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nopsis

A new two-strand bloom continuous caster (No.3CC) has started opervation at Kokura Works in order to wmeet
today’s move stringent quality vequivements for bar and wire rod products and fto increase continuous casting
capacity.

This caster is mainly designed with consideration for the quality of special grades of bar and wire vod for the
automobile industries, and also for higher productivity. Fov quality, we intvoduced a lavge-volume tundish, an
induction tundish heater, a high accuracy steel level control system in the mold, a vertical-bending machine profile,
the design of which is based on a newly developed model, and so on. In addition, automation was introduced
nto many elements of this caster, including, for example, ladle-cvane operation and bloom cutting and handling.
Consequently, this caster vequirves only four operators.

Operation of No.3CC started in June 1995, and it has been working well since stavi-up.

1. Introduction crane operation, bloom cutting and handling. Conse-
quently, this caster requires only four operators.
The new two-strand bloom continuous caster (No. Operation of No.3 CC started in June 1995, and it
3 CC) has started up operations at KOKURA works has been working well since start-up.

in order to meet today’s more stringent quality
requirements for bar and wire rod products and to 2. Equipment

increase continuous casting capacity.

This caster is mainly designed with consideration Figure 1 shows the layout of No.3 CC in the steel-
for the quality of special grades of bar and wire rod making plant at Kokura works. No.3 CC is built
for the automobile industries, and also for higher alongside the existing No.2 CC, and its casting floor
productivity. For quality, we introduced a large- is located 24 m above the ground. The ladles filled
volume tundish, an induction tundish heater, a high with molten steel are transferred to No.3 CC by a
accuracy steel level control system in the mold, a ladle traverser, which is rebuilt from a facility for
vertical-bending machine profile, the design of which ingot casting, and an automated ladle crane.
is based on a newly developed model, and so on. In Specification of No.3 CC are outlined in Table 1.
addition, automation was introduced into many ele- This caster belongs to the category of vertical-
ments of this caster, including, for example, ladle- bending machines, the design of which is based on a
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newly developed model. We call this the Table 1 Specifications of No.3 CC
SUMITOMO vertical-bending (S-VB) type. It has a Ladle capacity 70t
vertical strand length of 2.2 m, and a machine length ; SUMITOMO
A Machine type Vartisal-besid
of 36.5m. The casting speed at its maximum is Crtica benoing
1.0 m/min., and monthly production capacity is Hasotsiand g
. Dummy-bar Top-insert type
approximately 50,000 tons. : S
L . . . Tundish capacity 27t
The schematic view of this caster is shown in EMS Mold-EMS
Fig. 2. Bloom width 400mm
Bloom thickness 300mm
Length of 2 9m

vertical strand
Curvature radius | 110-51-31-21-15.2m
Machine length 36.5m

Maximum
1.0m/min

Casting speed

No. 1 KR No. 2 KR
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] 1 yard I Ladle traverser
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L L 1 ) Roller-apron
Ingot casting Tundish maintenance maintenance
facility vard yard
Fig. 1 Layout of No.3CC in steelmaking plant
Ladle crane ‘
Tundish
maintenance
yard

Fig. 2 Schematic view of No.S.CC
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3. Special Features of
Equipment and Operation

Figure 3 shows the design concept of No.3 CC.
Some of the equipment is outlined as follows.

EOLIPMENT

Large volume tundish I

Cleanliness Induction tundish heaterJ

Ladle slag detection system |

( non-metallic )
inclusion free

Mold electromagnetic stirrerJ

High accuracy steel level

|Interna1 defect free control system in mold

SUMITOMO Vertical-
bending machine profile

|Surface defect free Air-mist spray secondary

cooling system

Hi-speed casting

Automation enables

rHigh productivity l—‘

4-people operation

Fig. 3 Concept of No.3CC

3.1 The SUMITOMO Vertical-Bending Profile

In the design of the caster profile, we consider the
quality of both non-metallic inclusions and internal
cracks inside the blooms.

First, we calculate the inclusion distribution inside
the bloom by computer. The calculation conditions
are shown in Fig. 4. Figure. 5 shows the calculation
result, relationships between machine type and accu-
mulation of inclusions inside the bloom. In a curva-
ture type, even large-sized inclusions (for example,
100 mm in diameter), which are considered to be easy
to float or eliminate from molten steel, are ac-
cumulated in the upper part of the bloom, even if the
curvature radius is large. Conversely, in a case of
vertical-bending type with 3 m long vertical part at
the initial stage of solidification, the accumulation
disappeared. Consequently, we chose the vertical-
bending type as No.3 CC machine profile.

Next, since the internal cracks at an area near the
surface which are caused by bending strain some-
times become a problem, especially in case of bar
products, we decided the layout of bending points on
This model
demonstrates that the internal cracks occur when the

the basis of our developed model?.
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accumulated strain in the range between Zero
Strength Temperature [ZST] and Zero Ductility
Temperature [ZDT] exceed the critical strain for
internal cracking.

Therefore, the SUMITOMO vertical-bending type,
in this case, has five dispersed bending points. Itisa
characteristic point of this machine profile that the
accumulated strain of bloom at the point of solidifica-
tion is designed to be maintained below the critical
strain for the initiation of cracks, as is shown in
Fig. 6. Figure. 7 shows the macro-etch print of the
high-carbon steel bloom in longitudinal section. The
effect is that it is free of internal defects in the area
near the surface inside a bloom.

® Curvature |® V-B Type

type

Curvature
radius : 18m

@ Curvature
type

Vertical
length: 2.5m
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Fig. 4 Calculation condition of inclusions
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Fig. 5 Accumulation of inclusions in bloom
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(a) Conventional VB type

Fig. 6 Accumulated strain inside bloom
(Steel grade : C1070)
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Upper [ 90mm ‘ Casting Tundish Heater
side ! ! direction
Capacity 27t Type . Induction
Steel depth © 800 mm Power 1600 kW
¢ b Inlet Induction coil

3 ¥ %S P \,
o * 7'-'-f“ N, ; 3 Fig. 8 Outline of induction tundish heater
-
} End of
1520k / casting
———.\__/\_._,—A_z&—f\)
' O 1500f 5154 4 !
2 ISR T — 1515+ 3°C Ladle closti S0t E
A . B
' ‘ 5 14801 6o kW =
Lower = 600 ©
side g 14601 z
2 400 kKW _—
Casting Steel grade: C1070([C]=0.72mass % ) o 1440F i E
condition Casting speed : 0.75m/min. Superheat: 27T 1420 F 200 &
(5
. s ; 1 400 : & -}
Fig. 7 Macro-etch print of bloom (Longitudinal secticn) 0 1020 30 40 50 60 70

Casting time (min)

3.2 Induction Tundish Heater Fig. 9 Change in steel temperature in tundish
An outline of the induction heater is shown in

Fig. 8. This heater raises and stabilizes the tempera-

ture of the molten steel in the tundish to an accuracy 2
of +3°C, as shown in Fig. 9.

As for high cleanliness of products, it can exclude
inclusions effectively because a large volume tundish

Number of large-
sized mf_luslq;n
(per 160 mm~)

and an induction tundish heater are used. As shown in

Fig. 10, it is clear that the cleanliness of product was

12 — o el
improved by applying the induction tundish heater. It 10 }— o -
is thought that this is the effect of the raising flow of 8 — § i I —

heated molten steel through the sleeve bricks

Total oxygen
(ppm)

(Fig. 11), and/or the pinch effect in the sleeve bricks

I
|
|
I

caused by the electro-magnetic force (Fig. 12)®.
OFF ON

Tundish heater

Fig. 10 Cleanliness of product
(Silicon-aluminum killed steel)
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Fig. 11 Schematic steel flow in tundish
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Fig. 12 Concept of pinch force effect

3.3 Operation

Automation is introduced into many pieces of
equipment, as shown in Fig. 13, and the operator can
watch the condition of the work for all the whole
continuous casting devices in the central operation
room. Figure 14 shows the disposition of operators.
Therefore, it is possible to operate this equipment,
including ladle crane operations, with only four oper-

|Q\‘9 Operator l

Tundish

Monitor of cast
LOperation room —l

\Q Monitor of handling

Fig. 14 Disposition of operators

Dummy-Bar

ators.

Figure 15 shows the operation process of a heats-
connection between the different grades of steel
Also, it is a characteristic of No.3 CC that the temper-
ature of molten steel can be maintained during the
process mentioned above by applying the tundish
heater.

Ladle car

Steel level control
in tundish
a (Rotary-nozzle)

auto-operation >

Central monitor

Ladle slag

Quick change of
immersion nozzle

(CRT operation)

detection system

=/

Scheduling systern

3 E = (G124 100

Auto-start system
Auto-stop system

Break out
detection system

Ladle crane
auto-operation

Ladle traverser |
auto-operation

Bloom auto handling
(from cutting to loading)

———"

Fig. 13 Automatic equipment in No.3 CC
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Casting position

D Cast-end of
previous heat

@) Pouring of
next
= heat (20 ton)

e [_© 4
Pulling out

Waiting position

of previous

heat =

] 0
° E

() Inserting
of dummy-bar

1 )Cleaning of nozzle
(Changing of nozzle)

2) Heating with tundish heater
(Control of temperature)

.

(@) Cast-start of
next heat

Fig. 16 Operation process of heats-connection between differ-
ent grades of steel (KDC)

4. Production

Figure 16 shows the change in caster production at
the Kokura steelmaking plant. The amount of pro-
duction has been increasing since the plant started
using one tundish many times for several different
grades of steel. The continuous casting production
reached 97 % of the whole steelmaking plant produc-
tion as of March 1996.
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Fig. 16 Change in caster production

5. Conclusion

The new two-strand bloom continuous caster
(No.3 CC) has started up operations at Kokura works
in June, 1995.
amount of production has been increasing since its

It has been working well and the

start-up.

Tateshi Mishima

Manager, Iron & Steel Making Dept.,
Kokura Steel Works

Phone: 093 (561) 8016
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