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Material Evaluation and Thermal Stress Analysis of Side Dam for Twin Roll Type Strip Caster

Shinji KAJIWARA, Haruo SAKAGUCHI, Masakazu MOHRI, Jun YANO and Kunihiko ONISHI

Synopsis : This paper discusses the strip caster’s side dam. Material evaluation and thermal stress analysis of side dam were carried out to get longer du-

ration of side dam. At first, refractory of side dam was evaluated. Three kinds of refractory were dipped into molten stainless steel and were

observed. Also ceramic component of side dam and crack distribution observed on refractory were checked after 10-ton castings.

Thermal analysis and thermal stress analysis of side dam were carried out to estimate the cause of this side dam cracking. Side dam was

preheated from front side and back side before casting to reduce thermal stress caused by the touch of molten steel on the side dam surface

and to prevent the growth of solidified shell on it. Temperature and thermal stress of side dam during preheating before casting were evaluat-

ed and adequate preheating way for preventing cracking was checked and the positions estimated at high stress were compared with the re-

sults after 10 ton casting side dam. It is possible to explain the cause of side dam cracking by the results of thermal stress analysis and to re-

duce these thermal stress cracking by adopting adequate preheating way of side dam.
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Table 1. Specification of strip caster.

Stainless steel type
304, 308, 316

10000 kg
20— 50 m/min
(333— 833 mm/sec)

Steel Grade

Heat size

Casting Speed

Mold Roll Material Steel
Diameter 1200 mm
Width 1100 mm

Casting Period ap. 600 sec

Refractory

Side Dam Material +(Ceramic)

2—5 mm
1200mm

StriprThickness

Fig. 1. Schematic view of strip caster'”.
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Roll Diameter
Roll Width

1100mm
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Liquid Pool

Submerged nozzle

Side dam

-

0.34mm

stri
Y

Fig. 2. Schematic view
metal pool.

(1 Central area
‘2 Contact area with roll edge

of molten

‘3’ Rolling area

Prevention of chemical abration
Prevantion of wear with roll edge
Prevantion of wear with roll edge and

solidified shell

Fig. 3. Areas of side dam with different requirements.

Back side refractory

Front side heater with heater
1

Refractory

440 (Case 1)
500 (Case 2)

460
A AN

v

465

440 (Case 1)
500 (Case 2)

V\Ceramic piece
Side dam

Fig. 6. Side dam and heater.
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of mold
roll at higher tempera-
ture (kiss point)'®.

Fig. 5. Deformation

Table 2. Material property of refractory.

A B C
Alumina <2 <0.5 | <0.5
grain size (mm)
ercon-.Mullite grain <1 <0.5 <0.5
size (mm)
Alumin'a-Zircon grain _ _ <0.5
size (mm)
Chemical Al203 78.4 78.4 78.6
composition ZrO2 11.6 11.6 13.8
(%) .
Si0: 7.9 7.9 6.5
Bulk density (kg/m3) 3200 3130 | 3240
Porosity 0.144 0.167 |0.1567
Compressive strength
(MPa) 122 111 106
Bending strength at
R.T. (MPa) 24.9 29.2 | 27.7
Bending strength at
1673K (MPa) 9.31 | 9.11 | 7.45
Thermal expansion
coefficient (X106 K-1) | 62 6.2 | 5.9
thermal conductivity
(W/m - K) 2.5 2.4 2.4
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Table 3. Chemical composition of ceramic parts (mass %).

SiaNy
81.8

Y203
4.5

Al:03
4.5

BN
9.1

Table 4. Physical properties used in calculations.

Refractory Cex“amxc
piece
Thermal conductivity | 2.5 (at 750K) 17.0
(W/m - K) 2.4 (at 900K) )
Specific heat
(W/m - K) 2 0.5
Emissivity 0.46 0.36
Heater temp.(K) Ohr 873 873
2hr 1273 1273
4hr 1373 1373
Young’s modulus
(Gpa) 30.5 114
Thermal expansion
coefficient (X106 K1) 6.2 3.2
Density (kg/m3) 3740 2640
Poisson ratio 0.26 0.26
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Fig. 7. View of submerged
test pieces.

Fig. 8. Mesh arrangement
of side dam.
(Nodes: 2910,
Elements: 2272)

Penetration

Fig. 9. Microstructure of cross section of material A.
(Liquid metal: SUS308,10min)
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. 11. Microstructures of ceramics parts.

Table 5. Chemical compositions of cast steel (mass %).

Type C Si Mn P S Cr Ni Cu Mo Co Fe
304 0.045 0.39 .031 0.005 18.58 9.55 0.03 0.03 0.27 Bal
0.013 0.41 .029 0.001 18.95 10.36 0.02 0.02 0.32
308 0.029 0.41 .026 0.003 19.82 9.59 0.02 0.04 0.26 Bal
0.015 0.33 .025 0.001 20.27 11.52 0.02 0.02 0.31 :
316 0.007 0.356 .020 0.002 19.65 13.78 007 2.74 0.34 Bal.
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m  SUS304 3 . b kot SUS304
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) 2 2 Ceramic
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0 0
0 500 1000 1500
0 200 400 600 800 1000 (Cast time) x (Mn contents) , secx%
Cast time , sec
Fig. 12. Relationship between cast time Fig. 13. Relationship between cast time

and abrasion thickness.

B LU TEPRICHEAT Y 5 v 2 WS REBIRINS, Z
DB T ERp ROME A A2 5 v 21id, $FERIZF 251
B AR OEZIZLDIIAN L NICKAFEENEED
ha,

3.2-2 HEVHEHEATRY 5 o 2 RED A B = X LHEE

VIR FEfrh SR S N A Y 5 2 DRE A A
ZXLEWOIZT A28, Fig 8IZ/RLRE|A Y Y 2
FROCTRE L KON &7 > 72, fldoLsh, 5§
WPEE — 2RO A4 2H[]440Xx440D & D % Case 1 &
L, [J500X500D & D% Case2 & L 7=,

Case 1 DIGA TORLIERRIIZ I51F 2 (BB R &
84y b7 ERHEORRRFEAL & DL F Fig. 1512
NT. Tic kB EEL Sty F 5y FTHRELOLAE
iz k< —BL T3, £/, Case LIZEITBHMIZLD
Koo N-FEVHEOREN L 45O RE B LUFHEIZHW
7ok — A REMRE % Fig. 16 121§, TEWEE MRFIZE, 500
HEH YL ELD Point A & T EEH YLD Point DD ZEH 149K & 5
Zengnbd,

Case 1% & U Case 212811 5 TEBHLATE 1440 sec (4 hr)D
RE B X CIGAMA Fig 1712 $, PEE — 2RO
INE WS A X ThH B Case 11T WT, 58048 Fogdhde T,
WMEMI3BKTHYD, ZOEOEYIEIIT41.9MPa & 5
VWEART A, B — 8 ia k& < LzCase 2 Tid, 5LJHE
R EBIZ BT, 13K TI123MPa b K< H > T 5%,
Table 2 K 0, M AMOHITEE IS, FiRk T3 24.9MPa,
1673K T931MPa T H 3 Z &7 6, EHETRETHIL,
1373K TIE, 127MPaD@EETH B, TDEIITk — 2l
HERELTHIEIZED, 41.9MPadDELUES ] % 12.3 MPall
KFTx, PRATOBSHIZLKSZ2 7 v 7 DOREAIET
LZLNUBRIZ LD EDEEDLNS,

3-2-3 FRAMEHEAIA Y 7w 2 DFFIERIR

+ 4 THKEL L7=Case 2D[J500X500 DT — 4 %
FAWTHEMG L 2B A0 EHE R CHRE SN EIED »
Ty 7 FENE &R L 28R % Fig 1810 Y, TEle —
2 AEKREET B Z&iICkD, BUBEITIcCPHlca 2z &

34

times Mn contents and abrasion
thickness.

Fig. 14. Schematic view of side

dam crack.
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[ temperature
500 V Measured
I temperature
300 —
0 1 2 3 4 5
Time, hour

Fig. 15. Side dam temperature change of calculated and
measured.

1500
1300 |
> 1100
& - Heater
:é' temperature
hd
] ~—=#-—— Point A
g
2 —-s%=-= PointB
- =4 =— Point C
Point D
3 4 5
Time, hour

Fig. 16. Side dam temperature.
(a) Temperature of Case 1.
(b) Stress of Case 1.
(c) Temperature of Case 2 (Large heater plate).
(d) Stress of Case 2 (Large heater plate).
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(c). Temperature of Case2 (Large heater plate)
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Fig. 17. Temperature and stress distribution.

Fig. 18. Schematic view of side dam crack.
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Fig. 19. Temperature and Stress distribution after casting.
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Fig. 20. Stress change of side dam.
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