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Description

[0001] The present disclosure relates to a joining de-
vice, in particular a joining device adapted to join a work-
piece arrangement (for instance at least two sheet or
workpieces arranged one above the other) with a joining
element and without pre-formed (for example pre-drilled
or pre-punched) hole or holes in the component prior to
the joining comprising a clamping device. The present
invention also relates to a process for joining a workpiece
arrangement.

[0002] Joining methods and joining devices of the
above-mentioned kind are widely known, especially in
the field of punch riveting or direct screwing ... and are
used for example in automotive engineering.

[0003] Itis known to use during a mechanical joining
process a joining device with a punch with which a setting
movement can be executed and a clamping device. The
clamping device ensures different functions such as
pressing together the members of a workpiece arrange-
ment to avoid any gap between the workpieces, avoiding
or influencing a possible displacement of adhesive be-
tween the workpieces, reducing the workpiece deforma-
tion during the joining process.

[0004] Document DE 10 2005 031 917 A1 discloses a
method for joining in which, in a first step, a main piston
and a clamping device are pressed against the work-
pieces with a comparatively low force, so that the work-
pieces are held immovably in contact with one another
and with a die.

[0005] Document CH689299 discloses a joining de-
vice comprising a clamping device with a probe for
checking the position of a rivet or a workpiece.

[0006] Document DE102017106449 for instance dis-
closes a joining device with a hydraulic system and
comprising a punch with which a linear, nonrotating set-
ting movement can be executed, a clamping device with
which one or more components can be compressed in a
joining direction, and with a drive unit that operates in at
least two steps with which the punch and the clamping
device can be moved by one motor and several gear-
boxes.

[0007] DE102012019809A1 discloses a method for
punch riveting two sheets arranged one above the other
on a base of a punch riveting device, between which an
adhesive is introduced. The joining device to perform the
method comprises a C-frame with a die, a punch and a
clamping device. An electric motor is arranged to drive
the punch and the clamping device.

[0008] The mechanical joining processes known nor-
mally use a spring-loaded, hydraulic or pneumatic clamp-
ing device. The clamping force profile of the clamping
device is either estimated considering the spring char-
acteristics or is a constant with hydraulic and pneumatic
systems. The entire force applied to the workpiece ar-
rangement by the joining device is formed by the addition
of the clamping force and the force generated by the
punch. For joining device allowing a one-sided joining
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process, the entire force acts on the robot supporting the
joining device and/or the workpiece arrangement, which
leads to a need to provide a robust equipment which is
cumbersome, expensive and requires large space. For
double-sided joining (like for instance the self-piercing
riveting), the entire force leads to the bending of the C-
frames used. Such bending causes lateral and angular
offsets and has an impact on the joint quality. Larger
robots or equipment to avoid these drawbacks are costly,
requires space and provide a lower agility.

[0009] Anobjectofthe presentinvention is therefore to
provide a joining device which is flexible, compact and a
joining method by means of which the joining process can
be better controlled and hence performed more effec-
tively.

[0010] Accordingly, the present invention provides a
joining device according to claim 1 and a joining method
according to claim 13. More particularly, the joining de-
vice for joining workpieces comprises a joining head
having:

- aretaining deviceforajoining elementand by means
of which the joining element can be guided along or
arranged on a joining axis,

- apunch with which a setting movement of the joining
element can be executed, the punch being movable
along the joining axis by a first drive unit,

- a clamping device with which one or more work-
pieces can be compressed in a joining direction,

wherein the clamping device is movable through a sec-
ond drive unit different from the first drive unit.

[0011] The addition of a second drive unit to control the
clamping device allows the clamping device to be con-
trolled independently or depending on the punch. The
clamping device can be controlled and/or monitored on
force and/ordisplacement, and in addition with possible
with time-delay. The clamping device can apply, during
the setting steps of the joining element with the punch
different clamping forces to or displacement with regard
to the workpieces. The clamping device can be even-
tually rigidly attached to the second drive unit (without
stiffness-reducing measures such as springs or dam-
pers), and thus a precise displacement or force can be
applied, without corrective measures. The addition of
another drive unit in a joining device is always regarded
as a problem, since it increases the weight of the device
and complicates the control command. However, in the
present case, when a dedicated drive unitis connected to
the clamping device, it reduces the space requirements,
the price and the weight of the holding parts supporting
the joining device. Indeed, thanks to this second drive unit
connected to the clamping device, the holding parts of the
joining device (robot arms, ...) can be downsized without
decreasing the performance of the joining device. Be-
sides, the joining time can be reduced due to a better
flexibility for the motion of the punch and the clamping
device during the setting steps. Finally, such joining
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device, with an independently controlled clamping device
can be used to join several different materials and work-
pieces, and notably brittle cast materials.

[0012] In an embodiment, the second drive unit is a
servo-electric drive with a spindle. The servo-electric
drive is lightweight, and easy to control. No need of
hydraulic or pneumatic connection.. In an embodiment,
the first drive unit is a servo-electric drive with a spindle.
Alternatively, the first and/or second drive unit could also
be a hydraulic and/or pneumatic and/or electric drive unit.
A linear or a rotational drive unit may also be considered
[0013] Inanembodiment, the second drive unit moves
the clamping device along a clamping axis, the clamping
axis being parallel to but not confluent with the joining
axis. In other words, the clamping axis extends parallel to
the joining axis at a non-zero distance. This improves the
flexibility for the motion of the clamping device with regard
to the retaining device of the punch. The clamping force is
still applied at the or in the vicinity of the joining point.
[0014] In an embodiment, the second drive unit is
oriented at an angle with regard to the first drive unit,
the angle being between 0 and 90 degrees. The compa-
city or space requirement of the joining device can thus
be improved.

[0015] Inanembodiment, athermal device is arranged
on the clamping device and moves together with the
clamping device. In an embodiment, the thermal device
can be a plasma torch, or a laser heating system, and
induction heating system, an electric arc or similar. Thus,
the joining device may be used to perform a thermally
assisted joining process such as a plasma joining or a
joining process with plasma cleaning.

[0016] In an embodiment, the clamping device com-
prises a surface detection unit adapted to detect a sur-
face of the workpiece. The clamping device thus per-
forms several functions. The surface detection can be
done with or without contact. For instance, a laser dis-
tance measurement can be realized, an inductive or
capacitive sensor can also be used. A mechanical con-
tact measurement can equally be implemented. The sur-
face detection of the workpiece may help to determine the
best joining parameters (displacements, ...) during the
setting step or eventually detect possible mistakes (ab-
sence of a workpiece).

[0017] Inanembodiment, the joining device is adapted
to measure a temperature.

[0018] In an embodiment, the clamping device com-
prises a hollow cylindrical clamp adapted to be arranged
around the punch and the retaining device. Thus, the
clamping device does not interfere with the punch or the
retaining device but acts on the workpiece area to be
joined directly. In an alternative embodiment, the clamp-
ing device comprises a clamp having a C-shaped cross-
section or a U-shaped cross-section. For instance, the
clamping device or clamp is in two parts with a first part
having a C or U-shape in cross-section and a second part
being cylindrical and hollow. The first part being adapted
to face the workpiece arrangement. The second part
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being adapted to be connected to the rest of the joining
device.

[0019] In an embodiment, the clamp has an external
diameter between 10 and 30 millimeters. This allows a
precise clamping area portion without interfering with the
punch or the retaining device. Alternatively, the clamping
device may, in cross-section, have a C-shape, have a U-
shape, have a ring-shape with apertures or slots ar-
ranged at different angles, or be parallelepipedal or be
composed of two or more parallelepipeds. In other em-
bodiments, clamping pins or rods may be used. For
instance, one, two, three or more clamping pins may
be used. The shape of the clamp may be variable along
its length. For instance, the three or more pins may be
connected to a ring.

[0020] Inanembodiment, the joining device comprises
a load measurement system. For example, the load
measurement system is a load cell. The load measure-
ment system may be integrated within the joining device
or more particularly the clamping device (internal system)
or may be external. The load cell measures the clamping
force and thus an exact control and command of the
clamping force profile can be done. In another embodi-
ment, the clamping force measurement could be realized
via the motor current or by installing a central load cell for
both joining and the clamping axis. The punch may also
comprises its own load measurement system.

[0021] The present invention is also directed to a join-
ing method for joining at least two workpieces with a
joining device comprising the following steps of:

- providing a workpiece arrangement comprising an
upper workpiece surface and a lower workpiece sur-
face,

- providing a joining device as above-described, the
joining device being arranged at a non-zero distance
above the workpiece arrangement,

- moving the clamping device along the clamping axis
until the clamping device contacts the upper work-
piece surface,

- applying a first pre-determined clamping force,

- applying a second pre-determined clamping force,

- setting a joining element within the workpiece ar-
rangement by moving the punch along the setting
device to move the joining element into the work-
piece arrangement.

[0022] Such method allows a better control of the join-
ing process. For instance, the clamping device can apply
a high first pre-determined clamping force to the work-
piece, to close any gap which might be present between
the workpiece or, during a thermally assisted joining
process to optimize the heat transfer between the first
and the second workpiece. Due to the design of two axis
(clamping axis and joining axis), the clamping force may
thus be decreased, and may even thus be cancelled ) by
the setting force on a need basis and replaced by the
setting force. Depending on the process parameters,



5 EP 4 520 454 A1 6

materials to be joined and joining element, the setting of
the clamping force and setting force may be freely im-
plemented.

[0023] In an embodiment, the clamping device com-
prises a sensor unit providing force, displacement and
time data. In an embodiment, clamping force profile and
clamping device displacement profile and/or clamping
force profile and joining element displacement profile
and/or clamping force and time profile are recorded. All
data or values in relation to force or displacement can
thus be evaluated. Such data can be used by a control
unit to determine the best joining parameter.

[0024] The invention and its advantages will be better
understood from the reading of the following description,
given by way of example only and with reference to the
accompanying drawings, of which:

Fig. 1 shows a perspective view of a joining device
according to the invention with a clamping dive, a
punch and a retaining device;

Fig. 2A and Fig. 2B show a perspective view of a
cylindrical clamp comprised in the clamping device
of a joining device according to the invention;

Fig. 3shows sectional view of the front end of a
joining device according to the invention;

Fig. 4A to Fig. 4G show different possible steps of a
joining process according to the invention with, for
each step, the corresponding clamping force profile;
Fig. 5A to Fig. 5G show different possible embodi-
ments in cross section of a clamping device of a
joining device according to the invention.

[0025] The embodiments of the disclosure will be best
understood by reference to the drawings, wherein the
same reference signs designate identical or similar ele-
ments. It will be readily understood that the components
of the disclosed embodiments, as generally described
and illustrated in the figures herein, could be arranged
and designed in a wide variety of different configurations.
Thus, the following detailed description of the embodi-
ments of the systems and methods of the disclosure is not
intended to limit the scope of the disclosure, as claimed,
but is merely representative of possible embodiments of
the disclosure.

[0026] Fig. 1 shows a perspective view of a joining
device 10. The joining device 10 is adapted to carry
out a method for joining a workpiece arrangement W
comprising at least a first and a second workpiece W1,
W2 (or sheet) arranged one above the other, together
with a joining element. The joining device comprises a
joining head 12, which can be moved freely in the space
by means of a robot (not represented). Eventually, as an
alternative, the joining device can be fixed to a structure
and the workpieces to be joined moved toward the joining
device when needed. Said joining head 12 being for
instance mounted on one arm of the robot. The joining
device 10 or joining head 12 comprises retaining device
14, a punch 16 and a first drive unit 18. The retaining
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device 14, punch 16 and first drive unit 18 are arranged
longitudinally extending along a joining axis X.

[0027] The retaining device 14 is adapted to retain a
joining element 20. The joining element 20 may, for
example, be a pin, a screw, a rivet, ... More particularly
the joining element 20 may be similar or substantially
similar to the joining element described in EP22165638.2
from the applicant. The retaining device 14 guides or
arranged the joining element 20 along the joining axis X.
The punch 16 is adapted to drive or actuate the joining
element 20 toward the workpiece arrangement W in
order to carry out the joining. The retaining device 14
and the punch 16 may be both arranged coaxially to the
joining axis X. The punch 16 may be adapted to penetrate
the retaining device 14 in order to drive the joining ele-
ment 20 toward and into the workpiece arrangement W.
The punch 16 allows a setting movement of the joining
element 20. Notably, the punch 16 allows a linear setting
movement. The punch 16 is movable along the joining
axis X by the first drive unit 18. The first drive unit 18 is an
operating module comprising a motor, notably a servo
motor or a servo drive adapted to move to a specific
position, speed or torque based on an input signal from a
controller. The first drive unit 18 controls the punch 16
along the joining axis X. In other embodiments, the first
drive unit 18 could also be a hydraulic and/or pneumatic
and/or electric drive unit. A linear or a rotational drive unit
may also be considered.

[0028] The joining device 10 further comprises a
clamping device 22 adapted to compress or press the
workpiece arrangement in the joining direction. The
clamping device 22 is movable and controlled by a sec-
ond drive unit 24. The second drive unit 24 is different
from the first drive unit 18. For instance, the second drive
unit may be less powerful than the first drive unit 18. In
other embodiments, depending on the joining process,
the second drive unitand the first drive unit may be similar
drive units with similar power. The second drive unit 24
comprises a servo-electric drive and thus the clamping
device 22 is controlled by its own servo-electricdrive. Ina
possible alternative embodiment, the second drive unit
24 could also be a hydraulic and/or pneumatic and/or
electric drive unit. A linear or a rotational drive unit may
also be considered. The second drive unit 24 moves and
control the clamping device 22 along a clamping axis Y. In
afirstembodiment, the clamping axis Y may be parallel to
the joining axis X, but extending from said joining axis ata
non-zero distance. In a second embodiment, the clamp-
ing axis Y may be coaxial with the joining axis (in such
case, for example the first and second drive unit may be
arranged one above the other or concentric with each
other with for instance a hollow motor). The first drive unit
may be arranged with an angle with regard to the second
drive unit 24. The angle may be between 0 and 90
degrees. In an embodiment, the clamping device may
be driven by its own robot. In such case, for instance a
command can be sent from a control command to the
robot controlling the clamping device. The robot executes
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the command and carries out the clamping process in-
dependently from the rest of the joining device and setting
equipment. Then, the setting process with the first drive
and the punch can be started (for instance a signal may
be sent by the robot to start the setting process or an
integrated system may automatically send acommand to
start the setting process of the joining element). The
setting and clamping steps may also occur simulta-
neously.

[0029] A control command can control the first and
second drive unit 18, 24 independently and/ or depen-
dently of each other depending on the requirements of
the joining process.

[0030] The clamping device 22 may comprise a clamp
26. Different shapes of clamps are possible, as depicted
in Fig. 5A to Fig. 5G. For instance, as depicted in Fig. 5C
(butalsoin Fig. 2A and Fig. 2B), the clamp 26 may have a
portion forming a U-shape in sectional view. The clamp
has an outside diameter between 10 and 30 mm. The
clamp 26 defines a recess and the joining element 20 is
adapted to be moved within the recess for its setting.
More particularly, the punch 16 and at least a portion of
the retaining device 14 can be guided inside the recess.
As depicted in Fig. 2A and Fig. 2B, the clamping device or
clampisintwo parts with a first parthaving a C or U-shape
in cross-section and a second part, directly connected to
the first part, being cylindrical and hollow. The clamp may
also be a hollow cylindrical clamp 26’, as visible in Fig. 5A.
In another embodiment, the clamp 26" may have a C-
shape in a cross-sectional view, as shown in Fig. 5B. The
clamp 26" may also be curved in cross-section view, as
visible in Fig. 5D or be composed by two curved parts
defining arecess as visible in the clamp 26(4) of Fig. 5E. In
another embodiment, a straight pin can also be imple-
mented as a clamp 26(5) as depicted in Fig. 5F or two
straight posts 26(6) as visible in Fig. 5G defining an areain
which the joining element 20 can be moved to be set by
the punch..

[0031] The clamp 26, 26’, 26", 26", 26(4) , 26(5) , 26(6)
extends longitudinally between the first end 28 and the
second end 30 along the joining axis X. A chamfer may be
arranged at the first end 28. The first end 28 comprises a
contact surface 32 adapted to contact the workpiece
arrangement W. The clamp 26, 26’, 26", 26", 26(4) ,
26() , 26(6)may comprise on its lateral side a window
34. On the second end 30, an attachment portion 38 for
the attachment of the hollow cylindrical clamp 26 to the
rest of the clamping device 22 is arranged.

[0032] Inall the embodiments of Fig. 5A to Fig. 5G, the
attachment portion 38 extends from the clamp 26, 26’,
26", 26", 26(4) , 26(5) , 26(6) to the rest of the clamping
device. As better seen in Fig. 3, the attachment portion
may at least partially extend parallel to the joining axis X
at a non-zero distance from the outer surface of the
clamp, in order to avoid any interference with the punch
or the retaining device.

[0033] The clamping device 22 may comprise a sur-
face detection unit 40 adapted to detect an upper surface
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of the workpiece arrangement W. The surface detection
unit40 may comprise a laser adapted to measure without
contact the distance from the workpiece, or a capacitive
sensor or an inductive sensor or any other contactless
proximity sensor. Alternatively, the surface detection unit
40 may comprise a device for a mechanical or touch
measurement for tactile surface recognition. The surface
detection may be realized with or without additional
component.

[0034] The clamping device 22 may comprise a load
measurement system or an integrated load cell 54
adapted to directly measure the clamping force F applied
by the clamping device 22 to the workpiece arrangement
W. The load measurement system 54 will measure the
clamping force and send it to a control unit to monitor
and/or control the correct implementation of the setting
steps (better described below).

[0035] Theclampingdevice 22 comprisesarecessora
portion adapted to receive or connect a thermal device 56
directly to the clamping device. In other words, the ther-
mal device is arranged on the clamping device. The
thermal device 56 is for instance a plasma torch. The
plasma torch will thermally assist the joining process.
Patent publication EP3515632A1 from the applicant ex-
plains for instance how the plasma torch may assist the
joining process. In other embodiments, the thermal de-
vice may be a laser heating system, and induction heat-
ing system, an electric arc or similar equipment.

[0036] Fig. 4A to Fig. 4G shows the different possible
step of a joining method according to the present inven-
tion. A clamping force (F) vs. time (t) curve is associated
with each schematic representation of the various pro-
cess steps.

[0037] In a first step, visible in Fig. 4A, the joining
device 10 is arranged (for instance by the robot men-
tioned above) above the workpiece arrangement W. The
joining device 10 does not contact the workpiece ar-
rangement W. The workpiece arrangement comprises
atleast two workpieces (or sheets) W1, W2 arranged one
above the other. In other embodiments, more than two
workpieces may be used. The workpieces may be made
in high strength material or brittle cast material or extru-
sion material. Optionally, an adhesive is provided be-
tween the two workpieces.

[0038] In a second step, the clamping device 22 is
moved toward the workpiece arrangement W until it
contacts the upper surface of the workpiece arrangement
(see Fig. 4B). The upper surface may be recognized by
the surface detection unit 40 described above, which can
be realized via a function integrated in the already exist-
ing parts or which can be an additional component. For
instance, a resistance force signal may be sent to a
controller to determine the contact with the upper surface
of the workpiece. If the joining process is thermally as-
sisted by a plasma torch for instance, the plasma torch 56
may heat the workpiece arrangement, as schematically
visible in Fig. 4B.

[0039] A gap (not represented) between the work-
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pieces may be detected by the clamping device 22 by the
analysis of the force/time or force/displacement profile of
the clamping device, notably though the load measure-
ment system or load cell. In the case where a gap is
detected, the clamping device 22 is controlled by a con-
trol unit to close the gap by applying for instance a greater
clamping force (see for instance fig. 4C). In an alternative
embodiment, such gap may also be already closed by the
initial pre-determined clamping force. Any adhesive re-
tained into the gap is thus displaced to the side.

[0040] Afirst pre-determined clamping force F1 is then
applied to the workpiece arrangement W(see Fig. 4D). In
Fig. 4D, the clamping force vs. time curve shows a rather
important first pre-determined clamping force F1. In case
of a thermally assisted joining process, a great clamping
force may be advantageous for allowing heat transmis-
sion between the first workpiece and the at least second
workpiece. In another alternative, the clamping force may
remain very limited in order to avoid or limit heat trans-
mission between two workpieces.

[0041] In Fig. 4E, the clamping force F is reduced to
prevent the heat transfer to the lower workpiece. An
excess of heat in the upper workpiece compared to the
lower workpiece takes place. By varying the clamping
force in the setting process, the heat flow between the
workpieces can be specifically controlled. For example,
when the clamping force is reduced, the entire force
(comprising the clamping and the setting force) is re-
duced. When the clamping force is reduced, during a
thermally assisted joining process, the upper workpiece
can be heated and the heat transmission of the upper
workpiece to the lower workpiece is reduced, such that
for instance in case of an upper workpiece in high
strength steel, the strength of the material or the flow
stress is locally reduced which allows to reduce as well
the setting force.

[0042] In Fig. 4F, the clamping force F reaches a
second pre-determined clamping force F2 correspond-
ing to the setting step. As soon as the clamping force
reaches the second pre-determined value, the joining
element 20 can be set by the punch 16 within the work-
piece arrangement W. The joining element 20 may also
be set before. The joining element 20 is pressed through
the at least two workpieces W1, W2 with a determined
setting force. The effort applied during the setting step to
the joining equipment corresponds to the addition of the
setting force and the clamping force. The clamping force
during the setting step may be controlled at a lower of
higher level depending on the setting parameters. Itis to
be noted that the setting force may also be reduced by the

thermal device, as described in more details in
EP3515632A1.
[0043] In a last step, the clamping device 22 is moved

back to an exit position (see Fig. 4G). By recording the
force/displacement or force/time profile, conclusions can
be drawn about a possible spring back of the workpieces
after setting.
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joining device 10

workpiece arrangement W

a first and a second workpiece W1, W2
joining head 12

retaining device 14

punch 16

first drive unit 18

joining axis X

joining element 20

clamping device 22

second drive unit 24

clamping axis Y

clamp 26, 26°, 26", 26™, 26(4) , 26(5) , 26(6)
first end 28

second end 30

contact surface 32

window 34

attachment portion 38

surface detection unit 40

sensor unit 42 (temperature)

load measurement system or load cell 54
clamping force F

thermal device 56

first pre-determined clamping force F1
second pre-determined clamping force F2

Claims

1. Joining device (10) for joining workpieces compris-
ing a joining head having:

-aretainingdevice (14) forajoining element (20)
and by means of which the joining element can
be guided along or arranged on a joining axis
(X),

- a punch (16) with which a setting movement of
the joining element can be executed, the punch
being movable along the joining axis by a first
drive unit (18),

and

- a clamping device (22) with which one or more
workpieces can be compressed in a joining di-
rection,

Characterized in that the clamping device (22) is
movable through a second drive unit (24).

2. Joining device (10) according to claim 1, wherein the
second drive unit (24) is a servo-electric drive with a
spindle,.

3. Joiningdevice (10)according to claim 1 or 2, wherein
the second drive unit (24) moves the clamping de-
vice (22) along a clamping axis (Y), the clamping axis
being parallel to but not confluent with the joining axis
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’X).

Joining device (10) according to claim 1 or 2, wherein
the second drive unit (24) is oriented with regard to
the first drive unit (18) at an angle between 0 and 90
degrees.

Joining device (10) according to any of the preceding
claims, wherein a thermal device (56) is arranged on
the clamping device and moves together with the
clamping device.

Joining device (10) according to any of the preceding
claims, wherein the thermal device is a plasma torch.

Joining device (10) according to any of the preceding
claims, wherein the clamping device comprises a
surface detection unit (40) adapted to detect a sur-
face of the workpiece.

Joining device (10) according to any of the preceding
claims, wherein the first drive unit is a servo-electric
drive with a spindle.

Joining device (10) according to any of the preceding
claims, wherein the clamping device comprises a U-
shaped clamp (26) adapted to be arranged around
the punch and the retaining device.

Joining device (10) according to claim 9, wherein the
clamp (26) has an external diameter between 10 and
30 millimeters.

Joining device (10) according to any of the preceding
claims, wherein the clamping device (22) comprises
an integrated load measurement system (54).

Joining method for joining at least two workpieces
with a joining device comprising the following steps
of:

- providing a workpiece arrangement (W) com-
prising an upper workpiece and a lower work-
piece,

- providing a joining device (10) according to any
of claims 1 to 11, the joining device being ar-
ranged at a non-zero distance above the work-
piece arrangement, the joining device being
loaded with a joining element;

- moving the clamping device (22) along the
clamping axis until the clamping device contacts
the upper workpiece surface,

- applying a first pre-determined clamping force
(F1).

- setting a joining element (20) within the work-
piece arrangement by moving the punch and/or
the retaining device along the setting device to
move the joining element into the workpiece
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13.

14,

arrangement.

Joining method according to claim 12, wherein the
clamping device (22) comprises a sensor unit pro-
viding force, displacement and time data.

Joining method according to claim 12 or claim 13,
wherein clamping force profile and clamping device
displacement profile and/or clamping force profile
and joining element displacement profile and/or
clamping force and time profile are recorded.
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