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(57) L’invention porte sur un appareil (1) de soudage par ~ (57) An apparatus (1) for friction stir welding,

friction a mouvement cyclique, cet appareil comprenant
un ensemble de soudage (12, 13), une table porte-pieces
(7) supportant la ou les pieces (2, 3) 4 souder, et au moins
un dispositif de serrage (5, 6) destiné a serrer les pieces
les unes contre les autres et/ou contre la table, ou de
bloquer la pi¢ce contre la table, respectivement, lors de
I’opération de soudage. L. appareil comprend également
un dispositif permettant de régler la position de
I’ensemble de soudage (12, 13) dans le sens de la hauteur
par rapport a la table porte-pieces (7), lors du
déplacement de I’ensemble de soudage dans le sens
longitudinal, de fagon & obtenir une distance optimum
entre la table porte-pieces et 1’ensemble de soudage.

I*I Industrie Canada  Industry Canada

comprising a welding assembly (12, 13), a work-table (7)
supporting the workpiece or workpieces (2, 3) to be
welded, and at least one clamping means (5, 6) for
clamping the workpieces to one another and/or to the
work-table, or the workpiece to the work-table,
respectively, during the welding operation. The
apparatus also comprises a device for adjusting the
position of the welding assembly (12, 13) in the height
direction relative to the work-table (7) during the
welding assembly movement in the longitudinal
direction of the welding joint formed during the welding
operation in order to provide an optimum distance
between the work-table and the welding assembly.
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(87) Abstract

An apparatus (1) for friction stir welding, comprising a welding assembly (12, 13), a work-table (7) supporting the workpiece or
workpieces (2, 3) to be welded, and at least one clamping means (5, 6) for clamping the workpieces to one another and/or to the work-table,
or the workpiece to the work—table, respectively, during the welding operation. The apparatus also comprises a device for adjusting the
position of the welding assembly {12, 13) in the height direction relative to the work—table (7) during the welding assembly movement in
the longitudinal direction of the welding joint formed during the welding operation in order to provide an optimum distance between the
work—table and the welding assembly.
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APPARATUS FOR FRICTION STIR WELDING

The present invention relates to an apparatus for
friction stir welding, comprising a welding assembly, a
work-table supporting the workpiece or workpieces to be
welded, and at least one clamping means for clamping the
workpieces to one another and/or to the work-table or the
workpiece to the work-table, respectively, during the
welding operation.

The definition friction stir welding designates a
welding method according to which the workpieces to be
joined together are plasticized along their joint line by
supply of frictional heat from a rotating welding probe
which is caused to move along the joint between the
workpieces while at the same time being pressed against
the workpieces. As described in W093/10935 and W095/26254
the welding probe should be manufactured from material
harder than the workpieces, and during the welding opera-
tion the workpieces should be securely fixed relative to
one another and to the work-table. In this respect this
technique differs from that of conventional friction
welding according to which the frictional heat is
generated by the relative motion of the workpieces as
they are being pressed together, i.e. the frictional heat
is generated only by the two components to be joined
together. This welding technique according to the above-
mentioned publications is used for the welding of
different mate-materials, such as plastics, metals,
etcetera in various fields of application, for example to
interconnect workpieces, to repair cracks in a workpiece,
and so on. The configuration of the welding probe is
conditioned e.g. by the material to be welded and by the
intended application.
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In the manufacture of ships, railway cars, bridges,
01l platforms and so on extruded aluminium or aluminium
alloy profile sections are of interest as building
components in view of their corrosion resistance, light
weight, etcetera. Because the dimensions of the profile
sections produced today by the extruding technique are
comparatively small and because the welding methods used
at present for joining together aluminium profile sec-
tions fail to provide a wholly satisfactory result with
respect to strength, finish, and deformation, aluminium
has not gained but restricted use, despite the above-
mentioned advantages that this material possesses.

By instead using the friction stir welding technique
a welding joint is produced the bottom face of which has
a fine and smooth finish, with resulting few points of
load concentration. In addition, the strength of the
joint produced by this joining method is almost equal to
that of the basic material. One problem encountered when
using the welding technique according to the above patent
application to join together aluminium profile sections
is that in principle, the welding probe must extend all
the way through the joint between the workpieces to be
welded together in order to ensure that the resulting
joint will extend from the top faces of the workpieces to
the bottom faces thereof. However, because it is
plasticized during the welding operation, the aluminium
will adopt the same appearance as the top face of the
work—-table, with the result that any groove formed in the
work—-table top face would appear as projections in the
bottom face of the panel. In order to produce a through
joint, the welding probe must in principle extend
vertically through the entire joint, with associated
considerable risks that the top face of the work-table
will come into contact with the welding tool and in doing
so receive superficial damages, e.g. in the form of
grooves. In order to avoid damage to the top face while

at the same time ensuring that the resulting joint in
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principle is a through joint the distance from thé
welding probe to the work-table, particularly the top
face thereof, must be kept at a minimum. The acceptable
distance from the lower end of the welding probe to the
top face of the work-table is conditioned on the material
to be welded together, and in the case of e.g. an alumi-
nium alloy of type designation 5083 the distance amounts
to about 0.2 mm, with a tolerance of approximately =

0.1 mm.

On account of the small dimensions of this distance
the tolerance range with respect to the variations in
thickness of the aluminium profile section may exceed
this distance in some applications, with the result that
along certain passages the formed joint ceases to be a
through joint and that along certain passages of the
joint the produced panel exhibits non-desirable protru-
sions on its bottom face owing to undesirable grooving of
the top face of the work-table. It is likewise difficult
to produce the components incorporated in a friction stir
welding apparatus to a sufficient degree of rigidity to
ensure that the forces involved in the welding operation
do not cause the components to bend outwards to a degree
exceeding the acceptable distance tolerance range. This
condition is particularly difficult to achieve when
comparatively large workpieces having a length exceeding
approximately 4 m and a width of approximately 0.5 m are
to be welded together.

One object of the present inventions thus is to
produce an apparatus for friction stir welding. This
apparatus allows two workpieces to be welded together in
such a manner that the joint in the end product in
principle is a through joint and is smooth and even, also
on the face of the workpieces that abutted against the
work-table during the welding operation, in order to
ensure that the resulting joint has a high degree of
strength. This object is to be achieved also in the case

of welding-together of comparatively large workpieces
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and/or workpieces exhibiting a certain variation in
thickness.

This object is achieved in accordance with the sub-
ject invention by means of an apparatus for friction stir
welding of the kind defined in the introduction and which
is characterised in that it also comprises a device for
adjusting the position of the welding assembly verti-
cally, i.e. in the height direction, relative to the
work-table during the welding assembly movement in the
longitudinal direction of the welding joint formed during
the welding operation, in order to provide an optimum
distance between the work-table and the welding assembly.

Because said apparatus also includes a device for
adjusting the position of the welding assembly vertically
relative to the work-table during the welding operation,
it becomes possible to maintain an optimum distance from
the welding assembly to the work-table during the entire
welding operation, despite variations in thickness of the
workpieces and/or unsatisfactory rigidity of the appa-
ratus components, such that a joint which in principle is
a through joint having a smooth and even bottom face is
produced at all times.

The device for adjusting said distance preferably is
consists of a measuring device for measuring any changes
of the distance in the heigt direction between the
welding probe and the work-table that arises during the
welding, and of a height adjustment device for setting
the position of the welding assembly relative to the
work-table as a function of said distance changes.

For instance, the measuring device is arranged to
measure said distance changes by measuring the distance
between the welding assembly and a measuring beam which
is connected neither to the welding assembly nor to the
work-table.

The measuring device may for instance be carried by
a measuring carriage which is connected to an in prin-

ciple rigid or not entirely rigid work-table and which is
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arranged to measure said distance changes by measuring
the distance to a reference element disposed on the
welding assembly.

For example, the measuring device is arranged to
measure said distance changes by successively measuring
the distance vertically from the welding assembly to the
work-table, the measuring device preferably consisting of
a laser distance meter which is mounted on the weiding
assembly.

The measuring device may be arranged to measure said
distance changes by measuring the changes in thickness of
said workpiece or workpieces in said longitudinal
direction, in combination with measuring distance changes
in the height direction between the welding assembly and
the workpiece/ workpieces that arise during the welding.
In this case the measuring device preferably consists of
a thickness meter and of a unit for successively measur-
ing and/or registering distance changes between the
welding assembly and the workpiece/workpieces.

The thickness meter may be arranged in connection
with the welding assembly and consist of an ultrasonic
meter, or be arranged separate from the welding assembly.

The above unit could consist of a measuring means,
such as a laser distance meter, mounted on the welding
assembly.

The above unit could consist of a registering means
connected to the height adjustment device and arranged to
follow the top faces of the workpieces or the top face of
the workpiece during the welding.

The registering means may be a guide roller.

The measuring device could for example be connected
to the above mentioned clamping means and the clamping
means and the welding assembly be arranged so as to
carried by a common support, in which case the thickness
meter and the measuring unit may consist of a common

measuring device, such as a position sensor.
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Said device preferably adjusts the position of the
welding assembly relative to the top face of the work-
table.

The invention will be described in closer detail in
the following with reference to the accompanying drawings
illustrating various embodiments of the apparatus in
accordance with the invention.

In the drawings:

Fig. 1 is a lateral view of a first embodiment of an
apparatus for friction stir welding in accordance with
the invention.

Fig. 2a is a view on an enlarged scale of a welding
probe forming part of said apparatus.

Fig. 2b is a transverse sectional view on an en-
larged scale of a height adjustment device forming part
of the apparatus.

Fig. 3 is a lateral view of a second embodiment of
said apparatus.

Fig. 4 is a lateral view of a third embodiment of
said apparatus.

Fig. 5 is a lateral view of a fourth embodiment of
said apparatus.

Fig. 6 is front view of a fifth embodiment of said
apparatus.

Fig. 7 is a lateral view of a sixth embodiment of
sald apparatus.

The plant 1 illustrated in Fig. 1 is adapted 'to be
used to weld together extruded aluminium profile sections
1 in order to form an aluminium panel 3. The expression
aluminium is used herein to designate either pure
aluminium or an alloy of aluminium and another metal,
such as magnesium. The number of aluminium profile
sections to be welded together is determined by the width
of the profile section in question, which could for
example have a width of 300 mm and a length of 12 m, and
by the requested width of the finished panel. The

manufacture is effected by welding a fresh aluminium
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profile section to the right-hand marginal edge of the
immediately preceding profile section, as illustrated in
Fig. 1, this immediately preceding profile section in
turn haviné previously been welded to the right-hand
marginal edge of the preceding prefile section. In other
words, the width of the aluminium profile section being
manufactured increases by the width of one profile
section in each separate welding operation.

In accordance with the example shown in Fig. 1 the
plate 3 being manufactured is increased by one aluminium
profile section 2, consisting, at the end of the ongoing
welding operation, of five aluminium profile sections.
After welding, the plate is displaced to the left as seen
in Fig. 1 by an intermittently operating chain conveyor
14, over a distance corresponding to the width of the
profile section in question. At the same time a fresh
aluminium profile section is entered by means of infeed
means 40 which are arranged for displacement along beams
41. The lafter are securely connected to the machine
frame 50 of the apparatus.

During the welding operation, the aluminium profile
section 2 and the semi-finished aluminium panel 3 are
held together and secured to the work-table 7 by clamping
means 5 and 6, respectively. The clamping means 5 and 6,
respectively, consist of triangularly shaped pressure
members which via arms 8 and 9, respectively, are urged
into a position of engagement with the respective
workpieces 2, 3 during the welding operation, by means of
pressure cylinder units 10 and 11, respectively. The
pressure cylinders 10 and 11 are connected to the work-
table 7 and to the machine frame 50, respectively. The
clamping means are arranged in pairs in facing relation-
ship along the edges of the joint between the workpieces.
The spacind between the centre lines of two neighbouring
pairs amounts to approximately 500 mm in the subject
example. Owing to the reduced space available, each

pressure member 5 is driven by a separate pressure
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cylinder 10 whereas two neighbouring pressure members 6
are driven by a common pressure cylinder 11 via the arm
9. For this purpose, the arm has a U-shaped configura-
tion, the pressure members being attached to the legs of
the U-shaped arm and the pressure cylinder to the web
thereof. In this case the work-table consists of a
stationary, horizontal machine table 7a on which a
backing bar 7b is fixedly mounted.

The joint between the profile section 2 and the
plate 3 is positioned in alignment with the centre line
of the backing bar. The positioning of the workpieces not
directly on the machine table but on the backing bar
interposed between the table and the workpiece is a pure
safety measure, 1t being a great deal more convenient to
replace the comparatively smaller backing bar than the
entire machine table, should the top face thereof be
subjected to damage during the manufacture of the panel.
Aluminium is a very soft metal and the plasticisation
during the welding operation will cause it to adopt an
identical configuration to that of the top face of the
backing bar, and consequently any depressions in that top
face would be reproduced in the form of protruding
formations on the bottom face of the panel. The finished
aluminium panel thus would fail to meet laid-down quality
standards.

Welding is performed by means of a welding assembly
in the form of a welding probe 12 and a rotating spindle
13. As seen from Fig. 2a, the welding probe consists of a
cylindrical body 12a having attached thereto a cylind-
rical probe pin 12b the circumference of which is smaller
than that of the probe body. Owing to this arrangement
the lower part of the cylindrical body will project
beyond the upper part of the pin. In the following, the
lower part of the body will be referred to as the
shoulder of the body and as appears from this drawing
figure the shoulder abuts against the upper faces of the

panel 3 and of the profile section in the normal position
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of the welding probe. The welding probe body and pin
could be configured for example in the manner appearing
from any one of the embodiments shown in W093/10935 or
WO95/26254. The upper part of the body 12a is connected
to the rotating spindle 13 which is driven by a drive
unit, not shown, such as a drive motor. In turn, the
spindle is supported by a runner 14 by means of the
height adjustment device 60. The runner 14 comprises an
upper part l4a and a lower part 14b, the upper part being
SO connected to a lower part is to be displaceable
laterally relative to the latter. The runner travels
along the workpieces 2 and 3, driven by a drive unit, not
shown. In order to ensure that the welding probe will be
placed in the same position relative to the edges of the
joint of the workpieces along the entire joint, the
runner 14 is connected to the work-table 7 via two guide
shoes 15a and 16a, each travelling along the respective
one of work-table mounted guide rails 15b and 16b. This
arrangement provides a rectilinear movement relative to
the work-table.

Fig. 1 also shows a spacer element 17 which is
fixedly secured to holders 18. A pressure cylinder unit
19 displaces each holder from an idle position (shown in
continuous lines), in which position the spacer element
is spaced from the backing bar, to a position of engage-
ment (in dash and dot lines), in which the spacer element
is positioned on top of the backing bar. In this position
the spacer element extends alongside the entire backing
part and consequently the number of holders will be
determined by the length of the backing bar, which in
this case amounts to about 16 meter, and in the shown
example six holders are provided.

As appears from Fig. 2b the height adjustment device
60 consists of a regulator means, not shown, arranged to
regulate the setting of the spindle vertically relative
to the upper part 14a of the runner by means of a setting

unit 61. The latter could consists e.g. of a spindle-
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mounted rack 62 and a pinion 63 mounted on the upper part
l4a and driven by a servo-motor, not shown in this
drawing figure.

As also appears from Fig. 1 a measuring device 70 is
fixedly mounted on the upper part of the spindle 13. This
measuring device could consist e.g. of a laser distance
meter. A stationary cantilever-mounted measuring beam 71
which is carried by separate supports and extends above
the entire work-table in the longitudinal direction
thereof, 1s used as a reference means for the measuring
device 70, the latter being positioned vertically below
the measuring beam. By successively measuring, during the
welding, the distance from the measuring device to the
measuring Beam, which is unaffected by the friction stir
welding operation, a measurement is obtained representa-
tive of the changed position, in the direction of
movement of the welding assembly , of the spindle and of
the welding probe connected to the spindle relative to
the top face of the work-table 7. The expression
successively measuring is intended herein to define a
continuous or intermittent measuring process. The changed
position vertically of the welding probe, caused by the
deflection outwards of the welding assembly in response
to the forces involved in the welding operation proper,
may then be measured. The measuring device 70 is
connected to the regulating means of the height
adjustment device 60 for transmission to the setting unit
61l of the measured changes in distance in the form of an
actuating éignal. The condition therefor is that the
entire work-table, including the machine table, may be
made completely rigid preventing it from being bent
outwards by said forces but instead ensuring that it
assumes the same position during the entire welding
operation. The measured change of the distance between
the measuring device and the measuring beam consequently

corresponds to the distance changes between the outer end
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of the welding probe pin 12b and the top face of the
work-table.

According to the arrangement in Fig. 3 the measuring
beam 71 is no longer supported in a cantilever fashion
but is instead arranged in connection with' the backing
bar 7b by means of a number of holders 72, said holders
being connected at one of their ends to the not entirely
rigid machine table 7a straight below the holding bar and
securely attached at their opposite ends to the measuring
beam. In accordance with this embodiment the measuring
device 70 is mounted on the height adjustment device 60
straight above the measuring beam. The measuring beam is
manufactured from a yielding material, and therefore
reflects the deflections of the backing bar caused by
the forces involved in the welding operation. By
measuring the change in distance relative to the measur-
ing bar the measuring device thus measures the total
change of fhe distance from the outer end of the welding
probe pin 12b to the top face of the work-table arising
during the welding in response to the deflecting outwards
of the welding probe as well as of the work-table.

In Fig. 4 the measuring beam is replaced by a
measuring carriage 73 which is displaceable along the
work-table in a guide rail 74, the latter being securely
mounted on the work-table frame 7c. The guide rail is
mounted in parallel with the guide rails 15b and 16b of
the runner. The measuring carriage is displaced by the
same drive unit as the runner in the longitudinal
direction of the welding joint being formed during the
welding and it is positioned ahead of said joint in the
direction of movement of the welding assembly . The
measuring device 70 is supported by the measuring
carriage 73 and measures the change in distance relative
to a reference element in the form of a plate 75 which is
fixedly mounted on the spindle 13. Because the measuring
carriage is disposed on the rigid frame of the work-

table, the measuring carriage will not absorb the
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outwards deflections of the machine-table arising during
the welding and therefore in principle will measure only
the deflections outwards of the welding probe. Like in
the case of the embodiment of Fig. 1 the arrangement is
conditioned on the machine table being entirely rigid.

According to the arrangement of Fig. 5, the measur-
ing carriage instead travels along a yieldable guide rail
76 which is connected to the machine-table 7a by means of
a numper of arms 77. By means of one of its ends each arm
is securely attached to the machine-table 7a straight
beneath the backing bar 76 and by means of its opposite
end it is securely attached to the guide rail 76. The
guide rail and consequently the measuring carriage thus
will reflect the deflections outwards of the backing bar.
Like in the embodiment of Fig. 3 the measuring device 70
measures the total change of the distance between the
outer end of the welding probe pin 12b and the upper face
of the backing bar, caused by said outwardly deflecting
movements.

Fig. 6 shows another embodiment, according to which
the spindle 13 and the welding probe 12 securely attached
thereto are floating, i.e. the position vertically of the
welding assembly is determined by the configuration of
the outline of the upper faces of the aluminium panel 3
and of the aluminium profile section 2. In this case the
measuring device 1s a unit which successively registers
the distance between said top faces and the shculder of
the welding probe 12, and a thickness meter 80, such as
an ultrasonic meter. The thickness meter is mounted on
the lower part of the spindle 13 and like the unit it is
positioned ahead of the latter in the direction of
movement of the welding assembly . In this case the unit
consists of a registering means in the shape of a guide
roller 81 which is connected to the height adjustment
device 60 and which follows the configuration of the top
faces of the work pieces on either side of the joint,

thus urging the shoulder of the welding probe body 1l2a
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into abutment against these top faces during the entire
welding operation. Should the work-table flex outwards
when exposed to the forces involved in the welding
operation this fact is registered by the guide roller and
the welding probe position will be adjusted accordingly
relative to said position by means of the height
adjustment device 60 in such a manner that the shoulder
will abut continuously against the upper faces of the
work pieces. Since also the thickness of the work pieces
may vary, the distance between the outer end of the
welding probe pin 12b and the upper face of the backing
bar 7b will vary, should the welding probe position be
adjusted by means of the guide roller only. In order to
avoid this situation, the thickness is measured
successively by means of the thickness meter 80 which
like the guide roller emits signals to the height adjust-
ment device regulator 61. In response to these signals
the regulator controls the welding assembly position by
means of the setting unit 62, ensuring that the distance
from the outer end of the pin to the upper face of the
backing bar will be maintained within the desirable
distance interval which is in the range of about 0.2 mm =
0.1 mm in the case of aluminium alloy of type 5083. Owing
to this arrangement the shoulder of body 12a will not
abut against the upper faces of the workpieces during the
entire welding operation in case of varying thicknesses.
Fig. 7, finally, shows an entirely different embodi-
ment, according to which the welding probe 12 and the
spindle 13 are supported by a welding carriage 90
travelling along two beams 91, 92 which are disposed
above the work-table and which are interconnected by
means of an intermediary beam 93. As further appears from
the drawing figure the pressure cylinders 10 and 11
respectively, of the clamping means 5 and 6 are likewise
supported by the beams 91 and 92, respectively. In this
case the thickness meter and the unit for successively

measuring distance changes between the lower end of the
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welding probe 12 and the upper faces of the workpieces 2,
3 form a common measuring means in the form of a number
of position sensors 94, 95, the latter being arranged in
connection with the piston rods of the pressure
cylinders. The number of position sensors is conditioned
on the required measurement precision and could vary from
two for each apparatus to one for each pressure cylinder.
Calibrating measuring operations performed directly on
the upper face of the backing means, i.e. in the absence
of workpieces, in this case forms the basis for méasuring
sald distance changes. The position sensors transmit the
measured distance changes to the height setting means 96
and 97, respectively, arranged between the welding
carriage 90 and the beams 91 and 92 and being of the type
illustrated in Fig. 2b.

When a predetermined number of aluminium profile
sections are to be welded together to form an aluminium
plate of desired size, two aluminium profile sections are
initially clamped in the plant 1 by means of the clamping
means 5, 6 while ensuring that the air gap between the
facing marginal edges of the profile sections does not
exceed the size that 1is prone to produce a deficient
joint. As appears from Fig. 2a, the gap is located in
alignment with the centre line c of the backing bar 7b.
The critical gap width varies according to the thickness
of the sheet-metal of the profile secticons concerned, and
in the case of a sheet-metal thickness of aboﬁt 6 mm the
critical gap size is approximately 1 mm. The welding
operation is then initiated by causing the welding probe
to rotate at a certain speed while at the same time it is
displaced along the gap at a predetermined speed. As
described in the introduction, the marginal edges of the
profile sections will become plasticized while at the
same time being pressed together. The forces involved in
the welding operation, e.g. the pressure forces generated
by the clamping means, will produce an outwards

deflection of the components of the apparatus, such as
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its welding assembly and/or its work-table. In addition,
the thickness of the workpieces may vary. In order to
nonetheless maintain an essentially constant distance
from the outer end of the welding probe 10 to the upper
face of the backing bar, a distance which is very small
in comparison with the dimensions of the workpieces
involved, these distance changes are measured by any one
of the measuring devices illustrated in the drawings
figures, all of which are positioned ahead of the welding
probe in the direction of movements of the welding
assembly but in close vicinity thereto, in order to
ensure that the measured values will be as precise as
possible in order that any measurement deviations will
clearly be below the above-mentioned tolerance range.
These measurement values are then transmitted to the
regulating means of the height adjustment device, said
regulating.means setting the welding assembly by means of
the setting unit, ensuring that the desired optimum
distance to the upper face of the work-table will be
obtained along the entire joint during the entire welding
operation.

After solidifying of the joint a homogeneous high-
strength welding seam thus has been formed. When the
welding probe 12 has travelled along the entire joint and
the individual welding operation thus is completed, the
pressure cylinders 10 and 11 are activated, thus
deactivating the clamping means 5 and 6. Consequently the
aluminium panel 13 just formed is released from the work-
table 7 and will be transported by the chain conveyor 4
to the left as seen in Fig. 1 over a distance
corresponding to the width of one aluminium profile
section, ailowing the panel to be welded in the manner
just described to a fresh aluminium profile section 2
which is supplied by means of infeed means 40.

It should be appreciated that the invention is not
limited to the above-described embodiments but could be

modified in a variety in different ways within the scope
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of the appended claims. For example, the measuring device
70 in accordance with Figs 1 or 3, could be mounted on
the upper part l4a of the runner instead cf on the
spindle 13. The measuring device 70 could for instance
consist of -a laser distance meter which is mounted
directly on the spindle 13 and which successively, during
the welding operation, measures the vertical distance
from the lower end of the welding probe 12 to the upper
face of the backing bar 7b. In this case, the laser beam
is emitted to pass through the air gap separating the
workpieces or, in cases when the air gap is very narrow,
through special measuring recesses formed along the joint
between the workpieces. Instead of the unit in accordance
with Fig. 6 being a registering means it could instead be
a measuring means in the form of a laser distance meter
which is mounted on the spindle 13. Thickness
measurements could also be taken prior to the welding
process proper by measuring the aluminium profile section
thickness by means of an electronic sliding calliper
arranged adjacent the infeed means, prior to the infeed
to the welding assembly. The welding carriage and the
clamping means in accordance with Fig. 7 could of course
be supported by different beams instead of by the same
ones, in which case the thickness meter and the measuring
unit must consists of two separate measuring means.
Instead of the triangularly shape pressure members being
pressed into engagement with their associated workpieces
2 and 3, respectively, by means of a pressure cylinder 10
and 11, respectively, they could be pressed into
engagement with these means by means of pressure rollers.
Obviously, it is gquite possible to use the apparatus for
welding together workpieces of other metals or metal
alloys than aluminium, such as e.g. titanium or steel. As
a rule, the plant is used to weld two workpieces
together, such as a semi-finished aluminium panel and a

fresh aluminium profile section, but it could equally
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well be used to repair cracks formed in a workpiece, such

as a finished aluminium panel.
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CLAIMS

1. An apparatus (1) for friction stir welding, com-
prising a welding assembly (12, 13), a work-table (7)
supporting the workpiece or workpieces (2, 3) to be
welded, and at least one clamping means (5, 6) for
clamping the workpieces to one another and/or to the
work-table, or the workpiece to the work-table, during
the welding operation, characterised in that
it also comprises a device for adjusting the position of
the welding assembly (12, 13) in the height direction
relative to the work-table (7) during the welding
assembly movement in the longitudinal direction of the
welding joint formed during the welding operation, in
order to provide an optimum distance between the work-
table and the welding assembly.

2. An apparatus as claimed in claim 1, c h a r a ¢ -
t erisedin that said device consists of a measuring
device (70; 80; 81; 95, 94) for measuring changes in the
distance in the height direction between the welding
assembly (12, 13) and the working table (7), and of a
height adjustment device (60; 96, 97) for setting the
position of the welding assembly relative to the work-
table as a function of said distance changes. '

3. An apparatus as claimed in claim 2, c h a r a ¢ -
t er i sedin that the measuring device (70) is
arranged to measure said distance changes by measuring
the distance between the welding assembly (12, 13) and a
measuring beam (71) which is connected neither to the
welding assembly nor to the work-table (7a).

4. An apparatus as claimed in claim 2, ¢ h ar a ¢c -
t er i s edin that the measuring device is arranged to
measure said distance changes by measuring the distance
between the welding assembly (12, 13) and a measuring




CA 02266613 1999-03-24

WO 98/13167 PCT/SE97/01577

10

15

20

25

30

35

19

beam (71) which is connected only to the working table
(7a) .

5. An apparatus as claimed in claim 2, ¢ h a r a ¢ -
t er 1 s e din that the measuring device (70) is
carried by a movable measuring carriage (73) which is
connected to an in principle rigid work-table (7c) and
which is arranged to measure said distance changes by
measuring the distance to a reference element (75) dis-
posed on the welding assembly (12, 13).

6. An apparatus as claimed in claim 2, ¢ h a r a ¢ -
t er i s edin that the measuring device (70) is
carried by a movable measuring carriage (73), which is
connected to a not entirely rigid work-table (7a), and
which is arranged to measure distance changes by
measuring the distance to a reference element disposed on
the welding assembly (12, 13).

7. An apparatus as claimed in claim 2, ¢ h a r a ¢ -
t er is e din that the measuring device (70) is
arranged to measure said distance changes by successively
measuring the distance in the height direction from the
welding assembly (12, 13) to the work-table (7).

8. An apparatus as claimed in claim 7, c h ar a ¢ -
t er is edin that the measuring device (70) consists
of a laser distance meter mounted on the welding assembly
(12, 13).

9. An apparatus as claimed in claim 2, ¢ h a r a ¢ -
t er 1 s e din that the measuring device (80, 81) is
arranged to measure said distance changes by measuring
the changes in thickness of said workpiece or workpieces
(2, 3) in said longitudinal direction, in combination
with measuring such distance changes vertically that
arise between the welding assembly {12, 13) and the
workpiece/workpieces during the welding.

10. An apparatus as claimed in claim 9, ¢ h a r -
acterilsedin that the measuring device consists
of a thickness meter (80) and of a unit (81) for success-

ively measuring and/or registering distance changes
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between the welding assembly (12, 13) and the workpiece/
workpieces (2, 3).

11. An apparatus as claimed in claim 10, ch.ar -
acterisedin that the thickness meter (80) 1is
arranged in connection with the welding assembly (12,
13).

12. An apparatus as claimed in claim 11, ¢char -
acterisedin that the thickness meter is an
ultrasonic meter (80).

13. An apparatus as claimed in claim 10, ¢ h ar -
acterisedin that the thickness meter is arranged
separate from the welding assembly (12, 13).

14. An apparatus as claimed in any one of claims 10-
13, characterisedin that said unit is a
measuring means mounted on the welding assembly (12, 13),
such as a laser distance meter.

15. An apparatus as claimed in any one of claims 10-
13, characterisedin that said unit is a
registering means (81) connected to the height adjustment
device (60), said registering means arranged to follow
the top faces of the workpieces (2, 3) or of the top face
of the workpiece during the welding operation.

16. An apparatus as claimed in claim 15, char -
acterisedin that the registering means consists
of a guide roller (81).

17. An apparatus as claimed in any one of claims
9-16, characterisedin that the measuring
device (94, 95) is connected to the above-mentioned
clamping means (5, 6).

18. An apparatus as claimed in claim 17, ¢ h ar -
acterised in that the clamping means (5, 6) and
the welding assembly (12, 13) are arranged to be carried
by a common support (91, 92, 93), the thickness meter and
said unit forming one common measuring device, such as at
least one position sensor (94, 95).

19. An apparatus as claimed in any one of the pre-

ceding claims, characterisedin that said




CA 02266613 1999-03-24

WO 98/13167 PCT/SE97/01577

21

device adjusts the position of the welding assembly (12,
13) relative to the top face of the work-table (7).
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