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Lightweight structures require multimaterial joints. Due to differences in 
melting points, it is difficult to create fusion welds between dissimilar metals. 
Therefore, solid state welding is popular for creating these joints. Collision 
welding offers a tool for solid state welding. Nearly 300 dissimilar metal pairs 
have been joined using explosive welding [1]. However, explosives run into 
issues with scaling down and safety regulations. In this work, a novel tool 
called the vaporizing foil actuator has been used for welding automotive grade 
aluminum (AA 6061) to copper (Cu 110)and stainless steel (SS 304). AA 6061 
sheets, 1 mm thick, were launched using vaporizing foil actuators operating at 
input energy levels of up to 10 kJ. The welded samples were subjected to 
mechanical tests, nanoindentation, scanning electron microscopy and electro 
dispersive spectroscopy in order to relate interfacial structure and properties.  

In vaporizing foil welding, a large electrical current by a capacitor bank 
discharge is passed in microseconds through a thin aluminum foil, turning it to 
plasma. The resulting high-pressure expansion drives the flyer plate. The flyer 
plate collapses onto the target under high pressure and a metallurgical bond 
is formed. An ideal weld has an interface with wavy morphology as a result of 
the transition from laminar to turbulent flow of metals in contact which behave 
like fluids under high pressure [5]. 

Methods 
In order to keep the impact velocity the same, T6 temper (harder) AA 6061 
sheets were launched at 8kJ and sheets with T4 (softer) temper were 
launched at 10 kJ. The impact velocity was found to be on the order of 700 m/s 
and was reached within 5µs after flyer launch. Al-Cu and Al-SS welds were 
created using VFAW and the samples were sectioned as follows. For the T4 
samples, half of them were aged to get the aluminum to T6 temper. The 
welded samples were subjected to microscopic analysis and mechanical 
testing. 

Results for Aluminum 6061-Copper 110: Microscopy  

Results for Aluminum 6061-Stainess Steel 304 

1) VFAW was demonstrated as a feasible 
technique for implementation of collision 
welding aluminum with copper and steel in a 
safe laboratory environment 
2) T4 flyer sheets were found to result in 
tougher welds due to a longer available range 
of angles and velocities for creating “good 
welds” 

          Conclusions 

Aluminum 6061-Copper110: Mechanical Testing 

Figure 1: Qualitative description of multimaterial 
joints in a standard automobile’s construction [2] 

Figure 2: VFAW actual set-up (above) and Schematic 
Figure 3: Instances of varying interface morphologies 

for copper-titanium welds created with VFAW Figure 7: Nano-indentation results for Al-Cu weld and corresponding SEM image of indents 

Figure 6: Length of good weld regions for Al-Cu weld with T6 flyerline EDS (top), 
 Al-Cu weld with T4 flyer (bottom) 

Figure 4: Velocity trace measured via 
 Photonic Doppler Velociometry  

Figure 5: Sectioning guide to allow for mechanical 
testing and characterization of similar regions 

Figure 8: Peel-Testing results with sectioned areas, along with 
compound SEM images of welded regions 

Table 1: Composition percentage of studied alloys [3] 

Table 2: Peel-testing results for Al-Cu joints  

Figure 9: High Resolution line EDS of clean 
and intermetallic weld zones for Al-SS weld 

          Future Work 
1) Adaptation to other geometries, (varying 
angle grooved sample), in order to make it 
more widely applicable 
2) Further failure analysis of the weld by 
orientation image mapping (EBSD/OIM) 
and micro-tensile testing for understanding 
the effects of interface structure on 
properties. 

Vaporizing Foil Actuator Welding (VFAW) [4] 
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R: Reynolds Number 
ρ: Densit𝑦 
VF: Velocity of Flyer 
H: Hardness 
 

“Good ” Weld: wavy interface morphology 
without a continuous intermetallic layer 

AA6061 (T6) weld: weak. always failed 
along the weld interface 

AA6061 (T4) weld: tough. Generally failed 
in the aluminum 

AA6061 (T4 aged to T6) weld: retained its 
toughness after heat treatment. Always failed 
in the aluminum 

Length of good weld for the T4 weld was 
longer than the one created in T6 condition 

Equation 1: For a given Reynolds number, a softer 
flyer (T4), meaning lower hardness, exhibits a smaller 
transition velocity, therefore a longer weld 

Intermetallics 


