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(57) Abréegée/Abstract:

A continuous butt-welding process and device for metal sheets, useful in particular for building car bodies Iin the car industry by
beam welding, allow metal sheets laid on conveyor paths to be precisely joined and welded without the need to accurately align
them. For that purpose, a special control of the metal sheets to be welded and seam position sensors are used.
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ABSTRACT OF THE DISCILOSURE

A continuous butt-welding process and device for metal
sheets, useful in particular for building car bodies in the
car industry by beam welding, allow metal sheets laid on
conveyor paths to be precisely joined and welded without the
need to accurately align them. For that purpose, a specilal
control of the metal sheets to be welded and seam position
sensors are used.
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2 .
Continuous Process And Device For Butt-Welding Metal Sheets.

The invention concerns a process for continuous butt-welding of metal sheets, in
particular for car body building in the car industry. Furthermore, this invention
concerns a device for performing a continuous butt-welding process.

With customary welding processes, in particular beam welding (electron beam
welding, laser beam welding), there are two methods known:

a) Metal sheets are positioned precisely with respect to a travelling beam welding
tool, clamped, and welded. This process is not a continuous welding process.

b) Metal sheets, arnving from joggled planes to mechanical, high-precision
templates, are introduced into and welded by a stationary beam welding tool.
With this process the metal sheets are welded continuously.

Both methods entail considerable work in creating the requisite mechanical
precision (approx. 0.03 mm gap width) and pose problems with respect to
mechanical wear incurred during production. This wear leads to losses in quality
when metal sheets are welded. |

Previously known from US Patent 5,328,033 is a process pursuant to this
species and a corresponding device for performing this process, however there
are not being described any appliances for precise positioning of the weld beam
tools as compared with the currently existing run of the metal sheet butt joint
(seam run). Dimensional inaccuracies, if any, of metal sheets and shifts in the

position of the seam run may hereby involve faulty weld seams.

Previously known from DE 38 30 892 is a process for determining the
relative position of a weld seam to a specifiable target position in order to be
able to rectify the relative position of the welding laser beam to the weld
seam. In the rectification process a collimated laser measuring beam around
the seam path is alternately deflected and focused and, after reflection from
the workpiece arrangement forming the weld seam, received by an
optoelectronic sensor and transmitted to a repositioning device. This
process serves to determine the position of a weld seam relative to a
specifiable target position in order to be able to rectify the relative position of
the welding laser beam to a weld seam. Here the deflecting frequency of the
deflected laser measuring beam should be at least 100 Hz, whereby the
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~ intensity of the laser measuring bearry is modulated with at least 200 kHz in

such a manner that the laser measuring beam impinges on the workpiece
arrangement at a distance of no greater than 10 mm from the axis of the
welding laser beam, whereby a single light-sensitive element only is used as
an optoelectronic sensor. This has as a result that feed and weld speeds of
100 mm/s can be reached, whereby, at this feed speed, the seam path can
be determined in a specified grid. Modulation of the laser diode radiation
and further, subsequent demodulation of the sensor signal, amplitude-

- modulated in addition by the workpieces, facilitate the elimination of

disruptive influences exerted by the laser welding plasma and the Planck’s
radiation from the weld pool.

In DE 38 30 892 a level of the technology is also described with which, in the
cases of a line weld, the starting and end points of the weld seam are
determined with the assistance of a measuring beam superimposed
precisely along the axis of the main laser or welding beam. The points thus
determined are entered into the control program for the main laser beam,
and the seam is welded between the determined points in accordance with
the program specified — in the assumed case, a line weld.

Described in addition in DE 28 30 832 is a weld tracking system for
automated arc welding with which the prepared weld seam is scanned with
an alternately focused laser measuring beam at a measuring frequency of no
greater than 10 Hz across the weld seam, and the position of the laser
welding beam or the electrode holder relative to the weld seam is rectified
accordingly in the event of a deviation of the weld seam from the target
position. Used as the sensor with this known weld tracking system is a
photodiode cell. Owing to the large number of measuring points and the time
required for the evaluation, this weld tracking system has a measuring
accuracy of only 0.2 to 0.5 mm.

Further described is that the diameter of the focused spot of a focused
operating laser or welding beam may at times only be 0.1 to 0.2 mm.
However, owing to this very low expansion of the focused spot, the weld
seams intended for laser welding likewise exhibit very small cross sections.
Assumed, therefore, for the welding of such weld seams can be a measuring
accuracy of half the diameter of the focused spot, i.e. of about 0.05 mm.
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Following this assumption, therefore, the measuring precision achievable
with the known weld tracking systems used for arc welding no longer proves
sufficient. The feed speed achieved for laser welding can be from 100 mm/s
to 6 m/min and, in general, can be up to ten times greater than the speed for
arc welding. For this reason also, the measuring frequency of the measuring
systems known for arc welding proved insufficient since the measuring
signals yielded by the oscillating measuring beam do not occur sufficiently
fast enough in order to be able 10 reposition exactly the main laser beam at
the given feed speeds.

Previously known from DE 37 23 611 is a device for the continuous butt-
welding of strips and sheets by means of at ieast one stationary laser beam
with tension rollers arranged in pairs vertically to the direction of travel and
on both sides of the strips or sheets to be welded, whereby these tension
rollers have hollow axles whereon roller fubes arranged at fixed axial
intervals are mounted on bear ngs, and every welding head of the laser
beam welding device is equipped with at least one tension roller in the
interior of the hollow axie and where the gap between the roller tubes and an
aperture in the hollow axle serves as a passage for the laser beam. With this
device, the focused spot of the laser beam is t0 be directed onto the sheet
edges for welding in the area clamped by the tension rollers. Clamping the
sheets or strips by means of large and stable rollers helps prevent the sheet
edges from warping and the sheets from twisting in the weld area.

DE 38 01 626 concerns a rotating circular scanner, functioning on the
principle of triangulation, as an optical seam position sensor for a burner
with a primary beam. This primary beam, fed in particular from a laser light
source, is emitted eccentrically to an axis of rotation, describes a
mathematical cylindrical or conical mantle, and is directed onto the surface
of the workpiece where it forms a light spot travelling in a circle on the
workpiece and where it is detected with an optical observation device which
is arranged within the cylindrical or conical mantle, pointed towards the site
of the light spot, and inclined to the optical axis of the primary beam. This
optical observation device forms an image of the light spot on a photodiode
array, lateral effect diode, or such like {(secondary beam), whereby for every
circumferential position of the circular scanner the corresponding related
value pairs, comprising the circumferential position and the secondary beam
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‘position on the photodiode array, the lateral effect diode, or such like, are

determined and transmitted as a sensor signal to the evaluation electronics.
The photodiode array, the lateral effect diode, or such like is designed for
two dimensional operations and fixed in a stationary position, i.e.
nonrotating, and serves to determine simultaneously both values of the
named value pair. The previous publication also mentions the concentric
arrangement of a seam position sensor. Moreover, circular scanners are
described which, when being used as seam position sensors for burners,
can be arranged eccentrically to the burner axis ahead of the direction of
welding or concentrically with the burner. These previously known circular
scanners could assist in gaining information for the weld seam position in
relation to the burner, the direction of the weld seam, and the weld seam
configuration. This information on the weld seam configuration may permit,
for example, that the welding parameters adjust themselves independently
with respect to the changed seam conditions or that an alarm signal is
triggered for the attention of maintenance personnel.

DE 40 22 062 concerns a device for the controlied feed of strips and butt
welding along their longitudinal edges, whereby for each strip there is at
least one deflector roller with controlled travel along the axis, OF WHICH the

- last deflector rollers (in the direction of the strip before the welding point) for

each strip are vertically displaced so far from each other in their parallel
axes that the longitudinal edges of the strips fed over the deflector rollers lie
with respect to each other in the position required for welding and on the
same vertical plane and are laterally displaced so far that between their
opposite end surfaces there is a gap between the longitudinal sides and OF
WHICH one of the last reflector rollers is mounted on movable bearings at
the height position and another on movable bearings along the axis,
whereby a welding device is provided whose welding beam is directed on
the weld position between the last deflector rollers. Provided in addition are
control means serving to change the axial positions of the deflector rollers.
Furthermore, there are scanning means present. Owing to the horizontally
joggled arrangement of the last deflector roliers of which one can be
displaced with respect to the other in the axial direction, precision regulation
of the position of the strips to each other should constantly ensure a gap of

narrow tolerance between the longitudinal edges during production. The
axial position of the last deflector rollers, lying along the axis at a distance
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from each other, is constantly regulated via the mentioned scanning means
on the longitudinal edges of the strips so that the gap width required is
constantly kept. The distance between the longitudinal edges of the strip is
determined via a sensor and the results of the measurement evaluated by a
5 computer. These yield the specifications to the positioning units of the

regulator rollers. Before the strips are abutted at the vertex of the two last
deflector rollers there takes place a precision regulation. These processes
are achieved via sensors which determine the positions of the longitudinal
edges of the strips relative to each other. The measurement values thus

10 gained via the sensors are likewise evaluated by the computer. These
evaluated results then yield the specifications for the precision regulation for
the positioning unit of the last deflector roller, which is repositioned in the
axial direction when a deviation from the targét position of the longitudinal
edges of the strip is established. The intended result thereby is that a

15 constant predefinable gap is always available between the longitudinal
edges of the strip before commencement of the welding process.

EP-A-0 450 349 concerns a process for the continuous welding of abutted
strips or sheets without fillers by means of a laser beam, whereby the strips

20 in the area of the weld seam in the direction of the strip feed are cooled
directly behind the weld focus, whereby the cooling intensity as a function of
the width of the gap formed directly before the weld focus by the abutting
edges of the strips in the direction of the strip feed is regulated in such a
manner that the width of the gap remains within the specified tolerance

25 values. Cooling both sides of the strips is also proposed. Also proposed in
this preliminary publication is a device for the continuous welding of abutted
strips or plates at their abutting edges by means of a stationary laser beam
with tension rollers arranged in pairs on both sides of the strips for welding
and vertically to their feed direction — these tension roliers form in the area

30 of the abutting edges of the strips a gap through which the stationary laser
beam is directed onto the abutting edges for welding — and with a measuring

device — arranged in the feed direction of the strip directly before the weld
focus — for the width giving the actual value of the gap formed by the
~ abutting edges of the strips. Furthermore, a regulating device is provided
35 which includes the named measuring device and a cooling device —

arranged in the feed direction of the strip behind the weld focus and acting
on the strips in the area of the weld seam — whose cooling intensity as a
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function of the actual value supplied by the measuring device is set for the
gap width in the sense of a constant gap width lying within specified
tolerance values.

5 Forming the basis of the invention is the task of creating a process for the
continuous butt-welding of metal sheets at their longitudinal edges with
which, independently of mechanical metal sheets, the relative position of the
metal sheets and hence the weld seam is kept within a specified tolerance

range with high precision.
10 | |
Also forming the basis of the invention is the task of creating a device for the

performance of the process according to the invention which is suitable with
particular advantage, but not exclusively for the welding of car body sheets,
in particular for the car industry.

15
The present invention provides advantages by transporting first and second

sheets in a feed direction to a welding means. The welding means has a
theoretical or ideal welding line. However, the joints or seams between the two
sheets is not always in line with this theoretical or ideal welding line. While the
20 first sheet is being transported, it is moved in the feed direction along a guide.
The guide is aligned with the theoretical welding line. The second sheet is also
transported in coordination with the transporting of the first sheet. Either just
before, or after, the first sheet leaves the guide, the first sheet is locked in- its

25  aligned position so that it cannot move Iatérally, or perpendicularly to the feed
direction. The first sheet is still movable In the feed direction. Once the first sheet
is locked, the second sheet is driven against the first sheet to position the
longitudinal sides of the first and second sheets against each other. These are
the longitudinal sides which will be welded. During the driving, a force is applied

30
to the second sheet to move it in the longitudinal direction. This force is

preferably opposite to the feeding direction and forces the second sheet against
a drag element. This properly positions the first and second sheets with respect

to each other in the feed direction. The first and second sheets are then moved

39 synchronously with each other to hold the relative predetermined position. In this

predetermined position, the two sheets are synchronously moved passed a seam
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position sensor. The seam or joint between the first and second sheets is
determined from the seam position sensor and the position of the welding means

is adjusted to the determined seam. The welding means then welds the first and
second sheets to each other.

-

Thus, in the process according to the i'nvention, a mechanically precise
alignment of the sheets to be welded together relative to the beam welding tool,
19 €.g. alaser welding device, was intentionally dispensed with. Instead, the beam
welding tool is repositioned to the abutting edges of the two metal sheets by

means of seam-position sensors.

The two sheets to be welded to each other are taken from a sheet stack either
15 manually or in an automated process, and placed on the feed area of the welding

machine. From there the sheets are lifted into the welding machine.

For example, the metal sheet on the left, as seen in the feed direction, is
designated the ‘master sheet’, the one on the right, as seen in the feed

og direction, the ‘slave sheet’. The master sheet is transported in the feed
direction in such a manner that it is pushed against a rigid straight guide
arranged in the area of the weld seam and extending into the feed direction.
This straight guide therefore serves to align the master sheet so that, at a
later point, it lies with the sheet edge for welding within the view of a seam-

o5  position sensor.

The slave sheet is transported towards the area for abutting. Here, the
distance to the side of the master sheet can still be relatively large, for
example from 10 to 60 mm.

) The speeds of the transport devices for the master and slave side are

electronically synchronized, i.e. coordinated.

When the two sheets to be welded to each other {master sheet and slave

35 sheet) enter into the area for abutting in the welding machine, the master
sheet is locked firmly into place. This ensures the directional precision of the
master sheet even under the influence of lateral counterforces. At the same
time, forces are exerted on the siave sheet to ensure that it does not slip out
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of position during further transport. This brings about two overlapping

movements, namely:

a) Relative to the direction of transport the siave sheet reduces its speed
as a function of its retaining force, and this until the slave sheet is

S carned along by a fixed stop. Since the driven movement of the slave

side is synchronized with the driven movement of the master side, the
master and slave sheets are now positioned to one another in the
direction of welding and continue to move towards the welding machine.

b) The effects of the lateral forces on the slave sheet drive it against the

10 master sheet, and hence abuts them.

The abutting force on the slave sheet can be regulated and set, and must always

be less than the retaining forces acting on the master sheet.

15 The metal sheets now abutted are introduced to a beam welding tool, for

example a laser welding device or an electron beam welding device.

Normally it can be assumed that the seam to be welded, i.e. the seam area of

50 master sheet and slave sheet, is not positioned exactly relative to the beam-
welding tool. For this reason, the area of the weld seam is determined via seam-
position sensors and the beam-welding tool repositioned to the weld seam. This
takes place on the strength of the values for a positioning control measured and
transmitted by the seam position sensors. The positioning control forwards to

29 the drive or the drives of the beam-welding device the corresponding setting

values. Hence the beam-welding tool is repositioned to the current run of the

sheets’ abutting seam.

Assumed for this invention, theretore, is the experience that an absolute
directional precision of metal sheets entering into a machine can never be
attained in practice.

30

If the master sheet and the slave sheet are welded within a relatively small
35  distance after the seam-position sensors (as seen in the direction of sheet feed)

then the provision of only the one seam-position sensor is perfectly adequate

since it can be assumed that the position of the weld seam, i.e. the abutting
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seam between the sheets to be welded to each other, has changed but littie
along the transport path. For this reason, the scope of the invention also
Includes variant forms with which only one seam-position sensor finds

application.

An alternative embodiment provides a process with which two seam position
sensors are provided in the feed direction of the sheets to be welded to each

other. This yields as a consequence the advantage that the sensors can be
installed at a relatively large distance from the weld focus so that they
cannot be soiled by spatter, coolants, or such like. The measurement values
determined by the first and second sensors are forwarded to a computer
which calculates on the basis of the input measurement values the site at
which a particular weld seam area is located should it pass by the weld focus
orthogonally. In this event the beam-welding tool can be controlled so that
the beam welding tool is located exactly over this site at the calculated time
at which the calculated weld seam area reaches this position. Consequently,
in this manner, the beam-welding tool is constantly controlled so that it is
located exactly above the weld seam area to be welded at the correct time
caiculated from the speed with which the sheets move towards the beam
welding tool, i.e. in the transport direction, as a function of the measurement
results measured via the sensors.

With the seam-position sensors — one or two sensors — the gap width between
the metal sheets can be constantly determined. With a control circuit installed,
the power of the weld beam, for example of a laser welding device, the requisite
cooling power‘for the weld process (water, gas), the requisite focus position of
the weld beam, and the weld speed can be constantly adjusted. This provides
optimal welding capacity and optimal economic efficiency for the welding

process.

In another aspect the invention contemplates a device for continuously butt-
welding first and second metal sheets. The device comprises: first and second
iransport paths, respectively, the first and second transport paths including a

feed area, an abutting area and a welding area; a rigid drag element in the
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abutting and welding areas of each of the first and second transbbrt péit‘r'ls, for
transporting of the first and second sheets in a feed direction; welding means in
the welding area and having a theoretical weld line, a beam-welding tool, and a
positioning device for the adjustment of the beam-welding tool in a direction
substantially orthogonal to the feed direction; a rigid straight guide arranged
between the first and second transport paths, a center of the guide being
positioned at a center of the theoretical weld line, and the guide extending in a
direction of the weld line and acting as a stop for the first sheet along the first
10 transport path; guide-transport means for transporting the first sheet against one

side of that rigid straight guide; and pressure rollers for one of the first and

second sheets.

With optimal economic efficiency of the welding machine, the device
according to the invention makes possible continuous welding production soO
that high welding performance can be achieved, which is of particular
advantage in particular for the welding of car body sheets, for example in the

15

car ingustry.

o0 Particularly advantageous embodiments are described in the following, in

conjunction with the accompanying drawings - in part schematic — which illustrate

those examples, and in which:

Figure 1 top view — in part incomplete — of a device according to the
invention when the metal sheets are being placed in the machine;

* Figure 2 - the device as seen in Figure 1 after the master sheet has been
aligned;
Figure 3 a further section of a device according to the invention, likewise
top view, after the abutting of the master and slave sheets;
20 Figure 4 side view — in part incomplete — of a welding machine with seam
position sensors and water cooling;
Figure 5 " a further section of a device according to the invention, likewise
top view, in the welding area;
Figure 6 side view — in part incomplete — of a device according to the
35 invention;

Figure 7 a partial top view in the direction of arrow ‘R’ of Figure ©&;
Figure 8 a section after line A-A in Figure 6;

Figure 9 a section after line B-B in Figure 6;

Figure 10 a top view of two metal sheets,;
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Figure 11 a sectional magnification of Figure 10 as an illustration of the
mathematical relationship.

Welding takes place without filler for the variant forms as seen from the
drawing. If required, however, welding can take place with filler. It is also
possible to weld coated, for example hot-dip galvanized sheets with or
without filler, which, however, is not depicted in detail.

In the drawing the reference code 1 designates a master sheet and 2 a slave
sheet which are to be connected to each other at their abutting longitudinal

sides 3 and 4 respectively by a weld seam without welding filler {o form the
one piece.

Metal sheets 1 and 2 can, for example, be car body sheets for the car
industry.

The reference codes 5 and 6 designate transport paths which can exhibit
differing designs and whose individual elements are yet to be described. The
direction of transport is designated with the reference code XX.

The transport paths 5 and 6 each include at least one transporter in the feed
area 7 for the metal sheets 1 and 2 to be welded to each other; in an
abutting area 8; and in a welding area 9 and a tilting table 10 for the output
transport of the metal sheets 1 and 2 welded together.

Arranged behind one another on the side of the master sheet in the feed
direction XX of the metal sheets 1 and 2 are magnetic rollers 11, magnetic
strips 12 with transport rollers 13, and pressure rollers 14. In addition, a drag
chain is designated with 34. The magnetic rollers 11, the magnetic strips 12,

and the drag chains 34 are driven by motors. For reasons of simplicity these
drive motors are not depicted.

Arranged behind one another on the slave sheet side in the transport
direction XX are magnetic strips 15 with intermediate transport rollers 16.
The magnetic strips 15 are driven by motors.
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The reference code 17 designates a straight guide for the master sheet 1,
whereas 18 is a centreline coinciding with the theoretical welding line and
running through a weld focus (Figure 7).

The reference code 20 designates in turn a motor-driven drag chain which
can be designed and driven like the drag chain 34. The transport speed of
the drives for the drag chains 20 and 34 can be regulated.

The transport paths 5 and 6 to the left and right of the device i:nclude
transporters 21 and 22 which extend into the area of the tilting table 10.

Installed for 23 is a welding device (Figure 6) which is designed for the
variant form depicted as a laser welding device. The welding device is
arranged at a gate 24 extending over the transport paths for the metal
sheets 1 and 2, can be controlled vertically in the direction V-T (Figure 8),
i.e. in the direction of the Z axis, horizontally in the direction C-D (Figure 8),
i.e. in the direction of the Y axis, and at right angles to the feed direction XX
and can be locked in the respective position required. For the welding of
sheets of different thicknesses the welding head or the beam welding tool
can be swivelled around an axis of rotation.

The welding device 23 is fitted with a suitable beam welding tool, namely a
laser welding device for the variant form depicted, whose electronic and
electrical elements are not designated in detail. Also the means of control for
the beam welding tool are not specially designated.

Allocated to the welding device 23 is a cooling device 25, for example water
cooling, which is arranged behind the weld focus 19 and which is directed at
this. But gas cooling, e.g. air cooling, can also be used.

A laser beam is designated with the reference code 26.

Arranged in the feed direction XX before the weld focus 19 are suitable
seam position sensors 27 which detect the weld seam area in a manner yet
to be described and forward the values thus measured {0 a computer 28.
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The sensor system 27 may be fitted with one or, in the feed direction XX,
also two sensors arranged at an interval behind each other each of which
detects the seam gap and forwards the values to the computer 28 via
electrical leads (not depicted here).

For the variant form in accordance with Figure 5, the sensor system 27 is
fitted with the one sensor only with a sensor window, whereas for the variant
form in accordance with Figure 10 two sensors 30 and 31 are allocated to
the sensor system 27. In this case the distance of the two sensors 30 and 31
from the weld focus 19 measured in the feed direction XX is relatively large.
This serves to protect the sensors 30 and 31.

Instead of two metal sheets 1 and 2, also four metal sheets, for example, can
be welded together. For example, it is possible to connect first of all with a
weld seam a master sheet 1 and a slave sheet 2 to form the one piece and
then to weld this piece to two or more new metal sheets to form the one
piece so that there arises a single-piece sheet welded from four originally
separate metal sheets.

Nor is it necessary to connect the sheets with a weld seam along their
longitudinal sides to form one piece. Rather, it is also possible to weld
together the sheets through butt-welding at any other sites (for example
continuous seams) with a device and operation according to the invention.

Although both above and in the following the operations according to the
invention are depicted and described in applications for the welding of car
body sheets primarily finding application in the car industry, also those
variant forms fall under the scopes and natures of the invention for which in

place of a laser beam welding device other beam welding tools and other
application areas find application.

With the process according to the invention, a mechanically precise
alignment of the metal sheets 1 and 2 to be connected to each other by
welding relative to the beam welding tool is dispensed with. instead, the
beam welding tool is repositioned to the abutting edges of the sheets, i.e. t0
the seam run, by means of seam position sensors. There result here the
following operations:
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A master sheet 1 and a slave sheet 2 are each taken from a sheet stack (not
depicted) either manually or in an automated process, placed on the
transport paths 5 and 6 respectively, and are lifted from there onto the
magnetic rollers 11 on the one hand and the magnetic strips 15 on the other
hand (Figure 1).

Thereupon the master sheet 1 is transported by the drag element of the drag
chain 34 in the feed direction XX. The master sheet 1 thereby moves 10 the
magnetic rollers 11 whose axes of rotation, for example 32, run under an
acute angle () in a row of rollers running at right angles to the feed direction
XX. The magnetic rollers 11 therefore cause the master sheet 1 to be driven
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