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Introduction

Cascade Integrated System with Constant Steam Feed Boiler to a Reactor

INTEGRATED CASCADE SYSTEM FOR
ATLUMINUM CHLORIDE PRODUCTION
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Introduction

Variables
Variables Manipuladas
BFWH Boiler Feed [T/h]
Water High
fov Control Valve [mol/m"3]
Variables a Controlar
tr(t) Outlet Steam [°C]
Temperature
T(t) Reactor Internal [°C]
Temperatura
Cg Aluminum [mol/m”"3]
chloride

BOILER
SH Steam High T/h
Q Heat Transfer [°C]
REACTOR
Cy Hydrochloric acid [mol/m*"3]
F, Transfer Factor [°C]
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Controllers Design
MODELAMIENTO MATEMATICO

M, = [BFWH —SH

hc — hs o hvv
t =103.67- P>

d(d(i’*) = |:(c:Ao—c:A) k,(T)Cn—ks(T)CA
d (d(;B) =—ECB +k, (T)Ca—K,(T)Cq

: ((j:[r) = ,Oép |:k1 (T)CA (_AHRAB)+ K, (T)CB (_AHRBC ) +k, (T)CA2 (—AHRAD )}
B (e
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Controllers Design
PID Controller Design

SP Boiler
Temperature* -
PID 1 Temperature

SP
Concentration

sk
(ALCL3) PID 2 Concentration

Process
M, = [ BFWH - SH
hc = hs — hw Outlet
s steam
t, =103.67 - P temperature
dC) _F o oy _ )
7 —V(CAU Cy)-k(T)Cy—&(T)Cy
d(CB):_ECB+k1 (T)C, -K, (T)C, Concentration
an 1 (ALCL3)
= ;L)) (T) Gy () (1), () >
L L. S
+V[T0 T)+pCPV(Tk T)
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Controllers Design
PID Controller Design

Gs)=177s€
e(s)
U(s) =K e(s)+ K, —=+sK,e(s)
S
T
1 7"‘/1 Kp 1A
Kp=<f>(%+/1) Ti:T+% T T
A=T
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Controllers Design

Model Predictive Controller Design

MPC CONTROLLER PROCESS
____________________________ ; e
] | | |
: Constraints | [ :
| l | | M, = [BFWH - SH ,
SP Boiler | - | | h =h —h |
| I | = )
Temperature* | Dipitaniss | I ¢ : " s 2300 : Outlet
| L ul[l] | t. =103.67-P | steam
SP : > Cost : u?2[1] ’: : temperature
. E » |74P
Concentration | +unction : | 9(%4) *E(C —Cy)=k(T)C,y — & (T)C] '
(ALCL3)* | | | ar v o) RS A |
T | |
i : : d(;B):—chJrkl (T)C, —K,(T)Cy :
| : : : Concentration
| A ~ dl
| l C, | | %—p%pq (T) C (~AHy )+, (T)Cy (AT +h (T) C3(~AHy ) || | (ALCL3) |
° | w
| | |
| PREDICTION |+ | P L™ 3E l
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| MODEL | | |
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Controllers Design

Model Predictive Controller Design

Objective function is defined by:

N, 51(k)[€r(k+i\k)—tr*(k+i\k)T+ X
) 2 +|§iﬂ1(k)
52(k){c8(k+i\k)—CB*(k+i\k)}

A (ki =0)] + 2,0 Ay, (k+i-1)]

Restrictions:

A . S A 1 S A N\ VAN A N\ AN A
umin u umax - < <

Aumax = Au2 = Aumax trmln S tr S trmaX CBmln T CB - CBmax
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Controllers Design ?

Model Predictive Controller Design

MPC design
parameters tr, Cp tr,Cg
12 s | D 0
4s 1
0 BT o
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Virtualization
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Results
PID and MPC controller for Aluminum chloride production reactor

—
~

AIumlnum chlorlde productlon reactor

RN
N
I

o o o
EEN (o)} oo -
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Concentration at the exit of AICI3 [mol/m3]
o
N

- Concentratlon B(AICI3)
Concentration B(AICI3) PID

—Concentration B(AICI3) MPC
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Dynamic Characteristics of the Reactor Concentration

Parameters PID MPC
% Over impulse 7.73 % 0%
Settlement time 877.9s 7.8s

Rise time 41 s 2s

Error in stable state 0.08 mol/m”3 0.0004 mol/m”"3
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Results e
PID and MPC controller Boiler internal temperature

Boiler internal temperature

180 _— :
160 - . . . o
Dynamic Boiler Temperature Characteristics
?}407 | Parameters PID MPC
o % Over impulse 0.0873% 0%
)
o Settlement time 42 s 6.9s
o
a 120 - 7 E—
£ Rise time 10.8 s 1.3s
O
5 Error in stable state 0 bar 0 bar
= H *
= 100 - = Boiler temperature 1
o0 .
Boiler temperature PID
80 —Boiler temperature MPC 1
60 =1 1 | \ {
800 1000 1200 1400 1600 1800 2000

Time [s]
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Results —

PID and MPC controller performance against constrains introduced
In the cascade system.

Boiler internal temperature Aluminum chloride production reactor

180 F __ - \ \ \ \ ! \

0.72 7[ ————————— T S NN

160 - -

= Concentration B(AICI3)*
Concentration B(AICI3) PID
—Concentration B(AICI3) MPC

o
D
oo
I
1

—
~
o
I
|

o
D
S
I
r—

o

D

SN
1

o

[}

N
1

0.6 i

N

o

o
I

= Boiler temperature* .
Boiler temperature PID
80 == —Boiler temperature MPC 2

o
82
So
T
|

o

[$)]

»
|

Boiler temperature[°C]
>
o
I
|
Concentration at the exit of AICI3 [mol/m3]

o

(Sa]

S
/I
1

60 | | | | \ | | \ \ | |
800 1000 1200 1400 1600 1800 2000 800 850 900 950 1000 1050
Time [s] T|me [s]

HESPE

UNIVERSIDAD DE LAS FUERZAS ARMADAS
AAAAAAAAAAAAAAAAAAAAAAAAA




] 14
Conclusions

» En este trabajo, se evalua el desemperfio de un sistema integrado en cascada de dos procesos, un calderin
conectado a un reactor de agitacion continua para producir cloruro de aluminio, el sistema es virtualizado
observando la dinamica de las variables cercanas a la real en un entorno industrial inmersivo, amigable con el
usuario, para logarlo es necesario de un modelo matematico no lineal del sistema integrado.

« El sistema es flexible a operar en lazo abierto, asi como en lazo cerrado.

« La planta virtual es utilizada para evaluar algoritmos de control tradicionales y avanzados, con el uso de
variables compartidas.

» Al aplicar dos técnicas de control PID y MPC, se puede evidenciar que el controlador avanzado MPC presenta
un mejor desempefio en términos de maximo sobre impulso, tiempo de establecimiento y error en estado estable,
en comparacién a un controlador tradicional PID.

» Ademas, las acciones de controles no son tan bruscas lo gue permite incrementar la vida atil del actuador.

» Por otra parte, se evalta a los controladores frente a perturbaciones externas tanto en el calderin como en el
reactor, notandose una rapida recuperacion de la temperatura del vapor de salida del calderin, asi como también
la concentracion de cloruro de aluminio en la salida del reactor e indirectamente la temperatura interna del
reactor con el controlador MPC a diferencia del control PID.
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