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(57) Abrege/Abstract:
A friction stir welding tool Is shown and described, having a drivable pin (3) rotating around a rotation axis (11), wherein the pin (3)
Includes a cylindrical engagement section (9, 9', 9") between the drive end (5) and the free end (7), the circumferential surface of
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(57) Abrege(suite)/Abstract(continued):

which Is designed to engage with a workpiece (19, 19, 19"), having a shoulder element (21, 21", which includes a contact surface
(23) extending transversely to the rotation axis (11) for engagement with a workpiece (19, 19", 19"), which faces the engagement
section (9, 9', 9"), whereln the shoulder element (21, 21') includes a friction block (31) connected in a non-rotatable manner to the
pin, on which a first friction surface (33) Is formed extending around the rotation axis (11), wherein a first shoulder part (27) Is
provided, which includes a second friction surface (35) connected thereto in a non-rotatable manner, extending around the rotatior
axis (11), wherein the first and the second friction surfaces (33, 35) are arranged In such a way that they face one another, whereir
biasing means (39, 49) are provided, which bias the first friction surface (33) against the second friction surface (35), and whereir
the contact surface (23) is formed on the first shoulder part (27).




CA 02902949 2015-09-04

Abstract

A friction stir welding tool 1s shown and described, having a
drivable pin (3) rotating around a rotation axis (11), whereln
the pin (3) includes a cylindrical engagement section (9, 97,
9") between the drive end (5) and the free end (7), the cir-

cumferential surface of which 1s designed to engage with a

workpiece (19, 19', 19"), having a shoulder element (21, 21'},

which includes a contact surface (23) extending transversely

to the rotation axis (11) for engagement with a workpiece (19,

19', 19"), which faces the engagement section (8, 9', 9"},
wherein the shoulder element (21, 21') includes a friction

block (31) connected in a non-rotatable manner to the piln, on

which a first friction surface (33) 1s formed extending around

the rotation axis (11), wherein a first shoulder part (27) 1is
provided, which 1includes a second friction surface (35) con-
nected thereto in a non-rotatable manner, extending around the
rotation axis (11), wherein the first and the second friction
surfaces (33, 35) are arranged in such a way that they face

one another, wherein biasing means (39, 49) are provided,

‘rictlion surface (33) against the second

L

which bias the first

friction surface (35), and wherein the contact surface (23) 1s

formed on the first shoulder part (27).



10

15

20

23

30

CA 02902949 2015-09-04

Friction stir welding tool

The present invention relates to a friction stir welding tool,
having a drivable pin rotating around a rotation axis, wherein
the pin includes a drive end for coupling to a rotary drive and

also includes a free end, wherein the pin includes a cylindrical

—r

engagement section between the drive end and the free end, the

'—‘

circumferential surface of which is designed to engage with a

workpiece, having a shoulder element, which includes a contact

surface extending transversely to the rotation axis for engage-

ment with a workpiece, which contact surface faces the engagement

section.

Such friction stir welding tools are well known from the prior

art, wherein they allow butt joint connections to be realized 1in
such a way that the two workpieces are initially laid next to
ceach other along two edges and then the friction stir welding
tool, while being rotationally driven arcund the rotation axls,

P

is moved along the area of the edges lying next to each other

across the workpieces, which is made possible by the fact that

the rotation of the tool causes the plasticizing of the material

of the workpieces in this area. In the process the engagement

section of the pin initially engages with the edges of the

workpieces, while the first and the second contact surfaces en-

gage with the workpieces on their top side and bottom side re-

spectively.

Depending on whether the contact surfaces Or the shoulder ele-
ments on which they are provided are also rotationally driven,

friction energy may additionally be introduced into the

workpieces via the surfaces.
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In this regard, it is known from the prior art to rotationally

drive, independently of the pin, in particular the top shoulder

provided on the side of the drive end of the engagement section,
so that the first contact surface can rotate in the opposite di-

rection or in the same direction as the pin.

The following information should be noted in this regard. Whenev-
er reference is made hereafter to a "top" or a "bottom" shoulder

element, i1t shall always be assumed that the friction stir weld-

ing tool 1is arranged such that the rotary drive for the pin 15
mounted above the pin. The "top shoulder" is then arranged closer
to the rotary drive than an optionally provided "bottom" shoulder
and, in particular, the "top" shoulder is arranged closer toO the
rotary drive than the engagement section. Thus, the terms "top"

and "bottom" are to be understood as indicating a position rela-

tive to the rotary drive, with a top element being arranged clos-

er to the rotary drive than an optionally also provided pottom

element. The terms "top" and "bottom" do not necessarily 1indicate

the spatial location, eilther.

Although, from a construction perspective, 1t has proven to be

comparatively easy to rotationally drive, independently of the
pin, the shoulder arranged at the Top and adjacent to the rotary

drive for the pin with the contact surface provided thereon, this

is a very difficult task for a contact surface which 1s arranged

orn the bottom end or free end of the pin spaced apart from the

rotary drive and thus on the side of the engagement section fac-

ing away from the rotary drive. In such arrangements, only hollow

shaft assemblies may be used for the pin, and these are compli1i-

cated to manufacture and, in addition, they often do not satistfy

the strength requirements.
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-

Indeed, it is desirable that the torgue, which 1s transmitted

from the pin to a shoulder element, which is provided on the side

of the engagement section facing away from the rotary drive, can

be limited, so that the friction energy introduced via the bottom

contact surface can also be limited. It is also desirable that a

=

device which permits such limiting of the friction energy intro-

duced via the surface has a simple construction and functions re-

liably.

Generally speaking, then, the object of the present invention 1s

to provide, starting from the prior art, a friction stir welding
tool in which the friction energy introduced via a shoulder ele-

ment, with a contact surface extending transversely to the rota-

tion axis, can be easily limited.

According to the invention, this object is achieved by the shoul-

der element having a friction block connected 1n a non-rotatable

[

“ormed

manner to the pin, on which a first friction surface 1s

extending around the rotation axis, by providing a first shoulder

part which includes, connected thereto in a non-rotatable manner,

a second friction surface extending around the rotation axis, by

the first and the second friction surfaces being arranged 1n such

a way that they face one another, by providing blasing means,

which bias the first friction surface against the second friction

surface, and by forming the contact surface on the first shoulder

part.

In the solution according to the invention, the shoulder part,

which 1is arranged on one side of the engagement section, 1S

therefore coupled in a frictionally engaged manner to tne vin, SO

that when the torque to be transmitted exceeds a pre-defined
threshold, which is determined by the bias of the bilasing means,

the shoulder part is no longer rotationally driven. In this way,
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the maximum friction energy that may be introduced 1into the

workpiece surface is limited. This requires only mechanical com-

ponents, namely the biliasing means.

Preferably, the friction stir welding tool is provided with a se-
cond contact surface extending transversely to the rotation axis,
which faces the contact surface on the first shoulder part,

wherein the engagement section 1s arranged between the contact

surfaces. In this case, workpieces can be accommodated between

the two contact surfaces, so that friction energy can be 1intro-

pr—

duced via both surfaces of the workpieces thereto.

In another preferred embodiment, the first and the second fric-

tion surfaces are designed as surfaces which are 1inclined rela-
tive to the rotation axis and which extend around the rotation
axis. Such an arrangement can be easlly realized from a construc-

tion perspective, and the biasing can then occur via an axial

- force, so that the tool as a whole occupies a relatively small

space. In another preferred embodiment, the second friction sur-
face 1s formed on a first ring element which 1is held 1n a non-

rotatable manner and axially displaceable in relation to the ro-

tation axis relative to the first shoulder part. This allows the

shoulder part itself to be held axially, non-displaceably on the

pin, and allows the axial position in relation to the engagement

section to be predefined for the contact surtface.

In such a design it 1s additionally preferred that the biasing

means are designed as a spring element arranged between the first
shoulder part and the first ring element, wherein the spring ele-

ment biases the first ring element axially in relation to the ro-

tation axlis towards the friction block.
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In another preferred embodiment, the contact surface can be

formed on a contact element detachably held on the first shoulder

p—

part. In this case, in the event of wear 1in the contact surface

area, only the contact element needs to be replaced, whiie the

rest of the structure, which forms the frictional-locking connec-

tion between the pin and the contact surface, needs not to be re-

placed.

In another preferred embodiment, a third friction surface extend-

ing around the rotation axis can be formed on the friction block,

which can be non-rotatable or formed as an 1ntegral part of the

pin, wherein a second shoulder part i1s provided, which i1ncludes a

fourth friction surface connected thereto in a non-rotatable man-

ner and extending around the rotation axis, wherein the third and

the fourth friction surfaces are arranged in such a way that they

face one another, and wherein biasing means are provided, which

bias the third friction surface against the fourth friction sur-

face. In such an arrangement, on both sides of the friction block

when viewed in the axial direction of the pin, shoulder parts can

be arranged, the friction surfaces of which are then Dbiased 1in

the axial direction 1in each case against the friction surfaces on

the friction block. A symmetrical arrangement of this kind works
particularly reliably, and the problem of needing a support for

the biasing means does not arise. Instead, these are supported 1in

cach case 1n one direction on the element carrying the second or

the fourth friction surface, respectively, or otherwise on the

first and second shoulder parts.

In this preferred embodiment, the third and the fourth friction

surfaces can be designed as surfaces which are inclined relative

to the rotation axis and which extend arocund the rotation axis,

wherein the fourth friction surface is then again formed on a se-

cond ring element which is held in a non-rotatable manner, but
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axially displaceable in relation to the rotation axis relative to
the second shoulder part, and wherein a second spring element 1s
provided between the second shoulder part and the second ring el-

ement, which second spring element biases the second ring element

axially towards the friction block. In this embodiment, a compact

design is also achieved for the second shoulder part.

The present invention is explained below by reference to a draw-

ing, which shows only two preferred exemplary embodiments, where-

1n

Fig. 1 shows a friction stir welding mechanism with a first
exemplary embodiment of a friction stir welding tocl
according to the invention,

Fig. 2 shows the friction stir welding tool of Fig. 1 1n an
enlarged presentation,

Fig. 3 shows a side view of a second exemplary embodiment of a
friction stir welding tool according to the 1nvention,
anag

Fig. 4 shows a part of the tool of Eﬁg.‘IB in an enlarged
presentation.

The first exemplary embodiment of a friction stir welding mecha-

nism with a friction stir welding tool according to the invention

shown in Fig. 1 and 2 includes a drive 1 provided on a handling
device (not shown), by means of which drive a pin 3 of the fric-

tion stir welding tocl can be rotationally driven, wherein a

drive end 5 of the pin 3 is coupled to the drive 1.
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Between the drive end 5 and a free end 7 of the pin 3 spaced

apart therefrom, an engagement section 9 is formed on the pin 3,
which has a cylindrical shape and which 1s provided with an en-
gagement surface 13 extending parallel to the rotation axis 11 of
the pin 3. A first shoulder element 15 is provided in the area ot

the drive end 5 of the pin 3, which surrounds the pin 3 and 1in-

cludes a first contact surface 17 extending transversely and 1n

particular perpendicularly to the rotation axis 11, which first

contact surface is intended to lie against the surface of a

workpiece 19. The first shoulder element 15 is, in this preferred
exemplary embodiment, rotationally driven around the rotation ax-
is 11 separately from the pin 3. It is also conceivable, however,
that the first shoulder element 15 i1s connected 1n a non-
rotatable manner to the pin 3 or 1s even formed as an 1ntegral

part thereof, so that it rotates together with the pin 3.

On the side of the engagement section 9 which faces the first

shoulder element 15 with the first contact surface 17, a second

shoulder element 21 is mounted on the pin 3, wherein the second

shoulder element 21 includes a second contact surface 23 facing

the first contact surface 17, which second contact surface also

extends transversely and in particular perpendicularly to the ro-
tation axis 11. The second contact surface 23 1s formed on a con-

tact element 25, which is detachably mounted on a first shoulder

part 27.

In addition, a friction block 31 is held on the pin 3 in a non-

rotatable manner by means of an engagement element 29, which

friction block includes a first friction surface 33 which 1is 1n-

clined relative to the rotation axis 11 and which extends around

this rotation axis and which faces outwardly. The first friction

surface 33 faces a second friction surface 35, which likewise 1s

inclined relative to the rotation axis 11 and which extends
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around same, wherein the second friction surface 35 1s formed on
a first ring element 37, which is held on the first shoulder part
27 in a non-rotatable manner, but axially displaceable 1n the di-

g~

rection of the rotation axis 11. The first ring element 37 is bi-

ased by a disk spring 39, which is supported on the first shoul-

der part 27, 1in the axial direction towards the friction Dblock

31, so that the friction surfaces 33, 35 are also biased towards

one another.

A third friction surface 41 1is also provided on the friction

block 31, which is inclined relative to the rotation axis 11 and
which extends around same. Furthermore, a second shoulder part 43
is provided on the second shoulder element 21, which 1s coupled

in an axially displaceable, but non-rotatable manner to a second

ring element 45, on which a fourth friction surface 47 is formed,

facing inwardly and inclined relative to the rotation axis 11.

The second ring element 45 is biased via a second disk spring 49
in the axial direction towards the friction block 31, so that the

third and fourth friction surfaces 41, 47 are also blased agailnst

one another.

Finally, the first shoulder part 27 and the second shoulder part

43 are connected in a non-rotatable manner to one another via

bolts 51, onto which nuts are screwed, and the axial distance be-
tween the two of them is determined by the bolts 51 with the nuts

screwed onto them. In addition, by means of the nuts 1t is possi-
ble to adjust the blas of the disk springs 39, 49, with which

these friction surfaces 33, 35, 41, 47 are biased agalnst one an-

other.

Using the first exemplary embodiment of a friction stir welding

tool according to the invention, a friction stir weld seam can be

produced in the workpiece 19 in the manner described below.
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The engagement section 9 of the friction stir welding tool 1s

brought to bear on an edge of the workpiece 19, and the first

contact surface 17 of the first shoulder element 15 rests on the

top surface of the workpiece 19, while the second contact surface

23 on the second shoulder element 21 abuts the bottom surface of

the workpiece 19.

When the pin 3 and the first shoulder element 15 are rotationally
driven, on the one hand, the engagement surface 13 of the engage-

ment section 9 rubs against the edge of the workpiece 19, and on

the other hand, the first contact'surface 17 and the second con-

P

tact surface 23 rub against the surface of the workpiece 19, soO

that friction energy 1is introduced into it and the area around
the friction stir welding tool is plasticized. Thus the tool can
be moved further across the workpiece 19, and a friction stir

weld seam can be produced. This process 1s known per se.

When the torque, which is transmitted from the pin 3 to the se-
cond shoulder element 21 and, thus, to the second contact surface
23, exceeds a pre-defined threshocld, which is determined by the
bias of the disk springs 39, 49 and can, thus, be adjusted by
means of the bolt and the nut, the friction surfaces 33, 35 and
41, 47 glide over one another, so that then the shoulder parts
27, 43 and the contact element 25 provided on the first shoulder

part 27 no longer rotate too, so that at least via the second

contact surface 23 no more friction energy resulting from 1ts ro-

tation is introduced into the workpiece 19. The friction result-

ing from the linear movement of the second contact surface 23 re-

malins, however.

In the exemplary embodiment described here, the bottom second

shoulder element 21 of the friction stir welding tool, spaced



10

15

20

22

30

CA 02902949 2015-09-04

apart from the rotary drive 1, is coupled in a frictionally en-
gaged manner to the pin 3. However, 1t 1s equally conceivable
that this is also the case for the first top shoulder element 15

and that it is not driven independently of the pin 3, but i1nstead

is also connected in a frictionally engaged manner to the pin 3.

It is also possible for only the first top shoulder element to be

coupled in the frictionally engaged manner described to the pin

3, in order to thus limit the friction energy introduced via this

shoulder element.

The second exemplary embodiment of a friction stir welding tool

according to the invention shown in Fig. 3 and 4 1s designed to

weld box profiles with a first workpiece section 19' and a second

workpiece section 19", extending parallel thereto.

It is also connected to a drive 1 for the pin 3, wherein the pin

3 here includes a first engagement section 9' and a second en-

gagement section 9", on which engagement surfaces extending par-
allel to the rotation axis 11 are formed. A first shoulaer ele-

ment 15 and a third shoulder element 53 are arranged on the pin 3

in a non-rotatable manner, wherein a first contact surface 1/ ex-

tending transversely to the rotation axis 11 and facing the se-

cond engagement section 9' 1is formed on the first shoulder ele-

—d

facing the

ment 15. In a similar way, a third contact surface 50

second engagement section 9" and likewise extending transversely

to the rotation axis 11 i1s formed on the third shoulder element

53.

The contact surfaces 17, 55 and the engagement sections 9', 9"

are designed, as already described in relation to the first exem-
plary embodiment, to be brought 1in contact with the workpiliece
sections 19', 19" so that, when the pin 3 is rotationally driven

by means of the drive 1, both the contact surfaces 17, 355 and al-
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so the engagement sections 9', 9" come 1into frictional contact
g

with the workpiece sections 19', 197".

A second shoulder element 21 is arranged between the first en-

gagement section 9' and the second engagement section 9", which,

once again, is coupled in a frictionally engaged manner to the
pin 3. For this purpose, the second shoulder element 21' 1is, as
shown in Fig. 4, designed in such a way that 1t again includes a

friction block 31 which is held in a non-rotatable manner Dby

means of an engagement element 29 on the pin 3, which frictlon

block extends in a ring shape around the pin 3. A first friction

surface 33 inclined relative to the rotation axis 11 and extend-

ing in a ring shape around the rotation axis 11, 1s formed on the

friction block 31. A third friction surface 41 also inclined rel-

ative to the rotation axis 11 and also extending 1n a ring shape

around the pin 3 is also provided on the friction block 31,

wherein both the first.

tion surface 41 face radially outwardly, away from the rotation

“riction surface 33 and the second fric-

| I

axis 11.

In addition, the second shoulder element 21' 1includes a first

shoulder part 27, which is disposed annularly around the pin 3

and which includes the second contact surface 23 formed on a

first contact element 25 detachably held thereon, which second

contact surface here too extends transversely, and 1n particular

perpendicularly, to the rotation axis 1l. A first ring element 37

is alsoc provided on the first shoulder part 27, which 1s dis-

placeable in the axial direction 1in relation to the rotation axis

11, but held thereon in a non-rotatable manner, which first ring

element includes a second friction surface 35, which 1is inclined

relative to the rotation axis 11 and faces the first friction
surface 33. Finally, a first disk spring 39 1is provided between

the first shoulder part 27 and the first ring element 37/, which

| T—
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disk spring biases the first ring element 37 in the axial direc-

tion in relation to the rotaticn axis 11 in such a way that the

first and the second friction surfaces 33, 35 are pressed agalinst

one another with a bias determined by the deformation of the

first disk spring 39.

In addition, the second shoulder element 21' includes a second

shoulder part 43, which is also disposed annularly around the pin

3 and on which a fourth contact surface 59 is formed by means of
a second contact element 57 detachably held thereon. A second
ring element 45 is provided on the second shoulder part 43, which
is also axially displaceable in relation to the rotation axis 11,
but held on the second shoulder part 43 in a non-rotatable man-

ner, wherein the second ring element 45 includes a fourth fric-

tion surface 47 inclined relative to the rotation axis 11 and ex-

tending in a ring shape around same. In the process the fourth

friction surface 47 faces the second friction surface 35 formed

on the friction block 31, and the second ring element 45 1is bi-

ased by means of a second disk spring 49 in the axial direction

towards the friction block 31.

Finally, the shoulder parts 27, 43 are, here too, clamped against
one another by means of threéded bolts 51 and nuts screwed onto
them, thus determining the bias which the disk springs 39, 49 ap-
ply to the ring elements 37, 45, and thus, 1n turn, the strength

of the frictional engagement between the ring elements 37, 45 and

the friction block 31 can be adjusted.

In the second exemplary embodiment of a friction stir welding
tool shown in Fig. 3 and 4, when welding two workpiece_sections
19', 19" to form a box-shaped profile, the first and the third

contact surfaces 17, 55 are brought in contact with the outwardly

facing surfaces of the workpiece parts 19', 19", whereln, Dy
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13

—

means of the rotational drive of the first and of the third

shoulder elements 15, 53, due to the non-rotatable connectilon to

the pin 3, fricticnal heat is produced in the workpliece sections

19', 19", even in the area of their outwardly facing surfaces. In

addition, the second and the fourth contact surfaces 23, 59 of
the second shoulder element 21' lie against the inwardly facing

surfaces of the workpiece sections 19', 19", wherein, however,

pr—

due to the selected bias of the disk springs 39, 49, only a de-

fined torque can be transmitted from the pin 3 to the contact

surfaces 23, 59, as a frictionally engaged connection exists

here.

Thus, here too, the maximum friction energy transmitted from the
second shoulder element 21' is limited, so that in this way, on
the one hand, the heat introduction into the workpiece sections

19', 19", and also, on the other hand, the stressing of the pin 3

caused by the torque transmission to the second shoulder element

21" are limited.

Overall, in the described exemplary embodiments, 1n each case the

friction energy introduced via a shoulder element 21, 21" 1s Lim-

ited by means of the frictional Ilocking engagement between the

pin 3 and a part of the shoulder element. Such a construction can

be easily realized and functions extremely relliably.
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Claims

A friction stir welding tool, having a drivable pin (3]

rotating around a rotation axis (l11),

wherein the pin (3) includes a drive end (5) for cou-

pling to a rotary drive (1) and also includes a free end
(1),

wherein the pin (3) includes a cylindrical engagement
section (9, 9', 9") between the drive end () and the

free end (7), the circumferential surface of which 1s de-

signed to engage with a workpiece (19, 197, 19"),

having a shoulder element (21, 217), which includes a
contact surface (23) extending transversely to the rota-
tion axis (11) for engagement with a workpilece (19, 197,

19"), which faces the engagement section (9, 9%, 9my,

characterized 1n
that the shoulder element (21, 21') includes a fric-

tion block (31) connected in a non-rotatable manner to

the pin, on which a first friction surface (33) 1is formed

extending around the rotation axis (11),

that a first shoulder part (27) 1is provided, which
includes a second friction surface (35) connected thereto
in a non-rotatable manner, extending around the rotation

axlis (11),
that the first and the second friction surfaces (33,

35) are arranged in such a way that they face one anoth-

er,
that biasing means (39, 49) are provided, which bias

the first friction surface (33) against the second fric-

tion surface (35), and.
that the contact surface (23) is formed on the first

shoulder part (27).
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Friction stir welding tool according to Claim 1, whereiln

the first and the second friction surfaces (33, 35) are

designed as surfaces which are inclined relative to the

rotation axis (11) and which extend around the rotation

axis (11).

Friction stir welding tool according to Claim 1 or £,

wherein the second friction surface (35) is formed on a
first ring element (37) which is held in a non-rotatable
manner and axially displaceable in relation to the rota-

tion axis (11) relative to the first shoulder part (27) .

Friction stir welding tool according to Claim 3, whereiln

the biasing means are designed as a spring element (39)

arranged between the first shoulder part (27) and the
first ring element (37), which spring element Dblases the

first ring element (37) axially in relation to the rota-

tion axis (11) towards the friction block (31).

—

Friction stir welding tool according to one of Claims 1

through 4, wherein the contact surface (23) is formed on

5 contact element (25) detachably held on the first

shoulder part (27).

Friction stir welding tool according to one of Claims 1

through 5, wherein a third friction surface (41) extend-

ing around the rotation axis (11) 1s formed on the fric-

tion block (31),
wherein a second shoulder part (43) 1is provided,

which includes a fourth friction surface (47) connected

thereto in a non-rotatable manner, extending around the

rotation axis,
~vherein the third and the fourth friction surfaces

(41, 47) are arranged in such a way that they face one

another, and
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wherein biasing means (39, 49) are provided, which

bias the third friction surface (41) against the fourth

friction surface (47).

Friction stir welding tool according to Claim 6, wherein

the third and the fourth friction surfaces (41, 47) are

designed as surfaces which are inclined relative to the

rotation axis (11) and which extend around the rotation
axlis (11),

wherein the fourth friction surface (47) 1is formed on
a second ring element (45) which 1is held 1n a non-
rotatable manner and axially displaceable 1in relation toO

the rotation axis (11) relative to the second shoulder

part (43), and faces the third friction surface (41),

wherein, between the second shoulder part (43) and

the second ring element (45), a second spring element

(49) 1s provided, which biases the second ring element

(45) axially in relation to the rotation axis (11) to-

wards the friction block (31).

Friction stir welding tool according to one of Claims 1

through 7, having a second contact surface (17) extendlng

transversely to the rotation axis (11), which faces the

contact surface (23) on the first shoulder part 27),

wherein the engagement section (9) 1is arranged be-

tween the contact surfaces (23, 17).
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