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ABSTRACT

Thermal stress of the STS(stainless)VOD(vacuum oxygen decarburization) ladle with the variation of material property of refractory
and the location of back filler was analyzed by finite element method(FEM). In the case of unplastic refractory, therma) distribution
between hot face and back face was decreased by high thermal conductivity, and thermal stress was decreased about 1/2~ 1/4 of
original value with low young's modulus coefficients. Back filler, which was constructed to absorb the thermal expansion of refractory
of dolomite, has relatively low thermal conductivity compared with others refractory. Thermal distribution of back filler between hot
face and back face was changed rapidly. Consequently, thermal stress of refractory using back filler was increased with different
temperature between inner and outer surface of the ladle.
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Fig. 1. Schematic diagram of STS ladle.
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Fig. 2. Thermal conductivities of each material with varying
temperature.
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Fig. 3. Thermal expansion coefficient of each material accor-
ding to the variation of temperature.
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Fig. 4. Young's modulus of each materials according to the
variation ol temperature.
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pER EREEE

o

3

EI

o] .

Ry

-

oX.
ofy

A

r—ﬁw

Fig. 6= ladle®] Eol3ko 2 dolomite =2 7H5H
(inner)# HiA (outer)ellA18) B2 A4AFE UER R0
T} M/Ze] 79-= liningol] W2 €83 i}017]- A gt
WhHe)] S/Le] A= FElE o) BHFL 3tk Dolo-
mite WEE2] w17} lining2] 7% 300 MPa A%
o] He3 ks vehd vt 23} fining2 125F% 150
MPa J%2] E-48o] A=} ES dolomite U]E}E
7FERAME 13 lininge] 7% 2000 MPa &2 &
€89 #S YEWIAAT, 23 lining2 1/57E10 400
MPa H=9] 283 7ke Hehiglt). ool FaERe A
Helo| BAAES 48 27 lininge] €28 tisiA=
W@ %l‘.i’-: VERE S o o o, 53 S/L4 35 =2
GAEgT e H%ﬂﬁ}" 2 BAFE 7= HEkE
o] Hgo02 13} liningdl] Y3 w-$ %38‘342 LfER
Pz

FD. 72 25 hmng/\] S/L‘i’ﬂ/ﬂ l duc}ﬁc}‘ﬁ.iﬁl QX
= L}E]r‘“ﬂf—]' oM Be=AXE S v BF7T Al
& $7F 22 REIE UEY /o) Fig. 82 2%
hmng‘}ﬂ ] B/FS] /‘1 2] 2] ] lﬂ-ﬁ} 2R TE §4% A
ot} B/F9] AlFZEo] TE 2
B % dz=7} E]rg— Aol ]5 7]
FH F9elA =71 Bl -rr/‘]%% o
7} "]“— e el Higte AlFE g MZaAe 3
'7~%:7} 30°C A= wW3ter, sae] ZAfel= oF 55°C %

Al e

Fig. 9 ladled] Zojigio g do]ormte WalEe] 7teH
(innen#} BiH (outer)ell A o] G428 A4AAE viebd Ao
t}. Dolomite W&E2] 7159 (1nne1‘)°ﬂ/\1b B/Fe] A&7
o dEglel fARE 3ts UERARIARE, dolomite WHEHE<]
B (outer) A= BFE A2l hel dseoe) 50-110

1800

[ ——caseai

Case2d '

1400 |- -

1000

Temperature{"C)

600-(----- . . - M

Case 21 M2 DBH-F2T
Case 23 MIZ——HE/ r=— DBH-F2T

200 1 I L | L ! L 1 L | N 1 N 1 . 1
-50 4] S0 100 150 200 250 300 350 400

Steel shell

Hot surface
Thickness(mm)

Fig. 7. Thermal distribution of the ladle at the slag line of the
2nd lining according to construction of back filler.



Fehe g o}8% VOD Ladle H5k29] 289 34 197

4000
|_ —-— No B/F —s— Bottom to M/Z Botlom o S/L .
Axisymmaetric
o )
3000 i
-~ Slag ne
£
£ /
= 2000 S
o
Q@
T
Metal zone
1000 '
bottomn
a ] 1 1 1

300 500 700 00 1100 1300
Temperature (OC)

Fig. 8. Temperature distribution of the dolomite brick of the
ladle at back face(outer).

4000

Cazel
Casel

Cased —— Cased
Gasae2 Cased

Inner Stress
Quter STess

3500 [~

Axisymmetnc

2000 -

2500 |- Slag ne
‘é‘ {
‘E 2000 :
= (QuUT) {IN} '
o
£ 1500

1000 Metal zone 1

|

500 \

Botlom

Q=

" L L b I 1 L L I L i | | i 1] L L n 1
o 200 400 €00 8OO 1000 1200 1400 1600 1800 2000 2200 2400

Stress (MPa)

Fig. 9. Thermal stress of the dolomite brick of the ladle at hot
face(inner) and back face(outer).

MPa A= =olHt}. =, BFS A3l %2 caselol] Y]
&) B/FE M/ZY AESH case 2, 32 A% 110 MPa A&
T2 €8S vepad) B3 S/ BFE /‘Ilﬂ}z} oF
© case I, 291 B8] A|F3F case 39 7A-¢ HF IgFol
50 MPa = =74 JebdE & 4 Uth BF= A]J— ]
dolomite Wshe2] I3 Fshe s BF7| AT =
= ¥F W JsteY Fu7t BojEm, o W2 g9RE
&2 I3l Fig. 99 Aol & ¢ JBA] 2=yHi7t 5
7tslAl @t} ol#lgk BFY @& EATE9 ¢8 dolomite
yelze) Ha &= 7k % T»]?h.z o5t B/FE
A& 734 dolomite WatElA EEEe] Frlsk= 2
£ Zds1A €k

B A7 Me BFE AR5 %2 797 Fig. 1090
A AE MRFeR g AL $EHE JeElTh uhEbA
[FE Alesked oA dolomite WEEe] Sai4S &
28 5 e Ao FAR AlFseE Zlo] vyt

HOV 29 1999
oa:63:08

NOPAL BALUTION
ATEPsL

SU8 =1

TIAE=1

SEQN (AVG)
PowerGraphics
EFACETL
AVRIT=n0Y

Dt =35, 160

-
*DISTmESE, 171
=X w1588
TYF 2542

L =100

O 3

Fig. 10. Thermal stress of the fire brick of the ladle without
back filler in the 2nd lining.

&
s
utt
i
s
5
I
)
i,
_'5_]1
e
ol
—1C{r

STS ladlesl| ™%+ B/F
%Pﬂ A]Z%ﬂﬂ%— TE357] %’r]fal- azER 282 A

L=

to,

O

4. & £

%a‘sk&iaﬂg_— olg3le] STS AHE oA WA
e AZE P back fillerd] A3 YR w2 <28 5
A el B4 WEge 49 52 ddzgd) 9
& 7hEER Wy xR A Hs) Zasia
3 SAAFE o), BAEE dgFo] 2~48) Wkt
Back filler= dolomite WEE9] €71 Has 537 ¢
3 Algels ZoE, AR W dXES-S KT )

71 el buck fillers] RS} Spol FAY Lxap)
ST = YR e §X5T 9FE 28} Yol

AEz dpe @Y swe) AEY 5] YAHOE
=79 E8eo] Z7187 Bk Wl back fller A}
A% AN Ee) LERSE UE 4 AU 9%
Qo] Fmz TPre Hadl T AT

REFERENCES

. 99, 7=, “@7t] o7 BaolelE Zg7|e) HAA
5 S99 87]. 35(12), 1301-07 (1998).

2. XEF. AEE 0142, “AlL0s-SIC-C WElEe] B/ |
e MgO-‘—”] H7tas) dEedaElA], 352), 129-36
(1998).

3. =i, 8712, “A3E dolg Sulad] 2F Aad 2
f71e] HA AF SF0.95H3E A, 36(10), 1035-39

A 387 A2 F(2001)



g - ZEF - 95 -

(1999).

. K. Takahasi, Y. Miyamoto and M. Kumagai, “Thermome-
chanical Stress Analysis in Brick Linings by FEM using
Non-linear Boundary Condition,” Technical research lab-
oratories, Kawasaki Steel Coporation.

. B. Nagai, O. Matsumoto, T. Isobe and Y. Nishiumi, “Wear
Mechanism of Castable for Steel Ladle by Slag,” Tuik-
abutsu, 42(8), 15-20 (1990).

. M. Kobayashi, K. Kataoka, Y. Sakamoto and I. Kifune,
“Improvement of Alumina-magnesia Castable for Steel

A=A

788 - WAl - Y

Ladle Wall,” Taikabutsu, 49(2), 74-80 (1997).

. L. Takano, H. Shikano, I. Furusato, I. Takita and K. Furuta,

“Effect of Spinel Raw Material on Corrosion Resistance for
Steel Ladle Castable,” Taikabutsu, 43(4), 187-192 (1991).

. A. Nagasoe, S. Tsurumoto and A. Kitamura, “Refractory

Characteristics of Spinels with Various MgO Contents,”
Tuikabutsu, 43(1), 2-10 (1991).

. E. S. Chen, “Selection of Ladle Lining Materials for Ther-

momechanical Performance,” Thermomechanical Design, Inc.



