2015 4 7 H
B36% 4K

Journal of Zhengzhou University ( Engineering Science )

O K AR (% W) Jul. 2015

Vol.36 No.4

XEHS:1671 -6833(2015)04 - 0024 - 04

ETHREF EZRREEIA =L 2R EL MG

EA, LR, FHE

(LM R Foo5 b, i Eg KB 4500015 2. KM 2 Tolb 2 B8 A F =28, TR AR JH 4500015 3. AFJH K 2%
HLACL AR 2 BE L TR FB M 450001)

W OE: BABAEALBRAEDGSMAN S M B RSSO LR R, FAOREERN T EEAHLFH
MREMNGRR. AR RLBEMP I ZIRRAS I L, 22T LR SHE.
KRG RMEFGF FF TRERSEH B FIM IR & G450 Ak A8, 55, *T 13 2] a9 ph &
A A& G A A AL ) R BT R AE R B A5 A R R B AE 4 PID 4240 S A8 00, 3R ad 3k 2 M 32 )

EE A AR B RPN AL B S

KEW: BANMIAALS & RGEH & AT LA 48 R AL 4 5]

hE 4% 2. TQ245; TP273

0 5

8% 115 R 2% A e 03 P T 28 R T AR A A
2 IR VAL, BB S T A O T N R R A
B MGE BRI N T2 A TR
A AR R AR R K A A WL I R
(7% ke dn' .

SR T PR 28 25 R A AR LR R g, HLAS
AR R AE TR SR A A e RSN TR R A A
VAT SV VR G D B B A H RRAL, UE AR
o T A 8 42 1 D7 2 0l D B o B 2 S R i
HIRTFFE. SCHlik [ 4] R F i 25 160 2% 1 2 465 80 4] 462 )y
VR o 07 PR 2 B R ST T I N AR PID
il ws. SCHK [ 8 ] K 75 S 2% R G0 0 45 A0 g 4 M
FIRIAE L PES SR AL (H F R r ik R T R 40
AL TR BT 5 42 o 25 , Xk LA i L 28 49 A 9 L4 o)
K. WANG 2510 0] R b 28 ) 46 425 04 7 1 0 2 52
VeIt T Bl Y AR . UMAR 51 B 5%
TR0 B 25 K 10 04k 2 o ) B b A7) O T
TE F DR AR r 2 LA ot o 3 126 2% i 1 42
SR (EUT R A4 o g e R A A

RS B R R T S R T2 5 R %
() A Lk Sl A A R 5 4 o 2% L BE % 15 R i AE

il

75 B #9:2015 - 02 - 15;1&1T H #§:2015 - 04 - 05
ELTH: HE [ RE2E5L 4 B H (60974005)

NEARED: A

doi:10.3969/j. issn. 1671 - 6833.2015. 04. 006

RIGH AT s AP RE, BBt R . oy 7
[Fi Fsf S5 B 5 o) A0 0 2% e 2R 9 M Figk R P e P A 4
i, SEH R R Gk A A et TR R L
7 TR AR T8 S B 7% A e (9 AR L il AL

B JC T T 5 A R % K AR G I SR AT
ZWRE T YR MR RS T RSR
10— e AR L1 3 A5 A 1 5 AR e R 30 R G5 vk o
Br T RGER A Al oM, O 38 G 8 A 00 A 4t A A
325 R YL 1)K R AT A AL 3 O 25 HL [ i 1] i
M DR E AR G s e, R e o4 ) B et 1
2R e TR R R A A

1 REERERFHSER

Ll BRHBERBRAFLERMITZRE

SR T 478 B 2% e A 2 A A5 23 8 A% A B
A 558 1 08 P08 52 BB 26, a5 kg ] 1
JIe 7 HERE W5 A3 B A5 U B T 3 A
I B0 O B 2R R I BAA , PRI AT A
S MRS B NI E AT B B o A
O G R s R HE a0 R g AR S 0
PR, 5 R WO G AT RIRCE R
1.2 BHERELFIFLEHTRE

1 5 T A0 A 2 A A B 5 R R T 25 R A AT A

BASE A X R F (1962 - ), 2, i g PLSCN  IBIN RS2 90 0, 2 b, 2N A T #2055 #2 W F 5T, E-mail : Lal

@ zzu. edu. cn.



5% 43

X T ¥, 45 LT 30 2R G805 1k 0 i o A0 B 2 R A I Sk 4 o 25

P R AN R — e R PR PR AR R AR Sl A
AL I R v 220 2 T i A v Y A B AR R OF
B I A AT i B 0T 9 90 1) L R A O B 2R
PRAL TR R

My A ZRFERHA

DR e
mRE
WA H
o I
4—
0, 4 JIE e
l Iﬂ\ ﬁﬁ

BRI AR
1 BHRBEARELF[EHE
Fig.1 Configuration of the forced

circulation evaporators
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Fig.2 Response of the liquid level
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Fig.3 Response of the discharge liquor density
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Fig.4 Response of the discharge liquor flow
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Fig.5 Response of the heat steam flow
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Nonlinear Control of Forced-Circulation Evaporator via Inverse System Method

LIU Ai-ling', MA Huan®, QI Shu-kang’

(1. Department of Educational Administration, Zhengzhou University, Zhengzhou 450001, China; 2. School of Software, Zheng-
zhou University of Light Industry, Zhengzhou 450001, China; 3. School of Electrical Engineering, Zhengzhou University, Zheng-
zhou 450001, China)

Abstract: Forced-circulation evaporators (FCE) are typical multi-input multi-output strong coupling nonlinear
systems and the conventional linear system controller cannot guarantee the high performance of the system. In
this paper, a nonlinear dynamic model was constructed based on the analysis of the construction and engineer-
ing process of FCEs. Then, with the inverse system method, a state feedback controller was proposed to real-
ize the linearization and decoupling. Finally, for the obtained pseudo-linear system, an optimal controller was
put forward. The simulation results showed that compared to the conventional PID controller, the proposed
nonlinear controller can effectively improve the dynamic performance of FCEs.

Key words: forced-circulation evaporator; inverse system method; feedback linearization; decoupling; opti-

mal control



