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Effect of Hot Rolling Conditions on Annihilation of Porosities in

Continuous Casting Slabs

Synopsis:

Naoki OKUMURA, Takeshi KUBOTA

T adakaty MARUYAMA, and Michihiko NAGUMO

Effects of hot rolling parameters on the annihilation of porosities in continuous casting slabs or ingots

were investigated using specimens which include artificial porosities (sphere and cube).

It was revealed

that, of hot rolling parameters, the reduction ratio and the rolling shape factor are essential factors for

the annihilation, whereas the rolling temperature is less influential.

The following formulae was derived

to predict the rolling conditions required for the annihilation of porosities.

H,y, k. Hp
do'ﬁ— jél—lf—jwo (co+ecym; +(:2m2j) <0,

where dy, wy :

mj=2/R(H;_,—H;) [/ (Hj-1+Hj)

(j=1, 2, weeree k)

initial porosity size of thickness and width respectively, j : index of rolling pass schedule,

H; : plate thickness after j-th rolling pass (H, : initial thickness), R : radius of work rolls, ¢, ¢;, ¢;:

constants.
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Fig. ‘1. Schematic illustration of the preparation
of a specimen with artificial porosities
for hot rolling.

X ) ROLLING DIRECTION B

g7 (Fig. 1).

(2) & oA CIRBA OELES A, * &
OB e BT 5. T O &ETMBEIER, 2 &
THOZHEL, ALEXe vy 4 EPEXNETS.

(3) LAy BT RR AT AN

i N

SEZII AT E e v5 ; LI
A%, BTHROBH» LEEEOES S R CHlES
5. ERFIROFMAY LU TerT.
2-1 HBRRORMYE

ABR M (0 kg/mm? FER) AL LBIEIC LD
30mm JEiz Lz, 400 mm (&) x 240 mm (fF) % 30mm
(B) o AR o L. Wigk HED 8z &
D, BEC XHBENIXERTES L 5B L.
SEIOERCHRNERBDOA TR VT 4 ZEAT S
AR T OB % fi L.
HARFREFRF CEE M 258 L, &40
SEEZPET S (VVV LE) . 5 ElEOHREAOE
Z, BEEFLII—UOoEXH lmm, 3mm, S5mm o
MR F LT FHEDOA LA vF s KRBT LD
TIEFEC L W< . DEREZESLE IR BDR
DIEMCEHRB XONLtE% ieT L o, ROBRIMI &
S BW I EN DER RO, HEIEO T ORI
VRE, BE3mm R, X 0.15mm, LiHAE 60° o
BTRETHNERAL. ChbONEE K LIcE, 245E
U 7oA i & R RISl & L OBl T e L C
SEHEEE Y, EEARBRFE L. coRBAi%
BMEESR, ATAEr YT s OEBER L OS2 HE
THRDICIDEAEHHECE S EVRMBETHSH. £
=T, BHHEMH LD (500~700°C) x 10 min o S CHREE
Fame U T8 XERI A BRS¢, RER
EEOE XIS pm THH, ALEr VT 4 OFE,
BTHEOBE, B TERATZDIEEH
2.2 izt KUHEE

HevT 4 OPRCE JIETEESRFORZERL B L
T Adie, FICFERRILEFERECEE L, L
ToOFEERY 7ok, EERRELZ(1)XRTERS
hamoDETHS. ’

Table 1. Hot rolling conditions of each experiment.

Heating Heating Rolling  |peduction | Number Rolling | Mean rolling Rolling pass
No. |temperature | time temperature | L0 of shape pressure schedule
°CG) (h) °Cc) pass factor ( kg/ mm?2) (mm)
1 1 300 1 1230 1.4 1 1.50 10.0 3021
2 1150 1 1110 1.4 1 1.50 11.9 3021
3 1150 1 1110 1.4 2 1.05 10.9 30—24.7—-21
30—-27.7-25.7—
4 1150 1 1110 1.4 5 0.68 7.6 23.9-599.3>91
5 1150 1 860 1.4 1 1.50 22.8 3021
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Rolling Direction

(a) Cubic porosity
Photo. 1. Deformation of porosities and surrounding grids after hot rolling.

(b) Spherical porosity
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Fig. 2. Dependence of volume change of poro-
sities on rolling shape factor. Vg and V
denote the volumes of porosities before
and after rolling respectively.
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Rolling Shape Factor

Fig. 3. Dependence of size change of porosities
on rolling shape factor. dy, Iy, w, and
d, l, w denote thickness, length and width
before and after rolling respectively.
€2, €3, e denote normal strains due to
rolling at the middle of a specimen far
from porosities.
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Fig. 4. Effect of geometries of porosities on the
change thickness due to the same rolling
condition.
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Fig. 5. Strain distribution along the through
thickness direction of slabs far from po-
rosities after rolling with different rolling
shape factors.
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Fig. 6. Distribution of tensile strain along the rolling direction around cubic porosity after
rolling with different rolling shape factors. Strain is shown by numbers and strain

curves.
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Fig. 7. Distribution of compression strain along the throngh thickness direction around cubic
porosity. Numbers and curves are same as Fig. 6.
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Fig. 8. Volume element within a specimen with
coordinate system, y: axis along the ro-
lling direction, z: axis along the direction
of through thickness. H,: initial slab
thickness. d,: initial diameter of poro-
sity. 4(z): thickness of an infinitely
small element at z.
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Fig. 9. Distribution of exp(—e¢;(Z)) along the

z-axis after rolling with different rolling
shape factors.
ez(Z): compression strain at z. S: area
surrounded by EFG. T: area surround-
ed by GCJH.

Table 2. Relative value of areas §, T in Fig. 9,
obtained experimentally.

~___ Rolling shape factor
— 0.68 | 1.05 | 1.50
Relative value of %
S 1.03 Lwl 1.35
T 1.00% | 1.18 ’ 1.45

* Standard value
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Fig. 10. Dependence of the amount of additional
displacements at the surface of porosi-
ties on rolling shape factor. &, Oys 0z:
additional displacements along the di-
rection of width, length and through
thickness of slab respectively. They are
defined as the equation (7) in the text.
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Fig. 11. Dependence of additional displacement §,
on the width of porosity when rolled with
different rolling shape factors.
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