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(54) COOLING ROLLERS FOR TWIN-ROLLER CASTING DEVICE

(57) One of a pair of chilled rolls is a mid-thick roll
100a which has a longitudinal central diameter greater
than longitudinal end diameters. The other of the chilled
rolls is a mid-thin roll 200a which has a longitudinal central
diameter shorter than longitudinal end diameters. A roll
gap 3 is formed between the mid-thick and mid-thin rolls
100a and 200a such that the rolls are gradually made
closer to each other from longitudinal roll centers to lon-
gitudinal roll ends.
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Description

Technical Field

[0001] The present invention relates to chilled rolls for
a twin roll caster.

Background Art

[0002] A twin roll caster comprises a pair of chilled rolls
(casting rolls) for production of a thin sheet (strip) with a
constant width. The chilled rolls are arranged horizontally
in parallel with each other to have a predetermined gap
(roll gap) therebetween. Side weirs abut on end surfaces
of the chilled rolls to provide a molten metal pool defined
by the side weirs and upper peripheries of the chilled
rolls. The chilled rolls are counter-rotated such that the
peripheries of the rolls which provide the roll gap are
moved downward, molten metal being supplied to the
molten metal pool from a tundish arranged above the
rolls through a nozzle of the tundish. Thus, the molten
metal in the molten metal pool is drawn out from the roll
gap as a thin sheet cooled and solidified by the rotating
chilled rolls. In the twin roll caster, the thin sheet with a
constant width is continuously produced and is of the
order of, for example, 1-6 mm in thickness and, for ex-
ample, 1000-2000 mm in width. The thin sheet produced
by the twin roll caster is usually made thinner by a rolling
mill arranged downstream.
[0003] The chilled rolls in the twin roll caster serve as
casting molds. In order to cool the molten metal into the
thin sheet, coolant (cooling water) is forcedly passed
through the rolls to drastically cool the same; however,
during the casting, the chilled rolls are in contact with hot
molten metal as high as, for example, 1600°C to receive
great heat load (heat input), resulting in thermal defor-
mation of the chilled rolls.
[0004] Thus, it has been carried out to preliminarily ma-
chine the rolls during cold into initial roll profiles so as to
make the roll gap between the paired rolls uniform lon-
gitudinally of the rolls. However, it is known that, even
having such initial roll profiles, the chilled rolls may have
convexities called dog bones with increased roll diame-
ters, by the heat load during the casting, at longitudinal
end portions (at positions of the order of 130 mm from
roll end surfaces) relative to that at a longitudinal central
portion.
[0005] Thus, it has been carried out recently to prelim-
inarily machine the rolls so as to have initial roll profiles
in view of and compensable for the thermal deformation
called dog bones and thus make the thin sheet with an
intended thickness shape (thickness profile).
[0006] There exists, for example, Patent Literature 1
which discloses a twin roll caster with chilled rolls prelim-
inarily machined to have initial roll profiles so as to have
a thin sheet with an intended thickness profile. In the
Patent Literature 1, the twin roll caster has the paired
chilled rolls of the same shape each machined to have

the same initial roll profile.

Citation List

Patent Literature

[0007] [Patent Literature 1] JPH 07-323353A

Summary of Invention

Technical Problems

[0008] Fig. 1(a) shows shapes of conventional paired
chilled rolls in a twin roll caster as in the Patent Literature
1. Each of the chilled rolls 1 and 2 has a hand-drum-
shaped initial profile with a diameter d2 at longitudinal
(lateral in Fig. 1(a)) ends machined to be greater than a
diameter d1 at a longitudinal (lateral in Fig. 1(a)) center,
so that a roll gap 3 between the rolls 1 and 2 is great at
the longitudinal center and is small at the longitudinal
ends. Thus, produced by the chilled rolls 1 and 2 in Fig.
1(a) is a thin sheet which has a mid-high thickness profile
thicker at a widthwise center than at widthwise ends in
accordance with the shape of the roll gap 3. Such thin
sheet with the mid-high thickness profile can improve line
controllability for prevention of the thin sheet from mean-
dering upon rolling by a rolling mill downstream.
[0009] However, when the thin sheet is produced using
the chilled rolls 1 and 2 with the hand-drum-shaped initial
roll profiles shown in Fig. 1(a), the rolls 1 and 2 receive
heat load (heat input) from molten metal and are ther-
mally deformed as mentioned in the above to have ther-
mal roll profiles as shown in Fig. 1(b) with convexities
called dog bones 4 having increased roll diameters at
positions of the order of 130 mm from roll end surfaces.
When the dog bones 4 are produced, the thin sheet
formed by the roll gap 3 between the chilled rolls 1 and
2 has changed thickness portions at widthwise ends
where thickness is locally reduced by the dog bones 4,
so that a thin sheet with an intended thickness profile
cannot be produced due to such changed thickness por-
tions.
[0010] Thus, as shown in Fig. 1(c), it has been carried
out to machine the rolls 1 and 2 so as to have new initial
roll profiles preliminarily formed with concavities 5 with
depths and shapes compensable for the dog bones 4 at
positions on the roll end portions where the dog bones 4
are to be produced.
[0011] According to the chilled rolls 1 and 2 having the
initial roll profiles with such concavities 5, during casting
of the thin sheet, the rolls 1 and 2 are thermally deformed
to have favorable thermal roll profiles as shown in Fig.
1(d) to provide a roll gap 3 with an intended shape. Thus,
with such roll gap 3, a thin sheet with an intended thick-
ness profile can be produced.
[0012] However, it has been known that, during the
casting, heat load (heat input) received by the chilled rolls
1 and 2 is totally or locally varied greatly depending on,
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for example, temperature and/or components of molten
metal, humidity of an atmosphere surrounding the molten
metal pool and/or conditions of oxides on surfaces of the
rolls cleaned by brushes.
[0013] Thus, with the heat input to the chilled rolls 1
and 2 being kept to a general normal value, favorable
thermal roll profiles are obtained as shown in Fig. 1(d)
so that a thin sheet with an intended thickness profile can
be produced.
[0014] However, when the heat input is increased be-
yond the normal value, the chilled rolls 1 and 2 have
reduced-diameter-end portions 6 on their peripheries at
positions proximal to and of the order of 50 mm from roll
end surfaces where the roll gap 3 is suddenly increased
toward the roll end surface as shown in Fig. 1(e).
[0015] Fig. 2 shows results obtained by simulation on
a relationship between longitudinal position on roll (ab-
scissa) and roll gap (ordinate) upon casting by the chilled
rolls 1 and 2 shown in Fig. 1(c) with the initial profiles
having the concavities 5 compensable for the dog bones
4. Fig. 2 shows a case where the roll gap 3 at longitudinal
central portions is 1.6 mm.
[0016] In Fig. 2, a curve A shows a roll gap 3 when an
envisaged heat input is 12.5 MW upon setting of initial
roll profiles. With the heat input being 12.5 MW, the roll
gap 3 of about 1.6 mm at the longitudinal roll central por-
tion is gradually reduced toward the roll end portion as
shown in the curve A. Thus, a thin sheet with an intended
thickness profile can be stably produced with the roll gap
3.
[0017] On the other hand, a curve B in Fig. 2 shows a
case where the heat input is increased up to 15.5 MW.
With the increased heat input as shown in the curve B,
the roll gap of about 1.6 mm at the longitudinal roll central
portion is gradually reduced toward the roll end portion;
however, at a position proximal to and of the order of 50
mm from the roll end surface, an inflection point X occurs
where the roll gap is changed into an increase, so that
as shown in Fig. 1(e) reduced-diameter-end portions 6
are produced where the roll gap 3 is abruptly increased
toward the roll end surface. Such production of the re-
duced-diameter-end portions 6 causes a phenomenon
that pressure of material sandwiched at nips (narrowest
portions of the roll gap between the chilled rolls 1 and 2)
is abruptly increased to squeeze unsolidified molten steel
from the inflection point X toward reduced-diameter-end
portion 6. As a result, a thin sheet with insufficiently so-
lidified widthwise ends is drawn out from the rolls, is heat-
recuperated on its surface by heat inside, is re-fused into
an untidy shape, and has locally thickened portions at
the widthwise ends, resulting in failure of stable produc-
tion of a thin sheet with an intended thickness profile.
[0018] In order to overcome this problem, it is conceiv-
able to machine the rolls 1 and 2 during cold so as to
have new initial roll profiles compensable for the reduced-
diameter-end portions 6.
[0019] However, the conventional chilled rolls have a
presupposition that the chilled rolls 1 and 2 of the same

shape are provided in pairs as shown in Fig. 1(a), so that
it is extremely difficult to machine the rolls 1 and 2, which
already have the concavities 5 machined on the end por-
tions for prevention of dog bones 4 as shown in Fig. 1(c)
from being produced, so as to prevent the reduced-di-
ameter-end portions 6 from being produced. Specifically,
with the roll gap being 1.6 mm, the chilled rolls 1 and 2
each have a halved nominal machinable range of 0.8 mm
and are required to be prevented from being mutually
contacted at their peripheries, so that the rolls each have
an actual machinable range of, for example, about 0.6
mm at most. It is extremely difficult to machine the rolls
with such minimal machinable range (grindable range)
at their narrow roll end portions, not only for provision of
the concavities 5 as shown in Fig. 1(c) to prevent the dog
bones 4 shown in Fig. 1(b) from being produced but also
for prevention of the reduced-diameter-end portions 6
shown in Fig. 1(e) from being produced.
[0020] Thus, it is impossible in the conventional chilled
rolls 1 and 2 to prevent the reduced-diameter-end por-
tions 6 on roll end portions from being produced.
[0021] The invention was made in view of the above
and has its object to provide chilled rolls for a twin roll
caster in which roll end portions are prevented from hav-
ing reduced-diameter-end portions even if heat input for
the chilled rolls is increased beyond a normal value.

Solution to Problems

[0022] The invention is directed to chilled rolls for a
twin roll caster wherein molten metal from a tundish is
received by the paired chilled rolls at a upper position of
a roll gap between the rolls, a thin sheet being drawn out
from said roll gap between the rolls while being cooled,
wherein one of the paired chilled rolls is a mid-thick roll
which has a longitudinal central portion with a diameter
greater than that of longitudinal end portions, and the
other of the paired chilled rolls is a mid-thin roll which has
a longitudinal central portion with a diameter smaller than
that of longitudinal end portions,
the roll gap between the mid-thick and mid-thin rolls being
such that the rolls are gradually made closer to each other
from the longitudinal roll central portions to the longitu-
dinal roll end portions.
[0023] It is preferable that in areas within 15% of roll
length from the roll end surfaces, said mid-thick and mid-
thin rolls have sudden approach portions which are made
suddenly closer to each other than the longitudinal roll
central portions.
[0024] In the above-mentioned chilled rolls for twin roll
caster, said sudden approach portions may be provided
by making a diameter increasing rate of said mid-thin roll
at the longitudinal roll end portions greater than that at
the longitudinal roll central portion.
[0025] In the above-mentioned chilled rolls for twin roll
caster, said sudden approach portions may be provided
by making a diameter decreasing rate of said mid-thick
roll at the longitudinal roll end portions smaller than that
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at the longitudinal roll central portion.

Advantageous Effects of Invention

[0026] The invention can exert an excellent effect that,
even if the heat input to the chilled rolls is increased be-
yond a normal value, reduced-diameter-end portions can
be prevented from being produced at the roll end por-
tions.

Brief Description of Drawings

[0027]

Fig. 1(a) is a plan view showing shapes of conven-
tional paired chilled rolls for a twin roll caster, Fig.
1(b) being a plan view showing shapes of dog bones
produced during casting by the chilled rolls shown
in Fig. 1(a), Fig. 1(c) being a plan view showing
chilled rolls with concavities for prevention of dog
bones shown in Fig. 1(b) from being produced, Fig.
1(d) being a plan view showing the chilled rolls in
Fig. 1(c) thermally deformed into favorable thermal
roll profiles, Fig. 1(e) being a plan view showing re-
duced-diameter-end portions formed at roll end por-
tions when heat input to the chilled rolls of Fig. 1(c)
is increased;
Fig. 2 is a diagram showing results obtained by sim-
ulation on a relationship between longitudinal posi-
tion on roll and roll gap upon casting by conventional
chilled rolls with concavities compensable for dog
bones as shown in Fig. 1(c) in cases where the heat
input is at a normal value and is increased beyond
the normal value, respectively;
Fig. 3(a) is a plan view showing an embodiment of
shapes of the paired chilled rolls, Fig. 3(b) being a
plan view showing a further embodiment of shapes
of the chilled rolls;
Fig. 4(a) is a plan view showing a still further embod-
iment of shapes of the chilled rolls, Fig. 4(b) being a
plan view showing a still further embodiment of
shapes of the chilled rolls;
Fig. 5 is a diagram showing results obtained by sim-
ulation on a relationship between longitudinal posi-
tion on roll and roll gap during casting by the mid-
thick and mid-thin rolls shown in Fig. 3(a) in cases
where heat input is at a normal value and is increased
beyond the normal value, respectively; and
Fig. 6 shows an overall structure of an example of a
twin roll caster to which chilled rolls of the invention
are applied.

Description of Embodiments

[0028] Embodiments of the invention will be described
in conjunction with the drawings.
[0029] Fig. 6 shows an example of a twin roll caster to
which chilled rolls of the invention are applied. A twin roll

caster 7 comprises two (paired) chilled rolls 100 and 200
(casting rolls) arranged horizontally and in parallel with
each other to have a predetermined roll gap 3 therebe-
tween. Further, side weirs 8 abut on roll end surfaces of
the chilled rolls 100 and 200 to provide a molten metal
pool 9 defined by the side weirs 8 and upper peripheries
of the rolls 100 and 200.
[0030] Arranged above the chilled rolls 100 and 200 is
a tundish 10 with molten metal therein fed via a slot-like
nozzle 11 to the molten metal pool 9. The molten metal
in the molten metal pool 9 is drawn out as a thin sheet
12 through the roll gap 3 while cooled and solidified by
the chilled rolls 100 and 200 counter-rotated as shown
by arrows. In the twin roll caster 7, the thin sheet 12 with
a constant width is continuously produced and is of the
order of, for example, 1-6 mm in thickness and, for ex-
ample, 1000-2000 mm in width. The thin sheet 12 pro-
duced by the twin roll caster 7 is guided via pinch rolls
13 into a four-high rolling mill 14 where the sheet is made
thinner; then, the sheet is guided via a deflector roll 15
to a coiler 16 where it is wound into a reel.
[0031] Fig. 3(a) is a plan view showing an embodiment
of the paired chilled rolls 100 and 200. One 100 of the
chilled rolls 100 and 200 is a barreled mid-thick roll 100a
which has a longitudinal (lateral in Fig. 3(a)) central di-
ameter D1 greater than longitudinal end diameters D2.
The other chilled roll 200 is a hand-drum-shaped mid-
thin roll 200a which has a longitudinal central diameter
D3 smaller than longitudinal end diameters D4. The mid-
thick roll 100a has roll diameters gradually decreased
from the longitudinal roll central portion to the longitudinal
roll end portions with a constant decreasing rate to pro-
vide a longitudinal contour with a radius R1. The mid-thin
roll 200a has roll diameters gradually increased from the
roll longitudinal central portion to the longitudinal end por-
tions with a constant increasing rate to provide a longi-
tudinal contour with a radius R2.
[0032] The increasing rate in the roll diameters of the
mid-thin roll 200a increased toward the longitudinal roll
end portion is greater than the decreasing rate in the roll
diameters of the mid-thick roll 100a decreased toward
the longitudinal roll end portions. Specifically, when a co-
ordinate along a roll axis from the longitudinal roll central
portion to the roll end portion is defined as Z-coordinate,
the decreasing rate (Δr/ΔZ) representing a degree of dec-
rement Δr in roll radius r of the mid-thick roll 100a relative
to increment Δz of Z and the increasing rate (Δr’/Δz) rep-
resenting a degree of increment Δr’ in roll radius r’ of the
mid-thin roll 200a relative to increment Δz of Z have a
relationship (Δr/Δz) < (Δr’/Δz). Thus, curvature of the arc
with the radius R2 provided by the mid-thin roll 200a hav-
ing the concave longitudinal central portion is greater
than curvature of the arc with the radius R1 provided by
the mid-thick roll 100a having the convex longitudinal
central portion, and curvature radii R1 and R2 have a
relationship R1 > R2. As a result, the roll gap 3 between
the mid-thick and mid-thin rolls 100a and 200a has a
shape wide at a longitudinal center and is gradually nar-
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rowed toward longitudinal ends. According to such roll
gap 3 wide at the longitudinal roll central portions and
gradually narrowed toward the longitudinal roll end por-
tions, the thin sheet 12 thick at a widthwise central portion
and thin at lateral ends is produced, which improves line
controllability for prevention of the sheet from meander-
ing upon rolling by the rolling mill 14 downstream.
[0033] Fig. 3(b) is a plan view showing a further em-
bodiment of shapes of the paired chilled rolls 100 and
200 in which the mid-thick and mid-thin rolls 100a and
200a have decrement and increment in roll diameters
between the longitudinal roll central portions and the lon-
gitudinal roll end portions greater than those in Fig. 3(a)
(curvature radii R3 and R4 of the arcs are smaller and
have a relationship R3 > R4).
[0034] Next, the above-mentioned embodiments will
be described.
[0035] As shown in Figs. 3(a) and 3(b), the mid-thick
and mid-thin rolls 100a and 200a are arranged in com-
bination in the twin roll caster 7 shown in Fig. 6 and are
rotated as shown by the arrows while the molten metal
in the tundish 10 is supplied via the nozzle 11 to the mol-
ten metal pool 9. The molten metal in the molten metal
pool 9 is drawn out as the thin sheet 12 through the roll
gap 3 while it is cooled and solidified by the mid-thick and
mid-thin rolls 100a and 200a.
[0036] Formation of the roll gap 3 which is wide at the
longitudinal roll central portions and is gradually nar-
rowed toward the longitudinal roll end portions by the
arcs of the radii R1 and R2 provided by the mid-thick and
mid-thin rolls 100a and 200a shown in Fig. 3(a) or by the
arcs of the radii R3 and R4 provided by the mid-thick and
mid-thin rolls 100a and 200a shown in Fig. 3(b) could
prevent the reduced-diameter-end portions 6 shown in
Fig. 1(e), which are produced conventionally when heat
input to the chilled rolls 1 and 2 is increased, from being
produced. Thus, the thin sheet 12 with an intended thick-
ness profile could be produced. In this manner, according
to the twin roll caster 7 with the mid-thick and mid-thin
rolls 100a and 200a in combination, a favorable roll gap
3 can be attained with no reduced-diameter-end portions
6 being produced, so that a thin sheet 12 with an intended
thickness profile can be produced stably.
[0037] Fig. 5 shows results obtained by simulation on
a relationship between longitudinal position on roll (ab-
scissa) and roll gap (ordinate) upon casting by the mid-
thick and mid-thin rolls 100a and 200a shown in Fig. 3(a)
in cases A and B where heat input is at a normal value
of 12.5 MW and is increased to 15.5 MW, respectively.
[0038] According to Fig. 5, it is noted that even when
the heat input is increased as shown by B, the roll gap
of about 1.6 mm at the longitudinal roll central portion is
gradually reduced toward the roll end portion. That is,
the problem of the inflection point X of the roll gap
changed into an increase being produced at positions
proximal to and of the order of 50 mm from the roll end
surfaces as shown in Fig. 2 can be prevented and thus
the problem of the reduced-diameter-end portions 6 be-

ing produced at the roll end portions as shown in Fig.
1(e) can be prevented.
[0039] It is considered that the fact that the conven-
tional reduced-diameter-end portions 6 are prevented
from being produced is due to the fact that combination
of the mid-thick and mid-thin rolls 100a and 200a makes
the change in roll diameters at the roll end portions mod-
erate and great in comparison with the conventional art,
which suppresses the thermal deformation at the roll end
portions.
[0040] When the production of the dog bones 4 shown
in Fig. 1(b) is problematic in the embodiments shown in
Fig. 3, it suffices to preliminarily machine at least one of
peripheries of the mid-thick and mid-thin rolls 100a and
200a to have concavities compensable for dog bones 4
so as to obtain an intended roll gap 3 in casting, thereby
preventing the dog bones 4 from being produced.
[0041] Fig. 4(a) is a plan view showing a still further
embodiment of shapes of the paired chilled rolls 100 and
200 in which, in areas within distance H or 15% of roll
length of the mid-thin roll 200a from roll end surfaces,
the roll diameter is suddenly increased by an increasing
rate greater than that by which the roll diameter at the
longitudinal roll central portion is gradually increased to-
ward the longitudinal end portions with the arc of radius
R2, thereby providing sudden approach portions 17,
which suddenly approach the mid-thick roll 100a, at the
roll end portions of the mid-thin roll 200a.
[0042] Further, Fig. 4(b) shows a still further embodi-
ment in which, in areas within distance H or 15% of roll
length of the mid-thick roll 100a from the roll end surfaces,
the roll diameter is suddenly decreased by a decreasing
rate smaller than that by which the roll diameter of the
longitudinal roll central portion is gradually decreased to-
ward the longitudinal end portions with the arc of radius
R1, thereby providing sudden approach portions 17’,
which suddenly approach the mid-thin roll 200a, at the
roll end portions of the mid-thick roll 100a.
[0043] In Fig. 4(a), the roll end portions of the mid-thin
roll 200a are formed with the sudden approach portions
17 suddenly approaching the mid-thick roll 100a; in Fig.
4(b), the roll end portions of the mid-thick roll 100a is
formed with the sudden approach portions 17’ suddenly
approaching the mid-thin roll 200a. Thus, the mid-thick
and mid-thin rolls 100a and 200a rapidly approach to
each other at the roll end portions. Such sudden ap-
proaching of the roll end portions each other can further
reliably prevent the reduced-diameter-end portions 6
shown in Fig. 1(e) from being produced.
[0044] According to the above-mentioned embodi-
ments of the invention, the combination of the mid-thick
and mid-thin rolls 100a and 200a eliminates the need to
make machining in narrow regions for providing concav-
ities 5 shown in Fig. 1(c) to prevent the conventional dog
bones from being produced and for preventing the re-
duced-diameter-end portions 6 shown in Fig. 1(e) from
being produced, and an intended roll gap is attained by
the simply shaped mid-thick and mid-thin rolls 100a and
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200a.
[0045] It is to be understood that the chilled rolls for
the twin roll caster according to the invention is not limited
to the above embodiments and that various changes and
modifications may be made without departing from the
scope of the invention.

Reference Signs List

[0046]

3 roll gap
7 twin roll caster
10 tundish
12 thin sheet
17 sudden approach portion
17’ sudden approach portion
100 chilled roll
200 chilled roll
100a mid-thick roll
200a mid-thin roll
D1 diameter
D2 diameter
D3 diameter
D4 diameter

Claims

1. Chilled rolls for a twin roll caster wherein molten met-
al from a tundish is received by the paired chilled
rolls at a upper position of a roll gap between the
rolls, a thin sheet being drawn out from said roll gap
between the rolls while being cooled,
wherein one of the paired chilled rolls is a mid-thick
roll which has a longitudinal central portion with a
diameter greater than that of longitudinal end por-
tions, and the other of the paired chilled rolls is a
mid-thin roll which has a longitudinal central portion
with a diameter smaller than that of longitudinal end
portions,
the roll gap between the mid-thick and mid-thin rolls
being such that the rolls are gradually made closer
to each other from the longitudinal roll central por-
tions to the longitudinal roll end portions.

2. The chilled rolls for the twin roll caster as claimed in
claim 1 wherein, in areas within 15% of roll length
from roll end surfaces, said mid-thick and mid-thin
rolls have sudden approach portions which are made
suddenly closer to each other than the longitudinal
roll central portions.

3. The chilled rolls for the twin roll caster as claimed in
claim 2 wherein said sudden approach portions are
provided by making a diameter increasing rate of
said mid-thin roll at the longitudinal roll end portions
greater than that at the longitudinal roll central por-

tion.

4. The chilled rolls for the twin roll caster as claimed in
claim 2 wherein said sudden approach portions are
provided by making a diameter decreasing rate of
said mid-thick roll at the longitudinal roll end portions
smaller than that at the longitudinal roll central por-
tion.
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