woO 2011/158092 A2 I 10KV A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 I MIEVAN A1 AT AP RO OO R0 0
International Bureau S,/ )
g ' Joy . . .
. .. _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/
22 December 2011 (22.12.2011) PCT WO 2011/158092 A2

(51) International Patent Classification: Kanagawa 243-0123 (JP). YAMAMOTO, Keisuke
HOIM 4/26 (2006.01) B26D 1/06 (2006.01) [JP/JP]; C/o Nissan Motor Co., Ltd., Intellectual Property
B26D 1/08 (2006.01) B26D 7/26 (2006.01) Department, 1-1, Morinosatoaoyama, Atsugi-shi, Kana-

B26D 3/10(2006.01) B23D 15/00 (2006.01) gawa 243-0123 (JP).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/IB2011/001323 kind of national protection available). AE, AG, AL, AM,
. - AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
10 June 2011 (10.06.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
o . KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(30) Priority Data: NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
2010-138753 17 June 2010 (17.06.2010) P 8G, 8K, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN, TR, TT,

TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): NISSAN . L
MOTOR CO., LTD. [JP/JP]; 2 Takara-cho, Kanagawa- (84) Designated States (unless otherwise indicated, for every

ku, Y okohama-shi, Kanagawa 221-0023 (JP). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Inventors/Applicants (for US only): SHLJO, Akihiro TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[JP/JP]; C/o Nissan Motor Co., Ltd., Intellectual Property EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Department, 1-1, Morinosatoaoyama, Atsugi-shi, Kana- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SIL, SK,
gawa 243-0123 (JP). MITAMURA, Kazuhiro [JP/JP]; SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

C/o Nissan Motor Co., Ltd., Intellectual Property Depart- GW, ML, MR, NE, SN, TD, TG).

ment, 1-1, Morinosatoaoyama, Atsugi-shi, Kanagawa .

243-0123 (JP). IKEDA, Akihiro [JP/JP]; C/o Nissan Declarations under Rule 4.17:
Motor Co., Ltd., Intellectual Property Department, 1-1, —  ofinventorship (Rule 4.17(iv))
Morinosatoaoyama, Atsugi-shi, Kanagawa 243-0123 (JP).

UEDA, Syunji [JP/JP]; C/o Nissan Motor Co., Ltd., In- Fublished:
tellectual Property Department, 1-1, Morinosatoaoyama, —  without international search report and to be republished
Atsugi-shi, Kanagawa 243-0123 (JP). MATSUNAE, Hi- upon receipt of that report (Rule 48.2(g))

roki [JP/JP]; C/o Nissan Motor Co., Ltd., Intellectual
Property Department, 1-1, Morinosatoaoyama, Atsugi-shi,

(54) Title: WORKPIECE CUTTING METHOD

(57) Abstract: A workpiece cutting method basically includes providing a workpiece proximate to a first blade (7, 107) including
a first cutting edge (7a, 107a). The method further comprises moving a second blade (6, 106) including a second cutting edge (6a,
106a) in contact with the first blade (7, 107) such that the first (7a, 107a) and second (6a, 106a) cutting edges of the first (7, 107)
and second (6, 106) blades cooperatively engage to cut the workpiece while maintaining the first (7a, 107a) and second (6a, 106a)
cutting edges parallel to each other.



WO 2011/158092 PCT/1IB2011/001323

WORKPIECE CUTTING METHOD
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to Japanese Patent Application No. 2010-
138753, filed on June 17, 2010. The entire disclosure of Japanese Patent Application No.
2010-138753 is hereby incorporated herein by reference.
© BACKGROUND
Field of the Invention
[0002] The present invention generally relates to a workpiece cutting method. More
particularly, the present invention relates to a workpiece cutting method for reducing
burring on a workpiece being cut.
Background Information
[0003] Various types of workpiece cutting methods and apparatus exist. For example,
Japanese Laid-Open Patent Publication No. 2006-252805 discloses a cutting apparatus
having an upper shear blade and a lower shear blade that are configured to cut a portion of
a workpiece.
SUMMARY
[0004] However, the cutting apparatus described in Japanese Laid-Open Patent
Publication No. 2006-252805 fails to include a mechanism for adjusting a gap between the
upper shear blade and the lower shear blade. Thus, when the mechanism is used to cut a
thin metal foil having a thickness of several tens of micrometers, such as an aluminum or
copper foil that can be used as an electrode foil of a lithium ion secondary battery, a gap
between the upper and lower shear blades can cause burring. The burring can occur even
if the gap is only several micrometers of separation. Consequently, when the workpiece is
a thin flat plate or sheet, burring occurs easily when the workpiece is cut.
[0005] Accordingly, an object of the present invention is to reduce the occurrence of
burring on a workpiece being cut.
[0006] = In view of the state of the known technology, one aspect of the present
invention provides a workpiece cutting method. The workpiece cutting method basically
includes providing a workpiece proximate to a first blade including a first cutting edge,

and moving a second blade including a second cutting edge in contact with the first blade
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such that the first and second cutting edges of the first and second blades cooperatively
engage to cut the workpiece while maintaining the first and second cutting edges parallel
to each other.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Referring now to the attached drawings which form a part of this original
disclosure:
[0008] Figure 1A is a perspective view of a cutting apparatus according to a first
disclosed embodiment;
[0009] Figure 1B is another perspective view of the cutting apparatus according to the
first disclosed embodiment;
[0010] Figure 2 is a compound cross-sectional view of the cutting apparatus illustrated
in Figures 1A, 1B and 2 as viewed along section line 2-2 in Figures 1A and 1B;
[0011] Figure 3A is an enlarged perspective view of the upper blade of the cutting
apparatus; '
[0012] Figure 3B is an enlarged front elevational view of the upper blade;
[0013] Figure 3C is an enlarged side elevational view of the upper blade;
[0014] Figure 4 is an enlarged perspective view of a moveable unit of the cutting
apparatus as viewed from a lower plate of the cutting apparatus;
[0015] Figures 5A through SE illustrate a sequence of simplified diagrammatic views
showing an example of the cutting operation of the cutting apparatus;
[0016] Figure 6 is an enlarged perspective view of a cutting apparatus according to a
second disclosed embodiment; and
[0017] Figure 7 is an enlarged side elevational view of a moveable unit of the cutting
apparatus shown in Figure 6.

DETAILED DESCRIPTION OF EMBODIMENTS
[0018] Selected embodiments will now be explained with reference to the drawings. It
will be apparent to those skilled in the art from this disclosure that the following
descriptions of the embodiments are provided for illustration only and not for the purpose
of limiting the invention as defined by the appended claims and their equivalents.
[0019] Referring initially to Figures 1A to 3, a cutting apparatus 1 is illustrated

according to a first disclosed embodiment. Figures 1A and 1B are perspective views of
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the cutting apparatus 1 as seen from different directions. Figure 2 is a cross sectional view
taken along a section line 2-2 in Figures 1A and 1B.

[0020] The cutting apparatus 1 is configured to be used to cut, for example, thin, flat,
sheet-like workpieces. An example of a workpiece is a thin metal foil made of aluminum
or copper that is used as a metal electrode foil of a lithium ion secondary battery.

[0021] The cutting apparatus 1 includes an upper plate 2 and a lower plate 3 arranged
to face opposite each other with a prescribed spacing between the upper plate 2 and the
lower plate 3. In this example, the upper plate 2 is configured to be moved up and down
by a press device or other actuator (not shown) along guide cylinders 4 that can be
arranged at four corners of the lower plate 3. In Figures 1A and 1B, one of the guide
cylinders is omitted from a foreground of each view.

[0022] A moveable unit 5 (moveable component) attaches an upper blade 6 (second
blade) to the upper plate 2. A lower blade 7 (first blade) is fixed to the lower plate 3.
Thus, the upper blade 6 and lower blade 7 are arranged to cooperate in a cutting manner as
discussed in more detail below. The blades 6 and 7 can be made of steel, cemented
carbide or any other suitable material. In this example, the upper blade 6 and the lower
blade 7 can each be configured as an L-shaped blade as understood in the art. An X axis is
defined to extend along a direction parallel or substantially parallel to a short side of the L-
shaped blades making up blades 6 and 7. A Y axis is defined to extend along a direction
parallel or substantially parallel to a long side of the L-shaped blades making up blades 6
and 7. Both the X axis and the Y axis lie in a plane perpendicular or substantially

- perpendicular to a vertical movement direction of the upper plate 2. Also, a positive
direction along the X axis and a positive direction along the Y axis are both defined to be
directions in which the upper blade 6 is separated from the lower blade 7.

[0023] As shown in Figure 2, the moveable unit 5 is attached to a pedestal 8 provided
on a bottom surface of the upper plate 2 and can move along the X axis and the Y axis. A
first spring plunger 9 is fastened to the pedestal 8 by fastening members such as bolts,
screws, rivets or any other suitable fasteners. The first spring plunger 9 is configured to
provide a spring reaction force to continuously apply a pressing force against the
moveable unit 5 in a negative X direction. As shown in Figure 1A, a second spring

plunger 10 is fastened to the moveable unit 5 by fastening members such as bolts, screws,
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rivets or any other suitable fasteners. The second spring plunger 10 is configured to
provide a spring reaction force to continuously apply a pressiné force against the
moveable unit 5 in a negative Y direction.

[0024] An actuator 11 is provided that faces opposite to the first spring plunger 9 with
the moveable unit 5 between the first spring plunger 9 and the actuator 11. The actuator
11 is configured to épply a force against the moveable unit 5 that is opposed to the
pressing force of the first spring plunger 9 as necessary or desirable. Thus, the actuator 11
exerts a force to push the moveable unit 5 in the positive X direction when necessary or
desirable. The actuator 11 can include an air cylinder in this example. However, the
actuator can include any suitable type of mechanism that can apply a force to the
moveable unit 5 . ‘

[0025] Figure 3A is én enlarged perspective view of the upper blade 6. Figure 3B is
an enlarged front elevational view of the upper blade 6. Figure 3C is an enlarged side
elevational view of the upper blade 6.

[0026] As shown in Figures 3B and 3C, the upper blade 6 in this example is
configured as a shear blade that is slanted at a prescribed shear angle in a direction
(upward in the figure) of separation from the lower blade 7 from a base end toward a tipi
end of the upper blade 6. As a result, when a workpiece is cut, the workpiece is cut
beginning at the base end side of the upper blade 6 and along the upper blade 6 in a
direction away from the base end side.

[0027] As further shown in Figures 3A to 3C, an engagement guide 61 is formed on
the base end side of the upper blade 6 to adjust an X direction gap and a Y direction gap
between the upper blade 6 and the lower blade 7 to zero before a workpiece is cut. In the
example, the X direction gap can be referred to as an X-axis clearance and the Y direction
gap can be referred to as a Y-axis clearance. v‘_

[0028] The engagement guide 61 is configured to protrude from the upper blade 6
toward the lower blade 7 (downward in the Figure 3B). The engagement guide 61 in this
example includes a slanted surface 61a that is configured to slant in a positive direction of
the X axis. The engagement guide 61 further includes a slanted surface 61b that is

configured to slant in a positive direction of the Y axis.
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[0029] In the following description, a state in which a gap exists between the upper
blade 6 and the lower blade 7 is called “positive clearance.” Conversely, a state in which
the upper blade 6 and the lower blade 7 overlap each other, that is, a state in which the
upper blade 6 protrudes over the lower blade 7 in the X-axis and Y-axis directions, is
called “negative clearance.” Also, a state in which a gap between the upper blade 6 and
the lower blade 7 is exactly zero (or insignificantly gréater or less than zero) is called
“zero clearance.”

[0030] Furthermore, the engagement guide 61 of the upper blade 6 can contact the
lower blade 7 before the upper blade 6 and the lower blade 7 cooperate to perform a
cutting operation when the upper plate 2 is moved in a downward direction, such as
downward in Figures 1A, 1B and 2. Thus, as the upper plate 2 moves downward, the
slanted surfaces 61a and 61b of the engagement guide 61 slide against the lower blade 7.
Accordingly, the upper blade 6 is moved in the positive X and Y directions by the
moveable unit 5 in accordance with the slant angles of the slanted surfaces 61a and 61b.
As a result, by the time the upper blade 6 and the lower blade 7 actually begin to perform a
cutting operation, the X-axis clearance and the Y-axis clearance have each been revised
from a negative clearance to a zero clearance.

[0031] The m.oveable unit 5 will now be explained in more detail with reference to
Figure 4. Figure 4 is an enlarged perspective view of the moveable unit 5 as seen from the
lower plate 3. As shown in Figure 4, the moveable unit 5 in this example comprises a first
slide device 51 and a second slide device 52.

[0032] The first slide device 51 enables the moveable unit 5 to move along the X axis
and comprises a first rail 511, a first slider 512 and a first mounting platform 513 in this
example. Two first rails 511 are fixed to the pedestal 8. A groove 511a extending in the

. X-axis direction is formed in each of both side faces of each of the first rails 511. The first
sliders 512 have pawl portions 512a that are configured to engage with the grooves of the
first rails 511 and can move in the X-axis direction along the first rails 511. The first
mounting platform 513 is fixed on the first sliders 512 and serves as a platform on which
to arrange the second slide device 52. The first mounting platform 513 is continuously
pressed in the negative direction of the X axis by a reaction force of the first spring

plunger 9.
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[0033] The second slide device 52 enables the moveable unit 5 to move along the Y
axis and comprises a second rail 521, a second slider 522, and a second mounting platform
523. Two second rails 521 are fixed to the first mounting platform 513. A groove 521a
extending in the Y-axis direction is formed in each of both side faces of each of the second
rails 521. The second sliders 522 have pawl portions 523a that are configured to engage
with the grooves 521a of the second rails 521 and can move in the Y-axis direction along
the first rails 521. »

[0034] The second stationary platform 523 is fixed on the second sliders 522 and
serves as a platform on Which to fasten the upper blade 6 through a holder 12. The second
mounting platform 523 is longer than the first mounting platform in the Y-axis direction.
The second spring plunger 10 is fastened to a bottom surface of an end portion of the
second mounting platform 523 located in the negative .Y-axis direction. The second spring
plunger 10 protrudes toward the first mounting platform 513 and serves to continuously
press the first mounting platform 513 in a negative Y-axis direction. As a result, since the
first mounting platform 513 cannot move in the Y-axis direction, the second mounting
platform 523 is continuously pressed in the negative Y-axis direction by a reaction force
of the second spring plunger 10. A stopper 525 is fixed to a bottom surface of an end
portion of the second mounting platform 523 located in the positive Y-axis direction and
restricts the amount the moveable unit 5 can move in the negative Y-axis direction.

[0035] An example of the operation of the cutting apparatus 1 will now be explained
with reference to Figures 5A through 5F. Figures 5A through SF are simplified views of
the cross sectional view shown in Figure 2 and illustrate an example of one cycle of a
‘cutting operation performed by the cutting apparatus 1.

[0036] Figure 5A shows an initial position in which the X-axis clearance and the Y-
axis clearance between the upper blade 6 and the lower blade 7 are both negative
clearances. When the upper plate 2 is lowered from the initial position, a portion of the
engagement guide 61 of the upper blade 6 firsts contacts the lower blade 7. As the upper
plate 2, and thus the upper blade 6, is lowered further from this state, the slanted surfaces
61a and 61b of the engagement guide 61 of the upper blade 6 slide against the lower blade
7. Accordingly, the moveable unit 5 is moved in the positive X and Y directions in

opposition to the pressing forces of the first spring plunger 9 and the second spring
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plunger 10 in accordance with the slant angles of the slanted surfaces 61a and 61b. Asa
result, by the time the upper blade 6 and the lower blade 7 actually begin to cooperate to
perform the cutting, the X-axis clearance and the Y-axis clearance have each been revised
from a negative clearance to a zero clearance. »

[0037] As shown in Figure 5B, cutting of the workpiece begins with the upper blade 6
and the lower blade 7 positioned such that both the X-axis clearance and the Y-axis
clearance are zero clearances. In this embodiment, since the upper blade 6 is a shear blade,
the workpiece is cut beginning at the base end side of the upper blade 6.

[0038] Furthermore, as discussed above, the moveable unit 5 is continuously pressed
in the negative X-axis and negative Y-axis directions by the first spring plunger 9 and the
second spring plunger 10. The first spring plunger 9 and second spring plunger 10 can
thus be collectively referred to as pressing component. Consequently, when the workpiece
is being cut, a cutting edge 6a (second cutting edge) of the upper blade 6 is continuously
maintained parallel or substantially parallel to a cutting edge 7a (first cutting edge) of the
lower blade 7. Thus, the upper blade 6 and lower blade 7 engage each other such that they
are in contact with each other. As a result, when a workpiece is cut, the upper blade 6 and
the lower blade 7 can be held in such a state that both the X-axis clearance and the Y-axis
clearance are zero clearances for the duration of the cut.

[0039] As shown in Figure 5 C, when the upper plate 2 has been lowered to a dead
bottom position and cutting of the workpiece is complete, the actuator 11 is driven to
move the moveable unit 5 in the negative X-axis direction as shown in Figure 5 D.
Accordingly, X-axis clearance and the Y-axis clearance between the upper blade 6 and the
lower blade 7 are changed to positive clearances.

[0040] Then, as shown in Figure SE, the upper plate 2 is raised to a dead top position
while maintaining the X-axis clearance and the Y-axis clearance as positive clearances.
Thus, the upper blade 6 and the lower blade 7 do not contact each other when the upper
plate 2 is raised. As a result, the workpiece can be prevented from getting caught by the
rising upper blade 6, which prevents burring from occurring.

[0041] As can be appreciated from the above, the moveable unit 5 is continuously
pressed in the negative X-axis direction and the negative Y-axis direction by the first

spring plunger 9 and the second spring plunger 10. Consequently, even while the
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workpiece is being cut, the X-axis clearance and the Y-axis clearance between the upper
blade 6 and the lower blade 7 can be held continuously at zero clearance. As a result, the
occurrence of burring on the workpiece can be suppressed. Also, since the cutting edge 6a
of the upper blade 6 and the cutting edge 7a of the lower blade 7 are maintained parallel or
substantially to each other, the service life of the cutting edges 6a and 7a of the upper
blade 6 and the lower blade 7 can be improved. That is, even though the service life of the
cutting edges 6a and 7a declines due to the contact of the upper blade 6 and the lower
blade 7 against each other, the service life of the cutting edges 6a and 7a can be improved
in comparison with an arrangement in which the cutting edge 6a of the upper blade 6 is not
maintained parallel to the cutting edge 7a of the lower blade 7. Also, by keeping the
cutting edge 6a of the upper blade 6 parallel or substantially parallel to the cutting edge 7a
of the lower blade 7, the workpiece can be cut with a constant or substantially constant
pressure. This can ensure a consistently smooth cutting of the workpiece.

[0042] As can further be appreciated from the above, the engagement guide 61 formed
on the upper blade 6 adjusts the X-axis clearance and the Y-axis clearance to zero
clearance easily before cutting of the workpiece begins. Also, the second spring plunger
10 which is attached to the second mounting platform 523 enables the size of the second
spring plunger 10, and thus the size of the cutting apparatus 1 as a whole, to be reduced.

In particular, the size of the second spring plunger 10 and the cutting apparatus 1 as a
whole can be smaller in comparison with a configuration in which the second spring
plunger 10 is mounted to, for example, the pedestal 8 to push directly against the second
mounting platform in the Y-axis direction. Moreover, since the upper blade 6 is a shear
blade, the upper blade 6 can cut workpiece starting at one end and continuing to the other
end to complete the cut. This type of cutting can prevent the workpiece from getting
caught on the upper blade 6, the lower blade 7, or both, which prevents or at least reduces
the occurrence of burring.

[0043] A second embodiment will now be explained with reference to Figure 6 and
Figure 7. The second embodiment differs from the first embodiment in that the upper
blade 6 and the lower blade 7 are linear blades. In view of the similarity between the first
and second embodiments, the parts of this second embodiment that are similar to the parts

of the first embodiment will be given similar reference numerals as the parts of the first
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embodiment. In addition, the parts of this second embodiment can be made of materials
similar to the parts of the first embodiment. Moreover, the descriptions of the parts of the
second embodiment that are identical or similar to the parts of the first embodiment may
be omitted for the sake of brevity. |

[0044] Figure 6 is a perspective view of a cutting apparatus 101 according to the
second embodiment. Similafly.to the previous embodiment, this cutting apparatus 101 has
an upper plate 102 and a lower plate 103. The upper plate 102 is configured to move up
and down along guide cylinders 104 such that an upper blade 106 (second blade) fixed to a
moveable unit 105 (moveable component) cooperates with a lower blade 107 (first blade)
fixed to the lower plate 103 to cut a workpiece. The upper blade 106 has a cutting edge
106a ( second cutting edge) and the lower blade 107 has a cutting edge 107a (first cutting -
edge). In this embodiment, since the upper blade 106 and the lower blade 107 are straight
linear blades, the moveable unit 105 need only be driven in the X-axis direction as
depicted in the drawings.

[0045] Figure 7 shows a moveable unit 105 of a cutting apparatus according to this
embodiment. In Figure 7, the negative X-axis direction is a direction coming out of the
plane.of the page. As shown in Figure 7, the moveable unit 105 of this embodiment-
includes one slide device, which is referred to as a first slide device 151. The first slide
device 151 enables the moveable unit 105 to move in the X-axis direction, because it is
sufficient for the moveable unit 105 to be driven in only the X-axis direction. |
Consequently, a second spring plunger 10 is not needed.

[0046] As with the first embodiment, the first slide device 151 enables the moveable
unit 105 to move along the X axis and comprises a first rail 511-1, a first slider 512-1 and
a first mounting platform 513-1 in this example. Two first rails 511-1 are fixed to the
pedestal 8. A groove 511a-1 extending in the X-axis direction is formed in each of both
side faces of each of the first rails 511-1. The first sliders 512-1 have pawl portions 512a-
1 that are configured to engage with the grooves of the first rails 511-1 and can move in
the X-axis direction along the first rails 511-1. The first mounting platform 513-1 is fixed
on the first sliders 512-1. The first mounting platform 513-1 is continuously pressed in the

negative direction of the X axis by a reaction force of the ﬁrst‘spring plunger 109.
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Moreover, the upper blade 106 is fastened to a first mounting platform 513-1 of the first
slide device 151 through a holder 112.

[0047] The upper blade 106 in this example is a shear blade having a prescribed shear
angle. Two engagement guides 161 configured to protrude toward the lower blade 7
(upward in Figure 7) are formed on the upper blade 106. That is, the engagement guides
161 are formed at both ends of the upper blade 106. In this embodiment, each of the
engagement guides 161 has a slanted surface 161a configured to slant in a negative X-axis
direction downward from a cutting edge 106a of the upper blade 106. As a result, the X-
axis clearance between the upper blade 106 and the lower blade 107 can be adjusted from
a negative clearance to a zero clearance before the workpiece is cut.

[0048] Also, as with the first embodiment, the X-axis clearance between the upper
blade 106 and the lower blade 107 is adjusted to zero clearance by the engagement guide
161 of the upper blade 106 before the workpiece is cut. Then, during cutting of the
workpiece, the first spring plunger 109 (pressing component) continuously pushes the
moveable unit 5 in the negative X-axis direction such that the workpiece is cut while
keeping the X-axis clearance at zero clearance. Thus, as in the first embodiment, the
cutting edge 106a of the upper blade 106 can be maintained parallel to the cutting edge
107a of the lower blade 107. Also, burring can be prevented or at least reduced when a
workpiece is cut, and the service lives of the upper blade 6 and the lower blade 7 can be
improved. - '

[0049] While only selected embodiments have been described above, it will bé
apparent to those skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the scope of the invention as
defined in the appended claims. For example, although the blades used in the first
embodiment are L-shaped, it is also possible to use an S-shaped blade, a crank-shaped
blade or blades of any other suitable shapes. Also in the first embodiment, the second
spring plunger 10 can be attached to, for example, the pedestal 8. Thus, the second spring
plunger 10 can be configured to push directly against the second mounting platform 52 in
the negative Y-axis direction. Furthermore, although the moveable unit 5 (and moveable
unit 105) is continuously pressed by spring plungers 9 and 10, a spring, a member made of

silicone rubber, or another elastic member can be used instead of a spring plunger 9 or 10
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to maintain a continuous pressing force on the moveable unit 5. In addition, a coating film
of hydrogen-free DLC (diamond-like carbon) can be applied to one or both of the upper
blade 6 and the lower blade 7, and to one or both of the upper blade 106 and lower blade
107 to reduce the occurrence of burring.

GENERAL INTERPRETATION OF TERMS
[0050] In understanding the scope of the present invention, the term “comprising” and
its derivatives, as used herein, are intended to be open ended terms that specify the
presence of the stated features, elements, components, groups, integers, and/or steps, but
do not exclude the presence of other unstated features, elements, components, groups,
integers and/or steps. The foregoing also applies to words having similar meanings such

9 ¢

as the terms, "including", "having" and their derivatives. Also, the terms “part,” “section,”

99 &6

“portion,” “member” or “element” when used in the singular can have the dual meaning of
a single part or a plurality of parts. The term “configured” as used herein to describe a
component, section or part of a device that is constructed to carry out the desired function.
The terms of degree such as “substantially”, “about” and “approximately” as used herein
mean a reasonable amount of deviation of the modified term such that the end result is not
significantly changed.

[0051] While only selected embodiments have been chosen to illustrate the present
invention, it will be apparent to those skilled in the art from this disclosure that various
changes and modifications can be made herein without departing from the scope of the
invention as defined in the appended claims. For example, the size, shape, location or
orientation of the various components can be changed as needed and/or desired.
Components that are shown directly connected or contacting each other can have
intermediate structures disposed between them. The functions of one element can be
performed by two, and vice versa. The structures and functions of one embodiment can be
adopted in another embodiment. It is not necessary for all advantages to be present in a
particular embodiment at the same time. Every feature which is unique from the prior art,
alone or in combination with other features, also should be considered a separate
description of further inventions by the applicant, including the structural and/or

functional concepts embodied by such feature(s). Thus, the foregoing descriptions of the

embodiments according to the present invention are provided for illustration only, and not
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for the purpose of limiting the invention as defined by the appended claims and their

equivalents.
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WHAT IS CLAIMED IS:

1. A workpiece cutting method comprising:

providing a workpiece proximate to a first blade including a first cutting edge; and

moving a second blade including a second cutting edge in contact with the first
blade such that the first and second cutting edges of the first and second blades
cooperatively engage to cut the workpiece while maintaining the first and second cutting

edges parallel to each other.

2. The workpiece cutting method according to claim 1, wherein

the moving the second blade is performed while maintaining the first blade in a
fixed position such that the cutting of workpiece is performed with the first blade being
fixed.

3. The cutting method according to claim 1 or 2, wherein
the moving includes moving the second blade transverse to the first blade while

maintaining the first and second cutting edges parallel to each other.

4. A workpiece cutting apparatus comprising:

a stationary plate including a first blade having a first cutting edge;

a moving plate facing opposite the stationary plate and configured to move toward
the stationary plate;

a moveable component that is disposed on a surface of the moving plate that faces
the stationary plate, the moveable component being moveable along a plane of the surface
and including a second blade having a second cutting edge; and

a pressing component configured to press the moveable unit toward the first blade
at least when the moving plate moves toward the stationary plate such that the first and
second blades contact each other, the pressing component being further configured to
continue to press the moveable unit toward the first blade to maintain the first and second
cutting edges parallel to each other while the first and second blades cooperatively engage

to cut the workpiece.
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5. The workpiece cutting apparatus according to claim 4, wherein

the second blade includes a guide section having a slanted surface configured to
contact and slide against the first blade and adjust a position of the first blade before the
first and second edges contact each other to eliminate a gap between the first and second

edges.

6. The workpiece cutting apparatus according to claim 4 or 5, wherein
the pressing component includes an elastic member configured to provide a

reaction force to press the moveable component toward the first blade.

7. The workpiece cutting apparatus of any one of claims 4 to 6, wherein:
the moveable component is configured to move in a direction perpendicular to the

first cutting edge of the first blade.

8. The workpiece cutting apparatus according to any one of claims 4 to 7,
wherein:

the second blade is configured to be slanted at a shear angle such that a tip end of
the second cutting edge of the second blade is farther from the first blade than a base end
of the second cutting edge of the second blade.

9.  The workpiece cutting apparatus according to any one of claims 4 to 8,
wherein:
at least one of the first and second blades includes a diamond-like carbon coating

applied to a surface thereof.
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