Vol. 59 No. 5
May 2008

CHBIE I R 1k T 2 i
2008 £ 5 H Journal of Chemical Industry and Engineering (China)

\&:eeeeee%:&ch N . . N i}
QHQWXﬁ F— R B iE R AR B T 4 ) 25

A l, ZHU Yucai 2, & #H', &FH!
CHTTRZE TR ARE R E SSLRE, TAEGIIEE . $iL Al 310027; *Eindhoven $i AR K2 L% . Eindhoven, fif2%)

FE . $RE T AU B SN TS . B & MPC % MPC #R R, fE R FERET L, PERE
PR 3 AL . A DM G RO S B S N MPC $54i, BR T SR s sE B LIS, Rl Ry R B shilk
1o X TR MPC R B ety 278 st il S BE . TEBERIAT S 42 RS, [ St ARl AR 1is . i
il e 1 R A BB AN 0 A R SRORE B N s R — R A A R R R R e U R R AT
TRUEFE ] 25 PERR IR b F R HOIRES . A& M MPC #2576 PTA B 5 1A R T Bk A stk .

R BN S AL MERENEYE: A SN MPC

hE4a5RS. TP 273 XEkERIRED . A XEHS. 0438—1157 (2008) 05—1207—09

Next-generation adaptive MPC controller

XU Zuhua', ZHU Yucai’, ZHAO Jun', QIAN Jixin'
(! State Key Laboratory of Industrial Control Technology, Institute of Industrial Process Control ,
Zhejiang University , Hangzhou 310027, Zhejiang, China; *Faculty of Electrical Engineering
Eindhoven University of Technology, 5600 MB, Eindhoven, Netherlands)

Abstract: A next-generation adaptive model predictive control (MPC) controller is proposed. The adaptive
MPC consists of three modules; a MPC control module, an online identification module and a performance
monitor module. The three modules work together coherently in real-time. With the right design, the rest
is automatic. In MPC commissioning, the online identification module performs automated plant test and
automatic model identification. When all expected models become good, the MPC controller is
automatically commissioned. When the MPC controller is online, the control monitor module continuously
monitors the MPC performance and model quality. When control performance degradation and considerable
model error are detected, monitor module will activate the online identification module. The identification
module will re-identify the model and replace the old model. It makes the closed loop performance of the

MPC system at its best. The effective performance is proved by the PTA application of the adaptive MPC,
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Table 1 Manipulated variables of dehydration

and crystal MPC controller

Symbol Tag name Description

MV1 1TC1701. SP
MV2 1FC1702. SP
MV3 1FC1411. SP
MV4 1FC1412. SP

bottoms temperature setpoint
reflux flow rate setpoint
secondary oxidation reactor air flow 1

secondary oxidation reactor air flow 2
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Table 2 Disturbance variables of dehydration

and crystal MPC controller

Symbol Tag name Description
DV1 1F11614. PV tower feed 1
DV2 1F11615. PV tower feed 2
DV3 1FI1703. PV tower feed 3
DV4 1F11704. PV tower feed 4
DV5 1L.S1301. PV secondary oxidation reactor feed valve

x3 BRAEEZRS MPCREARZRKELTE
Table 3 Controlled variables of dehydration

and crystal MPC controller

Symbol  Tag name Description
CV1 1DI1701. PV top acid content
CV2  1DI1702. PV bottoms water content
CV3 1PDI1701. PV  tower delta pressure
CV4 1TI11731. PV reflux temperature
CV5  1FV1701. OP  steam control valve
CV6  1FV1702. OP reflux flow control value
CV7 1QI1401. PV secondary oxidation reactor O, analyzer
CV8 1QI1402. PV secondary oxidation reactor O, analyzer
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Table 4 Manipulated variables of oxidation

reaction MPC controller

Symbol  Tag name Description

MV1 1FC1302. SP feed flow rate in Reactor A

MV2  1FC1322. SP feed flow rate in Reactor B

MV3  1FC1342. SP feed flow rate in Reactor C

MV4  1FC1304. SP first air flow rate in Reactor A

MV5  1FC1324. SP first air flow rate in Reactor B

MV6  1FC1344. SP first air flow rate in Reactor C

MV7  1FC1305. SP second air flow rate in Reactor A

MV8  1FC1325. SP second air flow rate in Reactor B

MV9  1FC1345. SP  second air flow rate in Reactor C
MV10 1FC1306. OP condenser extraction valve in Reactor A
MV11 1FC1326. OP condenser extraction valve in Reactor B
MV12 1FC1346. OP condenser extraction valve in Reactor C
MV13 1LC1301. SP Reactor A level

MV14 1LC1321.SP Reactor B level

MV15 1LC1341.SP Reactor C level

MV16 1FC1215. SP fresh catalyst flow rate

MV17 1FCI1218. SP f{resh accelerant flow rate

®5 SHURMEMPCEHBFHET=E
Table 5 Disturbance variables of oxidation

reaction MPC controller

Symbol Tag name Description
DV1 1PC1301. SP Reactor A pressure
DV2 1PC1321. SP  Reactor B pressure
DV3 1PC1341. SP  Reactor C pressure

1DI1701 4548 550K [
Plots of CVs 1DI1702 and 1DI1701
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Table 6 Controlled variables of oxidation

reaction MPC controller

Symbol Tag name Description
CV1 1TI11302. PV Reactor A middle temperature
CV2 1TI11322. PV Reactor B middle temperature
CV3 1TI1342. PV Reactor C middle temperature
CV4 1QI1306. PV Reactor A tail O; concentration
CV5 1QI1326. PV Reactor B tail Oz concentration
CVe6 1QI1346. PV Reactor C tail O; concentration
CV7 1QI1304. PV Reactor A tail CO, concentration
CVs 1QI1324. PV Reactor B tail CO, concentration
CV9 1QI1344. PV Reactor C tail CO, concentration
CV10 1QI4CBA. PV 4CBA soft sensor value
CVl1l ARCI1203. PV atom ratio of catalyst and accelerant
CV12 1FC1302. OP  feed flow control valve in Reactor A
CV13 1FC1322. OP  feed flow control valve in Reactor B
CV14 1FC1342. OP  feed flow control valve in Reactor C
CV15 1FC1215. OP  flow control valve of fresh catalyst
CV16 1FC1218. OP  flow control valve of fresh bromine
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Fig. 4 Plots of frequency response and error upper bound
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