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Improvement in Surface Quality of Continuously Cast Bloom
at Himeji Works, Godo Steel, Ltd.
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Abstract

In order to improve surface quality of continuously cast bloom, both the reduction of “air gap”
between the mold face and solidifying bloom and the reduction of biased flow in the mold were
focused on. Based on solidifying bloom shrinkage calculations, the mold taper was improved to
reduce the air gap. The flow pattern in the mold was simulated by water model, and the SEN
was improved to “mogul” design. As a result of these measures, the occurrence of the surface
cracks was reduced to one tenth of the original. This improvement seems to be the result of even

solidification of molten steel in the mold.
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Godo Steel, Himeji Works mainly manufac-
tures carbon steels for machine structural use

nn and also produces non heat-treated forging
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type steel, high-tensile steel, case-hardening
steel, and rail. The main products are steel
bars, which ranges from 42mm to 260mm in
diameter. Rail rolls for JIS 22kg use and 30kg
use are produced.

Blooms are produced by continuous casting

machines. 5 kinds of bloom size are produced
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Table 1 Items manufactured at Godo Steel,

Himeji Works
Products Cor;srtolgttgg of
Rail 3%
Rolled steels for general structure 13%
Carbon steel for machine structural use 59%
High-tensile steel 4%
Non heat-treated forging type steel 7%
Case-hardening steel 14%
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Table 2 Continuous casting machine

Type of caster Fully curved type

Productivity 85 ton/hr
Bloom size (mm);
Casting size 220 250, 2560 300, 330 x 360,

330%450, 370490
Number of strands 2
16.0m, 23.9m, 47.63m

In-mold electromagnetic stirrer
(M-EMS)

Radius of curvature

Incidental facilities

(220%250, 250%300, 330%360, 330x450, 370
X490mm; Table 2). The main production
facilities are EAF (70 ton), LF, VD, and curved-
type continuous casters with 2 strands. The
casting speed ranges from 0.bm/min for the
370%x490 size to 1.7m/min for the 220%250
size depending on the mold size. The molds
are equipped with an in-mold electromagnetic
stirrer (M-EMYS).

The bar steels for machine structural steel
use, which are the main products, are produced
by forging, followed by heat-treatment, and
then cutting. Recently, users (second process-
ing makers) have come to demand extremely
high surface quality for bar steels. As a result,
complaints about surface defects discovered
on the bar products are increasing. Through
surface defect investigation, we found that they
were formed by the opening of sub-surface
cracks in the bloom during forging. Therefore
we improved the surface quality of the continu-

ously cast bloom".
2. Cause of Bloom Defects

Cracking of the surface and sub-surface of
the bloom occurs when molten steel in the mold

begins to coagulate unevenly. One of the causes
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Table 3 Simulation conditions

Mold size 220X 250 mm

JIS §45C
([C])=0.45, [Si]=0.25, (Mn]=0.70)

Max. 1.69 m/min
Ave 1.50 m/min

Position of meniscus | 100mm from upper end of the mold
Mold length 800 mm

Type of steel

Casting speed
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of the uneven coagulation is the presence of
“air gap” between the surface of the mold and
surface of the solidifying bloom in the mold.
Because the air gap reduces heat removal from
molten steel in the mold, the thickness of the
solidified shell tends to become uneven.

Another cause of uneven coagulation is an
unbalanced supply of molten steel from the
submerged entry nozzle (SEN) to the mold. The
SEN has four outlet ports, and the flow rate
for the SEN is controlled by a 3-plate sliding-
gate system. Because the sliding-gate throttling
causes a biased flow condition in the SEN, there
is a possibility that the flow rate from each port
varies among the four ports, resulting in uneven
coagulation.

Thus, we focused on reducing the air gap

by optimizing mold taper and preventing the

S45C(Ve=1.b)

S45C(Ve=1.69) ===

=== Conventional taper =& |mproved taper

Distance from meniscus (mm)

200 300 400 500 600 700 800
Conventional taper
. " =085%/m
v .-.¢~::-.-;»\\_:w:..:—{ A//
/-E\ ‘.'-L'\-.;._\.:.:\:‘;:“
£ Alir gap by s
% 0.6 k conventional taper
é) . h \ e e
2
£ Improved taper
& 081 =1.80%/m \ """""""""""
-1.0 :
Conventional taper
=0.85%/m
1.2 :
Fig. 1 Calculation results of solidification shrinkage of bloom and improvement in mold taper.
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Table 4 Water model experiment conditions

Mold size 220X 250 mm

Casting speed 1.65 m/min
(Water flow rate) | (90 liter/min)

From the surface of the water

Dip depth (=meniscus) 220 mm dips

Slide gate Three pieces of parallel expressions
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unbalanced flow condition by improving SEN

design.
3. Optimization of Mold Taper

The air gap in the current mold was esti-
mated by comparing the mold taper and solidi-
fication shrinkage of the bloom. The shrinkage
was calculated for the conditions shown in
Table 3”. The calculation results are shown in
Fig. 1. Although the solidification shrinkage
differs depending on the kind of product, there
might be an air gap of 0.3mm in thickness
between the mold surface and the bloom surface
when the conventional mold taper (0.85%/m) is
used. In order to reduce the air gap, the mold
taper was improved. The new mold has a taper
of 1.8%/m from the meniscus to 200mm depth
and taper of 0.85%/m below the 200mm depth.

4. Improvement of SEN

4. 1 Experimental conditions

In order to simulate the flow pattern in the
mold, we carried out a full-scale water model
experiments. The experimental conditions
are shown in Table 4. The mold size was
220x250mm, and flow rate was controlled by
3-plate sliding-gate corresponding to the cast-
ing speed of 1.65m/min (steel throughput 0.65
t/min). The middle plate was throttled in the
direction parallel to the mold wide face.

The SEN has four upward angled outlet ports.
When the flow in the SEN becomes biased by
the effect of slide-gate throttling, the flow rate
from the four ports becomes unbalanced. In
addition to the conventional SEN with straight
bore geometry, we tested the “mogul” SEN?
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(to the mold surface)

Fig. 3 Measurement positions for flow velocity.
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Fig. 4 Observation of the mold during water
modeling.

which has both an annular-step on the upper
bore and some spherical convex projections
on the lower bore (Fig. 2). This is because the
mogul geometry is effective in suppressing the
biased flow.

Fig. 4 shows the appearance of the mold
during water modeling. Regardless of upward
angle of the SEN ports, there was no surge of
liquid surface near the mold faces because of
sufficient immersed depth. In order to evaluate
the flow pattern quantitatively, we measured
the flow velocity distribution at the outlet ports
and collision flow velocity at the mold face. In
addition, we measured water volume discharged
from each port by collecting it into the plastic
bag attached to the port to check the flow rate
balance among the four ports.

4. 2 Experimental results

The collision flow velocities at the four mold
faces are shown in Fig. 5. When we used the
conventional straight-bore SEN, the collision

velocities showed considerable variation among
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Fig. b5 Comparison of collision flow velocity
among the four mold faces.
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the four mold faces. In the case of the mogul
SEN, variation in the collision velocity was
reduced and the average velocity was lower
than that of the conventional one.

Fig. 6 shows the flow velocity distribution at
the outlet ports. The conventional SEN showed
negative flow velocity (suction flow) at the upper
portion of the ports, and the flow velocity was
very high at the lower portion. In the case of
the mogul SEN, the upper portion of the ports
showed positive flow velocity (outward flow),
and the flow velocity at the lower portion was
lower than that of the conventional one.

The flow rate balance among the four ports
is shown in Fig. 7. In the case of conventional
straight-bore SEN, there is a considerable
variation in the flow rate among the ports. In
particular, there was a great difference in the

flow rate between the right and the left sides,

Mogul SEN
Upper port
left 3.9
S right 8.7
3 pack 1.0
a
front 7.8
-20 -10 0 10 20
Flow velocity (cm/sec)
Lower port
left
S right 70
(tl(g back 52
front 56

0 20 40 60 80 100
Flow velocity (cm/sec)

Fig. 6 Comparison of outlet flow velocity at ports.
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Fig. 7 Comparison of outlet flow rate among the
four ports.
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Table 5 Change in number of surface cracks on
bloom (index)

Mogul SEN Conventional SEN
Improved mold 1 57
taper
Conventional 36 100
mold taper

which corresponds to the plate throttling direc-
tion. On the contrary, the mogul SEN showed a
balanced flow rate among the ports.

Thus we confirmed that the mogul SEN
improves the flow pattern in the mold. First,
the biased flow condition within the port was
reduced, resulting in a reduced collision flow
velocity against the mold. Second, the flow
rate variation among the ports was reduced,
resulting in a balanced supply of hot molten
steel. Therefore the mogul SEN is expected to
contribute to the even solidification of molten

steel in the mold.
5. Results

The surface quality of the bloom was evalu-
ated by investigating the number of the cracks
which appeared on a corner section of the bloom
and had a length longer than bmm. Table 5
shows the improvement in the surface quality of
the bloom. The original occurrence of cracking
is shown as the standard with an index of 100.
When a conventional SEN was used, surface
defects were reduced by 57% by optimizing
the mold taper. In addition, the defects were
reduced by another 11% by using a mogul SEN.
These improvements in surface quality seem

to be the result of even solidification of molten
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