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Fig.1

heater type high temperature furnace

Configuration of three winding
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distribution in the chamber of a furnace
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Fig.3 Block diagram of a variable-structure

de-coupling control system
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BEFXFIEH, AR, ZWASHIIBETE %X
e MBAEBTE, WEX (,—HBE ¢ £, B, t2 ts te & -
LB BENZEBRHEEIE, R MM, B ek 8  299.8  300.7 299.8 0.9 -0.7 0.9
K e M ey HERT 3, O£ — AR, Sit 5 '
e, EFMAERANERE Kp, Kp, KntX
yEEEHEMIAR, SHERNEETER X
R, R, X (3) PEIAKHENER
e4r €4, €34, Kpsy Ko K WIHBBETELH ¢,
Xt 25 0 BR BR AR AR

2) BB N T EEBMLI L 1, 14 299.8  300.7  300.3 0.9 -0.7 0.4
MUK 1,3 BB, AR EEEREE v, 1 15  299.9  300.6  300.5 0.7 -0.6 0.1
#HAER, B (2) ik (3) 4o 5EET 16 299.9 300.8 300.6 0.9 -0.8 0.2
Y BN MR R, M R y, My, T4 17 299.9  300.8  300.7 0.9 -0.8 0.1
o 18 299.9  300.9  300.6 1.0 -0.9 0.3

) MB/ABALZTA FEE3IYP, BRT EE
BHEWSHA Ky= {Kp, K, Kpsl BBER
AN, BEBERNSNEWSEY K= {Kn,

Kp, Kty Ky = {Kpss Kius Kpals Ry, R4EB

5 "2‘* v e I ey e T £2 1,=400C HXMBERKRE

RELZTHAK, ULASHAENHINEE, ‘ -
Table 2 Values of measured temperature and deviation

3 ErFEHMGLER at to= 400 C T

MEYNAD, ZRBEHRENBEENRE " r fa t ° ° o
R BERREROERY, ERK—B TR 1 399.9  400.8  401.1 0.9 -0.8 -0.3
BA, REFREKHBREHRUERBRGHIH, 2 399.4  400.4  400.5 1.0 -0.4 -0.1
EE R LB T X AR,

BHAERREK1EEL3, £F n AREWF
B, 0 WEK 2 MEE, LHEK 3 ORE, ¥ 4 398.8  399.5  399.1 0.7 0.5 0.4
BX 4 KB, o NBEREM. ey= t3- 15, e 5 398.6  399.3  399.0 0.7 0.7 0.3
= 137 ty, 3= 1o~ t30 EPREBRFEEE N 70 6 398.8  399.4  399.0 0.6 0.6 0.4
so FRP IF o HAWERMERXMMOMERLE 4

299.7 300.6 299.9 0.9 -0.6 0.7
10 300.1 300.7 300.0 0.6 -0.7 0.7
11 300.1 300.7 300.0 0.6 -0.7 0.7
12 299.9 300.7 300.3 0.8 -0.7 0.4

13 299.8 300.7 300.2 0.9 -0.7 0.5

19 299.7 300.7 300.9 1.0 -0.7 -0.2

20 300.2 301.0 300.8 0.8 -1.0 0.2

3 399.0 399.9 399.7 0.9 0.1 0.2

7 399.2 399.7 399.2 0.5 0.3 0.5
ZHE 6,
£1 1,=300C HETAEEREEE 8 399.5  400.0  399.6 0.5 0.0 0.4
Table 1 Values of measured temperature and deviation 9  399.7 400.2 399.5 0.5 -0.2 0.7
at tp=300 T T 10 400.1  400.3  399.5 0.2 -0.3 0.8
n t, ty A e, e3 es 11 400.6 400.4 399.8 -0.2 -0.4 0.6
1 299.7 300.4 299.4 0.7 -0.4 1.0 12 401.0 401.0 400.1 0.0 -1.0 0.9
2 299.9 300.4 299.5 0.5 -0.4 0.9
3 300.1 300.5 299.6 0.4 -0.5 0.9 MXEEETUFTL, & to = 300 T, 400
4 299.9 300.4 299.6 0.5 -0.4 0.8 T , 600 C %i%‘ﬁﬁ, bﬁﬁ%ﬁ%ﬁiﬁ (t3B<J
5 300.0 300.5 299.7 0.5 -0.5 0.8 ﬁ%'ﬁf) ﬁta: 1T , ﬁﬁ#‘ﬁiw 100 mm EI‘E—’] B‘Jﬁ%
6 299.9 300.6 299.7 0.7 -0.6 0.9 i@’ij‘lﬁ (Eﬂ |l3’“ t2|, |t3_ t4| Bgﬁ) ‘ﬁlﬁﬁ:j: 1
7 299.9 300.6 299.9 0.7 -0.6 0.7

C, BeXBBRIHTEKR,
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Table 3 Values of measured temperature and deviation

K3 4t,=600C HLABERHERE

at to= 600 C
n 12} ty Ly ey e3 ey
1 599.6 600.4 600.3 0.8 -0.4 0.1
2 599.5 600.3 599.9 0.8 -0.3 0.4
3 599.9 600.1 599.7 0.2 -0.1 0.4
4 600.1 599.7  599.0 -0.4 0.3 0.7
5 599.9 599.7 599.0 -0.2 0.3 0.7
6 600.0 599.6 599.0 -0.4 0.4 0.6
7 600.0 599.8 599.0 -0.2 0.2 0.8
8  600.0 599.8 599.1 0.2 0.2 0.7
9 600.1 599.9 599.2  -0.2 0.1 0.7
10 600.1 600.0 599.4  -0.1 0 0.6
11 600.5 600.1 599.5 -0.4 -0.1 0.6
12 600.5 600.2 599.7 -0.3  -0.2 0.5
13 600.6 600.3 599.9 -0.3 -0.3 0.4
14 600.5 600.3 600.2 =-0.2 -0.3 0.1
15 600.7 600.5 600.4 -0.2  -0.5 0.1
16 600.5 600.5 600.5 0 -0.5 0
17 600.4 600.5 600.4 0.1  -0.5 0.1
18 600.2 600.3 600.4 0.1  -0.3 -0.1
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Fig.4 Temperature-deviation curves for

near-stable state at ¢, =300 C
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Fig.5 Temperature-deviation curves for

near-stable state at t, =400 T
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Fig.6 Temperature-deviation curves for the

near-stable state when ¢y = 600 T
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Knowledge-Based Variable Structure Decoupling Control
of a Nonlinear Multivariable System

Tu Chengyuan, Zeng Yanjun
(Beijing Polytechnic University, Beijing 100022, China)

[Abstract] A knowledge-based variable-structure decoupling is developed, and be utilized to control a nonlinear
multivariable system, so as to avoid the model-establishing process, especially avoid large amount of complex
matrix operations required for the conventional decoupling control. Some modules in the knowledge base of this
kind of control are described, and the main points of the related algorithms are introduced. Strategies described
in this paper have been successively utilized to the set-point temperature control of a 3 X 3 strong coupled system
— a three winding heater type standard temperature source, and an effect that the temperature stability as well
as temperature homogeneity all better than 1C has been attained, which is impossible for the conventional con-
trol method.

[Key words] nonlinear multivariable system; decoupling control; knowledge based variable structure decou-

pling
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