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Mold Level Stabilization of Continuous Steel Casting Systems
Using a Variable Disturbance Observer
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Abstract : This paper presents a control method to maintain stable mold level for unsteady bulging in high speed casting. The
stabilizing mold level is an important factor to get high quality products. But, for various reasons, there are several disturbance
factors which make mold level unstable. Bulging is one of disturbance factors and considered for the current stage of study. We
design a disturbance observer to attenuate the effect of bulging which is periodic mold level disturbance. Since the period of bulging
varies with the casting speed, the parameters of disturbance observer are changed by the casting speed. Simulation is illustrated to
demonstrate stable performance of the proposed method in comparison with a previous method in a variable operating frequency.
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Fig. 1. Continuous casting system.
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Fig. 5. Block diagram of continuous casting system.
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Fig. 7. Non-linearity cancellation for design of disturbance observer.

4500 — . —— . _— —

4 Area |
4000 — — - - - - - - - == l—Least Square i
3500 - - -
3000 - N - -

2500 - - - - -

2000 - - [

Area (mmz)

1500 - - - -
1000 - - -

500 - — -

Stroke (mm)

% 8. Ha Aol ot AL

Fig. 8. Least square approximation.

olg AlPlES] A=A &85

S F=Ed A x &) &
=R*(20 —sin20) x c\[2gh

4 T 79 o] &ejelq Aojzel Au
S% AYE AT H(s) & AAB] A Fojol
o 3" 704 Loeld AolEe] UL AF A
o A $EnTh A4t HONE G (-1 2 B
H(s)=12 & 5 It} 223 @)o] wlage
ol o] 28 B2 9] Wold Fd A H(least
square)f6}% °1§314 13 SAEHE B4 Tela o9 of
P g Foes vAdds AN S otk a3 8

& Hx syl o5 Lol Alel=el ol5A we
NERAS DA e, Felold Ael=e] Fa
F3 eI Al 9AFL AT 5 Aok,

0% A% AxHN §70] BE obdle] B Aol %
SBEA A7) T4 iRl wAL B Aole Azl
SRR WA QT EH Fx o] W 2717} s
Smz, wAe F 7l

2L
3
o}

22 Alol 2] A2, [mm]
1000[mm/m]
60[sec/ min]
£l Atol ol A8 [mm]
1000[mm/m]
60[sec/ min]

F7NT)[sec] =
FZ £ % [m/min] x

&)

2 g¥YY T e A o T FIHIE WAL

Bulging=4, sin [Z—EIJ + 4, [2—ﬁtj ©)

& AT A|2Ee] v
& JdRFTlE 2" 99k Ak o7|elA Gs)=1/s
(0.05s +1) o]t}

3% AF NzEel N RBE) HAE O(s) B %)
9 Zetold AelEe] Aggs g
W wEe] AUREE e ARAFE (s(rs+1))
2ol HER () 9 v5e A5t Ak xR 23}
oW FEE Arsteiol Aok Tei ¥ =RelNE Q)

]-/\1)

(12 ©h a2
(32 o+

3

ok

Qs) =

o

Yejo] ALFFE ok PHol A S, vuix)

o Al AR R P02 00 & WAL A
Nege) Sfes Agste WAl F 4Rt

0,013, B¥ Atole] ARt Tz &xol ol éwb

Zhste] v QRS AAAYE AdREEIE A
A 5 Ark F 25 FAras JBe AAA 77
A% OGs) o AEEE



108

Nonlinear Dleturbance Obssrver

a3 9. & AF Al =gdA ] @daEy] A
Fig. 9. Design of disturbance observer for continuous casting

system.
_ k(s+a)
o) = G e my @
o] ATk WAl H AFAFAA O(s)1, ZO(s)

| O(s) & AAB] A w=(0,+0,)/2 % 3

Q
=
o,
M o
it

al a,b
a —la) b=2w )]
2 H
2 AEI) old o(s) o Ao 0o] i AL ©|83)
Hom 2
tan '[—) tan*'(gj—han"l[ﬂ) =0
a b m
. w ®

ojty. & O(s) & Z717F ‘el E = Al ®)F (9F o]

g8k k=
Jo© +b* (a)2 +m2)
a=—— (10)
o’ +d°
ofr}.

ra
Lo N ox

by

U

-

lo,

ol

3100 M 9} o] 28] Abelo] Aol A &d o3 AA
Ha AARE v w2k (e o) 7F BREA qo
2N g7 Aale WA dEs AAE 5 gt

1v. A|2aljo|M
o] oM E Aote 7PAQTAEZIE o]f3ld 1L o
F A=A F71H gHdE HE S dov)s dwAA 9
H& AAsE 5HE ABH)HS B3 gelsta 1 A

o disl 7]sgc)

T3 102 AlE8E0)AS 913 MATLAB SIMULINK®] 2
et B Aol = dAe] Ful Wzt o}
& ST A5g glshzt B3o 9oua AA
g draAe)7)E 7)Ee ARSERL Qi PIDA|O}7]E AR

Z9 Alele]l A7} (333mm,314mm) ©]

I F2F $ET [[m/min] - 2[m/min] & Hal= EA o) o

HA - 22 - AIAHES] =X M 14 &, Hl 2 & 2008. 2

2% 10. Matlab simulink S ©]-8-3F Al &Eold E541x.
Fig. 10. Simulation block diagram using matlab simulink.

Amplitude (mm)

- — i 1 i 1 | | 1
] 50 100 150 200 250 300 350 400 450 500
Time (sec)

27 2z -
12 11 ¥R | 8sin -—t]+4sin —t Y=,
e ( 19.9 18.8

2 2
Fig. 11. Plotofbulging | 8sin| ——¢ |+ 4sin| ——¢ | |
& WEns ( (19.9 j [18.8 D

PID Controlier ;|

Mold Level
(mm)

E - i . |
[ 50 100 150 200 250 300 350 400 450 500
Time (sec)

Mold Level
{mm)
o
° ﬂ\\-—
|
| i
JR [ -
Tt -
|
|
I
|
|
|

: i - :
50 100 150 200 250 300 350 400 450 500
Time (sec)

a3 12. 5% £ sl e PID Aoj7]eh igE T
H5714 o == Y] a< v

Fig. 12. Comparison of mold level for PID controller and fixed
disturbance observer according to casting speed variation.

& adZola, T 12% W] YuoR HEHAE o
71&¢] PID Ao)7|WoZ AlgH oA g Ao} F2EET}
fm/min] & W AAE 24 O@s) 7F YFRZ7|2 FH7kd
AA7= Algeold & Aijolrh

I8 12004 ZAE R ESV)E 2 £ [[m/min]



Journal of Institute of Control, Robotics and Systems Vol. 14, No. 2, February 2008 109

e Change DOB
10 . . _ PID Controller

Mold level (mm)

50 100 150 200 250 300 350 400 450 500
Time (sec)

% 13,52 £% W] we D Alolv]sh bl ans
Zlef ola B gae] e v)a

Fig. 13. Comparison of mold level for PID controller and variable
disturbance observer according to casting speed variation.
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