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Model based....

The The process or The model is
characteristics the controller used explicitly
of the system are designed In the controller
response are using the for the control
deduced from model and the signal

the model specifications computation
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Time response

Normalized U(s
signals Y >

Y(s) Ve

@ time == s transform — time

@ Deduce time response characteristics directly
from the transfer function G(s)

@ Identification: Infer the model G(s)

directly from experimental data
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First order systems

|
. 98N Ah = KAg
dt
h T_Azﬁ K_Zm
iF K K

dy(t ion:
)C’Ii ) +y(t)=Ku(t)  Transfer function:

T

uE) [ K] YO

\ = 5+1
4=0 u(t)=u

t=0
Time response to a step jJump In u starting from equilibrium
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T

Step response

U6 [k Y(s)

—>

YO L vt = Ku()

dt 1S+1

Partial fraction expansion

K u_ Kt u a B _as+lr) ps
Y7 5105 64105 Ts Tsene T sse1) 541

fors=0 = Ku/t=0/7; a = Ku
fors=-11 = Ku/t=-p/1; B=-Ku

N 1 - I et
- 1/1.-)’ y(t)=L [Y(s)]—Ku(L M—L L+ ]/TD

ot t

t)=Ku(l-e - E !
y() ( ) Test: d Ku® +Ku(l-e *)=Ku
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Step response

YO L y(t) = Ku() u@s) [« Y(s)

dt 1S+1

y(t)

T

y(t) = Ku(l—e™"'7)

Ku

t > 0 time constant

Time response stable, |
without delay nor change in
concavity, and overdamped

Gain = K = Ku/u
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All First order systems responds
In the same way

' g Ti q ! (0

h v —E’T

'
F ]
R
v U [ KLY v
R > — K,
Il — C - E TS +1 1
Q(s) L T(s)
RN % e .
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Interpretation In S

y(t) = Ku(l—e™"'")

tS+1=0

pole = -1/t

s Plane

X

Pole located|on the real
axis, i1n the left hand side
of the s plane

uGs) [k Y(s)

y(t)

A

v

g
|
If t>0 Time response stable,

without change in convexity and
overdamped
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Input-Output stability (BIBO)

Bounded Input-Bounded Output

V\/ V\/\Stable

u@s) Y(s)

G(s) —
Munstable

A system is input-output stable If its time response is
bounded when the input is bounded too.
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Interpretation en s (t<0)

y(t) = Ku(l—e™"'7)

tS+1=0

positive pole
=-1/t
s Plane

AV4
N\

Pole located in the
right half's plane

—e—

uGs) [k Y(s)

—>

y(t)

Ift<O0
unstable time response
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Using other inputs

Example: impulse _L_  U(s) K Y (s)
o+l [

Y(s) = K = Kt Stability Is determined by

(s+1) " (s+17) the pole location, not for
y(t) = L[Y(s)] = Ku Ll[ 1 } the type of input

T s+1l/t

Ky - Partial fraction
y(t)="¢€r° K . a expansion

i S ) AT R

y(t) = LY (9)]= L‘lL JZ/J +L...]=ae “+..
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Settling time

s plane U(s) = 7 Y(s)

X—>X%
-1/, -1/,

y(t)

0.95Ku

lgs

y(t95) =0.95Ku = Ku(l_e T)

los = 3t

—t

y(t) =Ku(l-e ")
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Time constant

B Y
y(t)=Ku(@dl—-e ") U@s) [ K (s)

y(t) = Ku@l—e™) =0.632Ku

Derivative at the origin y(t) Ku,

Cyt - s (e_r) ooy | / /

dt t=0 T I=1
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|dentification

The model is obtained from input-
output experimental data

Model

Prof. Cesar de Prada ISA-UVA
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|dentification

If the time response to a
Input step Au starting
from an equilibrium
point is like the one In
the figure = first order
system

Parameter estimation:
K=Ay/ Au

t Two methods

u(t)

TAU

osshy | / /

v

Prof. Cesar de Pra%a_ISX—UVA
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Cai(S)

F(s)

a12
a'14

s? +0.666s+0.111

Second order systems

U(s) Ko’ Y(s)

n
—

s° + 28w, S+ 0

Isothermal
reactor

\ 4

—0.09s+0.24

F
L
A
N CB(S)‘ CAZEB

N
N

s® +0.666s+0.111

L

o l
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Second order systems

YO | 250, YO 4 o2y(t) = KoZu(t)

dt? dt

U (S) Ko:

n
—

Y(s)

—

s° +280,5+ 0’

o —

t=0

Step response in u(t)

u(t)=u
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K gain
o Damping ratio

o, (undamped)
natural frequency
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Second order systems

U(s) Ko? Y(s)

n
— —

s° +280,5+ 0’

s* +28m, s+ =0

_ n 2.2 42
. 280)n_#218 o, 40)”:—603ni(0n 521

si ®,>0, 6>0

Poles:

If 0>1  2negative real roots
If 0<1 2complex conjugate roots

~ 30, *+ jo,/1-8°

Prof. Cesar de Prada ISA-UVA
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Step response, o >1

a=80 -0 /6-1 U(s) Kab Y(S)
b=8w, +o, /8% -1 (s+a)(s+b)
Kab u o B Y
Y(s) = — = =
) (s+a)s+b)s s s+a s+b
_ofs+a)(s+Db) Bs(s+b) vs(s+a)
s(s+a)(s+b) s(s+a)(s+b) s(s+a)(s+b)
fors=0 — Kabu = aab a = Ku
—-5-/86°-1
fors=—-a = Kabu=B(-a)(-a+Db = Kub/(a-b)=Ku
B(-a)(-a+b)  B=Kub/(a-b) W
J— ~ | 2_
fors=-b = Kabu=y(-b)(-b+a) v =—-Kua/(a-b) = Ku 8% L
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Step response, o >1

a=308w, —0, /8 —1 U(S) Kab Y(S) K

N N 1 1
b=8w, +o, /521 (s+a)(s+h) (as+1)(bs+1)

2 time constants 1/a, 1/b

v =+ Pos T,

S+a s+b
1 B -1 Y
y(t) = LY(s)]=L {S}L LHJ +L [Hb}
B —— —d—/86%— 1 x —O0+/8° -1 -
y(t)=a+pe™ +ye " = Ku(l+ N N )

y(0)=0 y(0) = Ku monotonously increasing function
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Step response, o >1

a=0m, —0, /8 -1 U(s) Kab

—»

b=38w, +o, /8" -1

y(t) = a+pe ™ +ye™ = Ku(l+

Time response stable,

without delay, with concavity

change and overdamped
Gain = K = Ku/u

(s+a)(s+h)

_8_ \/82 _1e_at
2./8° -1

y(t)

Y(s) K

—»

_8+ \/82 _1e_bt

2./8° -1

)

Gsents+)
a b

Ku

Prof. Cesar de Prada ISA-UVA
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Interpretation in s

Dominant poles
Concavity

VO e YO R

(s+a)(s+h)

The right most pole
dominates the transient y(t) = o +pe ™ +ye™
decrease

y(t)
s plane

-b -a
—

Ku

Poles located pn the
real axis in the left u
hand Side Of the S p|ane Prof. Cesar de Prada ISA-UVA 23




|dentification

If the time response to a
Input step Au starting
from an equilibrium point
IS like the one in the
figure = second order
system with real poles

Parameter estimation:
K=Ay/ Au

Time constants
difficult to estimate

u(t)

TAU
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Approximation

Kab
(s+a)(s+hb)
d a
s The time response of an overdamped
Ke second order system can be
tS+1 approximated by the one of a first

order plus delay system
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|dentification using the step response

tg of maximum slope

Yy - Steady state
t K= Ay/Au
O Ke™®
S+ 1
t
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|dentification of FOPD systems

Ke_ds —t+d
t) = Ku(l—e -
T YO=Ku@-e )

Computing the time
response at time instants:
t, =d+t and t, = d+1/3: t,t,

y(t) = Ku(l—e™) = 0.632Ku Estimating t, =d+t

y(t) = Ku(l—e™*?) = 0.283Ku and t, = d+t/3 from
the time response, one
can compute dand t
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|dentification using the step response

y
0.632Ay d=t,-1
0.283Ay
t K=Ay/Au
—ds
J Ke
TS+ 1
t
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Heat exchanger

Open loop test

—

e

Rl L

V
]
]
]
-
]
]
]
N
]
]
]
1

-

140

e

Mized Stream
Temp [C]
220.0

=T u
o SEIZ E
3 oo a
o Sll— £
— m =
= E = =
[=] m 0 o
T L (=}

139
138
137
136
135

(o) duwa)
a|gede A, 5583014 pEInsEaly

Cooling

Flow [Limin]
| 25.0

d

Cantroller
Clakput [*]

(%)
inching Ja) | oauos

Temp [C]

1354

Time: 1186:21 MinSec
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Prof. Cesar de Prada ISA-UVA



Heat exchanger

Loop-Pro: Heat Exchanger

Process: Heat Exchanger \ Cont.: Manual Mode

140.0 *_Q; }

138.6 «—> \
- \

= 2\ !
= SN
435.8
=

48

S &

W
(e}

(il Oy

60.9 63.0 65.1 67.2 69.3 714 735 75.6
Time (mins)

K =(135.4-140) /10 =-0.46 G(s) = —0.467%7
D=075 t=14 Prof. Cesar de Prada ISA-UVA : 20



Multivariable Destilation column

aF

a5

| 528

Top
Comp. [%]

a3

Fiefluz s50
[ka'min] Top
Composition [*]

923

Top
CO [%)

-
-

Feed Flow
[ka'min]

| 598

[Dlizturbance|

| 345
E "n..
S00
Controller - l ®

Clutput [*]

| 500
50

Boktam
Comp. [%]

Contraller
Clukput [%]

IW 475

Bottom
CO %]

[ka'min]

| 213

Bottom
Compaosition [+]

21 —
» Prada ISA-UVA

G _ K, ™™ 0.648e7"
Hog s+l 60s+1
G - K,e %  0.815e%*

T,,5+1 84.7s+1
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Feed Flow
[k.gimin]

| B9R

[Dizturbance

Other MV

=23 U

0
! 1 1 Y

925

Top
Comp. [%]

ano
Fefluy 550
[k.gfmin] Top = |
(e, Camipasition [3] E; sz
945 S |
E } 500 .
Contraller e = 24
Clukput 3] 2 . |
50.0 =8 |
15
E E S00
Sheam Contraller E 9
[kafmin) Clutput [ s
| 213 | 479
53
47.9 G Klze—dlzs B —0.8946_21'63
27,8+l B43s+l
K..e 9% _(0.236e 56
T I Gz srl T aLss+1
e Prada ISA-UVA 22 : 39
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Repeated experiment with smaller
changes

¥ T —

Rtz
[kaafmin] Top

Battom | 31
Composition [3:] .

o
o -
[=)=1 . Composition [+)
=g a4 . 233
Change of & | [ ®L
! =
O/ 51
0 '
— 1 Coantroller
I . Dutput (32
E-E 1] b Feed Flow put %)
T o : {kagfmin] | 51.0 51
‘ ] 50
49 :
! [Disturbance]
— . Contraller
e 3 . Skeam -
E 0: : [kglll'l'lll'l] |:|L|t|:l|.|t [./-]
& E : 213 479
o] b E
449 :
E T 48 I
(=] ﬁ, 1
=] . e
oo ' -
|
b 1 ] I I I Fa F ] w w
o o m e '] 0 ['a] i) e o o
iy fu] il o = i h =] i o (]
g & R 2 @ ¥ & w 9 @© @

The models

change because o _ Kue™ _0.936e ™" o Kue™ _0470e
it is a non-linear ~ TS*l 7285+l 7 1,541 66.655+1

system
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23

a4

Top
Comp. [%]

3l

Top
CO %)

L]

44

Bottom
Comp. [%]

B ottom
CO %]

47

The models
change because
It 1S a non-linear
system

Other MV

Feed Flow
[kafmin]

536

[Dizturbance)

_Ke™  —-0.828e %%

1,5+1  66.67s+1

Prof. Cesar de Prada ISA-UVA

Feflux
[kafmin] Top

Iw Compaosition [*)
B

€ E }
Contraller
Clutput 3]
50,0
S Contraller
[k;fnril:.] Ctput [3]
214 | 430
49
>
Battom Iizz

Composition [#]

K,e ' —0.345¢*%

G. = —
?  1,5+1  57.025+1
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Step response, o =1

— Y[ ke ] YO

—»

(s+a)°
a=-0m,
2
Y= e e Py
(s+a)’s s s+a (s+a)

a(s+a)’ Ps(s+a) vS
= » T ) T 2
s(s+a)° s(s+a)° s(s+a)
fors=0 = Ka’u=o0a’

o= Ku

fors=-a = Ka’u=y(-a) vy=-Kua=Kudo,

fors=a = Ka’u=Kuda®+p2a°—Kua’ B =-Ku
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Step response, o =1

Y(s) = (2 + S ) U(s) Ka’ Y(s)
s s+a (s+a) " (s+a)’ "
y(®) = L7[Y(s)]= A= o0,

— Lt a}+L‘1[B}+L‘{ ! 2_
S S+a (s+a)° |

y(t)=a+pe™ +yte™ =

L s
— Ku(l_e—at +8(Dnte_at) y( ) K
y(0)=0  y(0)=Ku u

Monotonously
Increasing function

u
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Step response, o <1

- Ve ke | YO
Ko’ u s* +280,S+®’

n

Y(S) = —
) $* +28m S+ > S

y(t) = L*[Y(s)] = Ku[l— ﬁ e *'sen(w,/1-8°t +<|>)}

2

¢ = arctg y(t)
If 5w,>0 : Time
response stable,

without delay and o
underdam ped Prof. Cesar de Prada ISA-UVA 37







Step response, o <1

U(s) Ko? Y(s)

n
—» —»

s° + 28w, S+

/ 2
y(t) = Ku{l— ﬁ e *'sen(m,/1-8°t+ q))} b =arctg lg 0

y(0) =0; y(0) = Ku; Gain: Ku/u=K

Oscillation frequency : y(t)

w, =0, /1-8°
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Peak Time

2
0=kft- 1 emsnto, 1-5h0)} g-acy L
aye
dt | _

P

dy(t) _ —Ku s, : . 2 2
di =m[—6wne 'sen(o, [1-8%t+¢)+e tcos(mnﬂtm)@nﬂ]

y(t)

t, = time to first
peak
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Peak Time

YO _ —KU 1 s e sortsen(e, - 1- 82t +6) + & cos(, - 1— 57t + ), 157

dt - /1-§2
dy(t) _
dt

t=t,

Sw,e " sen(wm, /1-8°t, +¢) =e """ cos(w, [1-8°t, + )w, /18’ /

1 2
tg(o, /1-8%t, +¢) = 188
(Dn«/l—Sztp =+Nnm

T

T
P (Dn’\/l—62 - (O

t

\
\
\
\
\
\
\
g
\
\
\
\
\ ~—
< Q
\
\
\

= 19(¢)

_ —send
—COoS ¢

y(t)
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Percent overshoot

Y
y(t) = Ku{l— ﬁ e *'sen(m, [1- 8%t + q))} b = arctg Jlsi?)
t )—Ku
p=y( 2 100 en % tp: n
Ku 18
100 O, i 100 -2
T s (rro)=—5 () =
o
_ 0 e s

-8 y(t)

o

M, =100e % en %
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Settling time

1 S \J1-6°
y(t) = Ku{l— We ° "‘sen(mn«/l—82t+¢)} b =arctg 5

0.95Ku = Ku[l— [ e sen(w, /1- 8%t +<|>)}
Implicit
max ty such that s e Lsen(m,1-8%t, +¢) =0.05  equation
Approximately: y(t)
t = 3 0
¥ dw, S,
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Interpretation in s

Ue) [ ket | YO
s plane s° +280,5+ 0’ -
o, /1-8°
Polos: 8w, * jo /1-8°
—0M,
X y(®

Complex conjugate
poles located in the
left hand side of the s

plane Prof. Cesar de Prada ISA-UVA 44




Interpretation in s

Poles: 8w, * jo, /1-8°
s plane . _ 3 5 W4 =0, /1-8°
X Q)n 1_ 82 S(Dn S(Dn tp TT
| B/_ 5 W, 11— 82 Wy
tg(B) = =
~So. 1707 M = 100e e en %
X y()

Complex conjugate
poles located in the

left hand side of the s
plane
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Interpretation in s

o, /1-8°
—0M,
s plane
X
UGS) [ ke Y(s)

s° + 28w, S+ 0

y(t) = Ku[l—
si dmw, <0
y(t)

1 -0 t 2 :|
e " sen(m./1-0"t+
== (o, o)
Unstable system

/\

N |
\/ \jt
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|dentification

If the time response to a
Input step Au starting
from an equilibrium
point is like the one In
the figure = second
order system with
complex conjugate poles

Km?

n

% + 28w, S+’

u(t)

TAU

y(t)

Parameter
estimation:

K =Ay/ Au

Prof. Cesar de Prada ISA-UVA

o

Mp :100e_m en %

_ T _TC
"o, 1-8% oy
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Step response, o =0

— U@ Koo Y(s)

2 n2
K(Dﬁ u S + O,

s+’ s

—

Y(s) =
y(t) = LY (s)] = Ku[l—sen(oont +TZC)} Undamped system

As & =0, the time y(t)
response never

dampS. Time e Sl KU
response in the /.
stability border t
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+jo, X

Interpretation in s

s plane

7 N

_j(Dn)

Poles located on
the imaginary
axis: stability

border

Kao; :
" poles: sS°+0’'=0 = s=zjo

S

y(t)

2 2

+ O,

y(t) =LY (s)]= Ku[l—sen(mnt +Tzc)}

------------------------------------------------------- Ku
/.,
t
resp SysQuake
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Poles at the origin: Integrators

[ & Ka Y(s)

s(s+a)

(s+a)ss s s* s+a
os(s+a) Ps+a) e Step response
s’(s+a) s°(s+a) s°(s+a)

fors=0 = Kau=pa B=Ku

Y(S)= Ka_u _G+BZ+Y

fors=—a = Kau=va® y=Ku/a

fors=a = Kau=oa2a®+p2a+vya’
Ku=a2a+2Ku+Ku = a=-Ku/a
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Poles at the origin: Integrators

_— Y&

Y(s) = Ka E—g+'8+ 4

(s+ass s s? s+a

S

y(t) =LY (s)]= L_l[%} + L_{EZ} + L_l[

y(t)=a+pi+e ™= KuEH—%e“”lt

s plane

|

Ka Y(s)
s(s+a)
L | y(t)
S+a

respx
- ) {S 2 ake
Prof. Cesar de Prada ISA-UVA 5
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Poles at the origin: Integrators

Another input:
impulse u

()= (s+a)s
y(t) = L*[Y(S)] = Kult—e ]

s plane

The steady state Is related to the integral of the input,

i U(s)

—

Ka
s(s+a)

Y(s)

—

y(t)

so BIBO stability depends on the type of input

Prof. Cesar de Prada ISA-UVA
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Time response of higher order systems

N U(s) Y(s)

— G

Y@=+ Py Vo Vo, O
S s+a S+b (s+Db) S +200w,S+ o,

y(t)=L"[Y(s)]=

= a}+L1{B}+L1{y}+L1 R T e
S S+a S+b (s+Db) S°+200,S+ o

y(t)=o+pe ™ +ye ™ +ote™ +...+e 7 'sen(w, /1-8% + ¢) +...
Y n

Poles of G(s) determine the stability and the type of time
response. Zeros of G(s) may modify the shape of the response
but not the Stablllty Prof. Cesar de Prada ISA-UVA 53




How a zero modify the time
response

——\

G(sf(is+1)\%G(s)+isG(s)

~ -

The time response against the same input of a system with
an additional zero at s = - ¢, can be obtained adding to the
original (non zero) response its derivative times a factor 1/c
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Zeros In the left half plane

u With ¢ > 0, the time
- response Is moved
y(t) forward.

The zero does not create
oscillations but can
produce an overshoot

dy(t
Zi) s plane
/\+1/C o ;(a
T - ‘ Zero located on the
real axis in the Ie1;t5

Prof. Cesar de Prada ISA-UVA
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Zeros on the right half plane

u

y(t)

dy(t)

dt
+1/c

S

with ¢ <0, the time
response create an
Inverse response
(non-minimum
phase)

; S plane
-0 -a _
" C

\/ Y
N\ A\ 4

Zero located on the
real axis, in the right

Prof. Cesar de Prada 1SA-uva  half plane 56



Interpretation of a zero

Kl
U (S) (as+1) N Y(S)
—— respcero
K, -
(bs+1)
Y(s):{ K., K, } S:Kl(bs+1)—K2(as+1)U(S):(K1b—|<2a)s+(|<1—|<2)U(s)
(as+1) (bs+1) (as+1)(bs+1) (as+1)(bs+1)

A zero appears when the same cause creates two different
additive effects on the output variable. If these effects have

opposite signs, then the zero iIs located on the right half plane
Prof. Cesar de Prada ISA-UVA 57



Heat exchanger

loop test

Open

Mlined Stream
Temp [T]
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¥

| 120
[Disturbance]

‘W arm Liquid
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Hatk Liguid

_ L (] L _ (]
Ty ™ o r w5
un] oo (un] - - Ty
M m ) o [nr]
CE U

(0. dwa

a|eles S5E1014 paINSEa)y

Coaling
Flow [Limin]
221

i

Coantraller
Cutput [5]
43.0

_———-L___L-

[ R

(%a)
ndyngy da) onuog

Exit
Temp [C]

137.7

Time: 52531 MinSec
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—»

|sothermal Reactor

(dAc, |
dt | (-0.33
dAcg, | | 3
- dt -
Cai(s)
F(s)
-0.3330 + 0.0105i

-0.3330 - 0.01051

A
0 YAc,] (009 0333\ AF Ca lF
N |
033 Ac, | (=009 0 ) Ac, -
A= B
C, Csq
1
s +0.6665+0.111
[ -0.09s+0.24 G0
s? +0.666s +0.111 ~
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Matlab

Fle Edit “iew Web Window Help
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b
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i
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&
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datosgui
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exit
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hidensubss
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lriview
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ltiview(sys)
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%-- 1:55 PM 3722703 --%

1| b[ Command Histary | Gurrent Directory

To get started, select "MATLAE Help™ from the Help menu.
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Cstation

l. Single Loop Custom Process

File Run  Tasks Help

IRy 3 (= & = I L7 ?
Clock Rescale  History Flot Save  EditFie Palise Mawvigate  Help
51,0 -
' Process Model
o 1
o 50,5 - -
5 {10s+1)(Es+1)
>
% 50,0 - Disturbance Model
(5]
5] 1
SL o5 - D
o . (1000s+13(100+1) 20 -| -] 20 -
5
[} - — -
5 49,0 - n n n
= Disturbance, D
51,0 | s00
= 50,5 -
=
=
(26 Cantrall Process
- rofler
o %00 Output, L0 Variable, PV
5 e 50.0 500
49,0 -
& @ O @ o ol o~ w @ | Impart || Expart |
N ~—l] C0 — [ [T | [{o J—
R ] - Co (0] B ] - Co or A~
Time: 823 time units
tanual Mode | File Storage: OFF

Prof. Cesar de Prada ISA-UVA

61



Two tanks

Iq T Operating point:
' g=17.8 I/m u=70 %
u F=2 I/m ho=4m
h A1=0.2 dm? A1=0.2 dm?
F(s) ~0.505
1 1.01s+1
h, U(s) 0.126 6"\ HZ(S?
‘ (D .

o, | (L.0Is+1)(L.14s+1)

: %
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|dentification

The model is obtained from input-
output experimental data

U

s B
= B
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|dentification methodology

Process knowledge and experiment design

Experiments and data collection

Analysis and data processing

Selection of model class

Parameter estimation

Model validation
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Step response Identification

| i'_ Two experiments:

— Step change in u, F = cte.

— u «Step change in F, u = cte.
Model class chosen:
First order and first order
plus delay functions

e

—ds

K8 0.127¢ 07"
Hy(s)="—"—U(s)= U(s)

L T,5+1 1.64s +1
K -0.5

H,(s)=—"-F(s) = F(s

— 2(6) T1,5+1 )= 009541 )
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|_east Squares (LS)

Identification criterium: Given a set of experimental data
u(t), y(t), t=1,2,3,...,N, find the model parameters, 0, that
minimize the cost function V :

1 N ) _1 N - 5
V:N;e(t) —N;[(Y(t) Y m(t,6)]

%Iﬂ)
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Cstation
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Heat exchanger (LS)

Open loop test
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Heat exchan

File Customize Edit Help

Q LL 2 & 7
IIndo Zoom Copy Rescale Yerk Plob Opkions Print Help
ko460 4] 1yfnsss & 6ners #

Contr on: Design T

b adel: Firs

=]

Variabl

ad

M anipulat

45-1256
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Chemical reactor

Simplified model:
All variables related to the raw material, F, Ti, C;, are
considered constant
The temperature is the only controlled variable taken into
account

l

., I

T
T MV: coolant flow
Coolant CV: Temperature reactor

DV: input coolant temperature
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emical Reactor - Temperature

“#single Loop Jacketed Reactor ' 10| x|
File: | Run Tasks Help
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Reduced model

Conversion X X =CglCy; Ca=Cai(1-X)
dc E dx F E/
th =Fc,, — Fc, — Vke /RTCA = Ty ike T
dT E/
Vpc, T Fpc, T. — Fpc, T+ Vke RTc, AH-UA(T-T,)
dT,
VipCo —~=Fp,C Ty =Fp ., T+ UA(T-T,)

dt
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Parameter Estimation

lT,x

In order to compute the model parameters (U, F,, E,....) some
measurements are required. Some parameters can be computed

from data collected from CStation in steady state, but other
parameters cannot be estimated from these data
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Operating point

T=92°C x=0.902
T =75.6°C

F.=47.8 I/m
T.=50°C u=42%

Otherr T=88.6°C x=0.881 T,=718°
F.=30.1/m T,=30°C u=222%

T=336°C x=0.102 T.=32.2°C
F.=478 I/m  T,=30°C u=42%

Prof. Cesar de Prada ISA-UVA 74
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Parameter estimation

0= Fx—Vke_%T(l—x) T=02°C x=0.902
o T =75.6°C
O:F(Ti—T)+Vke (1—X)CAiAH_UA(T_Tr) Fr = 47.8 I/m
pCe PCe T,=50°C u=42%
0= I:r(Tri _Tr)+ A (T_Tr)
P.Ce,
0= O.902F—Vke_%(92+273'2) (1-0.902) = In0.902 + In F = E +1In(1-0.902)

VK R(92+273.2)
“E
Vke  RO2232 (1-0.902)c,AH UA

0="F(T, -92)+ (92-75.6)
pC. pC,
UA
0=47.8(50-75.6)+ " (92— 75.6) = =745
prCe pI'CEI’
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Parameter estimation

T=92°C x=0902 | |T=245°C x=0.047 || T=88.8°C x=0.882
T,=756°C T.,=219°C T.=72°C
F,=47.8 I/m F =100 m  Ti| F =568 I/m
Ti=50°C u=429 |[=20°Cu=10% [I1 —5p0c y=5209
E
In 0.902+InF:— E +1In(1-0.902) — =8598.9
VK R(92+273.2) _ R
F
n0882+n - =— 5 jha-0s882) " _6.46e-012
VK R(88.8+273.2) Vk
¢ AH

Vke e _0.902)c,AH UA o =114.783

0=F(T,-92)+ (92-756)  PC.
. » UA 1 460e-011
Fressrars) B —1.460e -
0= F(T —88.8)+ Vke (1-0.882)c,AH  UA (88.8-72) pc.Vk
bs e T, = 25.54

- - - e
Plus another one in the third point Prof. Cesar de Prada ISA-UVA 76



Parameter estimation

Assuming:

V = Vr=68.8941 |
F = 34.4471 I/min
oc, = 4180 j/k |
0.C, = 4000 j/K |

CadH _ 114783 85089 One can obtain:
‘L’JC/: RF K = 7.7399e+010
=1.460e-011 —— =6.46e-012 CAiAH = 479792.94
pe.VK VK UA = 311410
T = 2554 UA

=174.5

P Ce Reactor

Prof. Cesar de Prada ISA-UVA 77




Reduced model, linearization

P ke TR a—x)
at VvV
A
dAx _ —( ke R JAX + e 1-%x,)AT = dax _ a, AX+a,AT
dt RT0 dt
dT _E/
Vpc, dt Fpc, T, —Fpc T+ Vke "RTc,.(1-X)AH-UA(T-T,)
dAT |- ke_%TOC AH F kEe_%Tf’ c.(1-X,)AH UA
= AEEAX (- 0 PR RIRE . PEAT
dt pC, V  RT; pC, Vpc,
UA
AT, dAT
Vpc, = e a, AX+a,,AT +a,,AT,
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Reduced model, linearization

VI'pI'CeI' dc-ll;r = Frp C T _FrprcerTr +UA(T_TF)

rze, 'ri

daT, S YA AT YA Fro)ATr +(T”°_T“’)AFr +(Fr°)ATn
dt Vrprcer VrprCer Vr Vr Vr
dﬁ;rr = a32AT + a33ATr + bglAFr + bBZATri
CAX] (a, a, 0)\[Ax]
AT all a12 ) AT AFr
— +
. 21 22 23 ATri
_ATr | 0 a32 a33 _ATr _ b32 b32
A AF
AT=(0 1 0) AT |+(0 0) _'
AT, |
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|_Inearized model

In the operating point:

T=92°C x=0.902
T.=75.6°C
F.=47.8 I/m
lTX T.=50°C u=42%
dax _ S, o 5 - -
g - ( +ke )Ax+ RTO (1—X,)AT Assigning values to:
e, P,
dAT . ke CA‘AH)Ax+(—|:" KEe 2 Ca(1-Xo)AH  UA JAT + ( )ATr
dt pC, \ RT pC, Vpc e Ce
dATr U A FrO r|0 rO i
dt (Vrprcer )AT (Vrprcer + Vr )AT ( r )AF (VI’ )ATri
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State space / Block diagram

Ax | ( -5.1

AT, | 0
AT=(0 1 0)
Tri(s)

—»

0029 0 ) Ax | 0 0

AT |=|-5282 1.707 113 | AT |+| O 0

r

Ii
1-081 1! A O|3 169

AX
AT

L0 o){ Aﬂ

AT,

G(s)=C[sI-A]'B

-8.882107"° s* +0.784s + 4
s° +5.17s” +11.455+5.566

g

F.=0.9u + 10

1 8.88210%° s*-0.41995-2.142

s® +5.17s” +11.45s +5.566

T(s)

v

Prof. Cesar de Prada ISA-UVA
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Reactor Model In s

T,i(s) 0.784s+4

s® +5.17s° +11.45s5 +5.566

=) X -0.41995 - 2.142

D
NP

T(s)

s° +5.17s” +11.455 +5.566

Roots (denominator) :
-2.2571 + 1.8435i Zeros Gain
-2.2571 - 1.8435j 5.1 (T,) 0.718
-0.6554 -5.1 (F) - 0.385

Stable operating point

Prof. Cesar de Prada ISA-UVA
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roots(d2)

-2.2571 + 1.8435i
-2.2571 - 1.8435i
-0.6554

Dominant pole

Step response

Prof. Cesar de Prada ISA-UVA
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Other operating point

U l Operating point
l T=749°C x=0.747
T,=58.9°C
F.=47.8 I/m
T,=34°C u=42%
T,i(s) 0.7845+1.527
s® +2.37s* +1.516s+0.6078
F(8) -0.4084 s —0.7954 D Te) R
s® +2.375% +1.5165+0.6078 ~

Prof. Cesar de Prada ISA-UVA 84



Other operating point

T,i(s) 0.784s +1.527

s +2.375%+1.5165+0.6078
F((s) ; -0.4084s — 0.7954 AN T(s) ;
s +2.375% +1.516 5+ 0.6078 Y
-
Poles: F, —
-1.6834 B Y
-0.3432 + 0.4933i

-0.3432 - 0.49331

Time (sec)
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An unstable operating point

U l Operating point:
l T=68.1°C x=0.651
T,=54.6°C
F.=47.8 I/m
T,=327°C u=42%
T,i(s) 0.7845 +1.086
s® +2.173s? +0.43395 - 0.007578
F(8) . -0.3595—0.4975 D Te) ,
s® +2.173s? +0.43395 —0.007578 -
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An unstable operating point

T=68.1°C x=0.651

T,=54.6°C
F.=47.8 I/m
T.=327°C u=42%
T.i(s) 0.7845+1.086 L
s® +2.173s% + 0.4339s — 0.007578
F(S) , -0.359s —0.4975 Van Te) R
s® +2.173s? +0.4339s — 0.007578 ~
Poles: -1.9487
-0.2408
0.0161 <=
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How can we distinguish If a
process Is linear or non-linear?

linear

If the dynamics .
change with the Non- linear
operating point, the

process iIs non-linear

88
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