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An opening radial dimension is set as a radial direction per-
missible dimension K of the metal coil as expressed by the
following equation or lower.

YpXZ
k= 2EI

R*(® — sin®cos®)

Wherein: K is a radial direction permissible dimension at the
load action point position in mm; Yp is a yield stress of the
metal sheet, in kgf/mm?; Z is a section modulus of the metal
sheet, in mm’; R=(a metal coil radius r)-Y5(the plate thick-
ness t of the metal sheet), in mm; E is a Young’s modulus of
the metal sheet, in kgf/mm?; I is a second moment of area of
the metal sheet in mm™; and © is an angle in radians about the
axis of the metal coil from the load action point to the nearest
restraining roll along a rewind direction of the metal coil.
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FIG.3
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FIG.4
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FIG.6A
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FIG.6B
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FIG.6C




Patent Application Publication May 7, 2015 Sheet 9 of 11 US 2015/0121985 A1

FIG.7A

FIG.7B
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OPENING METHOD AND DEVICE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2013-230382 filed on Nov. 6, 2013, the disclosure of which is
incorporated by reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an opening method

and device thereof.
[0004] 2. Related Art

[0005] An opening device is being implemented in which,
when collecting test samples from metal coils of wound metal
sheet, an opener board is placed in contacted with the entire
width of the outer peripheral surface of a metal coil, the
leading end portion of the metal coil is opened (unwound;
separated from the coil), and a sample is cut with a cutting
device (see, for example, Japanese Patent Application Laid-
Open (JP-A) No. S59-174218).

[0006] The opener board is a rectangular shaped board, and
the leading end portion of the metal sheet configuring the
metal coil is lifted up onto the opener board by placing the
leading end of the opener board in contact with the outer
peripheral surface of the metal coil, and rotating the metal
coil. The metal sheet is pulled out along the opener board. A
test sample is collected by cutting the metal sheet pulled out
from the metal coil over the opener board in this manner using
gas or a blade.

[0007] However, when opening the metal coil using the
opener board, the metal sheet that was wound curved into the
metal coil is straightened out along the opener board. As a
result, a high bending load acts on the metal sheet remaining
in the metal coil, plastic deformation occurs, and the metal
sheet does not return to its original shape after rewinding.
There is accordingly an issue that plastic deformation occurs
at the leading end portion of the metal coil when strapping,
with the possibility of slackness occurring.

SUMMARY

[0008] In consideration of the above circumstances, an
object of the present invention is to provide an opening
method that enables plastic deformation to be suppressed
from occurring in an opened metal coil, and a device thereof.

[0009] A first aspect of the present invention provides an
opening method including restraining an outer peripheral
surface of a metal coil of a wound metal sheet with a plurality
of restraining rolls; disposing an opening blade body so as to
satisfy the following Equation (1) and Equation (2), and con-
tacting a blade tip of the opening blade body onto the outer
peripheral surface ofthe metal coil; and rotating the metal coil
in an opposite direction to a take-up direction of the metal
coil, separating a leading end portion of the metal sheet from
the metal coil using the opening blade body, and supporting
an inner peripheral surface of the metal sheet using the open-
ing blade body with the leading end portion of the metal sheet
in a free state:
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_ YpxzZ , . [Equation (1)]
K= 3 R*(0 — sin®cos®)
U=<K [Equation (2)]
[0010] wherein:
[0011] U is an opening radial direction dimension, from a

load action point at which the inner peripheral surface of the
metal sheet is supported by the opening blade body, to the
outer peripheral surface of the metal coil, in mm;

[0012] K is a radial direction permissible dimension at the
load action point position, from the inner peripheral surface
of'the metal sheet to the outer peripheral surface of the metal
coil, in mm;

[0013] Yp is a yield stress of the metal sheet, in kgf/mm?;
[0014] Z is a section modulus of the metal sheet (=(%6)bt>),
in mm?, wherein b is a width of the metal sheet, in mm, and t
is a plate thickness of the metal sheet, in mm;

[0015] R is ametal coil radius r from which one-half of the
plate thickness t of the metal sheet has been subtracted (r—(%)
1), in mm;

[0016] E is a Young’s modulus of the metal sheet, in kgf/
mm?;

[0017] Tis a second moment of area of the metal sheet, in
mm*; and
[0018] O is an angle in radians about an axis of the metal

coil from the load action point to a portion restrained by a
nearest restraining roll of the restraining rolls along a rewind
direction of the metal coil.

[0019] A second aspect ofthe present invention provides an
opening device including: a cradle mechanism including a
plurality of restraining rolls that rotatably restrain an outer
peripheral surface of a metal coil of a wound metal sheet; a
drive section that drives the cradle mechanism so that the
metal coil is rotated in a take-up direction or an opposite
direction to the take-up direction; and an opening blade body
disposed so as to contact a blade tip of the opening blade body
onto an outer peripheral surface of the metal coil so as to
satisfy the following Equation (3) and Equation (4):

_ YpxzZ , . [Equation (3)]
K= 3 R*(0 — sin®cos®)
U=<K [Equation (4)]
[0020] wherein:
[0021] U is an opening radial direction dimension, from a

load action point at which the inner peripheral surface of the
metal sheet is supported by the opening blade body, to the
outer peripheral surface of the metal coil, in mm;

[0022] K is a radial direction permissible dimension at the
load action point position, from an inner peripheral surface of
the metal sheet to the outer peripheral surface of the metal
coil, in mm;

[0023] Yp is a yield stress of the metal sheet, in kgf/mm?;
[0024] 7 is a section modulus of the metal sheet (=(%6)bt>),
in mm?, wherein b is a width of the metal sheet, in mm, and t
is a plate thickness of the metal sheet, in mm;

[0025] R is ametal coil radius r from which one-half of the
plate thickness t of the metal sheet has been subtracted (r—(%)
1), in mm;
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[0026] E is a Young’s modulus of the metal sheet, in kgf/
mm?;

[0027] 1is a second moment of area of the metal sheet, in
mm*; and
[0028] O is an angle in radians about an axis of the metal

coil from the load action point to a portion restrained by a
nearest restraining roll of the restraining rolls along a rewind
direction of the metal coil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1is a perspective view illustrating a schematic
configuration of a coil sample collection device in which the
opening method according to an exemplary embodiment of
the present invention is applied.

[0030] FIG. 2 is a side view illustrating a schematic con-
figuration of a coil sample collection device in which the
opening method according to an exemplary embodiment of
the present invention is applied.

[0031] FIG. 3 is an explanatory diagram of details of an
opening mechanism according to an exemplary embodiment
of the present invention.

[0032] FIG.4isapartial cross-section side view illustrating
details of an opening blade body according to an exemplary
embodiment of the present invention.

[0033] FIG.5A s aperspective view illustrating an opening
blade body support mechanism according to an exemplary
embodiment of the present invention.

[0034] FIG. 5B isanexploded perspective view illustrating
an opening blade body support mechanism according to an
exemplary embodiment of the present invention.

[0035] FIG. 6A is diagram schematically illustrating a rela-
tionship between an opening blade body and a metal coil at
opening in a coil sample collection device according to an
exemplary embodiment of the present invention.

[0036] FIG. 6B is overview schematically illustrating a
relationship between an opening blade body and a metal coil
at opening in a coil sample collection device according to an
exemplary embodiment of the present invention.

[0037] FIG. 6C is a diagram illustrating a computation
model of an exemplary embodiment of the present invention.
[0038] FIG. 7A an explanatory diagram of the operation of
a coil sample collection device according to an exemplary
embodiment of the present invention, and illustrates a con-
tacted state of an opening blade body against the outer periph-
eral surface of a metal coil.

[0039] FIG. 7B an explanatory diagram of the operation of
a coil sample collection device according to an exemplary
embodiment of the present invention, and illustrates a metal
coil in a state opened by an opening mechanism.

[0040] FIG. 7C an explanatory diagram of the operation of
a coil sample collection device according to an exemplary
embodiment of the present invention, and illustrates a state in
which the opened steel sheet is being cut.

[0041] FIG. 7D an explanatory diagram of the operation of
a coil sample collection device according to an exemplary
embodiment of the present invention, and illustrates a state in
which a cut test sample is being transported on a trolley.
[0042] FIG. 7E an explanatory diagram of the operation of
a coil sample collection device according to an exemplary
embodiment of the present invention, and illustrates a state in
which a test sample transported by a trolley is being removed
by a jib crane.
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DETAILED DESCRIPTION

[0043] Explanation next follows regarding a coil sample
collection device 10 serving as an opening device according
to an exemplary embodiment of the present invention, with
reference to FIG. 1 to FIG. 7E. In each of the diagrams, the
arrow X direction is the axial direction of a metal coil W
mounted to cradle rolls 28, and is sometimes referred to below
as the “X direction”. The arrow Y direction is a direction
parallel to the floor and orthogonal to the arrow X direction,
and is sometimes referred to below as the “Y direction”.
Moreover, the arrow Z direction is the height direction, and is
sometimes referred to below as the “Z direction”.

[0044] FIG. 1 and FIG. 2 are a perspective view and a side
view respectively illustrating a schematic configuration of the
coil sample collection device 10 according to an exemplary
embodiment. FIG. 3 is a detailed diagram illustrating of the
opening mechanism 14.

[0045] As illustrated in FIG. 1 and FIG. 2, the coil sample
collection device 10 includes, for example, a cradle mecha-
nism 12, an opening mechanism 14, a gas cutter mechanism
16, a take-out mechanism 18, and a jib crane 20.

[0046] In the present exemplary embodiment, the metal
coil W is, for example, wound from a steel sheet MS of from
1.2 mm to 25.4 mm thickness, and has an outer diameter D of
from about 1000 mm to 2600 mm. In particular, the coil
sample collection device 10 is suitably applied to a metal coil
W wound from steel sheet MS of thickness 4.5 mm or above.
[0047] As illustrated in FIG. 1 and FIG. 2, the cradle
mechanism 12 includes a base 22, a support table 24 mounted
to a top portion of the base 22, two pairs of pillow blocks 26
placed on the support table 24 a specific distance apart from
each other in the Y direction, and a pair of cradle rolls 28
rotatably supported between the respective two pairs of pil-
low blocks 26.

[0048] A rail housing section 30 is formed below the sup-
port table 24 by hollowing out a portion of the base 22. Rails
80, described below, are provided extending as far as the rail
housing section 30, enabling a take-out trolley 82 that runs on
the rails 80 to move to a position (see the double-dashed
intermittent lines in FIG. 2) to receive steel sheet MS (test
sample S) cut from the metal coil W.

[0049] The pair of cradle rolls 28 are respectively supported
at both end portions by respective pairs of pillow blocks 26 so
as to be capable of rotating, and are rotationally driven by a
drive section 29 (see FIG. 2). This thereby enables the metal
coil W to be rotated on the pair of cradle rolls 28.

[0050] As illustrated in FIG. 1 and FIG. 2, the opening
mechanism 14 includes a pair of opening mechanism support
bases 31 disposed on either side of the rails 80, described
below. A pillow block 34 supported by a respective support
block 32 is provided on the top face of each of the pair of
opening mechanism support bases 31. Rotation shafts 36 are
respectively provided in the pair of pillow blocks 34 so as to
be rotatable. An opening blade body support mechanism 38 is
rotatably supported by the pair of rotation shafts 36.

[0051] As illustrated in FIG. 5A and FIG. 5B, the opening
blade body support mechanism 38 includes quadrangular
shaped opening blade support members 40. The opening
blade support members 40 are rotatably supported on the
rotation shafts 36 by the rotation shafts 36 being inserted and
fixed into holes 42 formed in the vicinity of a lower end of the
opening blade support member 40.

[0052] Asillustrated in FIG. 5A and FIG. 5B, box bodies 44
with openings facing upward and toward the inside are pro-
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vided at opposing side surfaces of the opening blade support
member 40. Engaging sections 62 of an opening blade body
50, described below, are housed in the box bodies 44 by being
fitted into the box bodies 44 from above, and the opening
blade body 50 is fixed to the opening blade support member
40 by screwing bolts 48 into threaded holes 46 formed in the
box bodies 44.

[0053] As illustrated in FIG. 4, FIG. 5A, and FIG. 5B, the
opening blade body 50 includes a blade body attachment
member 52, an opening blade main body 54, and protectors
56 and 58 made from heat-resisting steel plate.

[0054] Asillustrated in FIG. 5B, the blade body attachment
member 52 is formed in a substantially C shape in side view
(see FIG. 4) and includes a reference face 52A on the opposite
side to the metal coil W, a topside inclined face 52B formed to
a top portion of the reference face 52A, and a bottom side
inclined face 52C formed to a bottom portion of the reference
face 52A.

[0055] The opening blade main body 54 is attached to the
topside inclined face 52B by screws 60 (see FIG. 4). The
opening blade main body 54 is formed with a blade tip 54A
for opening the leading end of the metal coil W. The blade tip
54A projects upward further than the topside inclined face
52B of the blade body attachment member 52. Namely, the
opening blade body 50 is configured such that the blade tip
54 A makes contact with an outer peripheral surface OS of the
metal coil W when the opening blade body 50 has approached
the metal coil W.

[0056] Similarly, the protectors 56, 58 are attached to the
reference face 52A and the bottom side inclined face 52C by
screws 60. The blade body attachment member 52 is thereby
protected by the protectors 56, 58 from the flame during
gas-cutting of the test sample S from the metal coil W.

[0057] At both width direction ends of the blade body
attachment member 52, the pair of engaging sections 62 are
formed in rectangular box shapes so as to be capable of being
inserted into the box bodies 44. The blade body attachment
member 52 is accordingly attachable to the opening blade
support member 40 by inserting the engaging sections 62 into
the box bodies 44 and fixing with bolts 48 or the like.

[0058] Moreover, a reinforcement member 64 is attached
between the pair of opening blade support members 40 so as
to maintain a fixed separation between the opening blade
support members 40.

[0059] As illustrated in FIG. 1 and FIG. 2, hydraulic cylin-
ders 66 are respectively provided on the top faces of the pair
of opening mechanism support bases 31, and leading ends of
rods of the hydraulic cylinders 66 are rotatable coupled to
respective levers 68 of the opening blade support members 40
(see the broken lines in FIG. 2 and FIG. 3). The opening blade
support members 40 are consequently configured so as to
swing in the arrow T1 and the arrow T2 directions about the
axial center O1 of the rotation shafts 36, as illustrated in FIG.
3, by extension and contraction of the rods of the hydraulic
cylinders 66.

[0060] The opening mechanism 14 is, as illustrated in FIG.
3, offset in the vertical (Z) direction by dimension H from the
pair of cradle rolls 28, and offset in the horizontal (Y) direc-
tion by a dimension L from the center of the pair of cradle rolls
28 (the axial center OW of the metal coil W). Preferably
configuration is made such that respective tangents at the
intersection points between the outer peripheral surface OS of
the metal coil W mounted on the cradle rolls 28 and a circular

May 7, 2015

arc path C2 when the blade tip 54 A of the opening blade body
50 swings are always orthogonal to each other.

[0061] The metal coil W mounted on the pair of cradle rolls
28 forms a curved beam WB (see FIG. 6B) originating from
the right side cradle roll 28 and curving around anticlockwise.
The symbol © in FIG. 3 indicates the angle about the axial
center OW of the metal coil W from the cradle roll 28 at the
origin of the curved beam WB to the load action point P where
the curved beam WB is supported by the opening blade body
50.

[0062] The gas cutter mechanism 16 includes a slider base
72 that extends in the X direction so as to straddle between
gas-cutting mechanism bases 70 provided at the outside of the
rails 80. A slider body 74 that slides on the slider base 72 in the
X access is provided to the slider base 72. The slider body 74
includes a gas torch 76 capable of directing a flame onto the
metal coil W. The gas torch 76 cuts the steel sheet MS by
moving from the right edge of the slider base 72 toward the
center, and then from the left edge toward the center, so as to
finish at the width direction central of the steel sheet MS.
[0063] The take-out mechanism 18 is employed to take out
the test sample S cut from the leading end portion of the steel
sheet MS configuring the metal coil W by the gas cutter
mechanism 16. The take-out mechanism 18 includes the rails
80 installed on the floor, and the take-out trolley 82 moveably
mounted on the rails 80. As illustrated in FIG. 1 and FIG. 2,
the rails 80 extend in the Y direction from the rail housing
section 30 to the jib crane 20. The leading edge of the take-out
trolley 82 enters the rail housing section 30, enabling the
take-out trolley 82 to be stopped at the drop position of the
steel sheet MS (the test sample S) cut by the gas cutter mecha-
nism 16.

[0064] The jib crane 20 includes a crane arm 86 that is
supported on a column 84 provided upright in the floor so as
to be capable of swinging in a horizontal direction. A take-up
device 85 is provided in the crane arm 86, and the test sample
S is picked up by an electromagnet 89 provided at the leading
end a wire 87, and conveyed to a test sample bucket 88.
[0065] Explanation next follows regarding dimensional
settings of the opening blade body 50 according to an exem-
plary embodiment of the present invention, with reference to
FIG. 6A to FIG. 6C.

[0066] FIG. 6A is a side view illustrating positional rela-
tionships between the opening blade body and the metal coil
during opening, and FIG. 6B is a side view illustrating overall
positional relationships between the opening blade body and
the metal coil during opening. FIG. 6C is a schematic
explanatory diagram of a computation model.

[0067] As illustrated in FIG. 7A, when the blade tip 54A of
the opening blade body 50 contacts the outer peripheral sur-
face OS ofthe metal coil W and the metal coil W is rotated, the
blade tip 54A is inserted inside the steel sheet MS from a
leading end portion of the metal coil W. As illustrated in FIG.
6A and FIG. 6B, when the metal coil W is opened by the
opening blade body 50, the inner peripheral surface IS of the
steel sheet MS configuring the metal coil W is supported by a
ridge line 50D, described below, of the opening blade body
50, and the curved beam WB from the cradle roll 28 at the
right side in FIG. 6B to the opening blade body 50 is formed
by the steel sheet MS. In such a situation, a radial direction
load F acts from the opening blade body 50 in a direction
toward the radial direction outside of the metal coil W (as
illustrated in FIG. 6A, and FIG. 6B) on the portion (referred
to below as the load action point) P where the inner peripheral
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surface IS of the steel sheet MS is supported by the opening
blade body 50, as a reaction force to the recovery force (resil-
ience) of the metal coil W. A radial direction permissible
dimension K is derived such that plastic deformation does not
occur in the curved beam WB due to the radial direction load
F, and an opening radial direction dimension U of the opening
blade body 50, described below, is set to be smaller than the
radial direction permissible dimension K.

[0068] Detailed explanation follows.

[0069] Explanation first follows regarding a computation
model to derive the radial direction permissible dimension K,
with reference to FIG. 6C. As illustrated in FIG. 6C, consider
a curved beam WB of radius (r-t/2) having one end fixed and
the other end free, wherein r is the radius of the metal coil W,
and t is the plate thickness of the steel sheet MS forming the
metal coil W. Namely, the curved beam WB is modeled as the
neutral plane of the steel sheet MS forming the outer periph-
eral surface OS (outermost layer) of the metal coil W. The
fixed end is the position of the right side cradle roll 28 nearest
to the load action point P along the rewind direction (clock-
wise in FIG. 6C).

[0070] The computation model is employed to compute the
radial direction load F acting toward the radial direction out-
side of the curved beam WB at the free end of the curved beam
WB (the left end in FIG. 6).

[0071] The deflection (radial direction displacement) u at
the free end of the curved beam WB is derived in the compu-
tation model. Castigliano’s theorem is employed in the com-
putation. Computation is made using (r-t/2)=R.

[0072] First, with the center of the curved beam WB as the
origin, the bending moment M acting on the curved beam WB
at point Wa of angle o from the free end to the fixed end side
is derived.

[0073] The bending moment M acting at Wat is expressed
by:

M=FxRxsin a Equation (1)
[0074] Then the strain energy V acting on the curved beam

WB (from the free end (s=0) to the fixed end (s=R®)) is
derived.

RO pq2 Equation (2)
V= fo mds

M2
=| Z Ra
fzm ¢

Wherein:

[0075] R is the radius r of the metal coil W from which %2
the plate thickness t of the steel sheet MS has been subtracted
(r=(¥2)t) (mm)

[0076] E is the Young’s modulus of the steel sheet MS
(kgf/mm?)

[0077] 1isthe second moment of area of the steel sheet MS
(mm*)

[0078] © istheangle (rad)about the axis of the metal coil W

from the load action point P formed by insertion of the open-
ing blade body 50 to the cradle roll 28 nearest to the load
action point P along the metal coil rewind direction.

[0079] The radial direction displacement u (mm) at the free
end is derived by partial differentiation of the strain energy V
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with respect to the radial direction load F acting at the free end
of the curved beam WB (the load action point P).

_ v Equation (3)
“=3F

I M* i

“ar), zE Y

- 77 |, o]

= 57|28 0( sina)“d o

8 F2R3f3‘ 24

= 57|28 0(smw) a
Foo 1

= =R X= (1 = cos2a)da
El 2Jo

Fo, 1. P
=—R [w— —stw]
o

2EI 2
= L B30 sin0cos®
=55 (® — sin®cos®)

[0080] The maximum bending moment to apply to the
curved beam WB is then derived as the radial direction load F
at the start of yield (elastic limit) of the curved beam WB.
Namely, the bending moment M is calculated at the limit
when plastic deformation starts to occur in the steel sheet MS
forming the metal coil W.

[0081] The elastic limit bending moment M is expressed
using the yield stress Yp and the section modulus of the steel
sheet MS as:

M=YpxZ Equation (4)

Wherein:

[0082] Yp is the yield stress of the steel sheet MS (kgf/
mm?); and

[0083] Zisthe section modulus of the steel sheet MS(=(Vs)
bt?) (mm?), wherein b is the width of the steel sheet MS (mm),
and t is the plate thickness of the steel sheet MS (mm).
[0084] From Equation (1), the bending moment is at a
maximum in the curved beam WB (0 <®<2) at the positions
a=(r/2), (3n/2). However, the sign for the radial direction
load F is minus at the position (37/2), meaning the bending
moment occurs in the reverse direction, and so plastic defor-
mation is not expected. Hence the position of the bending
moment maximum is at o=(7v/2).

[0085] Therefore, the elastic limit bending moment M is

M=YpxZ=FxRxsin(n/2) Equation (5)

Wherein Yp, Z, and R are constants.

[0086] Rearranging Equation (5) for F shows that the radial
direction load F when the elastic limit bending moment M is
acting is:

F=(YpxZ)/(Rxsin(r/2)) Equation (6)

=(YpxZ)/R

[0087] Substituting F of Equation (3) into Equation (6)
gives the radial direction maximum displacement amount of
the free end such that plastic deformation does not occur in
the curved beam WB. This is the radial direction permissible
dimension K. Namely:
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K< Ypx ZR2 (©  5inOcosO) Equation (7)
2E]
[0088] During opening, taking the opening radial direction

dimension U of the steel sheet MS due to the opening blade
body 50 as the radial direction distance (mm) from the load
action point P where the opening blade body 50 supports the
inner peripheral surface IS of the steel sheet MS (for example,
the ridge line 50D formed on the opening blade body 50 by
the protectors 56, 58) to the outer peripheral surface OS of the
metal coil W (mm), then as long as

U=K Equation (8)

is satisfied, the curved beam WB of'the steel sheet MS formed
at the leading end of the metal coil W by the opening blade
body 50 falls within the scope of elastic deformation, and
plastic deformation does not occur.

[0089] Thus in the coil sample collection device 10, the
shape of the opening blade body 50 and the orientation (con-
tact angle and the like) with respect to the outer peripheral
surface OS of the metal coil W is accordingly determined
such that the position of the load action point P is within the
radial direction permissible dimension K.

[0090] The opening blade body 50 should follow the beam
shape ofthe curved beam WB, and so the shape of the opening
blade body 50 is preferably set such that the leading end side
of the opening blade body 50 gradually displaces toward the
radial direction inner side in the rewind direction of the coil.
[0091] The metal coil W has, for example:

An outer diameter D of the metal coil W (=2xthe radius r of
the metal coil W) of from 1000 mm to 2600 mm.

A plate thickness t of from 1.2 mm to 25.4 mm.

A plate width b of from 600 mm to 2180 mm.

A yield stress Yp of 24.0 kgf/mm?>.

AYoung’s modulus E of 21000 kgf/mm?.

A second moment of area I of (bt*/12) mm*.

A section modulus Z of (bt*/6) mm®.

[0092] The metal coil W has a radial direction permissible
dimension K of 289.7 mm for a coil radius r of 1200 mm, a
plate thickness t of 25.4 mm, and a plate width b of 2180 mm.
[0093] Thus when, for example, the metal coil W has a coil
radius r=1200 mm, a plate thickness t=25.4 mm, and a plate
width b=2180 mm, the opening radial direction dimension U
of'the opening blade body 50 is appropriately set at the radial
direction permissible dimension K (=289.7 mm) or lower.
Moreover, if the opening radial direction dimension U of the
opening blade body 50 is set at 289.7 mm, then application
can be made to metal coils W with a coil radius r of larger than
1200 mm.

[0094] Explanation next follows regarding operation of the
coil sample collection device 10, with reference to FIG. 7A to
FIG. 7E. Explanation first follows regarding operation of coil
sample collection in the coil sample collection device 10.
[0095] (1) First, as illustrated in FIG. 7A, the metal coil W
is mounted onto the cradle rolls 28 of the cradle mechanism
12.

[0096] Then, asillustrated in FIG. 1 and FIG. 2, the opening
mechanism 14 is swung in the arrow T1 direction about the
rotation shafts 36 by driving the hydraulic cylinders 66, mov-
ing the opening blade body 50 toward the metal coil W side
(see FIG. 2 and FIG. 3), and contacting the blade tip 54A of
the opening blade body 50 against the outer peripheral surface
OS of the metal coil W.
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[0097] (2) Then, as illustrated in FIG. 7B, the metal coil W
is rotated in the arrow Si direction by the drive section 29 (see
FIG. 2) driving the cradle rolls 28. The leading end portion of
the steel sheet MS configuring the metal coil W is thereby
guided over the opening blade body 50 by the blade tip 54 A of
the opening blade body 50, and separated from the outer
peripheral surface OS of the metal coil W. Namely, the open-
ing of the metal coil W is opened.

[0098] (3) Moreover, by continuing rotation of the metal
coil W, as illustrated in FIG. 7C, the inner peripheral surface
IS of the steel sheet MS lifted up over the opening blade body
50 becomes supported at the load action point P (for example
the ridge line 50D). Driving of the cradle rolls 28 is then
stopped when a specific length of the steel sheet MS has been
drawn out. The leading end of the steel sheet MS (further to
leading end side than the load action point P) is accordingly in
a free state. The gas torch 76 is then driven while moving the
slider body 74 on the slider base 72 of the gas cutter mecha-
nism 16 in the X direction. As a result, the steel sheet MS of
the metal coil W supported by the opening blade body 50 is
cut at a specific position.

[0099] (4)Then, as illustrated in FIG. 7D, the test sample S
cut by the gas cutter mechanism 16 is dropped onto the
take-out trolley 82 (see the take-out trolley 82 depicted by
double dot intermittent lines in FIG. 2) positioned at an X
direction end section of the rails 80 (a state in which the
leading end of the take-out trolley 82 enters into the rail
housing section 30). The take-out trolley 82 on which the test
sample S is mounted then moves in the arrow V1 direction.

[0100] (5) Then, as illustrated in FIG. 7E, the test sample S
taken out by the take-out trolley 82 is moved upward from the
take-out trolley 82 and in the arrow V2 direction using the jib
crane 20, and conveyed to the test sample bucket 88.

[0101] When opening the metal coil W, the coil sample
collection device 10 according to the present exemplary
embodiment enables opening of the steel sheet MS positioned
atthe outer peripheral side of the opening blade body 50 while
still curved in an curved beam WB state. Accordingly, dis-
placement toward the radial direction outer side of the metal
coil W can be suppressed from occurring in the steel sheet
MS.

[0102] In such situations, the opening blade body 50 is
disposed such that the opening radial direction dimension U
of the opening blade body 50 is the radial direction permis-
sible dimension K for the curved beam WB elastic limit or
lower, suppressing plastic deformation from occurring in the
opened steel sheet MS of the metal coil W.

[0103] As aresult, plastic deformation that is damaging to
the rewound metal coil W can be suppressed from occurring.

[0104] In particular, when the plate thickness of the steel
sheet MS configuring the metal coil W is, for example, 4.5
mm or thicker, there is a high possibility of the leading end of
the steel sheet MS of the metal coil W being straightened out
in a straight line shape over the opener board and plastic
deformation occurring in the curved beam WB in cases in
which the rectangular opener board described in the back-
ground technology is employed. In contrast thereto, with the
coil sample collection device 10 of the present exemplary
embodiment, the steel sheet MS configuring the curved beam
WB is only supported at the load action point P, and the
leading end side from this point onwards is in a free state
maintaining a curved state. Consequently, straightening out
over the opening blade body 50 and plastic deformation can
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be suppressed from occurring even in cases in which the plate
thickness t of the steel sheet MS is large.

[0105] This enables collection of the test sample S while
the metal coil W remains curved, suppressing the portion to
be cut from being straightened out in the vertical direction,
and enabling the test sample S cut from the metal coil W to be
dropped onto the take-out trolley 82 disposed on the floor.
[0106] As a result, there is no need to form a channel of the
like in the floor for the take-out trolley 82 when installing the
coil sample collection device 10, enabling the facility invest-
ment cost to be suppressed. Easy and efficient collection of
the test sample S is enabled, enabling the running costs for
handling to be reduced.

[0107] The coil sample collection device 10 also enables
the opening blade body 50 to be moved while maintaining an
angle in a specific range with respect to the outer peripheral
surface OS of'the metal coil W, irrespective of the diameter of
the metal coil W, using the swing mechanism that is capable
of swinging about an axis parallel to the cradle rolls 28. This
thereby enables contact of the opening blade body 50 with the
outer peripheral surface OS of the metal coil W at a specific
angle, and enables the influence from the shape of the curved
beam WB due to the outer diameter of the metal coil W to be
suppressed.

[0108] In particular, configuring such that a path C2 of the
blade tip 54 A of the opening blade body 50 is always orthogo-
nal to the tangent at the intersection point with the outer
peripheral surface OS of the metal coil W, means that it is
possible for the opening blade body 50 to contact the outer
peripheral surface OS of the metal coil W at a constant angle
irrespective of the diameter of the metal coil W.

[0109] The coil sample collection device 10 cuts the steel
sheet MS with its inner peripheral surface IS supported on the
opening blade body 50, enabling the steel sheet MS to be cut
while stably supported.

[0110] Moreover, in the coil sample collection device 10,
the opening blade body 50 is covered by the protectors 56, 58,
and so damage to the blade body attachment member 52 of the
opening blade body 50 by the flame of the gas torch 76 is
suppressed when samples are collected from the metal coil W
by gas-cutting or the like.

[0111] Moreover, the location of the steel sheet MS where
the inner peripheral surface IS is supported by the opening
blade body 50 is cut, thereby enabling sputter, slag, and the
like when gas-cutting to be suppressed from adhering to the
outer peripheral surface of the metal coil W.

[0112] The coil sample collection device is not limited to
the technology disclosed herein, and various modifications
are possible.

[0113] For example, explanation has been given in the
above exemplary embodiment of a case in which the coil
sample collection device 10 includes the opening mechanism
14 with the blade body attachment member 52, the opening
blade main body 54, the protector 56, and the protector 58.
However, the material, shape, position, placement and the
like of the opening blade body 50 in the opening mechanism
14 is not limited to the technology disclosed herein, and may
be set.

[0114] Moreover, explanation has been given in the above
exemplary embodiment of a case in which the opening
mechanism 14 configuring the coil sample collection device
10 has a swing mechanism; however, in place of the swing
mechanism, for example, configuration may be made such
that the opening blade body 50 moves in a straight line.
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[0115] Moreover, although explanation has been given in
the above exemplary embodiment of a case in which the coil
sample collection device 10 includes the gas cutter mecha-
nism 16 for cutting the test sample S from the metal coil W,
configuration may be made with a plasma cutter, a laser
cutter, or the like, in place of the gas cutter mechanism 16.
[0116] Using a gas, plasma, and laser in this manner
enables reliable cutting even if the steel sheet MS is 4.5 mm
or thicker. In contrast thereto, it is difficult to cut a steel sheet
MS of 4.5 mm or thicker with a blade.
[0117] In the exemplary embodiment described above,
explanation has been given of a case in which the opening
blade body 50 includes the protectors 56, 58 that cover the
blade body attachment member 52 and the opening blade
main body 54 when the gas cutter mechanism 16 is cutting
and protect them from the flame of the gas torch 76; however,
the protectors 56, 58 of the gas torch 76 may be omitted.
Moreover, for example, a spray covering film or the like may
be provided to the blade body attachment member 52 in place
of the protectors 56, 58.
[0118] Moreover, in the exemplary embodiment described
above, explanation has been given of a case in which the coil
sample collection device 10 includes the gas cutter mecha-
nism 16, the take-out mechanism 18, and the jib crane 20;
however, configuration may be made without the gas cutter
mechanism 16, the take-out mechanism 18, or the jib crane
20. The configurations of the gas cutter mechanism 16, the
take-out mechanism 18, and the jib crane 20 are also not
limited to the technology disclosed herein.
[0119] In the present exemplary embodiment, configura-
tion is made with the metal coil W restrained from the outer
peripheral surface OS of the metal coil W by the pair of cradle
rolls 28 alone; however a separate coil restraining roll 90 (see
the double dash intermittent lines in FIG. 2) may be provided
between the cradle rolls 28 and the opening blade body 50 (at
the right side of FIG. 6B). In such cases, for example, posi-
tioning is preferably at the 3 O’clock position in FIG. 2.
[0120] In cases in which the coil restraining roll 90 is dis-
posed between the cradle roll 28 and the opening blade body
50, the angle O is the angle from the load action point P to the
portion restrained by the coil restraining roll 90. This is
because the curved beam WB is formed between the load
action point P and the coil restraining roll 90, and is in order
to correctly derive the radial direction permissible dimension
K.
[0121] Explanation has been given in the exemplary
embodiment described above of a case in which the metal coil
W is steel sheet of from 1.2 mm to 25.4 mm wound to a coil
outer diameter of from 1000 mm to 2600 mm, however, metal
coils with dimensions outside of these ranges are not
excluded. Moreover, in place of the steel sheet, various metal
sheets each having an elastic deformation range and a plastic
deformation range, such as, for example, copper, aluminum,
or the like may applied to the metal coil. There is also no
particular limitation to the width, thickness, and coil diam-
eters of the metal sheets in such cases either.
What is claimed is:
1. An opening method, comprising:
restraining an outer peripheral surface of a metal coil of a
wound metal sheet with a plurality of restraining rolls;
disposing an opening blade body so as to satisfy the fol-
lowing Equation (1) and Equation (2), and contacting a
blade tip of the opening blade body onto the outer
peripheral surface of the metal coil; and
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rotating the metal coil in an opposite direction to a take-up
direction of the metal coil, separating a leading end
portion of the metal sheet from the metal coil using the
opening blade body, and supporting an inner peripheral
surface of the metal sheet using the opening blade body
with the leading end portion of the metal sheet in a free

state:
YpXZ ti 1
K= L4 R*(© — sin®cos®) (Equation (1)]
2EI
U=xK [Equation (2)]
wherein:

U is an opening radial direction dimension, from a load
action point at which the inner peripheral surface of the
metal sheet is supported by the opening blade body, to
the outer peripheral surface of the metal coil, in mm;

K is a radial direction permissible dimension at the load
action point position, from the inner peripheral surface
of the metal sheet to the outer peripheral surface of the
metal coil, in mm;

Yp is a yield stress of the metal sheet, in kgf/mm?;

Z is a section modulus of the metal sheet (=(¥%)bt?), in
mm?, wherein b is a width of the metal sheet, in mm, and
t is a plate thickness of the metal sheet, in mm;

R is a metal coil radius r from which one-half of the plate
thickness t of the metal sheet has been subtracted (r—(%)
1), in mm;

E is a Young’s modulus of the metal sheet, in kgf/mm?;

Iis a second moment of area of the metal sheet, inmm®; and

0 is an angle in radians about an axis of the metal coil from
the load action point to a portion restrained by a nearest
restraining roll of the restraining rolls along a rewind
direction of the metal coil.

2. The opening method of claim 1, wherein the nearest
restraining roll is a cradle roll on which the metal coil is
mounted.

3. The opening method of claim 1, wherein the plate thick-
ness of the metal sheet is 4.5 mm or greater.

4. The opening method of claim 2, wherein the opening
blade body swings about an axis parallel to the cradle roll so
as to approach the outer peripheral surface of the metal coil,
orto move away from the outer peripheral surface of the metal
coil.

5. The opening method of claim 4, wherein a path of a
leading end of the opening blade body is orthogonal to the
outer peripheral surface of the metal coil.

6. The opening method of claim 1, wherein the metal sheet
is cut with the inner peripheral surface of the metal sheet
supported by the opening blade body and the leading end of
the metal sheet in a free state.

7. The opening method of claim 6, wherein a cutting pro-
cess is performed by gas cutting, laser cutting, or plasma
cutting.

8. The opening method of claim 7, wherein cutting of the
metal sheet is performed with the opening blade body covered
by a protector.

9. The opening method of claim 6, wherein a test sample
obtained by cutting the leading end portion of the metal sheet
separated from the outer peripheral surface of the metal coil
using the opening blade body, is allowed to fall downward and
is collected.
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10. An opening device, comprising:

a cradle mechanism including a plurality of restraining
rolls that rotatably restrain an outer peripheral surface of
a metal coil of a wound metal sheet;

a drive section that drives the cradle mechanism so that the
metal coil is rotated in a take-up direction or an opposite
direction to the take-up direction; and

an opening blade body disposed so as to contact a blade tip
of the opening blade body onto an outer peripheral sur-
face of the metal coil so as to satisfy the following
Equation (3) and Equation (4):

YpxzZ , . [Equation (3)]
K= 3 R*(0 — sin®cos®)
U=<K [Equation (4)]
wherein:

U is an opening radial direction dimension, from a load
action point at which the inner peripheral surface of the
metal sheet is supported by the opening blade body, to
the outer peripheral surface of the metal coil, in mm;

K is a radial direction permissible dimension at the load
action point position, from an inner peripheral surface of
the metal sheet to the outer peripheral surface of the
metal coil, in mm;

Yp is a yield stress of the metal sheet, in kgf/mm?>;

Z is a section modulus of the metal sheet (=(¥%)bt?), in
mm?, wherein b is a width of the metal sheet, in mm, and
t is a plate thickness of the metal sheet, in mm;

R is a metal coil radius r from which one-half of the plate
thickness t of the metal sheet has been subtracted (r—(%)
1), in mm;

E is a Young’s modulus of the metal sheet, in kgf/mm?;

1is a second moment of area of the metal sheet, in mm®; and

O is an angle in radians about an axis of the metal coil from
the load action point to a portion restrained by a nearest
restraining roll of the restraining rolls along a rewind
direction of the metal coil.

11. The opening device of claim 10, wherein the nearest
restraining roll is a cradle roll on which the metal coil is
mounted.

12. The opening device of claim 10, wherein the plate
thickness of the metal sheet is 4.5 mm or greater.

13. The opening device of claim 11, further comprising a
swing mechanism that swings the opening blade body about
an axis parallel to the cradle roll such that the opening blade
body is able to advance toward, or retreat from, the outer
peripheral surface of the metal coil.

14. The opening device of claim 13, wherein the swing
mechanism swings the opening blade body such that a path of
the leading end of the opening blade body is orthogonal to the
outer peripheral surface of the metal coil.

15. The opening device of claim 10, further comprising a
cutting means that cuts the leading end of the metal sheet with
the inner peripheral surface of the metal sheet supported by
the opening blade body.

16. The opening device of claim 15, wherein the cutting
means cuts the leading end of the metal sheet using gas, laser,
or plasma.

17. The opening device of claim 16, further comprising a
protector that covers at least an opposite side of the opening
blade body to the metal coil.
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18. The opening device of claim 15, wherein a test sample
obtained by cutting the leading end portion of the metal sheet
separated from the outer peripheral surface of the metal coil
using the opening blade body, is allowed to fall downward.
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