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Abstract

The investigation on the fatigue behaviour of the processed friction stir welded AA8011/AA6082 dissimilar joint is reported

in this work. The single-pass friction stir processing technique was applied on the friction stir welded AA8011/AA6082 and

AA6082/AA8011 dissimilar joints. The friction stir processing was conducted under normal conditions (room temperature).

The samples were prepared for different analysis using the waterjet cutter technology. The tests conducted include tensile,

microstructural analysis, microhardness, fatigue and fracture surface morphology. The microstructural analysis revealed a

correlation between material positioning and grain sizes. There was a notable decrease in grain size when AA6082 was positioned

on the advancing side during processing. The tensile properties of the joint processed with AA6082/AA8011 were found to

be higher compared to the joint produced with AA8011/AA6082. The AA6082/AA8011 joint was found to be more ductile

compared to AA8011/AA6082 joint. The stir zone microhardness for the AA8011/AA6082 and AA6082/AA8011 joints was

measured to be approximately 60HV and 80HV, respectively. The fatigue strength of AA6082/AA8011 was found to be higher

compared to AA8011/AA6082 fatigue strength.
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Abstract: The investigation on the fatigue behaviour of the processed friction stir welded AA8011/AA6082
dissimilar joint is reported in this work. The single-pass friction stir processing technique was applied on
the friction stir welded AA8011/AA6082 and AA6082/AA8011 dissimilar joints. The friction stir process-
ing was conducted under normal conditions (room temperature). The samples were prepared for different
analysis using the waterjet cutter technology. The tests conducted include tensile, microstructural analysis,
microhardness, fatigue and fracture surface morphology. The microstructural analysis revealed a correlation
between material positioning and grain sizes. There was a notable decrease in grain size when AA6082
was positioned on the advancing side during processing. The tensile properties of the joint processed with
AA6082/AA8011 were found to be higher compared to the joint produced with AA8011/AA6082. The
AA6082/AA8011 joint was found to be more ductile compared to AA8011/AA6082 joint. The stir zone mi-
crohardness for the AA8011/AA6082 and AA6082/AA8011 joints was measured to be approximately 60HV
and 80HV, respectively. The fatigue strength of AA6082/AA8011 was found to be higher compared to
AA8011/AA6082 fatigue strength.
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Introduction

The friction stir welding technique is regarded as the most suitable method of joining aluminium alloys and
other soft metals [1]. This includes for both similar and dissimilar metals and alloys. There are numerous
investigations that are being in progress which are looking into the compatibility of FSW on the dissimilar
aluminium alloys [1-4]. However, it has been noted that there are many factors which compromise the quality
and strength of the dissimilar joint. Some of the factors include welding parameters, material positioning and
welding surrounding conditions [5-6]. Additionally, the joining of dissimilar materials was found to result in
the formation of intermetallic compounds, which is also a major contributing factor towards the weakening
of the joint strength [6-7]. This, therefore, opened a gap for a post welding technique to strengthen the
joint strength. The friction stir processing technique was found to be a suitable method in modifying the
joint/surface properties. The friction stir processing (FSP) works the same way as the from friction stir
welding, but it does not join material together but modifies the microstructure of the material [8-9]. FSP
has been used successfully to modify both single surfaces and welded joints [10-13].

The FSP technique still has many areas that still need to be investigated. Some of those areas include the
impact of FSP on the fatigue life of the processed joint. There is very limited literature available in this area.
However, it has been shown by various authors that the occurrence of most structural failures originates
from fatigue [14-15]. This then makes it a need that special attention be given to this area as there are
high possibility of utilizing dissimilar aluminium alloys in the aerospace and automotive industries. These
industries require very high safety, which makes fatigue resistance of joints very pivotal for ensuring the
integrity of such structures [16-17].

Hussein and Shammari [18] comparatively studied the FSWed and FSPed AA5083-H111 joint to determine
the respective fatigue and fracture behaviour of the joints. The fatigue test were performed under constant
stress amplitude cantilever. The analysis of the fatigue properties revealed that the FSPed samples yielded
better fatigue limits compared to the FSWed samples. Uematsu and Tokaji [19] employed FSP on the
cast aluminium alloy A356-T6 with the purpose of studying its fatigue strength. The fatigue strength of
the FSPed A356-T6 was found to be lower than that of the base material, nonetheless, the fatigue limit
was significantly improved by FSP. The increase in fatigue limit was said to be due to the elimination of
the casting defects during FSP, while the decrease in fatigue strength was due to matrix softening by the
dissolution of precipitates caused by heat input during FSP leading to a faster crack growth rate in the
FSPed region.

Park et al. [20] discovered that the application of FSP increased the fatigue life of the processed joint by 42%
compared to that of the welded one. Additionally, the fatigue strength was found to increase with a decrease
in the microstructural grain size. Similar results were in consistent with those reported in the literature [21].
FSP was employed on the TIG welded AA6061 joint with the aim of increasing the fatigue life of the joint
[22]. The constant amplitude loading and a stress ratio of zero were used. The application of FSP resulted
in the tensile strength being improved by 5-13% while the hardness was increased by 5-10%. Subsequently
the fatigue strength improvement of about 30-60% was observed and these improvements were due to the
microstructural grain refinement in the stir zone as well as the modification in the geometry occurred at the
weld toe.

There is a very limited to no work available that involves the processing of the friction stir welded dissimilar
joint. This work is focussing on analysing the impact of the FSP on the friction stir welded AA8011/AA6082
dissimilar joint. The analysis was being performed in relation to the material positioning during FSP.

Materials and Methods

The 6 mm thick AA8011 and AA6082-T6 were in the formation of the joint through FSW technique. Table 1
present the chemical compositions and Table 2 present the mechanical properties of the materials. The plates
were cut into rectangles of 260 mm × 52 mm. Different material positioning were taken into consideration
during welding and processing (see Figure 1). Table 3 shows the parameters used for FSW and FSP. The
FSW tool used was made of high-speed steel (HSS) AISI 4140 [25]. The same tool used for FSW was used
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for FSP.

Table 1. Chemical compositions [23-24].

Mg Zn Ti Cr Si Mn Fe Cu Al

AA8011 AA6082-T6 0.28 0.6-1.2 0.084 0.0-0.2 0.016 0.0-0.10 0.028 0.0-0.20 0.52 0.7-1.3 0.46 0.0-1.0 0.74 0.0-0.5 0.13 0.0-0.1 Bal Bal

Table 2. Mechanical properties of the base materials.

Ultimate tensile strength (MPa) Elongation (%) Microhardness (HV)

AA8011 AA6082-T6 94.1 308 40.17 25.42 33.5 89.6

Table 3. FSW/P conditions.

Tool shoulder diameter (mm) Tool probe diameter (mm) Tool tilt (°) Pin length (mm) Dwell time (s) Rotating speed (rpm) Traverse speed (mm/min)

20 7 2 5.6 10 1100 60

3
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Figure 1. FSW setup, AS-advancing side, RS-retreating side, (a) AA8011-AS and (b) AA6082-AS.

The friction stir processed (FSPed) plates were cut with respect to the tests to be done using water-jet
technology. The tests conducted were the microstructural analysis, tensile tests, hardness and fatigue tests.
The microstructural analysis was performed using the metallurgical microscope. The specimens were grinded,
polished and chemically etched prior the analysis. The chemical etchants used were the modified Keller’s
reagent (10 ml HNO3, 1.5 ml HCL, 1.0 ml HF and 87.5 ml distilled H2O) and Weck’s reagents (1g NaOH,
4g KMnO4 and 100 ml distilled H2O). The Vickers hardness test was performed using the Falcon 5000
hardness testing machine through the guidance of ASTM E384-11 standard. The Hounsfield H25K tensile
testing machine with Horizon operating software was used to perform the tensile tests. The ASTM-E8M-04
standard was used in designing tensile specimen and also the performance of the tests. The fatigue tests were
conducted using the Instron 8801 (100kN) with Bluehill-3 operating software. The fatigue was performed
based on the ASTM: E466-07 standard. The fatigue tests were conducted at a frequency of 20 Hz with the
minimum and the maximum amplitudes of 30% and 80% of the ultimate tensile strength (UTS).

Results and discussion.

Tensile Strength

Figure 2 shows the tensile stress and strain curves of the friction stir processed FSWed joints. The
AA6082/AA8011 joint recorded the maximum UTS of 91.45 MPa with 22.28 % of percentage elongation
whereas AA8011/AA6082 joint recorded a maximum UTS of 85.1 MPa with a percentage elongation of
20.22%. This therefore means that positioning of AA6082 on the advancing side resulted in better tensile
properties in comparison to AA8011 on the advancing side. However, the tensile strength of the joints was
found to be lower than the parent materials (see Figure 2(b)). This is due to the tensile specimens failing
on the position of softer regions in which is mostly referred to as the weakest point [26-29]. In the present
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case both specimens failed at the heat affected zone (HAZ) on the side of AA8011 material. The positions
of fracture suggest that the FSPed joints were stronger compared to the base material AA8011 and similar
trend has been reported in the literature [30-32].

Hosted file

image3.emf available at https://authorea.com/users/324395/articles/452595-material-

positioning-influence-towards-fatigue-strength-of-the-friction-stir-processed-aa8011-

aa6082-joints

Hosted file

image4.emf available at https://authorea.com/users/324395/articles/452595-material-

positioning-influence-towards-fatigue-strength-of-the-friction-stir-processed-aa8011-

aa6082-joints

Figure 2. Friction stir processed FSWed, (a) Tensile stress-strain curves and (b) Tensile strengths bar charts.

Figure 3 presents the fracture surface morphology of the tensile specimens. The tensile specimens failed at
the HAZ of the AA8011 which is the alloy with low strength hence both joints showed a similar fractographs.
The ductile failure mode characterize by quasi state cleavage, dimples, matrix cracks, microvoids and tear
ridges were observed [29, 33].

Figure 3. Fractographs for the friction stir processed FSWed joints, (a) AA6082/AA8011, (b)
AA8011/AA6082.

Microhardness

The Vickers microharness profiles of the friction stir processed FSWed joints are presented in Figure 4.
The microhardness profile of the AA6082/AA8011 joint showed a decreasing path from the advancing side
across the nugget zone (NZ) towards the reatreating side. The microhardness profile of AA8011/AA6082
joint showed a gradual increase from the advancing side towards the retreating side. The maximamum
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microhardness value of about 72 HV for AA6082/AA8011 joint was recorded next to thermos-mechanically
affected zone (TMAZ) of AA6082. The maximum microhardness value of about 56 HV for AA8011/AA6082
joint was also recorded on the TMAZ region of AA6082. Both microhardness values of the friction stir
processed joints were both lower compared to the base metals and this behaviour is normally associated with
dissimilar aluminium alloyjoints [33-35].

Hosted file

image6.emf available at https://authorea.com/users/324395/articles/452595-material-

positioning-influence-towards-fatigue-strength-of-the-friction-stir-processed-aa8011-

aa6082-joints

Figure 4. Friction stir processed FSWed microhardness profiles.

Microstructural analysis

Figure 4 shows the optical micrographs of the base materials and friction stir processed FSWed joints.
The AA6082 base material showed an elongated coarse grain structure with mean grain diameters of 36.08
μm leaning towards the rolling direction (Figure 4(a)). The AA8011 base material microstructure also
showed coarse elongated grains with a mean grain size of 29.36 μm. The microstructure of the FSPed
AA6082/AA8011 and AA8011/AA6082 joints consisted of three zones namely TMAZ, the heat affected
zone (HAZ) and NZ. It was observed that thegrain size was not affected at the HAZ region post FSP. The
TMAZ grain structure consisted of deformed and elongated grains which are as result of the processing tool
mechanical action [29]. The TMAZ is generally wearker than the nugget zone but stronger than the HAZ
region due to grain size variations [11]. The nugget zones of both joints consisted of fine and equiaxed grain
structure. This was due to the high temperature experienced by the NZ and the dynamic re-recrystallization
which occurred during the processing [11, 25, 36]. The AA6082/AA8011 friction stir processed FSWed joint
had a mean grain diameter of 3.98 μm while the AA8011/AA6082 was 5.87 μm.
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Figure 5. Optical micrographs, (a) AA6082 base material, (b) AA8011 base material, (c) Friction stir
processed FSWed AA6082/AA8011 joint advancing side, (d) Friction stir processed FSWed AA8011/AA6082
joint advancing side, (e) Nugget zone (AA6082/AA8011) and (f) Nugget zone (AA8011/AA6082).

Fatigue life cycle

Figure 6 shows the stress –number of cycles to failure curves for the AA6082/AA8011 and AA8011/AA6082
friction stir processed FSWed joints. The AA8011/AA6082 joint had a fatigue life of 4.489×105 while
the AA6082/AA8011 had a a life span of 1.765×106. The AA6082/AA8011 had a longer fatigue life cycle
compared to the AA8011/AA6082 joint and similar behaviour is alos found in the literature [37-39]. The
fatigue life behaviour was found to be in agreement with the findings by Park et al. [20], which reports that
the fatigue life increases as the microstructural grains decreases.

Hosted file

image15.emf available at https://authorea.com/users/324395/articles/452595-material-
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aa6082-joints

Figure 6. ?-? curves of fatigue test results.

Figure 7 shows the fracture surface of the friction stir processed FSWed joint AA6082/AA8011 joints which
failed under fatigue loading. The tests were performed using amplitude at 30 % UTS to 80 % UTS on
both joints (AA6082/AA8011 and AA8011/AA6082). During each fatigue loading cycle at the highest stress
intensity, the crack growth created a band of markings known as striations on the fractured surface and
these striations are very useful in determining crack growth direction [40-41]. The striations are evident in
Figure 7(a) to (f) , moreover, a cluster of teared dimples were noted in figure 7(b) and in 7(c) few dimples
were also observed which are characterization of ductile fatigue fracture [42-43]. Figure 7(a), (e) and (f)
also shows particle inclusions as denoted by the doted circles. Figure 8(a) to (e) exhibits the fractographs
for the friction stir processed FSWed AA8011/AA6082 joints failed under fatigue loading. In Figure 8(a) to
(e) the fractographs all show fine and dimpled micrographs while Figure 8(f) shows a micrograph with fine
striations.
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Figure 7. SEM fractographs for friction stir processed FSWed AA6082/AA8011 joints fatigue tests, (a) 30%
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UTS, (b) 40% UTS, (c) 50% UTS, (d) 60% UTS, (e) 70% UTS and (f) 80% UTS.
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Figure 8. SEM fractographs for friction stir processed FSWed AA8011/AA6082 joints fatigue tests, (a) 30%
UTS, (b) 40% UTS, (c) 50% UTS, (d) 60% UTS, (e) 70% UTS and (f) 80% UTS.

Conclusions

In this study the influence of material positioning on the fatigue strength of the friction stir processed
dissimilar FSWed AA6082/AA8011 and AA8011/AA6082 was successfully carried out. Based on the results
obtained the following concluding remarks were made:

• The tensile properties of AA6082/AA8011 were found to be higher compared to the joint produced
with AA8011/AA6082.

• The microstructural analysis revealed a correlation between material positioning and grain sizes. There
was a notable decrease in grain size at the NZ when AA6082 was positioned on the advancing side
during processing.

• The stir zone microhardness for the AA8011/AA6082 and AA6082/AA8011 joints was measured to be
approximately 60HV and 80HV, respectively.

• The fatigue strength of AA6082/AA8011 was found to be higher compared to AA8011/AA6082 fatigue
strength and this affirmed that the material psotioning contributes towards the fatigue strength of the
joint.
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