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Effect of Rolling Conditions on Annihilation Process of Loose

Structure in Large Slab Ingot

Minoru KiTAMURA, Hiroshi IMAMURA, Mitsuo TOMONAGA,

Shunji SAITO, and Osamu Tsupa

Synopsis:

The effect of rolling condition on the annihilation process of loose structure in large slab ingot was
investigated to clarify the possibility of getting sound heavy steel plate by rolling. The most important
parameters for annihilating the loose structure were found to be reduction ratio, rolling shape factor,

and deformation resistance ratio.
required for annihilating loose structure.

a=_2n1¢i (4h/Ho)iz1,
0.14
1d/hm
where a : Critical closing hole index
4h : Reduction
Ho : Initial thickness
Pav : Average of hydrostatic stress
4b : Reduction of hole diameter
bo : Initial hole diameter

¢=(4b/bo)/(4h/Ho)=3[1—
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The following formulae were derived to predict the rolling conditions

-exp{—4- (1d/hm)®-77.Pav/koc} ]

¢ : Rate of closing hole
1d/hm : Rolling shape factor
koc : Deformation resistance at
the center of thickness
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Fig. 1. Assumption of the coupled specimen as a
model of an ingot with temperature distribution.
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Fig. 2. Variation of the hole size in the z-direction.
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Fig. 3. Ciritical reduction for closing longitudinal
hole of the rolled material. (Plasticine, Roll dia.
130¢, Specimen 40t x 180w x 200!, Hole dia. 3¢)
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Fig. 6. Relation between critical reduction for
closing holes and reduction per pass. (Roll dia,
130¢, Hole dia 3¢, Deformation resistance ratio 2)
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Fig. 7. Relationship between the critical reduction
rate for closing holes and the thickness of surface
layer. (Plasticine, Roll dia. 130¢ Specimen 40tx
200bx 2001, Deformation resistance ratio 2, Hole
dia. 3¢)
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Table 1. Dimensions of ingots.
Ingot | D(mm) | W(mm) | H(mm) | Taper (%) | Feeder head (%)
A 786 2228 | 2500 -4.0 12
B 873 2220 2300 -2.0 14

Table 2. Chemical composition of test slab.

C Si Mn P S Al

0.15~0.16 | 0.35~0.40 | 1.33~1.42] 0.013~0.017 | 0.008~0.018 | 0.029~0.041

Table 3. Conditions for experimental rolling.

Rolli Total Slab Sqakling cond]mon
° 'mg reduction | thickness attern
rato Heavy Conventional
(%) (mm) reduction reduction
1 0 786 - o
13 24 600 o o
1.4 30 550 o _
2.0 49 400 o o
2.6 62 300 o o
3.9 75 200 _ o
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Fig. 12. Distribution of loose structure index.
(total reduction, 2.6)
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Fig. 13. Relation between total reduction ratio
and average index of loose structure.
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Fig. 14. Effect of deformation resistance ratio on
average index of loose structure. (total reduction,
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3-3-1 B

FEIE 7w 2D 3 % Table 4 = /x3. #BBL X
Table 1 /R LA, BlEZEH L. #50 Bilaask
AV H LB EILE LVt H/D JURNE L o Tuwb, B
BRI RTE O & — v 1, SBELIR ETHMHEA
1.3, $fith B 1.4 L LTRA—EA DA Z 7 BEFEELT
THEE LK. HMETFTOBECE HMETRY BEEE
Iy k&L ok, EREERD A5 7 MBTEX
Fig. 11 @2z — v[RTHEEMNE#E, x5 —vIID
MBE T 7 » Vit X W RGN 2T O R EZEEER
W L. BESREHETOMEE, A7 7 HMEOF
PIRERMRFHEE X b 150°C Hd LT o, BIREE
HWoFi i — L £ 940~980mm, w— L [
4 700 mm, [Bl#EE 30~35 rpm “TH A . FIESH T 1 2%
Wi BEEE vV 4h/R : 0-23, WETHEE V4r/R -
0.27 2B L, BEFTEECHSTII ZRK3I 1 ADK
TBRE Lic. 4 LFEEIR 960~980°C D#ifATH 5.

Table 4. Experimental process of plate materials.

Soeci . Slab process Plate process
pecimen | Tneot Soaking Rolling rsa]jit:, reduction Reheating Rolling ;_I;;E:l reduction
1 A pattern ] | Conventional 1.3 Pattern [[I Conventional 3.9
2 A | Pattern ]| Conventional 1.3 Pattern [II Heavy 3.9
3 A Pattern | Heavy 2.0 Pattern ][] Conventional 3.9
4 B Pattern 1| Conventional ' 1.4 Pattern [[I Conventional 4.4
5 B Pattern ]| Conventional ’ 1.4 Modified pattern [[[ | Conventional 4.4
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