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Design of mold liquid level control sysem in roll caster based on
fuzzy control regulation
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Abstract : Asatimevariant , nonrlinear and multi-disturbance complex system, the controlling system of steel level is
analysed, according to which the model of steel level including the hydraumatic actuator is constructed. Furthermore,
the fuzzy self-adaptive PID control strategy is presented and the rule of fuzzy control isproposed inorder to realize the
imrline adjustment of PID parameters. The smulation result shows that the proposed system is more stable and
accurate than the traditional PID control.

Key words: Twin-roll strip casting; Steel level controlling model ; Traditional PID control ; Fuzzy self-adaptive PID

control ; Regulations of the fuzzy control

1 ) ’
1 (
(1 ), , PID
1 2. 1
) +2 mm (251 .
PID
Qi (9 K
_ = 2 . (1
: PID ICH- S
Wy Wy
T Ky , Wy
VZ v 1Qf
) PID .|
, 2.2
( PID -
1 2006-03-08; . 2006-08-10.
973 (2004CB619108) .

(19829, , , ; (19529, ,



400 22
1 Cg ' 9
1 - ;A h
Qf = Kqu - Kppf. (2) ,Xmax
:Kq ,Kp ;Smax
Xv
3.2
: Xt ,
Qr, F
K
_ —RQ
Qn(9 = 147 . SXI(S) + Xa(9). (7
_ axXs . Vi dps ) 1 Xd T , 0.4
Q= Aq Tag qr TSP ¥ 0.9s.
3.3
Atpf = mtd_)gl+Btd_XL+k1X1+fp + Fl.(4) Q”:
dt dt
TA , ki ,
f ‘ ‘ (Qu-L-D-V) - t=L-S, (8)
u
3 S=(2R+D)H- JR- HH-
Rearcsin 3. (9)
R
' ‘H , R L
Xv( FI ) D v
K ,
X N © (8 ,(9
Xy & Zy dH _ Qu-L-D-v
s(wzh+ hs+1) 0t~ LR+D) - 2L . (10)
EA?
Wy = Qn = !
" mdVi ,E
Ke m , B [V v, 3
At Vi 4A; Eymt ' |
( ) E Q. Qn v
e (10) H.
Bt
; Ke
Ko Cs« (5) 4 PID
3
3.1 (8-10]
[6.7]
’ PID
ke = dQu = PID
d X:
X
_C&q_ X max = 1
X n z PID

max

=

1J [fl(%.l) . 1]} v20 /oA h. (6)

PID



4 : PID 401
PID 1 . , PID AK A KA Ka
E EC,
’ PID pr )
K, Kd A Ko A KA Ky, PID ,
, PID e ec PID
e
BB AL 1 1 3
ec AK,[AK|AK, 1 AK
[Z85%E {1 E#E] e E
Krl Ki K, NB__ NM NS 7O PS PM__PB
R(xl o[PID BT B R & ¥(s) - NB PB PB PM PM PS ZO ZO
_ NM PB PB PM PS PS ZO NS
NS PM PM PM PS ZO NS NS
1 PID ZO PM PM PS ZO NS NM NM
41 PS PS PS ZO NS NS NM NM
' PM PS ZO NS NM NM NM NB
' PB__Z0 7O NM_NM_ NM _NB NB
“ (NL)" 113 2 A K‘
(N M)” 13 (N S) ” (ZO) 7w (PS) " E
(PM) ™" (PL)” ) ‘e ec FC7WB NM_ NS 70 Ps_PM_ B
{(-4,-3,-2,-1,0.1,2 NB NB NB NM NM NS ZO ZO
' ' ’ N NM NB NB NM NS NS ZO Z0
3.4}, {-3,-2,-1,0 NS NB NM NS NS ZO PS PS
1,2,3}. Z0OO NM NM NS ZO PS PM PM
PS NM NS ZO PS PS PM PB
PM ZO ZzZO PS PS PM PB B
[0,255]mm, [0, PB 70 7O PS PM_PM__PB__PB
1801 mm, 160 mm. 3 Ak
[- 160 ,20]mm, E
[- 200 ,200] mm/ s. ®* "Ne_NM_NS_ 70 _PS_PM__ P8
3  PID AK A KA K, NB PS NS NB NB NB NM PS
. 4.4 0.03 NM PS NS NB NM NM NS 20
+[-4.4],[- 0.08, NS ZO0 NS NM NM NS NS ZO
0.03],[- 4.,4]. ZO ZO NS NS NS NS NS 70
e PS ZzO Zz0 zZ0 Z0 Z0 ZO0 Z0O
PM PB NS PS PS PS PS PB
' : ' PB_PB PM _PM_PM_PS PSS PB
’ 1) :
k.
» Ko , Ki ;
S 1 l
4.2 o K
) K K
, e
E
e« A 2) €c
) EC, PID Ke Ak, K K ; e
K
d , , Kp , K|
3) ,

if E= Amand EC = Bn,

thenA K, = Cm A K = Dm A Kd = Fm,
m=1,2, ,M;n=1,2, ,N.
Amn,Bn,Cm ,Dm, Fm

, Kd



402 22
4.3 4
Mamdani
, X Y R Ksv 0.025 Ws 0.01 13 0.7
E, 568 At 8.76e-4 By 2.6
' ’ m 25 Kp  4.7e-13 Vi 7.5e-3
If A and B then C. Cs  4.7¢13 ke 00001 D 0.02
T 0.9
A(X) = (a, ,a)' n
O——=F
,B(y) = (b, ,bw) m , o
_ oc X Y Graphl
C(2 = (a, ,c) t ,
R , Mﬁﬁﬂgﬁg UEELT e
) Step - Scope
R=AXBXxC, (11)
: 2 PID
R=(AxB)'°cC (12)
(AxB)T ‘A XB 7.6,0.02,7. 160
, nxm , (A X B) T ) 30 S.
“ » 3 , PID 10 %,
nxXxm nm y
nm , R 5s;
nm X t : A1 (x) ' 0, 3 s.
PID
Bi(y) , , '
G(2: PID ’
C(2) = [A(x) xBi(y)]"° R (13)
200
[A1(x) x Bi(y)]’ [Ac(x) x |\ % HPIDES )
.G (2) t A 120 H/ MR B & NPID i
n . R = 80
Ri , 40
R= R, (14) 0 .
i=1 0 10 20 30
R = (A xBi)'°C. t/s
4.4 3
6
u U 1)
U(u)
, U={ul|i=1,
2, ,n} ! 2) ’
W= JUWul U, (15) PID
5
4 ' Mamdani ,
, 2 3)  Matlab Smulink
, PID PID
PID . [11] PID
PID PID Ko, Ki, Kd
( 407 )



Hamilton 407

( References)
[1] Bergen A R, Hill DJ. A structure preserving model for
power system stability analyss[J]. IEEE Trans on
Power Apparatus and System, 1981, 100: 25 35.
Vaithianathan Venkatasubramanian, Heinz Schattler,
John Zarorszky. Dynamicsof large constrained nonlinear
systems — A taxonomy theory[J]. Proc of the IEEE,
1995, 83(11) : 1530-1561.
[3] Denis Lee Hau Aik, Goran Andersson.
dynamicsin HVDC systems[J]. |EEE Trans on Power
Delivery , 1999, 14(4) : 1417-1425.

[2

—_—

Nonlinear

control of port-controlled Hamiltonian systems [J].
Automatica, 2002, 38(4) : 585-596.

[8] Cheng D, Xi Z, Hong Y, et a. Energybased
stabilization in power systems[C]. Proc of the 14th
IFAC World Congress. Bejing, 1999: 297-303.

[91 Wang Y, Cheng D, Hong Y. Sabilization of
synchronous generators with Hamiltonian function
approach[J]. Int J of Systems Science, 2001, 32(8) :
971-978.

[10] Xi Z, Cheng D, Lu Q, et a. Nonlinear decentralized

controller design for multimachine power systems using

[4] Harris McClamboch, Danwei Wang.  Feedback Hamiltonian function method[J]. Automatica, 2002,
stabilization and tracking of constrained robots[J]. 38(3) : 527-534.
IEEE Trans on Automatic Control , 1988, 33(5) : 419 [11] Sun Y, Shen T, Ortega R, et a. Decentralized
426. controller desgn for multi-machine power systems on
[5] Krishnan H, McClamroch N H. Traking in nonlinear Hamiltonian structure[ C]. Proc of the 40th IEEE Conf
differential algebraic control systems with application to on Decision and Control. Orlando, 2001 : 3045-3050.
constraint robot systems[J]. Automatica, 1994, 30 [12] Wang Y Z, ChengD Z, Liu Y H, et a. Adaptive Ha
(12) : 1885-1897. excitation control of multimachine power systems via
[6] Kumar A, Daoutidis P. Feedback control of nonlinear the Hamiltonian function method[J]. Int J of Control ,
differential algebraic equation systems[J]. AIChE], 2004, 77(4) : 336-350.
1995, 41(4) :619-636. [13] Wang H S, Yung C F, Chang F R. H. control for
[7] Ortega R, Van der Schaft A J, Maschke B, et al. nonlinear descriptor systems [J]. |IEEE Trans on
Interconnection and damping assignment passivity-based Automatic Control , 2002, 47(11) : 1919-1925.
( 402 )
( References)
[1] Kuster T. Advancesin strip-casting carbon and stainless 1997 ,12(9) : 1-6.)
[J]. New Steel ,1996, 7(11) :68-76. [7] Michdl D, Sylvie G, Laurent P F. Application of fuzzy
[2] , , . [M]. logic control for continuous casting mold level control
,1999. [J]. IEEE Trans on Control Systems Technology,
(Liu Q R, Sng J C, Zhang Z W. Hydraulic 1998, 6(2) :246-256.
transmisson[ M]. Beijing:Metallurgical Industry Press, [8] , , ..
1999) . [J]. 11998, 26(2) : 1-4.
[3] . [M]. (Guw G, Wang W, Cai T Y, et a. On automation

,1989.
(Liu C N. The theory of hydraulic servo system
optimum design [ M ]. Bejing: Mechanical Industry
Press, 1989.)
[4] : [M].
,1981.
(Wang C X. Hydraulic servo control system [M].
Bdjing: Metalurgica Industry Press, 1989.)
[5] ; . )
[3]. , 2002 ,19(5) :53-55.
(Zang H Q, Huang Z H, Yin R P. A new method for
modeling the hydraulic servo system [J]. Computer
Smulation, 2002 ,19(5) :53-55.)
[6] : , : [J1.
,1997 ,12( ) :1-6.
(Wang W , Guo G, Chai T Y. Modeling and control of
continuous casting process[J]. Control and Decision,

technologies in continuous casting process [ J].
Metallurgical Industry Automation,1998 ,26(2) :1-4.)
[9] , . [M].
: ,2000.
(Wang GD, Liu X H. Intelligent optimization in metal
rolling [ M]. Beijing: Metadlurgica Industry Press,
2000.)
[10] . [D].
,2003.
(Zhang D H . Looper and tenson intelligent control for
a hot strip mil [ D]. Northeastern
University , 2003.)
[11] , . Matlab/ S mulink
[M]. : ,2002.
(XueD Y, Chen Y Q. System smulink technique and
application based on Matlab/ Smulink [ M ]. Bejing:
Tsnghua University Press, 2002) .

Shenyang:



