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(57) Abrégée/Abstract:

llustrated and described Is a friction stir welding device for mounting on a handling device. The object that the forces and moments
which have to be absorbed by the handling device during the welding operation in the course of the movement of the friction stir
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(57) Abrege(suite)/Abstract(continued):

welding tool along the weld seam are independent of the welding operation Is achieved by a friction stir welding device with a tool
drive, with a mounting element for connection to the handling device, with a friction stir welding tool, which Is driven by the tool drive
IN a rotating manner about an axis of rotation, with a counterbearing roller and with a counterbearing drive, the counterbearing drive

driving the counterbearing roller in a rotating manner about a counterbearing axis and the circumferential surface of the
counterbearing roller being arranged opposite the friction stir welding tool.
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Abstract

T1lustrated and described is a friction stir welding device

for mounting on a handling device. The object that the forces
and moments which have to be absorbed by the handling device
during the welding operation in the course of the movement of
the friction stir welding tool along the weld seam are 1nde-
pendent of the welding operation 1is achieved by a friction
stir welding device with a tool drive, with a mounting element
for connection to the handling device, with a friction stir
welding tool, which is driven by the tool drive in a rotating
manner about an axis of rotation, with a counterbearing roller
and with a counterbearing drive, the counterbearing drive
driving the counterbearing roller 1in a rotating manner about a
counterbearing axis and the circumferential surface of the

counterbearing roller being arranged opposite the friction

stir welding tool.
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Friction stir welding tool with counterbearing

for mounting on a handling device

The present invention relates to a friction stir welding de-
vice for mounting on a handling device, 1in particular on an

industrial robot.

Friction stir welding is generally known from the prior art.
WO 93/10935 discloses for example inserting a friction stir
welding tool, formed as a pin, into the joint between work-
pieces that are adjacent to each other and are to be connected
and setting the said pin in rotation, the pin having a greater
hardness and a higher melting point than the material of the
workpieces. During rotation of the pin, the workpieces are
pressed against each other, so that the edge region of the two
workpieces is plasticized by the friction between the pin and
the workpieces. If the pin is moved further along the joint,

the plasticized material solidifies again, and a weld seam can

be produced in this way.

It is also known from WO 95/26254 that, apart from butt joint
connections, so-called lap joint connections, 1in which the

workpieces to be connected lie one on top of the other, can

also be produced with the aid of friction stir welding. For
this purpose, the friction stir welding tool 1s placed onto

the surface of one workpiece and set in rotation, so that the

upper workpiece 1is plasticized. Subsequently, the tool 1is
pressed so deep 1into the upper workpiece that the region of
the lower workpiece lying adjacent to the upper workpliece 1s
also plasticized. After that, the tool 1s moved parallel to

the surface of the workpieces, so that a weld seam forms.

For producing a friction stir welding connection between work-
pleces, 1t 1s customary to clamp the workpieces and to suspend

the friction stir welding device with the drive for the tool
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on a handling device such as an industrial robot, so that the
rotating friction stir welding tool can be moved by the robot

along the 1ntended weld seam.

However, this gilves rise to the problem that the robot must
absorb both the forces which occur due to the linear movement
of the tool 1in the plane of the workpieces for forming the
weld seam and those which are applied by the tool perpendicu-
larly to the surface of the workpieces, since the workpileces
are fastened on a workpiece mount and the robot represents the
"connection" between workpieces on the one hand and the fric-
tion stir welding tool on the other hand. In particular in the
case of lap joint connections, these forces are extraordinar-
1ly great, since the robot then has to absorb the pressure
with which the tool is pressed by the workpieces in the direc-
tion of the 1ntended weld seam. This makes it necessary that,

in particular in the case of lap joint connections, the drives
of the robots must be made very powerful and the robots them-

selves must be made very stable.

Therefore, starting out from the prior art, the present inven-

tion 1s based on the object of providing a friction stir weld-

1ing device for mounting on a handling device in the case of

which the forces and moments which have to be absorbed by the

handling device during the welding operation in the course of

the movement of the friction stir welding tool along the weld

seam are I1ndependent of the welding operation.

According to the invention, this object is achieved by a fric-

tion stir welding device with a tool drive, with a mounting

element for connection to the handling device, with a friction

stir welding tool, which is driven by the tool drive in a ro-

ca

c1ng manner about an axis of rotation, with a counterbearing

roller and with a counterbearing drive, the counterbearing

drive driving the counterbearing roller in a rotating manner
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about a counterbearing axis and the circumferential surface ot

the counterbearing roller being arranged opposite the friction

stir welding tool.

The counterbearing roller itself, provided on the frictilon
stir welding device, has the effect that the forces which are
exerted by the friction stir welding tool perpendicularly to
the surface of the workpieces on the latter are absorbed di-
rectly by the device and do not have to be intercepted by the
handling device. In addition, the counterbearing drive, which
is connected to the counterbearing roller, ensures that the
forces which are exerted on the workpieces parallel to their
surface are also absorbed by the device 1tself instead of be-
ing passed on to the handling device. This means that the han-
dling device only has to apply the forces which are required

for the movement of the friction stir welding device 1itself.

During operation, the friction stir welding device according
to the invention behaves neutrally 1n terms of forces and mo-
ments with respect to the outside, which means that no addi-

tional forces or torques are transferred to the handling de-

vice by the friction stir welding operation.

In a structurally simple and compact, preferred setup of the
device, the mounting element 1s fastened on the tool drive.

Furthermore, the counterbearing drive 1s supported by the tool

drive.

According to a further preferred embodiment, the axis of rota-
tion of the friction stir welding tool and the counterbearing
axlis run in a common plane. This meang that forces which are

F
p—

exerted 1n the axial direction of the friction stir welding

tool and consequently substantially perpendicularly to the

surface of the workpieces on the latter act directly on the

counterbearing axis. This has the advantage that no torques
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which could possibly cause damage to the counterbearing drive

occur parallel to the counterbearing axis.

e

In a further preferred way, the axis of rotation of the fric-

tion stir welding tool in this case runs perpendicularly to
the counterbearing axis, so that the forces exerted by the
friction stir welding tool in its axial direction act perpen-
dicularly to the circumferential surface of the counterbearing
roller and the counterbearing roller is not subjected to any

uneven loading.

In another preferred embodiment, the distance between the
friction stir welding tool and the counterbearing roller is
variable. As a result, on the one hand the workpieces can be
clamped 1in simple way, on the other hand the device can be
adapted to the strength of the workpieces to be connected. In
this case, in a further preferred way, the counterbearing
drive 1s held on the tool drive by means of a linear drive, so

that the distance can easily be set.

If the distance between the counterbearing roller and the
friction stir welding tool is to be regulated during the weld-
1ng to a specific value, it is also advantageous if a position

sensor for sensing the distance between the friction gtir

welding tool and the counterbearing roller is provided.

In order to ensure that the movement of the handling device
and the advancement of the tool with respect to the stationary
workpleces proceed synchronously and forces or moments do not
in fact act on the handling device, it is also preferred if

the counterbearing drive has an interface for the connection

o the control of the handling device. Then, the movement of
the handling device can be adapted to that of the counterbear-

ing roller and consequently the advancement.
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In order to achieve a homogeneous weld seam with a visually

satisfactory surface, the friction stir welding tool has in

another preferred embodiment a pin running parallel to the

axis of rotation and a shoulder running perpendicularly to the

p11l.

The present invention is explained below on the basis of a

drawing that merely shows a preferred exemplary embodiment. In

the drawing:

Figure 1 shows an exemplary embodiment of a device according

to the invention in longitudinal section and

Figure 2 shows a lap connection in cross section, as can be

produced with the device according to the invention.

The friction stir welding device 1 illustrated in Figure 1 has
a tool drive 2, which comprises a housing 4 and a motor 6 ar-
ranged therein. Connected to the motor 6 is a friction stir
welding tool 8, the friction stir welding tool 8 being driven
by the tool drive 2 in a rotating manner about an axis of ro-
tation 10. The friction stir welding tool 8 comprises a piln
12, running parallel to the axis of rotation 10, and a shoul-
der 14, extending perpendicularly thereto. Also provided on

the tool drive 2 is a mounting element 16, by means of which

the device 1 is connected to an arm 18 of an industrial robot

(not represented any more specifically).

Furthermore, the friction stir welding device 1 has a linear
drive 20, which is fastened on the tool drive 2 and by means
of which the counterbearing drive 22 1is held. The counterbear-
ing drive 22 has a counterbearing motor 24, the motor shaft 26
of which defines the counterbearing axis 28. In this exemplary
embodiment, preferred to this extent, the axis of rotation 10

and the counterbearing axis 28 run 1n a common plane, so that
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the axes 10, 28 intersect. Furthermore, the motor shaft 26 and
the motor 6 are fitted in such a way that the axis of rotation

10 and the counterbearing axis 28 run perpendicularly to each

other.

This arrangement of the friction stir welding tool 8 and the
counterbearing axis 28 achieves the effect that forces which
run in the axial direction of the friction stir welding tool 8
act directly on the counterbearing axis 28 and no torques oOC-

cur parallel to the counterbearing axis 28.

Fitted on the motor shaft 26 is a counterbearing roller 30,
the circumferential surface 32 of which 1lies opposite the
friction stir welding tool 8. In this case, the counterbearing
roller 30 is driven by the counterbearing motor 24 1n a rotat-

ing manner about the counterbearing axis 28. The distance be-

tween the counterbearing roller 30 and the friction stir weld-
ing tool 8 can be changed by the linear drive 20. For this

purpose, the linear drive 20 is also provided with a position

sensorxr 34.

Finally, the counterbearing drive 22 has an interface 36, via
which the counterbearing drive 22 can be connected by a line

38 to a control (not shown) of the industrial robot.

By means of the device 1 illustrated in Figure 1, it 1s possil-
ble in particular for lap connections represented in Figure 2
to be produced between a first workpiece 40 and a second WOIXk-
piece 42. The arrangement of the workpieces 40, 42 that 1is
represented in Figure 2 occurs for example 1in the case of
tanks for trucks. The first workpiece 40 1n this case forms

the jacket surface and the second workpiece 42 forms an end

surface 1inserted therein. n order that the end surface

tightly closes off the tank volume, 1t 1s required that a lap

weld seam 44 1s created along the cilrcumference of the end
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surface or of the second workpiece 42. This can be carried out

by means of the device 1 according to the invention 1n the

following way.

Firstly, the first and the second workpiece 40, 42 are ar-
ranged between the friction stir welding tool 8 and the coun-
terbearing roller 30 in such a way that the region of the weld
seam 44 to be formed 1is positioned above the counterbearing
roller 30. Subsequently, the friction stir welding tool 8 1s
set in rotation by means of the tool drive 2, and the distance
between the counterbearing roller 30 and the £friction stir
welding tool 8 is reduced by means of the linear drive 20, soO
that the pin 12 comes into contact with the first workplece
40, the latter is plasticized by friction, and the pin 12 then
penetrates further into the workpieces 40, 42. When the shoul-
der 14 abuts also against the first workpiece 40, the linear
drive 20 is stopped, it being possible with the aid of the po-

sition sensor 34 for the reaching of this position to be moni-

tored.

Instead of sensing the position of the counterbearing roller
30 with respect to the tool 8, 1t is however also conceivable
to regulate the distance between the counterbearing roller 30
and the tool 8 by means of the force applied by the linear
drive 20, the 1linear drive 20 being stopped when a predeter-
mined force which is applied by the 1linear drive 20 1s ex-
ceeded. This can be determined by means of the current c<con-

sumed by the linear drive 20.

The fact that the workpieces 40, 42 lie against the counter-
bearing roller 30 during the axial movement of the tool 8

means that the robot arm 18 does not have to absorb the forces

and moments required for this.
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In order to produce the lap weld seam along the circumference

of the second workpiece 42, the counterbearing roller 30 1is

driven by the counterbearing drive 22 in a rotating manner, SO

that an advancement is produced, by which the device 1 1s

moved along the intended weld seam 44. In this case, a signal
which indicates the advancing rate of the counterbearing
roller 30 is transmitted via the interface 36 to the control
of the industrial robot. As a result, the robot can move the
device 1 synchronously in a manner corresponding to the ad-
vancing rate along the weld seam 44. The force which 1s re-
quired to press the friction stir welding tool 8 or the pin 12
through the material of the workpieces 40, 42 1s 1n this case

applied by the counterbearing drive 22 and does not have to be

absorbed by the robot.

The device 1 according to the invention with the counterbear-
ing roller 30 and the counterbearing drive 22 connected
thereto has the effect that both the forces perpendicularly to
the workpieces 40, 42 and the forces and moments occurring
parallel to the surface of the first workpiece 40 during the
movement of the tool 8 are absorbed directly by the device 1,
and the forces occurring in the robot are greatly reduced. In
particular, the device 1 behaves during the welding neutally
in terms of forces and moments with respect to the outside,
i.e. no additional forces are exerted by the welding operation
on the robot. Consequently, the requirements for the robot

with regard to the stability and power of the drives are Sig-

nificantly reduced.
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CLAIM:

Friction stir welding device for mounting on a handling
device, said device comprising:

a tool drive,

a mounting element for connection to the handling

device,
a friction stir welding tool, which is driven by the

tool drive 1in a rotating manner about an axis of
rotation,

a counterbearing roller and

a counterbearing drive,

the counterbearing drive driving the counterbearing

roller in a rotating manner about a counterbearing axis

and
the circumferential surface of the counterbearing

roller being arranged opposite the friction stir welding
tool,

wherein the distance between the friction stir
welding tool and the counterbearing roller 1s variable,
and the counterbearing drive is held on the tool drive by

means of a linear drive.

Friction stir welding device according to Claim 1 wherein
the mounting element 1s fastened on the tool drive and

the counterbearing drive 1s supported by the tool drive.

Friction stir welding device according to Claim 1 or 2
wherein the axis of rotation of the friction stir welding

tool and the counterbearing axis run in a common plane.

Friction stir welding device according to any one of
Claims 1 to 3, wherein the axis of rotation of the
friction stir welding tool runs perpendicular to the

counterbearing axis.
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Friction stir welding device according to Claim 1,
including a position sensor for sensing the distance

between the friction stir welding tool and the

counterbearing roller.

Friction stir welding device according to any one of
Claims 1 to 5, wherein the counterbearing drive has an

interface for connection to the control of the handling

device.

Friction stir welding device according to any one of
Claims 1 to 6, wherein the friction stir welding tool has

a pin running parallel to the axis of rotation, and a

shoulder running perpendicularly to the pain.
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