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Description

[0001] The invention relates to a combination of at
least one tool and at least one tool receiving part having
an elongated body. Such combinations are for example
known from press brakes which comprise an elongated
press brake clamping system in which a number of tools
are clamped and with which for example metal sheets
can be bent into, for example, boxes.

[0002] The tools can be placed manually into the ma-
chine. The location and type of a tool are in this respect
important in order to be able to produce the desired
product.

[0003] The location and identification of the tools are
also important in order to determine the sequence of the
tools, with which information the machine is adjusted.
For example with a press brake the curvature of the tool
receiving part is adjusted depending on the position and
the type of the tools. Also, stops necessary for complet-
ing a product with the machine are adjusted accordingly.
[0004] In the case of a press brake, machines are of-
ten provided with control units in order to automate the
process. In the case of a press brake the press brake
system is coupled to a control unit and a robot which
manipulates the - metal sheet such that a complete
product can be bent automatically. In such a case it is
necessary that the tools are arranged at known loca-
tions on the press brake in the elongated tool receiving
part. So in order to automate the entire machining proc-
ess it is necessary to enter the exact locations of the
tools in the tool receiving part into the control unit which
controls the complete process. Doing this by hand is
very labour intensive as the locations have to be meas-
ured with a high accuracy and then entered into the con-
trol unit.

[0005] DE-A-38 30488 describes a combination of at
least one tool and at least one tool receiving part. In the
tool receiving part reading heads are arranged, which
can read out an identification chip present in the tool.
The reading heads are statically arranged on discrete
positions along the elongate body. Furthermore a sen-
sor strip is arranged, which can determine the clamping
length based on the pressures exerted on the sensor
strip. This document does not disclose any means for
locating a tool in the elongated body of a tool receiving
part.

[0006] WO-A-2004/002650 discloses a combination
of at least one tool and a tool receiving part. Location
means are provided for locating a tool in the elongated
body of the tool receiving part. These locating means
comprise a movable carrier on which a sensor is ar-
ranged. This carrier is moved along the different tools
and the location of the tools is determined based on the
position of the carrier in which the tool is detected. Also
identification chips are provided in the tools such that
the combination can both detect the location of the tool
and the kind of tool present on that specific location. The
moving parts, necessary for the location means, in-
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crease the sensitivity for failures and errors in determin-
ing the location of a tool. Especially in the environment
in which such combinations are used, there is a risk that
the functioning of the location means is endangered by
dirt.

[0007] Itis an objectto provide a combination accord-
ing to the preamble in which the above-mentioned dis-
advantages are alleviated.

[0008] This objectis achieved by a combination which
comprises static location means for at least in longitudi-
nal direction locating the at least one tool in the at least
one tool receiving part having an elongated body. The
location means can send the detected position to the
control unit which controls the entire process.

[0009] By using static location means the location of
any tool can be determined instantly and is not depend-
ent on the movement of any part of the location means.
It also provides for a more robust and substantially main-
tenance free system as static parts are in general less
sensitive to failure than moving parts.

[0010] In an embodiment of the combination accord-
ing to the invention the at least one tool comprises an
electrical identification circuit for identifying each tool.
This identification circuit makes it possible for the control
unit to distinguish the different tools arranged in the tool
receiving part. The electrical identification circuit can al-
so contain specific data for the tool, which can be read
by the control unit or control means and used in order
to determine how to control the combination.

[0011] In a preferred embodiment of the combination
according to the invention it comprises an electrical con-
ducting strip extending over substantially the full length
of the receiving part and the at least one tool comprises
an electrical connector for connection with the electrical
conducting strip. This enables a direct contact between
the tool and the location means. The electrical conduct-
ing strip can be used as a databus over which data can
be exchanged between the tool and the location means.
[0012] In another preferred embodiment of the com-
bination according to the invention the electrical con-
ducting strip comprises semi-conducting material and
the at least one tool comprises a circuit for measuring a
voltage on the electrical conducting strip and communi-
cation means for communicating the measured voltage
to the location means. By providing a current on the
electrical conducting strip, the voltage will decrease
over the length of the strip. The voltage at a specific po-
sition can be measured by a circuit present in the tool
and this measured voltage can then be sent to the loca-
tion means, which can determine, based on the voltage,
what the location is of the respective tool.

[0013] Inanother combination according to the inven-
tion the location means sends a pulse train over the
electrical conducting strip and the at least one tool com-
prises a circuit for measuring the delay of the pulse train
and communication means for communicating the
measured delay to the location means. Using a pulse
train is very robust as it does not depend on any resist-
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ances in the connections between tools and the electri-
cal conducting strip.

[0014] Inacombination according to the invention the
location means sends a signal over the electrical con-
ducting strip with a certain frequency. Due to the imped-
ance of the tool the frequency will be altered, which is
an indication of the position of the tool. Instead of an
electrical conducting strip and a signal with a frequency
a fibre optic cable can be used, which is deformed by
the tool. This deformation induces an alteration of the
light wave in the fibre optic cable, which again is an in-
dication for the position of the tool.

[0015] Inyetanother embodiment according to the in-
vention the tool receiving part comprises location marks
and the at least one tool comprises detection means for
detecting the location marks and communication means
for communicating the detected location mark to the lo-
cation means.

[0016] These location marks can be an absolute ad-
dress corresponding to an absolute location or a com-
bination of an absolute address with a low resolution and
an incremental location mark for providing the required
resolution. These location marks can for example be de-
tected by a light, but can also be for example an electri-
cal location mark.

[0017] In a preferred embodiment of the combination
according to the invention the tool receiving part com-
prises a support surface for transferring a force from the
tool receiving part to the tool and clamping means hav-
ing at least one clamping surface for clamping the tool
in the tool receiving part against the clamping surface,
wherein the electrical conducting strip is arranged at the
clamping surface. Preferably the support surface and
the clamping surface are perpendicular. If the conduct-
ing strip were to be arranged in the support surface, it
should be resistant to large transfer forces, which are
used to, for example, bend metal sheets. So, by arrang-
ing the conducting strip in the clamping surface a more
reliable connection between the tool and the tool receiv-
ing part can be achieved.

[0018] In a very preferred embodiment according to
the invention the combination is part of a press brake,
wherein the at least one tool is a press brake tool and
wherein the tool receiving partis a press brake clamping
system.

[0019] A further embodiment according to the inven-
tion comprises discrete conducting capacitor surfaces
arranged regularly along the elongated body and dis-
crete contact surfaces arranged regularly along the
elongated body, wherein the at least one tool comprises
a contact for connecting the identification circuit to a dis-
crete contact surface and wherein each discrete con-
ducting capacitor surface and each discrete contact sur-
face is connected to a processor. With this embodiment
the locating of a tool is based on measuring the capacity
between the tool itself and the conducting capacitor sur-
faces, which are overlapped by the tool. The contact sur-
faces provide the connection to the identification circuit,
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but also provide a rough estimate of the location of the
tool. The capacity and other functional dimensions (e.g.
length and height)of the tool are stored in the tool itself
or at another location and by comparing these with the
measured capacity between the conducting capacitor
surfaces, the exact location of the tool can be estab-
lished by the location means.

[0020] Preferably each discrete contact surface is re-
lated to a single conducting capacitor surface.

[0021] Inyetanotherembodiment of the invention, the
combination comprises discrete conducting capacitor
surfaces arranged regularly along the elongated body,
wherein each discrete conducting capacitor surface is
connected to a processor to identify and to locate a tool
in the elongate body. In this embodiment the discrete
conducting capacitor surfaces are used both for locating
a tool and to identify a tool. The advantage is that the
identification of the tool and the communication with the
identification circuit present in the tool is performed with-
out any physical contact.

[0022] In another embodiment the capacitor surfaces
are rectangular and parallel to the longitudinal direction.
By a partial overlap of a tool and a rectangular capacitor
surface, the measured capacity is substantially linear to
the position of the tool relative to the capacitor surface. -
[0023] In another embodiment the capacitor surfaces
overlap adjacent capacitor surfaces seen in a direction
perpendicular to the longitudinal direction. This provides
for a constant measurement precision over the full
length. With rectangular capacitor surfaces, there is al-
ways a small distance between two surfaces necessary,
which can influence the precision of the measurement.
[0024] These and other advantages of the invention
will be elucidated in conjunction with the accompanying
drawings.

Figure 1 shows a perspective view of a press brake
comprising an embodiment of a combination ac-
cording to the invention.

Figure 2A and 2B show partial enlargements of fig-
ure 1.

Figure 3 shows a schematic overview of the upper
beam and of the location means of an embodiment
according to the invention.

Figure 4A-4C show a second embodiment of the in-
vention.

Figure 5 shows a schematic overview of the embod-
iment according to figure 4.

Figure 6 shows a schematic overview of a third em-
bodiment according to the invention.

[0025] Figure 1 shows a press brake 1 having an up-
per beam 2 and a lower beam 3. The lower beam 3 com-
prises a clamping system and tool receiving part 15 for
a lower tool 4 and the upper beam 2 has a clamping
system and tool receiving part 5 for clamping an upper
tool 6.

[0026] The clamping system and tool receiving part 5
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(see also figure 2A) has an electrical conducting strip 7.
The tool 6 has an connector 8, which in the figure 1 is
shown as an over its length extending strip. It can also
be a small connector for example comprising a little ex-
tending pin.

[0027] The lower tool 4 (see also figure 2B) is also
provided with a connector 9, which makes contact with
an electrical conducting strip 10 arranged in the clamp-
ing system and tool receiving part 15.

[0028] In figure 3 a schematic overview of the upper
beam and of the location means of the embodiment ac-
cording to the invention is shown. A number of tools T1,
T2, T3, T4, T5 are arranged in a clamping system and
tool receiving part 5. This tool receiving part 5 comprises
an electrical conducting strip 7. Each tool T1, T2, T3,
T4, T5 comprises an electrical circuit 11, whichis in elec-
trical contact with the electrical conducting strip 7.
[0029] The electrical conducting strip 7 functions as a
databus which is driven by bus drivers 12 and commu-
nicates with the interface 13. The electrical circuit 11
comprises for example identification means with which
the interface 13 can identify each separate tool T1, T2,
T3, T4, T5. In the case the electrical conducting strip 7
is a semi-conductor, the circuit 11 will measure the local
voltage and communicates this value through the data-
bus and the bus drivers 12 to the interface 13. Based
on the measured voltage the location means can deter-
mine at which position each separate tool is arranged
in the clamping system and tool receiving part 5.
[0030] The interface 13 is furthermore connected
through a data line 14 with for example a control unit,
which controls the entire process.

[0031] Figure 4A shows a second embodiment of the
invention 111. The press brake again has a clamping
system and tool receiving part 112 for clamping an upper
tool 113. The lower clamping system and tool receiving
part 114 comprises a lower tool 115. Each tool 113, 115
(see also figures 4B and 4C) comprises a contact pin
116, 117 for making a direct electrical contact between
the tool 113, 115 with a contact surface 118, 119.
[0032] Infigure 5 a schematic overview of the embod-
iment according to figure 4 is shown.

[0033] Along the clamping system and tool receiving
part 112 on the upper beam a number of discrete con-
ducting capacitor surfaces 120 are arranged at regular
intervals. Each of these capacitor surfaces 120 is con-
nected to a processor through an electrical line 121.
Each conducting capacitor surface 120 is related to a
discrete contact surface 122 which are also regularly ar-
ranged along the clamping system and tool receiving
part 112. Also these contact surfaces are connected to
a processor through a line 123.

[0034] With dashed lines two tools T1 and T2 are
shown. The tool T1 makes a direct contact via a contact
pin 116 with a contact surface 122. Also tool T2 makes
contact through a contact pin 116 to a contact surface
122.

[0035] Before using atool T1, T2 some data is meas-
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ured and stored in the processor or for example identi-
fication means. It is measured what the complete ca-
pacity of the tool is and what the distance of the contact
pin 116 to a side 124 of the tool is.

[0036] When the tools T1 and T2 are placed into the
clamping system and tool receiving part 112 the tools
T1 and T2 make contact through their contact pins with
the contact surfaces 122. So it is known to the processor
around at least which contact surfaces and correspond-
ing capacitor surfaces the tools T1 and T2 are present.
When both tools T1 and T2 need to be abuttingly ar-
ranged, one can detect by measuring the complete ca-
pacity of both tools and comparing that with the stored
sum of the capacities whether both tools are arranged
- abuttingly or a small space is present between the two
tools.

[0037] When it is detected that both tools are abut-
tingly arranged, one can determine the position of the
set of tools T1, T2. Taking an outer tool, for example T1,
one knows by the stored dimensions of the tools, which
capacitor surfaces are overlapped by the tools. Now tak-
ing the capacitor surface 120, which is just partially over-
lapped by the side 124 of the tool T1, one measures the
detected capacity of this specific capacitor surface. As
the measured capacity is only a part of the full capacity
possible with this surface 120, one can determine the
percentage of overlap of the tool T1 with respect to this
surface and then determine what the exact position is
relative to the clamping system and tool receiving part
112. As the length of a tool T1 is known, one can also
determine the exact location of the tool T2. In this way
one can determine the specific location of each tool.
[0038] Figure 6 shows a third embodiment in which
similarly to the embodiment according to figure 4 and 5
a number of discrete conducting capacitor surfaces 120
are arranged on the tool receiving part 112. Again two
tools T1 and T2 are shown in dashed lines. With the dis-
crete conducting capacitor surfaces 120 it is possible to
detect the location of each tool T1, T2, as described
above.

[0039] Each tool T1, T2 comprises an identification
circuit 130 on which relevant data of the tool is stored.
The discrete conductor capacitor surfaces 120 can be
used for locating the tools T1 and T2, but can also be
used to read out the electrical identification circuits 130.
For this purpose the capacitor surfaces 120, which are
connected via an electrical line 121 to a processor are
used to read out the electrical identification circuit 130.
Depending on the measurement to be performed, i.e.
determination of the location or the identification of a
tool, the capacitor - surfaces 120 are connected to the
relevant processing circuit to determine either the loca-
tion or to identify the tool.

Claims

1. Combination of at least one tool and at least one
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tool receiving part having an elongated body com-
prising static location means for at least in longitu-
dinal direction locating the at least one tool in the
elongated body.

Combination according to claim 1, wherein the at
least one tool comprises an electrical identification
circuit for identifying each tool.

Combination according to claim 1 or 2, comprising
an electrical conducting strip extending over sub-
stantially the full length of the receiving part and
wherein the at least one tool comprises an electrical
connector for connection with the electrical con-
ducting strip.

Combination according to claim 3, wherein the elec-
trical conducting strip comprises semi-conducting
material and wherein the atleast one tool comprises
a circuit for measuring a voltage on the electrical
conducting strip and communication means for
communicating the measured voltage to the loca-
tion means.

Combination according to claim 3, wherein the lo-
cation means sends a pulse train over the electrical
conducting strip and wherein the at least one tool
comprises a circuit for measuring the delay of the
pulse train and - communication means for commu-
nicating the measured delay to the location means.

Combination according to claim 3, wherein the tool
receiving part comprises location marks and where-
in the at least one tool comprises detection means
for detecting the location marks and communication
means for communicating the detected location
mark to the location means.

Combination according one of the claims 3 - 6,
wherein the tool receiving part comprises a support
surface for transferring a force from the receiving
part to the tool and clamping means having at least
one clamping surface for clamping the tool in the
receiving part against the clamping surface, where-
in the electrical conducting strip is arranged at the
clamping surface.

Combination according to claim 7, wherein the sup-
port surface and clamping surface are perpendicu-
lar.

Combination according to any of the preceding
claims, wherein the combination is part of a press
brake, wherein the at least one tool is a press brake
tool and wherein the at least one tool receiving part
is a press brake clamping system.

10. Combination according to claim 2 comprising dis-
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11.

12.

13.

14.

15.

crete conducting capacitor surfaces arranged reg-
ularly along the elongated body and discrete con-
tact surfaces arranged regularly along the elongat-
ed body, wherein the at least one tool comprises a
contact for connecting the identification circuit to a
discrete contact surface, wherein each discrete
conducting capacitor surface and each discrete
contact surface is connected to a processor.

Combination according to claim 10, wherein each
discrete contact surface is related to a single con-
ducting capacitor surface.

Combination according to claim 2 comprising dis-
crete conducting capacitor surfaces arranged reg-
ularly along the elongated body, wherein each dis-
crete conducting capacitor surface is connected to
a processor to identify and to locate a tool in the
elongated body.

Combination according to claims 10 - 12, wherein
the capacitor surfaces are rectangular and parallel
to the longitudinal direction.

Combination according to claims 10 - 12, wherein
the capacitor surfaces overlap adjacent capacitor
surfaces seen in a direction perpendicular to the
longitudinal direction.

Combination according to claim 1 or 2, comprising
a fibre optic cable extending over substantially the
full length of the receiving part and wherein the at
least one tool comprises an optical fibre contact ar-
ea for deformation of the optical fibre.
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