
ABSTRACT
Fatigue behavior of spot friction welds or friction stir spot
welds in lap-shear specimens of dissimilar aluminum 5754-O
and 7075-T6 sheets is investigated based on experimental
observations and two fatigue life estimation models. Optical
micrographs of the 5754/7075 and 7075/5754 welds after
failure under cyclic loading conditions are examined to
understand the failure mechanisms of the welds. The
micrographs show that the 5754/7075 welds mainly fail from
the kinked fatigue crack through the lower sheet thickness.
Also, the micrographs show that the 7075/5754 welds mainly
fail from the kinked fatigue crack through the lower sheet
thickness and from the fracture surface through the upper
sheet thickness. A kinked fatigue crack growth model based
on the stress intensity factor solutions for finite kinked cracks
and a structural stress model based on the closed-form
structural stress solutions are adopted to estimate the fatigue
lives of the 5754/7075 and 7075/5754 welds in lap-shear
specimens. The fatigue life estimations based on the kinked
fatigue crack growth model and the structural stress model
agree well with the experimental results.

INTRODUCTION
Resistance spot welding is the most commonly used joining
method for vehicle body members made of steel sheets.
However, resistance spot welding of aluminum sheets is
likely to produce poor welds as reported by Thornton et al.
[1] and Gean et al. [2]. Recently, a friction stir spot welding
or spot friction welding technology for joining aluminum
sheets was developed [3,4]. A comprehensive literature
review of spot friction welding process can be found in Pan

[5]. Spot friction welds between dissimilar aluminum sheets
[6,7,8,9], between similar magnesium sheets [10,11,12,13],
between dissimilar magnesium and aluminum sheets [13],
and between dissimilar aluminum and steel sheets [14,15,16]
were investigated. Fatigue behavior of spot friction welds
between similar and dissimilar sheet materials was
investigated by experiments [17,18,19,20,21,22,23,24]. For
fatigue life estimations, Lin et al. [20,21], Tran et al. [22] and
Wang and Chen [23] adopted a kinked fatigue crack growth
model and a structural stress model to predict the fatigue lives
of aluminum spot friction welds.

It should be noted that different types of aluminum alloys are
currently used to make different components of vehicle in the
automotive industry. Note that spot friction welds between
dissimilar aluminum sheets were tested under quasi-static
loading conditions in [6,7,8,9]. However, fatigue behavior of
spot friction welds between dissimilar aluminum sheets has
not been investigated. In this paper, fatigue behavior of spot
friction welds in lap-shear specimens of dissimilar aluminum
5754-O and 7075-T6 sheets is investigated based on
experimental observations and two fatigue life estimation
models. As in Tran et al. [9], the dissimilar spot friction
welds are denoted as 5754/7075 when aluminum alloys 5754-
O and 7075-T6 were used as the upper and lower sheets,
respectively. The dissimilar spot friction welds are denoted as
7075/5754 when aluminum alloys 7075-T6 and 5754-O were
used as the upper and lower sheets, respectively. The
5754/7075 and 7075/5754 welds in lap-shear specimens were
first tested under quasi-static and then cyclic loading
conditions. Optical micrographs of the welds after failure
under cyclic loading conditions are examined to understand
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the failure mechanisms of the welds. Based on the
experimental observations of the paths of the dominant
fatigue cracks, a kinked fatigue crack growth model of
Newman and Dowling [25] and Lin et al. [26] and a structural
stress model of Tran et al. [22] are adopted to estimate the
fatigue lives of the 5754/7075 and 7075/5754 welds in lap-
shear specimens. Finally, the fatigue life estimations based on
the kinked fatigue crack growth model and the structural
stress model are compared with the experimental results.

SPECIMENS AND EXPERIMENTS
Aluminum 5754-O and 7075-T6 sheets with the thicknesses
of 2.0 mm and 1.6 mm, respectively, are used to make the
spot friction welds tested in this investigation. The sheet
materials used in this investigation are identical to those used
in Tran et al. [9]. The mechanical properties of the aluminum
5754-O and 7075-T6 sheets can be found in Tran et al. [9]. In
this investigation, a tool with a concave shoulder and a
threaded probe pin with the optimal processing parameters
specified in Tran et al. [9] was used to make dissimilar
5754/7075 and 7075/5754 spot friction welds in lap-shear
specimens. The lap-shear specimen was made by using two
25.4 mm × 101.6 mm aluminum sheets with a 38.1 mm ×
25.4 mm overlap area. Fig. 1 shows a lap-shear specimen
with a 5754/7075 spot friction weld.

Fig. 1. A lap-shear specimen with a 5754/7075 spot
friction weld.

Fig. 2. Experimental results and fatigue life estimations
for (a) 5754/7075, (b) 7075/5754 welds.

Lap-shear specimens with 5754/7075 and 7075/5754 welds
were tested first under quasi-static loading conditions and
then under cyclic loading conditions. The descriptions of the
experimental procedures can be found in Tran et al. [22] and
are not reported here. The average failure loads, defined as
the maximum load of the load-displacement curve, obtained
from tested lap-shear specimens with the 5754/7075 and
7075/5754 welds are 4.03 kN and 5.65 kN, respectively. Figs.
2(a) and 2(b) show the experimental results as the symbols
for the 5754/7075 and 7075/5754 welds in lap-shear
specimens under cyclic loading conditions, respectively. The
fatigue life estimations shown as two types of lines in the
figures based on the kinked fatigue crack growth and
structural stress models will be discussed later in the paper.
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Note that detailed information on fatigue behavior of
dissimilar 5754/7075 and 7075/5754 spot friction welds in
lap-shear and cross-tension specimens can be found in Tran
et al. [27]. Also, detailed information on fatigue behavior of
dissimilar spot friction welds in lap-shear and cross-tension
specimens of aluminum and steel sheets can be found in [28].

FAILURE MODES OF SPOT
FRICTION WELDS
Fig. 3(a) shows an optical micrograph of the cross section
along the symmetry plane of a failed 5754/7075 weld at the

fatigue life of  cycles under a load range of 1.17
kN. The bold arrows in the figures schematically show the
direction of the applied load. Due to the large deformation in
the final stage of the specimen failure, the weld nugget
rotated clockwise. Therefore, the sheets near the nugget are
slightly bent. The applied load stretches the upper right 5754
sheet and the lower left 7075 sheet as shown. As shown in
Fig. 3(a), two cracks, marked as I2a and I2b, appear to
emanate from the original crack tips of the weld and
propagate a bit along the interfacial surface. As shown in Fig.
3(a), near the final stage of the specimen failure, crack L2a
then becomes crack L2b that propagates through the
remaining lower sheet thickness. After propagating through
the remaining lower sheet thickness, crack L2b becomes a
transverse through crack that propagates in the width
direction of the specimen. Finally, the left part of the lower
sheet is separated. Note that crack C2c in Fig. 3(a) was likely
formed during the welding process. Note also that no
noticeable cracking occurred on the right portions of the
upper sheets as shown in Fig. 3(a). As shown in Fig. 3(a),
crack L2a can be considered as a kinked fatigue crack
emanating from the original crack tip on the left side of the
weld. Based on the experimental observations of a partially
failed weld, crack L2a can be considered as the dominant
kinked fatigue crack that causes the final failure of the
specimen [27].

Fig. 3. Optical micrographs of the cross sections along
the symmetry planes of (a) a failed 5754/7075 weld at the

fatigue life of  cycles under a load range of
1.17 kN and (b) a failed 7075/5754 weld at the fatigue

life of  cycles under a load range of 3.24 kN.

Fig. 3(b) show an optical micrograph of the cross section
along the symmetry plane of a failed 7075/5754 weld at the

fatigue life of  cycles under a load range of 3.24
kN. As shown in Fig. 3(b), two cracks, marked as I2a and
I2b, appear to emanate from the original crack tips of the
weld and propagate a bit along the interfacial surface. As
shown in Fig. 3(b), crack I2b becomes fatigue crack L2 that
propagates into the lower sheet thickness. Another crack,
marked as U2, appears to be initiated near the bend surface
outside the nugget on the right portion of the upper 7075
sheet possibly due to high stress concentration of the bend
surface and propagates into the upper sheet thickness. After
propagating through the lower and upper sheet thicknesses,
fatigue crack L2 becomes a circumferential crack that
propagates along the nugget circumference while fatigue
crack U2 first becomes a circumferential crack that
propagates partially along the circumference of the bend and
then becomes a transverse through crack that propagates in
the width direction of the specimen. The right portion of the
upper sheet is finally separated. As shown in Fig. 3(b),
fatigue crack L2 can be considered as a kinked crack
emanating from the original crack tip on the left side of the
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