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Decentralized adaptive model predictive control of
alumina seed decomposition temperature
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2. Department of Information Science and Engineering, Hunan First Normal University, Changsha 410205, China)

Abstract: The alumina seed precipitation process is a complicated large-scale process with multi-stage tandem structure
and strong unmeasured disturbances, in which the decomposition temperature is a key technological parameter. In order
to control the decomposition temperature precisely, the process was divided into several subsystems according to its
structural characteristics, and the adaptive predictive model of each subsystem based on unmeasured disturbance
prediction was built by mechanism analysis, parameter estimation and time series analysis method. The front-end
subsystem state as a measurable disturbance was introduced into the corresponding subsystem model, and the optimal
operational variables were obtained by respectively solving the optimization objectives of each subsystem. The
simulation results based on actual process data show that the proposed decentralized adaptive model predictive control
(MPC) method has a strong capacity of resisting disturbances and a good following of the set point, and can meet the
control requirements of terminal decomposition temperature, decomposition temperature range and the cooling rate for
the alumina precipitation process. The proposed method can be applied to the nonlinear complicated large-scale process
with multi-stage tandem structure and strong unmeasured disturbances, and is of remarkable practical value.
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Fig.1 Schematic diagram of alumina seed precipitation process
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Table 1 Description of model parameters
Parameter Description Value
F/(m*h™") Flow rate of pregnant liquor 885
Vi’ Volume of precipitation tank 4308
pl(kgrm ) Density of pregnant liquor 1550
c,/(J kg "K'Y Specific heat capacity of pregnant liquor at constant pressure 2690
Afm? Heat exchange area 339.6
pul(kgm?) Density of cooling water 1000
ol (J kg "K' Specific heat of cooling water at constant pressure 4174
Fy/(m*hh Cooling water flow rate 0-400
_ i 3205
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Fig. 2 Dynamic simulation result of precipitator subsystem model: (a) Decomposition temperature in tank 3; (b) Decomposition

temperature in tank 4
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Table 2 Setpoints of decomposition temperature in precipitation tanks

Tank No. 3 4 5 6 7 8 9 10
Setpoint/K 327.3 327 324.3 324 321.8 321.5 319.3 319
Controlled temperature Setpoint
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Fig. 4 Performance of closed-loop system with decentralized adaptive MPC (7,— T}, stand for decomposition temperatures in tanks

1-10, respectively)
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Table 3 Variance between controlled variables and setpoints

Variable T3 T4 T5 T6
Variance 0.5475 0.2171 0.3569 0.2488
Variable T7 Tg Tg TIO
Variance 0.3873 0.1911 0.1904 0.1804
LV
5 g

1) BB AT 5 SRS &, 7 T iR
AR AT A R B A, AR U 5
WK AR G0 4 R U R T At R 22 S R ABL ) 1A
MR AL T AR ST 4, TR 4T Hammerstein
BRGER, Sy TR ARG At TR B AR B vty 42l
&, UTEEE R UE T B R .

2) AR S AL T A o0 I R ELAT AN AT 5 T
HUESP=EEE SVANIE = o NI B/l b7/ R 2 W M o/ N SRR VA
MRS PrEas AR, B RETE 1 RGN
TN TP BTG RE ST, WIR G 1%
IR S RIS 2, A T e 1 R g T
At o

3) AHEFEH 4R L 7 BB AR T A% R
BEXT &5 RGBT i s O St o B,
Felas s 2 K g i u A Hax,  OREF T 20 iz
TN IR AT 2T R G RPIRAAE Tl

WBNGINR T R, SO T 7 iR P i
ARSI S LAV 1), S AR i R
P T HAT SR, 25T AT P IR g«

4) BLUT IR TE M BT 8 KGR RAN R0 58 T3
ARt B R AR R PP, L AT 5 R s
i

REFERENCES

(1] W, Bt %, i, ATHRFsE A TSR R AR Tk ok

JETLAR 3 B BRI 0 3 (0], o A 6 w5 4k, 2012,
22(7): 2040-2051.
XU Guo-dong, AO Hong, SHE Yuan-guan. Current status and
development trend of aluminum industry in world and strategy
suggestions in China under background of sustainable
development[J]. The Chinese Journal of Nonferrous Metals,
2012,22(7): 2040-2051.

21  5K&on, FUKiE, AU, ) ow, R SR

WL R R ORI W SE (0], R RS i HARELA IR,
2011, 42(6): 1543-1548.
ZHANG Jia-yuan, LI Yong-qing, FU Ming-hui, LIU Bin, LI Li.
Concentration and mass ratio model of gibbsite precipitation
process in alumina[J]. Journal of Central South University of
Technology: Natural Science, 2011, 42(6): 1543—1548.

[31 WU Yu-sheng, ZHANG Di, LI Ming-chun, BI Shi-wen, YANG
Yi-hong. Periodical attenuation of Al(OH); particles from seed
precipitation sodium aluminate solution[J]. Transactions of
Nonferrous Metals Society of China, 2010, 20(3): 528-532.

[4]  5kZFon, K0, IR, x) e, AR oy AR EL 43 AT

M B0 &BII]. H g Kzl AR RR, 2009, 40(4):
799-883.
ZHANG lJia-yuan, LI yong-qing, FU Ming-hui, LIU Bin. Particle
distribution dynamic model of gibbsite precipitation process
during alumina production[J]. Journal of Central South
University: Science and Technology, 2009, 40(4): 799—-883.

[S] CHRISTOFIDES P D, SCATTOLINIR, de laPENAD M, LIU J
F. Distributed model predictive control: A tutorial review and
future research directions[J]. Computers and Chemical
Engineering, 2013, 51: 21-41.

[6] ALVARADO I, LIMON D, de la PENA D M, MAESTRE J M,
RIDAO M A, SCHEU H, MARQUARDT W, NEGENBORN R
R, de SCHUTTER B, VALENCIA F, ESPINOSA J. A
comparative analysis of distributed MPC techniques applied to
the HD-MPC four-tank benchmark[J]. Journal of Process
Control, 2011, 21: 800-815.

[77 SCHEU H, MARQUARDT W. Sensitivity-based coordination in
distributed model predictive control[J]. Journal of Process
Control, 2011, 21: 715-728.

[8] GISELSSON P, DOAN M D, KEVICZKY T, de SCHUTTER B,



5524 55 6

A Ak, A S R0 AL RE T 50 HSC A A TR N 47 )

1655

[10]

[11]

[12]

[13]

[14]

RANTZER A. Accelerated gradient methods and dual

decomposition in distributed model
Automatica, 2013, 49: 829-833.

ZHANG Yan, LI Shao-yuan. Networked model predictive

predictive control[J].

control based on neighborhood optimization for serially
connected large-scale processes[J]. Journal of Process Control,
2007, 17: 37-50.

EDUARDO C, DONG J, BRUCE H K, SAROSH T. Distributed
model predictive control[J]. IEEE Control Systems Magazine,
2002, 22(1): 44-52.

MOHAMED T H, BEVRANI H, HASSAN A A, HIYAMA T.
Decentralized model predictive based load frequency control in
an interconnected power system[J].
Management, 2011, 52: 1208-1214.

ALESSANDRO A, DAVIDE B, ALBERTO B. Decentralized

Energy Conversion and

model predictive control linear
systems[J]. Journal of Process Control, 2011, 21: 705-714.

OCAMPO-MARTINEZ C, BOVO S, PUIG V. Partitioning

of dynamically coupled

approach oriented to the decentralized predictive control of
large-scale systems[J]. Journal of Process Control, 2011, 21:
775-786.

ZARATE FLOREZ J, MARTINEZ J, BESANCON G, FAILLE
D. Decentralized-coordinated model predictive control for a
hydro-power Mathematics

valley[J]. and Computers in

[15]

[16]

[17]

Simulation, 2013, 91: 108-118.

AL, /N SARER T iR e A i L e Y B A A
[]. Rk ASREIEAR, 2013, 44(3): 1037-1042.
LIU Zheng, PENG Xiao-qi. Dynamic modeling for energy
transfer process in alumina precipitation[J]. Journal of Central
South University: Science and Technology, 2013, 44(3):
1037-1042.

XAk, FNEF, EE, BrOE. FET RSB AL
Toft o3 fift iod e s A e S N0 42 R (7] o AT < A AR
2013, 23(8): 2309-2315.

LIU Zheng, PENG Xiao-qi, WANG Ming-hong, CHEN Jun.
Modeling and model predictive control of decomposition
temperature in alumina precipitation based on disturbance
prediction[J]. The Chinese Journal of Nonferrous Metals, 2013,
23(8): 2309-2315.

DING Bao-cang, XI Yu-geng. A two-step predictive control
design for input saturated Hammerstein systems[J]. International
Journal of Robust and Nonlinear Control, 2006, 16(7): 353-367.
RERZS . BT BRI (M. JE 5t [ B Tk By AR
2006: 351-352.
KANG Feng-ju. Modern simulation technology and
application[M]. Beijing: National Defence Industry Press, 2006:
351-352.

(4wiE  PRILTH)



