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(54) METAL SHEET DRILLING DISK ROLL, METAL SHEET DRILLING DEVICE USING THE ROLL,
METAL SHEET DRILLING METHOD, AND DRILLED METAL SHEET

(57) A metal sheet drilling disk roll used to succes-
sively drill holes in along band-shaped metal sheet or
metal foil, a metal sheet drilling device using the roll, a
metal sheet drilling method, and a drilled metal sheet
manufactured using the metal sheet drilling device and
metal sheet drilling methods, the metal sheet drilling
disk roll (1) comprising a plurality of drilling edge parts
formed, in the state of being projected to the outer radial
direction and at intervals in circumferential direction, on

the outer peripheral surface of the disk roll with a spec-
ified thickness, wherein a flat edge part shape on the
outer peripheral surface of a drilling edge part (2) is
formed in a geometrical shape surrounded by one
closed line, and a side edge part shape of the drilling
edge part (2) as viewed from the side is formed in a re-
cessed shape so that edge height at its both circumfer-
ential end parts is higher than at the other parts and that
edge height is lowered gradually toward the center part
from the both circumferential end parts.
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Description

Technical Field

[0001] This invention relates to a metal sheet drilling
disk roll for making holes successively in a long belt-like
metal sheet or metal foil, a metal sheet drilling device
and a metal sheet drilling method which use the same
roll, and a drilled metal sheet produced by using these
metal sheet drilling device and metal sheet drilling meth-
od.

Background Art

[0002] In recent years, a demand for a drilled metal
sheet in which a multiplicity of holes are made so that
the drilled metal sheet is used as a base for a secondary
battery electrode has increased. The drilled metal sheet
for a secondary battery electrode base is wound with an
active material deposited on a surface thereof, and load-
ed into a battery case. The holes are made in the metal
sheet for the purpose of giving an anchoring effect to
the active material to promote the adhesion thereof to
the metal sheet, and also filling the holes with the active
material. In order to increase the capacity of a battery,
it is necessary to load the largest possible quantity of
active material into the battery case, so that the thinnest
possible metal sheet is demanded as a metal sheet to
be drilled and used for an electrode base.
[0003] A method of drilling a metal sheet by using a
dieing out press has heretofore been generally used as
a drilled metal sheet manufacturing method. However,
in a drilling method using a press, a metal sheet to be
drilled is necessarily fed intermittently, and necessarily
stopped when the metal sheet is pressed. Moreover, it
was very difficult to improve the productivity of drilled
metal sheets by increasing a drilling speed while exert-
ing a great force on the press.
[0004] Japanese Patent Laid-Open No. 133936/1985
discloses a method of continuously manufacturing
drilled metal sheets by rotating a drilling roller having a
multiplicity of projections as a method of improving the
productivity of drilled metal sheets by increasing a drill-
ing speed. The manufacturing of this metal sheet is done
in the followingmanner. Namely, first, a metal sheet is
passed continuously between a roller provided with a
multiplicity of saw-tooth-like projections on an outer cir-
cumferential surface thereof and a receiving roller, and
holes are thereby drilled by the projections with burrs
raised at the same time. The drilled metal sheet advanc-
es continuously, and the burrs impinge upon an end of
a scratch jig provided ahead of the drilled metal sheet,
the burrs being thereby folded back. The metal sheet
further advances continuously, and is fed to a rolling roll-
er provided ahead thereof. The metal sheet is then
rolled, and the folded-back portions thereof eat into the
metal sheet, so that a burrless drilled metal sheet is
formed. When this drilled metal sheet manufacturing

method is used, carrying out a continuous drilling oper-
ation becomes possible, and a drilling speed increases
to enable the improvement of the productivity of drilled
metal sheets to be attained.
[0005] However, this method of continuously manu-
facturing a drilled metal sheet by rotating the above-
mentioned projection-carrying drilling roller still had
problems to be solved.
[0006] Namely, the thickness of the burr-folded-back
portions becomes nearly two times that of the original
metal sheet. When this metal sheet is used as a drilled
metal sheet for a secondary battery electrode base, the
volume of the metal sheet itself increases when the met-
al sheet with an active material deposited on a surface
thereof and wound is loaded into a battery case, and the
quantity of the active material loaded into the battery jar
therefore decreases correspondingly, so that this meth-
od is not preferable to increase the capacity of the bat-
tery.
[0007] When the thickness of the folded-back portions
is set equal to that of the other portion of the metal sheet
by increasing a rolling force, the folded-back portions
only are rolled extremely and elongated since the thick-
ness of these portions is nearly two times as large as
that of the other portion of the metal sheet. Therefore,
the distance between the holes made by a drilling oper-
ation increases to cause the density of the holes to de-
crease. When a metal sheet having such holes is used
as a drilled metal sheet for a secondary battery base,
the anchoring effect becomes insufficient, and the quan-
tity of the active material packed in the holes decreases,
so that such a drilled metal sheet is not preferable.
[0008] The present invention has been made in view
of the above-mentioned circumstances, and provides a
metal sheet drilling disk roll capable of drilling a multi-
plicity of uniform holes successively in a long belt-like
metal sheet, especially, very thin metal foil used as a
secondary battery electrode base while keeping the
thickness of the metal sheet uniform; a metal sheet drill-
ing device and a metal sheet drilling method which use
the disk roll; and a drilled metal sheet produced by using
the metal sheet drilling device and metal sheet drilling
method.

Disclosure of the Invention

[0009]

(1) The metal sheet drilling disk roll having on an
outer circumferential surface of a disk roll body of a
predetermined thickness a plurality of drilling
blades formed in a circumferentially spaced manner
in a radially outwardly projecting state, wherein the
shape in plan of an outer circumferential surface of
each of the drilling blade is set to a geometric shape
surrounded by one closed line, the shape in side
elevation of the drilling blade being set concave so
that the height of both of circumferential end por-
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tions of the drilling blade is larger than that of the
other portion thereof with the height of the blade de-
creasing gradually from both of the circumferential
end portions thereof toward a central portion there-
of.
(2) A metal sheet drilling disk roll, wherein the disk
roll is formed so that the height in side elevation of
a preceding circumferential end portion of the drill-
ing blade with respect to the rotational direction of
the disk roll is smaller than that of a posterior cir-
cumferential end portion thereof with respect to the
same direction.
(3) A metal sheet drilling disk roll, wherein the shape
in plan of the drilling blade is set to a rectangular
shape or a substantially rectangular shape with its
four corner sections rounded.
(4) A metal sheet drilling disk roll, wherein the shape
in plan of the disk roll is set to one of an elongated
circular shape, an elliptic shape, a right circular
shape, a rhomboidal shape, or a substantially rhom-
boidal shape with its four corner sections rounded.
(5) A metal sheet drilling device for making a plural-
ity of holes in a metal sheet or metal foil, wherein
the metal sheet drilling disk roll mentioned in one of
the claim 1 to 3 is used as an upper roll, a pair of
upper side guide rolls, the radius of each of which
is reduced as compared with a distance between
the center of the driving disk roll and the lowest por-
tion of the drilling blade by at least not less than a
length corresponding to the thickness of the metal
sheet or metal foil, being connected to both sides
of the upper roll coaxially to form an upper roll unit,
a disk roll the diameter of which is slightly larger
than that of the metal sheet drilling disk roll being
provided as a guide roll, a pair of lower side guide
rolls, the radius of each of which is increased as
compared with that of the disk roll by at least a
length corresponding to the sum of the thickness of
the metal sheet or metal foil and a difference be-
tween an amount of projection of the highest portion
of the drilling blade and that of projection of the low-
est portion thereof, being connected to both sides
of the guide roll coaxially to form a lower roll unit,
the upper roll unit and lower roll unit being engaged
with each other to form a drilling unit capable of drill-
ing the metal sheet or metal foil with the drilling unit
passed therethrough, tensile force application units
formed of tensile force application means for apply-
ing a tensile force to the metal sheet or metal foil
being provided on the front and rear sides of the
drilling unit.
(6) A metal sheet drilling device, wherein a plurality
of sets of each of upper roll units and lower roll units
which constitute the drilling unit'mentioned in the
claim 5 above are connected together coaxially as
will be mentioned in the claim 7, the metal sheets
or metal foil being thereby made possible to be
drilled in a plurality of rows.

(7) Ametal sheet drilling device, wherein the upper
roll units, lower roll units and tensile force applica-
tion means being provided in positional relation in
which the metal sheet or metal foil advances along
a part of an outer circumference of the guide roll so
that the metal sheet or metal foil is drilled as the
metal sheet is wound round the guide roll.
(8) A metal sheet drilling device, wherein each of
the tensile force application means mentioned in
the claim 5 and claim 7 is formed of upper and lower
pinch rolls adapted to hold the metal sheet or metal
foil therebetween, or upper and lower bridle rolls.
(9) A metal sheet drilling method for drilling a metal
sheet or metal foil by using the metal sheet drilling
device mentioned in one of the claims 5 to 9, where-
in the metal sheet or metal foil is passed through a
pair of tensile force application units provided on the
front and rear sides of the drilling unit, the metal
sheet or metal foil being drilled successively by ro-
tating the upper and lower rolls, which constitute the
drilling unit, while applying tensile force to the metal
sheet or metal foil by tensile force application
means constituting the tensile force application
units.
(10) A drilled metal sheet manufactured by using
the metal sheet drilling device mentioned in the
claims 5 to 9, and the metal sheet drilling method
mentioned in the claim 10 above.

Brief Description of the Drawings

[0010]

Fig. 1 is a schematic diagram showing an example
of the condition of a metal sheet being drilled by us-
ing a metal sheet driving disk roll according to the
present invention;
Fig. 2 is a perspective view showing an example of
the shape of drilling blades provided in a projecting
state on an outer circumferential surface of the met-
al sheet driving disk roll according to the present
invention;
Fig. 3 is a schematic diagram showing another ex-
ample of the condition of a metal sheet being drilled
by using the metal sheet drilling disk roll according
to the present invention;
Fig. 4 is a schematic diagram showing a mode of
drilling a metal sheet in a metal sheet drilling oper-
ation using the metal sheet drilling disk roll accord-
ing to the present invention;
Fig. 5 is a schematic diagram showing an example
of a drilling unit of the metal sheet drilling device
according to the present invention;
Fig. 6 is a schematic diagram showing an example
of the metal sheet drilling device according to the
present invention;
Fig. 7 is a schematic diagram showing another ex-
ample of the drilling unit of the metal drilling device
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according to the present invention;
Fig. 8 is a schematic diagram showing another ex-
ample of the metal sheet drilling device according
to the present invention; and
Fig. 9 is a schematic diagram showing still another
example of the metal sheet drilling device according
to the present invention.

Best Mode for Carrying Out the Invention

[0011] The present invention will now be described in
detail with reference to the drawings.
[0012] A metal sheet drilling disk roll according to the
present invention is provided so as to make a multiplicity
of holes in a metal sheet or metal foil of around 0.02 to
0.2 mm in thickness.
[0013] As shown in Fig. 1, the disk roll 1 is provided
on an outer circumferential surface thereof with a plu-
rality of drilling blades 2 in a circumferentially spaced
manner and in a radially outwardly projecting state.
[0014] The shape in plan of each drilling blade on the
outer circumferential surface of the disk roll, i.e. a cross-
sectional shape of a drilled hole is set to a geometrical
shape surrounded by one closed line. In this embodi-
ment, this shape is set rectangular.
[0015] As shown in Figs. 1 and 2, the shape in side
elevation of each drilling blade 2 is set concave so that
the height of front and rear edges 21, 22 thereof consti-
tuting both circumferential end portions of the drilling
blade becomes larger than that of the other portions
thereof with the height of the drilling blade becoming
gradually smaller from the front and rear edges 21, 22
toward a central portion thereof.
[0016] As shown in Fig. 2, the drilling blade 2 is formed
so that both side edges 23 thereof, which correspond to
the portions of both-side closed lines opposed to each
other in the circumferential direction of the disk roll 1,
project lower than an imaginary straight line 24 connect-
ing together the front and rear edges 21, 22 which cor-
respond to the portions of both-side closed lines which
are opposed to each other in the direction of the thick-
ness of the disk roll 1.
[0017] The shape in plan of the drilling blade 2, i.e.
the cross-sectional shape of the drilled hole can also be
set to a substantially rectangular shape with its four cor-
ner portions rounded besides an accurate rectangular
shape having the front edge 21, rear edge 22 and side
edge 23 as shown in Fig. 2.
[0018] The front and rear edges 21 and 22 constitut-
ing the two circumferential end portions on the outer cir-
cumferential surface of the disk roll 1 of the drilling blade
2 can be formed so that the height of the front edge 21
thereof, a circumferentially preceding end portion which
eats into the metal sheet or metal foil (which will here-
inafter be referred to generically as a metal sheet) 10
first in accordance with the rotation of the disk roll 1 as
shown in Fig. 3 is smaller than that of the rear edge 22
thereof, a circumferentially posterior end portion which

is thereafter eats into the metal sheet 10. Since the
shape in side elevation of the driving blade 2 is set in
this manner, the front edge 21 and rear edge 22 can be
made so that these edges eat into the metal sheet 10 at
once as shown in Fig. 3.
[0019] The shape in plan of the drilling blade 2 can
also be formed to other shapes, for example, desired
geometric shapes, such as an elongated circular shape,
an elliptic shape, a right circular shape, a rhomboidal
shape, or a substantially rhomboidal shape with its four
corner portions rounded, etc. in accordance with the
property of the metal sheet instead of setting the shape
to the above-mentioned rectangular shape and a sub-
stantially rectangular shape.
[0020] The construction of the metal sheet drilling de-
vice according to the present invention will now be de-
scribed with reference to Fig. 6.
[0021] As shown in the drawing, the metal sheet drill-
ing device includes a drilling unit 20, upper and lower
pinch rolls 6a, 6b provided on the front side and rear
side of the drilling unit 20 as tensile force application
means, and tensile force application units 30 having
17a, 17b. On the other hand, the drilling unit 20 is formed
by providing on the outer circumferential surfaces of the
upper and lower rolls 11, 12 with drilling blades 2 in a
circumferentially spaced manner.
[0022] As shown in Fig. 9, upper and lower bridle rolls
16a, 16b and 17a, 17b may also be used as the tensile
force application means.
[0023] In the metal sheet drilling device having the
above-described construction, the drilling portion 2 can
have the construction shown, for example, in Fig. 5.
[0024] Namely, as shown in Fig. 5, a pair of disk rolls
3 the radius of each of which is set shorter than a dis-
tance between the center of the metal sheet drilling disk
roll 1 and the lowest portion (lowest portion of the side
edge 23) of the edge of the drilling blade 2 by at least a
length corresponding to the thickness of the metal sheet
10 are connected coaxially as upper side guide rolls to
both sides of the metal sheet driving disk roll 1 to form
an upper roll unit 11.
[0025] A disk roll the thickness of which is slightly larg-
er than that of a disk of the metal sheet drilling disk roll
1 is provided as a guide roll 4, and a pair of disc rolls 5
the radius of each of which is set larger than that of the
guide roll 4 by at least a length corresponding to the sum
of the thickness of the metal sheet 10 and a difference
between an amount of projection of the highest portion
(front edge 21 or rear edge 22) of the drilling blade 2
and that of projection of the lowest portion (side edge
23) thereof being connected to both sides of the guide
roll coaxially to form a lower roll unit 12.
[0026] The above-mentioned upper roll unit 11 and
lower roll unit 12 are engaged with each other, the drill-
ing unit 20 being thereby formed.
[0027] Another example of the drilling unit 20 of the
metal sheet drilling device according to the present in-
vention will be shown in Fig. 7. As shown in the drawing,
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the drilling unit 20 is formed by the metal sheet drilling
disk roll 1 and guide roll 4 arranged in a vertically sym-
metric manner with respect to the center of the metal
sheet 10. The guide roll 4 having a thickness slightly
larger than that of the disk of the metal sheet drilling disk
roll 1 is provided on the portions of the outer circumfer-
ential surface thereof which are opposed to the plural
drilling blades 2 formed so as to project in the radially
outward direction with a plurality of recesses 42 each of
which has a cross-sectional shape identical with the
shape in plan (i.e. the shape of a cross section of a
drilled hole) of the drilling blade 2.
[0028] The guide roll 4 of an elastic material, such as
rubber can also be formed of a disk having a flat outer
circumferential surface without forming a recessed por-
tion 42 having a cross section identical with that of the
drilled hole as mentioned above. In this case, the drilling
blade 2 provided on the metal sheet drilling disk roll 1
eats into the outer circumferential portion of the upper
roll unit 12 during a drilling operation, and the outer cir-
cumferential portion of the guide roll 4 is elastically de-
formed in accordance with the shape of the drilling blade
2. However, when the hole drilling operation finishes to
cause the drilling blade 2 to be disengaged from the
guide roll 4, the shape of the drilling blade 2 is restored
to that of a disk having the original flat outer circumfer-
ential surface.
[0029] In order to make a plurality of rows of holes in
the metal sheet 10 so that the holes are parallel spaced
in the widthwise direction, a metal sheet drilling device
can also be formed by connecting a plurality of sets of
upper rolls 11 and lower rolls 12, which constitute the
above-mentioned drilling unit 20, to each other coaxially
in the axial direction of each roll shaft as shown in Fig. 8.
[0030] The drilling blade 2 in the present invention is
formed on the outer circumferential surface of the disk
roll 1 in a radially outwardly projecting state so as to be
spaced at regular intervals in the circumferential direc-
tion as shown in Fig. 1. When the disk roll 1 is rotated,
the metal sheet 10 provided with undrilled hole portions
at regular intervals is'subjected to drilling. It is also pos-
sible to provide some of adjacent drilling blades 2 at in-
tervals larger than those of the other thereof instead of
providing the drilling blades on the outer circumferential
surface of the metal sheet at regular intervals in the cir-
cumferential direction thereof. Namely, it is possible to
form a disk roll 1 having no drilling blades 2 on a part of
the outer circumferential surface thereof, and drill the
metal sheet 10 by rotating the resultant disk roll so that
the metal sheet has in the lengthwise direction thereof
undrilled hole portions spaced at predetermined inter-
vals larger than those of the other drilled portions. Thus,
it becomes possible to provide undrilled portions at reg-
ular intervals larger than those of the other undrilled por-
tions, and cut the metal sheet 10 at the greatly spaced
undrilled portion thereof. Especially, when the sheet
drilling device formed as mentioned above, by connect-
ing a plurality of sets of the upper roll 11 and lower roll

12, which constitute the drilling unit 20, to each other
coaxially in the axial direction of each roll, is used to drill
holes in the metal sheet 10 in a staggered manner in the
widthwise direction thereof, an object portion of the met-
al sheet 10 can be cut irrespective of the presence of
the staggeringly arranged drilled portions on the metal
sheet. When the metal sheet 10 is used as a core of a
battery, it is possible to provide undrilled portions, the
intervals of which are larger than those of other portions,
at predetermined intervals so that the distance between
drilled portions agrees with the length of the core need-
ed for one battery. This enables the metal sheet 10 to
be cut without causing both of lengthwise end portions
thereof to fall on drilled portions. Such intervals of the
undrilled portions that are larger than those of the other
undrilled portions can be changed arbitrarily by select-
ing the diameter of the disk roll.
[0031] A method of making a multiplicity of holes suc-
cessively in a metal sheet 10 by using the metal sheet
drilling disk roll 1 according to the present invention and
the metal sheet drilling device according to the present
invention will now be described with a case where the
shape in plan (cross-sectional shape of a drilled hole)
of a drilling blade 2 of the metal sheet drilling disk roll 1
is rectangular taken as an example will now be de-
scribed with reference to Fig. 4.
[0032] According to the present invention, a metal
sheet of around 0.02 to 0.2 mm in thickness, and, espe-
cially, extremely thin metal foil of not larger than 0.1 mm
in thickness is drilled.
[0033] As described above, the metal sheet drilling
device according to the present invention includes as
shown in Fig. 6 a drilling unit 20, a pair of pinch rolls 6a
and 6b provided ahead of the drilling unit 20, and a ten-
sile force application units 30 formed of a pair of pinch
rolls 7a and 7b provided at the back of the drilling unit
20. As mentioned above, the pinch rolls may be re-
placed with upper and lower bridle rolls as shown in Fig.
9.
[0034] In order to drill the metal sheet 10, first, a ten-
sile force is applied to the portion of the metal sheet 10
which is between the pinch rolls 6a and 6b and 7a and
7b which constitute tensile force application means. The
metal sheet 10 is passed continuously between the up-
per and lower rolls 6a, 6b and upper and lower rolls 7a,
7b which constitute the drilling unit 20 and tensile force
application unit 30 with the tensile force applied condi-
tion maintained.
[0035] When the metal sheet 10 with a tensile force
applied thereto is brought into contact with the metal
sheet drilling disk roll 1, the upper roll 11 of the drilling
unit, first, a front edge 21 of a drilling blade 2 and a part
of a side edge 23 extending from the front edge 21 eat
into the metal sheet 10 as shown in Fig. 4 i) to cause a
break to occur.
[0036] When the metal sheet drilling disk roll 1 is fur-
ther rotated, the mentioned part of the side edge 23 ex-
tending from the front edge 21 of the drilling blade 2 fur-
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ther eats into the metal sheet as shown in Fig. 4 ii), and
the break stretches with the rear edge 22 of the drilling
blade 2 and the part of the side edge 23 which extends
from the rear edge 22 eating into the metal sheet 10 to
cause a break to occur.
[0037] When the metal sheet drilling disk roll 1 is fur-
ther rotated, the mentioned part of the side edge 23 ex-
tending from the front edge 21 of the drilling blade 2 fur-
ther eats into the metal sheet as shown in Fig. 4 iii), and
the break stretches with the mentioned part of the side
edge 23 which extends from the rear edge 22 of the drill-
ing blade 2 further eating into the metal sheet to cause
the break to stretch. The break in the side edge 23 thus
comes to stretch from both sides, i.e., from the front
edge 21 and rear edge 22.
[0038] When the metal sheet disk roll 1 is further ro-
tated, the break in the side edge 23 extending from both
the front edge 21 and rear edge 22 are joined together
as shown in Fig. 4 iv), and a hole of a rectangular shape
is formed in the metal sheet 10.
[0039] When the metal sheet disk roll 1 is further ro-
tated, a subsequent drilling blade 2 eats into the metal
sheet 10, and a rectangular hole is formed in the same
manner as mentioned above.
[0040] When the metal sheet drilling disk roll 1 is thus
rotated, rectangular holes can be formed successively
in the metal sheet 10 in a spaced manner.
[0041] When in this case the height of the front edge
21 forming a preceding circumferential end portion
which eats into the metal sheet 10 first in accordance
with the rotation of the disk roll 1 is set lower than that
of the rear edge 22 forming a posterior circumferential
end portion which thereafter eats into the metal sheet
10 as shown in Fig. 3, it becomes possible to have the
front edge 21 and rear edge 22 eaten into the metal
sheet 10 at once, and make rectangular holes in the
metal sheet 10 more accurately and reliably.
[0042] In the case where a metal sheet drilling oper-
ation is carried out in practice with a tensile force not
applied to the metal sheet 10, which is made of, espe-
cially, metal foil of an extremely small thickness of not
larger than 0.1 mm, the rigidity of the metal sheet lowers
even when the height of the portions constituting inter-
mediate portions between the front edge 21 and rear
edge 22 is set lower than those of the front and rear
edges 21, 22 as shown in Fig. 2, i.e., even when a metal
sheet drilling disk roll 1 in which the portion of the blade
corresponding to the side edge 23 projects lower than
an imaginary straight line connecting together the apex-
es of the portions of the blade which correspond to the
front edge 21 and rear edge 22 is used. As a result, it
becomes difficult to have the portions of the blade which
correspond to the front edge 21 and rear edge 22 eat
into the metal sheet, and make accurately shaped holes
successively. Therefore, it is preferable to give a tensile
force to the metal sheet 10 when metal foil of extremely
small thickness of not larger than 0.1 mm is drilled.
[0043] When a method of moving the metal sheet 10

so that the metal sheet winds round a part of the outer
circumference of the guide roll 2 (lower roll 12) as shown
in Fig. 9, and drilling the metal sheet with the metal sheet
10 brought into close contact with the lower roll 12 is
used, metal foil of an extremely small thickness of not
larger than 0.1 mm can be drilled more reliably. In this
case, the upper and lower bridle rolls 16a and 16b and
17a and 17b, which serve as tensile force application
means, and upper roll 11 and lower roll 12 are provided
in the positional relation which permits the metal sheet
to advance along a part of the outer circumference of
the guide roll 2 (lower roll 12), and not in the positional
relation shown in Fig. 9, i.e., not in the positional relation
in which the metal sheet 10 is moved linearly between
the drilling unit 20 and tensile force application units 30
as shown in Fig. 6.
[0044] Fig. 5 and Fig. 7 show a case where holes are
formed in one row in a metal sheet 10. As shown in Fig.
8, it is possible to form a metal sheet drilling device by
arranging a plurality of sets of lower rolls 12 and upper
rolls 11, which constitute a metal sheet drilling unit, co-
axially in the axial direction of the rolls, and make in a
metal sheet 10 a plurality of widthwise arranged rows of
substantially rectangular holes successively in a length-
wise spaced manner. When in this case the intervals of
drilling blades 2 of adjacent metal sheet drilling disk rolls
1 are mutually regulated, making holes in an arbitrary
arrangement, such as a staggered arrangement and a
latticed arrangement and the like can be done.
[0045] The drilled metal sheet having a multiplicity of
holes according to the present invention can be made
by using the above-mentioned metal sheet drilling de-
vice having a metal sheet drilling disk roll 1, and the
above-mentioned metal sheet drilling method. The
drilled metal sheet having a multiplicity of holes accord-
ing to the present invention can be formed by making
uniform holes successively and accurately in, especial-
ly, metal foil of an extremely small thickness of not larger
than 0.1 mm. Since such a drilled metal sheet does not
have projecting portions, such as folded-back portions
and the like, the metal sheet is suitable for a base for a
secondary battery electrode.

(Embodiment)

[0046] 30 sets of metal sheet drilling disk rolls (upper
rolls) were prepared each of which was formed of a disk
of alloy tool steel (SKS1) of 1 mm in thickness and 80
mm in diameter and provided on its outer circumferential
surface with 60 drilling blades so that the blades were
spaced at 1.59 mm intervals and projected in the radially
outward direction, each of which blades had a rectan-
gular drilling section of 2.6 mm in circumferential length
and 1 mm in width.
[0047] Each of the drilling blades was formed in a pro-
jecting manner so that the height (maximum height) of
rectangular front edge and rear edge projecting at front
and rear portions of the blade with respect to the direc-
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tion of the thickness of the disk roll became 1 mm with
the height (minimum height) of the centers of side edges
projecting at left and right portions of the blade with re-
spect to the circumferential direction 0.5 mm so as to
vary the height of the front edge ~ the centers of the side
edges ~ the rear edge continuously and arcuately.
[0048] 31 sets of disk rolls (upper side guide rolls) of
80 mm in diameter formed of alloy tool steel (SKS1) of
1 mm in thickness were prepared. The metal sheet drill-
ing disk rolls and side guide rolls were arranged alter-
nately and coaxially so that the rolls at both ends be-
came side guide rolls with the distance between each
side guide roll and each metal sheet drilling disk roll be-
coming 0.05 mm, by inserting spaces therebetween and
thereby regulating the distance, to form upper rolls.
[0049] On the other hand, 30 sets of disk rolls (guide
rolls) of 80 mm in diameter were prepared from alloy tool
steel (SKS1) of 1.1 mm in thickness. Also, 31 sets of
disk rolls (lower side guide rolls) of 81 mm in diameter
were prepared from alloy tool steel (SKS1) of 1 mm in
thickness. The guide rolls and side guide rolls were ar-
ranged alternately and coaxially so that the rolls at both
ends became side guide rolls, to form lower rolls.
[0050] The upper rolls and lower rolls thus prepared
were engaged with each other to form a drilling unit. The
drilling blades of adjacent upper rolls were lined so as
to stagger the blades thereof by a half pitch in the cir-
cumferential direction so that the holes formed after a
drilling operation were arranged in a staggered manner.
[0051] Moreover, a pair of bridle rolls were provided
at each of the front and rear sides of this drilling unit in
such positional relation that permitted a metal sheet to
advance so as to wind round a part of the outer circum-
ference of the lower roll of the drilling unit as shown in
Fig. 9, to form tensile force application units. The rota-
tional speed of the front bridle roll was set slightly higher
than that of the rear bridle roll so that a tensile force be
applied at all times to the portion of the metal sheet
which is between the two bridle rolls. Thus, the metal
sheet drilling device was formed.
[0052] A long belt-like nickel plated steel foil of 0.035
mm in thickness and 65 mm in width was then drilled by
using the above-mentioned metal sheet drilling device.
The rotational speeds of the bridle roll in front of the ten-
sile force application unit, bridle roll at the back thereof
and upper and lower rolls of the drilling unit were set
respectively so that the steel foil advances at a speed
of 1 m/sec. The rotational speeds of the bridle rollers
were set so that 2 kgf tensile force was exerted on the
portion of the metal sheet which was between the front
bridle roll and rear bridle roll. Thus, rectangular holes of
2.6 mm in length and 1 mm in width were made succes-
sively at 1.59 mm intervals in the lengthwise direction,
and nickel plated steel foil having 30 rows of holes made
in a staggered manner at 1.1 mm intervals in the width-
wise direction thererof was obtained.

Industrial Applicability

[0053] The present invention relates to a metal sheet
drilling device and a metal sheet drilling method which
use a metal sheet driving disc roll provided on an outer
circumferential surface thereof with a plurality of drilling
blades arranged in a circumferentially spaced manner
and in a radially projecting state. Using the metal sheet
drilling device and metal sheet drilling method according
to the present invention has enabled a multiplicity of uni-
form holes of a constant depth to be made successively
in a long belt-like metal sheet, especially, long belt-like
metal foil used for a base for a secondary battery elec-
trode.

Claims

1. A metal sheet drilling disk roll formed with a plurality
of drilling blades provided on an outer circumferen-
tial surface thereof in a circumferentially spaced
manner and in a radially projecting state, charac-
terized in that:

the shape in plan of each drilling blade on an
outer circumferential surface of the disk roll is
set to a geometric shape surrounded by one
closed line,
the shape in side elevation of side surfaces of
the drilling blade being set concave so that the
height of both of circumferential end portions of
the blade becomes larger than that of the other
portion thereof with the height of the blade be-
coming gradually smaller from the two circum-
ferential end portions thereof toward a central
portion thereof.

2. A metal sheet drilling disk roll according to Claim 1,
wherein the shape in side elevation of side surfaces
of the drilling blade is set so that the height of one
circumferential end portion thereof, i.e. a preceding
circumferential end portion thereof with respect to
the rotational direction of the disk' roll becomes
smaller than that of the other circumferential end
portion thereof, i.e. a posterior circumferential end
portion thereof with respect to the same direction.

3. A metal sheet drilling disk roll according to Claim 1
or 2, wherein the shape in plan of the drilling blade
is set to a rectangular shape or a substantially rec-
tangular shape with four corner portions thereof
rounded.

4. A metal sheet drilling disk roll according to Claim 1
or 2, wherein the shape in plan of the drilling blade
is set to one of an elongated circular shape, an el-
liptic shape, a right circular shape, a rhomboidal
shape and a substantially rhomboidal shape with
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four corner portions thereof rounded.

5. A metal sheet drilling device for making a plurality
of holes in a metal sheet or metal foil, character-
ized by:

disposing the metal sheet drilling disk roll ac-
cording to one of Claims 1 to 3 as an upper side
roll, and connecting coaxially to both sides of
the upper roll a pair of upper side guide rolls the
radius of each of which is set smaller than the
length measured from the center of the metal
sheet driving disk roll to the lowest portion of
the drilling blade, by at least a size correspond-
ing to the thickness of the metal sheet or metal
foil to form an upper roll unit,
disposing as a guide roll a disk roll the thickness
of which is slightly larger than that of the metal
sheet driving disk roll, and connecting coaxially
to both sides of the guide roll a pair of lower
side guide rolls the radius of each of which is
set larger than that of the disk roll by a length
corresponding to the sum of the thickness of
the metal sheet or metal foil and a difference
between an amount of projection of the highest
portion of the drilling blade and that of projec-
tion of the lowest portion thereof, to form a low-
er roll unit,
engaging the upper roll unit and lower roll unit
with each other, and forming portions capable
of being drilled in the metal sheet while passing
the metal sheet or metal foil beneath the drilling
roll disk, and
disposing on the front and rear sides of the por-
tions to be drilled tensile force application units
formed of means for applying a tensile force to
the metal sheet or metal foil.

6. A metal sheet drilling device according to Claim 5,
wherein a plurality of sets of the upper roll units and
lower roll units which constitute the drilling unit are
connected together coaxially, whereby a plurality of
rows of holes are made capable of being drilled in
the metal sheet or metal foil.

7. A metal sheet drilling device according to Claim 5
or 6, wherein the upper roll unit, lower roll unit and
tensile force application means are provided in such
positional relation that permits the metal sheet or
metal foil to advance along a part of an outer cir-
cumference of the guide roll so that the metal sheet
or metal foil is drilled as the metal sheet winds round
the guide roll.

8. A metal sheet drilling device according to Claim 5
or 7, wherein the tensile force application means
are formed of upper and lower pinch rolls adapted
to hold the metal sheet or metal foil therebetween.

9. A metal sheet drilling device according to'Claim 5
or 7, wherein the tensile force application means
comprises a pair of upper and lower bridle rolls.

10. A metal sheet drilling method for drilling a metal
sheet or metal foil by using the metal sheet drilling
device defined in one of Claims 5 to 9, wherein:

the metal sheet or metal foil is passed through
the two tensile force application units provided
on the front and rear sides of the drilling unit,
the upper and lower roll units which constitute
the drilling unit being rotated as a tensile force
is applied to the metal sheet or metal foil by the
tensile force application means each of which
constitutes the tensile force application unit re-
spectively, the metal sheet or metal foil being
thereby drilled continuously.

11. A drilled metal sheet produced by using the metal
sheet drilling device defined in one of Claims 5 to
9, and the metal sheet drilling method defined in
Claim 10.
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