th Dav1son s method 1f we use ii

'”lif”negatlve 1nstead of pos1t1ve 1nputs and d1sturbances 1n the T

ﬁ5iw{nonl1near dtst1llatton column 51mulatton program (see:j5j} J’Q}

- firate,,the outputs were top product compos1t1on and bottom
'f:product compos1tton IR e .

"ﬁl[g41t was found that for p051t1ve 1nputs

- R
]

"

R R af..:u-h
= |
"

. T
- - _ :

~or
N L

.s.i

0788 2.765]

r3;981;fl

1.896) -1
_2 73tﬁih;tirjfgfffﬁfffo ;

| J7%fsect1on 2 5 2) to 1llustrate the effect of nonl1near1t1es
E \

'7fffThe 1nput5 1n th1s case were refl%§ flow rate and steam flow
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" and for negative fnputs:. .t T

1. 291 0. 991 {1 200 0 Y1) -t
2 335 12 456 ;__f%ﬂf{f33 97'"f;ij,'

[1.087 o 680 e
'![*=1f939;i31543{:4;35§5-;{?

s313035553§7u72f;f€ ij?ff}7?ff5fffj;-f17 7lh}{ ffi§ff:

"
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n .

I e 1. 095 0. 087
";; ;3;¢,g¢,«;;~;:;; . 247 -0, 137
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' ".l2 4 Mod1f1cattons for ‘a Nonlinear System

o As we' saw an prev1ous sect1ons, the nonllnear behavrour S

~;{of plants l1ke the d1st1llatlon celumn maKes d1rect f“;'

l’ilhappllcatlon of the robust controller 1mposs1ble because the A

"controller des1gn g1ves amb1guous results

We suggest a rather s1mple but practically useful

',jpmod1f1catlon to extend the appl1cab1l1ty of the robust

‘nlgdes1gn techn1que to a larger class of processes

Ut1l1zat1on of s1mple mult1loop proport1onal or

"*fif"proport1onal + der1vat1ve control for a typ1cal plant

: ”“”?ﬁfach1eves two very 1mportant plant charactertstwcs W1th the«ffﬁt

L fﬁﬁfystable and secondly the assumpt10n of llnearlty 1s valld

: !;correct cholce of ga1ns the plant can be made asymptotlcallyf‘

vVTf:}over a w1der range of operattng cond1t10ns than the or1g1nalf;tf

’v'{plant due to the effegts of K 1n the forward path and the

H“ilfhunxty ga1n feedback loop The robust controller cgn be [;;;'f“fﬁ

’vﬂfsynthes1zed 1n such a cascaded scheme and lmplemented as a yff'

' fffmaster loop as shown 1n f1QUPe 5 The slave OP 1nner loop
: ”fticon31sts of the or1glnal plant w1th multlloop PPOPOPt‘ona] ¥
*f;%;feedback’ga‘n K or proport1onal plus der1vat1ve_feedback

t"ftlt is not p0551ble to have mult1loop PI control gn the 1nner

}'i-foffset 1ﬁ“the outputs and result 1n {T 1 z 0. suggest1ng

ﬁ”ltf?;non ex1stence of the robust controller [1]

v‘fﬁtadvantages F1rstly, the proporttonal feedback act1on may

‘/l_or slave loop because thls would el1m1nate steady state ] ”759

The above suggested cascaded scheme has hree .

~fmake the plant appear more l1near,‘_.e}; the excurs1dhs due
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to set po1nt 1nteract1ons and d1sturbances are reduced The fﬂgc

Theorems I and II of Dav1son and the resultlng algor1thms 'E-T”

'fyl;i‘ 11near1ty assumpt1on can now be cons1dered to be val1d and

can be appl1ed to the augmented ’11near phgnt

‘*“;?vglghe suggested@conF1gurat1on 1t 1s poss1ble\to deSIQn the o‘

Secondly,¢,ﬁ,ﬁﬁ

robust confroller for an 1ndustr1al unit w1thout hav1ng to '

The nOrmal




K, is the der1vat1ve ga1n

= 26
-
steady state input- output data would be sufflc1ent for the n

e

controJler de51gn Thlrdly, the plant 1nherently has analog

4'bacKUp in the form of proport1onal (or PD) feedback control

in the evént of a computer failure. The twovJatter features

~are very 1mportant for fleld 1mplementat1on of advanced |

°

1.control strategles on 1ndustr1al plant unlts

o

,¢For a plantcdescrlbed by eqn. (l), the augmented plant

Wlth controller, u = Ka - Ky, becomes

(A - BKC)x + BK( + Ew.

>xeo |
T

y = Cx e = L _ ] (29)'.
it is'the‘set point,for tﬁékglaVevloops . o

. RS
Thus the mod1f1ed plant is characterxzed by matr1ces (A- BKC)

A .

=R BK=8, and E = E.

S

~In case Of_PDfslaVe COntrol,jthe'augmented plant Will_

be slightly different. The conffol law is: =~ 7
u‘:-Ky-Ky+Ku . - |
S - KCx - KGR+ KO B (30)

where‘K 1s the proport1onal galn in the sléﬁe loop and

0

lThen,

-k = Ax - BK, Cx - BK Cx + BK u + Ew _ |
(14 BK, O = (A - BK, Ox + B+ B0 {31
k. l1 + BK,CI (A - BK, C)x + [1 A BK,C T ‘s, G



-

07

P Ll BKCTEW - o (32

Rewritehequationil3é)‘as;f
\~ X -,Ax + Bu + Ew | 7"-of.f}- v'_'f ‘f;; {‘.-‘f'ym5133)1t
o guarantee ex1stence of a robust‘controller for.the.~wv.'£'l
t mod1f1ed system, Dav1son s'results 1n terms of A § and'gj‘tﬁ
. can be restated as follows | W ” M
. Theorem 1’ | | | .
| If the dlsturbance w 1s measurable then there ex1sts a-

feedforward controller for the augmented system (29; 33) so
. that e(t) = (yvef - y)= 0 astse for all constant 4' |
) disturbances W e R"l , and constant reference 1nputs ng{‘R e'jf}
if and only 1f | | | . -
rank G’(O) rank C(sI A)

Theorem 2/ 1' L fs' L%

There: ex1sts a robust controller for the augmented

1
-

$=20

Vsystem (29, 33) such that e(t)-+ O as t-v oo for all constant
d1sturbances We . R4 -and all constant reference 1nputs
}.yytg e R vand the closed loop system is asymptottcally
| stable 1f and only 1f | i o

~ rank @ (0) = ="rank C(sI-A) B| =
Theorems 1! and 2 areielementary;extensions ofr;
‘Davison's: results ll] | o | . | R
f‘Hav1ng ascerta1ned the ex1stence of a. robust feedback

g feedforward controller, the f1nal controller is g1ven by

. v
1



‘."_‘Whererl:’lf Gl(D) and;D C(sI A)'“g and E.> Q.

.'~c'frequency doma1n v1ewpo1nt the controller matrix [T ] '5435;57“

| .It 1s 1nterest1ng to note that blocK d1agram
‘T man1pulat1on of thlS scheme shows that the overall 'robust'te"ﬁd
. ’control scheme 1s 1n fact a multtvartable PI scheme as can
dfbe seen from f1gure 6 Not1ce also the d1fferent amount of

.‘proportlonal actlon taken oh the’ y,e{ and Y. s1gnals ,From a'ff}f”

hs1mply a steady state decoupl1ng matr1x

»2 5 Evaluation of Robust Controller on a Slmulat1on Program lﬁlig
2. 5.1 Introduction S e e E
N In th1s chapter we w1ll descr1be the des1gn and |
‘ta1mplementat10n of a robust feedback feedforward controller“
.v_lon a nonllnear dtstxllatlon column s1mulat1on prog:am ”y _ _
- F1rst we w1ll have a looK at the program 1tself and the ;_f

.‘lway the slave Toop. control was 1mplemented

Then we w1ll des1gn a robust controller for the EV

L

Ah;d_s1mulated plant and f1nally we' w1ll tune the robust

af controller and compare 1ts performance to a convent1onal PID

"econtroller ,:if ; _f”Jth?gyglffjtli_gi[;_'e~_ﬂ"¢§ff'
2 5 2 The Distlllatlon Column Simulation Program |
| The s1mulat1on package that was used 1n tth study is
”an extens1on of the ortgznal programs that were developed by ffn

“‘-Svrcek [171 to model the department’s p1lot d1st1llat10n

3 -_lo ',/’ .
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"*;SOT}‘t
= The model 1s nonl1near and based on mater1al and energy o

Tufibalances Because the model presents an adequate

| ‘j;;representat1on of b1nary d1st1llat1on column behav1our,- t[;fﬂ{;
"G*fls the' most useful tool for evaluat1ng controller behav1our;fh‘v

t37lshort of actual plant 1mplementatlon Due to changes in the';ﬁij;

'tfequ1pment and operat1ng cond1t1ons.of the p1lot scale

‘fjfd1sttllatton column (descr1bed 1n part 4 of th1s thes1s)

.';;};wh1ch are not yet reflected by the s1mulat1on programs we

dfdo not cla1m that the model accurately presents the dynamlcsif?ﬂd

’;;of the p1lot plant d1st1llatton column Therefore the

;s1mulat1ons and exper1mental evaluatlon should be seen. as;f'r"'”

'-fltwo separate ent1t1es

In f1gure 7 we see the proposed 1mplementat1on of the

T“-;ﬁrobust controller Note that the proport1onal controller in t: a

7T*T7rthe shave loop lS 31tuated in the feedback loop and not 1n

;{:the forward path as or1g1nally proposed 1n sect1on 2 4 The ffldj

-;:;reasons for th1s are

vflpt;iTDn a. real plant one could have a conventlonal |
' }Tisgfcontroller, tradit1onally located 1n the forward path

;V:]whlch provxdes analog bacKup in’ case of a computer

fymgfa1lure The 1nputs to controllers 1n the forward pathsff?”"

’;ﬂfwould be set po1nts (In our s1mulat1on program we omtt:f;;:

'ﬁfffanalog controllers for backup )

}?;ifét:;The obJectlve of the SImulatIOns was not onlyfcontrollerf*fif

5¥L;ervaluat1on but also fam1l1ar1zat1on WIth th

’*lfifd1st1llatlon column dynammcs In the open loop case the ;fﬁfj
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SRR D(s)

B LR e

' ‘. 31 i
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i?;i?rf}jeTIf

7*thdlstxllate flow rate (top product) and rebo1ler steam

':J'fﬁthe 1nputs are set p01nts for tOp product composxtton

R
~

“”fﬁicontrol lnputs for the d1st1llat1on colu% ﬁahgff?i}_ﬁf;j%,nf'f

tﬁfflow rate In the propOrt1onally c0ntrolled closed looptrt’“dl

}‘Lfﬁf:case w1th conventtonal controllers 1n the forward paths(}i}f?

: xft;fand bottom product c0mpos1tton W1th the controllers 1nfﬂlﬁ%}

'it*rt;the feedback loops the 1nputs w111 rematn in the same 7ﬁ&5{"



‘v{w :

}t:%;Feed 'hi flow rate 18 055 g/sec 50% methano]

V’f;iSteam.jff flow rate 14 577 g/sec'ffgfmf'

t;dbbtibwtlééb 1nput

l eng1neer1ng un1ts (d1st1]1ate flow rate and steam flow _]*'ﬁ'

rate as 1n the open 1oop case) We felt that th1s p'

3i‘allows us to better demonstrate the 11nearlz1ng effect

%'*“ of proportvonal control and also the responses of top

| and bottom comp051t1on to d1st1l]ate flow rate and steam ffffi

flow rate rather than set po1nts gave us a better

1ns1ght 1n the co]umn dynamlcs. espec1ally the

A

1nteract1on patterns

Note that 1n thls f1gure T w111 be d1fferent from T

’ -1. f1gure\5

In the s1mu1at1on programs, the contro] loops are

"ffitop 1oop 1nput d1st1llate flow 1n grams/sec Afif »,ffr'-i’

output top product compos1tlon 1n

w"1ght fract1on methanol

‘ rebo1ler steam flow rate in ;iJ“

_ . 's:rams/sec | d e ___’“~ |
output bottom product compos1t1on in .

| we1ght fract1on methanol rfv?p”i'

. 'l‘ .
’-O

The steady state operat1ng cond1t1ons are

”hfde1st111ate‘ flow rate 9. 025 g/sec 95 986 % methanol
t,uggsottom ”ff flow rate g 030 g/sec,_ 4 280 % methano]
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h-»f¥2 5 3 Controller Des1gn

As was outltned 1n sect1on 2 2 tHé*habhét?cdhtfailéE?;.-;[gf

.Hiﬁffwas des1gned fQP 1lnear systems On certa1n K1nds of

‘ﬁhijtnonl1near systems we have to use pPOPOFtlona] feedbaCK

il%ftcontrol f1rst to l1near1ze the system behav1our (see sect1on ”ftﬁ

2, 4) We w1ll try to des1gn a controller for the fjff"f“ﬂif”""““

'thfd1st1llatwon column model and show the d1fferences between a_ifff

‘ff;}fplant w1th and WIthout a proport1onal slave loop

The experlments that are requ1red for the controller

"1ifdeslgn were f1rst performed on the open loop plant model

'-tftDlStPFBanQthf;;:1Tobléompo§ftioﬁfﬂfﬂgBoftomfoomposittontf?"'”

"'ltf+5% d1st

P ,'\,' N
e T N " ol .
ooy

ie,Sséﬁ’ | 96 221%;[{?fu;;u{ﬁf}_;a.233{%;7*fj;ﬁil

_ﬁ_;?*+5% feed
%ﬁj“f—s% feed

: 9476 9421-8% REUES
*3?S74jj;ﬁ€j,féslaaa;%f;fg;ﬁjfpi. 8 oos %

3 35-5% dlst

;{{;5+s%>steém- 15 3os;fj;;f1j§éfda77j;ff;gfs;,l*j
. -5% steam= 13, 848}?;);[;395 6 %

hit?jiSee also append1x B plots 1 and 7}93T:““ﬁ"“'<1“ﬁ

““f From these data we can des1gn a



v f_-j(_For‘ p051t1ve d1sturbances, -

'_' T-e. .80 -9 80
""-_jf_%-_ 89 7 ._-55_9

\
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S0 distillaﬁe flow e U
o —

composition

steam flow ff_*

" Figure 8 Plant with slave control |1

_where: .

';jj‘sff;j'T;’{'4'4 105 -9;804,,_,}t=jﬁio@oos
~zv,_;n,;,priy; »ege e

”‘i‘Bbttcm

i‘if77efﬁ;;f3t5f;ff3'eezf'
"olo.otoso) T

,.“ e

”%77;fithe average of pos1t1ve and negat1ve exper1menta} results

B
'7”and,uv

3Hff£5Th1s controller was 1mp1emented in a dwscret1zed vers1on T

T R

3Hf?7fW1th sample t1me 128 secs 'itfff?ﬂfjff;fgiffffi’

R ,.,.."_ Gl e

*’]3212 5 4 agﬁust Feedback Feedforward Contro1

The next stage after desngn and 1mpl

“1?:7:3controller 1s the tun1ng. done bY manlpul

ementat1on of the

at1ng eps1lon 1n

3“¥ffiequat10n (35) J,The tun1ng was done for a -20% feed flow

?,Q”;*disturbance because the pr1mary obJectlve_1s' egulatory-A19§]Q]H




1f’fcontrol of the d1st1llat1on column D
3‘h@flhere are well tuned convent1onal mult1loop PI and PID

'\<controllers avatlable that are tuned for the same._fjl}f~l~'

"
Ity

wﬂperformance comparlson was based on the

ﬁdxfntegral Absolute Error (IAE) for 19255ff$ﬁguaf

; ontrol w1thout feedback (D 0) the tunlng'“ifltffffil;

. \_.‘.

::llsted 1n table 1 i
sults were ach1eved for epsxlon 0 0008
‘1nclude feed forward actlon 1n the robust f ;?f53i7f%*

d}the tun1ng results are as outltned 1n table 2

S 4 e

<etthat 1n thlS case‘the control 1s best 1f the L

'ffffrobust ¢ ntroller has feed forward control only S1nce the 'f':f"

f“?ﬂgparamet;” | *t1me 1nvar1ant feed forward control 1s
©ideally]

5ﬁf1fhave to compromlse to-get real1st1c results We chose \

lf?;ld1strl“' vcolumn model 1s completely no1se free and the

A_ftetho handle load d1sturbances Obv1ously we |

'fﬁf{eps1lon O 0003 to cont1nue the s1mulatlons for the robust g o

Lﬁ];ffeedback feed forward controﬂler ”gﬁﬁg“"”"'"*"~“

1ff?f2 5 5 Comparlson to PI controllers ff:fﬁ?hﬁff

;To_evaluate the performance of the robust confroller wef; e

flqwuse well tuned convent1onal mult1loop PI controllers on the 75 o

jﬁg;?same plant model for the same operating condﬂtjons



ST

_;G'?llmif»e Table 1 | |

S o .Tunlng of robust feedback control]er 3;t;1571:;f‘
- e "R»N[epsiﬂgn fiu'“tOP'"'itfbettdmﬂ__ f,_
“i 6xb0663'?f?ﬁ23 5 ;62“8 S

0.0008 - 20.9. . 487 .wﬂﬁifrt~
0. 001Offf7ai23 aﬁ?5fﬂq49 8 SRR TR O

kL R

zi”ifToﬁtﬁgfof robust feedback feedforward control]er o
B "e‘p’si ron* noo ;top‘ P ,‘_bo_‘ttom.,v e

olooos 102 p2ls
’HF:Q'0;00027;3w}75 R Q”{+fﬁ21 B;fTQrd'ﬂg';_‘k

G CRALY iR

tfb o

| The PI controlﬁers were tuned for 5.320% fEEd flOW ;{ti
ﬂ§?;bf;gi;d1sturbance the controller constants are ' t, -v\ -
S ”'f top Ioop .;JKV-;QS, 1ntegral tlme T 1000 secs
e “__t*'bottom loop K 80,}1ntegral tgme T 1450 secs
.'*’7'fti:Table 3 glves a comparvson between robust feedbacK and PI

Et?fﬁf??control ‘1}159""?535i153if3;ﬁ\ ﬁ{_;#y;- '

O |
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e‘ 39 ,

Tabled.. el
Robust feedbaek control vs RIt¢Ontf°]zf. e

SO disturbance*'V_ s ,top bottom T ¢op bo&tom ‘,j Sl

. v20% feed Flow . . 171 514 .:19,0 575
L RO feed flow ' . - :20:0 ©48.7 . 215 488, T

ol LT e

hxffff+l% top compos1tlon .;fff4Q4]*v
'*;a;-l% top compos1tlon o 9.8 12

e
w
o1

_39;{+1A bottom compos1t1onf?f5f4 14”3)”tj;%fﬁé;7}510 5
'1;93;l%¢bottomdoompos]tlon;};410 10 8@p§ﬁ;;a 2 9 8 6

'"”f‘flfffffslll 144 SfrA' 59.9 AR
T s 224 o

e ot Mf S

ﬂffiused a PI plus feedforward controller foricf:_arlson In :;fttgtl

&;:th1s controller we used the same type@of feedforward actlonfag
7:h:as 1n the robust controller. 1 e. we added t° the mU]t‘IOOPh}AL
_itfpl controllers the term -[T ] D w where W 1s the feed flowf:jf
,{?hrate and D and [T ] are the same as 1n equat1on (35) _ h§in5?
j-"",Z.'IT;:F’erl’ormance compar1son ls g1ven 1n table 4 ,U 4“’”.ﬁ\":“
1f};Append1X B plots 11 and 12 show responses fori-20% feed flow

ﬁiﬁd1sturbances ‘tf»h;fgffh"°‘“"“”

ff?iln the robust feedbaoK}caSe_we f1nd th§§ the robust
J&‘=j]ffcontP0]]er 13 s]1ghtly better than the PI controller except




_.Table 8,
Robust feedback feedforward VS, Pl+feedforwaro
B i ST robust Pl .
disturbance - ¢ top bottom top bottom.
420% feed flow . 6.5 21.7 7.2 22.5
-20% feed flow 3.8-. 11?7\ =N 13.1  29. 7
'+1% top compasition - 3.8 11.7 . 6.2 25.5
.—1% top comp051t1on 6.3 11.2 6.6 -13. 0-
+1% bottom comp051tlon 3.8 11.4° 3.7 10. 6
.-1% bot tom composltlon 3.6 9.8 2.9 8.6
| ' 33.7 88.0°  39.7 109.9

o 12157 ;?J

149.6

'If we add feedforward action to the%pontrollers, as

shown - in table 4, 'the-gap widens.

The robust

feedback feedforward controller performs better than the

40

| PI- feedforward controller for all load and set po1nt changes ,‘

‘except set>po1nt changes for the bottom compos1t1on, where

'the d1fference 1s m1n1mal

If we retune the PI controller after add1ng feedforward

"change 1mproves with 1ncreas1ng 1ntegral t1mes (1 e.

:decreas1ng 1ntegral actaon)

In fact the absence of no1se“

,‘ .

“}1 pontrol we find - that. the controller performance for a. load

xand parameter dr1ft in. the plaq& model allows us to drop the

-1ntegral actlon completely if we have a good feedforward

'controller But then the Pl controller performance for set

*»p01nt changes deter1oratés sharply We have not found any\

- 5one Pl controller with an overall performance surpassing the
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-rbbuSt.controller~performance.

2 5 6 Add1tion of Der1vative Act1onx o |
It might be poss1ble to. 1mprove the contrcller"
."performance by add1ng der1vat1ve actlon to tthe controller

'l“Now the control algor1thm (35) w1ll be mod1f1ed to
= {y,cf -nw-ej(y y,,()dt}

where ; Ki {0“ | o s
| K‘7 = -[0 KJ - | “
'and kg' -(k u )/Isscﬁjd " is the der'-i'v'ati'v:ert’ime/for. the

'AWe ba51cally used the same robust controller as in sectlon
'2.5.5, but we added the der1vat1ve act1on and tuned the
"der1vat1ve t1mes for a -20% feed flow dlsturbance -For th1s
case the opt1mum derivat1ve t1mes were 110 secs (top loopl 1
and 180 secs (bottom loop) For comparlson we used ‘
.multlloop PID- plus feedforward controllers, tuned for a 20% :
,feed Flow d1sturbance PRI o ,__"l X
t0p loop: ,K;é»QSAVE-= 2500'secs;~lg=‘éoisecs.
bottom loop: K= 80 T,= '3ooo-se'c's@_f4 =’1'2'o‘se¢s*._

See table 5 for the performance comparason.

| Append1x B plots 13 to 18 show load disturbances and set

"b p01nt changes for - PD robust feedback feedforward control and
for PID- plus feedforward control. N | | |

"Agajn we see that,_as before “the overall performance of theg

. w :



i

= "ff'+20% feed flow&fl7' f’I1f5; :
o -20% feed flow -

7

h,ff 1Y top compos1t1on‘;l»“_4
'J"-1% top comp051t1on_¢;nﬁ,5,
2

2

r +1% bot tom compos1t1on
) “'-1% bottom compOSItlon -

~ controller. .
k 2 5 7 Conclusions L

g fcontrol 1s a_

o UPI(D) contro

f_;islxghtly better

42 "

DT ]if : r,f Table 5 L 'faﬁfffkg-‘ffff
R " pD- robust + FF vs PID+FF o |
e robust '.\ - PID

“»’7fnd1sturbance f:’f‘o;.;re top- - bottom L top bottom

: *f18 9a¢[~ff‘ o

—
(O

_”45ﬁ
- 22,
9 9.
5 10,

280 1280 .
7‘2 . :\ 152.0 N

A}

r,owcx%cb-*

;pwuamfawv

R

o
*

lo i< h?a>--e<='

w

e

-v_'robost'controllerflsibetterfthanlthe cohventional:PID;w

f

The prev1o c sect1ons proved that the thesls "Robust
least as good as or better than conventtpnal

s

.f 1s JUst1f1ed even for a nonllnear plant

For the ‘re 1mportant load changes wh1ch would occur

;l” reQulatory controlled s1tuat1ons, the robust controller
.tSUPPassed the conventional controller 1n a+{/s1mulat1ons

: “For. set pount changes we saw that' for top compos1t10n e
",fchanges generally the robust controller was better whereas R

- 1;for bottom composxtlon changes the PI(D) controller was

TN
ol
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The fact that the s1mulat1on programs are completely

free of no1se and parameter dr1ft posed a problem 1n the l#ja“%fl=*

tun1ng A well des15ned fEedforward controller w1ll br1ng

ff;difthe output var1ables so close to thelr set po1nts that

D‘

1ntegral act1on 1s hardly necessary to reduce the offset
the best 1ntegral act1on 1s no 1ntegral actron |

‘:“?’?qf_ Rather than spendlng much effort and t1me on bu1lgw%g

| fwu,n01se and parameter dr1ft into the s1mulat1oﬁ programs we f{5‘

' dec1ded to use the results as they*are because
"“.hl we rather spend some extra t1me on the more realnLt1c

pllot plant evaluat1on as outl1ned 1n chapter 4

° 'l‘" B \

'5Ht3 2 Both robust and PI(D) controllers suffered from the samef“ff?ta

‘;ikéi’" problem so the compar1son 1s st1ll valld

”'{fNot\reflected 1n the s1mulat1on results 1s the tunlng effort;fsef”ﬁf

‘}‘fiffWh1ch'uas cons1derably less for the robust controller with
‘ﬁ"7ijﬂonly one tunlng constant (eps1lon) vs the PI cohtroller fofftﬁ
’Vf:fw1th 4 tuning constants el "t'_f  | jv" _”‘_' .
’ -: Ihe results as presented 1n this chapter just1fy and
| Ehfjttstrongly encourage a more realtstlc p1lot plant evaluat1on

»“">fi?fof the robust controller v*fi?"" “*fffi{ﬁfﬁﬁf;ff*w&7d’ o
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In order to apply the robust controller as descrwbed 1n\

iflthe prev10us chapter to a p1lot plant d1st1llat1on column we

E "Gsneed to develOP a control system. J e putt1ng the hardware vter‘*

g jftogether and developlng the software S1nce small and

:spowerfull computers have become avallable there has been a\
_t:,tendency to use these m1n1 or M1cro computlrs 1n a netwopk ff“
’lfflto 1ncrease flex1b1llty and rel1abml1ty [19 20 22 23]

- l Th1s chapter descrtbes the requ1rements for a proCeSs tfﬁtjf;

~ control system of the type involved in this study. Both.

*]fw;‘jhapdwape and software requ1rements of the computer control

:V.fsystem are cons1dered

In sectlon 3 2 the hardware conf1gurat1on of the

:ﬂ{?Control system is: descrtbed together Wlth hOW ‘t t1es ‘” thf;ff?r

u'1:w1th the esttlng ,nstpumentatlon and the d1st1llat1on

a'if'column Th1s is followed by a descrlptton of the ]oglcal

"thsetup of the complete COntrolled system, 1 e wh1ch tasks

'iiiare s1tuated 1n whtch computer and why The development of

%

’fff?f}the Qicrocomputer software 1s descrlbed next ‘fjfg"3]f.pé*7f e

“7f;{_ffleX1ble and modular This aspect of the system de51gn is

The software control sxﬁtem has been de51gned to be

";?glfalso descrlbed in th1s chapter. ife; the amount of effort

tfjfftnvolved 1n maklng changes 1n the programs The chapter 1s

‘1“f{faéconcluded W1th an evaluation of the newly 1mplemented total

;?f?ffcontrol setup




h:d[3 2 Requ1rements for the Contro] System ‘sznfff'?v*f

s fff"'The

It 1s 1mportant to con51der the maln requ1rements for 3{7'r“
S aiﬁﬁcontrol system software package for a Un1verstty researchwg;;n;t}a?;

'"[ff;env1ronment as opposed to an 1ndustr1al system [18 20]

maln requ1rements are

f“»fperform s1mple convent1ona1 control (PID)

':;'fjprov1de suff1c1ent data acqu1s1tion capab111t1es,g’f"'ﬁ

L”;gprov1de an operator process 1nterface v1a a CRT console;ltF:~"

:teaS11y changeable control subrout1nes.jf

”dt7f;no l1m1tat1ons (except program 51ze) on the complex1ty :

"fi?fof control algor1thms that can be 1mp]emented i, e anyi]*t'

'ftfalgor1thm that 1s Fortran programmable and does not

”f}.requ1re excess1ve computer memory can be used

ifﬁieasy on 11ne changeab111ty of I/O parameters in case off;f[nfng

"37ha system reconf1gurat1on

d1fferences w1th an 1ndustr1a1 system are ma1n1y

ihiAn 1ndustr1al system 1s generally 11m1ted to a number,of{jrf]v%°

”1*ﬁfff1xed control algor1thms e~f}§‘? f“ytffggffﬁt}r*f

;LfIndustr1al systems place heavy emphasis on alarm d1sp1ayfh“"
;ifand acknowledgement e :' L _'_'h: EaE
;&;In an 1ndustr1al system the operator ls not requ1red to ff;f;iif

;ffmake on l1ne changes 1n I/O conf1gurat1on

:t;Operator ,nterfac1ng 1s done through functlonal push

tj;ﬁbuttons on a. spec1ally des1gned console rather than a ks

_:idinhfﬂregular teletype keyboard and a termlnal

requurement of on line changeab1l1ty of I/D papameteps e

R

»\"7ff;also assumes that all 1nstrumented measurement 51gnals are f;f:ef:;




"-}2htgﬂy'll46_;glv: _

phy51cally connected to the computer s I/O fac1l1t1es so

that read1ng those s1gnals requ1res only software changes ff}f;* i

3 3 Hardware Conflguration of Control System

‘ﬁ'7-need to cons1der the 1nstrumentat1on of the d1st1llatton

All flows are determtned by mepsur1ng dlfferent1al

pressures across or1f1ce plates The d1fferent1al pressure

f7jf s1gnals are converted to 3 15 ps1 a1r s1gnals by d/p cells Vu&hs

To get an understand1ng of the system conf1gurat1on we j:fhfffff

(d1fferent1al pressure cells) The 3 15 p81 air SIQnals are ;,Tffl'*

normally routed to both pneumat1c analog controllers and P/I;f%,’” o

(a1r pressure to eﬂectrtc current) converters The currents ;Hf“"*

from the P/I converters are converted to voltages wh1ch are ;;T'T'
hooked up to the analog 1nputs of the LSI 11 B
.”: . All temperatures are measUred by (type d)
thermocouples The electr1cal s19nals from the thermocouples

_;1 are connected to both a Honeywell temperature recorderxand a

L R __é'si:v

low level analog 1nput module 1n the LSI 11 .tﬁfuyi;fff

Pressures and l1qu1d levels are measured w1th

d/p cells The 3 15 ps1 a1r s1gnals from the d/p cells are?;vfsf* :

connected to P/I converters The currents from the P/I i‘{f{g“jfﬂf

converters are after convers1on to voltages, connected to$\:*=ilV~,a

the LSI 11 analog 1nputs

The tOp product compos1t1on 15 measured w1th a gas:fiifn;;;-_e*

chromatograph (GC) whtch automat1cally samples once every f}ffttgbfie

three minutes The GC analysls 1s betng done by an HP 1000?};31'jﬂ=@




j’"fto the LSI 11 (through an’ﬁS 232 ltne)

| ”';f;analog controllers

e TR

"“"{;T?(f1oppv disk systen) .

f'lgg_;{:w;““>531gg_*~.;gff47;.f?fd

"i*computer Th1s computer produces a GC report whtch 1s sent

| All controlled var1ables on the d1st1llat10n column aref{t{ft
”fl*},_flow rates These flow rates are controlled by conventtonal ff7ffﬁ

'“_,lifpneumat1c control valves whtch get thetr 1nput 51gnals from ;fiitf

: v’ " ! ‘-:.

"t;The set po1nts for the analog controllers are pneumat1c

#

”"'551gnals from e1ther manual valves in case of a local flow or}@iuf{

level control loop, or from I/P (electrtc current to a1r

tiutfrpressure) converters in. case of computer controlled loops

‘The I/P converters get the1r 1nputs (electrlcal currents fif
» 510 50 mA) from Current Output Stattons (COS) whtch 1n turn %
. 'Tifget thetr 1nputs {0- 10 Volts) from the analog outputs of thefd}{f"

m"'fLSI 11 See f1gure 9 for a schemat1c dtagram Wlth One >“;;E§7"*

icontrol loop

The LSI 11 1s a 16 b1t word length mtcrocomputer W1th

‘7‘l28k words of read/wrlte memory [21] Thts m1croc0mPUteP
H'frtdflforms the center of a fatrly powerful systeg}whtch also :
“':widcontatns 10 dev1ces (1nterface modules for htgh level analOgt*lgfr

| low level ana]og 1n,jdlglta] in, dtgttal out, analog out?fiff~

"*Jl?and sertal l1ne 1nterface modules) andbmass storage devwces }Q5957

Compared to a conventtonally contqplled plant the

d;*t;?LSI 11 mtcrocomputer replaces analog ContPOIIGPS 3"d Cha"t f?;fﬁt
””7.g.mrecorders It also PPOVldes new p0551b1l1ttes that do not

‘*}f;f”ﬁex1st 1n a conventtonally 1nstrumented plant or a loop suchfjfj;




a8

F1gure 9 D1stlllat1on co]umn Wlth 1nstrumentat1on for""{f;‘»f-"j._.'i 5-“ i
° Coytemdese G e e e e e

kafﬁ;as compos1t1on controi on the bottom loop S‘"@e the
"ffﬁf;m1crocomputer can handle an ASCII GC PepOPt (see “GXt
'?f§ ;isect1on) that a P"eumat‘c °°”t"°]]er cannot Another e

””ff ?7poss1b1l1ty 1s the use of complgx control algor1thms wh1ch l@g}fff]f

' *nf {are very: dvff1cult to real1ze or- 1mplement us1ng analog

fcontrollers

-thhe total cost of the computer system 1s approx1mately

- ;f?C$ 12 000 (1979) Th1s,number ancludes CPU memory. a dual ? i*ﬁ*

‘iffIOPpy'diskfdrxve and al] process and _erm1nal 5“'u



75»je5v3 4 OVepa11 Data Acqu1s1t1on and Control system R

The overal] conf1gurat1on of the m1crocomputer control

:hriffsystem is shown 1n f1gUPe 10 Th1$ f‘QUPe 15 alsd’useﬁu] ‘ﬁ Affhﬁ

'1f{descr1b1ng the var1ous measurement systems and llnks between

ftH,affthe mtcrocomputer and the HP 1000

,TfThe d1st1tlat1on column w1th the LSI 11 system can be h

';3; ons1dered as a totally 1ndependent plant The only i
T external gev1ce needed is the GC computer for the bottom tﬁp‘fﬁ}if}
'xhiproduct compos1t1on measurement Any faw]ure in any of the -
*7fother mu1t1 user computer systems W1tl not affect the jbf{f}ﬁfﬂ“ﬁf
';_fd1st1llat1on co]umn .ht;f.fiﬂ:t;ﬁéﬂf'é;:ﬁf e”. . p}‘-rvle

hgf;lhe LSI- 11 takes care of all pPocess 1nput, control and Lo "
iiiiprocess 0utput operator 1nterfac1ng and h1stor1cal data ‘»,v e
fdpistorage Except for the bottom product compos1t1on a]l ’ﬂflrgif;;frfi
:;?procéss 1nputs are read d1rect1y from the d1st1llat1on }v“;“‘
’t{ftcolumn 1nstrumentat1on All output 51gnals are sent dtrectly ':iih‘T
Jh'?[fto the d1stillat10n column instruments . .“v;_h (e
vyfweffThe bottom product compos1t1on 1s determxned from a gas = |
:ﬁ”t;;fchromatogram by the GC computer Ihls computer produces a .”tiiﬁirf;

~17,Q;§GC report Wthh 1s 1ntended to be prlnted on a normal

'fﬂ?f;;tepm1nal For our control appl1catlons the GC PePOPt 15

:Eﬁ:betng sent to a serial 11ne 1nterface module 1n the LSI-_1

'VﬂgﬁfﬂThen the report w1ll be analyZ&d t° f‘”d the b°tt°m pPOdUCt
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Ft”#ﬁhﬂOpt1m1z1ng control at a h1gher level are a]so poss1b1ef*7“

| 'jT~fLSI 11 1s a dedlcated system whereas the prev1ous ones were

‘.:"‘:':"br]ng'lng the Co"putel" dOWn

”7’€fsw1tches '”

'“fIhere 1s also a data transm1ss1on l1nk between the

‘ifpf;mu]t1 user systems the rel1ability has s]gn1f1cant1y

*?f,1ncreased s1nce there 1s no-danger anymore of other users

‘:O, e

L pead1ngs and controller outputs It ,S poss1b]e to store a]T B T
1¢”: ﬁ¢d@ta for two weeks of un1ng;rrupted.column operat1on on One’s;ff-:

'?ffloppy d1sk (approx1mate1y 900 blocks of 128 words each)

There ex1st data transm1551on facwl1t1es between the

(

'V¥f;ﬁtSI 11 and the htgher level HP 1000 m1n1computers Th1s 11néﬂ,tftrs$
'5;?%jcan be used to transm;t data to the HP 1000 for plott1ng andffff;ﬁig

"w;;freport generat1ng* Future app]1cat1ons of superv1sory and

Cle LT

“”*f{f?department s HP system and the Un1vers1ty s Amdahl
- ﬁfmax1computer wh1ch allows even more soph1st1cated plott1ng

'575h3,and report generat1on

In prev1ous studies IBM 1800 and HP 1000 computers were

‘Hffﬁiused for control 1n the latter case the process IO was

':ﬁtfffhandled by an HP Macs system Because of the fact that theA,Q;}fll~f

an “ -

e For safety reasons there'is st1ll a crash program »,;fff*f;glﬁ




R O ;.‘t: : Sl
In the prev1ous paragraphs we saw tha} the‘"lower leveli-f“fi

';;?tasksu-(control and data acqu1s1t1on) wh1ch requ1re\a h1gh j”;

‘;:ffldegree of rel1ab111ty, are located 1n a totally dedlcated

'7h;mlcrocomputer, whlch also takes care of presentatton of datatl” ?:

:"7f'fd;to the operator “Hfgher level"}off llne tasks such as jfﬁ; ttthffr

’*f,fnfappendlx B p]ott1ng and report generatlon that do not

i ”frequ1re a hlgh 1ntegr1ty system are located 1n a more

‘Mf;fsophlstlcated multi user system that offers a w1der array offff?fdt

| H“;tfﬂuser serv1ces In th1s set up we tr1ed to optllee the use
'“:xf;of computer facll1es to obtaln 1ntegPltY-'flex‘b‘]’ty and |

"‘?fg;fsophlstlcated user fa01llt1es,,the matn reasons for the

;wﬁﬁ?fCurrent trend towards dlstr1buted computer systems [22 23] tff

lk'f:f;3 5 Development of the Control Software

“*';fthe m]QpQCQmputeP has to perform two dlfferent types of : ffi;;

3 5 1 Introduction

To meet all the requ1rements for the control system._pfsffffﬁ

’ﬁﬁftasks

"'ﬁf;tasks d1rectly related to process control and data

e fffacqu1s1twon such as 1nput control calculatlon and

'”lfﬁsend the valve,S1gnals.l..ffff;@iﬂ;ﬁﬁ'“

:»%t5;ipresentatlon of data to the operator and the

"ffchangtng of parameters by the operator o

.”he process control,tasks are tlme cr1t1cal they should be




;sﬁ53s;;':

'"jproper sequence

'

71;0n the other hand the operator should be able to enter

."”iﬁ”fchanbes 1n the parametePS whenever he l1Kes and also l1st

PR

‘:1fff@ data whenever he l1Kes | . |
’Also, the process control and data acqu1s1tnon cycle should
'thave a h1gh degree of 1ntegrlty, ma1ntaﬁb1ng a controlled _f;'*'
ﬁfir7€s1tuat1on in a plant 1s more 1mportant than data '! A';‘N
xlﬁl_{f‘presentat1on to thedoperator Opérator m1stakes shouldu’VﬁJ
‘}fxmdjﬁaffect the control performance as l1ttle as p0551ble ‘

To achleve the de51red control 1ntegr1ty and operator

[ fu;1nterface 1ndependence,.several of the advanced features theffﬁf?}ﬁ_
'tfrf}LSI 11 and 1ts operat1ng system (RT 11) are descr1bed _v" R

L The &oftware was wr1tten 1n two parts, called a
v'hhjjforeground JOb and a background Job (RT 11 feature)
AA 3lf7’als° figure 11,7 ]’[fo .
*]fifa;f H The h1gh pr1or1ty foreground Job cons1sts of KL ma1nl1neﬁi?ﬁ§i;}

i7;?;féforeground program and several subroutine librarles Its

°'If{*°F@:af;;QQw54ﬁ,

,;;ifi¢asks are to B |
'“ft};{iffperform the actual control 1 e readffnpUtStfgéjculatgf}{?f}ﬁgg

"7-ﬂa}ffcontrol and send outputs. .g,Lu{?a;*'

,‘*ﬁ{gﬁ?fi?take care Of data acq0181tlon on floppy d1sks,q«§[ﬂf3f?aﬁ7f L

;querform the program ttming. l e keep track of the tlme,fff‘?:f?

'?;4yieand schedule the control cycle every sample t1me :

'}The lower pr1or1ty background Job cons1sts of a"'“
“lﬁlmajnltne background program and several subroutlnehd

vmliﬂ-g,librarées Its/tasks are to take care of,rme"nii“xW:lj&"“
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and output that is. to

| .;-; ‘pr1nt relevant prbcess data every sample t1me and/or on’d-';

~demand; . s | TR T
‘ -.h-1nterpret and 1mplement operator commands

' .Although there is commun1cat1on betweeg theobackground and

*.foreground programs. 1t is not necessary for the programs toh’

»"run s1multaneously The setup was chosen this way to enable :

‘[,the operator to issue commands and 1nterpret IO w1thout

o needs

°1nterfer1ng w1th the process control An iierator I/O

mlstaKe that would cause the program to abort, will in th1s
case only abort the background program w1thout affectlng the

'-control performance T , '
_ We w1ll fmrst look at the way data is: handled in the WA.'
!'programs and the use of common areas Thls Wlll be. followed
.?ﬁby a detalled descr1pt1on of the foreground.and background |
Lprograms Data acqu1s1tlon on floppy dlsks w1ll be d1scussed
1n the next sect1on and we w1ll g1ve an overv1ew of the L

operator commands The last section will be a gu1del1ne for

i Lo

future users who ‘want to tailor. the system to thelr own

- .

; '3. 5 2 Buffer Usage ln Foreground and Background Progr
L .i\
Most of the: data transmtss1on between the programs and

‘subroutines 1s be1ng handled by labelled COMMON areas The

reasons for using COMMON 1nsaead of subroutine arguments
T o @ i T S :

'u'gi;olsaVlng’of:hembry SQééerl



s

'
A

‘l(Z‘g-all parameters and data for transm1s51on have to be jf:f;

"'-assembled in an 1nteger buffer To put real values 1n an;fﬁ'
integer buffer‘ we use EQUIVALENCE statements Smce o
‘:EQUIVALENCEd varlables may not\appear as subrout1ne S
arguments. one has to. use CDMMON | S
There are: four COMMON areas o SR SRR
BLK1 The-I/O table Th1s 1s the table conta1n1ng all fff‘5ib
Input Dutput vectors | R SRR
D1mens1on IOTAB(8112) | | S -
1/0-vectors Each of the 12 I/D vectors 1n the I/D table”iz

1s 8 words long The layout of a vector 1s
o : T A

K © |meemenic fvawa|ivpe | sPAN | 28RO

e

( MNEMONIC (words 1 and 2) 4 characters e. g TOPC for Tk
S TOP product Compos1txon An unused vector starts with f;}’*'"

the characters UN. Any vector starting w1th UN w1ll be

1gnored by 1nput and output rout1nes

VALUE (word 3) an 1nteger number rep(esent1ng

J - ;,»m1ll1volts For an output vector the value would be

’ between 0 10000 (mVolt) For an 1nput the value would be;lfft
between 1000 5000 (mVolt) So the resolut1on for ‘an ?7M bﬁf?v;
1nput read1ng is 1/4000 B S

INFO (word ) Two bytes conta1n1ng 1nformation abou,py\(ff;f¥

the type of I/D vector The layout is as f°]]°”5',fjiftg;f*7

R

cumwm mmuk \M :uovu szwu&
T 16 50y 1301 \lv 5 A 36 £ 4320




o e bity pattern 0000000000001011

L0
ceedn,

;k:i?férfiﬁaut o for output rl;i'""l

1] B -t

- Low byte: bit e

ZOtforgllnear 1nput

| r.3&4:
- ’nffﬁ}férisquare 1nput |
| | _1hf2 forhsquare root 1nputtjfg.u”':”‘
”>~;gf%¥¥3},ff3 for?témperature lnputtnhhs
e see) T
1a;yH1gh byte b1ts 9- 16 channel number 0 2565nf i

not used

SPAN (words 5 and 6) Real value g1v1ng the span of the LR

s1gnal Th1s 1s neeessary for convers1on tQ eng1neer1ng_ S

.:umts LER s S R
L ;7VZER0 (words 7 and 8) Real value g1v1ng the zero of the

'“Zgh:s1gnal necessary for conyers10n to eng1neer1ng un1ts

[1‘example the vector for the\steam flowrate 1nput | fu~a

_i]nf]ﬂMNEMONIC STFL Qf?i-;}.ﬁgjga;*f,,fi“-"

.+ VALUE :71000- sooo Avxt' ’Vﬁt*zf'

“155bff1NFo channel #o SQRT Ana]qg In

Cosannaaso L \
ﬁ"QZERO o 0 ”;-;*ﬁjfgi,;;;,'x; o

f yh{;See the documentatIOn of subroutine ENG for an-

. a;fexplanat1on of SQRT SPAN and ZERD \';t:_',,

BLK2 The controller parameters tabla

“ﬁ;D1mension CPTAB(40) v{;tg:;;g;"j@F:gg[?,;g}itfli;av?s'

"~if;;Th1s is ‘a forty word array conta1ning all control |

f;~f;3papameters These are all the parameters bhat are

f*lfftrequ1red by the control algorithm f;f}:f;;«Vf’fiﬁi?ﬁ o



“5);58:;21'&i
The CP table is EQUIVALENCEd to the follow1ng
parameters », | [ _" | '» ﬂ:er_"gg,-‘_, e
word _ parameter size _i meanfng _ »'i; t7af 
CPTAB(1) ISEC _sfr1'. fsample 1nterval 1n secondS»ibroU;,ﬁffr
L CPTAB(2’S‘ ITYPE {j'fx;type of control A}"' ,‘ '“~‘ e
fif,f‘xQPTAB(3)v /}REF(Z) 4f]:'set pb1nts for top and bottom ffrirfj;
LR T S .A".f-§:' f:f‘ompos1t1on ,;'_ﬂ,[_'_ f }t'
| "ri;CPTABt7)i5;KPt2$HQt.45g3ﬁP ga1ns for top and bottom ;;:t;;;' i
o ceme(tn) TH2E 4
e e .iabottom loops

1ntegra\ twmes for tog,and

t'ftéPTAB(tS)f;TDX?);3;:43ff‘der1v tlmes for top and

B N

SRR N R , ?ff:Q?bottom loops e
chAB(19);jf11(2Qé)§8;];?hmtrix for robust control
cpTAB(27)ffp1g2);f[7

| 5fofeed forward control matr1x‘&fafitu"
CPTAB(31)Q‘EPStéti,,41f;;tun1ng constants for robust

control

: ; ft;CPfAé(Sé)??SiAtt?)fi;fﬁf“1ntegral absolute errors for»‘
CPTAB(39i??ESt5ﬂ5éd3?\V° e
CPTAB(40) not used L
BLK3 The program parameters table !
' Dlmenslon‘PPTAB(10) e

’jten word array containlng program parameters

**?:fffor the Foreground prOgramr ..-.E o
B panameter slze

o ﬂjfff?Téﬁ{ii:ailTIME(Z) clooK time ln internallclock




Thfformat

 PPTAB(4) ISNDRE(Z) f

N wa1t1ng t1me for GC 1n m1nutes
‘ \5§v”ff7%fﬂﬁyf7f”Fj;-bfg* |

"1and seconds AfiT

"*PerAalel,-,",‘" 1

PPTAB(10) not used ~\., 3
,.;3,,LK& Data transmislen f]ags

1 byte flag for data\xiansm1ss1on «fy;jﬁl7*a}51'if.hfr

1 byte flag for para

. "'7 Foreground Progr_ffr“

z:’§1nit1al1zat1on phase where

tfpmAM3) N&WP g smpwumwmr'g7fﬁ§ﬁ;ggflﬁkj

jer transm1ss1on ,w,cr**rf~»L»ﬁ

After pro :“’}Lfartup, the program f1rst enters the :?_ie§f3

‘}viQ'fjf 1n1tial values for all parameters w1ll be read from the }ﬂfi{

in1t1al1zat1on f1le (INIT DAT)

the operator enters the name of theffl]e to be used forfhljfii*

data acqu1s1t1on | o
'Qitlhen the program Jumps 1nto a contlnuous loop | _
‘ If ahy new parameter values are sent by the background
’*ff;:program. those new values are lnserted 1n place of the y

1_;;_€demﬁ values e g change from P to PI control

‘ b'ﬁ7f2;filhe GC report wh1ch ls being sent by an HP 1000 comPUter;f;f_f

.y,;,%fjii‘s read and ana]yzed The result of the analys1s 1s a

‘i%?f{;fitgﬁnumber represent1ng the bottom compOSItion ._ffbir];g;iﬁdfd:;“

°"5ff3f¥fA“timing routlne wa1ts for the next sample t1me before

Jcon 1nuat1on then,rﬂ.,;y: an

;the GC 1s tr1ggered to get a new sample, and




At?’f;S}t?all spec1f1ed analog 1nput po1nts are read ThlS read1ng »2::ff

"'rghg1ves us numbers for: all relevant process vaPlableS

'7’Z7f65Z_The control a]gorﬁthm calculates new sett1ngs for the

*3Tfjffp'°Pram

.w’J@ffCOntrO] var1ables, typ1cally reflux flowrate and steam _flffzd
: f.flowrate | .; ._.jA o : ‘fi tl.‘ | .: ' };“Z.V -
.t'};7;;ﬁlhe spec1f1ed Current Output Stat1ons are addressed and Ll
”"'*5eysw1tched to the proper sett1ngs to set the control \A;ft,ff‘“
i;Blf:The relevant data 1s wrltten to floppy d1sk flle l~jiwv‘*-i*.:ﬁ
.'hﬂhté;,:All data and parameters are transm1tted to the |
_.v}“r:f;background program ”=¢jdf,*~l'f" :_l T_fl'fﬁh' o
”17ij5625Wh1le\the GC 1s analYZIng the next sample, the program Qf;f;;;:

’”:f;fhl“ wa1t (approx 2 5 m1nutes)

’h‘»f{?FigrPe 12 1llustrates the flow dlagram of th1s foreground ._f;iTQf

IR 40
le‘3 % 4 The Background Proqram e
e

After program startup. we f1rst enter the ;if?t'h e

'”71n1t1allzat1on phase

"Wtejfdj'f 1n1t1al values for all parameters W‘]] be read from the

the "event f1le"' (EVENT DAT) w1ll be opened and the ”"'e

"lt' S

““a7f{ifor the first scheduled event W1ll be read (see sect1on




- |parameter transmission:|-. &
. 4= .from background ' . |

- |owrravizarzon |

B '~ bottom -composition | .-

e Ll

[ analogin

o

- Cwrite data ta, -, ]

1 .data transmission . |~

~.to background: '

re 12. Flow diagram for foreground program




H'it.~f:?1ﬁ:lCheck for commands and scheduled events and serv1ces{}:nffi-
niffntthem V ftf? _-.r b .v_,‘a _t ,H | R
}\";titétfilf there 1s no. new data from the foreground program,{i?fﬁ :
iﬂ;g?;goes bacK to 1 ' : x- t.. ', | R n..u
““?'ft;;3?i:1f there 1s new data from the foreground program, .deiftnﬁ
' puts the data in the tables ,'.,‘ | o
:ffititatfﬁPrtnts relevant dasa On the operators console._}f;ffﬂlfhifﬁ
ﬁ§;5}5fReturns to 1 e R

'dajfi}he form of the algortthm 1s 1llustrated ‘in. ftgure 13

';’{iff;a 5 5 Data Acquisition on F]oppy Disks B e

vd Every sample t1me after the input control output :

_,‘ventt?algétithms, the foreground program wrttes relevant data to : i
’i71;i?iffloppy dtsk Ftrst, however, a dtsk ftle must be deftned,‘_iiféti
.:daa?*and this can be done 1n two ways A e e e e

“?]gtﬁj}ImmedlateI”fafter starting the fOPegFOUHd program, the

' ﬁfffffprogram wtll prtnt an asterlsk (*) in the left marg1n oni”ff&

’T“kf;the console The operator is expected to enter a. '“hﬁ;;;i;ﬁ@

fi lename S . SR R T
'hég;ff1rst enter a CTRL F to dtrect data to the foreground S

.'“tthen enter the ftlename,_ 9. DY1 :DA3132. DAT (DAta ftte;fffﬁf
fopened on 3 -‘13 2nd ftle of the day)i“ .

he operator can';fjf,

”f{course enter any name he likes

*Entertng TT*’tn place of the filename”wjll direc Jthe'”

vldata_to the console.,‘”“

'“iis runnlng By addtng 20 to the'vatuelf

uﬁoffITYPE;(see sectlon_3 5 6 4) thef

Operator_can"ellff?




_~"new data.
. .received - .- >

. ‘|data tramsmission - .| T

| print-data - | -

:"[TYVQ*a the fOPGQPOUnd program to close ‘the old data file and

open a new one ITYPE w1ll be automat1cally réset to 1ts;g;"f

old value ?ffﬁ'f:‘?t::c~;,..,;,,; L

"@fffExample say ITYPE 3 and the operator wants to cloSe;f;ffj
”ffftfthe °]d data f‘le and open a new one By dblng so hefff{?i

; :fsaves the data in the old f1le The operator sets

vtITYPE t0;3+20 23 4ust before next sample moment ;573:]



_ ‘r,f545,1_
‘“~if]gdﬂg'3twﬁ?_:‘mai?.“N”,_; S pnaE A R e

T Every sample t1me one record of data 1s belng wr1tten ' Q
to the d1sk f11e, th1s record presently consxsts of 11 |

“f]f1nteger numbers _fffjff};*f{fﬁffm?gf37*5»*”"

1]

ft1me m1nutes past m1dn1ght

‘(t1me seconds past m1nutes past m1dn19htw_¢j;vx;a,«ﬂ“:.g,ﬁ_w

ru{top product compos1tlon,va number 1000;};5000 (mYotts)uffifi
| .;;;;;jgooffjsooo;jgfffgg;f;;ij_

}d1st111ate flowrate, .

[ refiux f‘OW"ate-:fjjf'fip Sediee 10 , :
. = feed. flowrate.‘.1;!@};;;;};1;;1?;;75ffﬁ%jSOOO{;£37ffuji;'p .

S fsteam flowrate.,f"i':

© B W e o R e R
"

Ll
[]]

tbottom product compos1t1on,,.;gli“jbbdf?jsoooggff!rfafid77?5

;fjfreflux flowrate settlng,.,t}{ﬁgﬁyfffZOfﬁf10000‘ 7 f P

nv‘iffSteam flowrate sett1ng. u,ff'ffﬁéhif

:77?iiTo save dtfferent data on f1le one would havdttdpdﬁéﬁgé?ﬁﬁéidﬁzf;é

‘foj'write' command 1n the—foreground program ’

;;3'5 6J0perator Commands :ffﬁ SR T e S
“.Hh.mASSUMIHQ the system is set up properly and the'properfiff;fti

: ifTﬁ;?flop:y.dlsKs are 1hi_rted in the disk drives;d”“
'°’3proceed and=7un_the programsfas follows._3?




”.fﬁfs 5 6. 1 Run the foreground program
""?COMMAND FRUN DY1 FOR2/N 2000

‘_ SN : k ERREN
'VTTh1s command assumesvthat the foreground program f1le

SN e

° ’7;F0R2 REL is. eltuated on. the floppy disk.1n dr1ve 1. Th_f**“**

”l'rff;Advanced ppogrammers Manual [24]

’"Fffifadd1t1onal space that has to be allocated (1n our case 1500 Etifft

s

‘fluwords) can be calculated from the formula on page 4 6 of theiﬁfhgi

'T"”?flmmed1ate$y after th1s command the program responds w1th angfﬁf}ﬂ

tfﬁf_asterlsk (*) 1n the left margln The operator 1s now

"¥7”flfexpected to enter a f1lename for data acqu151t1on F1rst

"'5cffenter CTRL F (while pressxng the control key. press F) to “:{ﬁ:f

t?Example (Operator entr1es bold) iﬁfﬁv"ifﬁf

.&;*,ﬂigjr-‘

,’"’ﬁ?fcrnt Fuont g0 to foregrou"d program.

- DY1:DATA. DAT CR. (Carriage Return)'filename-fffﬁolfaf‘ffafffff

""“f;CTRL B f" ‘7return to background:

‘:’]ffRNow the foreground program should be running Ihe operator,,fjffi?

'!fruns the background programt,"'

t:fhowevel} w1ll not see any l1st1ng on thegconsole until he Al




ff}da f1le EVENT DAT 1n dr1ve 0 and read the f1rst l1ne 1n th1s
\ "15f1le, l e the tJme for the f1rst spheduled event If the l a

??Operator does not\want event schedullng, the f1rst l1ne 1n :,gf{

.if*i;the event f1le has to be 00 00 but the event f1le must

. *:?fex1st LooK 1n the next sect1on for deta1ls on event “h‘d"ﬁh”

”“fly;schedullng

,gﬂgavNow' evepy sample t1me a conc1se l1st1ng w1ll appear on the :

'G”iﬁffconsole This con51sts of two l1nes of numbers 1nd1cat1ng

"fifllsample numbep' t1me process var1ables and set po1nts . ,
: "ifj;Before every f1fth l1st1ng a line of labels w1ll be pr1nted }fd

'7'f5ffon the console

Ca

oy T Toee 'éfstffﬁaﬁEﬁkf”:“#FLb” sTeL BOTC.
»s_;ﬁfaso 10:50: 31 95 376 10.318 7021 18250 14125 5. 008 |

10 125 7210 3 105 14Aoasﬁ?ff;‘“f;f‘ .
i L _47 312 S | 3:_ 996 Tt




. . , >

‘7?See the chapter on buffer usage (3 5 2) for a deta11ed

SR Eﬁt;descr1pt1on of I/O vectors h;" ' R ' -
”f3ﬁ1f{é?i;CP—tabie : 'vew_“. _:;h s el
?fffrf;;“°xiTh1s opt1on 11sts the contents of the CP table i

, N

H;ff@}ﬂ?@¢aﬂe-f"_ SRy St
.”'€fr;szhls opt1on l1sts the contents of the PP table ;;Le§§f,ffr3?f,
'hf”iffj;ﬁThls opt1on 11sts the I/O table CP table and PP table '}f];“g

The operator can get a l1st1ng on the console by

enter1ng

L return hnﬁ?{yﬂﬂ;ifff7ftﬁhh} | R

. and the program w1ll reply w1th CONCISE(1) Lb;fABLE{é);féé;i;“j

. THBLE(3), PP TABLE(4) OR ALL(S) f;%gfj;j;j;;{}ff;f{eff*ﬁi**
%@ g R

and the operator can enter his choice

3 return

This will produce a listtng of the CP table :f;rjyfﬁzti;fff;f}je’

”“lfInstead of L return f“”
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For example the operator wants to change the set pOint ’
for the top product compOSition from\95% to 96% The dialog
is then 1 ; o ~ _ b N
K c return ) n | | |
f the program replies with . .f S \\ | |
CDNCISE(1) IO TABLE(2) CP-TABtE(B) 'PP-ThBLE(4)°0R ALL(S)

The set p01nts are contro]ler parameters and are to be

-
Al

_found’ ln,the CP- table,!The.operator enters

~ 3 return | \ o ‘

 ther! the program will Nist the CP-table and ask
. ENTER PARAMETER NUMBER(S) TD CHANGE | ’
In-the CP table listing the numbers are Jisted beside the

-é parameters The set points are parameter 3, ‘so. the operator

| -enters’. - o "

453 return l”f

! and the program m]l reply_

‘,«'New SETPOINTS YREF: o

'ﬂf Now the operator has to enter both set points itopsbottom)

| 9. 0, 5.0 return o R | s -£; e
OThe ce- table will be listed with the new set points YREF and .

mfthe question ;" o ],};;j'a.; .=,t“ - 5- -: S -«';f

. SATISFIED? {(Y/N) fff"‘i“’.“t,,;,- L

‘»‘tEntering A § return wiil cause the new parameters to be sent

.‘eto the foreground program for implementation | e

Entering N return wili cause a reply by the program i.T"”

“ lCONCISE(i) 10 TABLE(Z) CP TABLE(3) PP“TABLE(4) OR: ALL(S)

.‘kt} bthen}the operator can enter the tabiev_umber and make ’

Lo IR

Co D T L IR _'*V_-:«ﬁ“ B N C P . Lf; .
% o P



add1t1ona1 changes or: undo the f1rst change

|)

Ifathe Operator wants' to enter changes 1n the

I/0-table, he w1ll have to- enter two parameter numbers,"

.~ indicating the pos1t1on of the parameters to be changed

'.The list1ng of the 1/0- table looks like:

 MNEM. VALUE  INFO A SPAN  ZERD
© 1 TOPC 3000 LIN Al 1{f 12.857 B9 167
2 DIST 3000 SQRT AL '8 i5.205 0.0

3 REFX 1461 SQRT AL 1. 22.975° 0.0
4 FFLO 3000 SORT AI 2 25.777 0.0
5 STFL 2400 SQRT AL 0 22.500 0.0
B éorc »1625_,L1Nf pI 0 32.000 0.0
7 utsp 1152 SQRT AO 2 22.975 0.0
-8 uasp. 3494 SQRT A 3 22.500° 0.0

9 FEED 5013 SQRT AD .1 25.777 0.0
10 UNU2- O LIN DO 0 100.0 0.0
49 UN3 - 0 LIN DO 01000 0.0
l‘é:t”N94 0 LIN'"DD, ;o;1oo;omftf;b§o :

:_;.VALUE and 9 is tﬁe nunber o?‘fthe I/O vecter

69
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"see‘.}..'the;;1.e,f*t L



hand marg1n in the table llsttng) The:orodram'wtll'reoly.;r‘V
ENTER NEW VALUE, 0-10000: LT
o ? and the operator, would enter\ N o o
. 2845 returh (i.e. output 2845 mVolts) wh1ch w1ll set the t:_'
tfeed flow to approx1mately 13. 5 grams per second (see ? N

explanat1on-1n next~seotlon),

d' 3. 5 6.5 Feed flow rate changes | ;

{ The operator can set the set po1nt for the feed flow :‘
controller by mantpulat1ng the VALUE 1n the 1/0 vector
labelled FEED. Ry |

- Say the controller has a b1as of 0 25 grams/sec. i.e. if we -
send a signal correspond1ng to 18 grams/seo to the ; d_ -
'controller. the actual flow w1ll be regulated to 17. 75 l"-i#}f
:-grams/sec This so called "b1as“'1s 1n reallty the sum of
'7.b1ases of the 1nstruments between the LSI 1" and the B
;‘ pneumatlc controller (analog output module in LSI 11 !
| fCurrent Output Station. I/P converter and pneumat1c analog
| cont?oller) L e e B |

. leen this O 25 grams/sec bias we want to caloulate the
| foutput voltage for the feed flow so that the actual feed |
~jwill go to 18 grams/sec ”;rrtz '}‘Tn; i §§;(j*;" :
.,For a flow rate the calculation is: Ll?'“ 8

B U

desired value‘- biasil s e 'ni;gf R
- "'-'ftff'.ffff-f:é- . 10000 mVolts T e
‘,gif,ngjﬁspANghg;np‘ SRRSO _:a,.fj'x“' .

R




: ) * 10000 "= 5013 mlolts

3 5 6 6. Event scheduling N »
To enable the operator to schedule events ahead of -
ixvtime which faCilitates column operation w1thout the
presence of an operator; an event scheduler has been _;~‘;» _";i,in
1ncorporated in the background program This ba51cally fyljt. |
| consasts of the subroutine SCHED Whlch 1s being called by o
5 subroutine SERVE called by the mainline background program -
The event scheduling requ1res the operator to enter ’
b.; parameter changes 1n a file 1nstead of on the system
console The filenamecis EVENT DAT 1n floppy drive 0
Theoretically, an operaton can schedule weeks or even months;”?"l

ahead depending on the size of the event file
llz*t.ﬁl*7" S, e _,‘ '(.h;q; L .

Every scheduléd event con51sts of three lines of code in the'vd'i‘l
event file o 'L ' 4 d"f | m L .v_ o ; :
'bfilfﬁlhe first line contains the time at which the event 1s Qﬁ;;,f;f
"'T-aZto take~place. We use a’ 24 hour clock w1th the format T

Ex 'f"hrs nin, e.g: Aam is o1; oo and 4. 15 pmis 16 15 This o

table nmber pat‘ameter, ' ?'pa"amete" "m" 2.:



:"ée.

: S ’ ’ . T . N e ,‘ . o -
i S ‘ v _ ‘ 72
N . R N ) . . v ' : . EEN

N o RO o e . .

”f.:e g. the feed flowrate settﬂng 1s parameter 2 9 1n the 'f*.

'"'1/0 tabte, so the address of the feed f]owrate sett1ng

,“‘.b.‘“' .

is SR S R .
; "fé‘2?9 : table number 2 2nd'entry 1n the I/O vector
- );[I/O-Vector number g, .h{j} E ‘ff -ﬁ( '“tfj‘ ]j ?wT ,]fi“ =
| ;’fiThe set p01nts are the th1rd parameter 1n the CP tabJe fiidgoh7t
}qeso the1r address is ;ff- f B ';'_. "" | '_ o
s, 3, 0 able nunber 3, 3rd entry ?ff, , o
°(3;(;The th1rd l1ne conta1ns the new value of the parameter L
'obfffthat 1s to be changed e\g _("ﬂff;»;}‘{.‘ﬂf:': |
,Avs'2845 for a feed flowrate } '1’ | fv o5 A N
.(Ff.95 0, 4 0 for the set points at 95% (top) and 4% (bottom)
"fﬂtSay it 1s 4 pm and the dist1llatlon column 1s operating
Aft,fat steady state (feed ftowrate 18 grams/sec, top;gy;f‘*
:fﬁcomposttion 95% bottom composit1on 5%) The‘operator
y f;}.wants to schedule the\follow1ng events"sffif Q_J:f~?“-;“'5:*
.h(:(i-at 6 pm the feed flowrate should drop to 13 5. grams/sec
.7(‘;-at 1 am (next day) the set point for the bottom

i’ff(fc sution shou1d drop to 4% (wt% methanol)




'”59510'4*o?f1 AENEANIS ol i o
,:feNOTE After the last scheduled event there should always be

a l1ne 00 00 to s1gnal the scheduler that ft should StOD:Vh'fﬁéf;
,l_;‘i read1ng from the f1le W1thout th1s l1ne an 1nput ePPor_Vﬂji';

¢ w1ll result g R L e A
SRR ’“-TF;Z'.f.iV;G;,A;I»j~;*
;<133 5 7 MOdifying the Programs

If a user wants to maKe modtflcat1ons 1n the programs

e oo

:._. L

'frto accomodate h1s own type of control he wwll have to wr1tef‘%ff.‘7

| ‘f:h‘s OWn control subroutlne (CDNTR) All other changes 1n thefﬂ]ff""'

":fgisubrout1nes are. made nqpessary by the fact that a user may

lfwant to use d1fferent controller parameteas -ergo_the Snly

‘»vtfohanges that have to be made are 1n the subrouttnes that usejﬁfff]ﬁfg

}Cftithe controller parameters to list them (LISCP) to change

ftfeihem (CHANCP) and to read thelr 1n1tial values from a flle f{rf;ffﬂif

’°*i(ma1nl1ne foreQPOUNd and background programs)

7";:;1Ue will ook at what exactly has to be dane:

L S e e
oo A user w1ll probably have different parameters 1n 't.g&fv{ﬁ
S f,hls control algorxthm These parameters will have to e

:'A%f?abe dec]ared 1n the subroutinefand be- aCCOMOdated 1“ l;f:f

’7f7the CP table, . e.,the parametersfhave to begi

}ﬁ;EQUIVALENCEd[to words in. th’”CP,tableﬂ‘~4

ffln the user'

r1tten subroutxﬁe7 ONTR:theﬁonl

f&requ1rement, ar"”fiﬂﬂﬂl



»iff:(cP table) have to be 1nserted R

'ﬂéltfif the 1nput values for the flow controllers are*tfd?

.fﬂcalculated 1n eng1neer1ng unnts. the values havefﬁ'f-i_-'.:;"‘j

,.dftﬂto be converted to machine un1ts (mVO]tS) W‘th ait‘;

f”,sffCALL INGE (see ltst1ng of CONTR and INGE in o :
"f;?appendlx ) ffl?*i[ifﬁ;'v*?f{?‘7fj?}j;g§?7f*"”

5uThe user can put hts parameters 1n the CP table w1th7:f;

; an EQUIVALENCE statement, 31m1lar’to the way 1t’was

"ffjfdone 1n bhe standard control algor1 hm (see llstxng '”".

i Of CONTR 1I"l appendix A )

;}ﬂtlf the user wants to have the same fleX1,tl1ty and

»'tffhfconventence 1n l1st1ng and changlng hls OW"'.” nR

e 1controller parameters, Some changes w1ll have ;hﬂfﬂfﬁ

l‘ftr:made 1n subroutines LISCP and CHANCP in: the _fsjfﬂff.'”

’-7?;?jsubroutine llbrary SUBBA FOR

‘muff;The only pequ1rement 1s that COMMON /BLKz/CPTAB

»'H‘7¥be declared The rest of the subroutine conststsfhffi

":"7r;§of an EQUIVALENCE statement ‘and a“WRITE

| ;fstatement The usem has to EQUIVALENCE his own

iﬁff,e;;parameters to the~CP table and write them in any.d&ie

%i;format he-likes-:s“t:
_,11f?°”A“CP B
}fﬂfdln CHANCP we Wa"t;t° ’ead: .



iy Tand refered to/by the numbers chosen by the 'fii}effff

"y;fjuser

”5dThe 51mpLest way of modlfytng CHANCP 1s to

‘”'ﬁ,.ijreplace the EQUIVALENCE and READ statements in

”.fthe standard subroutine (see ]1St1ng of CHANCP

v°5;t1n appendtx A )

: ;Ltflf the 1n1t1altzat1on secttons of the foreground and;fft'*

\

Tﬁfﬁbackground programs read all 1n1t1a1 values for the

7?fteparameters from a ftle INIT DAT the user has to

'”vtimake the follow1ng changes 1n the 1n1t1altzat10n

’if;;;secttons of both foreground and background programs tf%fif

-'-‘"‘_:5'""..‘:"1;;),;'-'_"Replace the EQUIVALENCE statement a-for the

t‘,

.*pﬁ2tf;Change the READ statement whtch reads data from gt?;’

: 't,f;ftle INIT DAT to read the user s parameters

'~ir£;31t,of course the user also’fas to replace the

1’}7-;gi{ﬁ'{presmt parameter values tn file INIT DAT by the

L ;?;‘ﬁvalues for h\ls own parameters

”;7ilf the user wants to 1nclude_other parameters 1n the}f;tff

v ﬂ;data acqu1sition he will h_}e to 1nclude those

.‘5};.‘”Parameters in the WRITE statemnt t_n’;lt,he foreground

'af:program which wrttes data to dtsk ftle. (See ltstingtﬂfﬁeﬁ

of VFORZKFOR i append""x A)

he /control .




.‘%’fifTSTffﬁif

falgor1thm, wh1ch replaces the current robust aTgor1thm ATT
Tother changes should requ:re not more than four hours of ,fﬁif;;=f
If the user needs more controTTer parameters than w1TT |
ii.'f1t 1nto the present CP tabTe (40 words) the user w1TT have‘ .La;
fito 1ncrease the s1ze of the CP table The compl1cat1on that Lo
'2ar1ses here 1s the parameter transm1ss1on between foreground
T&and background programs The user w111 have to 1ncrease the.ffVT-a
f*svze of the transm1ss1on buffers as well See the program ;e;i}]ﬂV
.;TlstTHQS (appendTX A) and [24] ‘fyff;jdf;t7-af.fgﬁtﬁ%

?p3 6 Evaluation of the Control System afy{;;;;f}*figijffjsgi;i.ﬁfg
T,w The computer System we used to lmpTement the control | }‘ i
:falgorlthm on proved to be easy to use and reT1abPe The fact e
;fthat we have a deducated s1ngle user system makes 1t 1n some

j}respects more flexible and dependable especially whepe the »“?itt

3fcommunication w1th the GC computer“s concerned s1nce the

ffdata transmission,'s:synchronousffthe ¢ doesvnot watt for .hﬁﬁtf

5fan LSI signa])
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| U51ng the control system that was develQped 1n the

'1°fprev1ous part of th1s thesis we can now evaluate the _}ft;ff'y

«Eifperformance of Dav1son s robust controlter on a real 11fe {f;*ff

Eifiplant the department'é P110t P‘a”t d‘St‘]‘at‘°" °°]umn

We w1ll have a br1ef look at dist1llat1on éolumn

'ijcontrol 1n general and descrlbe the set up for two quality f::f?

:féeenergy balance control wh1ch we used for the 1mplementat1on;;t¥?

.:t\‘.'_'b‘ . B

- Then ue w1t] descr1be the distw]lat1on column that wasy“f;*

13j7used to 1mpdement the obntrol on An extensive descr1pt1on;i;tff

?;iof the control hardwareacan be found in part 2 of th1s

.Eefore we tmplement a cohtroller. we have to perform

fj:the steady state exper1ments as outlined ln the theory




1s the use of derivative action in controllers We tried to
improve the robust controller performance by including
w derivative action in the slave loop of the cascaded robust

controller We w1ll see that robust control 1n a cascaded

arrangement 1ndeed does offer some adVantages over

’: conventional PI(D) control

.o' . ;

4 2 Distillation Column Control . ki
Separation of light and heavy components 1n a mixture . Vft

S N
1s-one of the most 1mportant operations in chemical

industry. especially 1n hydrocarbOn fuel proceSSing As a
direct reSUlt continuous distillation units are conSidered

to bebthe-work horses of most chemical plants and certainly

of 011 refineries [27]

maJor gains through better distillation column de51gn and

construction are not expected Nevertheless the rapidly e




L __HAliTrad1t1onally, several bas1c control strategtes have ;‘;f”*ﬁth
"5f,been used dependlng on product ob3ect1ves etc [27]

A‘fMass balance control Here we Keep two of the three flowi

;.}tfaprates (or ratlos) constant Th1s method can be used whenti{;;¥¥
[‘“'Qithe feed CONpOSltlon is. practtcally constant and there ?7555555

lﬁﬁfif3f1s one product wh1ch 1s much more 1mportant than the el

l': S

":”fo;other

‘”Tté;ﬂfTemperature and pressure control The prtnc1ple 1s to
"’?fkeep temperature and pressure on some tray 1n the colum“pészﬁﬁ
ifat constant values For btnary m1xtures at bubble potnt ‘

tthe compos1tion w11] then be constant too For m1xtures.157ﬂtﬂ§

'lfﬂcon51$t1ng of hOmologous serles of hydrocarbons th1s

4*3 ffjpEMEthOd generally works too, prov1ded one does not try\to}f{;if‘

. ]

‘h“jffffract1onate closely bo111ng components e ,
uklocal composit1on

"fSingle qua11ty control We measure‘”

.ttdtrectlyh 1ndependent of the pressure The d1fference:, feiyg“;

.:fW1th 2) 11es marnly in the dtfferent 1nteratlons between~;dffft

the various loops PR St
All the above methods try to‘Keep a disttllation column

If we would want.to




these loops are ‘}j;ffﬂtfﬁﬁhx;la

tOp ]OOp - 1n wh}gh the top pPOdUCt conposltlon 'IS measured

(1n the condenser), and

N the reflux flow rate is manlpulated '"fhfff,ﬁilff{“ji}f};;ﬂﬁ
"72jbott0m logp'- the bottom pnoduct comp031t10n 1s measured

(sample from the’ re'fiﬂer),Aand

the rebotler steamffl_i rate 1s manlpulated

’ﬁi{sione qual!ty controller (bottom) 1n fact adJusts the vapour
fﬁ;:ﬂﬁflow in, the column. the other (tOP) the l1qu1d flow 2

If we look at the manlpulated varlables 1n the column.,fiftf

5?;_?§this control scheme can be called an energy balance Co”t"OI
'*ajgrscheme because we manipulate the energy flows to the column

i*fJf;(steam and ,eflux) The opposate would be a material?balance




v,Jeig,;';,.f{..*ﬁjt' - | BT
e e AT T e e e
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4 3 DistillationiColumn Equipment _
S The 22 8 cm diameter, 8 plate pilot scale distillation
'ﬁf} column used in. this study has been used in’ a number of _7;;;f,ﬂ

&

‘t':;prev1ous control studies [30 40] Each plate at a spacing Of

tiffaBQ 5 cm ls fitted with 4 bubble caps Operating cond _;y_"
inﬁare adJusted to prov1de a separation of the 50 weight
:if;percent methanol-water mixture 1nto top and bottom b

;ﬁiiicomp051tions of about 95 and 5 weight percent methanol,_v
ffffﬂrespectively A detailed summary gf typical steady state GV
“;w‘ioperating conditions are given in tabﬁe 6 'g;¢~i‘

A schematic diagram of the column. which 1s completelyi‘

h'*s;instrumented w1th conventional industrial control valves, 3'f:dfﬁf

ldiff?controllers and transmitters is shown 1n figure 14 As can;f}f?f&*

‘t“ftbe appreciated only the P'1"°1Pa‘ CQntrol instrumentation ﬁ;};ffl
“f:1rpeft1n°"t to the objective of this control study has been

'fifilshown Since thQ,objective is to maintain top and bottom t
»f}f?txmpositions at their spec1fied values, both streams are' g




Table 6. Lo
Typ1cal steady state operat1ng cond1t1ons

{

Feed flow rate...i....... 18.0 g/s -
Reflux flow ﬂ@te...;,....-8.8 g/s ‘
Steam flow rate.......... 13.6 g/s -
Top product flow rate.... 9.0 g/s /% \
Bottom product flow rate 9.0 g/st’ : A
Feed composdtion....... -..50.0 % (weight % methanol)

- Top composition........ ..95.0 % (weight % methanol)

- Bottom composition........5.0 % (we1ght % methanol)
.. } p.-X

- . . ‘.,
. . PP

-d1str1buted network wich then transm1ts a s1gnal to a | .

"1ocal’ node of the network, a DEC 11/03 microcomputer. The
’.control samole/lgterval for both 1oops is. equal to 3
mtnutes, as/a un1t 1nteger multtple of the 3 m1nute i
‘measurement de]ay t1me that occurs in the GC analy51s The
schematic conf1gurat1on of the p1tot plant un1ts and the ‘
u_d1str1buted computer network is shown in ftgure 9 (page . 48)
As can be seen from the dtagram, thplementat1on of the
contro] algorlthm and data acqu1s1t1on except for the. GC .
composition measurement 1s performed us1ng the DEC 11/03
Operator commun1cat1on to the DEC 11/03 is by means of a. CRTA
terminal. See sect1on 3 4 for a more deta11ed descr1pt1on of

'
i

~the system. - - s

4.4 Experlments for Contro]]er Des1gn

As was outl1ned in the descr1pt1on of the theory, the -

robust contro]ler‘9e51gn techn1que was 1ntended for use on a

linear system In sectlon 2 3 we have shown that a nonlinear

-
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~ p]ant may y1eld d1fferent control]ers for ‘the same operat1ng
po1nts, dependwng on whether we use pos1t1ve or. negat1ve"

| ‘1nputs This is also the case for the d1st1llat1on co]umn

under cons1derat1on
2 -
i ' - A

For pos1t1ve step 1nputs (+10% reflux f]ow rate and +8%‘<’
steam flow rate) we f1nd | ;u :

L

~ fo.82s -t.400] ., . [7. 785 2 477 o
T e N 1,1 = (37)
©|8.000 -4.400f & 5 308 1 a2

For negattve step 1nputs ( 10% reflux flow/(ate and 8%"
steam Flow nate) we f1nd | - ’
‘,-*"'f""‘L - Jreom Coos38) L [ioas -ot01]
ST, S MR O B N S (38) -

R 2 366 S-po154f ' [o.442 -00201)

) i
>

o
A

'1, AppendiX,B plots 19 and 20 show responses for pos1t1ve and
vvfneoattve”changeS‘tn reflux f\ow rate T o
| “i.We.see'that (37) and (38) have oppos1te s1gns,'so we
3oannot construot a control]er for th1s operat1ng poant The
d1fferences in (37) and (38) are such that averag1ng does_
Linot nake sense- s1nce we cannot even determ1ne the 51gns 1n
the dontroller matrix from above results Therefore we f1rst
' apply mu1t1loop proport1onal feedback control to ‘the |

d15t11]at10n column, as was suggested in sect1on 2 4 . t.;’ﬂ

The prlmary purpose of the P control is to 11nearlze



N e . s

the plant'~i e. to give as much as possible the same

responses for positive and negat1ve set p01nt changes We ,
‘~.want to avoid the behav1our as outl1ned in 1.3 where we Nl

showed that the robust desxgn techn1que on a nonl1near plant‘f"“

7._can g1ve us two totally d1fferent controllers for the same
'»set of operatlng cond1ttons ‘ 7 ' .”

The cho1ce of K ,1s not very 1mportant and only a few

titest runs are necessary to obta1n acceptable values S1nce

values for PID controllers were avallable we started w1th

RN

) the' galns from the PID- controllers (3. 571 top and O 576
V,'f’bottom)\ Plot 21 (append1x B) shows the responses to +20% 1
f-change in feed flow rate The response 1s fast w1th a l1ttle7i;

: b1t of overshoot in top and bottom compos1t1on A full

ll"ser1es of experlments as. outl1ned 1n lll (see sectton 2 2 2)'5'*

'hhlfor both pos1t1ve and negat1ve 1nputs and d1sturbanc" showsfx

fthat the obJectlve of “plant l1nearlzat1on" is’ fa1rl

‘nisat1sf1ed

_-positive changes:

e ["506 oom] l~0~-05'49 iy
L= 1649 1.350) D=~ f0,7985A o

:_f_negatjvevchanges;

© . [1.306 -0.0897 . [-0.02167
o r0.979 - 1.488) - 0.5696)° -

hwell;{?77'f



~ average: . ' B o ‘ B PR

' . _ RE ! k (41) e

ht . . i 4
o . : P
. LIS 5 . .o . NSO

~ ‘ -

’ [ | 1.406  -0.051"
N AR P EL BN PP §

Because the reSponse shows some overshoot wh1ch m1ght

o
"

1ead to osctllatory behav1our 1n a obust controlled : '311'

s1tuatlon ‘we repeat thegexper1ments W1th 1ower galns We

B use 70% of the prev1ous ga1ns (2 5 top. loop,’-O ¢‘bottom

loop) Because the offset will be 1arger ‘we' decrease the
step stze of the 1nputs Plots 22 and 23 (append1x B) show
the responses to +10% and -10} changes 1n the feed flow

rates Th1s t1me we have fast and smooth responses _ﬁ th o f[?f_;

Calculat1on of [T ] —matr1ces after condpct1ng al]

exper1ments shows that the l1near1z1ng effectiof P control

.-‘,

’vf1s st111 sat1sfactory

”“~positive.ChahQ¢s;'

. [0 -0.077)0 o [-0.0267 . .
‘ ‘_> o _1 . 841 1.423 . l’v, - . L 0 , 935 L .  ‘ ‘ R R

" negative changes:

R 581 Coatt) . [-0.082] o
e S e | T e
o e, 096 o t.e88f o LOTAAD
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‘average:

i

\

s [1-476 .'
B T IR S |
o e

To round off the expertments we repeat the same

" positive changes:

i negative changes:

L

average: .

L v'[,T"y]:

0.017
1,706

£0.469
2.983

-o 116

- 1,922

o [ % 372Gf: fli»‘”
4. 603_?‘

. ’_,}‘*_ . :
. \ . "‘_ :" :

e X
) .. . N
v e

] o phs
s . . . '

e
« N '

t

0.034

0.840

Tt

0.054
0.831

| ])

Plot 24 (append1x B) shows the
";farespOnses to +10% change 1n feed flow rate The trans1ents:*7?5
“:are smooth and slwghtly slower than 1n the prev1ous case

{QThere 1s st1ll a reasonab]e amount of 11near1zat10n f”ff.h

.
(44)

L procedure for ga1n values of 50% of the f1rst case (1 785

'top,‘-O 288 bottom)

(45) - L

1h"7;;t47);1}t3.?’t
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-

;j:po1nts were be1ng kept constant The robust oontgijwens
} ‘;*W111 be’ descrlbed 1n th1s and the follow1ng seé&1bns
- ’;ffetuned for a -25% feed flow rate d1sturbance The PIDA
./V f'controllers that were ava1lable for compar1son wereﬁalso,J
ttuned for th1s d1sturbance i e

The controller we used was (see sect1on 4 4) . .n;j”i°

u 3 K [T ] {y,&g - D W : f(y y,,r)dt }‘- K y (48)
.““where .5;*;l’fi-;’“f* = ,,;‘;~  e e
e [-105-9 80 ;f7;;*'jf 0. 00377

60 I e ;,Vz“;. ST
ST 9955;“-107 o o 01040 [

'\._:' -
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' product compos1t1on from the responses See table 7~f9h:the :

?results (C%]cuiat1on over 1 3

[N




R Tab]e 7
';d}[?; w1thout feedforward W1th feedforward

’"‘ep51}on } ;ffitop bottom 3?'top bottom \
' ../;\@ ”f, o , .M
R T | 05{f3;?§x'*;6 8 58 8 5;77”;34;9#j-<~5
;,fp 0 10'L3&[¥gai;: : ud35 4 3[0;¢.' -

-L;‘ B L T CUU30.7 2.4 0
S“.:, 0.20 . 34,4 2.2
L 0 255!«nt_ﬁb{a :,QQ<4O 1 Ligiay

. __,r S

S RWWORO
'@omb

Tab]e 8

S Load dwsturbances and set po1nt changes for

i;’fff};JFf}fﬁif'sef ;}iffﬁed_ijjjﬁf.ﬂ':;iIAE}.fj’f_ i IAE
; \\ l a ” - . 1 .;1:; , e S »: 7. - '_ : ~ - .‘ .

R ‘:+25% feed flow rate¢.»fﬂf
~;;dff25% feed f]ow ratewq S

F=35, N
SN

ey t0p Compos1t1onjgh-§
=1k top composition . -
- +1% bottom compasition
-»3ﬂ-1% bottom compos1t1on - 0.

mosw e
owos B
[@ﬂ#ﬁ*mgjﬁ_

3

S Om@N

e

-

Tun1ng of robust feedback feedforward control]eﬁ -

”’ﬁﬁsteady state .-7‘"

robust f%edback feedforward contron??fff”edkﬁ



’ffzif+25% feed flow rate*a“;7
’15;_25% feed flow. rate_ﬁof;“

'{7fé?+1% tdp compos1t1on'7?*'* .

‘-,T;Tff +1% bottom" compos1t1onff” .
“”'ri“'1% bottom compos1t1onf~'

TR

o .

Ta61e 9

AvuiLoad d1sturbances ‘and set po1nt changes few;»:.d“
: robust feedback: control - = -
t”prAE »éfnvf';‘:iAE'.'ft
| ) o "'*—>u' ;'”drreturn to |
ik  '?;::j1}'.jj5;’7,-,;;fjfﬁf;f;{;ﬂlf . steady statEffETQMfﬂ.:
omiee - tp bottm top bottam ©

28,

RN
o JN

SNmoo ‘oo
U wwom o
2
-~ O NN wW W

-1% top- compos1t1onf*“fi

NI
L owo=Nm

S oW,
s

control value

i where u

broport1onal ga1ns

P :K 1ntegra1 ga1n5-- (K *lSEC)/T

o where ISEC sample 1nterval 1n seconds :?jtj

' -;u uT 1ntegra] t1me 1n seconds

.di K derlvat1ve ga1ns = (K *Td)/ISEC fbfi” t?nfj:ﬁy{f5‘

PREER e where Td' der1vat1ve t1me 1n Seconds

%

n,ﬁ_}o'y" prev1OUS va]ue of the output y

"dehe contro]ler we used for compar1son was tuned for a -25%

“”iﬁifeed flow dlsturbance The controller sett1ngs aPe

' Top loop y

top product compos1t1on

reﬁlux flow rate f;ﬁi@;;f?*ﬂyf“*"



K,: 3.571, T, = 695.0 secs., Ty= 41.6 secs.
Bottom loopff y bottom product compos1t1on-u :
R »ju reboyier steam flow rate :§°l’*»74
ns ::th‘7-Q'576 T 771 O secs v [‘— 39 5 secs;:}lffsb
Lo | S e

';The performance comparlson for var1ous dlsturbances and set

l*<fthe same as PID but W1th the der1vattVe act1on set to zero
'QAppend1x B plots 31/and 32 show 25% feed flow rate

Jfresponses for PI and PID control ‘

u;The above resudts show that PI and PID control 1s sl1ghtly

”~~;;ﬁjifthat the performance of the robust feedback feedforward

”iffcontroller for load d1sturbances w1ll be better than a .

R o ‘
“fﬁnnorma) PID controller due to the feedforward actlon To

7f make/the compar1son more real1st1c we added feedforward B

‘5mfft9°ntr°] algorlthm 1s

FF- Feed flow rate

k*ffi}Note}that the [T ] and D matrtces were des1gned for the

.p01nt chan@es 1s outl}ned 1n table ﬂO The PI controller 1s

.
:T?rfbetter than Habust oontrol The robust controller howeVer:»f;ft:

:”tﬁfwas des1gned w1th feedforward act1on 1n m1nd It 1s obv1ous;f,ff

,.,}actton to the PID controller so that the PID + feedforward .5,;

See eQUatlon (41) for T, ]fféﬁd*df?ffﬁff“ftfdflﬁlfifﬁ

f”thV?lQ?éfbf{Kpf{ Used in the PID controller (see sect1on 4 4)1;}}l
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Table 10

Load dlsturbances and set po1nt changes for .
robust feedback control vs PT and PID control .

e L

| Robust feedback "'Pllv”d'f '“ui“ﬂPIB¢f.nf

"aff=CHANGE 'fjﬂJ top bottom toﬁffbottom;,~-t6p~}bqttomjﬁ“,

. 4059 feed low 4.3 2.

.8 27.3
V217 0
110,
.0 8.
7

1

. -25% feed flowj' A0 28/

- b+1A top comp 1 5
=1% top comp. 1976,
" #1% bottom: comp .3 8.
8
4

-1% bottom comp_

4
7 v5_‘.’

5. “?ﬁé'il. . .81777;
101 4 f;_f} gn 2 :tj§]}]90 2

".

~oww PR

‘ »bowmA&bﬂ
*@F¢@eo wo

m"oﬂmw

_;J”gJchnw'-rJaa
ghfmbhogw

e

- Qﬁx;fThe performance compar1son is g1ven in table 11 Append1x B fffpyt

'"v*gg}plots 33 to 35 show responses to feed flow and set po1nt

"f?jgpo1nt changes we f1nd that the rob'st controller 1s better

7f}changes for PID- plus feedforward control f“f;;ﬁk;f*ﬁ;r;lv;.ir“*'

We see that the performance of the robust controller 1s

L%

,‘{_roughly thg same as the PI and PID performance For set

He0

'vifor changes 1n top comp051t1on worse for bottom compos1txonff;ifei

»lzgichanges Thls can be expla1ned from the fact that there is af:{;7ff

'l{strong 1nteract1on between the steam flow rate and the topw;f“l

‘;hig{prOduct compos1t1on The mult1var1able controller accountsf?fffd§st
:“-fjffor th1s 1nteract1on and thereby m1n1m1zes the undes1rable}f§“"

| fffﬁchange in, bottom comp051tton In case of a set p01nt change_éiif};f

:t'”;“jln bottom compos1txon, the robust controller ba51cally

R o <ama."“”’

‘*?.behaves as a convent1onal mult1-loop controller 51nce there-{fif}ff

?g:pfls hardly a r1pple 1n the top composwt1on Here the robust
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' Load disturbances and set po1nt changes for “'°'fﬂ;@
~ . " robust feedbacK.feedforward confrol vs PI and
L e PID control o SRS

Robust feedback ﬁ;“'Pi‘ ;j7&;'alf PID

g - f eedforward fl+feedforward. +feedforward

s L . -,
E7

. 425% feed flow .
“f.,g_-25% feed flow T

tf?f.4+1% bottom: compt,;
xa: 1% bottom con'p ;

’f;LHAth -,fjjjfji}tdp bottom _ttop bottom;vfytop_ bottom,,*fif

a5 -t
23 7

v‘l=.

1cnnm
NoL. D

4
3

-

gn_ opo;:;cy_cocn

:E5}+1% top comp
- =1% top ‘comp.

L%

|Horu o0
;‘c:] ciniofsf;tdcd
RIS

Hovwoz
,he Iosoor -

& [corw.
- 4

2,
0.8
’;,o ) E——
.hiV'ﬁf55714_fedf;‘ 72 9 ﬁiﬁi?Sllé;f;fﬁézfifﬁ

‘J”fff:Controller loses 1ts multivéfiébl?73596ntééefévéﬁ?fﬁéf?lﬁ32173f°t?

t77ff;controller

“ A BT RN Y' ' ', . . o
4

If we looK at the sum of IAEs we see that PI and PIDﬁ
‘ﬁfcontrollers do a sl1ghtly better JOb controllang the top

':ﬁftloop, but%the robust controller g1ves better control for the

:"dfquttom loop Th1s means that the robust controller s

“"f;;;advantage 1n lncorporat1ng 1nteract1on 1n the control

'*ﬁfi}algor1thm outwelghs the tun1ng advantages and-der1vat1ve

'”*factwon n the PID controllers The bottom. 1oop is cons1dered

"J7ff}:to ‘be " more d1ff1cult to control than?the t0p lOOp because Of ‘.ﬁ:

""gththﬁ‘long t1me delays The robust controller has a sl1ght

RS

”5“ff1§advantage over PID controllers SInce the IAE presents a [:iﬁﬁiﬁff[




95

f .

measure of the amount of of f-spec Product produced(by the
distillation column..lhjs.ﬁslless;than for PID-control.
8 ' - - e

4.7 Robust Control plus Derivative Action . b

The major control.problem'in our system is posed by'thef

.’long time delay tn the bottom loop (7 minutgs). Because of

its phase lead properties derivatiye,action has been
proposed as. med101ne for trme delays (phase lag) in

conventtonal control schemes. ft may be expected that addlng

derivative action to the slave loop'of the robust controller

will give us some'lmprOVement in the control. Since
derivative act1on operates on the system outputs only, it is
easy to add to the control algorlthm Also, der1vat1ve /
action does not affect the steady state behav1our of a
controller, therefore we do not have to- redestgn the robust
controller if we want to use PD control in the slave loop
1nstead of- P control - o ‘ D
Since we want to Keep as much as poss1ble the tun1ng
advantage of- the robust controller, the dertvattve actton
. was 1mplemented as "add- on" feature and also tuned ,as such
i.e. the best robust controller tun1ng from the prev1ous
data was . taken and then only the D actton was varxed 1n the
tun1ng runs. Agatn all tuning runs were 25% feed . flow
dtsturbances The tuning results are l1sted 1n table 12
As we see the effects of dertvattve actton are mtntmal The

.9
dtfferences in ‘TAEs cannot be called s1gn1f1cant Our best

i

cho1ce of der1vat1ve time 40 seconds for both loops 1s

&y

4
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- Table 12.

D-tun1ng'tor -25% feed flow disturbance
- PD-robust feedback feedforward control
B A l

Derivative time | 'T:TAE"

top loop = bottom loop top  bottom
10 10 - 4.4 6.3

20 20 . 4.3 7.0
30 30 | 4.2 5.3
40 40 4.2 5.0
50 50 4.2  .6.1
10 - 38 : - 3.8 ;g
20 | 4. 5
40 80 '4‘/%\«8.7‘
80 160 3.7 8.4
160 320 4.7 10.2

el

lsomewhat based on 1ntu1t1on and supported by the fact that

thls is the same amount of der1vat1ve act1on as in the well'ﬂ
'«vttuneﬁrPID controller ’ | | | | ’_ |
- We also did some der1vat1ve tun1ng for PD robust

‘control wtthout feedforward actlon but the d1fferences

] [}

B between the runs were very Tns1gn1f1 ant The compartson of

~the overall controller performances is gtven 1n tables 13
‘and 14 Appendtx B plots 36 to 41 show the column responses s
! ,to feed flow d1sturbances and set potnt changes for
PD-robust control. | _J |
As we can see, the overall results for PD Robust |
_control are sl1ghtly better than P-Robust or PID control
The. control 1mprovement l1es largely in the bottom loop P
(compare the total IAE f1gures for the bot tom loops) Th1s :

'was to be expected since the dertvattve action can cope
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- Table 13

-A\

Load d1sturbances and set po1nt changes For L
P--and PD:robust feedback control(vs PID
- k contrél - )
, IAE | _
| P-Robust ~ PD-Robust ~ PID
CHANGE | top bottom  top bottom ~ top bottom °

28. 28 27,
33, 121,

4, 10-

. +05% feed flow - 4.3 29.8
~ -25% feed flow 4.0 .28.2 -

SN

+1% top comp.
--1% top comp..
+1% bottom comp.
-1% bottom comp.

1
T3
.3 8.
AT,
3
0

— O-WW NN

4
4
2.1
3
1
1

O —=NN

Sk
|

W O —
~mowu
WO

(]
~ mbbo;ﬂw

‘ . 17.3 85.6
‘101;4 ;.j'""_ﬂsd,é;s»’jf'ff’, 90.2

w—t.
o
S
(e 0]
o
o
o b0~ boO

Table 14 » ‘Zg{ 5‘f*ia,:r,.;?_“ 
Load d1sturbances and’ set po1nt changes for "”
LP— ‘and PD-Robust+feedforward control vs.
PID+Feedforward control co

CIAE L

R T
. :“‘7\‘.\\.

- P-Robust " PD- Robust ﬂ[ PID

.j/‘ f',;a. +feedforward : +feedforward +feedforward

CHANéE L, top bottom top bottom~v top bottan
! /42 % fe d flow T
S feed flow 3.

K=26)]

4

3

A +1% top comp 3
~.=-1% top comp. . _2.
+1% bottom comp.. 0
1% bottom}comp 0
4

I~Nopsuot oo
JNuNupw o
1N lwooo o~
fo™)
orBdO @+

o lodwN M.
— 2 WA b

o lwNoor vo

b.mwmdl

14.4. 43,

1.4 482 812
o AR LR T



better with the long time delay we find in the bottom loop.



5. Conclusions - . -

5. 1 ControTTer EvaTuat1on B

The evaTuatton of the robust controTTer performance can o
'be based on both the stmuTattons from chapter 2 of th1s |
‘thes1s and the expertments 1n chapter 4 Throughout thTS'
thes1s we . have been us1ng Integral Absolute Errors (IAE) for}'
‘compar1son w1th PID controllers Before we start draw1ng

‘rconclus1ons for ‘the qual+ty‘of the control"5 some comments .3“

"‘}f;should be. made about the 1nterpretatton of IAEs

F1rst1y, the obJecttve of controT is to keep the output.-

;?values as cTose as poss1ble to the des1red values under aTT

';fc1rcumstances For a constant throughput the IAE representstt"

"-fa measure of the amount of off spec product produced S1nce ;fj

‘Jrg,we are’ dealtng WTth ComPOSTt‘O”S’ we can. m1x ]1QU1d that

'fﬁfexceeds the spe01f1cat10n T1m1ts w1th T1qu1d that 1s below

}'7’fr;the spe01f1cat10n T1m1t to obta1n an end product that 1s.5“d“f

"'Jexactly on spec S1m11ar]y, 1f the comp051t1on of one of the¢;;

'gdtst1llat1on column products woqu foTlow a s1nu501da1

'Tfﬁffosc1llat1on around the des1red value we would (on the

"f:average) produce no off spec product but the IAE would keep.h!f
fvon 1ncrea51ng Therefore 1t 1s somettmes argued that 1n the‘

‘htcase of comp051t1ons as outputs,.an IntegraT Error cr1ter1a

”fuwoutd be better than an Integral Absolute-Error cr1ter1a

e TiCounter arguments are that osc1TTat1ons 1n the outputs do

drepresent problems for downstream un1ts Th1s shoqu be

crefTected 1n the performance CFTtePTa Also ‘the ba31c



'

'-L'obJectlve of control 1s m1n1m1z1ng the operat1ng costs
hOsc1llat1ons in product qual1ty and subsequent blendlng may fA-
':iproduce on- spec product but the operat1on represents an .

"f‘entropy 1ncrease and is therefore wasteFUl of energy l29]

r‘“fThe IAE does penallze 0501llat10ns

":Tj,fdetermlned

"ftfjionly In th

:Our dec151on to use IAE was based on these conswderat1ons s
L'and on the fact that IAE results for PID controllers were

-”'{avallable for comparlson

Second.

system dynamtcs and controller performance

'W,no1se parameter dr1ft and unmeasurable d1sturbances

R S

:A"tTherefore small d\fferences 1n IAE values between PID and

'ﬁstobust controller for s1mulatlon runs are the d1rect result

o ;”of controller performance, the system dynam1cs be1ng the

"ffﬂjfsame But 1n the exper1mental runs. mlnor varlattons 1n IAE

‘ ”-are not meantngfull for the controllers because they mlght
”i?be caused by external dtsturbances, n01se etc | o
The f1rst conclus1on that should be drawn 1s that

?VtDavtson s robust controller as such cannot deal Wlth a

‘d‘g;system exh1b1t1ng the nonllnear1t1es as ment1oned 1n thls ;-;}}t.

"=the51s Only after mod1f1cat10ns (the addttlon of a slave
: f'control loop) we can expeot reasonable controller @{gj"
‘}performance | | e | ‘

Looktng at the 51mulatlon results we see that robust

”'flifeedback control performs sl1ghtly betterothan PI control

'.;If we add feedforward act1on to the controllers, the gap

1n the case of s1mulaflons the IAE values are hc

experlmental runs we also have to contend wwth . .



‘W1dens, and espec1ally for the more 1mportant loadf

’ w‘“d1sturbances we see a S1gn1flcant 1mprovement Addlng up all

IAE values for feed flow and set p01nt changes we f1nd thatf'

'»the total IAE for robust feedbacK feedforward control 1s 19%*

101

'Tless than for PI control Looktng at feed flow dlsturbances ; o

‘1”.tonly, we f1nd an 1mproyement of 40%

;f If we add der1vat1ve control act1on to both Robust and44f53

”f_ﬁPI controllers,}we f1nd an 1mprovement 1n control Now the

;'total IAE 1mprovement is 29% but for feed dwsturbances only ;?;5;

t

'f°fan 1mprovement of BA{ ergo the 1mprovement l1es largely 1n pjfdff

._,_~;set p01nt changes

For the experlmental runs we f1nd that »compared to ?fg’f-f

PID plus feedforward control P robust feedback feedforward fi”*s

“‘fcontrol g1ves a 5% overall 1mprovement Includ1ng der1vat1ve*fept

fact1on g1ves control 21% better than PID plus feedforward S

"f*jt;LooK1ng at feed flow d1sturbances only,:we f1nd p- robust

:'vcontrol 8% better and PD robust 36% better than PID control -

The d1fference in 1mproﬁements between stmulat1ons and de}f}

'_exper1mental runs is. caused by notse and unmeasurable
”'bd1sturbances in the exper1mental case wh1ch make 1ntegral fn
e ontrol actlon necessary In the s1mulat1ons, 1ntegral

:.;act1on 1n the controller actually caused a deteriorat1on of ;**

; f;gicontrol performance (see sect1on 2. 5 4) As has been shown 1"-'m

"th1n the prev1ous chapters, robust multtvarwable control can

eoffer s1gn1f1cant advantages over conventlonal control Thls»fﬂrV

t'fftconclusion 1s also supported by [41], although th1s paper

"’e_does not 1ndtcate any measures to counter nonl1near1ty

“ A.G"
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. problems If we compare all controller performances that

.Y

i were outl1ned 1n the prev1ous sectlons, we f1nd that the .

”.,best d1st1llat1on column control is ach1eved W1th PD- Robust;];y;f

_FeedbacK Feedforward control Although tl e 1mprovements over’x L

'*h’convent1onal PID control do not seem to be very 51gn1f1cant_

Lffone should Keep 1n m1nd that d1st1llatlon column control 1s -

”’af;mostly regulatory control If we looK at the control@er

'VEﬁ;fgperformances for feed flow d1sturbances only, we see that}:“ff]] :

‘“fftﬁrobust controllers in our case do offer some SIgnlflcant R

‘??L-;flmprovements dugfto the much better control of the bottom;\;gffv‘

Also one should cons1der that the performance ot theef:f_fff

n'~;vP1@ controller lS Upgraded by the addltton of feedforwardzfarf'**

'thcontrol The feedforward controller was des1gned w1th

fftDavxson s techn1que, so part of the cred1t for the QOOd

R fshOW1ng of the PID controller should go to the robust

| controller des1gn techn1que f l_f;_*fff,sitg“r_
Although 1t does not show up in plots and tables, weffL:5

f\‘should also ment1onjthat 1t took only a m1n1mal tun1ng

o &effort to ach1eve a robust controller wh1ch equals or -~

’sdrpasses the performance of the conventtonal PID scheme

!“,iFlProper tuntng of a PID controller 1s a very t1me consumlng

"'-and compl1cated task wh1ch requ1res a htgh degree of

: jjgexpert1se from the control eng1ﬁeer. and the tun1ng process ‘:ffd

p"

“>would probably y1eld much more off s ec product
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l 5 2 Recommendat1ons for future work
y - A poss1b1e 1mprovement can be made in- the contro]l.
z?.rsoftware Current]y the control programs taKe up almost a11 d'“
"lfﬁpava11able memory 1n the LSI so that the system would not -
“accomodate a much 1arger contro] a]gor1thm Some subrout1nesﬂf?

' thfoan be made more space efftclent w1thout affect1ng the :

thSYStem performance Espec1a11y the data transmlss1on between}li?3

"I

”fforeground and bachround programs whtch presently requ1re ff;f

'=-;;large buffers can be made more eff1c1ent 1f neceSSary

One of the maJor problems 1n the control 1s the 1C§K{ *tfuit;

”“;g}tmeasupement t1me de]ay 1n the bottom loop (3 mtnutes)

t-"-ifbecause of the GC analy51s Improvement of controllerlf% e

L?tff,[Th1s can be done by redu01ng the GC analys1s from 2 5

uﬁ?};performance could be ach1eved by reduc1ng th1s t1me delay,;,?EVf*

'"z?,jgm1nutes to 1 5 to 2 m1nutes Next one could choose a h1gherx~h*5

ﬁﬁdwhtch can reduce the PepOPt t1me from approx1mate1y 30

”‘ttffbaud rate for data transm1ss1on from the GC computer to LSI‘%fﬁlr

'ﬂ;tseconds to less than 1 second Prev1ously thts was h;?7ffﬁpftt:.?

| :-f_y1mp0351ble because of llmttattons of the t1me shar1ng
"'bf:control computer (HP 1000) wh1ch demanded a slow data

- j;;transm1351on

An even b1gger mprovent could be ach1eved by usmg thef.

"'temperature on tr

”", as an 1ndlcator for bottom

‘x;fcomp051t1on S1nce we haVe a b1nary m1xture at bubble P°1”tr?fe§f

"“_p,sﬂe1bb's phase rule says that we have two degrees of freedom

"}3j51nce th1s 1s an atmospherlc d1st111at1on column thé?ffyfffi[tff

'ff}pressure 1s f1xed and by measur1ng the temperature we | can N




=R : o »1',‘04'»_

o determ1ne the compos1t10n The GC ana1y51s could st111 be

".used 1n a cascaded arrangement to 1mprove accuracy

4h'fﬁBy thus enabl1ng a greatly 1ncreased sample rate at no;;i?ft[f

'7;[ffmeasurement delay, a maJor contro 1mprovement may be L

'ﬂ.eXpected ‘ f-;h3  7 f<»‘c‘f;t_:.ff\\

B G
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6. APPENDIX A: Description: of ‘_prbghams and subroutines
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| NAME: FOR2 " LDCATIDN FOR2.FOR-
L DATE: 791114 AUTHOR: G.W.M. coppus ‘

u ABSTRACT Ma1n11ne foreground program sée deécripfionvbé1ow N

_CALLING SEQUENCE

" CALLED BY: | R
'CALLS. cASSIGN.,Q;....System Subrout1ne”»”
| 'CLDSEr..,E....System Subrout1nei
‘dQéET{..fg;{_.System Subrout1neEff_
.GTiM..;.:....>System Subrout1ne_ :
-E MTATCH.L.;EW..System Subrout1neEE;E o .
| :MTGETJQ;};,}..System Subrout1néE_"E‘ﬁ
| L MTSET,-;E.EE..System Subrout1newﬁvx‘

:EE IRCVDF.!E;Q;J.System Subrout1ne Lo
EECVTTIM..,},V. System Subroutlne L k
,;ISDATF... ..... System Subrout1neEE

E';fISLEEp.};;.:..System subroutine’

| ;EGLUE..;};E.;A.Assembler subroutine
‘l‘DOUT,.}.j::;..Assemb]ernSubrout1ne

/ EGETBC.:};.EE;.Fortran Subrout ine 5EEE ey

;TIMER.,.;.;E}.Fortran Subrout1ne N ."' o
. DATAC.;E.;;...Fortrap Subrout1ne,*}
';CO§TR.§.;.E...Fortran Subrout1neniol
“PUT.;;{....:..Fortran Subrout1ne .
| E;: | ~C0MP.};E.E,}..Fortran‘%ubrout1ne’fE E

, COMDjr ..... ,f.Fortran Subrout1ne

111
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""p"see GETBC)
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DESCRIPTION B S N

Inlalrzatlon sectlon

After the declarat1on statements f1le INIT DAT on drive ‘g'

‘uDYO w1ll be opened It conta1ns all 1n1t1al values for
var1ables 1n the three tables (I/D table CP table
PP- table) |

T;.The values are read and the f1le is closed agatn A
| !

| separate subrout1ne (GLUE) puts the real values of SPAN 3

- ,and ZERD 1nto the 1nteger arrays of the 1/0¢ table :
1 QSET sets a51de extra space for queue elements needed

f(f.for t1mer and ID calls E ___h‘( f*"_ | Pl

'-;The GC l1nk (see descr1pt1on of subrout1ne GETBC) 1s set

'(up as - a term1nal l1nK CALL MTATCH attaches a new

'7ﬂ‘}term1nal to the system,‘reserves buffer Space for ID

”lljetc MTGET returns the term1nal character1st1cs and

f_MTSET sets the new. character1st1cs (e g 1nh1b1t echos, f;_

‘_The GC remote start sw1tch 1s closed by default at

’system power up The program sets the sw1tch to 1ts jr T

'~normal (open) pos1t1on | \ T
:The program opens a f1le for data aCQUTSltlon The
‘ftlename has to be entered by the operator ”
Malnllne sectlon s 8

: The program checks a: flag to see 1f there were any )

"*'parameters sent by the background program If yes, the 1":1

]“ew parameters are put in: the appropr1ate tables, and a

new recetve parameter requestf w1ll be 1ssued

S



'y "
.‘An ITYPE greater or equal than 20 is the stgnal that the NE

1‘operator wants to close the data acqu151t\on f1le and

‘ 'fopen a new one.

'o,-The Ge report,,sent by the HP 1000 GC computer lSphéad‘ :
in subroutlne GETBC AR SRR
'The ttmer wa1ts for the next sample t1m§’ ol

R The GC is trtggered (by a d1gttal output s1gnal) to get e

,a new sample

"'TffA]] other process var1ables are read by subrout1ne

. pATACk

{;Control sett1ngs are calculated 1n subrouttne CONTR

"hiThe s1gnals to the valve controllers are sent by

- subroutine PUT. ’j».i:i*::r'ai_;;?;,a;;:“;;f.rﬂ,;<

i:‘"ff.-‘lt'Every sample t1me the most 1mportant data ar% be1ng

) “fusent to d1sk f1le

"tflf ‘the background program 1s runn1ng; data w1ll be sent

fﬂ,”for operator presentat1on ’y
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© . NAME: DOUT- - LOCATION: DQUT.MAC ~~ . .-
© DATE: 800114° ~ ° AUTHOR: R.L. BARTON '~ . .

e

ABSTRACT D1g1ta1 output dr1ver,_to set the d1g1fa1 outputs‘ﬁtu
] on the LsI- 1 to the des1red values | ‘ o
CALLING SEQUENCE CALL DOUT(IDUM IDVEC)
where \ o .. | - “ l '_ |
- IDUM not used HA.‘L L.". _:1: | L{'/EKIIV”:.LE }
| IDVEC - BYTE-- not used "hf,Eff?fj;;ifL’f,ff-v'*
o BYTE - module number, use 0
WORD ~'data word '_ L,EE” e |
To set sw1tches 2 and 6 to on 5 the data/ulprd woqu be | ;
oooooooooo1ooo1o S fin B
CALLED BY: FOR2...;.Fortran pr0955ﬁ R
.RIH:,PUTA;{;;,Fortran Subrout1ne ‘CELEE
CALLS L . s. . u v‘_ ' I
DESCRIPTION See program Tlst1ng



LOCATION ASSBA MAC

"‘}DATE»:791112 .»}‘ AUTHOR GWML Coppus L

uﬂvﬁuABSTRACT Subrout1ne takes two rea] Values and puts them 1n

a four word 1nteger array f

""*5*f};jCALL1NG SEQUENCE CALL GLUE(REAL1 REAL2 IARRAYY_?A;E{T”fﬁff-;E?

where R N AN e s | G
REAL1 REAL2 are two real numbers };ET:[;“}Eilfi'fVu;:utif;
| IARRAY is a four WOPd 1nteger buffer  Jj : :EHA' ‘T;

.CALLED BY: FOR2 ----- FO" tran pf‘OQram : ’
CALLS C”,’f’”" BT S S



| »ffNAME GETBC i :df_LOCATION;ksuBFQ;pQRJ;jthsi__?Ij_x
B DATE 800218 'i%~,’AUTHORffoWEM?’Céppush‘-fj~-;v3‘”' :

.-z,.

*“fl'f{ABSTRACT Subrout1ne reads ¢ report from HP 1000 compute",h,f*'

(LARRY) and gets the value for the bottom composwtlon asfﬁf

an 1nteger number

| "‘InmCALLED BY FOR2..{;.Fortran program

o CALLS SECNDS i .. , System ‘Subpout-'ne BN

uthTINv System Subrout1ne Qt llh*“i;lif!;f{fff;igt;th
. INDEX‘-----SyStem Subpout”-\e .. R
"'fASCINT ..... Assembler Subrout1ne “_fhlf,'" '

"'37“:;DESCR1PT10N

7'*[;;F1rst the subrout1ne calculates the tlme ava1lable for\;vtﬁ

‘ffflndlng the value of the bottom compos1t1on Ihls tlme o
AfﬁtTREP SAMPLE TIME - GC DELAY'- 2 lBOt;fltdf‘tzsaféé;ftff
.??seconds & S D e

- :flhen the subrout1ne starts look1ng for characters on the .

"'5ifiGC channel wh1le cont1nually check1ng the elapsed tlme,

e

lﬁunt1l

,,jdjllQTThe tlme TREP has exp1red Then the subrout1nef;['”

‘;the b°tt°m Comp051t1on or not Th1s rS‘done to}ffff:
’ZaVOld a program lock due to GC fa1lure '

| :‘i_él A carr1age return character (octal 15) 1st e

116

”‘f;w1ll eX1t whether 1t has found a new value fopn}ti?



"51171r

<
'i'encountered Then the program assumes that one‘“h"
"‘h]’*”e of 1nput is complete and the character ‘
L ,“ssbuffer w111 be searched for the character str1no .
DETE R Y '. Sl
; ;”{535;1The character buffer 1s fu]] - there are 40 )

'h’;;characters w1thout a carrtage return From the

:ithC report we know that the characterstr1ng

&WATER should occur w1th1n the f1rst 40

hlthYCharacters of a 11ne The character buffer w111 'fj
:fﬂd:iﬁbe searched for the character str1ng , s
."dIf we f1nd the str1ng &WATER we know that the 6
u.ﬂfrASCII characters precedtng the str1ng represent the ffi
"tifrfdwe1ght percentage of water 1n the samme e g s g
:394 556 &WATER From th1s we can deduct that the jefrf?
‘Ef;hmethanol concentrat1on 1s 5 444 %wt :WA _11A;; T
| d*'f,gThe assembler routlne ASCINT takes care of the »
:? ‘fconver31on from ASCII to 1nteger | "‘vti e
ah:;Whether the bottom product comp051t1on 1s found or'_i-T
'*rﬁffn t, the subrout1ne w111 Jump back 1n the 100p (see”
J'ilfflffabove) to look for new characters unt1l the t1me

ii:?TREP has. exp1red

}:7tf;4{fﬁtThe reasons for look1ng for the water composttlon} =
_"?':and not the methanol compos1tlon are ! :
) Sometlmes the word “METHANDL"‘ 15 Im ssmg from
the GC report ~“&WATER“ ;eems to be always L
there. so th1s 1s more pel1ab]e



| *(2)3‘Somet1mes, when the sample valve does not

‘Operate properly,,the GC analys1s shows three ff-""

'ut[tpeaks 1nstead of two One of°the smal]er peaks_';"f

‘ | '5fw111 be 1dent1f1ed as the methanol peak" ‘the7jf;fl

;':]arge peak 1s the water peaK < We f1nd thatl;f-,;%f

“V7ffatfpom thé peaK that was 1dent1f1ed as. the

‘%%fmethano] peak, so we get 1ncrease accuraoy

h‘j100%-- water concentrat1on 1s'1n th1s case a,fﬁf?ﬁff
:"7~ff]more accurate representat1on of the metha”OIEi}]“i:f;

*~ii;concentrat1on than the number that was’ found;ffafjf}

.ﬁtifrt:should be emphas1zed that a s1ngle erroneous GC;Lﬂ*iZ;

Hﬁutff;;read1ng w111 have dtsastrous results for a run s1nce
th1s readlng w1]1 Cause a b1g Jump 1n the steam

/ flowrate - the effects oﬁ wh1ch take about one hour ;f:?£

to d1e out | A N



°”7f30ALLS I, System Subroutife i T

'f:r;fDESCRIPTIDN

o119
'-:fNAME TIMER ; LOCATIDN sust FOR R
L ‘DATE 800125 .‘t AUTHOR W, " COppus-[.‘t

A

'ﬁn‘ABSTRACT Subroutwne ca]cQJates the t1me for the next sample S
;,,r.vf moment and suspends program execut1on Unt11 then -~L&'5
"NJCALLING SEQUENCE CALL TIMER - | |

';fCALLED BY FOR2 ...... Fortran program

-ﬁ}hfddCVT...;System Subrout1nef¥?fiifffﬁhyf1r7ff

itffoADD SYStem Subrout1nef§;33ﬁ" R "]
SRR ' \ R
Lo fTCVTTIM System Subrdut1neﬁt'g§f

““*3”§11UNT1L systémisubrou§1ne77“*T”5t3{337%f';if?-.u;:;gh%
TR e S g A

v'"‘[jﬁThe beg1nn1ng of the subrout1ne 1s stra1ght forward hlﬁf"

'i”mfﬂnew sample t1me s calculated by add1ng the samp1e ;wftffff

o mf1nterva1 ISEC to the prev1ous t1me If however thefi¢3;5?

tkrfcalculated tlme 1s 24 hours obv1ously 0 hOUPS fr
ﬁliff(m1dnlght) is meant, s1nce the 1nternal clock of the“‘ A
 ‘13?;LSI 11 SW1tches to OO/pO after 23 59 If for some reason‘f?
"ﬁ J{fhi1he calcu]ated t1me 1s ]ater than the ppesent t1me, t“éf2r?

f.fifprogram w11] contlnue 1mmed1ate1y, w1thout wa1t1ng




N:fiffviSCRIPTION

h~7i5tart1ng at the f1rst IO vector 1n the 1/0 table, ,héf:?iftﬁ

. NAME: DATAC

’:EDATEﬁ77911i4;-ifd

; ilu~ABSTRACT Subroutlne reads a11 analog 1nputs
“ffCALLING SEQUENCE CALL DATAC ’

'thCALLS AIHL Assembler Subrout1neif

LOCATION SUBF2 FOR

AUTHOR G w M Coppus

' >© '-

'ﬁ*ffCALLED BY E0R2..§»»F0Ptran program 4 .

IAVALL.. Assembler Subroutine [ .

P45f”subrout1ne checks 1f the vector 1s used (unused vectors

IPEEKB System Subrout1ne fhfh: ﬁfﬁjjail

uff;start w1th the characters UN)

”:”ft51f yes,.the 1nfo word in the ID vedtor (see SeCUOn on

fnput

ge) w1l] be analyzed

the appropr1ate channel w111 be read

S . e . - R L

If the vector represents

e orocedure unt11 a11 vectors (12) are done



"5ﬁlgw:ﬁITYPE 0 no control actton ?;th“

?;*ﬁ2frff? | 7 PID contrOl

RIS

CNAWE: CONTR - LOCATIDN CONTR. FOR - ?'f’l e
. DATE: 791114 AUTHOR 6. w M. Coppus | '

'.,l.

and Feed forward control actton

'"”Tf‘CALLING SEQUENCE CALL CONTR(ERR SUM Y)

s ..uv'where:_.,vﬁ _' '

”1fiER§%i values of error,zYREF Y

values of controlled outputs (top and bottom

d°7ffj,CALLED BY FOR2 ...... Fortran program Tl

INGE..;;.Fortran subrouttne

Lo

alues of error 1ntegral for I act1on'”7gwgdf_?d1'éi

:'”l; ABSTRACT Control algor1thm calculates P I tp; P}Robustfg_ j‘f

V*:ff€CALLS E G ..... Fortran funct1on 'ofi}iffatf;ffégf;fkllif;?fj;f

| rf'Th1s subrouttne offers a var1ety of control algortthms,:‘:fa

“tfthe algorttm is chesen by select1ng ITYPE The mean1ng

[y

"

1 proportlonal control

3 PI control i
OIS
5 PD Robust control

"*7 9 p- Robust coﬁtrol 'ji

11 Set steady state values

= P+feed forward

-+feed forward

f§£?+feed forwardlt”f

~

_+feed forwardii ¥;;§f



122

.l;F1rst the program checks 1f ITYPE =llf”-lf'yé8; the ThSt
.;ff“output values for feed reflux and steam w1ll replace ”;?Z
‘}:ithe old steady state values CThe default values are: |

T'hfFeed 1 g/s’ Ref]ux S 5—g/s,.5team 14 g/s) Then ITYPE
| "jjw1ll be set to 0, wh1ch means no control (manual)
"f;fi;tgfdf;dITYPE is in the range 1 - 10 the control subrdut1ne ff;"~
:’7???dw111 get the feed flowrate, top Product com9051t1on andﬁvfﬁ

'lff}bottom product compos1t1on ln eng1neer1ng un1ts Then.ib
'”gg;;the error vector w1ll be calculated (YREF Y) h_}_, _

o | computed GD TO" selects the next program part lhjdillﬁedl
"x‘dfllntegra] part and P robust part have ant1 reset Wlndub,:t‘"

.E\Vwah1ch sets the value of the 1ntegral act1on t° zero ‘f ;i;F

\l":§f1t exceeds a certa1n value Feed Porward act1on W1ll be?~’p

A:"f;1ncluded for any even value of ITYPE




[
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NAME: PUT * LOCATION: SUBF2.FOR
DATE: 791114 ~ "AUTHOR: G.W.M. Coppus

l

ABSTRACT::Subroutinensends all‘output signals to Current

Output-Stations.
CALLING”SEQUENCE: CALL PUT
CALLED BY: FOR2.....Fortran program
CALLS: IANAL....Assembler Subroutiné\v
© DOUT.....Assembler Subroutine
: AOHL...L.Assembler Subrout1ne

fﬁLEEP System Subrout1ne ‘

"}DESCRIPTION

Thls subrout1ne sets the Current Output Stat1ons (COS)

to the calculated values There is one analog output

: onnected from the LSI 11 to the COS. The proper COS is

selected by dtg1tal outputs, 1 e. clos1ng sw1tch5number

', i on the d1g1tal output card at the LSI- T will cause

»COS #1 to respond to the analog output voltage from the
GELSI 11 S "t; ' '

‘The ubroutlne checks ever;lIO vector 1h th?}I/O table.
“If the vector 1s used and an analog output first all

d1gltal outputs w1ll be set to zero to blank out the

switching operat1on in the LSI, then the analog output

will be set to the- calculated voltage and the

appropr1ate d1g1tal output will be set Between the

var1ous sw1tch1ng Operat1ons in the subrout1ne there are

)

e N .
i . : . : .
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wait statements (wait 0.1 secs) to enable the slow

switches and COS to follow the outputs.



195

| NAME: COMP  LOCATION: sugFe. FOR

DATE: 791112 - AUTHOR G.W. M. Coppus

X "

. N

- ABSTRACT: Complet1on subrout1ne for parameter transm15510n
sets a flag 'ﬂ “ @ , ' ',_ S
';‘:CALLING SEQUENCE: parameter in CALL. IRCVDF( L, .COMP)

_ CALLED BY: IRCVDF System Subrout1ne o R

.‘CAiLE

fﬁDESCRIPTION B Co _
| All th1s subrout1ne does 1s sett1ng FLAGP- TRUE
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© NAME: COMD LOCATION: (SUBF2.FOR
~DATE: 791112 - A-ereAuTHoR:_G»WEM..COppus

ABSTRAéf--cOmp1etﬁenieubrouEine:few‘daie;t}eﬁemiseien;fsets';.'u*

v‘af]ag ‘ R e e R
_]{CALLING SEQUENCE parameter in CALL ISDATF( ”QCDMD)'*_;ICQ”'
_Ei'cALLED BY: ISDAIF System Subrout1ne E.fk"f'“""f A

cALLs: SR e e

ii*f”fiDESCRIPTION

All th1s subrout1ne does 1s sett1ng FLAGD- TRUE



L NAME: ASCINT f"'"' LOCATION: CCONV.MAC =

'

DATE: 791112 . AUTHOR W, M. Coppus e

Ty

fABSTRACT Converts 5 ASCII characters 1nto an 1nteger numberbobrjb

V;CALLING SEQUENCE CALL ASCINT(IBOT IBCOMP) f‘

)

where

IBOT 1s a 5 byte log1cal array conta1n1ng 5 ASCII d1g1tslj;1" :

IBCOMP 1s an. 1nteger number O - 30000 iiiﬁjilihﬁﬁ_:,,:,

"iwf;cALLED BY _GETBC...:.fortran’ Subroutlne jﬁ“:~”°”

o eALLs: 7rg??g;7 §771f;"fff;xf{;v,iﬂff;}fff"'"’

’:"7lyDESCRIPTION

'V:jvThls subrout1ne takes an array of characters

’*ffrepresent1ng the wenght % of water An a Gas

;hChromatograph sample e g 97555 means 97 555 %wt water=ffu”

"‘Th1s numben w1ll be converted to the 1nteger 27555 By

‘f% substract1ng th1s from 30000 we get the %wt methano] 1n: SRR

'the samp]e An 1dent1ca1 converSIOn (to 1nteger 97555)

'“.?;15 not poss1ble because 1nteger numbers only go up to ’uf}er

"1an32674 See descr1pt1on of GETBC for more explanatlon



i}ukaALLING SEQUENCE CALL IANAL(IOTAB(4 I) ID IAD ISQ N)

o ntb£IAD;$ti?for ana]og

:‘”'fLLfN‘ channel number 0 --256

CALLS

©NAME: IANAL ‘1t_= LDCATION ASSBA MAC T
O DATE: 791112 AUTHOR G W, . Coppus

f,.ABSTRACT Subrout1ne analyzes the 1nformat1on b1ts and

channel number byte 1n WOrd 4 of an IO vector

3 Where Pl T S i e S

.;LLIOTAB(4 I) ?ilnfo word 1n ID vector number I _”tffftﬁ
7ifon return from the subrout1ne T
LLLIO '.1 for an. 1nput - :

0 for an output

LEeT :f;ogtor d1g1ta]
ELQISQ- OLfor 11near-

L_w;ﬁf?,7

“-7“tifor square ]1".

L 2 ‘.‘fOf‘ squar‘e POOt |

--13ffor temperature

CALLED BY DATAC Fortran Subrout1ne -
""u,fENG;;,...Fortran Funct1on
’C,CINGE ..... Fortran Subrout1ne L

WNL‘Puri' Fortran Subrout1ne .?ff'”A

DESCRIPTION

Analyzes the 1nfo word in the IO vector b1t by b1t See e

E

the descr1pt1on of IO vectors 1n the sect1on on usage of

) ¥






O NaME: AIHL :yt;?; LOCATIDN AIHL M

Hs,DAIE 790831 | AUTHOR R L Barton e e

R ZimABSTRACT Subrout1ne reads an analog 1nput on the 1ndlcated

"'*Tff represent1ng m1]11volts

“57 channel and returns the voltage as an 1nteger number *Tﬁ*7

‘°”*fCALL1Ne SEQUENCE CALL AIHL(IDUM IDVEC) ftﬂff{ihfg_jffll.#zru-~4

Eﬂj’f;CALLED BY DATAC Fortran Subroutmne{f115;;:fff"aia=ﬂ-
*.‘i;f;CALLs,;ff:,; e L T e

"f;fffloum
i -ffIDVEc(1)

. IDVEC(3)
| 7Q'IDVEC(4)

where

dummy

*unused (set to zero)

‘channel # 0 = 63 on entry, .

dec1ma1 4 on return f;;_““-7igf}j[3';w e

;number of bytes 1n record (8) on return

'address of data buffer (DATABF) on return

DATABF LBYTE count byte g |
B "°-jBYTE L1nk Level Control e L
o ‘-gBYTE Message L?Ve] Control : ;ﬂ”tin.m y
"*iff;;BYTE ]ow data byte :,Jiit;s.i‘~ e e
;‘;5}BYTE h}gh data byte f%ffffflﬂj7:yi‘Vh L
‘”ttf;;BYTE not used :“ R i
ﬂﬁ*fBYTE error code v‘fsgt;'i;m:;’;;,iif_fff?ffft;ﬁ

'?fLIffoESCRIPTION

For a. detaxled descr1ptlon see the program 11st1ng On

return from the call bytes 4 and 5 1n the data bUffep sii;tlfuf




i.'7j31 ; o

(DATABF) conta1n the lnteger number wh1ch Pepresents the S

voltage readlng See DATAC to f1nd out how to read from ;4(f?3

the data  uffer ‘é;i;iy¥  f




ﬁa‘h;t32;/fe';‘

| j75NAME ENG. ‘fjf LOCATIDN SUBF2 FOR
“szDATE 800218 .; AUTHOR G w M. Coppus

et

_;eQJfABSTRACT Subrout1ne taKes an IO vector as 1nput and returns ~%;;m
the process value 1n englneer1ng un1ts N e TR

N”J;{J]CALLING SEQUENCE VALUE ENG(IDTAB(t 1) ,f?,f?f?}ff?*”' s

Where -:‘»'ff axrpswg' i

»?5?7}fﬁ VALUE number in- englneer1ng un1ts ?;;Jfffﬁﬂ"fwi}iﬂj*fn'«be?*

. IUTAB(1 I) 0 VeCtOP from the I/O table EEﬁffVthfrhtiffﬁﬁfﬂf
a;eiffffCALLED BY CDNTR Fortran Subrout1ne A
’;f"ffl‘CALLs SPLIT....Assembler Subrodtine .
___;l | IANAL Assembler Subrout1ne~ehfﬁff?ff?.7l
iffngESCRIPTION | ‘“l' '"‘ff{ o .‘,'t: i
.:. Dependlng on the type of 1nput (l1near OP SqUaré &oOt'asﬁgta;E
""7T:qn flows), and the values for 'SPAN. and ZERD ;' | k
_%E[:funct1on w1ll calculate the value‘$h engineer1ng un1ts

‘lffus1ng the algorlthm ;ﬁfffffj;fffﬂf;‘eTi‘*"”" e

EQEIVAL 1s the 1nteger representlng voltage (mVoltS)

V'R_V_AL_

(IVAL 1000)/4000 for an 1nput
IVAL/10000 for an output T
RVAL**O 5 1 OP 2 for SQRT LIN SQ

- ’_E'N,é_:

SPAN*CVAL + ZERO ‘1;y_jx».;<_,,‘.



ORI IR I
'ff’&"' e

©NAME: INGE }j* LOCATION sust FDR
h‘{DATE 791115 ;_'-'; AUTHOR: 6. W, . Coppus -

.;,'

| Tibh:iABSTRACT Ca]culates the 1nteger va]ue from the number in ;bfl1;”

eng1neer1ng un1ts and puts the number 1n the IO vector

Oppos1te of ENG

o “7ﬁf?fCALL1NG SEQUENCE CALL INGE(X IOTA81 1)

0 where

value 1n eng1neer1ng un1ts

"'. -

IDTAB(1 I) IO vector wh'”e 1nteger is to be put 1nto

‘1"-~{fCALLED BY: CONTR" Fortran Subrout1ne B e

'”h{FiQCALLS SPLIT Assemb]er Subroutlne

:ftffthESCRIPTION

IANAL,;..Assembler Subrout1ne

The aléétlthm 1s ‘
CVAL (X ZERO)/SPAN
RVAL

CVAL for a l1near output

o

CVAL**O 5 for a squared output
CVAL**2 for a square root output

10000*RVAL



“*JNAME%ESPLIT‘7l ;? LOCATION ASSBA MAC | fa o

;f;fp'fgjngjijg_{ AUTHOR G w M Coppus '

Q‘._"_"" e

"i ABSh: %j3 : gvteger words 1nto 2 real va]ueS"ifi¢}lffjf*;“*"

gQSPLIT(IARRAY REAL1 REALQ)ff;jf¥;5~'-"

) word 1nteger array e TR A T

hst rea] value

econd real value L

:;;"QALLEP B ;!;;}..Fortran Funct1on .? ﬂ.F:;f;i:f¥?fftjff?;f?if f; f: 




-';;gggﬁt CALLING sEQUENCE CALL kOHL(IDUM IDVEC)

.u}"NAMé? AOHL . LOCATION AOHL . MAC
© . DATE; 781212 ° AUTHOR ReL Barton.j;"*'

T,ICALLs _
i quESCRIPTION

S | ,,. 135 :

-4 :

. __‘-, .

e ‘,‘1(‘2?:; N 4

the'1nd,,ated channe]

ABSTRACT Analog output dr1ver, sends an analog output to

where R P
-f;,IDVEC; BYTE'not used R
’W'“"ﬁiéf{BYTE modu]e number (0) o
“hi5fggBYTE converter on module O -3, we use 6 .

- .BYTE not. used .”i ' t.e ,"J.t__
: a;woRDflnteger +1oooo -1—10000 (mVo]ts)

'fitCALLED BY PUT Fortran Subrout1ne fial.t'_,»,ifﬂfﬁk?57’“7

’ifi{_See the program 11st1ng for a deta1led descr1pt1on Thei{fﬁ*{

.ﬂifjway the control system 1s set up, we use module #O

\]

t7ﬁ;fﬁconverter #0 as the analog output channel to dr1ve the

'fﬁffﬂ?1Current Output Stat1ons f5ﬁl fh;ﬂf?""f:




?u”*-t_CALLING SEQUENCE

 NAME: BACKS LDCATION BACK3 FOR
CDATE: 791112 f,j AUTHOR G, Coppus

'5"sABSTRACT Ma1n11ne background program the operator‘q'  e'f-f?ﬁ#‘;

'1nterface, fffftff}fj‘:(']f7%ﬂfﬂ'15“ ,n;l5'e“ff?i”rjit.'r:’ i

' i;;gCALLs ASSIGN System Subrout1ne R

G fﬁDESCRIPTION

o CLOSE System Subroutlne :
' "3“-'.‘:L?LU:E_:',;-»._'.,.‘I__‘._f»':..Assembler Subroutme e
IRCVDF System SubroUt1nef;{ofsg*fftfalffiiYﬁﬂzlhw

SPRINT

QFortran Subroutlne jj;}?ﬁ7f1ﬁ&}gjf‘ﬁf;}7;},;;;{ﬁf

SERVE ‘Fortran Subrout1ne

J"-u-In the 1n1t1al1zat10n sect1on,‘a11 1n1t1a1 va]ués for “

S

”ifj 2Enparameters w1ll be read from flle INIT DAT Also théffg;f%)e?T

| ‘IVJff]}thws lpop to pr1nt the Just recelved datamon’the sereen

ﬂ”fjﬂ[event f11e (EVENT DAT) w11] be opened and the t1me for 'fj*fﬂ
"VPffthe f1rst scheduled event w1ll be read _wh S
,vyﬁfftiThe ma1n body of the program cons1sts of a conttnuous
hktfiiiloop around the subrout1ne SERVE to check for operator. i
"lf”?;icommands and serv1ce them It also checks for scheduled'

V”stftf}events Once every samble t1me the pscgram Jumps out of

ST




L S ) 137

NAME: SPRINT - LOCATION: SUBBA.FOR
CDATE: 791110 - AUTHOR: G.W.M. Coppus

§>ABSTRACT subrout1ne takes care of pr1nt1ng of data on the
' console o L @51 SR
CALLING SEQUENCE: CALL' SPRLNT(PCODE) IR
where
PCODE =0 no printing
1 cohcise brintihg
2 1/0-table R 2
3 CP-table | IR
4 PP-table
o -5‘a)].tables o | |
CALLED BY: BACK3.1.;Fortran progfam S
N | | "SERVE....Fortran Subrout1ne L
' CALLS: CONC.:.,.Fortran Subroutine
LISIO....Fortran ! Subréut1ne
LISCP.;.WFortran Subroutlne
‘ LISPP. .JrFortran Subroutine
i‘DESCRIPTION R ) |
' Depend1ng on the value of PCODE, the subroutIne calls |
one or more of the appropr1ate llst1ng rout1nes

N

o
Y



. IPAR

B

k’CALLlNG SEQUENCE CALL CHANPP(IPAR LU)

138
NAME: CHANPP LOCATION: SUBBA.FOR
DATE: 791112 - AUTHOR: G.W.M. Coppus

L a ) .

ABSTRACT subroutwne to enter changes in the program

parameters table L

- where B L ‘f‘a o »

2 1ntegers 1ndlcat1ng the parameter to change

)

logical unit number to read new values from :

LU

E-CALLED BY: SERVE Fortran Subrout1ne VR

S oI B
CALLS: E

EDESCRIPTION

Th1s subrout1ne prompts the operator and then reads Rew. ;

parameter values 1nto the PP table



K
[

;'hCALLING SEQUENCE CALL CHANCP(IPAR LU)

o flPAR

139

© NAME: CHANCP .. LOCATION 'SUBBA.FOR
- DATE: 791112 . = AUTHOR G " M Coppus

' ABSTRACT subrout1ne to enter changes in the controller S

parameters tab]e

where

1nteger number of parameter to change g}'f:

1og1cal un1t from where new values are to be read

'rw,vCALLED BY SERVE Fortran Subrout1ne i;;fwkfﬂfyah

 CALLS:



 NAME: CHANIO - LDCATION SUBBA FOR "*[.
CDATE: 791112 . AUTHOR GWM Coppus B

,ffABSTRACT subrout1ne to enter changes in the controller l_fﬂl~'

e parameters table

v-*_CALLING SEQUENCE CALL CHANID(IPAR Lu)

where

B ﬂf; IPAR ; two lntegers 1nd1cat1ng the p051t10n 1n the tableV_g,f

O

_ that has to be changed
'.lep log1cal un1t number from where new values are. '.{;“‘
ﬁ to be read _ l-fjviav'fhj'*?;a’jf;g"#f:?:'

"’CALLED BY SERVE x Fortran Subrout1ne o
| W S

‘ altrCAkLs.f pUTIN Fortran Subrouttne

'“GLUE,j]..Assembler Subrout1ne tf; o



NAME CONC-73.L' LOCATIDN SUBBA FOR .
DATE 791112 . .AUTHOR G w M Coppus o
ABSTRACT subrout1ne l1sts al conc1se subset of data on the..
CALLING SEQUENCE CALL CONC 'f°ff€ff;;jff“7jf;ﬁff~;ff54f532;13
CALLED' BY SPRINT Fortran Subrout1ne “fff;sﬁf;_*fufifl“.‘iﬁzif
CALLS ENG ...... Fortran Function:- n ;'» s

CVTTIM System Subroutjnelsﬁivf\

DESCRIPTION S fi' ”H?':‘% | o

f  Th1s subrout1ne wr1tes the most 1mportant process:sti‘
/var1ables on the console every sample t1me At everysE?f )

- DI
' f1fth sample a l1ne of mnemon1cs w111 be wr1tten '-;';_;f



j,;;;ﬁcALLING SEQUENCE CALL LISPP e A
" CALLED BY:SPRINT...Fontran Subroutme e
,gEjfchLLs CVTTIM gystem SUbPOUtwne S

L NAME: LISPP p_ LDCATION SUBBA R
‘*f;DATE 791112 AUTHOR G w M Coppus";ﬁ 3: ffilf*fﬁl9[

'=,'..':‘:f._142 )

V:f ABSTRACT subrout1ne 11sts the program parameters table On{;,.,,a

the console S

. _*Fg.



"f{ NAME LISCP - LOCATION SUBBA FOR : L
L DATE: 791112 77E AUTHOR 6. 'R Coppus >f;ﬁ?ff* =

if;Vj, CALLING SEQUENCE CALL LISCP

ABSTRACT subrout1ne 11sts the CP table On the conso]e_f{E

Fortran Subrout1ne

\ R



*‘iﬁ]NAME LISIO LOCATION SGBBA FOR

'~*§DATE 791112 AUTHOR G W, M. Coppus>7f7{f;Efffffi5'-*"':

4

fiy]f§CALLED BY SPRINT Fortran Subroutlne
:"fj;CALLS SPLIT Assembler Subrout1ne

;iijffABSTRACT subrout1ne 11sts the I/O table on the console jf1ijfy7
”**SCALLING SEQUENCE CALL LISIO : N

IANAL Assembler Subrout1ne \E}E;fffTE°':5}'v'



']ff7#{fNAME PUTIN v;j: LDCAT ON SUBBA FDR
»VfJJQPDATE 791112 |

AUEHOR G w M Coppus

‘TVEE;ABSTRACT subrout1neiput§ a new b1t pattern in the INFO word

Sn ft Of an IO vectorff‘“’”izlitlﬁvl

o CALLING SEQUENCE CALL PUTIN(IARG) v.j;?;ifi*;{}yi{;é;"f?ffpf
where .ﬂltrl',“f | ,f o Jx”ffﬁff}f}fjfltfztﬁ*:fb

| R o n
.:;IARG word where b1t pattern 1s to be put

(’p*fjg{CALLEo BY CHANID Fortran Subrout1ne jw;fﬁi7?*5“"b”'°'
S }*fDESCRIPTIDN ":;f;?Tj{;7_7ﬂ;‘?gf*};{bf"ﬁ;ﬂf7if;fff'f,f;f}fl;

v N

bf'f';Th1s subroutmpe expects the operator to enter a mnemonIC

'71f€1f0r an IO vector From th1s mnemon1c the subrout1ne sets ‘%{

“bsyiiup the r1ght b1t pattern E g If the operator wants tO
'th”tiifmake a vector an output s1gna1 for a flow controTler,.,_;pff
:tfiiéithe mnemontc wou]d be SQRT AO (SQuaPe ROOt Analog OUt,
wi-?fiand the b1t pattern would be 00001010 See descr1pt1én




'**ELfNAME SERVE | LOCATION susBA FDR

'“*TQTDATE 791110 AUTHOR G w M cOppus

scheduled parameter changes

’;*E{f}cALLING SEQUENCE CALL SERVE(LMPM) SR

he"e i?;:Lvﬁﬁ,g_jié.

LMPM t1me for next change 1n mtnutes past m1dn1ght |

'“l“;cALLED BY BACKg,,,.FortPan program

ﬁfhcltCALLS SPRINT Fortran Subrout1negf]7f_?”'“ R

SCHED ..... ‘Fortran Subrout1nei_r{;rpt-.p;‘»;ta

CHANPP&f&Fortran Subnoutxne}:ggeaéaiyéin;igga_w.;;

CHANCP}?;FOrtran Subrout1neaﬁiy;np3p‘:?':,,
,:“J;CHANIQ{rlFortranSubrout1ne?;pf;ffp:mt,miqa,- .
th;iii?bké?dihSYStem Subrout1ne;f~ﬁT!;7fh¥ﬁﬂgfoaf}i;g;t??
i:P-EE;{_;‘.‘.,f_;;;,,:.,;;_'-_'system smeutmep_’;___:__ S

ISDATF;;;SYStem Subrout1nef§f;€}f§ffEHF**?*“~“““””

' 5w7”:lhe operator'can enter L1st and Change commands on the

-!yfconsoleprhe subrout1ne analyzes the command and 1nvekes

Jt?;ithe appropr1ate subrout1ne Also, the subrouttne checKs ».4,;{

=af3ithe t1me of scheduled events, and reads the event from

.'“:?;fdlsk f1le at the rtght t1me for 1mplementat1on_g ‘h_;f55t,§f3




g 35;5NAME SCHED f;<, LDC&IIDN SCHED FOR ”
:”77?ZIDATE 791218 . AUTHOR: G WK COpPus

,J/'

"”ﬁ*if'ABSTRACT“subroutwne reads and 1mplements events from an;

event f1le

*45277;CALL1NG SEQUENCE CALL SCHED(LMPM SEND) S

YH':fthALLED BY SERVE. Fortran 5ubrout1ne_[3j;ai773**
"’ﬁf;CALLS'V CVTTIM System Subroutwneirf<?* :

'1"55 where 'fffs,ﬁt):f?“
LMPM
SEND

t1me for next event 1n m1nutes past m1dn1ght

K N AR :v:: \
T

log1ca1 flag to 1nd1cate a change

| :ECHANID Fortran Subr0ut1nerrﬁﬁhg{€g,t“_.
B v:ifCHANCP Fortran Subrouttneeel_}&;;v i;:;:t |
MJZh:CHANPP. FOPtPan Subrout1nefﬁi${?tsﬁfgf)f'*'“

”73;LfDE50R1PT10N

p A:faj;bThe subrout1ne checks the next samp]e t1me and compares'fvé;

'"*17ff1t WIth the t1me for the next change If the time. f°" e

'Ju°ttthe next change 1s later than the next samp]e t1me or‘ffﬂ:;

£ "?lffinot w1th1n ten mlnutes before the next sample t1me,f:ﬂ’[fh*5

‘Effnothtng w111 happen R R S
771}}0therw1se the new parameters w11l be read from the SRR

"7Effevent flle and subrouttne SERVE w1ll be flagged tO Se"d Eféi

l‘vgiiithem to the foreground pPOgPam
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