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Abstract
Friction stir welding (FSW) of extruded aluminium profiles results in welds with high metallurgical and
mechanical properties. The properties of the weld may, however, be degraded by the existence of certain
defects and voids, arising from specific welding conditions. These voids can exist throughout a long
section of the weld and may be of different shapes and sizes. This paper shows how laser ultrasonics
(LUS) can be used to investigate the weld and identify the positions where defects exist. The ultrasonic
wave, induced through a short laser pulse, is changed in the presence of a defect which can thus be
recorded as a relative change when scanning along the weld. Recorded B-scans are presented here
together with cross sections of the profile which verify the defect areas found by the LUS measurements.
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1. Introduction
Friction stir welding (FSW) is a recently developed technique that is increasingly being
used to join extruded aluminium profiles. A rotating tool is pressed into the work-pieces
and due to the friction of the rotating tool, the metal at the interface of the work-pieces
is locally heated and eventually plasticised without reaching its melting point. As the
tool rotates and translates, the material surrounding the tool is stirred and transferred
around, thus creating a joint. The resulting welds exhibit good metallurgical and
mechanical properties [1, 2].
However, unwanted conditions such as gaps or thickness mis-matches between the
work-pieces can initiate cavities and voids, i.e. defects in the weld zone. Defects can
also be caused by unsuitable welding parameters, as described by Leal and Loureiro [3].
Defects can propagate throughout a significant distance of the weld and result in
decreased strength properties that affect the use in of the product in different
applications.
Laser ultrasonics have previously proven to be able to detect defects in alloys of
extruded aluminium [4, 5]. In this work, laser ultrasonics were used as a technique to
investigate joints of friction stir welded aluminium profiles for the detection of voids
and defects on the basis that defects occurring in the weld will hinder the propagating
ultrasonic wave. The existence and variations of the voids can then be estimated by
looking at the relative change and deviation from the stored reference values.
The industrial potential lies in the ability to evaluate the quality of the weld through a
quick method. As the laser ultrasonics technique is non-contacting, there is no need for

Figure 1. Schematic overview of the laser ultrasonics system at Swerea KIMAB. The ultrasonic wave is
induced by the energy of the excitation laser pulse, and then recorded through the surface vibrations using
a Confocal Fabry-Perot interferometer system focused on the sample surface.

special surface preparations which means that the measurements can be performed
directly during the FSW process.

2. Experimental details
2.1 Laser ultrasonics equipment
The laser ultrasonics equipment at Swerea KIMAB was designed and built by Accentus
in England, and was installed in February 2001. The system uses two Nd:YAG lasers,
where the excitation laser is a Continuum Surelite I, operating at a wavelength of
1064 nm with a laser pulse energy of 450 mJ and a pulse width of 6 ns. The generating
laser operates with a shot frequency up to 20 Hz.
The detection laser is a continuous single frequency diode pumped Coherent Verdi V5,
operating at a wavelength of 532 nm and an effect around 5 W. The ultrasonic detector
uses a confocal Fabry-Perot interferometer [6], working either in transmission mode or
in reflection mode with a detection limit up to 100 MHz. An overview of the system is
shown in figure 1.
2.2 Friction stir welding of aluminium profiles
Friction stir welding is a technique invented at The Welding Institute (TWI) [2]. During
the welding, a material build-up is formed in the FSW process, on the two opposite
sides of the weld area. This build-up is usually referred to as flash.
The FSW tool rotates around its vertical axis as it is moved in a horizontal direction.
The side of the weld where the tool rotates in the welding direction is called the
advancing side and this is also where defects are most likely to occur [3].
The welds investigated here were butt joints produced on 3 mm thick flat profiles of EN
AW-6082 aluminium alloys. Two different profiles were included, one with a machined
surface, and one untreated with the flash still left on the weld. The profile with a
machined surface had also an intentional gradient in the column width, to cause defects.
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Figure 2. (a) Schematic image of the weld area of the studied profiles with the positioning of the two laser
beams pointed out, and (b) picture of the profile with an untreated weld.

2.2 Defect detection
For the detection of defects existing in the weld zone of the studied aluminium profiles,
the generating laser was positioned with a line focus in the centre of the weld area, in
the direction of the weld. The detection laser was positioned outside of the weld area,
i.e. outside of the flash. Measurements were taken at 1 mm distances along a 140 mm
selection of the weld at a speed of 1 mm/s.
The profile geometry is shown in figure 2(a), together with a picture of one of the
included profiles in figure 2(b). With the set-up described, defects existing on the
advancing side of the weld would interfere with the ultrasonic waves propagating
through the material and being detected outside of the weld area. As the profile
geometry is assumed to be constant throughout the welded profile, the defects would be
seen as relative changes in the retrieved signal. These assumptions and the measurement
procedure have also been discussed in the previous work presented on laser ultrasonics
on aluminium profiles [5].
2.2 Signal processing
As for signal processing of the recorded ultrasonic waves, a 3rd order Butterworth low
pass filter has been applied with a cut-off frequency of 50 MHz to increase the signal to
noise level. A further 3rd order Butterworth high pass filter was also applied at a cut-off
frequency of 1 MHz.

3. Results and discussion
3.1 Defect detection
The retrieved signals from the two profiles are shown in figure 3 as B-scans, where each
signal represents 1 mm of the weld length. The B-scans were selected on a time interval
with time responses expected according to the dimensions of the profiles and the weld
zone, and have been further narrowed down to where signal changes were found.
From the measurements on the machined weld, shown in figure 3(a), a peak is
introduced in the B-scan at a time response of 1.8 µs and a position of 130 mm. The
peak reaches throughout the scanned section and is broadened as it follows the weld.
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Figure 3. B-scans collected along the investigated welds (a) for the machined profile on a 320 mm length
scale, and (b) for the untreated profile on a 140 mm length scale.

This peak represents a relative change in the signal that would be expected from the
introduction of a defect or void. The constant echoes also seen in figure 3(a) mainly
correspond to reflections from the profile walls.
For the untreated weld in figure 3(b) it is seen that irregularities in the signal pattern
exist at a position of 40 – 60 mm and a time response of 2.5 µs, and the peak is shifted
towards a lower time response (2.4 µs) for the positions after 80 mm Calculating the
distance from the B-scan, the peak shift around 2.5 µs refers to a travelled distance of
approximately 16 mm.
The flash material on the surface of the untreated profile does not seem to affect the
ability to retrieve a representative ultrasonic signal. This supports the potential for the
use of LUS as a quality control tool applied during fabrication, directly after the
welding.
3.2 Verification of defects
To address the results from the LUS measurements above, the suggested defect areas
were verified by taking out cross sections at selected positions. The cross sections were
ground and polished and inspected by traditional optical microscopy (OM). The OM
images of the cross sections are shown in figure 4 and 5.
For the profile with a machined surface, a void was found at the advancing side that
would correspond to the introduced peak seen in the B-scan of figure 3(a). The void can
be seen in the cross section of figure 4(b). No void was found at a position of 50 mm,
i.e. before the introduced peak. The void is therefore considered to exist throughout the
weld starting at a position of around 130 mm. From cross sections not shown here, it
was found that the void increases in size, being around 0.8 mm in width in its widest
direction at the position of 300 mm, figure 4(b).
From the images of the profile with an untreated surface in figure 5, it is seen that a void
exists at positions of 60 and 110 mm along the weld (indicated by the dashed ellipses).

(a)

(b)

Figure 4. Cross-sections of the profile with machined surface with the advancing side to the right, taken
from positions (a) 50 mm, and (b) 300 mm.

The void occurs at the same distance from the weld surface and centre at both positions,
making it probable that this void exists throughout the weld between the mentioned
positions. No void exists at 20 mm, which is supporting evidence that the peak shift
seen in the B-scan of figure 3(a) is connected to the existence of the void.
The size of the void is around 200 µm in the horizontal direction. It has a slightly
distorted shape at 110 mm, being a bit wider and flatter. It can also be noted in the
retrieved signal that the peak width is higher at increasing distances along the weld,
which could be expected from a wider void as this would hinder more of the
propagating ultrasonic waves, coming from different angles. A smaller void was also
found, positioned close to the larger void, following the larger one throughout the weld
with only small variations in the distance between them.
From the results shown it is possible to conclude that there is a relative change in the
retrieved signal when reaching a section of the weld where defects and voids exist. This
is also supported by previous studies [5]. Further, this report also concludes that it is
possible to detect defects on an untreated friction stir weld with the flash still present.
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Figure 5. Cross-sections of the welded profile, with the advancing side to the right, taken from positions
(a) 20 mm, (b) 60 mm, (c) 110 mm, and (d) higher magnification OM image of the void at 60 mm. The
position of the void is indicated by the dashed ellipse.

It should be mentioned, however, that the profiles investigated here are of a quite simple
shape and when using more complex geometries there will be a greater number of
echoes in the retrieved signal, making it more difficult to sort out any irregularities that
originate from defects.
Since defects appear as relative changes in the signal, the solution for the case of a more
automated defect detection system using the LUS technique would be to use a reference
signal, recorded from a defect-free sample of each geometry and weld type. By looking
at the difference between the reference and the retrieved signals, defects and voids
would be expected whenever this value reaches a certain limit.

5. Conclusions
Friction stir welded aluminium profiles have been investigated for defects and voids in
the weld through a method utilizing laser ultrasonics. It was found that defects and
voids existing throughout a section of the weld interfere with the ultrasonic wave
propagating through the weld zone. The defect is thus seen as a relative change in the
retrieved signal along the profile. The size of the smallest detected defect was around
200 µm in its widest direction. The investigation was performed on a weld with a
machined surface as well as on an untreated weld, and shows that laser ultrasonics
provide a technique with the potential to be a quality control tool in production.
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