3
%
3.1 (Transfer fonction)
(Input)
(Output) (Mathmatical Model)
(Mass Balance) (Energy Balance)
(Time Domain)
iy T EL gy HiAn Yy + Yy = KX, (3.1)
X Y K X (Order)
Y
(Laplace transfrom)
(Laplace Domain) - (S-Domain)
3.2
(Tnsn+Tn_, "1+ +TIS+ 1)Y(s)=K X {5) (3.2)
(Y{IX (@)
G(9)
Ys) K (33)




(System Stable)

os) = (10540

3.2 (Time Delay)

Ym =FIS)e~"

G e'h

as) = (105+ 1e

(34)

UET)

(37)
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3.3 (Model-inherent uncertainty)
(Range) (Kinetic
Constant) (Physical properties) '
(Process-uncertainty
Model)

(Fixed Model)

G =
(X2 +1)

XUk X 1Ex 1
XA<SX 2>X U
XX 3I>XU

(Vector of lower bounds of uncertainty parameter)
XnJ
(Vector of upper bounds of uncertainty parameter)

G(): { K+1)C~TS (39)



4.5<K>5.5

8.5<T >115
4.0< T>6.0
3.4 (Block diagram)
3
I Output
put ) Transfer function P >
31
m 1.0 ,.,.-.% T- (3.10)
X(s) (} (Tos+i;
X(9) s |Y(S)
(105 +1)
3.2 (3.10)

(Controller)

(Simulation)



35 (Single-Input Single-Output SISO)

Disturbance
U(S) Q = Y(S)
—————p{ System R e o
Input Output

single input single output process

3.3 SISO
3.6 (Multi-Input Multi-Output MIMO)
MIMO
(2x1) (2x2)
(2x1)
Disturbance
II"I’ 'r'r
0 System -t =

single input two output process (2 x1J

34 (2x1)



(2x2)

Disturbance

oy

Uiy
U2 I

System

— ¥
%

two input two output process (2X2)

3.5

37 (Interaction)

(2x2)

J Pu
y2  Pli

pll

P

(2x2)

pl2

:

p21

u2

Y

p22

Y

36

(2x2)
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pl2  p2 1

yl y2 2

Y2 yl

MIMO SISO

38 (Decoupler)
MIMO
SISO
MIMO

pll

D21 > pl2
21

D12 ;I p

37 2 1

-®
R

3/
A

y2

<
%)
v
\
o
(3%
[ 8]
) 4




o2 Y2

ro=pup lltpri2=0

—zpap2'bru -0

p = -7
Pu
Al=. ».
P22
I O y y2 2
Mo leivpa
M P 22
y2. p tPnPn
2 pn
y1 Pu+PXPn/P22 0 ,
' 0 P2 wPnPAIPu 2
39 (Override system)
(2x21 (Control variable)
(Manipulated variable) 2
3 Pu Pn
y2 pd P2 2
2 Y, y2

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)



(2x1)

(Load)

(Selective control)

High Selector (HS)

folw control loop

fyoy E2r
RZ__)y 09 Ge2
ul
L e B s

level control loop

38

16

(Override)
(Selector)
2

Low Selector (LS)

slurry
Gm2 Gd(s)
X
Gv Gp
Ipump liquid
o level
Gml
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3.10 (Cascade)
(feed-back) , ' 1994 Kapasouris  Gilbert
(feed-back loop)
| g
Gd(s) Gd(s)
Ma;tler R2 Slave l
Gm2
Gml |g
39
(inner loop ) (Slave loop)
(outer loop) (Master loap)

(Master  controller)

controller)

3.9

(close loop transfer function)

(Slave
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317

Cl_ GelGdGYGp
R\ 1+ GelGml + Ge\GvGpGm\

(Ge2= 1, Gm2 = 0)

R GelGvGpGml 5 1)

Ke

(response)

Addjus
NJ

3.10
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IMC

Moran

(Internal model control: IMC)
(internal model control)

Zafinou (1989)

(modeling error)

IMC 2

19



3111 1

(One degree-of-freedom IMC control system)

f

Disturbance

lalg

r u y
>® p Controller p{ Process »

Model —;®
— ¥

311 1

(disturbance) '

IMC Sensitivity function: T

I - itA s (3.19)

P= Process M= model Q= controller

20



1
Gtn(s)

Gm(s)

(perfect model)

PQ =1
l+(p-M)Q

PQ =1+PQ-MQ
Q=
Qperfect =-J]

(Real model)

PQ 1

Le(P-M)Q = Ths+\
POXfS +PQ =\ +PQ-MQ

Q(Ptjs+M) =1

1

* 1 anrjtmiim 1}
»*nmiruy

Y@ 1

Q - PtlS+M
P=M
0= s+ )
Qreal ~ QperfectX . , 1
IMC Morari (1989)
Gm(s)  Gffls)  Gm()
invertstible part

non-invertstible part

(time-delay)

(stability)!  pole

(unstable)!

pole

(3.20)

(3.20)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(329)

(3.27)



2 Perfect model

3 Filter: G/s)

(Ti-5+i)n
N
first order
Q T
Tuning
3112

(Two degree-of-freedom IMC control system)

2

(3.27)

(3.29)

(controller: Q)
N=1

Tf

d

l

Disturbance

I
alg

r Controller u y
—p ’® —p| Process >
(1) =
Model i
___’ >®
Controller Disturbance
(2) compensation
3.12 2



2

(active)

(Disturbance - compensation)

Sensitivity function

w Y (1-mqqd)prd
~d(s) ~\+{P-M)QQd

= Disturbance lag

ld= Disturbance compensation

Q= yTrsT)
e - »
A (¢ ( Gz

2 T a

IMC

(3.29)

(330)

(331)

(332)

23
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3113 IMC PID (PIDequivalent of an IMC controller)

IMC 2 PID

| d

Disturbance

Controller lag
r . u
— Q(QQ" _’@_ QQ, P Process —%——y
Model

313 PID 2
== = 3.33
C I-MQQj ( )
c=1.N() (3.34)

N(s) = a,sr a,5r'+...+1

D(s) = b,skr a,sk'+...+1
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c=Hxf() (3.35)
PID
C=K(\ +'11j§ +Td ) (3.36)
Axf(s) =K (I +j — +Tds) (3.37)
f():Ks+;/+rD2 (3.38)
K1, Td

K =f(0) (339)
(3.40)

_1"(0) .
Do F (3.41)

1 . Qd= 1,0*=Q

3.12 (Smith predictorci (Time-Delay compensation)
0.Smith (1957)
(Time-Delay compensation)
(Smith  predictor) [Gm(s)l

Pl



Gep(s) D(s)
= Gd(s)
-
T—— Gm(s) | —p Gm(s) —;®
Em(s)
3.14 (Smith predictor)
J
3.14 Gm(s) = Gp( )
CV(s) _ Gc(s)Gp(s) Ge(s)Gm(s)

SP(') ~ 1+ Ge(s)G~m(s)

(p)

Cv()
SP(

Ge(s)
1+ Ge(

—_~

)

(Y D |
(pE=]

~
-]
—

-1+ Ge( )G'm(, )

Ge(s)Gm(s)

) 1+ Ge( )Gm( )

26



Gep(s)
3121
Gep(s)
Gp' =="*
T=Tp5

IMC

Gm(s)

(Smith predictor)  IMC

IMC
AT+
d TIS) 11
\+KM\+%PGp‘ Gp' Tfs+)\
Ke(l+~-)
] exe(1-L) =r*4
Gp r,s
KcTjS +Kc _ 1
o520 H(-7THKer)s +Ke Tr5+1
Kp Kp
|
KcKp

KeTjS+Ke ZEL32+(—A4-KCL)5+KC
Kp Kp

(17}

Kp

s
Kp

+Kctl +Kc
-KectjS-Ke

3.14

IMC

(3.44)

(3.45)

2



28
3.46

A _G41 TES +1 (346)

KcKp

TH=T/(KeKp)  1=1,

313 (multivariable cascade control)
Coleman Brosilow Joseph Boyce (1996)
Kapasouris  (1988-
1990)  Gilbert (1994) IMC
: rl (state feedback) (constraint)
(unconstraints)

(degree of freedom)

(2X1) (2X2)
' (2X1)

, (2X2)



Set point
Constraitsn

OUTER
LOOP

Economic
Objective

3.15

Kapasouris

Gilbert (1994)

3.13.1

variable)

Constrgined

Unconstrained

Process
variauie
K
\ INNER
LOOP
Set
Point

(constraints)

Control
effort

N
\ Process

v

(output constraints)

29

Process
output

(output

(control effort)



T2

IMC

(selector)

30

— rly [
(s) u2 y2
o ] P, (s) >
—p —
—> A (s) >
q,(s) ul
—> R(s) -—————5R§§
3.16 IMC
y’ q;
Y Y2 Pl P2
(upud q
y2
3.16

3.16



3

Cl

> P;m P:a _’@

o]
Bm q,

12 — P (s)

Mmoo .
o @ o [ @ e |-

& P, (s) >yz
— P P2~(S) —;®
317
(2
IMC
G
2 (inverted part)  pm

, (noninverted part)  Pia Pm error

(y1 Py Y, C

y fl
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