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(54) SKEW PREVENTION DEVICE FOR SLIT BAND PLATES

(57) Slit strips can be stabilized at the central area
of a conveyance line without damaging the edges of the
strips or using a complex control system. In addition, even
in an unsteady operation in which, for example, the tail
end of the strip after the cutting process is passed, the
strip can be passed in a stable state. An apparatus to
prevent strip walking passes the slit strips S1 and S2 with
a pinch roll. The pinch roll includes the lower roll 12 that
supports the bottom surfaces of the slit strips and the
upper rolls 11 that are separated from each other in a

strip width direction. The upper rolls come into contact
with the top surfaces of the slit strips and move the slit
strips toward the line center by using the outside biased
pinch or the inward skew angle. Portions of the slit strips
around the line-center-side edges of the slit strips are
nipped by the lower roll and the separated upper rolls or
by the lower roll and a center roll 2 provided at a line
center area near separation ends of the upper rolls that
are separated from each other. The apparatus includes
the center guide 1 that guides the line-center-side edges
of the slit strips that are restrained by being nipped.
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Description

[Technical Field]

[0001] The present invention relates to apparatuses to
prevent strip walking of slit strips (strips that are slit, also
called slit materials), and more particularly, to an appa-
ratus to prevent strip walking used to stably pass a strip
by suppressing strip walking and stably coil the strip while
avoiding formation of a telescoped coiled strip.
The present invention is particularly advantageous when
a leading end or a tail end of a strip, at which tension
decreases, is passed. The tension decreases in, for ex-
ample, the following cases. That is, on a conveying table
roller between a finishing mill and a coiler in a hot rolling
line of a steel strip, the tension is low in periods before
the leading end of the steel strip reaches the coiler and
after the tail end of the steel strip leaves the finishing mill.
In addition, in a cold rolling line or a continuous process-
ing line of a steel strip, the tension decreases when the
steel strip is subjected to shear cutting immediately be-
fore coiling is finished. The strips to which the present
invention may be applied include metal strips, such as
steel strips, and sheet-shaped plastic films.

[Background Art]

[0002] In the following description, "nip" means a con-
tact zone in which a conveying roll (including a pinch roll)
is in contact with a strip that is being passed. In addition,
"skew angle" means a roll skew angle at which rolls are
skewed outward or inward with respect to a strip convey-
ing direction. A skew angle at which the rolls are skewed
outward is called an outward skew angle, and a skew
angle at which the rolls are skewed inward (see Fig. 3)
is called an inward skew angle.
In the case where a relatively narrow strip is required, a
slitter is arranged at an entrance side of a coiler in a
recoiling line, and a rolled strip having a large width is
divided into separate strips in a strip width direction. The
thus-obtained separate strips are coiled individually. The
following are examples of the background art regarding
such a slit line:

(1) Apparatus including separator disks (PTL 1)

[0003] In this apparatus, a strip S that has been fed is
trimmed by side trimmers at the sides thereof in a strip
width direction, and is cut by a slitter at a central position
thereof in the strip width direction so that the strip S is
divided into two slit materials S1 and S2. The slit materials
S1 and S2 are caused to pass a deflector roll and coiled
by a single coiler while a slit gap is maintained by sepa-
rator disks.

(2) Apparatus including guide means

[0004] On a conveying table roller between a finishing

mill and a coiler in a hot rolling line, the tension is elimi-
nated after the tail end of the steel strip leaves the finish-
ing mill. Accordingly, an unstable operation may occur in
which the tail end of the steel strip undulates or strip walk-
ing in the strip width direction occurs. Guide means, such
as a side guide, is use to suppress such an operation.
Similarly, a method of forcibly restraining a strip with
guide means, such as a side guide, is also used in a
general operation line to retain the tail end of the strip at
a line center position.

(3) Apparatus including edge position control (EPC) de-
vice (PTL 1)

[0005] In this apparatus, the two slit materials S1 and
S2 are individually coiled by respective coilers. The po-
sitions of the sides (edges) of the slit materials S1 and
S2 in the strip width direction immediately before the slit
materials S1 and S2 are coiled are detected by respective
edge sensors. The slit gap is adjusted by moving coiling
shafts in the respective coilers in the strip width direction
in accordance with the amounts of movement of the edg-
es. Thus, the operation speed of the line can be in-
creased.

(4) Apparatus including skew rolls (PTL 1)

[0006] This apparatus includes a single coiler and left
and right skew rolls that are respectively in contact with
the two slit materials S1 and S2. The left and right skew
rolls are arranged to have the same skew angle, and the
skew angle is varied such that a detection value obtained
by a slit gap detector approaches a desired value. Thus,
the slit gap is adjusted and maintained so as to achieve
an excellent coiling appearance that edge becomes com-
plete.

(5) Apparatus including pinch roll capable of performing 
biased pinch adjustment (PTL 2)

[0007] In this apparatus, each of a plurality of slit ma-
terials is provided with a pinch roll that is located between
a slitter and a tension reel (coiler) and that is capable of
performing a biased pinch adjustment. Owing to the bi-
ased pinch adjustment, the slit materials are guided in a
direction away from the line center. When biased pinch
(partial pinch) is applied to each slit material in an area
near the line center, rotation moment is generated in a
direction such that the slit gap increases.

[Citation List]

[Patent Literature]

[0008]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 3-5017
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[PTL 2] Japanese Unexamined Patent Application
Publication No. 10-230319

[Summary of Invention]

[Technical Problem]

[0009] According to example (1) of the background art,
if the slit gap varies in accordance with the properties of
the slit materials S1 and S2, sufficient adjustment cannot
be made by the separator disks. As a result, there is a
possibility that the slit gap will decrease and strip side
portions at both sides of the slit gap will be deformed by
being pressed against the separator disks. In addition,
there is also a possibility that the slit gap will increase
and a coiling failure, a non-uniform edge alignment, etc.,
will occur. As a result, the line speed cannot be increased
and the operation must be performed at a low speed. In
addition, at the separator disks, the slit materials are not
retained by rolls or the like in the vertical direction. There-
fore, if the strip side portions at both sides of the slit gap
come into contact with the separator disks, the slit ma-
terials will be bent in the vertical direction and the strip
side portions will be damaged.
[0010] According to example (2) of the background art,
damage on the edge of a strip will occur at a side portion
of the strip in a strip width direction when the strip comes
into contact with the guide means, such as a side guide.
More specifically, as illustrated in Fig. 2(a), a side guide
SG is inserted in an area between roll pitches (between
nips) of conveying rolls 10. Therefore, the side portion of
the strip in the strip width direction is easily damaged in
a contact width area in which the strip S is not supported.
Therefore, in the case where the strip is restrained by
the side guide, accurate position control must be per-
formed in accordance with the strip width. In particular,
when the strip thickness is small, accurate pressure con-
trol must be performed.
[0011] The method of suppressing the formation of a
telescoped coiled strip by performing strip position con-
trol in the line width direction as in examples (3) to (5) of
the background art have the following problems:

· A displacement occurs between a control target
and an actual position in the width direction, owing
to a time lag in which the strip travels from an up-
stream position to a downstream position.
· A complex system is required to perform the control.
· Even when the coiling process can be stabilized in
a steady operation, the tension applied to the slit
material is eliminated and the behavior of the slit ma-
terial becomes unstable at the tail end of the slit ma-
terial after the shear cutting process, the tail end be-
ing located at the outermost periphery of a coil after
the coiling process. Therefore, there may be a case
in which an existing EPC device or skew rolls cannot
be used.
· In the case where, for example, a low tension is

applied to the tail end after the cutting process, even
when a strip edge is detected at an upstream position
and the EPC is performed, the following problem oc-
curs. That is, when a tension reel shaft is shifted in
a strip width direction, there is a possibility that the
tail end of the slit material will move together with
the tension reel shaft in the same strip width direc-
tion. In such a case, the reel continuously follows the
strip edge and divergence occurs within the move-
ment limits of the reel in the width direction. Thus,
the coiling process becomes unstable.
· The slit gap control based on the biased pinch is
affected by unstable factors of the pinch roll. There-
fore, the control cannot be easily performed.

[0012] As described above, according to the back-
ground art, the slit strips cannot be stabilized at the cen-
tral area of a conveyance line without damaging the edg-
es of the strips or using a complex control system. In
addition, it is difficult to perform a stable operation in an
unsteady operation in which, for example, the tail end of
the strip after the cutting process is passed. These prob-
lems have not been solved.

[Solution to Problem]

[0013] According to the present invention, to solve the
above-described problems, a mechanical mechanism to
prevent strip walking that is independent of external con-
trol is used. The present invention aims at a mechanical
mechanism to prevent strip walking that can be easily
adjusted, that can be used for both slit materials and nor-
mal strips (strips that are not slit), and in which the two
usage patterns can be automatically or easily switched.
[0014] More specifically, the gist of the present inven-
tion is as follows.
[1] An apparatus to prevent strip walking which passes
at least one slit strip, which is obtained by slitting a single
full-width strip into two strips in a conveyance line, with
a pinch roll,
wherein the pinch roll includes a lower roll that supports
a bottom surface of the slit strip and upper rolls that are
separated from each other in a strip width direction, at
least one of the upper rolls coming into contact with a top
surface of the slit strip and moving the slit strip toward a
line center by using outside biased pinch or an inward
skew angle,
wherein a portion of the slit strip around a line-center-
side edge of the slit strip is nipped by the lower roll and
the at least one of the upper rolls that are separated from
each other or by the lower roll and a center roll provided
at a line center area near separation ends of the upper
rolls that are separated from each other, and
wherein the apparatus to prevent strip walking comprises
a center guide that guides the line-center-side edge of
the slit strip that is restrained by being nipped.
Here, the "outside biased pinch" means pinch (partial
pinch, one side pinch, etc.) applied at the outer sides of

3 4 



EP 2 517 800 A1

4

5

10

15

20

25

30

35

40

45

50

55

the line in the strip width direction.
[0015] [2] The apparatus to prevent strip walking ac-
cording to above item [1],
wherein the center guide is retractable,
wherein the center guide moves downward to a position
of contact with the lower roll to guide the line-center-side
edge of the slit strip when the slit strip is passed, and
wherein the center guide is retracted to a top surface of
the full-width strip when the full-width strip is passed with-
out being slit.
[0016] [3] The apparatus to prevent strip walking ac-
cording to above item [2],
wherein a rectangular-rod-shaped guide bar or a disc-
shaped guide disc is used as the center guide.
[0017] [4] The apparatus to prevent strip walking ac-
cording to above item [2],
wherein a disc-shaped large-diameter guide disc having
an outer diameter larger than a roll diameter of the upper
rolls that are separated from each other or a tiered disc
roll in which the large-diameter guide disc and the center
roll are integrated together is used as the center guide.
[0018] [5] The apparatus to prevent strip walking ac-
cording to above item [2],
wherein a movable guide ring that is loosely arranged to
be movable in a vertical direction is used as the center
guide.
[0019] [6] The apparatus to prevent strip walking ac-
cording to one of above items [1] to [5],
wherein a guide receiving groove into which the center
guide is removably insertable is formed in the lower roll
included in the pinch roll provided with the center guide.

[Advantageous Effects of Invention]

[0020] According to the present invention, in the con-
veyance line of the slit strip, it is not necessary to perform
high-response, high-accuracy feedback control for de-
tecting and correcting strip walking, and the slit strip can
be stabilized at the central area of the conveyance line
with a simple structure. The center guide used in the
present invention is a guide disposed at the slit cut side.
Therefore, it is also not necessary to perform, for exam-
ple, position control in accordance with the strip width.
In addition, since a portion of the strip edge that is located
in and/or near the nip in which the strip is nipped by upper
and lower rolls is guided, sufficient strip rigidity can be
easily ensured and damage does not easily occur on the
edge of the strip. Even in an unsteady operation in which,
for example, the tail end of a strip that has been formed
by shear cutting is passed and it is difficult to stably pass
the strip by the feedback control, the strip can be easily
passed in a stable state according to the present inven-
tion. In addition, the slit materials and the normal strips
can both be passed, and switching between the slit ma-
terials and the normal strips can be easily performed.

[Brief Description of Drawings]

[0021]

[Fig. 1] Fig. 1 shows schematic front views of an ex-
ample of the present invention illustrating the basic
concept of the present invention (the conveying di-
rection is from back to front in the direction perpen-
dicular to the figure).
[Fig. 2] Fig. 2 shows schematic perspective views
illustrating the operational effects of the present in-
vention as compared with an example of the related
art.
[Fig. 3] Fig. 3 is a schematic plan view illustrating the
definition of an inward skew angle.
[Fig. 4] Fig. 4 shows schematic front views of another
example (example in which a center roll is used) of
present invention [1] (the conveying direction is from
back to front in the direction perpendicular to the fig-
ure).
[Fig. 5] Fig. 5 is a time chart of pinch roll pinch and
outputs of strip walking sensors, illustrating an ex-
ample of data of a strip walking measurement ex-
periment using a model apparatus.
[Fig. 6] Fig. 6 shows schematic perspective views
and schematic front views illustrating an embodi-
ment of the present invention in which a guide bar
is used as a center guide.
[Fig. 7] Fig. 7 shows schematic perspective views
and schematic front views illustrating an embodi-
ment of the present invention in which a guide disc
is used as the center guide.
[Fig. 8] Fig. 8 shows schematic perspective views
and schematic front views illustrating an embodi-
ment of the present invention in which a large-diam-
eter guide disc or a tiered disc roll is used as the
center guide.
[Fig. 9] Fig. 9 shows schematic perspective views
and schematic front views illustrating an embodi-
ment of the present invention in which a guide ring
is used as the center guide.
[Fig. 10] Fig. 10 shows schematic front views illus-
trating an embodiment of the present invention in
which a lower roll is provided with a guide receiving
groove in which the center guide can be removably
inserted ((a) illustrates the state in which slit materi-
als are passed, (b) illustrates the state in which a
normal strip (strip that is not slit) is passed, and the
conveying direction is from back to front in the direc-
tion perpendicular to the figure).
[Fig. 11] Fig. 11 shows schematic perspective views
of an apparatus to prevent strip walking according
to a first example ((a) illustrates the state in which
slit materials are passed and (b) illustrates the state
in which a normal strip (strip that is not slit) is passed).
[Fig. 12] Fig. 12 shows schematic perspective views
of an apparatus to prevent strip walking according
to a second example ((a) illustrates the state in which
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slit materials are passed and (b) illustrates the state
in which a normal strip (strip that is not slit) is passed).
[Fig. 13] Fig. 13 is a schematic front view illustrating
a preferred embodiment of an outside biased pinch
(the conveying direction is from back to front in the
direction perpendicular to the figure).
[Fig. 14] Fig. 14 is a schematic sectional view illus-
trating a location near a nip.
[Fig. 15] Fig. 15 shows schematic sectional views
illustrating an example of a center-guide pressing
mechanism.
[Fig. 16] Fig. 16 is a schematic sectional view illus-
trating a preferred embodiment of a center guide.

[Description of Embodiments]

[0022] The basic concept of the present invention will
now be described.
Strip walking of slit materials (slit strips, abbreviated as
strips) is not controlled (feedback-controlled). Instead,
the slit materials are mechanically moved toward the line
center. As a method for mechanically moving the slit ma-
terials toward the line center, a method based on an out-
side biased pinch or a method based on an inward skew
angle may be used. In the method based on the outside
biased pinch, an upper roll included in a pinch roll is di-
vided into separate rolls in a strip width direction, and a
tiered roll, in which an outside pinch width is larger than
an inside pinch width, is used as each of the separate
rolls. In the method based on the inward skew angle, the
separate rolls are skewed inward with respect to a strip
conveying direction. According to the outside biased
pinch, a frictional force applied between the pinch roll
and the strips in the outside pinch areas is larger than
that in the inside pinch areas. Therefore, moments that
try to rotate the slit materials toward the line center are
generated, and the slit materials are mechanically moved
toward the line center. According to the inward skew an-
gle, roll circumferential speed components that are ori-
ented inward toward the line center are transmitted to
the slit materials. Therefore, the slit materials are me-
chanically moved toward the line center (in other words,
centered).
[0023] If rolls according to the related art are used, strip
walking occurs since a stable direction constantly chang-
es in accordance with, for example, an entrance angle
of each strip. Therefore, an adjustment is necessary. In
contrast, according to the present invention, it is not nec-
essary to perform fine adjustments since the rolls are
positively biased in a certain direction.
The positions of the slit materials, which are moved to-
ward the line center, must be stabilized at an area around
the line center, and the slit materials must be prevented
from overlapping. Accordingly, a center guide for the
strips is provided. The center guide is located in and/or
near a nip of the pinch roll. Here, a location near the nip
corresponds to a range on a strip surface in which an
angle of a line of site from the roll center to the strip sur-

face with respect to the normal line in a plane orthogonal
to a roll axis is in the range of 630°. In other words,
referring to Fig. 14, the location near the nip corresponds
to a range including upstream and downstream areas in
the moving direction of the slit strips S1 and S2, the range
corresponding to an angular range of 630° around the
roll center. The present invention is characterized in that
the center guide is provided to restrain the strip edges
that are located in and/or near the nip between the upper
and lower rolls and that have an extremely high strip ri-
gidity, so that the strips are prevented from being de-
formed even when the slit materials that have been
moved toward the center guide receive reactive forces
from the center guide.
[0024]  In other words, according to the present inven-
tion, as illustrated in Fig. 1(a) which shows the structure
based on the outside biased pinch and Fig. 1(b) which
shows the structure based on the inward skew angle, the
rolls are positively biased so as to apply external forces
F to the slit materials in directions toward the line center.
A center guide 1 is provided near the line center so as
to generate the reactive forces against the external forces
F. Referring to Fig. 3, the inward skew angle for gener-
ating the external forces F may be appropriately set in
accordance with the roll pinching force, and is preferably
set to about 10° to 30°. In the present invention, it is not
necessary to use the side guides according to the related
art for guiding the edges of the strips at the outer sides
of the line.
[0025] Referring to Fig. 2, in the case where, for ex-
ample, a side guide SG is used as in the related art, there
is a risk that the edge of a strip S1 at a side thereof in
the width direction will be damaged in an area between
a nip and the next nip (Fig. 2(a)). In contrast, according
to an example of the present invention, the center guide
1 is provided at the line-center sides of the strip edges
that are located in and/or near the nip. The strips S1 and
S2 are nipped between upper and lower rolls 11 and 12
in the pinch roll, so that the strips do not shift vertically
or yield and have an extremely high strip rigidity. There-
fore, the edges of the strips at the sides facing the center
guide 1 are not damaged (Fig. 2(b)). From the viewpoint
of obtaining a high strip rigidity, of the strip edges that
are located in and/or near the nip, the center guide pref-
erably restrains the strip edges that are located in the nip.
[0026] According to the above-described basic con-
cept, in the slit-strip conveyance line (also referred to as
a slit line), the slit strips can be stabilized at the central
area of the conveyance line without damaging the edges
of the strips. In addition, even in an unsteady operation
in which, for example, the tail ends of the strips after the
cutting process are passed, the strips can be easily
passed in a stable state.
An apparatus having the structure illustrated in Fig. 1(a)
was produced, and strips were passed along both sides
of the center guide and were subjected to pinch by the
pinch roll. The behavior of strip walking of the strips was
measured with strip walking sensors provided at both
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sides of the strips at the exit side of the pinch roll (coiling
section). Fig. 5 illustrates an example of the result of the
measurement. As is clear from the chart of outputs from
the strip walking sensors in the figure, the operation is
stabilized at the exit side (coiling section) as a result of
the pinch by the pinch roll (PR). In addition, it is clear that
the strips are centered as a result of the pinch by the
pinch roll.
[0027] According to present invention [1], based on the
above-described basic concept, as illustrated in Fig. 1,
for example, an apparatus to prevent strip walking pass-
es the slit strips S1 and S2, which are obtained by slitting
a single full-width strip into two strips in a conveyance
line, with a pinch roll. The pinch roll includes the lower
roll 12 that supports the bottom surfaces of the slit strips
S1 and S2 and the upper rolls 11 that are separated from
each other in a strip width direction. The upper rolls 11
come into contact with the top surfaces of the slit strips
S1 and S2 and move the slit strips S1 and S2 toward the
line center by using the outside biased pinch (Fig. 1(a))
or the inward skew angle (Fig. 1(b)). Portions of the slit
strips S1 and S2 around the line-center-side edges of
the slit strips S1 and S2 are nipped by the lower roll 12
and the separated upper rolls 11. The apparatus includes
the center guide 1 that guides the line-center-side edges
of the slit strips S1 and S2 that are restrained by being
nipped.
[0028] In the case where the upper rolls included in the
pinch roll are arranged to perform the outside biased
pinch, central contact zones for nipping the line-center-
side edges of the slit strips S1 and S2 may be provided
at the line-center sides of the upper rolls. Unlike the out-
side biased pinch zones, the central contact zones are
required simply to suppress upward warping of the edge
portions of the strips. Therefore, the roll outer diameter
of the central contact zones may be less than or equal
to the roll outer diameter of the outside biased pinch
zones. The contact width of the central contact zone is
1/2 or less, preferably 1/4 or less, of the biased pinch
contact width of the outside biased pinch zones. Accord-
ingly, the roll pinching force applied in the central contact
zone is smaller than that applied in the outside biased
pinch zones, so that the slit strips are moved toward the
line center.
[0029] The central contact zones of the upper rolls 11
ideally press the strips S1 and S2 over the areas including
the line-center-side edges, and preferably press the
strips S1 and S2 at positions as close to the edges as
possible. However, depending on the installation condi-
tions of the upper rolls 11 and the curvature of edge por-
tions of the central contact zones of the upper rolls 11,
there may be a case in which the central contact zones
cannot press the areas including the edges. In such a
case, portions that are separate from but near the edges
are pressed within areas in which the amount of defor-
mation of the strip edges can be maintained within an
elastic range. The areas near the edges may be areas
between the center-side edges and positions separated

from the center-side edges by about 10 mm toward the
centers of the slit strips S1 and S2. Thus, the central
contact zones of the upper rolls 11 are brought into con-
tact with the slit strips S1 and S2 at positions where the
central sides of the central contact zones are separated
from the center-side edges of the slit strips S1 and S2
by about 10 mm toward the centers of the slit strips S1
and S2 (see Fig. 13).
[0030] The width of the center guide is set to be less
than or equal to a slit gap between the slit materials within
a range in which sufficient strength is ensured.
In the case where the upper rolls included in the pinch
roll have the inward skew angle, the pinch points between
the lower roll and the skewed upper rolls are positioned
near the line center on the axial line of the lower roll.
Accordingly, similar to the above-described case in which
the central contact zones are provided, the line-center-
side edges of the slit strips can be nipped.
[0031] According to present invention [1], as illustrated
in Fig. 4, for example, an apparatus to prevent strip walk-
ing passes the slit strips S1 and S2, which are obtained
by slitting a single full-width strip into two strips in a con-
veyance line, with a pinch roll. The pinch roll includes the
lower roll 12 that supports the bottom surfaces of the slit
strips S1 and S2 and the upper rolls 11 that are separated
from each other in a strip width direction. The upper rolls
11 come into contact with the top surfaces of the slit strips
S1 and S2 and move the slit strips S1 and S2 toward the
line center by using the outside biased pinch (Fig. 4(a))
or the inward skew angle (Fig. 4(b)). Portions of the slit
strips S1 and S2 around the line-center-side edges of
the slit strips S1 and S2 are nipped by the lower roll 12
and a center roll 2 provided at a central area of the line
near separation ends of the upper rolls 11 that are sep-
arated from each other. The apparatus includes the cent-
er guide 1 that guides the line-center-side edges of the
slit strips S1 and S2 that are restrained by being nipped.
[0032] When the center roll is provided, the line-center-
side edges of the slit strips are nipped by using the center
roll. Therefore, in the case where the upper rolls included
in the pinch roll are arranged to perform the outside bi-
ased pinch, it is not necessary that the upper rolls have
the central contact zones. In addition, in the case where
the upper rolls included in the pinch roll have the inward
skew angle, the pinch points between the lower roll and
the skewed upper rolls may either be positioned near the
line center or the outer sides of the line on the axial line
of the lower roll. When the center roll is provided, the line-
center-side edges of the slit strips are nipped by the cent-
er roll 2 and the lower roll 12. Therefore, the separate
upper rolls included in the pinch roll may be designed in
consideration of only the function of centering the slit
strips toward the line center. The center roll is configured
such that the center roll does not hinder the centering
force applied by the separate upper rolls. For example,
when the center roll has the same contact width as that
of the upper rolls, the roll pinching force of the center roll
is set to 1/2 or less, preferably 1/4 or less, of the roll
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pinching force of the separate upper rolls. When the cent-
er roll has the same roll pinching force as that of the upper
rolls, the contact width of the center roll is set to 1/2 or
less, preferably 1/4 or less, of the contact width of the
separate upper rolls. In other words, for each of the slit
strips S1 and S2, the contact width and the roll pinching
force are adjusted within ranges in which the line-center-
side edges of the slit strips to be nipped by the center roll
do not rise. The adjustment is made such that outward
reactive forces applied in the strip width direction of the
center roll is less than or equal to 1/4 of the centering
forces F applied by the separate upper rolls. Since the
upper rolls included in the pinch roll and the center roll
have different roles, the adjustment versatility is in-
creased. Therefore, the upper rolls and the center roll
can be appropriately set.
[0033] The two slit strips do not always have the same
width. Therefore, the gap between the slit strips is not
always positioned at the line center. The position of the
gap depends on the position of the slitter in the line width
direction. Therefore, the center guide is installed at the
same position as the slitter in the line width direction. The
upper rolls included in the pinch roll that are separated
from each other in the width direction can also be shifted
in accordance with the outer edges of the slit strips having
different widths. This allows the generation of stable
centering forces. Accordingly, two coils of slit strips hav-
ing different strip widths can be produced simultaneously.
[0034] The pinch roll used in the present invention is
not limited to those having the structure in which the two
slit strips are passed along both sides of the center guide,
and may instead be structured such that only one of the
two slit strips is passed along one side of the center guide.
More specifically, referring to Fig. 1, for example, the
pinch roll may be structured such that only the slit material
S1 is passed and the slit material S2 is not passed, and
such a pinch roll can also be used in the present invention.
Here, it is not necessary to align the side portions of the
slit strips with the outer sides of the biased pinch zones
of the pinch roll in the width direction as illustrated in Fig.
1.
[0035] There are two types of slit-strip conveyance
lines: conveyance lines that pass only slit strips (referred
to as type I for convenience) and conveyance lines that
alternately pass slit strips and full-width strips (normal
strips) that are not slit (referred to as type II for conven-
ience). In the case of type I, the center guide may be
installed in a fixed state. However, in the case of type II,
the center guide is preferably retractable (of retractable
type) instead of being installed in a fixed state. More spe-
cifically, when the slit strips are to be passed, the center
guide moves downward to a vertical position correspond-
ing to the top end of the lower roll and guides the line-
center-side edges of the slit strips. When a normal strip
is passed without being slit, the center guide is retracted
to the top surface of the normal strip (this structure cor-
responds to present invention [2]). When the pass line
movement, for example, is considered, the bottom end

of the center guide is preferably moved downward to the
vertical position corresponding to the top end of the lower
roll, so that the edges can be reliably guided. However,
when the center guide is installed in a line in which the
pass line movement is negligibly small, the center guide
may be moved downward to a vertical position between
the top surfaces of the slit materials and the top end of
the roll.
[0036] Examples of the above-described center guide
are illustrated in Figs. 6 to 9. In each of the perspective
views, the conveying direction of the slit strips (not
shown) is the direction from left to right. In addition, in
each of the front views, the conveying direction of the slit
strips (not shown) is the direction from back to front in
the direction perpendicular to the figure.
Fig. 6 illustrates examples in which a rectangular-rod-
shaped guide bar 13 is used as the center guide. In these
examples, the guide bar 13 is of the retractable type (cor-
responds to the guide bar in present invention [3]). How-
ever, the guide bar 13 may instead be of a fixed type. In
Fig. 6, Fig. 6(a) illustrates the structure which is based
on the outside biased pinch and in which no center roll
that is independent of the pinch roll is provided. Fig. 6(b)
illustrates the structure which is based on the inward
skew angle and in which no center roll that is independent
of the pinch roll is provided. Fig. 6(c) illustrates the struc-
ture which is based on the outside biased pinch and which
includes the center roll. Fig. 6(d) illustrates the structure
which is based on the inward skew angle and which in-
cludes the center roll.
[0037] Fig. 7 illustrates examples in which a disc-
shaped guide disc 14 is used as the center guide. In these
examples, the guide disc 14 is of the retractable type
(corresponds to the guide disc in present invention [3]).
However, the guide disc 14 may instead be of a fixed
type. In Fig. 7, Fig. 7(a) illustrates the structure which is
based on the outside biased pinch and in which no center
roll that is independent of the pinch roll is provided. Fig.
7(b) illustrates the structure which is based on the inward
skew angle and in which no center roll that is independent
of the pinch roll is provided. Fig. 7(c) illustrates the struc-
ture which is based on the outside biased pinch and which
includes the center roll. Fig. 7(d) illustrates the structure
which is based on the inward skew angle and which in-
cludes the center roll.
[0038] Fig. 8 illustrates examples in which a disc-
shaped large-diameter guide disc 15 having an outer di-
ameter larger than a roll diameter of the separate upper
rolls 11 or a tiered disc roll 16 in which the large-diameter
guide disc 15 and the center roll 2 are integrated together
is used as the center guide. In these examples, both the
large-diameter guide disc 15 and the tiered disc roll 16
are of the retractable type (correspond to present inven-
tion [4]). However, one or both of the large-diameter guide
disc 15 and the tiered disc roll 16 may instead be of a
fixed type. In Fig. 8, Fig. 8(a) illustrates the structure
which is based on the outside biased pinch and in which
no center roll that is independent of the pinch roll is pro-
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vided. Fig. 8(b) illustrates the structure which is based
on the inward skew angle and in which no center roll that
is independent of the pinch roll is provided. Fig. 8(c) il-
lustrates the structure which is based on the outside bi-
ased pinch and which includes the center roll. Fig. 8(d)
illustrates the structure which is based on the inward
skew angle and which includes the center roll.
[0039] As a method for moving the center guide down-
ward, the center guide may, for example, be moved
downward by its own weight. Alternatively, the center
guide 1 may be positively pressed downward from above
by a pressing mechanism or the like. For example, as
illustrated in Fig. 15, a pressing mechanism may be pro-
vided in which a small roll 41 is attached to an end portion
of a cylinder 40 and is caused to press an upper portion
of a guide ring 17 or the guide disc (not shown in Fig. 15)
downward from above. In the pressing mechanism, the
pressing force is set such that the top surface of the nor-
mal strip is not deformed or damaged when the normal
strip S is passed. As illustrated in Fig. 16, for example,
an outermost peripheral portion of the center guide 1 is
preferably formed of the same material as the material
of the upper rolls or an elastic body, such as rubber, since
the outermost peripheral portion comes into contact with
the normal strip S. In addition, the side surfaces of the
center guide 1, which come into contact with the edges
of the slit materials S1 and S2, are preferably formed of
a high-hardness wear-resistant material.
[0040] The positional relationship between the strip
edges and the roll edges is not particularly limited. How-
ever, in the case where, for example, the rolls are made
of rubber and abrasion of the rubber caused by burrs or
the like at the strip edges is to be suppressed, the roll
edges are preferably constantly positioned inside the
strip edges.
Fig. 9 illustrates examples in which a movable guide ring
17 which is loosely arranged to be movable in the vertical
direction (corresponds to present invention [5]) is used
as the center guide of the retractable type. A ring-sup-
porting shaft to which the guide ring 17 is loosely fitted
may be appropriately provided in the gap between one
and the other of the separate upper rolls 11. In Fig. 9,
Fig. 9(a) illustrates the structure which is based on the
outside biased pinch and in which no center roll that is
independent of the pinch roll is provided. Fig. 9(b) illus-
trates the structure which is based on the inward skew
angle and in which no center roll that is independent of
the pinch roll is provided. Fig. 9(c) illustrates the structure
which is based on the outside biased pinch and which
includes the center roll. Fig. 9(d) illustrates the structure
which is based on the inward skew angle and which in-
cludes the center roll.
[0041] According to the present invention, to more sta-
bly guide the line-center-side edges of the slit materials
with the center guide, a guide receiving groove into which
the center guide is removably insertable may be formed
in the lower roll included in the pinch roll that is provided
with the center guide (this structure corresponds to

present invention [6]). An example, of this structure is
illustrated in Fig. 10. In this example, a separate ring 1E
having a structure similar to that of the above-described
tiered disc roll 16 is used as the center guide. A guide
receiving groove 12U receives a lower portion (end por-
tion in a radial direction) of the separate ring 1E, and
restrains the separate ring 1E from moving in the line
width direction. Therefore, the line-center-side edges of
the slit materials can be more stably guided. As long as
the side portions of the slit materials are prevented from
entering the guide receiving groove 12U, the guide re-
ceiving groove 12U may be outwardly tapered or rounded
at the entrance corners thereof, so that the center guide,
such as the separate ring 1E, can easily enter and the
normal strips can be passed without any problem.

[First Example]

[0042] A first example is incorporated in a slit line of
cold rolled sheet steel. In this slit line, as illustrated in Fig.
11(a), two slit strips S1 and S2 pass through first and
second deflector pinch rolls 21 and 22 in an area down-
stream of a shear 20. Accordingly, the conveying direc-
tion of the slit strips S1 and S2 is changed from the hor-
izontal direction to the downward direction. Then, the two
slit strips S1 and S2 are coiled around first and second
tension reels 31 and 32, respectively. Although the slit
strip S2 passes the first deflector pinch roll 21 in parallel
with the slit strip S1 before entering the second deflector
pinch roll 22, the conveying direction of the slit strip S2
is not changed from the horizontal direction at the first
deflector pinch roll 21. In this slit line, as illustrated in Fig.
11(b), a normal strip S may also be passed. In this case,
the operation line including the first deflector pinch roll
21 and the first tension reel 31 and the operation line
including the second deflector pinch roll 22 and the sec-
ond tension reel 32 are alternately used to coil the normal
strip S. According to the related art, in each of the first
and second deflector pinch rolls 21 and 22, both the upper
and lower rolls are flat rolls.
[0043] In the first example, rolls having the structure
illustrated in Fig. 9(a) are used as the first and second
deflector pinch rolls 21 and 22. More specifically, the up-
per rolls 11 are separated from each other and configured
to be capable of performing centering based on the out-
side biased pinch. In addition, the movable guide ring 17
which is loosely fitted to the ring-supporting shaft, which
is provided in the gap between one and the other of the
separate upper rolls 11, such that the guide ring 17 is
movable in the vertical direction is used as the center
guide. At the first deflector pinch roll 21, both of the slit
strips S1 and S2 are moved toward the line center owing
to the outside biased pinch, and the strip edges that have
been moved toward the line center are guided by the
guide ring 17. At the second deflector pinch roll 22, only
the slit strip S2, which has become alone after passing
the first deflector pinch roll 21 positioned upstream of the
second deflector pinch roll 21, is centered owing to the
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outside biased pinch. Then, the strip edge that has been
moved to the line center is guided by the guide ring 17.
[0044] When the normal strip S is passed, the guide
ring 17 is automatically retracted to the top surface of the
strip.
Sufficient strip-walking preventing effect can be obtained
even when the present invention is applied only to the
first deflector pinch roll 21. However, when the present
invention is applied also to the second deflector pinch
roll 22 as in the first example, the effect can be increased.

[Second Example]

[0045] A second example is incorporated in the same
slit line as that of the first example. Fig. 12 illustrates the
structure according to the second example. As illustrated,
a pinch roll according to the related art is used as a sec-
ond deflector pinch roll 22. A pinch roll having the struc-
ture illustrated in Fig. 9(b) is used as a first deflector pinch
roll 21. More specifically, the upper rolls 11 are separated
from each other and configured to be capable of perform-
ing centering based on the inward skew angle. In addi-
tion, the movable guide ring 17 which is loosely fitted to
the ring-supporting shaft, which is provided in the gap
between one and the other of the separate upper rolls
11, such that the guide ring 17 is movable in the vertical
direction is used as the center guide.
[0046] The operational effects obtained by the second
example are similar to those obtained when a pinch roll
according to the related art is used as the second deflec-
tor pinch roll 22 in the first example.

[Reference Signs List]

[0047]

1 center guide
2 center roll
10 conveying roll
11 separate upper rolls
11A undivided upper roll
12 lower roll
12U guide receiving groove
13 guide bar
14 guide disc
15 large-diameter guide disc
16 tiered disc roll
17 guide ring
20 shear
21 first deflector pinch roll
22 second deflector pinch roll
31 first tension reel
32 second tension reel
S strip (full-width strip or normal strip (strip that

is not slit))
S1, S2 slit strip
SG side guide

Claims

1. An apparatus to prevent strip walking which passes
at least one slit strip, which is obtained by slitting a
single full-width strip into two strips in a conveyance
line, with a pinch roll,
wherein the pinch roll includes a lower roll that sup-
ports a bottom surface of the slit strip and upper rolls
that are separated from each other in a strip width
direction, at least one of the upper rolls coming into
contact with a top surface of the slit strip and moving
the slit strip toward a line center by using outside
biased pinch or an inward skew angle,
wherein a portion of the slit strip around a line-center-
side edge of the slit strip is nipped by the lower roll
and the at least one of the upper rolls that are sep-
arated from each other or by the lower roll and a
center roll provided at a line center area near sepa-
ration ends of the upper rolls that are separated from
each other, and
wherein the apparatus to prevent strip walking com-
prises a center guide that guides the line-center-side
edge of the slit strip that is restrained by being
nipped.

2. The apparatus to prevent strip walking according to
Claim 1,
wherein the center guide is retractable,
wherein the center guide moves downward to a po-
sition of contact with the lower roll to guide the line-
center-side edge of the slit strip when the slit strip is
passed, and
wherein the center guide is retracted to a top surface
of the full-width strip when the full-width strip is
passed without being slit.

3. The apparatus to prevent strip walking according to
Claim 2,
wherein a rectangular-rod-shaped guide bar or a
disc-shaped guide disc is used as the center guide.

4. The apparatus to prevent strip walking according to
Claim 2,
wherein a disc-shaped large-diameter guide disc
having an outer diameter larger than a roll diameter
of the upper rolls that are separated from each other
or a tiered disc roll in which the large-diameter guide
disc and the center roll are integrated together is
used as the center guide.

5. The apparatus to prevent strip walking according to
Claim 2,
wherein a movable guide ring that is loosely ar-
ranged to be movable in a vertical direction is used
as the center guide.

6. The apparatus to prevent strip walking according to
one of Claims 1 to 5,
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wherein a guide receiving groove into which the cent-
er guide is removably insertable is formed in the low-
er roll included in the pinch roll provided with the
center guide.
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