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[57) ABSTRACT

To eliminate defects such as burr, rollover, sags, scar,
etc. from cut-off surfaces of a workpiece in a turret
punch press, for instance, a novel height-different
punch formed with a lower front edge, an upper rear
edge, and an intermediate edge extending between the
two edges is used for the punch press. While feeding the
workpiece on a horizontal plane in a predetermined
direction, the punch is struck by a striker at a first stroke
so that the lower front edge thereof cuts off the work-
piece partially in cooperation with a die: at the succeed-
ing strokes so that the intermediate edge thereof cuts off
the workpiece mincingly and curls refuse within a re-
cess of the die; and at the last stroke so that the upper
rear edge thereof cuts curled refuse away from the
workpiece to complete a multistroke punching opera-
tion.

10 Claims, 7 Drawing Sheets
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MULTISTROKE PUNCHING METHOD AND
APPARATUS THEREFOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multistroke punch-
ing method and an apparatus for punching a workpiece
at multistrokes, and more specifically to a method of
punching a workpiece at multistrokes without produc-
ing burr, rollover, sags, scar, etc., and a hydraulic punch
press for punching a workpiece in accordance with the
multistroke punching method.

2. Description of the Prior Art

When a slot or a circular hole is formed in a sheet
metal workpiece with a press machine such as a turret
punch press, conventionally a die having a rectangular
or circular edge is moved down toward the workpiece
to punch the workpiece at a single stroke or a single
strike.

This is because it 1s rather difficult to adjust or change
the stroke of a ram for striking the punch in the case of
the conventional turret punch press. Therefore, there
exists a problem in that a slot or a hole formed in a sheet
metal workpiece is subjected to various defects such as
burr, rollover, sags, scar, etc. due to deformation of the
cut-off plane of the workpiece, setting errors of the
punch and die, or other reasons such as temperature
difference or vibrations.

As a result, the punched workpiece should be finished
to remove the above-mentioned defects, thus increasing
the number of processing steps and therefore cost, and
decreasing the precision of the punched product. In
addition, there arise another problem such that the
product is damaged when the punched product is being
finished.

SUMMARY OF THE INVENTION

With these problems in mind, therefore, it 1s the prim-
mary object of the present invention to provide a
method of punching a sheet-like workpiece at multis-
trokes by controlling punch strokes and workpiece feed
positions simultaneously in order to obtain a smooth
cut-off surface.

Another object of the present invention is to provide
a hydraulic press for enabling multistroke punching
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operations by controlling punch stroke and workpiece

feed positions simultaneously.

To achieve the above-mentioned first object, a
method of punching a sheet-like workpiece at multis-
trokes by a press including a die and a striker, of the
present invention comprises the following steps of: (a)
preparing a height-different punch formed with a lower
front edge, an upper rear edge, and an intermediate
edge extending between the two edges; (b) feeding the
workpiece on a horizontal plane in a predetermined
direction step by step; (c) striking the height-different
punch by the striker at a first stroke so that the lower
front edge thereof cuts off the workpiece partially in
cooperation with the die, (d) repeatedly striking the
height-different punch at succeeding strokes so that the
intermediate edge thereof cuts off the workpiece minc-
ingly and curls refuse cut off from the workpiece within
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a recess of the die at such a stroke that the lower front
edge of the punch is repeatedly struck by the striker
within a stroke between a height below the workpiece
and a height within a thickness of the workpiece; and (e}
striking the height-different punch at a last stroke so
that the upper rear edge thereof cuts curled refuse away
from the workpiece to complete multistroke punching
operation in cooperation with the die.

To achieve the above-mentioned second objects, an
apparatus having a striker for punching a sheet-like
workpiece, of the present invention comprises: (a) a
height-different punch formed with a lower front edge,
an upper rear edge, and an intermediate edge extending
between two edges; (b) a die having a recess thereunder
and mated with said height-different punch; (c) means
for moving the workpiece on a horizontal plane in pre-
determined . directions, (d) means for controlling
strokes of said height-different punch in such a way that
in a first stroke, the lower front edge thereof cuts off the
workpiece partially in cooperation with said die; at
succeeding strokes, the intermediate edge thereof cuts
off the workpiece mincingly and curls refuse of the
workpiece within the recess of the die, and at a last
stroke, the upper rear edge thereof cuts curled refuse
away from the workpiece to complete multistroke
punching operation in cooperation with the die.

The means for controlling strokes of said height-dif-
ferent punch comprises: (a) a cylinder device for mov-
ing a piston provided with a vertically-movable ram for
striking said height-different punch; (b) an encoder
provided for the piston of said cylinder device, for
detecting a vertical motion of the piston; (e) a position
detector connected to said encoder for generating a
punch posttion feedback signal; (d) a hydraulic circuit
having a servovalve for controllably actuating said
cyhinder device; and (e) a servovalve controller for
controlling said hydraulic circuit on the basis of a verti-
cal punch position feedback signal, target wvertical
punch position data and vertical punch speed data.

Further, the means for controlling strokes of said
height-different punch comprises: (a) a first hydraulic
device including a first cylinder for determining a verti-
cal position of said height-different punch whenever
sald punch is repeatedly struck by the striker at the
succeeding strokes so that the intermediate edge thereof
cuts off the workpiece mincingly and curls refuse of the
workpiece within the recess of the die; and (b) a second
hydraulic device including a second cylinder provided
with a intervened between the sinker and said punch,
for determining a vertical position of said height-differ-
ent punch when said punch is struck by the striker at the
last stroke so that the upper rear edge thereof cuts
curled refuse away from the workpiece.

In the method or apparatus of the present invention,
since a square or round hole of a workpiece can be
formed by punching the workpiece at multistroke little
by little by controlling both the punch strokes (vertical
motion) and the workpiece feed position (horizontal
motion) simultaneously, it is possible to obtain a smooth
cut-off surface without producing various defects such
as burr, rollover, sags, scar, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the method and appa-
ratus for punching a sheet metal workpiece at multis-
trokes according to the present invention will be more
clearly appreciated from the following description
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taken in conjunction with the accompanying drawings
in which like reference numerals designate the same or
stmilar elements or sections throughout the figure
thereof and in which:

FIG. 1A is a perspective view showing a hydraulic
turret punch press to which the method and the appara-
tus of the present invention are applied:

FIG. 1B is an enlarged side view of the hydraulic
turret punch press shown in FIG. 1A

FIG. 2 is a schematic block diagram of a control
circuit of the hydraulic turret punch press of the present
invention;

FIG. 3 is an enlarged cross-sectional view showing a
height-different punch and a die used for the hydraulic
turret punch press of the present invention;

FIGS. 4A to 4D are illustrations for assistance in
explaining the multistroke punching operations of the
method of the present invention;

F1G. 5 is a graphical representations for assistance in
explaining the multistrokes of the punch in the method
of the present invention; and

FIGS. 6A to 6D are illustrations for assistance in
explaining the multistroke punching operations of an-
other embodiment of the method of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to FIGS. 1A and 1B, a turret punch
press to which the method of the present invention is

applied will be described hereinbelow.

In FIG. 1, a turret punch press TP is connected to a
computer aided design or computer aided manufactur-
ing system COA and equipped in an automatic sheet
metal production line.

The turret punch press TP is provided with a frame
FR. Within this frame FR, an upper turret and a lower
turret both rotatable about a vertical (Z) axis are dis-
posed at a predetermined distance apart from each
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other. A number of punches are mounted on a horizon- 40

tal (x-y) surface of the upper turret, and a number of
dies each mated with the punches are mounted on a
horizontal surface of the lower turret.

A cylinder device CYL provided with a ram movable
up and down is disposed on the frame FR. The ram is
arranged over the upper turret to strike a punch located
therebelow toward a mate die. A Y-axis guide rail YG
is provided on the side surface of the frame FR. A
movable member guided in the Y-axis direction by a
Y-axis servomotor is provided on this Y-axis guide rail
Y@, and a table TA having free bearings are fixed to the
upper surface of the movable member.

A carriage CA movable in the X-axis direction by an
X-axis servomotor is provided on the Y-axis end of this
table TA. Further, a workpiece clamp device for
clamping and guiding a workpiece W mounted on the
table TA in the X-Y horizontal plane is provided on the
carriage CA.

In the turret punch press TP thus constructed, the
carriage CA is guided on an X-Y plane and the cylinder
device CYL is driven by an NC system NC so that a
workpiece W can be located at a predetermined posi-
tion and then punched into a predetermined shape.

In more detail, with reference to FIG. 1B, a NC-con-
trolled workpiece moving/positioning device PD is
disposed at a gap of the C-shaped frame FR. The work-
piece W is clamped by a clamp CL and movable in a
direction perpendicular to the paper (X-axis direction)
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and in the right and left direction (Y-axis direction) in
FIG. 1B by the workpiece moving/positioning device
PD.

On an upper arm UAR the C-shaped frame FR, an
upper turret UT rotatable around an upper axle UAX is
suspended. Further, punch assemblies P of various
kinds are mounted concentrically on the upper surface
of the upper turret UT.

A striker device STD is provided at the upper arm
UAR at such a position as to correspond to a punch
assembly P disposed on the upper turret UT and at a
position the closest to the workpiece moving/position-
ing device PD. A striker ST is attached to the lower end
of the striker device STD to strike the head of the
punch P.

On a lower arm LAR of the C-shaped frame FR, a
lower turret LT rotatable around a lower axle LAX is
disposed. On this lower turret LT, various dies D corre-
sponding to various punches P are arranged with two
axes of the punch and die matched with each other.

The upper turret UT and the lower turret LT are
driven by a servomotor SRV disposed at a column
portion CL of the C-shaped frame in the same direction
by the same angular stroke by way of a chain CH, an
intermediate shaft IS, two upper and lower chains UCH
and LCH, and the upper and lower turret axles UAX
and LAX respectively.

FIG. 2 is a schematic block diagram showing the NC
system and a control system for the cylinder device
CYL and its hydraulic circuit HYD.

In FIG. 2, the cylinder device CYL is provided with
a piston 7b, and a ram 7c movable in the vertical (Z-
axis) direction is connected to this piston 7b. Further,
the reference symbol CL denotes a workpiece clamp
device; P denotes a punch; and D denotes a die, respec-
tively. On the lower surface of the cylinder housing 7a,
there is mounted an encoder 28 having a rolier brought
into contact with the ram 7c to detect the movement of
the ram 7c as a pulse signal PS.

The hydraulic circuit HYD is composed of a hydrau-
lic pump OP and a servovalve 27 connected between an
upper chamber and a lower chamber of the cylinder
housing 7a via two hydraulic lines OL; and OL;. A
pressure detector 29 is provided for the hydraulic line
OL,) to detect hydraulic pressure in the line as an elec-
tric signal.

The NC system NC is composed of an NC data input
unit 31, a main controller 33, in X-Y axis commander 38,
a Z-axis commander 37, a position detector 39 and a
servovalve controller 41.

The NC data input 31 is connected to the CADY/-
CAM (COA) via off-line or on-line to receive various
NC data for controlling the turret punch press and
output these data to the main controller 33.

The main controller 33 is operated by an operating
system to read the various NC data from the NC data
input unit 31. The NC data are mainly used for position-
ing a workpiece W and for driving the cylinder device
CYL. Further, the main controller 33 is connected to
various sensors, limit switches, actuators, etc. to control
the turret punch press TP concentratedly.

The X-Y axis commander 35 reads position control
data from the main controller 33 to drive the X-axis and
Y-axis servomotors, so that the workpiece W clamped
by the clamp CU can be positioned by the carriage (A)
at a predetermined position on the X-Y plane.

The Z-axis commander 37 reads a Z-axis command
data from the main controller 33 and outputs a height
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position data Zn and a speed data Vn to drive the servo-
valve 27.

The position detector 39 calculates the current posi-
tion Z of the ram 7c on the basis of the pulse signal PS
outputted from the pulse encoder 25. This pulse en-
coder 28 outputs two pulse signals having two different
phases (the difference in phase between the two is ).
Therefore, the position detector 39 can detect the
movement direction of the ram 7c on the basis of these
two phase-different pulse signals.

The servovalve controller 41 receives a position data
Zn and a speed data Vn from the Z-axis commander 37,
and further the current position Z of the ram 7c from
the position detector 37. The servovalve controller 41
controls the servovalve 27 to a target position and a
target opening rate on the basis of these input values.

As described above, it is possible to control the stroke
of the punch [D] P by controlling the ram 7c.

FIG. 3 shows an enlarged cross-sectional view of the
punch P and the die D. In the drawing, a punch P is
fitted to a hollow cylindrical punch guide 43 via a locat-
ing guide key 45. At the outer periphery of the punch
guide 43, a lift spring 49 is disposed to urge the punch
guide 43 upward away from a workpiece W.

A punch head 51 of the punch P is fixed to the upper
side of the punch P with a screw 53. At the outer pe-
riphery of the punch head 51, a strip spring 55 is pro-
vided to urge the punch P upward away from the work-
piece w. At the lower side of the punch guide 43, a
stripper plate §7 formed with a hole the same in shape as
the punch edge is fixed to the punch guide 43 by a screw
59

In FIG. 3, the punch P is formed is such a way that
the lower edge portion is rectangular in shape and
curved in the Z-axis direction or height (referred to as
height different edge). That is, the height of edge 61 on
the rightside end (lower front side in the travel direction
of the workpiece W) is higher than that 63 on the left-
side end (upper rear side in the travel direction of the
workpiece W). Further, the lower front end poortion 61
of the different height edge is connected to the upper
rear end portion 63 thereof by an intermediate edge 65
formed by any given curves. That is, the curved inter-
mediate edge 65 is formed in combination by curves
with radi of curvature R and R so as to be smoothly
connected to the front and rear edges 61 and 63. Fur-
ther, it is also possible to form the intermediate edge 65
in a straight line.

Therefore, when the workpiece W is seguentially
processed, a punched-out workpiece can be bent by the
curved intermediate edge 65 toward the inside of the die
D along a circular arc trace.

To the lower turret LT, dies D mated with the
punches P respectively are arranged coaxially with the
punches as shown in FIG. 3. The die D is formed with
& truncated conical die recess portion 69 so that the
punched refuse will not be brought into contact with
the die D. Therefore, the punched-off refuse is freely
dropped off downward from the workpiece W, as de-
scribed later 1n more detail.

The method of multistroke punching a workpiece W
will be explained with reference to FIG. 4. FIG. 4 A)
shows a state where the multistroke punching is about
to be effected. Under these conditions, the ram 7c is
lowered by the cylinder device CYL to strike the head
51 of the punch P. FIG. 4B) shows the state where the
head 51 of the punch P is struck. In this state, the lower
front edge 61 of the height different edge of the punch

10

13

20

23

30

33

45

30

55

65

6

P enters into the die D, so that the workpiece W is cut
off by the lower front edge 61. From the state as shown
in F1G. 4(B), the ram 7C is moved a little in the upward
direction by the cylinder device CYL as shown in FIG.
4C, so that the lower front edge 61 of the punch P is
located in height within the thickness t of the workpiece
W as shown in FIG. 4C. |

Thereafter, the workpiece is fed forward step by step
and the state returns from the one shown in FIG. 4C to
the one shown in FIG. 4B. The above two states shown
in FIGS. 4B and 4C are repeated; ;that is, the ram 7c is
controlled by the hydraulic cylinder device CYL so
that the intermediate edge 65 of the punch P is moved
up and down as shown for providing the multistroke
punching while feeding the workpiece W in the for-
ward direction step by step.

And, when the cut-off refuse Wa is reqguired to cut
away from the workpiece W, the stroke of the ram 7¢
driven by the cylinder device CYL is so controlled as to
become larger than that of the ram 7c shown in FIGS.
4B and 4C. That is, when the upper rear end edge 63 of
the punch P is lowered beyond the thickness t of the
workpiece W as shown in FIG. 4C, the upper rear end
edge 63 of the height different edge cuts away the refuse
Wa from the workpiece W, thus completing the multis-
troke punching operation.

F1G. § shows the strokes of the lower front end edge
61 and the upper rear end edge 63 of the height different
edge of the punch P with respect to the sequential pro-
cessing time.

In the drawing, points A and B represent the posi-
tions of the lower front end edge 61 and the upper rear
end edge 63 of the height difference edge, respectively
before the multistroke punching. That is, the solid lines
indicate the multistroke punch processing locus of the
lower front end edge 61, while the dashed lines indicate
the multistroke punch processing locus of the upper
rear end edge 63.

In FIG. §, the upper stroke limits 61a of the lower
front edge 61 lie within the thickness t of the workpiece
W, and the lower stroke limits 61b thereof lie below the
thickness t of the workpiece W. Therefore, the stroke of
the lower front edge 61 is a distance S. To drop the
cut-off refuse WA, the above stroke § of the punch 21
1s increased to such an extent that the lower stroke limit
of the upper rear edge 63 goes down to a position 63c
below the thickness t of the workpiece W. However, it
is of course possible to modify he upper stroke limits
without being limited to the distance S shown in FIG. §.

By the above-mentioned multistroke punching opera-
tion, it is possible to achieve high precious sequential
processing without producing flow or scar due to
contact pressure called sagging.

Further, the refuse produced by the sequential pro-
cessing is bent within the die along the curved portion
of the curved intermediate edge, curled describing a
circular arc, and further guided into the truncated coni-
cal die recess 69, before being cut away without being
brought into contact with the die.

Further, without being limited to the above multis-
troke operations shown in FIG. §, it is of course possible
to control the multistroke of the punch in accordance
with an any give curve.

In the above embodiment of the turret punch press.
the ram cylinder device CYL. is controlled by the hy-
draulic circuit HYD driven by the servovalve control-
ler 41 on the basis of a command signal from the Z axis
commander 37 and a feedback signal from the position
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detector 39 in feedback control system having a feed-
back loop.

Without being limited thereto, however, the turret
punch of the present invention can be operated in accor-
dance with forward (direct) control system. 5

FI1GS. 6A to 6D show an example of the steps of
multistroke punching a workpiece W in accordance
with the forward control system.

In these drawings, a punch stroke stopper device 141
is disposed in the vicinity of the punch P to contro! the 10
punch stroke.

In more detail, the stopper device 141 is composed of
air cylinders 143 and 145 and is disposed on the upper
arm UAR of the frame FR (shown in FIG. 1). A piston
rod 147 extending in the leftward direction is attached
to an end of an air cylinder 143 so as to be movable in
the right and left directions. A piston rod 149 is attached
to an end of an air cylinder 145, and a spacer 151 is fixed
to an end of the piston rod 149. Therefore, when the
piston rod 149 moves in the horizontal direction, the
spacer 131 is also moved to and fro.

The multistroke punching operation of workpiece W
will be explained with reference to FIGS. 6A to 6D.
FI1G. 6(A) shows a state where the multistroke punch-
ing is about to be effected. Under these conditions, the
striker 7c is lowered by a striking device (not shown) to
strike the head 51 of the punch P. FIG. 6(B) shows the
state where the head 31 of the punch P is struck. In this
state, the lower front edge 61 of the height different
edge of the punch P enters into the die D, so that the
workpiece W is cut off by the lower front edge 61.
From the state as shown in FIG. 6A, the cylinder 143 of
the stopper device 141 is operated to move the piston
rod 147 in the leftward in FIG. 6B to the vicinity of the 3,
outer circumference of the head 51 of the punch P.

When the striker 7c i1s moved upward from the state
shown in FIG. &B), the upward moment of the punch
P 1s restricted by the piston rod 147 as shown in FIG.
6(C) at a position where the upper end surface of the 4
punch P is brought into contact with the lower side of
the piston rod 147,

By lowenng the striker 7c with the striking dewce as
shown in FIG. 6B). multistroke punching operations
are repeated at a predetermined small stroke of the
punch P. When the cut refuse Wa is required to cut
away from the workpiece W, the cylinder 143 is oper-
ated to return the piston rod 147 to the original position
and simultaneously the cylinder 145 is operated to ex-
tend the piston rod 49 in the leftward direction in FIG. ¢
6(D) so that the spacer 51 is located on the head 51 of
the punch P. Under these conditions, when the striker
7c is lowered, the upper rear end edge 63 of the height
different edge of the punch P cuts away the cut-off
refuse Wa from the workpiece W because the spacer ss
151 is sandwiched between the striker 7c and the head
51 of the punch P, thus the multistroke punching opera-
tions end.

As understood from the description of the above
embodiment, since the lower end edge and the interme-
diate edge of the punch are repeatedly controlled to a
predetermined stroke to partially cut a workpiece by
controlling the stroke of the hydraulic cylinder of the
hydraulic press and then the upper end edge of the
punch is controlled to a further larger predetermined
stroke to cut away a refuse from the workpiece by
controlling the stroke of the hydraulic cylinder, it is
possible to effect the multistroke punching processing
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casily, without producing “sags” or scar, at high preces-
Si0on.

Further, according to the present invention, the
lower portion of the punch is formed into rectangular
shape and different height in such a way that the front
edge provided on the forward side of the multistroke
punching travel direction is higher than rear edge pro-
vided on the rear side thereof and an intermediate edge
of any given curve is formed between both the front and
rear end edges. Therefore, the refuse is well curled to
facilitate the succeeding processing, and the processed
surface is smooth.

What is claimed is:

1. A method of punching a sheet-like workpiece at
multistrokes by a press including a die and a striker,
which comprises the following steps of:

(a) preparing a height-different punch formed with a
lower front edge, an upper rear edge, and an inter-
mediate edge extending between the [two edges])
lower front edge and the upper rear edge;

(b) feeding the workpiece on a horizontal plane in
two predetermined directions step by step;

(c) striking the height-different punch by the striker
at a first stroke so that the lower front edge thereof
cuts off the workpiece partially in cooperation
with the die;

(d) repeatedly stnkmg the height-different punch at
succeeding strokes so that the intermediate edge
thereof cuts off the workpiece mincingly and curls
refuse cut off from the workpiece within a recess of
the die at such a stroke that the lower front edge of
the punch is repeatedly struck by the striker within
a stroke between a height below the workpiece and
a height within a thickness of the workpiece; and

(e) striking the height-different punch at a last stroke
so that the upper rear edge thereof cuts curled
refuse away from the workpiece to complete mul-
tistroke punching operation in cooperation with
the dic[;].

2. An apparatus having a striker for punching a sheet-

like workpiece, which comprises:

(a) a height-different punch formed with a lower
front edge, an upper rear edge, and an intermediate
edge extending between [two edges] the lower
Jront edge and the upper rear edge;

(b) a die having a recess thereunder and mated with
said height-different punch;

(c) means for moving the workpiece on a horizontal
plane in predetermined directions;

(d) means for controlling strokes of said height-differ-
ent punch in such a way that in a first stroke, the
lower front edge thereof cuts off the workpiece
partially in cooperation with said [diee] die a!
succeeding strokes, the intermediate edge thereof cuts
off the workpiece mincingly and curls refuse of the
workpiece within the recess of the die; and at a last
stroke, the upper rear edge thereof cuts curled refuse
away from the workpiece to complete multistroke
punching operation in cooperation with the die.

3. The apparatus as set forth in claim 2, wherein said
means for controlling strokes of said height-different
punch comprises:

(a) a cylinder device for moving a piston provided
with a vertically-movable ram for striking said
height-different punch;

(b) an encoder disposed for the piston of said cylinder
device, for detecting a vertical motion of the pis-
ton;
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(c) a position detector connected to said encoder, for
generating a punch position feedback signal;

(d) a hydraulic circuit having a servovalve for con-
trollably actuating said cylinder device; and

(e} a servovalve controller for controlling said hy- 5
draulic circuit on the basis of a vertical punch posi-
tion feedback signal, target vertical punch position
data and vertical punch speed data.

4. The apparatus as set forth in claim 2, wherein said

means for controlling strokes of said height-different

punch comprises:

(2) a first hydraulic device including a first cylinder
for determining a vertical position of said height-
different punch whenever said punch is repeatedly
struck by the striker at the succeeding strokes so
that the intermediate edge thereof cuts off the
workpiece mincingly and curls refuse of the work-
piece within the recess Of the die; and

(b) a second hydraulic device including a second
cylinder provided with a spacer intervened be-
tween the striker and said punch, for determining a
vertical position of said height-different punch
when said punch is struck by the striker at the last
stroke so that the upper rear edge thereof cuts
curled refuse away from the workpiece.

3. A punch tool for a press for punching a sheet-like

workpiece by cutting a predetermined length of curl of a

curled refuse away from the workpiece, comprising:

a punch guide adapted to be mounted on a punch tool
support means of the punch press, the punch guide
being formed with a through hole having a longitudi-
nal axis;

a punch fitted in the through hole of the punch guide,
said punch being movable in the direction of the longi-
tudinal axis of the through hole, between a rest posi-
tion in which a tip section of the punch is located
within the punch guide, and a working position in
which the tip section protrudes from the punch guide
Jor performing a multiple stroke punching operation.

a punch head provided on the punch, the punch being
moved toward the working position by a strike of a
ram of the punch press against the punch head:

a spring provided between the punch head and the punch
guide for urging the punch toward the rest position;
said tip section of the punch having a shape of a rectan-

gle in cross-section, the tip section being formed with a
high edge section at one side of the rectangle in the
transverse direction thereof, a low edge section formed
at and extending along the opposite side of the rectan-
gle, and a curved intermediate edge section extending
between said high and tow edge sections; wherein, in
the process of the punching operation, at a first stroke
the low edge section is adapted to break through the
workpiece to form a break therein, at repeated second
strokes the intermediate edge section is adapted to
widen the break, thereby forming a curled refuse and
at a last stroke the high edge section is adapted to cut
off the refuse from the rest of the workpiece to com-

plete a punching operation.
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0. The punch tool claim 5, wherein a curve of the curved
intermediate edge section comprises a first curved section of
a radius R1 and a second curved section of a radius R2.

7. The punch tool of claim 5, wherein the through hole of
the punch guide and a body of the punch have a cylindrical
shape, and the punch is provided with a key for preventing
the punch from rotating in the through hole.

8. The punch too! of claim 5, wherein the length of the
curl is larger than the width of the tip section of the punch.

9. A punch tool as in claim S, wherein the transverse
dimension of the tip section is larger than the diameter of
the curled shape of the workpiece refuse formed by multi-
ple punchings.

10. An apparatus having a punch tool for punching a
sheet-like workpiece by cutting a predetermined length of
curl of a curled refuse away from the workpiece, which
comprises:

(a) a punch tool for a punch press, including:

(?) a punch guide adapted to be mounted on a punch tool
support means of the punch press, the punch guide
being formed with a through hole having a longitudi-
nal axis;

(if) a punch fitted in the through hole of the punch guide,
said punch being movable In the direction of the longi-
tudinal axis of the through hole, between a rest posi-
tion in which a tip section of the punch is located
within the punch guide, and a working position in
which the tip section protrudes from the punch guide
for performing a punching operation;

(iif) a punch head provided on the punch, the punch
being moved toward the working position by a strike of
a ram of the punch press against the punch head;

(iv) a spring provided between the punch head and
the punch guide for urging the punch toward the
rest position;

(v) said tip section of the punch being formed with a high
edge section, a low edge section, and a curved interme-
diate edge section extending between said high and
low edge sections; wherein, in the process of the punch-
ing operation, the low edge section breaks the work-
piece 1o form a break therein at a first step, the inter-
mediate edge section widens the break at a second
step, and the high edge section cuts off a refuse of the
workpiece from the rest of the workpiece at a third step
to complete a punching operation;

(b) a die having a recess thereunder and mated with said
punch tool;

{c) means for moving the workpiece on a horizontal
plane in predetermined directions;

(d) means for controlling strokes of said punch tool in
such a way that in a first stroke, the low edge section
thereof cuts off the workpiece partially in cooperation
with said die; at succeeding strokes, the intermediate
edge section thereof cuts off the workpiece mincingly
and curls refuse of the workpiece within the recess of
the die; and at a last stroke, the high edge section curls
refuse away from the workpiece to complete a multis-

troke punching operation in cooperation with the die.
% ¥ " L »
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