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ILL- CONDITIONED PLANT (y(6)>>1)
The plant-gain is strongly depandent on i;\pud;

direction :
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Example: HIGH-PURITY DISTILLATION
D

» do Yo = 0.99
L Xg =0.01
B N = 40
e A =15
Zg=0.5
v 2 : L/D = 5"'
e
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PHYSICAL INTERPRETATION OF SVD
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DV- wn{iaural‘ionr Same conclusion




ARE ILL- CONDYTIONED PLANTS
INHERENTLY OIFFICULT TO (ONTROL

?

NO. Deperds of type of
| " 4) disturbance

) uncew’to.{n{'.y
3) controller

BUT
(n general.i Controller design difflaunlt



1) DISTURBANCE DlRE(TION S

[ yomx o, bl
/\ ILL- conditioned. pldn“: s: SOME distur bo.nces

may be very difficult to wompensate .
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d : effect of disturbance on the output
d.=m :hard to control, d=iL: ea,sy to control
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Disturbance condition number

x,(6) = I fl";";ﬂ?- 5(6) | 1ey(6)<y(©®

Distilation example:

G)
vdisturbance" (A KCL(
ban ¢ ) LV- DV- configuration
A= m 1.7 70.3
Setpoint change (a yo | 110.5 54.9
P = X 2%.5 Y4.6 )
Feed rate (F) 1.8 et |
Feed composition (2¢) 1.5 1.5
d= i 10 10
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2) MODEL UNCERTAINTY

ILL- conditioned plants: SOMETIMES performance
ts greatly affected by model uncertainty.

For tight control:

- Apply LARGE input in direction with SMALL plant qain.
-A‘pp\.) SMALL i.nptd: - v = LARGE phm.{ gqin.

HOWEVER , Uncertatnty may cause
- LARGE input in direction with LARGE plant qain.

= Poor parformance (of even Lnstabih'#y)



INPUT UNCERTAINTY
(uncertainty on manipulated {lows).

Example: Desiced : ceflux L : 100>110 (AL-10)
Actual: reflux L= 100> 111 (AL=T1)

Uncertainty wrt. change of this inpuct - 10%

IMPORTANT : This source of uncertainty (s
ALWAYS present .

Mathematically:

L O

m G S
m;= (1+4;) mg;

A = relative uncertaiaty on input {




Example : DISTILLATION COLUMN

INVERSE -BASED_conteoller : C =% G
Roth configurations : Decoupled nominal response:

B B 1
Jo = {ys+1 Yos Xg = 1qs+ 1 Xes

Invecse -based. cont collec
= Aeply large inputs in directions with small plant gain

= Aeely Large changes in internal Pows (8D =-48 =0)
Z(}é({) ‘{\.HB (’() &U’\rb (\\l&\ \/\3}\(‘4(; W/, ((! I\ﬂ({(r‘(\/g V\/.é‘\”\ U{,ﬂl\o (\\S.

INPUT UNCERTAINTY

LV- configuration : AL = (1+A)AL. | 4,02
~  AV=e (1+4)AVe , A,--02

Ditficult toopply large AL ard AV without changing AB:
Assume AL =AVe 3 AB =AL-AV - @;;A;) ALc

DV- configuration = AD = (1+4)4Dc |, A=07T
—  AV= (1+4,)0Ve , 447702

Eosy to apply large 4V (and AL) without charging AB="4D.




- STEP-CHANGE IN y .
— INVERSE-BASED CONTROLLERS .
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~ Pecformance MAY be greatly ofteckd by uncertainty

— RGA (X)) s an excellent indicator of Sensvhwf-g {—o
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3) CONTROLLER STRVUCTURE

UL~ condikioned plants: Sensitivity to uncecrtainty
depends on contedler structure.

LV- con(‘(guro&.(bh :

, INVERSE -based conteoller: VERY SENSITIVE

DIAGONAL controllec = INSENSITIVE

BUT even nominal respons® ™Moy be bod
gor pactiondar setpocats [ dstucbonces .

simulakion with DIAGONAL controller
C=3%T
Nom.‘m“j ' Time constont -
- Disturbance n “good" direction (&) : = ‘i‘.}"l."‘{(?,)‘O.lnfh
- Disturbone < “bad" direchon (4): =:ut-1c' (6)=3O min

- Others : LineaC combination of these extremes



DIACONAL

controller

.
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TINE Cain)

TINE (min)

/
/
/= Olagonol controtiec insensifive fo nput wncer

(in this cnsc> response S sluggyCsh .

taunt
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SIMULATIONS SHOW :

ILL- conditioned. plants CAN couse severe c:on'tro( problems
Depends on

- disturbances
- ur\ur{-o&nty

- ontrollee stewcturce

Available tosls: ¥ (6), ya (6D, RGA

In geoecal = Conflicting, simplistic answers

Need more powerfull tool:

/\/U The STRUCTURED SINGULAR VALUE,

(Doyle, 1992)
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M- analysis =

Gulven
- controler

- dstucbarces
- uncertatlnties

m finds  “worst- case" response .
(Hopeless to fnd by trial & ecror swu\atlon)

//‘C*‘T?/
A
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M-synthesis:

Eind controllec  which makes

“worst -case" as good as posslbl(.
o

"1 .
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CONCLVSIONS

ILL-CONDITIONED PLANTS
- lnverse- based conteollec often ;u-'.ar_yl_scnsiﬁvc
to input uncectainty ((nominal response (s greo.t)

Exception: Plant “decoupled at the inpuct”
(OV- distillakion$ -

- Dio.gonal conteollees not sensitive to
wunceckainty | but even nominal response (6=0>

moy be poor.
EEFECT OF UNCERTAINTY
- M fiMs vworst case”

= m-optimal s  Optimu2es worst cose

LDISTILATION
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