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(67)  Disclosed is a valve plate for a slide gate, which
is positioned between a ladle and a tundish to control a
flow rate of molten steel. The valve plate for the slide
gate has a heptangular shape including a first long side
and a second long side facing each other in parallel, a
first short side and a second short side slantly contacting
ends of the first long side and the second long side, re-
spectively, a third short side connecting the first short
side and the second short side, and a fourth short side
and a fifth short side slantly contacting the other ends of
the first long side and the second long side, respectively.
The valve plate for the slide gate is symmetric based on
a central line parallel to the first long side and the second
long side while maintaining the same distance as the first
long side and the second long side and an orifice is
formed on the central line.
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Description
[Technical Field]

[0001] The present invention relates to a slide gate positioned between a ladle and a tundish to control a flow rate of
molten steel, and more particularly, to a valve plate for a slide gate, which is capable of minimizing generation of stress
and cracks.

[Background Art]

[0002] In continuous casting, molten steel refined in a ladle is transported to a tundish and in this case, a slide gate
serving as a valve is mounted between the ladle and tundish in order to control a flow rate of the molten steel. The slide
gate is constituted by an upper valve plate and a lower valve plate each having an orifice.

[0003] The slide gate becomes an opened state when two orifices are at the same position and a closed state when
the lower valve plate becomes a closed state when the lower valve plate slides and the orifice of the upper valve plate
is clogged by the lower valve plate. In addition, an opening degree of the orifice of the upper valve plate is controlled
according to a movement degree of the lower valve plate to control the flow rate of the molten steel.

[0004] A peripheral temperature of the orifice of the valve plate reaches 1600°C, while an outer temperature of the
valve plate is approximately 400°C. Accordingly, a temperature gradient occurs toward a periphery of the valve plate of
the orifice and the crack is generated in the valve plate due to a difference in thermal expansion.

[0005] A method is used, which clamps an exterior of the valve plate by using a tool such as a stopper, or the like in
order to suppress the generation of the crack. However, stress generated according to a shape of the valve plate varies
when the same clamping force is applied, and as aresult, shape enhancement of the valve plate is required for minimizing
the generation of the stress.

[DISCLOSURE]
[Technical Problem]

[0006] The present invention has been made in an effort to provide a slide gate and a valve plate for the slide gate,
which are capable of minimizing generation of stress and cracks generated on the valve plate by optimizing a shape of
the valve plate.

[Technical Solution]

[0007] An exemplary embodiment of the present invention provides a valve plate for a slide gate, wherein: the valve
plate has a heptangular shape including a first long side and a second long side facing each other in parallel, a first short
side and a second short side slantly contacting one end of the first long side and one end of the second long side,
respectively, a third short side connecting the first short side and the second short side, and a fourth short side and a
fifth short side slantly contacting the other ends of the first long side and the second long side, respectively. The valve
plate for the slide gate is symmetric based on a central line parallel to the first long side and the second long side while
maintaining the same distance as the first long side and the second long side and an orifice may be formed on the central
line.

[0008] The first long side and the second long side may have the same length, and the lengths of the first long side
and the second long side may be larger than the length of each of the first to fifth short sides. The first short side and
the second short side may have the same length, and the length of the third short side may be smaller than the length
of each of the firstand second short sides. Corners contacting the fourth short side and the fifth short side may be rounded.
[0009] The orifice may be positioned between the first long side and the second long side, and each of the first long
side and the second long side may be bidivded into a first part having a length of 81 and a second part having a length
of 82 by a virtual vertical line which is orthogonal to the central line and meets a center of a shape of the orifice. The first
long side and the second long side may be formed to satisfy the following condition.

2<51/62<3.5

[0010] A virtual right-angled triangle having each of the fourth short side and the fifth short side as an oblique side
may be configured on the valve plate, and the right-angled triangle may have a bottom side having a length k1 and a
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height having a length of k2. The fourth short side and the fifth short side may be formed to satisfy the following condition.

1.5<k1/k2<2.75

[0011] Another exemplary embodiment of the present invention provides a slide gate including a valve plate having
the aforementioned configuration as an upper valve plate and a lower valve plate, wherein the lower valve plate moves
by a stroke length of S to open and close an orifice of the upper valve plate.

[0012] A total length D1 of the valve plate may belong to a range of twice to three times larger than the stroke length
S and a total width D2 of the valve plate may belong to a range of once to 1.5 times larger than the stroke length S.

[Advantageous Effects]

[0013] According to exemplary embodiments of the present invention, a valve plate for a slide gate has a heptangular
shape and slopes and lengths of a first short side, a second short side, a fourth short side, and a fifth short side to which
clamping force is applied are optimized to reduce maximum stress generated on the valve plate. As a result, generation
of a crack of the valve plate is suppressed to improve a use life-span of the valve plate.

[Description of the Drawings]
[0014]

FIG. 1 is a perspective view illustrating a valve plate for a slide gate according to an exemplary embodiment of the
present invention.

FIGS. 2 and 3 are cut-away perspective views of the slide gate including the valve plate illustrated in FIG. 1.

FIG. 4 is a graph showing a numerical analysis result of a maximum stress size depending on a change of §1/52.
FIG. 5 is a graph showing a numerical analysis result of a maximum stress size depending on a change of k1/k2.

[Mode for Invention]

[0015] The present invention will be described more fully hereinafter with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown. As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all without departing from the spirit or scope of the present
invention.

[0016] FIG. 1 is a perspective view illustrating a valve plate for a slide gate according to an exemplary embodiment
of the present invention.

[0017] Referring to FIG. 1, the valve plate 100 according to the exemplary embodiment as a heptangular plate having
a predetermined thickness includes a circular orifice 19 for discharging molten steel.

[0018] In detail, the valve plate 100 includes a first long side 11 and a second long side 12 facing each other in parallel,
a first short side 21 and a second short side 22 slantly contacting one end of the first long side 11 and one end of the
second long side 12, respectively, a third short side 23 orthogonal to the first long side 11 and connecting the first short
side 21 and the second short side 22, and a fourth short side 24 and a fifth short side 25 slantly contacting the other
ends of the first long side 11 and the second long side 12, respectively.

[0019] The first long side 11 and the second long side 12 have the same length and the lengths of the first long side
11 and the second long side 12 are larger than respective lengths of the first to fifth short sides 21 to 25.

[0020] Based on FIG. 1, the first short side 21 and the second short side 22 slantly contact left ends of the first long
side 11 and the second long side 12, respectively and the third short side 23 connects the first short side 21 and the
second short side 22. The first short side 21 and the second short side 22 have the same length and the length of the
third short side 23 may be smaller than the respective lengths of the first short side 21 and the second short side 22.
[0021] Based on FIG. 1, the fourth short side 24 and the fifth short side 25 slantly contact right ends of the first long
side 11 and the second long side 12, respectively and the fourth short side 24 and the fifth short side 25 have the same
length. Corners contacting the fourth short side 24 and the fifth short side 25 are not formed to be pointed, but may be
rounded at a predetermined curvature.

[0022] The valve plate 100 has a heptangular shape in which a diamond shape contacts one side of a central square
and a triangular shape contacts the other side of the central square part. In this case, all corners where the first long
side 11 and the second long side 12 and the first to fifth short sides 21 to 25 contact each other are rounded to suppress
stress concentration on the corners.
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[0023] A virtual central line C-C which is parallel to the first long side 11 and the second long side 12 while maintaining
the same distance as the first long side 11 and the second long side 12 may be configured on the valve plate 100. The
valve plate 100 is symmetric based on the central line C-C (vertically symmetric based on FIG. 1) and the orifice 19 is
positioned on the central line C-C. In particular, the center of a shape of the orifice 19 is positioned on the central line
C-C. The orifice 19 does not deviate between the first long side 11 and the second long side 12.

[0024] A virtual vertical line D-D which meets the center of the shape of the orifice 19 and is orthogonal to the central
line C-C may be configured on the valve plate 100. The first long side 11 and the second long side 12 are bidivided into
first parts 11 a and 12a and second parts 11b and 12b based on the vertical line D-D and the first parts 11 a and 12a
and the second parts 11b and 12b have lengths of 1 and 62, respectively. The first parts 11 a and 12a contact the first
short side 21 and the second short side 22 and the second parts 11b and 12b contact the fourth short side 24 and the
fifth short side 25.

[0025] The length 51 of the first parts 11 a and 12a is larger than the length 82 of the second parts 11b and 12b. That
is, the orifice 19 is positioned closer to the fourth short side 24 and the fifth short side 25 than the first short side 21 and
the second short side 22. The first short side 21 has a slope of an acute angle with respect to the first long side 11 and
the second short side 22 has the same slope of the acute angle with respect to the second long side 12. In FIG. 1, the
slopes of the first short side 21 and the second short side 22 are represented as 6.

[0026] Further, a virtual right-angled triangle may be configured on the valve plate 100, in which each of the fourth
short side 24 and the fifth short side 25 has an oblique side. A bottom side k1 of the right-angled triangle is parallel to
the central line C-C and a part of the bottom side overlaps with the central line C-C. A height k2 of the right-angled
triangle is parallel to the vertical line D-D. The slopes of the fourth short side 24 and the fifth short side 25 are determined
by k1 and k2 values.

[0027] The first short side 21, the second short side 22, the fourth short side 24, and the fifth short side 25 at the center
of the valve plate 100 is a part that contacts a stopper of a clamping device (not illustrated) to receive clamping force
from the clamping device. In addition, a surface pressure depending on a weight of the molten steel is applied onto an
entire surface of the valve plate 100.

[0028] FIGS. 2 and 3 are cut-away perspective views of the slide gate including the valve plate illustrated in FIG. 1,
and FIG. 2 illustrates an opened state and FIG. 3 illustrates a closed state.

[0029] Referring to FIGS. 1 to 3, two valve plates 110 and 120 of the exemplary embodiment are stacked on each
other to constitute a slide gate 200. That is, the slide gate 200 is constituted by an upper valve plate 110 and a lower
valve plate 120 and two valve plates 110 and 120 are configured similarly to the valve plate 100 illustrated in FIG. 1.
[0030] The upper valve plate 110 is disposed to be opposite to the lower valve plate 120 at left and right sides thereof.
That is, when the fourth short side 24 and the fifth short side 25 of the lower valve plate 120 are positioned toward the
right side, the fourth short side 24 and the fifth short side 25 of the upper valve plate 110 are positioned toward the left side.
[0031] The orifice 19 of the upper valve plate 110 is connected with an upper nozzle (not illustrated) to maintain a
state in which the molten steel continuously flows. When the orifice 19 of the lower valve plate 120 overlaps with the
orifice 19 of the upper valve plate 110, the slide gate 200 becomes an opened state and when the lower valve plate 120
slides to clog the orifice 19 of the upper valve plate 110, the slide gate 200 is switched to a closed state.

[0032] Referring back to FIG. 1, the valve plate 100 of the exemplary embodiment has the heptangular shape to
minimize stress generation as compared with a valve plate having a different shape in the related art. For example, a
valve plate without the first long side 11 and the second long side 12 has a pentagonal shape and the valve plate 100
of the exemplary embodiment may have a lower maximum stress value than the pentagonal valve plate.

[0033] Table 1 given below shows a numerical analysis result having a maximum stress size depending on a ratio of
81 and 62 and a change of slopes 6 of the first short side 21 and the second short side 22 under a condition in which
the same clamp pressure is applied. Maximum stress means maximum tensile stress applied to the valve plate 100 and
as the size of the maximum stress is smaller, less cracks are generated.

(Table 1)
Sample No. 1 2 3 4 5
81:52 0:0 0:1 1:1 1:3.1 1.5:1
0(°) 8 11 13 15 16
Maximum stress (MPa) | 438.8 | 421.5 | 415 398.3 | 3825
Sample No. 6 7 8 9
81:52 21 2.5:1 3:1 3.3:1
0(°) 20 25 30 35
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(continued)

Sample No. 1 2 3 4 5
Maximum stress (MPa) | 360.8 | 358.6 | 358.6 | 357.3

In Table 1, sample 1 is the pentagonal valve plate and samples 2 to 9 are the heptangular valve plates. Under a condition
in which the same clamping pressure is applied to samples 1 to 9, it can be verified that maximum stress of samples 2
to 9 is reduced as compared with sample 1. In particular, as the lengths of the first long side 11 and the second long
side 12 are larger than the length of the entire valve plate 100, it can be seen that the maximum stress is significantly
reduced.

[0034] Itis appreciated that such a result is that as the lengths of the first long side and the second long side are larger
than the length of the valve plate, a horizontal component of the clamping pressure increases under the condition in
which the same clamping pressure is applied, and as a result, stress generated due to thermal expansion is more
suppressed.

[0035] Further, in the valve plate 100 of the exemplary embodiment, a length ratio (81:562) of the first part 11 a and the
second part 11 b that bidivide the first long side 11 and a ratio (k1:k2) of the bottom side and the height of the right-
angled triangle having the fourth short side 24 as the oblique side are associated with the stress of the valve plate 100.
[0036] FIG. 4 is a graph showing a numerical analysis result of a maximum stress size depending on a change of
81/82 with respect to samples 10 to 13. Table 2 given below shows shape characteristics of samples 10 to 13.

(Table 2)
Slope (°) of firstshortside | k1:k2 Diameter (mm) of orifice | Length (mm) of third short side
Sample 10 | 22.04 1.55:1 | 35 90
Sample 11 | 12.93 1.54:1 | 60 125
Sample 12 | 19.54 1.92:1 | 55 100
Sample 13 | 19.29 2.29:1 | 85 135

[0037] As shown in FIG. 4, as the §1/52 value increases with respect to all of samples 10 to 13, it can be seen that
the maximum stress generated on the valve plate 100 decreases. An effect may be acquired, in which the maximum
stress of the valve plate 100 decreases when the 51/82 value is 2 or more and in particular, the maximum stress does
not show a large variation when the 31/32 value is 2 or more in samples 11 to 13.

[0038] In the valve plate 100, a lower limit of the §1/32 value is 2 and the §1/32 value may increase within an imple-
mentable range, but as the 81/32 value increases, more materials are used, and as a result, §1/82 may be set to satisfy
arange of 2 to 3.5.

[0039] FIG. 5 is a graph showing a numerical analysis result of a maximum stress size depending on a change of
k1/k2 with respect to samples 14 to 17. Table 3 given below shows shape characteristics of samples 14 to 17.

(Table 3)
81:52 Slope (°) of first shortside | Diameter (mm) of orifice | Length (mm) of third short side
Sample 14 | 3:1 22.04 35 90
Sample 15 | 1.17:1 | 12.93 60 125
Sample 16 | 2.08:1 | 19.54 55 100
Sample 17 | 2.11:1 | 19.29 85 135

[0040] As shown in FIG. 5, as the k1/k2 value decreases with respect to all of samples 14 to 17, it can be seen that
the maximum stress generated on the valve plate 100 decreases. An effect may be acquired, in which when the k1/k2
value is 2.75 or less, the maximum stress of the valve plate 100 decreases and it is impossible to manufacture a sample
having k1/k2 of 1.5 or less. Accordingly, k1/k2 may be set to satisfy a range of 1.5 to 2.75.

[0041] Meanwhile, in the valve plate 100 of the exemplary embodiment, a total length and a total width and the length
81 of the first parts 11 a and 21 a and the length of the third short side 23 are associated with a stroke length which is
a movement distance of the lower valve plate 120 when the slide gate 200 is actuated. In FIG. 1, the total length of the
valve plate 100 is represented as D1 and the total width is represented as D2. In addition, in FIG. 3, the stroke length
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of the lower valve plate 120 is represented as S.

[0042] The total length D1 of the valve plate 100 may be set to satisfy a range of twice or three times larger than the
stroke length S. When the total length D1 of the valve plate 100 is twice less than the stroke length S, since the length
of the valve plate 100 is not sufficient according to an actuation direction of the valve plate 100, the lower valve plate
120 may not clog the orifice 19 of the upper valve plate 110 in the closed state, and as a result, there is a possibility that
the molten steel will leak. Meanwhile, when the total length D1 of the valve plate 100 is three times larger than the stroke
length S, manufacturing cost of the valve plate 100 may increase due to excessive use of materials.

[0043] The total width D2 of the valve plate 100 may be set to satisfy a range of one to 1.5 times larger than the stroke
length S. When the total width D2 of the valve plate 100 is once less than the stroke length S, since the first and second
long sides 11 and 12 and the orifice 19 are positioned excessively close to each other, there is a possibility that the
crack will be generated in a vertical direction from the orifice 19. Meanwhile, when the total width D2 of the valve plate
100 is 1.5 times larger than the stroke length S, there is no change in performance of the valve plate 100, but the used
materials may be wasted.

[0044] The length 31 of the first parts 11 a and 12a may be set to satisfy a range of 0.2 to 0.5 times smaller than the
stroke length S. In addition, the length of the third short side 23 may be set to satisfy a range of 0.5 times or once as
large as the stroke length S.

[0045] As described above, the valve plate 100 of the exemplary embodiment has the heptangular shape and slopes
and lengths of the first short side 21, the second short side 22, the fourth short side 24, and the fifth short side 25 to
which the clamping force is applied are optimized to reduce the maximum stress generated on the valve plate 100. As
aresult, the generation of the crack of the valve plate 100 is suppressed to improve a use life-span of the valve plate 100.
[0046] Whilethisinventionhasbeendescribed in connectionwithwhatis presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent arrangements included within the spirit and scope of the
appended claims.

Claims

1. A valve plate for a slide gate, wherein:
the valve plate has a heptangular shape including a first long side and a second long side facing each other in
parallel, a first short side and a second short side slantly contacting one end of the first long side and one end
of the second long side, respectively, a third short side connecting the first short side and the second short side,
and a fourth short side and a fifth short side slantly contacting the other ends of the first long side and the second
long side, respectively, and
the valve plate is symmetric based on a central line parallel to the first long side and the second long side while
maintaining the same distance as the first long side and the second long side and an orifice is formed on the
central line.

2. The valve plate of claim 1, wherein:
the first long side and the second long side have the same length, and
the lengths of the first long side and the second long side are larger than the length of each of the first to fifth
short sides.

3. The valve plate of claim 2, wherein:

the first short side and the second short side have the same length, and
the length of the third short side is smaller than the length of each of the first and second short sides.

4. The valve plate of claim 3, wherein:
corners contacting the fourth short side and the fifth short side are rounded.
5. The valve plate of claim 1, wherein:

the orifice is positioned between the first long side and the second long side, and
each of the first long side and the second long side is bidivded into a first part having a length of 61 and a second
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part having a length of 52 by a virtual vertical line which is orthogonal to the central line and meets a center of
a shape of the orifice.

6. The valve plate of claim 5, wherein:

the first long side and the second long side are formed to satisfy the following condition.

2<051/62<35

7. The valve plate of claim 1, wherein:

a virtual right-angled triangle having each of the fourth short side and the fifth short side as an oblique side is
configured on the valve plate, and
the right-angled triangle has a bottom side having a length k1 and a height having a length of k2.

8. The valve plate of claim 7, wherein:

the fourth short side and the fifth short side are formed to satisfy the following condition.

1.5 <k1/k2<2.75

9. Aslide gate including a valve plate of any one of claim 1 to claim 8 as an upper valve plate and a lower valve plate,

wherein:
the lower valve plate moves by a stroke length of S to open and close an orifice of the upper valve plate.
10. The slide gate of claim 9, wherein:
a total length D1 of the valve plate belongs to a range of twice to three times larger than the stroke length S.
11. The slide gate of claim 10, wherein:

a total width D2 of the valve plate belongs to a range of once to 1.5 times larger than the stroke length S.
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FIG. 4
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