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57 ABSTRACT 

The present invention relates to a method of friction welding 
for joining of members and more particularly to So-called 
friction Stir welding based on a relative rubbing movement 
between a probe of harder material and members to be 
joined. The present invention also is directed to an improved 
tool to be applied in the friction welding process. 

18 Claims, 3 Drawing Sheets 
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FRCTION STIR WELDING 

The present invention relates to a method of friction 
welding for joining of (metal) members and more particu 
larly to So-called friction Stir welding based on a relative 
rubbing movement between a probe of harder material and 
members to be joined. The present invention also is directed 
to an improved tool to be applied in the friction welding 
proceSS. 

Friction welding based on the principle of “rubbing” of 
articles to be joined together So as to generate a Sufficient 
amount of heat, thus generating plasticised conditions in the 
adjacent Surfaces, has been known and practised for Several 
decades. The frictional heat is generated Solely by the two to 
be joined components. However, the resulting weld Seams 
Suffer from a number of disadvantages inherent in the 
applied processes. The main drawback which considerably 
limits the applicability of friction welding is that at least one 
of the components to be welded has to be axis-symmetric. 
Consequently, Such proceSS is not applicable for e.g. Struc 
tural applications requesting provision of longitudinal con 
tinuous welds. 

The improved version of this welding so-called friction 
stir welding, is known from W093/10935. A probe (third 
body) of a narder material than the treated workpieces is 
applied in the welding process. Friction Stir welding is based 
on a relative cyclic movement between the probe and the 
Workpieces, urging the probe and workpieces together to 
create a plasticised region in the workpiece region due to 
generated frictional heat, Stopping the relative cyclic move 
ment and allowing the plasticised material to Solidify. Thus 
no heat is generated due to a relative motion between the 
workpieces to be joined. The method is illustrated by several 
examples of different Workpiece materials (plastics, metals), 
applications (reparation of cracks, Sealing, joining) and 
embodiments of the applied probe. 

Neither the above disclosed method and apparatus, when 
applied for joining of extruded shapes into Structures for 
critical applications, can meet the request for high integrity 
welds free from Voids and proper metallurgical bonding of 
Structural parts, nor a demand for provision of welds in a lap 
configuration. 

In order to achieve a proper consolidation of the Weld 
metal the probe bottom part (shoulder) must maintain during 
the whole welding operation (forward movement) in an 
intimate contact with surface of the joined members. If the 
probe shoulder during this forward movement even tempo 
rarily “lifts” from the surface a small amount of plasticised 
welding material will be expelled behind the probe thus 
causing occurrence of Voids in the-weld Since there is no 
available material to fill the vacant Space after the expelled 
material. 

Furthermore there is another limitation connected to use 
of “smooth' welding probe known from the prior art, 
namely low welding Speeds are required in order to achieve 
a Sufficient frictional heating of the material (contact time 
between the probe and the joined members), and to ensure 
a Sufficient flow of the plasticised welding material. 

It is therefore an object of the present invention to 
provide an improved method of friction Stir welding, ensur 
ing high integrity welds free from Voids and exhibiting a 
Smooth quality Surface. 
A further object of the invention is to improve the present 

known friction Stir butt welding method to provide also lap 
welds and three or more components joint configuration. 

Another object of the present invention is to provide a 
new type of probe ensuring uniform homogenized weld 
Seams exhibiting reduced heat affected Zone. 
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2 
The above and other objects are achieved in accordance 

with the present invention by provision of a method for 
friction stir welding and an apparatus (probe) as defined in 
the accompanying claims 1 and 7, respectively. 

Other objects, Specific features and advantages of the 
present invention will be apparent from the following 
detailed descriptions of preferred embodiments with refer 
ence to the accompanying drawings, FIGS. 1-5, where: 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic perspective view of the welding 
apparatus/proceSS employable in the present invention, 

FIG. 2 illustrates in an enlarged cross-sectional (partial) 
View the configuration of the two components probe, 

FIG.3 shows schematically principal features of the novel 
friction Stir welding, 

FIG. 4 shows graphically the optimal relation between 
welding and rotational Speed and applied preSSure on the 
probe, and 

FIGS. 5a-e are fragmentary, Schematic perspective views 
of different types of the provided weld seams. 

Referring to the drawings, particularly to FIG. 1, a non 
consumable probe 1 comprising a rotational cylindrical body 
2 having an upper part 22 being connected to a power 
Source, e.g. an engine (not shown in the drawing), and a 
bottom part 23 provided with a separate pin 24, is applied for 
joining (welding) of two butt to butt arranged members 
(metal plates)3 and 4. By insertion of the probe 1 between 
the members 3,4 under pressure and rotation in order to 
provide adequate frictional heating a butt Seam weld 5 is 
Subsequently provided during a transitional movement along 
the butt arranged members. 
The Special inventive configuration of the composite two 

parts probe 1, the bottom part 23 (shoulder) of the probe and 
outer shape (configuration) of the applied pin 24 according 
to the present invention is more apparent from FIG.2, where 
the bottom part 23 of the rotational cylindrical body 2 
exhibits a concave Surface, while the pin's 24 outer Surface 
is provided with alternately protruding and recessed parts 
along its longitudinal axis. 
Even if a conventional Screw thread on the outer pin 

Surface is applicable and will improve the Weld quality, in a 
preferred embodiment of the probe pin the surface 
configuration, as illustrated in the Figure, comprises advan 
tageously two or more Separate blades 25 vertically disposed 
and laterally protruding from the central portion of the pin. 

Microstructure of welding seams provided by this novel 
type of the pin exhibits Sound joints composed of inter 
locked plasticised Segments of the joined members with 
minimal material turbulence. 
The composite design of the applied probe 1 comprising 

a separate probe pin compared to the monolithic design of 
the previously known probes presents Several advantages. 
Firstly, the tool (probe) is capable of adjustment of the depth 
of pin insertion, thus offering a process flexibility. Secondly, 
the pin portion can be easily interchanged between different 
tool units (shoulder/holder) and thus adapted for welding of 
members having various wall thickness. 
The innovative features of the new tool and improved 

process of friction stir welding will be readily understood 
from the Schematical Sketch of the probe and welding 
performance as illustrated in FIG. 3, where W denominates 
the thickness of the welded members, () welding Speed, R 
radius of curvature of the concave probe shoulder, F down 
ward force (pressure) applied on the probe, r, probe shoulder 
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radius, and t represents “undercut of the shoulder into the 
welded material. 

The concave bottom surface 23 of the probe 1 exhibiting 
Slight inclination in relation normal to the welding Surfaces 
combined with the above described screw configuration of 
the pin 24 (not shown in the Figure) ensures that the 
plasticised material is driven both vertically and laterally in 
a weld Zone, thereby transforming metal between different 
levels across the weld profile. The concave shape of the 
probe shoulder provides a certain non-Symmetric compres 
Sion on the Surface of the members resulting in Vertical 
flow/transition of material, This in co-operation with hori 
Zontal movement of material due to the pin's Outer configu 
ration results in high quality void free Seams. 

FIG. 4 illustrates schematically an optimum relation 
between a downward pressure F/trf, in N/mm applied on 
the probe and the actual welding speed (o(mm/min) at 
different rotational Speeds ensuring a Sound Void free weld 
having a Smooth Surface. The actual values of optimal 
preSSure/welding Speed are dependent on Several factors, 
e.g. applied material of the joined members (Al-alloys), 
shoulder geometry etc. 

Several welding trials conducted with probes of different 
diameters show that reduction of the probe shoulder's diam 
eter related to the actual wall thickness of the joined mem 
bers has a beneficial effect on the quality of the provided 
joints/seams besides possibility of increasing the welding 
Speed. 

Thus, reduction of the probe shoulder's diameter from 20 
mm to 15 mm and further to 10 mm applied for joining of 
3 mm thick flat extrusions of alloy 6082.50 allowed an 
increase of the welding speed from 0.3 m/min to 0.8 m/min 
achieving high quality porefree welds exhibiting reduced 
HAZ (heat affected Zone). This is a combined result of 
decreased heat input and its focusing towards the vicinity of 
the formed Seam allowing for increase of the welding Speed 
and reduced downward force applied on the probe resulting 
in distortion free welded structures. 

A simple formula defining an optimal relation between the 
radius of the probe shoulder (r) and the wall thickness of the 
welded members W will be: 

The material of the probe is harder than the workpieces/ 
members to be joined. Typically for application on alu 
minium (alloy) members the material should exhibit a good 
Strength at elevated temperatures, e.g. hot work Steel, high 
Speed Steel or cermet material can be applied. 

FIGS. 5a-e display Schematically in fragmentary perspec 
tive views different types of welds provided by the method 
and probe according to the present invention, where FIG. 5a 
shows a conventional butt weld, FIG. 5b shows a T-section 
connection between two members, FIG. 5c is an overlap 
weld Seam, FIG. 5d shows another variant of T-section 
composed of three members, and finally FIG. 5e illustrates 
provision of a corner Weld between two members arranged 
in a normal plane to each other. 

Thus application of the new and improved tool design 
according to the present invention allows for increased 
welding Speeds while ensuring Sufficient generation of fric 
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4 
tional heat. This effect is achieved due to an extended 
contact/heating time per Volume unit of the welding material 
and closer localization of the generated heat along the 
welding line. Further more Substantial forging forces 
(pressure) are applied on the material when leaving the 
welding probe. Optimal combination of the above effects 
results in high quality welds both with regard to the metal 
lurgical and mechanical properties due to a homogenized 
Weld exhibiting no porosity through the whole weld croSS 
Section. 
We claim: 
1. A method of friction Stir welding of members, particu 

larly for joining of extruded assembled shapes, comprising 
Steps of urging and Securing the assembled members 
towards each other, entering the assembled members along 
the joining line by a probe of material harder than the 
material of joined members under rotating movement which 
generates a frictional heat, thereby creating a plasticised 
region in the adjacent members material, the method further 
comprising a homogenization of the resulting weld Seam 
ensured by an enhanced flow of plasticised material both 
perpendicularly and Vertically to the longitudinal extension 
of the adjacent assembled members by exposing the created 
plasticised material to a perpendicular pressure along the 
Surface of the members and causing Simultaneous material 
flow along the probe pin in the Vertical direction allowing 
the plasticised material to solidify behind the probe. 

2. Method according to claim 1, characterized in that the 
probe bottom part (23) engages the adjacent Surfaces of the 
members to be joined under a slight inclination from normal 
to welding Surfaces. 

3. Method according to claim 1, characterized in that the 
probe pins (24) outer configuration ensures a vertical and 
lateral flow of the plasticised material acroSS a weld Zone. 

4. Method according to claim 1, characterized in that two 
or more members are welded providing a T-type welding 
joint. 

5. Method according to claim 1, characterized in that the 
provided welded Seam is a lap welding joint. 

6. Method according to claim 1, characterized in that the 
provided Weld Seam is a corner weld connecting two mem 
bers arranged Substantially at any angle to each other. 

7. A non-consumable probe (1) for stir friction welding of 
members comprising a rotational, Substantially cylindrical 
body (2), having an upper part (22) connected to a power 
Source and a bottom part (23) provided with a pin (24), 
characterized in that the bottom part (23) of the probe has a 
concave face and the attached pin (24) is an interchangeable 
part of the probe exhibiting a threaded Surface configuration. 

8. Probe according to claim 7, characterized in that the pin 
is provided with at least a pair of Vertically disposed blades 
laterally protruding from the pin's central portion. 

9. Method according to claim 2, characterized in that the 
probe pins (24) outer configuration ensures a vertical and 
lateral flow of the plasticised material acroSS a weld Zone. 

10. Method according to claim 2, characterized in that two 
or more members are welded providing a T-type welding 
joint. 

11. Method according to claim 3, characterized in that two 
or more members are welded providing a T-type welding 
joint. 

12. Method according to claim 9, characterized in that two 
or more members are welded providing a T-type welding 
joint. 
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13. Method according to claim 2, characterized in that the 
provided welded Seam is a lap welding joint. 

14. Method according to claim 3, characterized in that the 
provided welded Seam is a lap welding joint. 

15. Method according to claim 9, characterized in that the 
provided welded Seam is a lap welding joint. 

16. Method according to claim 2, characterized in that the 
provided Weld Seam is a corner weld connecting two mem 
bers arranged Substantially at any angle to each other. 

6 
17. Method according to claim 3, characterized in that the 

provided Weld Seam is a corner weld connecting two mem 
bers arranged Substantially at any angle to each other. 

18. Method according to claim 9, characterized in that the 
provided Weld Seam is a corner weld connecting two mem 
bers arranged Substantially at any angle to each other. 


