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The Design of Filter for Hearth Liquid Level Estimation in Blast Furnace

Nae-Soo Cho!, Mu-Ho Han2, Woo-Hyen Kwon!, and Youn-Ho Choi3.*

Abstract

Optimizing the tapping time of a blast furnace is important to a stable operation and life extension. To optimize the tapping time of the
blast furnace, the location of Hearth Liquid Level should be recognized. There are several ways to measure the hearth liquid level in the

blast furnace, such as Electromotive Force(EMF) measurement, pressure measurement by putting in nitrogen probe and manometry with
strain gauge. In this paper, it will be discussed using strain gauge among the three methods. Conventional strain gauge must be revised
periodically. Since, internal pressure, temperature of internal refractory material and wind pressure have effect on the strain gauge.
However, static pressure value is required to compensate. To solve these problems, this paper suggests finding relationship between
Hearth Liquid Level and strain gauge output, adding digital filter in strain gauge. Using the proposed method, it was possible to estimate
the hearth liquid level and determine the appropriate tapping time. Usefulness of the proposed method through simulations and

experimental results are confirmed.
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Fig. 2. Configuration of measurement system using a strain gauge.
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Fig. 5. Strain gauge data measured for various tap hole.
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Real time operating data
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Fig. 12. Compare the real time operating data with the case 3.

2.5 CIXIE ZE 47

$10] A5 ATERE A7) 7)5E 2R 5 ol TAE
B Fig. 137 Zo] TAH Fig. 139 AlAe] B4 oo
2.,

A, 2EF AR E¢ ol 23 A{RIAES 9P

${3l LPRS o83l 42 50} b gha et

A, a5k A gha A7) S8l dgAleet HPF Aeld
X159 2ol it}

A7, 29) Atell TFH 153} 8-S LPFE AT,

UIA), 1] Aot 30| Axo] A5 Tae AFLAAET 15
5} 457} A E A5E 9L 5 9t

=B AT BESY A4t BE AR AAs, 1
2} e AL 912 Ao thal ¢A; A o] HAE 4= Q) Q, A
2] 2712 A28 7 vl go] Z7HIeH: B4 ULt 8]

Salee] gl o g3l w9 7] 2417kl 34
ZF Aol gt 7hAnt, wheba Wejof At Fube= 054171914 4
ARE AR skl AAT 4 ik 2 =2elie A 24|
OlEM 2E FHA ] 3719 $p& aeiste] L o) A Fut

E LT4A1Z &, 0.001 rad/sec® A8},

Inputo

Digital Filter

Fig. 13. Block diagram of the proposed digital filter system.

AR BEY] S B3] s 2Edblol 29 A8
o A 9 *JE% 0 Y= A AU 36kl U
shoiek. 71 72tk LPPYE 3k A1) A2l AOK Refe 5
24 w3l $18) Fig, 14o] Lehfgiek, LPPELS 3t m 29
%} AR T A WA, ARG T
AR e 17T BRI AR SRR BE AR B %4 9)

_79_

Output signal(LPF)

150) mput%signal M\/
a v

SOA\:A/\/

0 4

W

o
S

Strain(pe)

Output signal(proposed filter)

10 i5 20 25 30 35 3
Elapsed time(hr)

Fig. 14. Simulation result of the proposed digital filter system in Fig.
13(input signal, including a ramp wave an sine waves).

3. &a d o
ANZE AR 2 HlofE|9h E =Rol A Akt i oR 13
B4 w2 AJAEITe] Zo] ATRE oF 24X]7F et ] usto]
Fig. 150 Yehliieh, Fig. 159 A3} &% 29 dlo&je} Aok
A o] At fAket & %%0 A
npRlero 2 HY 29 e
Bo A Aloket W] Ans Flg 1601 LRSI, Fig. 169 AF
Zkate] 2717k (oA (HE wAHE £7t0] W& et Al
ojtf, (Mo (- & WA= &7to] WEL HH 3t Aot 67
A y%9 049 oJuji= E4lof Qe gAlH HEEo] B 9
njgict, o] At & e Ak Aot e Alsete] w4
OEHH A ZEQ 22 o143l BE AT H4) AR
& ot AlRE w2 SANHE A5oR T 4 olr), w

H TR2) &4 2eE YA T 4= 9l

_u
rjﬁ

(

Operating data

Proposed filter output signal

Strain(pg)
s w2

o

10
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Elapsed time(x10[sec])

Fig. 15. Compare the poerating data with the proposed filter output

signal.
15
10 } Tap holes open signal
=T
) 1‘
Elo h | A '\ A
g
HINRIN AVIRIAIAVAN
-5 U
10
Proposed filter output signal
B3 % 3 3T 3T % % 3

Elapsed time(hr)

Fig. 16. Proposed filter output according to tapping time of the blast
furnace.

JSST. Vol. 21, No. 1, 2012



1801

4. 28

HY S AEH AR |
St Aolo] ek

ot 3o} B3 9]

120 52 AU 45 91
& 8489 folot £ o]
8 Fep17t oftich & A/1HOE BYe

S HIgelgto] Was BAIRo] Sick wheb & ERo s
ol FAIZ sfdal] Sla) 2Edolold] Zelo] g BejE
F7hBHE P A STk Al e 2EdolAol A Blo)
Elo] E39 AFGA4 T} 120 L5 Wsh Y 150} o] 4

wholch, A8 Falel A Wo] §589)
s, 1 A3 Ak o] 3

&4 #a ’\Eﬂﬂ"]ﬂl 14
gl 52 dlo[g 2 o] g-=z|zt

o
o

o

1

lo

ox

ot

=

(-

1

o
=
|

e

ey,

REFERENCES

[1] Yu J.S,, Kim S.H., Lee B. bK., Won C.Y., and Hur
J., “On-line wear determination for improved life-
time of blast furnace hearth based on heat-flux
meters”, METEC Congress 03 and 3rd International
Conference on Science and Technology of
Ironmaking, pp. 491-495, Dusseldorf, 2003.

Nae-Soo Cho - Mu-Ho Han - Woo-Hyen Kwon - Youn-Ho Choi

[218A%, A, 44w, N2 58 €4 W
3t7F wohi 71 Yo nA= G, das
8}3] =22] | vol. 36, no. 5, pp. 796-800,1998.

[3] Danloy, G., Stolz, C., Crahay, J., and Dubois, P.,
“Measurement of iron and slag level in the blast
furnace hearth”, Proceedings of the 58th Ironmaking
Conference , pp. 89-98, Chicago Illinois, USA, 1999.

[4] L.-F. Sancho, R.-P.Chust, and D.Carrascal, “New
technique for abnormal casting identification in a
blast furnace”, ATS International Steelmaking
Conference, pp. 23-28, Paris, 2006.

[5]Jan TORRKULLA, Johnny BRANNBACKA,
Henrik SAXEN, and Matias WALLER, “Indicators
of the internal state of the blast furnace hearth”, ISLJ
International, vol. 42, no. 5, pp. 504-511, 2002.

[6] http://www.crmgroup.be/

[7] Ala an V. Oppenheim, Ronald W. Schafer with Jon
R. buck, DISCRETE-TIME SIGNAL PROCESSING
2nd edition, Prentice Hall, New Jersey, pp. 240-300,
1985.

[8] Nae-Soo Cho, Joo-Hwan Kim, Kyoung-Seop Youn,
and Woo-Hyen Kwon, “The design of code detector
for sell call radio buoy”, JSST, vol. 20, no. 3, pp.
199-206, 2011.

Z L #(Nae—Soo Cho)

* 2001 7 Lot Ao ASEetHEet

AF)

+ 20034 7Edista diek Akt
AAT)

+ 2005 ZEista ok HApakekat
S5H)

* 20054 ~ 20084 HLtjelu Ao 7]

L ESIERS

L 20U1Y ~ B4 ARt A 2

g
- AR 1 AYAA} DSP $-8A40], =
Ao}

JSST. Vol. 21, No. 1, 2012 -80—

gt 2 $(Mu—Ho Han)

+ 19928 ZEdfet MA} FEHHE A
<1994 ZEhsta ek MAbgstat
(&4

+ 20109 ZAEietn dfehel AAlsstat
(JL%LHL/\].

<1994~ A ZFA T AFYUA A
HEEAELERYAATY

- TR0k HeAA, A S-EAo]

-



13

N

» Ll

The Design of Filter for Hearth Liquid Level Estimation in Blast Furnace |811

H 2 #(Woo-Hyen Kwon)

+ 19779 A7dristar AR s ahEskAh

+ 19794 F=8p7 e A lkE et
A4

+ 19934 Sheate7) el AAs skt £
(SR

* 19799~ : ARdista st A
A7) 85 %P%i e

* Wik ¢ AR, mEA, 2917
A &) e AEdol4d, DSP 88
Al°]

-81-

Z| ¥ S(Youn—Ho Choi)

. 1992]{1 %%EHQI‘E ﬁZ}J—o]—‘L} _1_01_/\]_
+ 19959 ZE st ojstel AAlgstkat

(F8HAAD
+ 2002 AEishal st Aol
&S

* 199611~19984 FH1-FAl &

* 2006¥~2009 8% 72 “’415—}3’- Aol
7138 HY7AY

L201E~EA) AR eY 2
HA|AE oE

.J,]-Alblo]: Z—]Eﬂxiz]_ zﬂ£7] 11]01 051/5

5 8AI0], ZEAIM-GEAI

JSST. Vol. 21, No. 1, 2012



