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METHOD OF OPERATING A PUNCH PRESS DURING

START-UP AND STOPPING

The invention relates to a method of operat-

ing a punch press during the start-up and stopping opera-

tion thereof, which punch press includes an eccentric
shaft driven by a positionable drive via the coupling

e 10 unit of a coupling/brake device, a push rod driven by the

eccentric shaft for supporting at least an upper tool and

a punch press table for supporting'at least one lower

tool, by means of which tools a strip-like workpiece lo-

cated therebetween is worked upon, which punch press, due

15 to the total inertia moment of the moving structural mem-

bers of the punch press and due to the driving torque
transmitted by the coupling unit onto the eccentric

shaft, rotates during its acceleration from standstill to

the rotating at the operationally rated number of strokes

20 through a start-up angle and a first contact between the

tools and the strip occurs at a predetermined operation

angle position of the eccentric press.

In high-speed punch presses the as such known

increasing of the forces of inertia of the accelerating

25 structural members pose a large problem at an increasing

rotational speed, which has specifically an influence

onto the quality and preciseness of products produced by

such high-speed punch presses. Due to the accelerations

and decelerations of the predominantly oscillating struc-
30 tural members and due to the counterforceé,produced'duri'
ing the working of a respective workpiece the'punch press

and specifically its mov1ng parti\suffer elastic deforma—
tions and dlsplaceméﬂts occur, furthermore,«ln the bearb
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ing a punch press during the start-up and stopping  thereof, which punch
press includes an eccentric shaft driven by a positionable drive via the
coupling unit of a coupl i ng-/brake device, a ramdriven by the eccentric
shaft for supporting at |east one upper 2t ool and a punch press table for
supporting at |east one |ower tool, by means of which tools a strip-like
wor kpi ece | ocat ed t herebetween i s worked upon, which punch press, due to
the total nonent of inertia of the noving structural nmem bers and due
to the driving torque transnmtted by the coupling unit onto the
eccentric shaft runs through a start-up angle for an accelerating from
standstill uiRg® whichk cenditinnddravd auitkes nmeghtive conflhudndzetamen t he

the preciseness at the produced products.
The precision of a punched product depends
among others strongly from the respective height position
5 of the ram. As is generally known, this height position
of the ram determines the closed tool height position or
the depth of penetration, resp., at the operating of the
machine.
If a fixed height position of the ram is set
e 10 for given embossing and cutting operations at a given
number of strokes, the embossments do not reach the de-
sign depth when the punch press opérates at a relatively
low number of strokes, the embossings have a too large
depth or the depth of penetration of the punching tools,

15 respectively, is too large at a higher number of strokes
which leads, as is generally known, to undesirably large
wear at the corresponding tool members.

A variety of procedures for a controlling of
the height position of the ram or depth of penetration,

20 respectively, based on the number of strokes, have become
known. Reference is made here for instance to the CH-A-
676 445.

During punching operations, and specifically
with multiple press tools, no waste should be produced

25 also during the start-up and stopping of the punch press
due to the above mentioned forces of inertia and specifi-
cally in case of high-speed punch presses the start-up
and stopping operation causes considerable troubles in
this respect.

30 When starting a punch press up, the eccentric
shaft is coupled by a closing of the coupling to the
drive motor rotating already at a rated operational speed
and specifically to the fly-wheel and accordingly accel-
erated from the state of stand-still up to the rated ro-
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tools and the strip begins at a predeterm ned operation angl e position

of the eccentric press. Such a nethod is known fromthe US-A-4 653 311.
At hi gh speed punch presses the known in- creasing of the forces of
inertia of the accelerating structuraB menmbers pose a problemat an

I ncreasi ng rota- tional speed which has specifically an influence onto
t he qual ity and preciseness of products produced by such high speed
punch presses. Due to the accel erations and decel - erations of the
predom nantly oscillating structural nmem bers and the counterforces
produced during the worKki of a respective workpi ece the punch press

and speci fi cid@tjional; sp i Fpepsvnandgr oehagigst iof ddfeopwmchopsesand di s-
during the first working operation, e.g. the first punch-

ing operation, is thereby defined first punch behavior
and it is this first punch behavior which determines the
5 quality of the first product punched.

At the known start-up methods of high-speed
punch presses, this first punch behavior is now such that
the first punching operation is not made at the rated op-
erating number of strokes such as during the next subse-

w 10 quent punching operations, i.e. the dynamic behavior of
the punch press during the first stroke is different from
the subsequent strokes which has a negative effect re-
garding the precision of the first part produced.

A reduction of the operating number of

15 - strokes eliminates this drawback, but then the production
is decreased, i.e. the number of products produced within
a given time span is lower.

Here, the invention intends to provide a rem-

edy. The invention, such as characterized in the claims,

20 solves the object to provide a method of operating a
punch press during its start-up and stopping in which af-
ter having stopped, the eccentric shaft is rotated back
into a start-up angle position, according to which at a
subsequent start-up after it has passed through the

25 start-up angle for accelerating up to the operational
number of strokes rotates at the operational number of
strokes before the first working contact between the tool
and the workpiece takes place.

The advantages gained by the invention are

30 seen predominantly in that the first punching stroke oc-
curs at a dynamical behavior of the punch press which is
the same as during the continuous operation. Therefore,
during the start-up an exact production working of the

This Sheet Has Been Replace

T

AMS/hek l EU 1712

27.07.19895




pl acements occur, furthernore, in the bearings, which conditions have a
negative influence onto the preciseness of the production.

‘The preciseness of the production of a punched product depends anong
others strongly fromthe respecti ve Kei ght position of the ramof the
machi ne. This height position determ nes, such as is generally known,
the cl osed tool height position or the depth of penetration, resp., when
t he machi ne operat es.

web to be worked upon occurs already at the first working
stroke, such that no waste is produced.

In the following, the invention will be ex-
plained based on drawings illustrating merely one embodi-

5 nment.

Figure 1 illustrates schematically a punch
press with the structural units facilitating the under-
standing of the invention,

Fig. 2 is a diagram illustrating the behavior

%9 100 of a punch press during start-up,

Fig. 3 illustrates schematically the position
of a punch press operated in accordance with the inven-
tive method after having stopped, and

Fig. 4 illustrates schematically the position

15 of a punch press operated in accordance with the inven-
tive method prior to the start-up.

Fig. 1 illustrates schematically a punch
press. This punch press includes a positionablé drive 1.
Such a positionable drive 1 includes an electromotor

20 which can be controlled so that it can be controlled to
rest at any desired angular position, and which drives
the flywheel of the high-speed punch press via a belt
drive in accordance with generally known designs. The
flywheel is coupled to a coupling/brake device 2, 3 which

25 in turn is connected to the eccentric shaft 5 supported
in the machine frame 4.

The coupling/brake device 2,3 includes a cou-
pling unit 2, by means of which the eccentric shaft 5 can
be coupled to the drive 1, i.e. its flywheel; and con-

30 versely can be uncoupled therefrom, and includes a brak-
ing unit 3 having a brake disc 14, by means of which
brake dics 14 the eccentric shaft 5 can be braked against
the frame 4 of the machine. Particulars of this cou-
pling/brake device are disclosed in the CH-A-546 141 or
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2 If a fixed height position of the ramis set for
predeterm ned cutting operations, enbossings e.g. will not be deep enough
‘at a smaller speed of rotation, at a higher speed of rotation the

enbossings will get too deep or the depth of penetration of the punching
t ool s,

the US-A-3 804 931. Important to note here is that the
coupling unit 2 and the braking unit 3 are force locking
designs, i.e. when the coupling is closed and when the
brake is applied, a sliding behavior occurs.

5 The eccentric shaft 5 supports connecting
rods 6, which in turn support the ram 7. The upper tool 8 .
is mounted to this ram 7. Fig. 1 illustrates, further-
more, the table 10 of the punch press which supports the
lower tool 9. Reference numeral 11 identifies in a gen-

G 10 eral manner the balancing weight structures which balance
the rotating and oscillating forces occurring during the
operation of the punch press. |

In operation the eccentric shaft rotates
through all angular positions of a 360° angle, and due to

15 the positionable drive, the shaft can be brought to a
standstill at any desired angular position. In punch
presses it is common to define for their eccentric shafts
an upper dead center position UD and a lower dead center
position LD, whereby the structural reference for these

20 positions is taken to be the pivotal point of the con-
necting rod(s) at the eccentric shaft 5. In the upper
dead center position UD the ram 7 is at the largest and
in the lower dead center position LD the ram 7 is at the
smallest distance from the table 10 of the punch press.

25 These positions UD and LD are illustrated in Figs. 3 and
4,

In order to interrupt the operation, it is
common to bring the punch press to rest, i.e. positioned
at least approximately in its upper dead center position

30 UD. The distance between the ram 7 and the punch press
table 10 is at its largest in this position of the punch
press and the tool (consisting of upper tool 8 and lower
tool 9) is in its open state. When interrupting the op-
eration the coupling unit 2 is opened and the braking
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resp., will becone too |arge which | eads as generally known to undesired
large wear of the correspondi ng tool nenbers. A variety of
procedures for a controlling of the height position of the ramor depth of
penetration, resp., based on the nunber ©f strokes have becone known.
Reference is nmade, for instance, to the CH A-676 445. At
punchi ng operations, specifically with nmultiple press tools, no waste
shoul d occur also during the start-up and stopping of the punch press due
to the above nentioned forces of inertia and specifically the start-up and

st oppi ng causes problens in this respect in case of hi gh-speed punch
preggesg unitp3 is closed, i.e. the eccentric shafp95 i% deé%upled

from the drive 1, while the drive 1 and the flywheel keep
on idling at the rated operating speed and the eccentric
shaft 5 remains at rest.

5 Reference is now made to Fig. 2. The abscissa
refers to the angular position a of the eccentric shaft 5
the ordinate to the speed of rotation n thereof!

When the drive is rotating at the rated op-
erational speed ng and the eccentric shaft is at rest in
@y 10 the upper dead center position UD and the braking unit is
opened and the coupling unit closed, the rotational speed
n of the eccentric shaft begins to increase from zero un-
der the influence of the torque transmitted via the cou-
pling onto the eccentric shaft. This increasing rota-

15 tional speed n relative to the angular position a of the
eccentric shaft is illustrated in Fig. 2 by the curved
line. After a certain time, i.e. passing through a cer-
tain angle ap of rotation, the rated operational speed ng
is arrived at. The change of the speed of rotation pro-

20 ceeds, thereby, according to the formula

a-M-10
J -z ’
whereby

25 M = is the driving torque output of the cou-
pling [Nm],

J = the moment of inertia of the moving
structural members of the punch press [kgm2]
o = Start-up or stopping angle in degrees.

30 The closing of the tool, i.e. the contact be-
tween the upper tool and the strip to be worked upon, oc-
curs shortly ahead of the lower dead center position LD,
at which the eccentric shaft has rotated through an angle
of rotation, i.e. a start-up angle, ap , whereby in Fig.

This Sheet Has Been Rep

e i




In order to start up the punch press the ec- centric shaft is drivingly
connected by a closing of the coupling to the drive being already at the
rated opera- tional number of strokes, specifically with the flywheel and
is therewith accelerated fromstandstill7up to the rated operational speed.
The dynam c¢ behavi or of the punch press during the first working operation,
e.g. punching operation is defined as first inpact behavior, and it is this
first inmpact behavior which determnes the quality of the first punched
product . At known start-up nethods of high speed punch presses
the first inpact behavior is such that the first punching operation does
not occur at 2t hbesdietepeeabetwekn the start-up angle ap and the an-
gle o = 180° is visible.
Accordingly, the rated operational speed np
must be arrived at, at the latest by the start-up angle
5 op if the first punching at the start-up shall be per-
formed at the same dynamic conditions as will prevail at
the next and subsequent stamping operations. Thus, at any
rated operational speed < np, no difficulties occur.

If the rated operational speed ng is larger

10 than np, i.e. ng < np, which condition occurs in high-
speed punch presses, a start-up angle ag is needed which
is larger'than ap when the first punching operation
shall have again the same dynamic conditions as present
at the next and subsequent punching operations.

15 When stopping the punch press the same
thoughts are to be made. A decrease of the number of
strokes can be initiated only after the lower dead center
LD has been passed, whereby the complete standstill must
have been reached prior to a rotation of 360°, before a

20 further contact between tool and metal strip is made.

The parameters M (driving torque or operating
torque) and J (moment of inertia) of a punch press can be
changed only with great difficulties or not at all. Ac-
cordingly, the inventive method is used which will now be

25 explained based on Figs. 3 and 4.

Because the rated operational speed of rota-
tion n and the machine parameters M and J are known, it
is possible to calculate e.g. in a control apparatus for
the punch press the start-up angle ap and correspondingly

30 also the stopping angle.

When shutting the punch press down it is
brought to rest not in the upper dead center position UD
but rather at the angular position C (Fig. 3), which is
located by the angle
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nunber of strokes as the subsequent punching operations, i.e. that the
dynam ¢ behavi or of the machine at the first stroke is not the sane as at
t he subsequent strokes which has a negative effect regarding the precision
of the first part. 8

after the upper dead center UD.
Obviously, the size of
2
2

can be maximally that large that the lower dead center LD
is not reached and accordingly a further punching is
avoided. When stopping a punch press the coupling is

10 opened and the brake is closed, whereby the drive includ-
ing the flywheel continues rotating at the rated opera-
tional speed.

After the punch press, i.e. the eccentric

shaft, has been brought to rest, the drive is also

15 stopped;'Thereafter the drive is operated in the direc-
tion of rotation opposite of the normal direction of the
rotation and thereafter the eccentric shaft is coupled to
the drive and then the eccentric shaft is rotated by the
angle

20 2x—2=q,

backwards into the angular position D illustrated in Fig.

4, After having arrived at the angular position D, the

coupling 2 is opened and the drive 5 brought to rotate up
25 to the rated operational speed of rotation ng. The eccen-

tric shaft 5 is at rest in the angular position D and ac-

cordingly an enlarged start-up angle

ap is now available for a coupling on and starting.

It has been common practice to stop the punch

30 press at the upper dead center UD allowing a manipulating

in the opened tocl. When the press, i.e. the eccentric

shaft, is rotated backwards from the position C to the
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3 A reduction of the operating nunber of strokes elim nates
this drawback, decreases, however, the production, i.e. the nunber of itens
produced within a given tinme span is |ower. Here, the invention
intends to provide a rem edy. The invenPion, such as is characterized in
the clains, solves the object to provide a nethod of operat- ing a punch
press during the start-up and stopping thereof, at which after it has been
st opped, the eccen-

position D, it is possible, if it is desired to do so, to
bring the eccentric shaft 5 to a temporary standstill at
the upper dead center UD (intermediate holding).

R
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tric shaft is rotated back into a start-up angul ar posi -

contact occurs between the tool and the work- piece.

tion, according to
which it will be at a subsequent start-up after passing through the
start-up angle for an acceleration up to the rated operating number of
strokes at this rated operating nunber ®f strokes before a first working

The

advant ages gai ned by the invention are to be seen substantially in that the

first punching stroke occurs at a dynam c behavi or of the

equal s the dynam ¢ behavi or during the contlnued\uI““ﬁﬁﬁl
the start-up a precise production working of the

A

ress which
remﬁth, at
ed upon

occurs al ready at

g
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PATENT CLAIMS

1. Method of operating a punch press during
the start-up and stopping of same, which punch press in-
cludes an eccentric shaft (5) driven from a positionable
drive (1) via a coupling/brake device (2; 3), a ram (7)
driven by the eccentric shaft (5) for supporting at least
one upper tool (8), and a punch press table (10) for sup-
porting at least one lower tool (9), by means of which
tools (8; 9) a strip (12) located therebetween is worked
upon, which punch press due to the total inertia of the
moving parts and the driving torque transmitted by the
coupling unit (2) onto the eccentric shaft (5) moves for
the acceleration from standstill up to the rated opera-
tional speed through a start-up angle (x¢,) and the con-
tact between the tool part (15) and the strip (12) begins
at a preset operation angle position (C) of the eccentric
shaft (5), characterized in that after having brought the
punch press to rest the eccentric shaft (5) is rotated
for a start-up without passing through its lower dead
center position (LD) into a start-up angular position
(D), according to which it after an anewed start-up after
passing through the start-up angle (ay) in direction of
the operating rotation is ahead of the operation angle
postion (C) at its operational speed of rotation.

2. Method according to claim 1, in which the
contact between the tools (8; 9) and the metal strip (12)
ends at a predetermined release angle postion (D) after
passing through the lower dead center position (LD) in
direction (13) of the rotation of operation, and the ec-
centric shaft (5) upon stopping of the punch press passes
due to the total inertia of the moving structural members
and the breaking torque excerted by the breaking unit (3)
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the first operating stroke such that no waste is pro- duced. In
the following, the invention will be ex- plained nore in detail based on
drawings illustrating nmerely one enbodi nent.

illustrates schematically a punch pressiwith the H'Wﬂﬂ”ﬂﬁﬁf'e 1 s o
ease of understand- ing the invention, * L rates a
diagram in which the start-up behavior of a punch press is i | ustrat ed,
Figure 3 illustrates schematically the posi- tion of a punch press in
accordance with the invention after having stopped, and
of the coupling/brake device (3; 4) for decelerating the
rotational speed of the eccentric shaft (5) from the
rated operational number of strokes to the standstill
through a stopping angle, characterized in that the de-
5 celeration of the eccentric shaft (5) by the breaking
unit (3) is initiated directly after passing through the
release angle position (D) in the direction of the opera-
tional rotation.
3. Method according to claim 1 or 2, in which
i 10 the stopping angle (&,) is larger than the angle between
the release angle position (D) and the upper dead center
position (LD) of the eccentric shaft (5) seen in direc-
tion of operational rotation, characterized in that the
eccentric shaft (5) is rotated back by a driving by the
15 drive (1) in a direction opposite to the direction of op-
eration -through the upper dead center position (LD} into
the start-up angle position (D).
4. Method according to one of the preceding
claims, characterized in that the eccentric shaft during
20 the rotating back to the start-up angle position is
stopped temporarily in the upper dead center position

{UD) .
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Figure 4 illustrates schematically the posi-

12

ABSTRACT

When starting up, the eccentric shaft (5)
must accelerate through a start-up angle (a,) due to the
forces of inertia. When stopping the punch press the ec-
centric shaft (5) is rotated in the direction (13) of
normal operation into a position between the upper dead
center (0T} and the lower dead center (UT) position, in
which position no contacting between the upper tool (8)
and the metal strip (12} to be worked upon takes place.
From this position the eccentric shaft (5) is rotated
backwards by the start-up angle («,) into a start-up an-
gle position (D). In the start-up angle position (D)
again no contact between the upper tool (8) and the strip
(12) takes place. Accordingly, an enlarged start-up angle
(a,) which has been increased backwards over the upper
dead center position (OT) is available for the start-up
of the punch press, such that the first punching is exe-
cuted at the same dynamic conditioné of the punch press
as the next subsequent punching operations, such that
when starting the punch press up precise products are
produced already by the first stroke.

(Figure 4)
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tion oJ'a punch press operated in accordance with the in- vention prior toééfs '
t he start-up. Figure 1 illustrates schematically a punch press.
It includes a positionable drive 1. This drive 1 includes an electronDt?r
whi ch can be controlled into any arbitrary angul ar position and whi cht 7/ 2
drives via a belt drive the flywheel of the high-speed punch press in ac-
cordance with generally known designs. The flywheel is coupled to a
coupling-/brake device 2, 3, which in turn is coupled to the eccentric
shaft 5, which is supported in the machine franme 4. The
coupling-/brake device 2, 3 includes a coupling unit 2, by neans of which
the eccentric shaft 5

A 6 11 8
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"can beoupled to and uncoupled from resp., its flywheel and includes a
braking unit 3 having a braking disc 14, via which brake disc 14 the .
eccentriic shaft 5 can be braked against the frane 4 of the nachine.
Particulars of this brake device are disclosed in the CH A 546 141,2aﬁd2
US- A-3 805 931, resp. To be noted here is that the cou- pling unit 2 and
the braking unit 3 are force-locking de- signs, i.e. they slide during the
coupl i ng and braking, resp. _ Connecting rods 6 which support the
ram 7 are pivotably mounted to the eccentric shaft 5. This ram7 is nounted
to the upper tool 8. Furthernore, the punch press table 10 is designed in
Figure 1, which supports the

13 B e

5 2

Fig. 3 . | 6
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METHOD OF OPERATING A PUNCH PRESS DURING
START-UP AND STOPPING

The invention relates to a method of operat-
ing a punch press during the start-up and stopping opera-
tion thereof, which punch press includes an eccentric
shaft driven by a positionable drive wvia the coupling
unit of a coupling/brake device, a push rod driven by the
eccentric shaft for supporting at least an upper tool and
a punch press table for supporting at least one lower
tool, by means of which tools a strip-like workpiece lo-
cated therebetween is worked upon, which punch press, due
to the total inertia moment of the moving structural mem-
bers of the punch press and due to the driving torque
transmitted by the coupling unit onto the eccentric
shaft, rotates during its acceleration from standstill.to
the rotating at the opefationally'rated number of strokes
through a start-up angle and a first contact betweep—the
tools and the strip occurs at a predetermined operation
angle position of the eccentric press.

In high~speed punch presses the as such known
increasing of the forces of inertia of the accelerating
structural members pose a large problem at an increasing
rotational speed, which has specifically an influence
onto the quality and preciseness of products produced by
such high-speed punch presses. Due to the accelerations
and decelerations of the predominantly oscillating struc-
tural members and due to the counterforces produced dur-
ing the working of a respective workpiece the punch press
and specifically its moving parts suffer elastic-deforma-
tions and displacements occur, furthermore, in the bear-
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whereby the structural reference thereto is take
the connecting rod(s) at the eccentric shaft 5.
position UD the ram?7

ﬁﬁf~¥|nt of

enter

ings, which conditions have quite a negative influence on
the preciseness at the produced products.

The precision of a punched product depends
among others strongly from the respective height position
of the ram. As is generally known, this height position
of the ram determines the closed tool height position or
the depth of penetration, resp., at the operating of the
machine.

If a fixed height position of the ram is set
for given embossing and cutting operations at a given
number of strokes, the embossments do not reach the de-
sign depth when the punch press operates at a relatively
low number of strokes, the embossings have a too large
depth or the depth of penetration of the punching tools,
respectively, is too large at a higher number of strokes
which leads, as is generally known, to undesxrably large
wear at the corresponding tool members. -

A variety of procedures for a controlling of
the height position of the ram or depth of penetration,
respectively, based on the number of strokes, have become
known. Reference is made here for instance to the CH-A-
676 445. .

During punching operations, and specifically
with multiple press tools, no waste should be produced
also during the start-up and stopping of the punch press
due to the above mentioned forces of inertia and specifi-
cally in case of high-speed punch presses the start-up
and stopping operation causes considerable troubles in

'this respect. _

When starting a punch press up, the eccentric
shaft is coupled by a closing of the coupling to the
drive motor rotating already at a rated operational speed
and specifically to the fly-wheel and accordingly accel-
erated from the state of stand-still up to the rated ro-
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Is at the largest and in the | ower dead center position LD at the snall est
di stance fromthe punch press table 10. These positions UD and LD are
illustrated in Figures 3 and 4. In order to interrupt the
operation a punch press is commonly brought to rest or positioned, resp.,
approximately in its upper dead center position UD. The distance between
the ram 7 and the punch press table 10 features the | argest value, the tool
(consisting of the upper tool 8 and the |ower tool 9) is opened. Wen
inter- rupting the operation the coupling unit 2 is opened and the braking
unit 3 closed, i.e. the eccentric shaft 5 is decoupled fromthe drive 1,
wher eby the dth¥gohal speklie The dynamic behavior of the punch press

during the first working operation, e.g. the first punch-
ing operation, is thereby defined first punch behavior
and it is this first punch behavior which determines the
quality of the first product punched.

At the known start-up methods of high-speed
punch presses, this first punch behavior is now such that
the first punching operation is not made at the rated op-
erating number of strokes such as during the next subse-
quent punching operations, i.e. the dynamic behavior of
the punch press during the first stroke is different from
the subsequent strokes which has a negative effect re-
garding the precision of the first part produced.

A reduction of the operating number of
strokes eliminates this drawback, but then the production
is decreased, i.e. the number of products produced within
a given time span is lower.

Here, the invention intends to provide a rem-
edy. The invention, such as characterized in the clainms,
solves the object to provide a method of operating a
punch press during its start-up and stopping in which af-
ter having stopped, the eccentric shaft is rotated back
into a start-up angle position, according to which at a
subsequent start-up after it has passed through the
start-up angle for accelerating up to the operational
number of strokes rotates at the operational number of
strokes before the first working contact between the tool
and the workpiece takes place.

The advantages gained by the invention are
seen predominantly in that the first punching stroke oc-
curs at a dynamical behavior of the punch press which is
the same as during the continuous operation. Therefore,
during the start-up an exact production working of the
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fl ywheel keep on running in an idling state at the rﬁ%egﬁgﬂpﬁgt speed of

the punch press and the eccentric shaft 5 is at regt.

is now nade to Figure 2. The ab- scissa refers to tihg angul ar posi {
the eccentric shaft 5 and the ordinate refers to it|ls {sp24d)¥E 1996 at

fnrence
bn a of
N n.

When the eccentric shaft is at rest and.i.s_located |in the upper dead|center

position UD and the drive operates at the operating speed n[err| and|the

coupling is now closed and the brake opened, the speed of rotatign of the

eccentric shaft increases under the influence of the torque transmtted
fromthe coupling onto the eccen-

web to be worked upon occurs already at the first working
stroke, such that no waste is produced.

In the following, the invention will be ex-
plained based on drawings illustrating merely one embodi-
ment.

Figure 1 illustrates schematically a punch
press with the structural units facilitating the under-
standing of the invention,

Fig. 2 is a diagram illustrating the behavior
of a punch press during start-up,

Fig. 3 illustrates schematically the position
of a punch press operated in accordance with the inven-
tive method after having stopped, and

Fig. 4 illustrates schematically the position
of a punch press operated in accordance with the inven-
tive method prior to the start-up.

Fig. 1 illustrates schematically a punch
press. This punch press includes a positionablé drive 1.
Such a positionable drive 1 includes an electromotor
which can be controlled so that it can be controlled to
rest at any desired angular position, and which drives
the flywheel of the high-speed punch press via a belt
drive in accordance with generally known designs. The
flywheel is coupled to a coupling/brake device 2, 3 which
in turn is connected to the eccentric shaft 5 supported
in the machine frame 4.

The coupling/brake device 2,3 includes a cou-
pling unit 2, by means of which the eccentric shaft 5 can
be coupled to the drive 1, i.e. its flywheel; and con-
versely can be uncoupled therefrom, and includes a brak-
ing unit 3 having a brake disc 14, by means of which _
brake dics 14 the eccentric shaft 5 can be braked against
the frame 4 of the machine. Particulars of this cou-
pling/brake device are disclosed in the CH-A-546 141 or
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tric shaft: The increasing of the rotational speed n rQ,aLL¥e—t_ t he

angul ar position a is illustrated in Fig- ure e. After
certain tinme span, i.e. after having run throug e la of
rotation, the rated operational speed n ig arriVell : The &ﬂ@noe of the

speed of rotation proceeds thereby according tolthe Zér

the US-A-3 804 931. Important to note here is that the
coupling unit 2 and the braking unit 3 are force locking
designs, i.e. when the coupling is closed and when the
brake is applied, a sliding behavior occurs.

The eccentric shaft 5 supports connecting
rods 6, which in turn support the ram 7. The upper tocol 8
is mounted to this ram 7. Fig. 1 illustrates, further-
more, the table 10 of the punch press which supports the
lower tool 9. Reference numeral 11 identifies in a gen-
eral manner the balancing weight structures which balance
the rotéting and oscillating forces occurring during the
operation of the punch press. _

In operation the eccentric shaft rotates
through all angular positions of a 360° angle, and due to
the positionable drive, the shaft can be brought to a
standstill at any desired angular position. In punch
presses it is common to define for their eccentric shafts
an upper dead center position UD and a lower dead center
position LD, whereby the structural reference for these
positions is taken to be the pivotal point of the con-
necting rod(s) at the eccentric shaft 5. In the upper
dead center position UD the ram 7 is at the largest and
in the lower dead center position LD the ram 7 is at the
smallest distance from the table 10 of the punch press.
These positions UD and LD are illustrated in Figs. 3 and
4.

In order to interrupt the operation, it is
common to bring the punch press to rest, i.e. positioned
at least approximately in its upper dead center position
UD. The distance between the ram 7 and the punch press

~table 10 is at its largest in this position of the punch
press and the tool (consisting of upper tool 8 and lower
tool 9) is in its open state. When interrupting the op-
eration the coupling unit 2 is opened and the braking
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unit 3 is closed, i.e. the eccentric shaft 5 is decoupled
from the drive 1, while the drive 1 and the flywheel keep
on idling at the rated operating speed and the eccentric
shaft 5 remains at rest.

Reference is now made to Fig. 2. The abscissa
refers to the angular position o of the eccentric shaft 5
the ordinate to the speed of rotation n thereof!

When the drive is rotating at the rated op-
erational speed ng and the eccentric shaft is at rest in
the upper dead center positioh UD and the braking unit is
opened and the coupling unit closed, the rotational speed
n of the eccentric shaft begins to increase from zero un-
der the influence of the torque transmitted wvia the cou-
pling onto the eccentric shaft. This increasing rota-
tional speed n relative to the angular position o of the
eccentric shaft is illustrated in Fig. 2 by the curved
line. After a certain time, i.e. passing through a cer-
tain angle ag of rotation, the rated operational speed np
is arrived at. The change of the speed of rotation pro-
ceeds, thereby, according to the formula

a-M-10
J -z

’

whereby

M = is the driving torque output of the cou-
pling [Nm},

J = the moment of inertia of the moving
structural members of the punch press [kgm?]

a = Start-up or stopping angle in degrees.

The closing of the tool, i.e. the contact be-
tween the upper tool and the strip to be worked upon, oc-
curs shortly ahead of the lower dead center position LD,
at which the eccentric shaft has rotated through an angle
of rotation, i.e. a start-up angle[ ap , whereby in Fig.



, Wher eby M= is the driving torque [Nm, outputted by the

coupl i ng, J = the nonent of inertia of {h - ST UCITr a
menbers of the punch press [kgnferr]] [e rﬁﬁlﬁégewsf?ﬁ#gtd
stopping, resp., angle [[err]]. The cl os|np of the tool,| i} e.
t he wor ki ng contact between the upper todl and the S5t 11 24 JUbe199gr kledi upon
occurs shortly ahead of the | ower dead center LD, ap hich the eccentiric
shaft has run through an angle of ro-

2 the distance between the start-up angle ap and the an-
gle @ = 180° is visible.

Accordingly, the rated operational speed np
must be arrived at, at the latest by the start-up angle
ap if the first punching at the start-up shall be per-
formed at the same dynamic conditions as will prevail at
the next and subsequent stamping operations. Thus, at any
rated operational speed < np no difficulties occur.

If the rated operational speed ng is larger
than np, i.e. ng < np, which condition occurs in high-
speed punch presses, a start-up angle ap is needed which
is larger than ap when the first punching operation
shall have again the same dynamic conditions as present
at the next and subsequent punching operations.

When stopping the punch press the same
thoughts are to be made. A decrease of the number of
strokes can be initiated only after the lower dead center'
LD has been passed, whereby the complete standstill must
have been reached prior to a rotation of 360°, before a
further contact between tool and metal strip is made.

The parameters M (driving torque or operating
torque) and J (moment of inertia) of a punch press can be
changed only with great difficulties or not at all. Ac-
cordingly, the inventive method is used which will now be
explained based on Figs. 3 and 4.

Because the rated operational speed of rota-
tion n and the machine parameters M and J are known, it
is possible to calculate e.g. in a control apparatus for

" the punch press the start-up angle ap and correspondingly
also the stopping angle.

When shutting the punch press down it is
brought to rest not in the upper dead center position UD
but rather at the angular position C (Fig. 3), which is
located by the angle .
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tation or start-up angle [err], resp., whereby the distance between the

start-up-angle aA and a = 180[err] is illustrated in the diagramin
accordance with Figure 2. Accordingly, the rated operationa
speed n[err] nust be reached at the latest at the start-up angle [err], if

the first punching during start-up shall8_be performed at the same dynamic

condi t i ofRg, Wi QS e ail at the sub- sequent punching operations. Thus, at
any opera PA°4A no difficulties occur. | f, however,
t he operaguﬂﬂg HE ﬁerr] is larger than nA, i.e. n[err] [err] n[err],
whi ch fea hi gh speed punch presses, a start-up angle [err] is

necessary, which is larger than [err], iJ= again, at the first punching
B

2

REPLACEMENT SHEET

after the upper dead center UD.

24 JUL 1996
Obviously, the size of

Qp

2

can be maximally that large that the lower dead center LD
is not reached and accordingly a further punching is
avoided. When stopping a punch press the coupling is
opened and the brake is closed, whereby the drive includ-
ing the flywheel continues rotating at the rated opera-
tional speed. .

After the punch press, i.e. the eccentric
shaft, has been brought to rest, the drive is also
stopped. Thereafter the drive is operated in the direc-
tion of rotation opposite of the normal direction of the
rotation and thereafter the eccentric shaft is coupled to
the drive and then the eccentric shaft is rotated by the
angle

backwards into the angular position D illustrated in Fig.
4. After having arrived at the angular position D, the
coupling 2 is opened and the drive 5 brought to rotate up
to the rated operational speed of rotation ng. The eccen-
tric shaft 5 is at rest in the angular position D and ac-
cordingly an enlarged start-up angle

ap is now available for a coupling on and starting.

It has been common practice to stop the punch
press at the upper dead center UD allowing a manipulating
in the opened tool. When the press, i.e. the eccentric
shaft; is rotated backwards from the position C to the



the sane dynam c conditions shall be present as at the subsequent
punchi ngs. When stopping the punch press, the sane de-
| i berations are to be nmade. A decrease of the nunber of strokes can be
initiated only after the | ower dead center LD has been passed, whereby the
conplete standstill nmust be arrived at prior to a rotation of 360[err],

eet Has Been Replaced

before a con- tact between tool and netalgstrip is

position D, it is possible, if it is desired to do so, to
bring the eccentric shaft 5 to a temporary standstill at
the upper dead center UD (intermediate holding).
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HEPLACEMENT SHEET
The paraneters M (driving torque or braking torque) and J foment—of———

inertia) of a punch press can be changed only with diffic
generally not at all. Accordingly, the inventive nethod

now be expl ai ned, based on Figures 3 and 4. Bgca
operational speed n and the 10

DY
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PATENT CLAIMS

1. Method of operating a punch press during
the start-up and stopping of same, which punch press in-
cludes an eccentric shaft (5) driven from a positionable
drive (1) via a coupling/brake device (2; 3), a ram (7)
driven by the eccentric shaft (5) for supporting at least
one upper tool (8), and a punch press table (10) for sup-
porting- at least one lower toocl (9), by means of which
tools (8; 9) a strip (12) located therebetween is worked
upon, which punch press due to the total inertia of the
moving parts and the driving torque transmitted by the
coupling unit (2) onto the eccentric shaft (5) moves for
the acceleration from standstill up to the rated opera-
tional speed through a start-up angle (2,) and the con-
tact between the tool part (15) and the strip (12) begins
at a preset operation angle position (C) of the eccentric
shaft (5), characterized in that after having brought the
punch press to rest the eccentric shaft (5) is rotated
for a start-up without passing through its lower dead
center position (LD) into a start-up angular position
(D}, according to which it after an anewed start-up after
passing through the start-up angle (z,) in direction of
the operating rotation is ahead of the operation angle
postion (C) at its operational speed of rotation.

2. Method according to claim 1, in which the
contact between the tools (8; 9) and the metal strip (12)
ends at a predetermined release angle postion (D) after
passing through the lower dead center position (LD) in

" direction (13) of the rotation of operation, and the ec-
centric shaft (5) upon stopping of-the punch press passes
due to the total inertia of the moving structural members
and the breaking torque excerted by the breaking unit (3)



machi ne paranmeters Mand J are known, it is possible to calculate e.g.

contr ol

apparatus for the punch press the start-up angle [err] and
correspondi ngly the braking an- gle.

When st opping the punch

in

press it is brought to rest not in the upper deﬁggggqﬁggwpﬁ§mm n UD, but

r at her

at the C, whichlils | ocat
checoer aeac YR RTIRIR " S ouets

T

of the coupling/brake device (3; 4) for decelerating the
rotational speed of the eccentric shaft (S) from the
rated operational number of strokes to the standstill
through a stopping angle, characterized in that the de-
celeration of the eccentric shaft (5) by the breaking
unit (3) is initiated directly after passing through the
release angle position (D) in the direction of the opera-
tional rotation.

3. Method according to claim 1 or 2, in which
the stopping angle .(&,) is larger than the angle between
the release angle position (D) and the upper dead center
position (LD) of the eccentric shaft (5) seen in direc-
tion of operational rotation, characterized in that the
eccentric shaft (5) is rotated back by a driving by the
drive (1) in a direction opposite to the direction of op-
eration -through the upper dead center position (LD) into
the start-up angle position (D).

4. Method according to one of the preceding
claims, characterized in that the eccentric shaft during
the rotating back to the start-up angle position is
stopped temporarily in the upper dead center position
(UD) .
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can be maximally that |large that the | ower dead center LD and thus a
further punching is avoi ded. Wien stopping a punch press, the coupling is
opened and the brake is closed, whereby the drive with the flywheel keep on
ro- tating at the rated operational speed. After the punch
press i.e. the eccentric shaft has been brought to a standstill, the drive
is now also stopped. Thereafter, the drjve is operated in the

METHOD OF OPERATING A PUNCH PRESS DURING START UP AND STOPPING

ABSTRACT

When starting up, the eccentric shaft (5)
must accelerate through a start-up angle (a&,) due to the
forces of inertia. When stopping the punch press the ec-
centric shaft (5) is rotated in the direction (13) of
normal operation into a position between the upper dead
center {OT) and the lower dead center (UT) position, in
which position no contacting between the upper tool (8)
and the metal strip (12) to be worked upon takes place.
From this position the eccentric shaft (5) is rotated
backwards by the start-up angle (a,) into a start-up an-
gle position (D). In the start-up angle position (D).
again no contact between the upper tool (8) and the strip.
(12) takes place. Accordingly, an enlarged start-up angle
(a,) which has been increased backwards over the upper
dead center position (OT) is available for the start-up
of the punch press, such that the first punching is exe-
cuted at the same dynamic conditioné of the punch press
as the next subsequent punching operations, such that
when starting the punch press up precise products are
produced already by the first stroke.

(Figure 4)
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opposition direction, the eccentric shaft coupled and ac- cordingly rotated
by the angle 2 x Jerr] =Jerr] I nto the angul ar position
D in accordance with Figure 4. After reaching the angul ar position D, the
coupling 2 is opened and the drive 5 brought to rotate at the rated
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8 operational speed of rotation n[err]. The eccentric shaft 5

Fig. 3 3
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DURING STARTING AND STOPP;NG o

The invention relates to a method of operat-
ing a punch press during the start-up and stopping
thereof, which punch press includes an eccentric shaft
driven by a positionable drive via the coupling unit of a
coupling~/brake device, a ram driven by the eccentric
shaft for supporting at least one upper tool and a punch
press table for supporting at least one lower tool, by
means of which tools a strip—~like workpiece located
therebetween is worked upon, which punch press, due to
the total moment of inertia of the moving structural mem-
bers and due to the driving torque transmitted by the
coupling unit onto the eccentric shaft runs through a
start-up angle for an accelerating from standstill up to
the rated number of strokes and the contact between the
tools and the strip begins at a predetermined cperation
angle position of the eccentric press. Such a methed is
known from the US-A-4 653 311.

At high speed punch presses the known in-
creasing of the forces of inertia of the accelerating
structural members pose a problem at an increasing rota-
tional speed which has specifically an influence onto the
quality and preciseness of products produced by such high
speed punch presses. Due to the accelerations and decel-
erations of the predominantly oscillating structural mem-
bers and the counterforces produced during the working of
a respective workpiece the punch press and specifically
its moving parts suffer elastic deformations, and dis-
placements occur, furthermore, in the bearings, which
conditions have a negative influence onto the preciseness
of the production.

The preciseness of the production of a
punched product depends among others strongly from the
respective height position of the ram of the machine.
This height position determines, such as is generally
known, the closed tool height position or the depth of
penetration, resp., when the machine operates.



If a fixed height position of the ram is set
for predetermined cutting operations, embossings e.g.
will not be deep enough at a smaller speed of rotation,
at a higher speed of rotation the embossings will get too
deep or the depth of penetration of the punching tools,
resp., will become too large which leads as generally
known to undesired large wear of the corresponding tool
members.

A variety of procedures for a controlling of
the height position of the ram or depth of penetration,
resp., based on the number of strokes have become known.
Reference is made, for instance, to the CH-A-676 445.

At punching operations, specifically with
multiple press tools, no waste should occur also during
the start-up and stopping of the punch press due to the
above mentioned forces of inertia and specifically the
start-up and stopping causes problems in this respect in
case of high-speed punch presses.

In order to start up the punch press the ec-
centric shaft is drivingly connected by a closing of the
coupling to the drive being already at the rated opera-
tional number of strokes, specifically with the flywheel
and is therewith accelerated from standstill up to the
rated operational speed. The dynamic behavior of the
punch press during the first working operation, e.g.
punching operation is defined as first impact behavior,
and it is this first impact behavior which determines the
quality of the first punched product.

At known start-up methods of high speed punch
presses the first impact behavior is such that the first
punching operation does not occur at the same operational
number of strokes as the subsequent punching operations,
i.e. that the dynamic behavior of the machine at the
first stroke is not the same as at the subsequent strokes
which has a negative effect regarding the precision of
the first part.
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A reduction of the operating number of
strokes eliminates this drawback, decreases, however, the
production, i.e. the number of items produced within a
given time span is lower.

Here, the invention intends to provide a rem-
edy. The invention, such as is characterized in the
claims, solves the object to provide a method of operat-
ing a punch press during the start-up and stopping
thereof, at which after it has been stopped, the eccen-
tric shaft is rotated back into a start-up angular posi-
tion, according to which it will be at a subsequent
start-up after passing through the start-up angle for an
acceleration up to the rated operating number of strokes
at this rated operating number of strokes before a first
working contact occurs between the tool and the work-
plece.

The advantages gained by the invention are to
be seen substantially in that the first punching stroke
occurs at a dynamic behavior of the punch press which
equals the dynamic behavior during the continued opera-
tion. Therewith, at the start-up a precise production
working of the strip being worked upon occurs already at
the first operating stroke such that no waste is pro-
duced.

In the following, the invention will be ex-~
plained more in detail based on drawings illustrating
merely one embodiment.

Figure 1 illustrates schematically a punch
press with the structural members for ease of understand-
ing the invention,

Figure 2 illustrates a diagram, in which the
start-up behavior of a punch press is illustrated,

Figure 3 illustrates schematically the posi-
tion of a punch press in accordance with the invention
after having stopped, and
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Figure 4 illustrates schematically the posi-
tion of a punch press operated in accordance with the in-
vention prior to the start-up.

Figure 1 illustrates schematically a punch
press. It includes a positionable drive 1. This drive 1
includes an electromotor which can be controlled into any
arbitrary angular position and which drives via a belt
drive the flywheel of the high-speed punch press in ac-
cordance with generally known designs. The flywheel is
coupled to a coupling-/brake device 2, 3, which in turn
is coupled to the eccentric shaft 5, which is supported
in the machine frame 4.

The coupling-/brake device 2, 3 includes a
coupling unit 2, by means of which the eccentric shaft 5
can be coupled to and uncoupled from, resp., its flywheel
and includes a braking unit 3 having a braking disc 14,
via which brake disc 14 the eccentric shaft 5 can be
braked against the frame 4 of the machine. Particulars of
this brake device are disclosed in the CH-A-546 141, and
US-A-3 805 931, resp. To be noted here is that the cou-
pling unit 2 and the braking unit 3 are force-locking de-
signs, i.e. they slide during the coupling and braking,
resp.

Connecting rods 6 which support the ram 7 are
pivotably mounted to the eccentric shaft 5. This ram 7 is
mounted to the upper tocol 8. Furthermore, the punch press
table 10 is designed in Figure 1, which supports the
lower tool 9. The reference numeral 11 designates in gen-
eral the balancing weight structure for balancing the ro-
tating and oscillating forces occurring the operation of
the punch press.

In operation the eccentric shaft rotates
through all angular positions of a 360° angle and due to
the positional drive can be positioned in its standstill
state in any angular position. For the eccentric shafts 5
of punch presses generally an upper dead center position

UD and a lower dead center position LD are defined| REPLACEMENT SHEET
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9 dains 1. Method of operating a punch press during the oper- ation
start-up and stopping cycle, which punch press

whereby the structural reference thereto is taken as the
pivotal point of the connecting rod{(s) at the eccentric
shaft 5. In the upper dead center position UD the ram 7
i1s at the largest and in the lower dead center position
LD at the smallest distance from the punch press table
10. These positions UD and LD are illustrated in Figures
3 and 4.

In order to interrupt the operation a punch
press is commonly brought to rest or positioned, resp.,
approximately in its upper dead center position UD. The
distance between the ram 7 and the punch press table 10
features the largest value, the tool (consisting of the
upper tool 8 and the lower tool 9) is opened. When inter-
rupting the operation the coupling unit 2 is opened and
the braking unit 3 closed, i.e. the eccentric shaft 5 is
decoupled from the drive 1, whereby the drive 1 with the
flywheel keep on running in an idling state at the rated
operating speed of the punch press and the eccentric
shaft 5 is at rest.

Reference is now made to Figure 2. The ab-
scissa refers to the angular position a of the eccentric
shaft 5 and the ordinate refers to its speed of rotation
n.

When the eccentric shaft is at rest and is
located in the upper dead center position UD and the
drive operates at the operating speed ng and the coupling
is now closed and the brake opened, the speed of rotation
n of the eccentric shaft increases under the influence of
the torque transmitted from the coupling onto the eccen-
tric shaft. The increasing of the rotational speed n
relative to the angular position o is illustrated in Fig-
ure 2 by the curved line. After a certain time span, i.e.
after having run through a certain angle o of rotation,
the rated operational speed n is arrived at. The change

of the speed of rotation proceeds thereby according to

the formula
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I ncludes a positionable drive (1), driving a coupling unit (2) of a

coupling/ brake device (2;3) to an eccen- tric shaft (5), aram(7) to
be driven by the eccentric shaft (5), at |east one upper tool (8),
nounted to the ram (7), and a punch press table (10) with at | east

one lower tool (9) nounted to the punch press table (10), and with said
upper and |l ower tools (8;9) a stri[ﬁi ke wor kpi ece (12) | ocated

t her ebet ween i s wor ked upon, whereby the punch press, due to the

total inertia nmonment of the noving structural nem bers and due to the
driving torque transmtted by the coupling unit (2) to the eccentric
shaft (5) rotates during the acceleration fromthe standstill state to

n ;—\J oL . M . 10
J .m0

, whereby
M = is the driving torque [Nm], outputted by the
coupling,
J = the moment of inertia of the moving

structural members of the punch press [kgm®]

o = start-up and stopping, resp., angle [°].

The closing of the tool, i.e. the working
contact between the upper tool and the strip to be worked
upon occurs shortly ahead of the lower dead center LD, at
which the eccentric shaft has run through an angle of ro-
tation or start-up angle aa, resp., whereby the distance
between the start-up angle ax and o = 180° is illustrated
in the diagram in accordance with Figure 2.

Accordingly, the rated operational speed na
must be reached at the latest at the start-up angle aa,
if the first punching during start-up shall be performed
at the same dynamic conditions which prevail at the sub-
sequent punching operations. Thus, at any operational
speed < ny no difficulties occur.

If, however, the operational speed ng is
larger than na, i.e. ns > na, which feature occurs at high
speed punch presses, a start-up angle o 1s necessary,
which is larger than aa, if again, at the first punching
the same dynamic conditions shall be present as at the
subsequent punchings.

When stopping the punch press, the same de-
liberations are to be made. A decrease of the number of
strokes can be initiated only after the lower dead center
LD has been passed, whereby the complete standstill must
be arrived at prior to a rotation of 360°, before a con-

tact between tool and metal strip is made. REPLACEMENT SHEET

09 OCT 1997




the state of rotating at the operational rated nunber of strokes
through a start-up angle ([err]), and where a contact between the tools
(8,9) and the striplike wor kpi ece (12) occurs at a predeterm ned
operation angl e position (C) of the eccentric shaft (5), charac-
terized in that after the punch press has been brought to a standstill,
the eccentric shaft (5) is rotated for a subsequent start-up to a
start-up angle position (D) w thout passing through its | ower dead
center position (LD) ac€BPdPA§aRBGRPcH SEEIYLILP tordumde Rudiiidn the

eccentric shatfuel lanlaem qa@&r@ekcabf ine@tsdbsequenpustRr prapPs @dd ese havi ng

rotated through oo ohS ShAN iR A9h% (CLeLE) Leh L0g, Q5 FRL  opp{ ati ng

Accordingly, the inventive method is used, which will now
be explained, based on Figures 3 and 4.

Because the rated operational speed n and the
machine parameters M and J are known, it 1s possible to
calculate e.g. in a control apparatus for the punch press
the start~up angle dos and correspondingly the braking an-
gle.

When stopping the punch press it is brought
to rest not in the upper dead center position UD, but

rather at the angular position C, which is located
&y
2
after the upper dead center UD.
Obviously,
G5
2
can be maximally that large that the lower dead center LD
and thus a further punching is avoided. When stopping a
punch press, the coupling is opened and the brake is
closed, whereby the drive with the flywheel keep on ro-
tating at the rated operational speed.
After the punch press i.e. the eccentric
shaft has been brought to a standstill, the drive is now
also stopped. Thereafter, the drive is operated in the

opposition direction, the eccentric shaft coupled and ac-

cordingly rotated by the angle RHKAGEMENTSHEEI

2x%"—=ag 090(}1‘1997

into the angular position D in accordance with Figure 4.
After reaching the angular position D, the coupling 2 is

opened and the drive 5 brought to rotate at the rated



tion of rotation and has the rated operational speed, ahead of the
operation angle position (C).

operational speed of rotation ng. The eccentric shaft 5
is positioned at the angular position D and accordingly
the punch press is ready for a coupling and starting at
an enlarged start-up angle og.

Normally, a punch press is brought to rest at
the upper deaa center UD allowing a manipulating in the
opened tool. The press can, therefore, if desired, be
brought to rest (intermediate holding) upon the backwards
rotation from point C to point D in the upper dead center
UD.
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2. Method of claim1, in which the contact between the wor ki ng tool s

(8;9) and the striplike workpiece (12)

angl e rotational

ends at a predeterm ned rel ease

position and after the rotation in the nornal operat-

ing direction (13) of rotation past the |ower dead center

(LD), and where with the stopping

cycle of the punch press,

position
t he

eccentric shaft (5), due to the total inertia nonent of the noving
struct ural menbers and due to braking torque applied by the br aki ng
unit (3) of the coupling/brake deviceg (3;4)

of the rotational
rat ed

speed of the eccentric “\\M\M\\\\m\ h

Claims

Method of operating a punch press during the oper-
ation start-up and stopping cycle, which punch press
includes a positionable drive (1), driving a coupling
unit (2) of a coupling/brake device (2;3) to an eccen-
tric shaft (5), a ram (7) to be driven by the eccentric
shaft (5), at least one upper tool (8), mounted to the
ram (7), and a punch press table (10) with at least
one lower tool (9) mounted to the punch press table
(10), and with said upper and lower tools (8:9) a
striplike workpiece (12) located therebetween is
worked upon, whereby the punch press, due to the
total inertia moment of the moving structural mem-
bers and due to the driving torque transmitted by the
coupling unit (2) to the eccentric shaft (5) rotates
during the acceleration from the standstill state to
the state of rotating at the operational rated number
of strokes through a start-up angle (as), and where
a contact between the tools (8,9) and the striplike
waorkpiece (12) occurs at a predetermined operation
angle position (C) of the eccentric shaft (5), charac-
terized in that after the punch press has been
brought to a standstill, the eccentric shaft (5) is
rotated for a subsequent start-up to a start-up angle
position (D) without passing through its lower dead

deceleration
e operati onal

center position (LD) according to which start-up :
angle position the eccentric shaft will be located at -

a subsequent start-up, after having rotated through
the start-up angle (ag) in the normal operating direc-
tion of rotation and has the rated operational speed,
ahead of the operation angle position (C).
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nunber of strokes to the state of standstill through a stoppi ng angl e,
- characterized in that the decel er- ation of the rotational
(5) is initiated by the braking unit (3) inmediately
after passing the rel ease angle rotational

direction of the normal operating directi onIOOSI lmmwu““gm\l ““ heMst hod of
L

eccentric shaft

claim1l or 2, wherein the stopping ange

S mar ger*

speed of the

t han t he

angl e bet ween the rel ease angl e rotatlonal position and the upper dead

center position (UD) of the eccentric shaft (5) neasured in

direction of the normal operating direction of

2.

Methed of claim 1, in which the contact between the
working tcols (8;9) and the striplike workpiece (12)
ends at a predetermined release angle rotational
position and after the rotation in the normal operat-
ing direction (13) of rotation past the lower dead
center position (LD), ard where with the stopping
cycle of the punch press, the eccentric shaft (5), due
to the total inertia moment of the moving structural
members and due to braking torque applied by the
braking unit (3) of the coupling/brake device (3;4)
rotates for a deceleration of the rotational speed of
the eccentric shaft (S) from the operational rated
number of strokes to the state of standstill through
a stopping angle, characterized in that the deceler-
ation of the rotational speed of the eccentric shaft
(5) is initiated by the braking unit (3) immediately
after passing the release angle rotational position
(D) in the direction of the normal operating direction
of rotation.

3. Method of claim 1 or 2, wherein the stopping angle

(aa) is larger than the angle between the release
angle rotational position and the upper dead center
position (UD) of the eccentric shaft (5) measured in
the direction of the normal operating direction of
rotation (13), characterized in that the eccentric
shaft (5) is rotated back into the start-up angle posi-
tion (D) by a operation of the positionable drive (1)
in a direction opposite to the normal operating direc-
tion of rotation and through the upper dead center
position (UD).

Method of one of the foregoing claims, characterized
in that the eccentric shaft during rotating back into
the start-up angle position (D) is temporarily stopped
in the upper dead center position (UD).

t he
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rotation (13), characterized in that the eccentric shaft (5) is rotated
back into the start-up angl e posi - tion (D) by a operation of the
positionable drive (1) in a direction opposite to the normal operating
direc- tion of rotation and through the upper dead center position
(UD). 4. Method of one of the foregoing clainms, characterized I n that
the eccentric shaft during rotating back into the start-up angle
position (D) is tenporarily stopped 1 in the upper dead center position
(UD) .
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METHOD OF OPERATING A PUNCH PRESS DURING START UP AND STOPPING

ABSTRACT

When starting up, the eccentric shaft (5)
must accelerate through a start-up angle (a,) due to the
forces of inertia. When stopping the punch press the ec-
centric shaft (5) is rotated in the direction (13) of
normal operation into a position between the upper dead
center (OT) and the lower dead center (UT) position, in
which position no contacting between the upper tool (8)
and the metal strip (12) to be worked upon takes place.
From this position the eccentric shaft (5) is rotated
backwards by the start-up angle (a,) into a start-up an-
gle position (D). In the start-up angle position (D)
again no contact between the upper tool (8) and the strip
(12) takes place. Accordingly, an enlarged start-up angle
(a;) which has been increased backwards over the upper
dead center position (OT) is available for the start-up
of the punch press, such that the first punching is exe-
cuted at the same dynamic conditioné of the punch press
as the next subsequent punching operations, such that
when starting the punch press up precise products are
produced already by the first stroke.

(Figure 4)



