
1  Punching press Reference to Related Applications This application claims
the priority of the  European Patent Application No. 07 012 661.0, which has
been filed on June 28, 2007 and the disclosure of which  in its entirety is
incorporated in this application by  reference. Technical Field The present
invention relates to a punching  press according to the preamble of claim 1.
Background Art In the industrial manufacturing of sophisti- cated punching
parts punching presses with a drive mecha- nism that is arranged below the
punching plane and is  connected with the press ram via tension columns have
proven particularly well suited, since with such punching  presses, in
particular in embodiments in which the press  ram is connected at each of
its four outer corners with a  tension column, an as high as possible
resistance against  tilting in the direction of the material flow as well as
in the direction transverse thereto can be achieved. As  an example for such
a press the automatic punching press  of Type BSTA 60 of the company
Bruderer AG, CH-Frasnacht,  is to be mentioned, of which since 1965 more
than 1100  units have been produced. In this punching press, two of  the
four tension columns in each case are driven via a  common crank drive,
which is accomplished in that the end  of the connecting rod of the crank
drive which is remote  to the crankshaft is directly hinged to a yoke which
fixedly connects the two tension columns. In the light of the continuously
increasing  requirements with regard to the flexibility of produc- tion,
punching frequency and punching precision, this  machine concept today is no
longer able to fully cope 2  with all requirements, the more so as a further
increase  



in the maximal punching frequency or an operation with a  pronounced
eccentric load of the ram is opposed by a dis- proportionate increasing load
of the components and, co- ming along therewith, a corresponding wear and
tear and a  corresponding increasing need for maintenance, respecti- vely,
results. Disclosure of the Invention Hence, it is a general object to
provide a  punching press which does not show the disadvantages of  the
prior art or at least partially avoids them. This object is achieved by the
punching press  according to claims 1. Accordingly, the invention concerns a
pun- ching press with a stationary clamping plate and with a  press ram
which is lying opposite to the upper side of  the clamping plate and is
operating towards the clamping  plate. For the operation of the punching
press, the sta- tionary part of a punching tool to be operated with the
punching press is carried by the upper side of the clam- ping plate, while
the moving part of the tool is carried  by the press ram. The press ram is
drivable with a drive  mechanism arranged below the punching plane via
tension  columns, which serve for the transmission of the driving  forces to
the press ram, in such a manner that it per- forms the upward and downward
movement needed for the  punching operation. The guidance of the press ram
is ac- complished exclusively via the tension columns which pre- ferably are
fixedly connected with the press ram, which  tension columns are in
vertically displaceable manner  guided in guides in the structure of the
punching press.  The guides are designed in such a manner that an incli-
nation of the press ram and of the tension columns caused  by an eccentric
loading of the ram can take place through  an inclination of the tension
columns about axes of in- clination running in the region of the band
movement 3  plane. As "region of the band movement plane", a range of  



between 40 mm above and 40 mm below the ideal or medial  band movement
plane, respectively, is understood here.  For example, this can be achieved
through use of a single  inclination-tolerant guide per tension column, the
axes  of inclination of which run in the region of the band  movement plane,
or through use of two guides per tension  column which are arranged at a
distance to each other and  which are received in the structure of the press
in such  a manner that they can jointly incline about axes of in- clination
which run in the region of the band movement  plane. By means of the
configuration according to  the invention, a distortion of the punching
press under  an eccentric load, which would lead to uncontrollable
operating conditions and increased wear and tear, is a- voided. A
significant bending load of the tension columns  is in this construction
only possible in case the inter- connection between the press ram and the
tension column  is realized in a flexurally rigid manner and is further-
more limited to the transition point between the tension  column and the
press ram where this bending load is un- problematic. Furthermore, through
the configuration ac- cording to the invention it is ensured that, in the
event  of an inclination of the ram, no tool offset, which would  result in
a high degree of tool wear or even in tool  fracture, occurs. Accordingly,
through the invention it  becomes possible to provide punching presses which
com- bine a minimum of wear and tear, at the machine side as  well as at the
tool side, with a maximum of punching  precision also at eccentric load. In
a preferred embodiment of the punching  press, the tension columns are
guided exclusively in the  region of the band movement plane of the punching
press,  preferably in the ideal or medial band movement plane of  the
punching press, namely preferably in inclination- tolerant guides, which
furthermore preferably are sub 4  



stantially moment-free. As inclination-tolerant guides  are understood here
guides which by their design permit  an inclination of the tension column
with respect to the  neutral guiding axis, which usually is the vertical
axis,  by at least 0.05, preferably by at least 0.100, without  any damage
or increased wear and tear. As being substan- tially moment-free such
bearings are considered here in  case they do not oppose the inclination
with significant  forces. Through this embodiment, the structural effort
for realizing the guidance of the ram can be reduced to a  minimum and the
use of extremely short tension columns  becomes possible, which in view of
an undesirable longi- tudinal expansion of same under load is advantageous.
In a further preferred embodiment of the pun- ching press, two tension
columns which are arranged oppo- site to each other in each case are fixedly
connected  with each other via a connecting element, like for exam- ple via
a yoke. By this, the advantage is arrived at that  the force components of
two tension columns can be merged  and skewed force components can be
compensated by the  yoke. For driving the two columns, for example a central
crank drive is sufficient. The connection is by advantage  established in
the region of the ends of the tension co- lumns which are facing away from
the press ram. Depending  on the design of the tension column guides and the
con- nection between the tension columns and the drive mecha- nism it is
also possible to established the mentioned  connection in a region between
the two ends of the res- pective tension columns. This embodiment is
particularly  advantageous if also the connection between the press ram  and
the tension columns is rigid, so that the press ram,  the tension columns
and the connecting element form, in  the plane defined by the longitudinal
axes of the tension  columns, a frame structure which is substantially rigid
with regard to its angles and can perform an inclination  movement as a
whole. 5  



In still a further preferred embodiment, the punching press comprises
exactly four tension columns,  which are in each case arranged at the
corners of the  press ram. By means of this, a maximum resistance against
tilting of the ram in longitudinal direction as well as  transverse thereto
can be achieved. In that case it is, in embodiments of the  punching press
in which two tension columns which are ly- ing opposite to each others are
in each case rigidly con- nected via a connecting element, preferred that
the ten- sion columns, which in direction transverse to the direc- tion of
the band flow of the press are lying opposite to  each others, in each case
at their lower ends are inter- connected via a transverse yoke. By means of
this, the  advantage is arrived at that a modular press design be- comes
possible. Through combination of identical drive  units and guide units with
rams and clamping plates of  different lengths punching presses of different
overall  lengths can be configured from only a few different com- ponents.
In still a further preferred embodiment, the  drive mechanism of the
punching press comprises means for  the compensation of a longitudinal
expansion of the ten- sion columns as a consequence of load, namely
preferably  for the individual compensation of a longitudinal expan- sion as
a consequence of load of each individual tension  column, so that a
correction of different longitudinal  expansions of the tension columns,
which occur in opera- tion under eccentric load, and of the inclination of
the  press ram resulting therefrom, becomes possible. Due to  the
configuration according to the invention of the press  it is e.g. also
possible to adjust the punching press for  operation with eccentric load in
such a manner that with- out load the press ram is inclined but under load
is  aligned. In still a further preferred embodiment of  the punching press,
the drive mechanism comprises at 



6  least one crankshaft with one or several connecting rods  arranged on one
or several crank pins of the crankshaft,  by means of which a rotatory
driving movement provided by  a drive motor can be converted into an
intermittent up- ward and downward movement for driving at least one ten-
sion column of the press ram. Depending on the design,  the crankshaft can
thus serve for driving only one ten- sion column, for driving several
tension columns or for  driving all tension columns of the punching press.
Such  drive concepts are well proven in the field of punching  presses and
typically show an advantageous punching force  path. Furthermore, due to the
harmonic courses of motion,  a long life time of the highly loaded
components results. In this case it is preferred that the at  least one
crankshaft runs in longitudinal direction of  the punching press, thus in
direction of flow of the  band, wherein it is further preferred that exactly
one  crankshaft running in longitudinal direction is present  for driving
all tension columns. By means of this, a pun- ching press according to the
invention can be realized in  a simple and cost effective manner in which
all tension  columns are necessarily synchronized. In this case it is
furthermore preferred that  the exactly one crankshaft is arranged centrally
along  the longitudinal axis of the punching press in such a  manner that a
symmetrical arrangement with respect to the  tension columns results. By
means of this, the advantage  of a symmetrical force distribution in the
whole press  arrangement is arrived at, through which from the drive  side
optimal conditions for a maximal parallelism of  clamping plate and ram
under load can be ensured. in the previous mentioned embodiment with ex-
actly one crankshaft it is furthermore preferred that the  crankshaft
comprises exactly two crank pins, which are  arranged preferably in each
case in the region of an end  of the crankshaft and, at least on the side
facing away  



from the respective shaft end, are flanked by a radial 7  bearing of the
crankshaft dedicated to this crank pin,  which radial bearing preferably is
a roller bearing. Such  a configuration has the advantage that it becomes
possi- ble to arrange the crank pins at the longitudinal posi- tion of the
tension columns, so that any bending moments  in the press structure
generated by bearing forces can be  avoided. In that case it is furthermore
advantageous  that the crank pins in each case from both sides are  flanked
by a radial bearing of the crankshaft dedicated  to the respective crank
pin, which radial bearing pre- ferably is a roller bearing, so that also an
introduction  of bending moments into the crankshaft is substantially
avoided. Furthermore it is preferred in the two before  mentioned
embodiments of the punching press that the  crankshaft in the region between
the radial bearings,  which in each case are arranged on the side of the
res- pective crank pin which is facing away from the shaft  end, is designed
as hollow shaft. By means of this, the  rotatory moment of inertia of the
crankshaft can be kept  relative small, with an at the same time sound
rotatory  stiffness of same. Also it is preferred in that case that the
crankshaft is designed as a composed shaft, i.e. is de- signed as an
assembled shaft, namely in such a manner  that the part which is designed as
hollow shaft is a  component which is separate from the crank pins. By means
of this, a separate manufacturing of smaller components  becomes possible
and diverse types of crankshafts can be  assembled from only a few
components (modularity), so  that the costs for manufacturing and
stock-keeping can be  reduced. Furthermore it is, in embodiments of the pun-
ching press the drive mechanism of which comprises at  



least one crankshaft with one or several connecting rods,  preferred that
the crankshaft is designed in such a man 8  ner that the stroke of its crank
pins is adjustable. In  this case it is furthermore preferred that the
crankshaft  comprises crank pins which are formed in each case by an
eccentric and an eccentric bushing which is rotatable on  the eccentric in
such a manner that, by rotating the ec- centric bushing on the eccentric,
diverse strokes of the  crankshaft can be adjusted. By means of this, the
advan- tage of an adjustability of the stroke is arrived at. If in that case
the eccentrics and the eccen- tric bushings of the respective crank pins are
lockable  in certain positions with respect to each other by lock- ing
means, preferable by locking bolts, for the defini- tion of a specific
stroke of the crankshaft, an adjust- ment to specific, exactly defined
stroke values becomes  possible in a simple way. If, in the before mentioned
embodiment, the  crankshaft in the region between those radial bearings,
which in each case are arranged at the side of the res- pective crank pin
which is facing away from the shaft  end, is designed as a hollow shaft,
which is preferred,  it is furthermore preferred that the locking means are
unlockable via a central unlocking mechanism, which ex- tends through the
interior space of the part of the  crankshaft that is designed as hollow
shaft. This con- figuration makes possible a simple design with an, at the
same time, easy way of unlocking and, combined therewith,  with an easy
convertability of the machine to other stro- kes. In still a further
preferred embodiment of  the punching press having a drive mechanism which
compri- ses at least one crankshaft with one or several dedicated
connecting rods, the crankshaft is supported in radial  bearings, wherein
exactly one of the radial bearings is  designed as a fixed bearing, for
receiving the axial for- 



ces acting upon the crankshaft. By means of this, the ad- vantage results
that the crankshaft has a defined thrust 9  bearing, in contrast to the
otherwise common floating  arrangement of bearings. In still a further
preferred embodiment of  the punching press having a drive mechanism which
compri- ses at least one crankshaft with one or several dedicated
connecting rods, the crankshaft is supported in radial  bearings, which in
each case are dedicated to one of the  crank pins and per crank pin are
supported in a separate  housing part, which housing part in each case is
connec- ted, preferably by screwing, with a central housing part  that
carries or forms the clamping plate. By means of  this, the basic structure
of the punching press can be  built from several small, modular components,
which makes  possible savings in the costs for stock-keeping and manu-
facturing. In a first alternative embodiment of the pun- ching press having
a drive mechanism which comprises at  least one crankshaft with one or
several dedicated con- necting rods, in each case the end of the connecting
rod  which is remote to the crankshaft is hinged to a first  end of a lever
or at respective first ends of several le- vers, which levers at their
second ends are directly or  indirectly hinged to the structure of the
punching press,  e.g. by means of a suspension bolt that is supported in  an
immobile manner at the housing of the punching press  (directly), or e.g.
via a support arrangement which is  fastened to the housing of the punching
press having a  pivot point for the lever and/or via a lug (indirectly).  In
this case the linkage is such that the lever or the  levers can be tilted
back and forth around their second  end by means of the connecting rod
through rotating the  crankshaft. Furthermore, the lever or levers are in
each  case in a region between the first and the second end  hinged to at
least one tension column of the punching  



press in such a manner that the tension column can be  moved upward and
downward by moving back and forth the  respective lever. This configuration
of the punching 10  press results in the advantage that the ram driving for-
ces are split, by means of which the bearing load of the  crankshaft is
significantly reduced, which in turn favors  a high service life of the
press (little wear and tear)  and a high precision even at high punching
frequencies.  Due to the gear reduction of the stroke movement genera- ted
by the crank drive within the lever arrangement of  the press, this
embodiment is especially suited as "short  stroke press". At such punching
presses it is preferred that  the respective lever at its second end via a
lug is indi- rectly hinged to the structure of the punching press. By  means
of this, there is the advantage that substantially  only vertical forces can
be transferred via this pivoting  point to the structure, so that a bending
load of the  components forming the pivoting point is substantially
avoided. This is particularly advantageous in case the  pivoting point is
formed by an adjustable supporting ar- rangement, e.g. by a threaded
spindle, by means of which  the vertical position of the pivoting point is
adjust- able. Also it is preferred in this case that the  respective lever
in a region between the first and the  second end via a lug is connected
with the tension co- lumn. By means of this, a horizontal mobility results
with the additional advantage that substantially only  vertical forces can
be transferred via this pivoting  point. Also it is preferred in this
embodiment of  the punching press that in each case a guide is present  by
means of which the end of the respective connecting  rod which is remote to
the crankshaft is vertically  guided in such a manner that its pivoting
point for the  



lever or the levers is movable exclusively in vertical  direction. Through
this a horizontal fixation of this  pivoting point results, which simplifies
the linkage of 11  two levers that are lying opposite to each other in mir-
ror-inverted manner with a common connecting rod. Accordingly, it is in that
case preferred  that the end of the respective connecting rod which is
remote from the crankshaft forms a common pivoting point  with the first
ends of two levers that, seen in longitu- dinal direction of the crankshaft,
are arranged opposite  to each other in a mirror-inversed manner, which
prefer- ably, seen in longitudinal direction of the crankshaft,  in each
case are dedicated in mirror-inversed manner to a  tension column. Through
this there is the advantage of a  compact design and of a necessarily
synchronous drive of  two tension columns. In a second alternative preferred
embodiment  of the punching press having a drive mechanism which com- prises
at least one crankshaft with one or several dedi- cated connecting rods, the
end of each connecting rod  which is remote to the crankshaft in each case
is con- nected with a first end of at least one lever, which in a  region
between its first and second end is hinged to the  structure of the punching
press, e.g. by means of a sus- pension bolt that is supported in an immobile
manner at  the housing of the punching press (directly), or e.g. via  a
support arrangement which is fastened to the housing of  the punching press
having a pivot point for the lever  and/or via a lug (indirectly). In this
case the linkage  is such that the lever can be tilted back and forth
around its pivoting point through the connecting rod by  rotating the
crankshaft, wherein the lever at its second  end is hinged to at least one
tension column of the pun- ching press in such a manner that the tension
column can  be moved upward and downward by moving back and forth the
lever. From this configuration of the punching press the  



advantage results that through the reversal of the move- ments via the
levers, due to characteristics of the sys- tem already a certain
compensation of the masses in mo- tion takes place, so that only little
additional compen 12  sation masses are required. Also, a transmission ratio
of  the crank stroke to the ram stroke of 1:1 or bigger can  be realized
here in a simple way, so that this embodiment  is especially suited as "long
stroke press". In this case it is preferred that the respec- tive lever in a
region between its first and its second  end, preferably by means of a bolt
forming a swivelling  axis, is directly hinged to the structure of the
punching  press, so that vertical as well as horizontal forces can  be
transferred via this pivoting point to the structure. Also it is preferred
in this case that the  respective lever at its second end is connected via a
lug  with the tension column. By means of this, the advantage  is arrived at
that substantially only vertical forces can  be transferred via this
pivoting point. Furthermore, it is preferred in this embodi- ment of the
punching press that a guide is present in  each case by means of which the
end of the connecting  rod, which is remote from the crankshaft, is
vertically  guided in such a manner that this end is exclusively mo- vable
in vertical direction. The end of the connecting  rod which end is remote
from the crankshaft and in this  way is made immobile in horizontal
direction, is via a  lug connected with the first end of the at least one
le- ver. Through this, the linkage of two levers, which are  lying opposite
to each other in a mirror-inversed manner  and are horizontally immobile, to
a common connecting rod  becomes possible. Accordingly, it is preferred that
the end of  the respective connecting rod which is remote to the  crankshaft
is hinged, via separate lugs, to the first  ends of two levers which are
opposite to each other, are  



immobile in horizontal direction and, seen in longitudi- nal direction of
the cranks shaft, are arranged in an  mirror-inverted manner, which
preferably, seen in longi- tudinal direction of the crankshaft, are
dedicated in an  mirror-inverted manner in each case to a tension column. 13
By means of this, the advantage of a compact design and  of a necessarily
synchronous driving of two tension co- lumns is arrived at. Thereby it is,
in variants of the two before  mentioned alternative preferred embodiments
of the pun- ching press in which the end of the respective connecting  rod
which is remote to the crankshaft is hinged to two  levers which are
opposite to each other and are, seen in  longitudinal direction of the
cranks shaft, arranged in  an mirror-inverted manner, preferred that the
tension co- lumns, to which the levers which are opposite to each  other in
an mirror-inverted manner are dedicated, in the  region below their guides
are in a rigid manner connected  with each other, in particular via a yoke.
By this, a  stabilization of the tension columns among each other  results
and an advantageous introduction of the driving  forces into the tension
columns via the yoke becomes pos- sible. Furthermore it is, in variants of
the two be- fore mentioned alternative preferred embodiments of the
punching press which comprise means for the compensation  of a longitudinal
expansion of the tension columns as a  consequence of load, preferred that
the means for compen- sation of a longitudinal expansion of the tension
columns  as a consequence of load are designed in such a manner  that by
means of them the position and preferably the  vertical position of the
pivoting point of the respective  lever at the structure of the punching
press is adjust- able, namely preferably during operation of the press. By
this the advantage is arrived at that an adjustment of  the position of the
ram becomes possible, namely by ad- 



vantage also during punching operation. For doing so, in this case the
position of  the pivoting point of the respective lever at the struc- ture
of the punching press preferably is adjustable by  means of a threaded
spindle, namely preferably with the  aid of an actuator driving the threaded
spindle. 14  Alternatively, it is also preferred that the position of the
pivoting point of the respective lever at  the structure of the punching
press is adjustable by me- ans of an eccentric, which can be turned by means
of an  actuator which preferably comprises a planetary gear. Such solutions
are well proven, cost effec- tive and safe, and furthermore allow for an
automated  setting/adjusting of the pivoting point via a control  system.
Furthermore it is, in variants of the two be- fore mentioned alternative
preferred embodiments of the  punching press which comprise means for the
compensation  of a longitudinal expansion of the tension columns as a
consequence of load and in which several levers for the  upward and downward
movement of the tension columns are  present, wherein each lever is
dedicated to exactly one  tension column, preferred that the vertical
position of  the pivoting points of the levers can be adjusted in  groups or
independently of each other. Thus, such prefer- red embodiments of the
punching press comprise several  levers according to the claims, the first
ends of which  in each case are hinged to or connected with the end of a
connecting rod which end is remote from the crankshaft,  wherein the levers
directly or indirectly are hinged to  the structure of the punching press in
such a manner that  the respective lever by rotating the crankshaft through
the connecting rod can be tilted back and forth around  its pivoting point.
In this case, the levers in each case  are, as the case may be, by being
hinged to a yoke which  connects two tension columns hinged to a tension
column  



of the punching press dedicated to the respective lever  in such a manner
that the tension column, through sviwel- ling back and forth of the lever,
can be moved upward and  downward. Thereby, the punching press is designed
in such  a manner that the vertical positions of the pivoting  points of the
levers can be adjusted in groups or inde- pendently of each other. In
particular for punching pres 15  ses with four tension columns, which in
each case are ar- ranged in the region of the outer corners of the press
ram, by doing so the possibility of an optimal compensa- tion of unequal
deformations of components due to eccen- tric load (e.g. longitudinal
expansion of the tension co- lumns) during punching operation arises, since
the ram  can be kept parallel to the clamping plate under load  through a
purposeful different adjusting of the positions  of the pivoting points of
the levers. Brief Description of the Drawings Further preferred embodiments
of the inven- tion arise from the dependent claims and from the now
following description by means of the drawings. Therein  show: Fig. 1 a
cross section through a first pun- ching press according to the invention
along line A-A in  Fig. 2; Fig. 2 a longitudinal section along line B-B  in
Fig. 1; Fig. 3 a top view onto the punching press of  the Figures 1 and 2
with the press ram removed; Fig. 4 two horizontal sections through one of
the two machine housings of the punching press of the  Figures 1 to 3 with
different variants of spindle drives  for the height adjustment of the ram;
Fig. 5a a vertical section through one of the  ram guides along line F-F in
Fig. 3 and Fig. 5b; Fig. 5b a horizontal section through one of  the ram
guides along line G-G in Fig. 2 and Fig. 6; 



Fig. 6 a cross section through a second pun- ching press according to the
invention along line C-C in  Fig. 7; Fig. 7 a longitudinal section along
line D-D  in Fig. 6; and Fig. 8 a section along line E-E in Fig. 6. 16
Modes for Carrying Out the Invention The basic configuration of a first
punching  press according to the invention is evident from the Fi- gures 1
to 4, which show a cross section (Fig. 1), a  longitudinal section (Fig. 2)
and horizontal sections  through one of the machine housings (Fig. 4) of the
pun- ching press, as well as a top view onto the punching  press with the
press ram removed (Fig. 3). As can be seen, the basic structure of the
punching press consists of two machine housings 15, 15b,  and one
cross-member 15a with a clamping plate 23, which  by means of screws 15d are
interconnected with each  other. Above the clamping plate 23 there is
arranged a  press ram 1, which is rigidly connected with four tension
columns 2 that are in each case arranged at its outer  corners. Every two of
the tension columns 2 in each case  are dedicated to one of the two machine
housings 15, 15b,  which in each case also contain the drive mechanism for
the respective tension columns 2 which is described in  the following, and
are supported in a vertical displace- able manner in guides 3 in them,
wherein the guides 3 are  mounted in guide supports which at the same time
form  parts of the housing cover 4 of the respective machine  housing 15,
15b. The guides 3, the configuration of which  will be explained more into
detail elsewhere by means of  the Figures 5a and 5b, are
inclination-tolerant and sub- stantially momentum-free and are the sole
guides 3 for  the press ram 1. As can be seen, they are arranged in  such a
manner that the middle of their axial extent in  longitudinal direction of
the tension columns 2 lies ex- 



actly in the ideal or medial band movement plane X, res- pectively. The two
tension columns 2 which are dedicated  to one common machine housing 15, 15b
are, inside the  machine housing 15, 15b, at their ends facing away from
the ram 1 in each case rigidly connected with each other  via a transverse
yoke 5, which in turn with two lugs 6 is 17  in articulated manner hinged to
four levers 7 via bolts  6a. The ends of these levers 7 which are facing
away from the centre of the press are hinged by means of  lugs 7a to spindle
nuts 20, which for adjustment of the  respective pivoting points can
vertically be displaced by  spindles 19. The drive of these spindles 19 is
accompli- shed by worm wheels 18, which in each case together with  a
bearing unit 17 also serve for supporting the respecti- ve spindle 19. In
order to avoid a turning of the spindle  nut 20 upon a rotational movement
of the spindle 19, the  spindle nut 20 comprises an anti-twist device in the
co- ver 20a. The ends of the levers 7 which are facing the  centre of the
press are connected to two independent con- necting rods 8 by means of a
common connecting rod bolt.  The upper ends of the connecting rods 8 in
operation per- form a stroke movement and are guided by means of sliding
blocks 21 in linear guides 22 in such a manner that the  connecting rod bolt
can only perform a vertical movement. In the lower, large bores of the
connecting  rods 8 there is arranged a common crank pin 9, 10 of a
crankshaft 9, 10, 29 of the drive mechanism, which is  formed by an
eccentric 10 and an eccentric bushing 9.  Through a turning of the eccentric
bushing 9 relative to  the eccentric 10 the resulting total eccentricity of
the  crank pin 9, 10 can be changed, which corresponds to a  changed stroke
of the crankshaft 9, 10, 29 and therewith  also to a changed stroke of the
punching press. In the  



present case, the punching press can be adjusted to a  number of exactly
defined strokes, in that different re- lative angle positions between the
eccentric bushing 9  and the eccentric 10 can positively be locked by means
of  a locking bolt 32. The locking bolt 32 can be unlocked by  means of an
unlocking mechanism 31. Thereafter, the ec- centric 10 can be turned
relative to the eccentric bush- ing 9, while the eccentric bushing 9 is
temporarily se 18  cured against turning by means of a latch 25 which can be
inserted with a latch piston 26. The crankshaft 9, 10, 29 consists of the
two  crank pins 9, 10 arranged in each case at its ends and of  a hollow
shaft 29 which interconnects the crank pins 9,  10 with each other and is
protected with a cover 15c. It  is supported with three floating bearings 30
and one fix- ed bearing 33 in the two machine housings 15, 15b. The
unlocking mechanisms 31 are connected with each other via  a coupling shaft
28 running in the centre of the hollow  shaft 29 and by that can be commonly
actuated from those  side of the punching press which comprises the fixed
bearing 33. On the other side of the punching press, the  drive
sub-assemblies 27 like brake, clutch and flywheel  with the crankshaft 9,
10, 29 are arranged. In order to realize a compensation of the  masses in
motion, to each bolt 6a the front end of a mass  compensation lever 16 is
hinged, in each case in addition  to the lug 6. The centre of this lever 16
is supported in  a rotatable manner in a bolt which is fix with the hou-
sing. The back end of the lever 16 is hinged to a coun- terweight 14 and
drives same in operation in the directi- on opposite to the ram 1. The
mass-forces in direction of  the stroke are compensated in this way.
Furthermore,  pushing rods 11 are present, which are arranged at the  bottom
side of the respective connecting rod 8 and via  levers 13 drive the
counterweights 14 in the direction  opposite to the connecting rod 8, for
the compensation of  



the horizontal dynamic forces. Fig. 3 shows a top view onto the punching
press with the press ram 1 removed. The four tension co- lumns 2 are
depicted in section. As can be seen, for each  tension column 2 there exists
an adjusting gear 35 with a  servo motor 34 for the adjustment and at best
for the  control of the position of the pivoting point of the res- pective
lug 7a. The respective servo-gear-motor-unit 34,  35 for the adjustment
drives, via a worm gear 16, the 19  respective worm wheel 18, which is a
fixed part of the  threaded spindle 19. Through a corresponding adjustment
of the pivoting points of the lugs 7a, a possible tilting  of the ram 1,
which under eccentric load of the press ram  1 amongst others is generated
through different longitu- dinal expansions of the tension columns 2, can be
compen- sated. Further details of these before described means  for
compensation of a longitudinal expansion due to load  of the tension columns
of the drive mechanism are shown  in the left half of Fig. 4, which shows a
horizontal sec- tion through one of the two machine housings 15, 15b of  the
punching press of the Figures 1 to 3. In case only eccentric loads in
longitudinal  direction of the machine are expected, a variant with on- ly
one gear motor 34, 35 per machine housing 15, 15b is  envisaged, as is
depicted in the right half of Fig. 4. As  can be seen, in this case, for the
four tension columns 2  only two motor-gear-units 34, 35 are used, wherein
in  each case the worm gears 36 which are arranged in a com- mon machine
housing are in a rotatory manner connected by  a hollow shaft 24. The
Figures 5a and 5b show sections through  one of the guide supports, wherein
Fig. 5a shows a verti- cal partial section through the guide support along
line  F-F in Fig. 3 and Fig. 5b, respectively, and Fig. 5b  shows a
horizontal section along line G-G in Fig. 2 and  Fig. 6, respectively. As
can be seen, each of the four  



columns 2 is guided in the guide support from two sides  by means of sliding
blocks 50 through which an oil flow  passes. From the side which lies
opposite the tension  column 2 this sliding block 50 has a hemispherical
bore.  A nut 51 with spheroidal end in each case serves for ad- justing the
play or for readjustment of same. Through the  cover 52 on the one hand the
lubricating oil is charged  and on the other hand the adjusting nut 51 is
secured. In  this way the sliding blocks 50 can be adjusted with the  nut 51
in said thread to or away from the column 2. By 20  this, the advantage is
arrived at that after many years  of operation the play of these guides can
be readjusted  in a very easy way. The basic configuration of a second
punching  press according to the invention is apparent from the  Figures 6
to 8, which show a section through the punching  press (Fig. 6), a
longitudinal section through one half  of the punching press (Fig. 7) as
well as a section  through one half of the lever arrangement on one side of
the press (Fig. 6). As already in the punching press according to  the
invention shown in the Figures 1 to 4, the basic  structure of the punching
press consists of two machine  housings 15 (only one machine housing is
shown here) and  of one cross-member 15a with a clamping plate 27, which  by
means of screws are connected with each other. Above  the clamping plate 27
there is arranged a press ram 1,  which is rigidly connected with four (only
two are visi- ble) tension columns 2 which in each case are arranged at  its
outer corners. Every two of the tension columns 2 in  each case are
dedicated to one of the two machine hou- sings 15, which in each case also
contain the drive  mechanism for the respective tension columns 2 which is
described in the following, and are supported in a ver- tical displaceable
manner in guides 3 in them, which are  identical to the guides used in the
first exemplary embo- 



diment and are shown into detail in the Figures Sa and  5b. As already in
the before described exemplary embodi- ment, also here the guides are
arranged in the respective  machine housing 15 in the ideal or medial band
movement  plane X, respectively, likewise in that they are mounted  into
guide supports of the housing cover 4 of the respec- tive machine housing
15. Furthermore, also here the two tension colum- ns 2 which are dedicated
to a common machine housing 15  are, at their ends facing away from the ram
1, rigidly  interconnected with each other via a yoke 5. Each yoke 5 21  is
in turn, with lugs 6 via bolts, in a pivotable manner  hinged to the ends
facing away from the centre of the  press of two levers 7, 7a, which levers
in a mirror-in- verted manner lie opposite to each other. The levers 7,  7a
are in each case in the middle between their two ends  with an eccentric
shaft 8, 8a that is fix relative to the  housing in a pivotable manner
supported in the machine  housing 15. The eccentric shafts 8, 8a can be
pivoted in  the housing 15 by means of actuators with planetary gears  (in
Fig. 8 partially shown), by means of which the posi- tion of the pivoting
points of the levers 7, 7a at the  structure can be changed. The ends of
these levers 7, 7a which are fa- cing the centre of the press are in each
case via a bolt  connected in a pivotable manner with a pushing lug 18,
18a, which in turn in each case via a common bolt is con- nected in a
pivotable manner with the end of an indepen- dent connecting rod 16, 16a,
which end is the end of the  connecting rod that is remote to the
crankshaft. The up- per ends of the connecting rods 16 in operation perform
a  stroke movement and in each case are by means of sliding  blocks 17
guided in linear guides 17a in such a manner  that the common connecting rod
bolt exclusively can per- form a vertical movement. In the lower, large bore
of the connecting  



rod 16, 16a there is arranged a crank pin 9, 10 of the  crankshaft 9, 10, 28
of the drive mechanism which is com- mon for both connecting rods, which
crank pin is formed  by an eccentric 10 and an eccentric bushing 9. The con-
struction and the bearing situation of the crankshaft 9,  10, 28 are
identical to the first exemplary embodiment  according to the Figures 1 to 4
and therefore do not need  to be described here again. Since due to the
eccentric shafts 8 which are  fix with the housing the movements are turned
at the ends  of the levers 7, 7a, so that the pulling lugs 6 move up- ward
when the pushing lugs 18, 18a move downward and vice 22  versa, in this
embodiment of the punching press according  to the invention, due to the
characteristics of the  system a certain compensation of the moving masses
takes  place. The rest of the compensation of moving masses  is realized in
that the outer ends of the pushing lugs  18, 18a in each case are hinged to
the upper end of a  compensation weight 14. By this, the mass forces in di-
rection of the stroke are compensated. Furthermore, push- ing rods 11 are
present, which are arranged at the under- side of the respective connecting
rod 16, 16a and which  drive, via levers 13, the counterweights 14 in the
direc- tion opposite to the connecting rod 16, 16a, for the com- pensation
of the horizontal dynamic forces. Fig. 8 shows a section through one half of
a  lever arrangement of one side of a punching press along  line E-E in Fig.
6. As can be seen, the levers 7, 7a  overlap in the centre of the press,
where they are, in  each case via bolts and the pushing lug 18, 18a
dedicated  to them, hinged to the end of the dedicated connecting  rod 16,
16a which end is the end that is remote to the  crankshaft. The ends of the
levers 7, 7a which are facing  away from the centre of the press in each
case via bolts  and the pulling lugs 6 dedicated to them are hinged to  



the transverse yoke 5 of the tension columns 2. In their  centre, the levers
7, 7a are in each case supported in a  pivotable manner on the eccentric
shaft 8 dedicated to  them, which at its both ends is supported in the
housing  15. The eccentric shafts 8 in turn are in each case by  means of an
actuator with planetary gear 20, 21, 22, 23  pivotable around their bearing
points, by mean of which  the pivoting centre of the respective lever 7, 7a
with  respect to the housing 15 can be changed and with it the  hinge point
of the respective lever 7, 7a at the housing  15. As a consequence of this,
the distance of the bottom  edge of the ram 1 to the upper edge of the
clamping plate  27 can be adjusted. For this reason it is possible to 23
respond to different tooling heights, or there is the  possibility to
correct the position of the lower dead  centre of the ram 1. Also it is
possible by this to  correct a tilting of the ram 1 under eccentric load. 24
Claims 1. Punching press with a clamping plate (23,  27) and with a press
ram (1) which lies opposite the up- per side of the clamping plate (23, 27)
and operates to- wards the clamping plate (23, 27), which press ram is
moveable up and down via four tension columns (2) by  means of a drive
mechanism arranged below the band move- ment plane (X) of the punching
press, wherein the press ram (1) is guided exclusi- vely via the tension
columns (2), which are guided in  such a manner that the press ram (1) and
the tension co- lumns (2) can be positioned obliquely under eccentric  load
by the tension columns (2) being inclined about axes  of inclination running
in the region of the band movement  plane (X) of the punching press. 2.
Punching press according to claim 1,  wherein the tension columns (2) are
guided exclusively in  the region of the band movement plane (X) of the
punching  



press, in particular in inclination-tolerant and in par- ticular
substantially momentum-free guides. 3. Punching press according to one of
the  preceding claims, wherein in each case two tension colum- ns (2) lying
opposite to each other are fixedly connected  with each other, in particular
in the region of their  ends facing away from the press ram, via a
connecting  element (5). 4. Punching press according to one of the
preceding claims, wherein the punching press comprises  exactly four tension
columns (2), which are in each case  arranged in the region of the outer
corners of the ram  (1) . 5. Punching press according to claim 3 and
according to claim 4, wherein in each case the tension  columns (2) which in
a direction transverse to the band  movement direction are lying opposite to
each other at 25  their lower ends are connected with each other via a yoke
(5). 6. Punching press according to one of the  preceding claims, wherein
the drive mechanism comprises  means (18, 19, 20, 34, 35, 36 or 8, 20, 21,
22, 23, res- pectively) for the compensation of a longitudinal expan- sion
of the tension columns (2) as a consequence of load,  in particular for the
independent compensation of a long- itudinal expansion as a consequence of
load of each indi- vidual tension column (2). 7. Punching press according to
one of the  preceding claims, wherein the drive mechanism comprises  at
least one crankshaft (9, 10, 29 or 9, 10, 28, respec- tively) with one or
several connecting rods (8, 16, 16a),  for the transformation of a rotatory
drive movement into  an intermittent upward and downward movement for
driving  the tension columns (2) of the press ram (1). 8. Punching press
according to claim 7,  wherein the crankshaft (9, 10, 29 or 9, 10, 28,
respecti- 



vely) runs in longitudinal direction of the punching  press, and in
particular, wherein exactly one crankshaft  (9, 10, 29 or 9, 10, 28,
respectively) running in the  longitudinal direction of the punching press
is present  for driving all of the tension columns (2). 9. Punching press
according to claim 8,  wherein the crankshaft (9, 10, 29 or 9, 10, 28,
respecti- vely) is arranged centrally along the longitudinal axis  of the
punching press in such a manner that, with respect  to the tension columns
(2), a symmetrical arrangement  results. 10. Punching press according to
claim 9,  wherein the crankshaft (9, 10, 29 or 9, 10, 28, respecti- vely)
comprises exactly two crank pins (9, 10), which in  particular in each case
are arranged in the region of an  end of the crankshaft (9, 10, 29 or 9, 10,
28, respecti- vely) and at least at the side facing away from the res-
pective shaft end are flanked by a radial bearing (30) of 26  the crankshaft
(9, 10, 29 or 9, 10, 28, respectively)  dedicated to this crank pin (9, 10),
which bearing in  particular is a roller bearing. 11. Punching press
according to claim 10,  wherein the crank pins (9, 10) in each case are
flanked  at both sides by a radial bearing (30) of the crankshaft  (9, 10,
29 or 9, 10, 28, respectively) dedicated to this  crank pin (9, 10), which
in particular is a roller bea- ring. 12. Punching press according to one of
the  claims 10 to 11, wherein the crankshaft (9, 10, 29 or 9,  10, 28,
respectively) in the region between those radial  bearings (30), which in
each case are arranged at the  side of the crank pin (9, 10) facing away
from the shaft  end, is designed as a hollow shaft. 13. Punching press
according to one of the  claims 11 to 12, wherein the crankshaft (9, 10, 29
or 9,  10, 28, respectively) is designed as composed shaft in  



such a manner that the part (29 or 28, respectively)  which is designed as
hollow shaft is a component (29 or  28, respectively) which is separate from
the components  forming the crank pins (9, 10). 14. Punching press according
to one of the  claims 7 to 13, wherein the crankshaft (9, 10, 29 or 9,  10,
28, respectively) is designed in such a manner that  the stroke of its crank
pins (9, 10) is adjustable and in  particular, wherein the crankshaft (9,
10, 29 or 9, 10,  28, respectively) comprises crank pins (9, 10) which in
each case are formed by an eccentric (10) and an eccen- tric bushing (9)
arranged on same in a rotatable manner  in such a manner that, by turning
the eccentric bushing  (9) on the eccentric (10), different strokes of the
crankshaft (9, 10, 29 or 9, 10, 28, respectively) can be  adjusted. 15.
Punching press according to claim 14,  wherein the eccentrics (10) and the
eccentric bushings  (9) of the respective crank pins (9, 10) in certain posi
27  tions relative to each other are lockable by means of  locking means
(32), in particular by means of a locking  bolt (32), for setting a certain
stroke of the crankshaft  (9, 10, 29 or 9, 10, 28, respectively). 16.
Punching press according to claim 12 and  according to claim 15, wherein the
locking means (32) are  unlockable via a central unlocking mechanism (31),
which  extends through the interior space of the part (29 or 28,
respectively) of the crankshaft (9, 10, 29 or 9, 10, 28,  respectively) that
is designed as a hollow shaft. 17. Punching press according to one of the
claims 7 to 16, wherein the crankshaft (9, 10, 29 or 9,  10, 28,
respectively) is supported in radial bearings  (30, 33) and wherein exactly
one of the radial bearings  (30, 33) of the crankshaft (9, 10, 29 or 9, 10,
28, res- pectively) is designed as fixed bearing (33), for carry- ing the
axial forces acting upon the crankshaft (9, 10,  



29 or 9, 10, 28, respectively). 18. Punching press according to one of the
claims 7 to 17, wherein the crankshaft (9, 10, 29 or 9,  10, 28,
respectively) is supported in radial bearings  (30, 33), which in each case
are dedicated to one of the  crank pins (9, 10), and wherein the bearing or
the bea- rings (30, 33) dedicated to a crank pin (9, 10) is or are  mounted
in a separate housing part (15, 15b), which in  each case is connected, in
particular is bolted, to a  central housing part (15a) which carries or
forms, res- pectively, the clamping plate (23, 27). 19. Punching press
according to one of the  claims 7 to 18, wherein the end of each of the
connecting  rods (8, 16, 16a) which is remote to the crankshaft is  hinged
to a first end of at least one lever (7), which  lever at its second end
directly or indirectly is hinged  to the structure (15, 15a, 15b) of the
punching press in  such a manner that the lever (7) by rotating the crank-
shaft (9, 10, 29) through the connecting rod (8) can be  reciprocated around
its second end, wherein the lever (7) 28  in a region between its first and
its second end is hin- ged to at least one tension column (2) of the
punching  press in such a manner that the tension column (2) can be  moved
upward and downward by reciprocating the lever (7). 20. Punching press
according to claim 19,  wherein the respective lever (7) at its second end
via a  lug (7a) is hinged to the structure (15, 15a, 15b) of the  punching
press. 21. Punching press according to one of the  claims 19 to 20, wherein
the respective lever (7) in a  region between its first and its second end
via a lug (6)  is connected with the tension column (2). 22. Punching press
according to one of the  claims 19 to 21, wherein in each case a guide (21,
22) is  present by means of which the end of the respective con- necting rod
(8) which is remote to the crankshaft is ver- 



tically guided in such a manner that its pivoting point  at the respective
lever (7) is movable exclusively in  vertical direction. 23. Punching press
according to claim 22,  wherein the end of the respective connecting rod
(8),  which is remote to the crankshaft, is hinged in a common  pivoting
point to the first ends of two levers (7) which  are lying opposite to each
other and, seen in longitudi- nal direction of the crankshaft, are
mirror-inverted,  which in particular seen in longitudinal direction of the
crankshaft are in a mirror-inverted manner dedicated to a  tension column
(2) in each case. 24. Punching press according to one of the  claims 7 to
18, wherein the end of each connecting rod  (16, 16a) which is remote to the
crankshaft is connected  with a first end of at least one lever (7, 7a),
which in  a region between its first and its second end is hinged  to the
structure (15, 15a) of the punching press in such  a manner that the lever
(7, 7a) can be reciprocated  around its pivoting point through the
connection rod (16,  16a) by rotating the crankshaft (9, 10, 28), wherein
the 29  lever (7, 7a) at its second end is hinged to at least one  tension
column (2) of the punching press in such a manner  that the tension column
(2) can be moved upward and down- ward through reciprocating the lever (7,
7a). 25. Punching press according to claim 24,  wherein the respective lever
(7, 7a) in a region between  its first and its second end, in particular by
means of a  bolt (8) is directly hinged to the structure (15, 15a) of  the
punching press. 26. Punching press according to one of the  claims 24 to 25,
wherein the respective lever (7, 7a) at  its second end is connected to the
tension column (2) via  a lug (6). 27. Punching press according to one of
the  claims 24 to 26, wherein in each case a guide (17, 17a)  



is present by means of which the end of the respective  connecting rod (16,
16a) which is remote to the crank- shaft is vertically guided in such a
manner that it is  moveable exclusively in vertical direction, and wherein
the end of the respective connecting rod (16, 16a) which  is remote to the
crankshaft via a lug (18, 18a) is con- nected with the first end of the at
least one lever (7,  7a) . 28. Punching press according to claim 27,
wherein the end of the respective connecting rod (16,  16a) which is remote
to the crankshaft is hinged via se- parate lugs (18, 18a) to the first ends
of two levers (7,  7a) which are lying opposite to each other and, seen in
longitudinal direction of the crankshaft, are mirror in- verted, which in
particular seen in longitudinal direc- tion of the crankshaft are in a
mirror-inverted manner  dedicated to a tension column (2) in each case. 29.
Punching press according to claim 23 or  claim 28, wherein the tension
columns (2), to which the  levers (7, 7a) which in a mirror inverted manner
are ly- ing opposite to each other are dedicated, in the region 30  below
their guide are fixedly connected with each other,  in particular via a yoke
(5). 30. Punching press according to claim 6 and  according to one of the
claims 19 to 29, wherein the  means (18, 19, 20, 34, 35, 36 or 8, 20, 21,
22, 23, res- pectively) for the compensation of a longitudinal expan- sion
of the tension columns (2) as a consequence of load  are designed in such a
manner that by means of them the  in particular vertical position of the
pivoting point of  the respective lever (7 or 7, 7a, respectively) is adjus-
table at the structure (15, 15a, 15b) of the punching  press, in particular
during operation of the press. 31. Punching press according to claim 30,
wherein the position of the pivoting point of the respec- tive lever (7) at
the structure (15, 15a, 15b) of the  



punching press is adjustable by means of a threaded spin- dle (19), in
particular with the aid of an actuator (34,  35) driving the threaded
spindle (19). 32. Punching press according to claim 30,  wherein the
position of the pivoting point of the res- pective lever (7) at the
structure (15, 15a) of the pun- ching press is adjustable by means of an
eccentric (8),  in particular with the aid of an eccentric (8) which can  be
rotated by means of an actuator which in particular  comprises a planetary
gear (20, 21, 22, 23). 33. Punching press according to one of the  claims 30
to 32, with several levers (7 or 7, 7a, respec- tively) which in each case
are dedicated to one tension  column (2), for the upward and downward
movement of the  respective tension column (2) through reciprocating of  the
dedicated lever (7 or 7, 7a, respectively) around its  pivoting point,
wherein the positions of the pivoting  points of the levers (7 or 7, 7a,
respectively) can be  adjusted in groups or independently from each other. 




