2 2x1)  (2x2)
4.1 (2x1) (one-input two-output)
yl=Pi ()
y2= P2U()
1 v, gfl Pl
V2 Q2 p2

(Design Multivariable cascade control)

IMC

IMC
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a2

3

y2

p V!

(override)

] P2~(5) l-@
q,(s) U2
: =" Pz(s)

_> <

> A
q1(s) ul

> A s) 4’&-
41 IMCI



4.2

Yl y2 [
12=0 yl y2
W
Cl
P (s) —:><$>
Yy
2 A(s) »
it »é— — P Q|q2-‘ —P> _l— ’@—" q2(S)

Pz(s)
P, (s) —Pé

41
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Cl
sl P;m P:a 4;(%
Am el q,
yi
2 —» R(s) >
L»é}— aq [ as)
¥ P, (s) ¥
> R0 5
4.3 (Smith predictor)
px() pm pla
g2 V« 43
1
j= TS 21< A >33
Krlljejﬁs 1.8<r,.1, >2.2
; >
y2_ t23+]_| () 2.7<T2,2 3-3
4.2 att g2 oyl 2
IMC q,= (25+1)/3(8,5+1) q= (3s+)/(8%+)

X \%ct)\ut)ci 'l



IMCTUNE (filler time-constant)
y1=1y2=0
1.4F v
y1
y2
15 20 25

44

y2  IMC

Time

321
QE (25+1)/3(8jS+N)  gZ= (3 +1)/(82 +1)

1=112, =188

1.4

5 10 16 20

25

o "
717 4.5 nsMuaraswamsaauguUUIUIAITIAANAIeA ]S

1=124, 2= 188
4.4
gAi g2yl
IMCTUNE
45
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4.2 (2x2) (two-input two-output)

y,= Pl ,(+p2 )
y2=p2l ( J+ p2 )

1 IMC

IMC-controller

r u Process
> % matrix ’ A
— matrix

Model

matrix

4.6 IMC
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9 Brosilow

Joseph Boyce (1996)

.
—:(?—-P Ksp L@ ) J u p| Process ¥oag
L oo X v R

K(s) )
4.7 state feedback IMC

y

r set point

d disturbances

IMC control effort

S limtvah”
Kgp constants
K(s,e~s),D(s),N(s,e~s e'd

K(s,e~9) K(s,e~s) = KspF~'(s)P~I(s)N(s,e~s) - D(s)



p~] noninverted part
F-~' IMC controller filter

()=Ksp(r(s)—d)—K( ,es)x(s)

(2x1) (Smith  predictor)
3
3 (Smith predictor)
Ksp k® — \ J_ Y | Process
L
K(s) <x— D' |€¢+—»  Model

4.8 state feedback 4.7



(Smith predictorj

40

c1
J u Process
Ksp —P
Sm(s) 4
e e R e A e

Model

49 state feedback
pm pa

(Smith matrix: Sm(s))

4.10



Ksp

Pm -

D'(s)  |—X—p K(s)

Smith matric :Sm()

410 (Smith matrix)

I e’
Sm(s) =pm \[+D (K ()] (4.1)
(2x2)

1 c-o1n 2 g-00F
rn +1 r2 +1
21 £-021* 0 ~RD*
1125+ 1~ r25+1 y

D(S):Yr,,5+\)(T22 +1 0

4.3
\V 0 M2 T\)(ezs T 1) (43)

41



K

_ 'kn(T2s +\)e~e"s kn(Tns +\)e~&IS'
N B .
(s) 2,(tus +1)e~825 np(rpn iy - (4.4)
Ve
P = ‘@5 (45)
o o-(Q o) A
Pm = r,,5+1 r,j + |
" . "(®21" ®22)5 2 (4.6)
vias+l TB5+1
Ksp = Kle )
K2£2]

(s) = Vicnh /*2i+gti)-cPaern))s+ (ksp{kik 1) KSRhAhA [ 4\ 2455 +[>'Y02Ze'> N
KsrP x¥a +(TutZ) +1)EQM > KsrA i 2ev22-Tt2+t2) +(Kspjc2-1)y

(4.8)

EWL g
_ Alb+1
Sm(s) = (12 Djr 2 (49)

V g5t 1
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y2

2

4.05e 2
505+1°
5.39¢ 18

505+ 1

1

T 7288

" 605+ 1 200

5

128718

005+1

IMCTUNE

2)()

W(©)

Ksp -

2

P =

_ (505 + X505 +1

0

I=4.0,82= 8.0

-145

177 e

tl
"\ 5.12

605+1 7

0
(605 + 1X605+ 1),

_M05(505 +1)e 25 -L1.77(605 +1)e‘
5.39(505 + e~18  -5.72(605 +[)e 18

3086

1314,

(4.10)

(4.11)

(412)

(4.13)

(4.14)
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(s) - 5755 -11.5 (1311124340635 +5.46)° (415
(2826952 +409 95+ 7.07)e 3905+ 65 |
(032
sm(s)= 4SO+1 076 (416)
v 8s+1J
1 yl=1y2=0
2 yl=0,y2=1
3 yl=1y2=2

4 yl=1,y2=1
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Time
2 411 i€ emyl=1y2=0
25
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= /'
0
u
48 W/
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Time
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2.5
y2

156
vl

05¢

ul

057+

156 N " N A R
20 40 60 80 100 120
Time

5 413 mi yl=1,y2=l

25
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yi
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4.3 (Controller Tuning)
Tf IMC Tuning
IMCTUNE solfware, Ciancone correlation, (Tirai and error)
43.1 (Trial and error)
Tf
W7, Tfl
Ciancone correlation
Tp 2

Tp



432 Ciancone correlation

Xf process:Gp ()

(correlation)

y =-0.5X +0.55
T
V=3
Xf
1 x=0/(Xp+0)
2 y y =-0.5X +0.55
3 Xf y = XF(Xp+ 0)
AR (13

X =3/(10+3) = 0.23
y = -0.5%0.23+0.55 = 0.43

Xf= 0.43%(10+3) = 5.65

SISO

(4.17)



Tf 5.56
Tiral and error
433 IMCTUNE
IMCTUNE Tf
Maximum Peak (Mp) Performance Criterion

Tf Mp < 1.05

(frequency response)

sensitivity transferfunction

()

49



Tuning algorithm

S T(x‘,(D.) =Mp

X, 0, S020,
A
yes max T > Mp
X,
No
Global optimun? F = ,x.,(D \ ]

415

T



Global solution test

.

x,w chosen r
as high  frequency Stat €, %x.,0 ]
worst case parameters ) %
max7T x;Sx2Xx ol
st ! " x ,M
X, @ 0, L0020,

. . esS
€t Tx,0 )=Mp
A
No
[ comppute the upper bound ]
L max T > Mp e End
4.16 Tf
(Performance) (Robustness)

(Optimization)
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