
INTRODUCTION
With the growing demand of highly compact, complex and 
integrated designs, joining dissimilar materials has become an 
important and inevitable trend in product manufacturing. 
Welding techniques such as laser welding, ultrasonic welding, 
and friction stir welding demonstrate different capabilities and 
advantages in joining dissimilar materials. In the hybrid and 
electric vehicles, joining the aluminum and copper tabs in 
battery packs is especially critical since the weld quality is 
closely related to the battery safety. Recently, research works 
have been focused on welding aluminum and copper using 
laser welding technique [1, 2, 3, 4]. Laser welding has many 
advantages over other welding techniques such as precise 
spatial and temporal controls in heat input, high flexibility and 
repeatability, and relatively small heat affected zone [5,6].

Joining aluminum and copper has several potential difficulties. 
Metallurgically, aluminum and copper forms various hard and 
brittle intermetallic phases such as Al4Cu9, Al3Cu4, AlCu, and 
Al2Cu according to the phase diagram. These intermetallic 
phases tend to form in the fusion zone, and deteriorate the 
mechanical properties of the weld. In order to overcome this 
problem, some filler materials such as silver, nickel, and lead 
were reported to successfully minimize the formation of the 

intermetallic phases [4]. Decreasing the heat input using a 
small spot diameter and increasing cooling rate using short 
pulse width laser also help suppress the formation of the 
intermetallic phases. Other issues such as large differences in 
thermal expansion and heat capacity also pose significant 
challenges to laser weld the two materials.

In this paper, the failure mode and fatigue behavior of 
dissimilar laser welds in lap-shear specimens of aluminum and 
copper sheets are examined. Laser welded lap-shear 
specimens were first made from dissimilar aluminum and 
copper sheets. These lap-shear specimens were then 
machined into a dog-bone shape to remove the notches on the 
edges of the welds. Next, the lap-shear specimens were tested 
under quasi-static and cyclic loading conditions. Quasi-static 
and fatigue strengths of the welds in the lap-shear specimens 
were then obtained and examined. Optical micrographs of 
failed specimens after testing were also examined to identify 
the failure modes of the specimens. Finally, conclusions are 
made based on the experimental results.
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EXPERIMENT
Aluminum and copper sheets with the thicknesses of 0.8 mm 
and 1.6 mm, respectively, are used in this investigation. Laser 
welded lap-shear specimens were prepared for this study. 
Each lap-shear specimen was made by using a 25 mm × 95 
mm aluminum and a 25 mm × 95 mm copper sheet with a 13 
mm × 25 mm overlap area. The chemical compositions and 
mechanical properties of the aluminum and copper sheets 
provided by the manufacturers are listed in Table 1 and 2, 
respectively.

Table 1. Chemical compositions of the aluminum and copper sheets.

Table 2. Mechanical properties of the aluminum and copper sheets.

Figure 1(a) shows a top view of a laser-welded lap-shear 
specimen before machining and Figures 1(b) shows the 
corresponding schematic of the top and side views with 
doublers. The loading direction is shown by the arrows. The 
two laser welds are shown as the gray lines in Figures 1(b).

For the lap-shear specimens, the aluminum and copper sheets 
were welded using fiber laser with a laser power of 3.0 kW and 
a welding speed of 7.0 m/min. Argon was used during the 
welding process as the shielding gas with a discharge rate of 
40 CFM. The laser beam was incident on the aluminum sheet 
and welded the two sheets together. Two welds were made in 
two passes from one side to the other. The right weld was 
made by the first pass and the left weld was made by the 
second pass, as shown in Figure 1(a). No heat treatment was 
carried out after the welding process. Figure 1(a) shows the 
welds on the upper aluminum sheet of the lap-shear specimen 
with a weld width of 2 mm.

Figure 1.

Figure 1. (cont.) (a) A top view of a laser-welded lap-shear specimen 
before machining and (b) the corresponding schematics of the top and 
side views with the loading direction shown by the arrows. The gray 
lines represent the welds.

After the lap-shear specimens were made, the specimens were 
then machined into a dog-bone shape to remove the notches 
on the edges of the welds, as marked in Figure 2. Preliminary 
test results have shown that the notches affected the test 
results. Therefore, the stress concentrations due to the notches 
need to be removed. Figure 3(a) shows a top view of a 
laser-welded lap-shear specimen after machining and Figures 
3(b) shows the corresponding schematic of the top and side 
views with doublers. In the figures, the loading direction is 
shown by the arrows. The two laser welds are shown as the 
gray lines in Figures 3(b).

Figure 2. A closed-up view of a laser-welded lap-shear specimen 
showing the notches on the edges of the welds.

Figure 3. (a) A top view of a laser-welded lap-shear specimen after 
machining and (b) the corresponding schematics of the top and side 
views with the loading direction shown by the arrows. The gray lines 
represent the welds.
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