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Abstract 

Ultrasonic metal welding has been applied for joining aluminum AA5754 sheets to a thermoset matrix 

composite consisting in a carbon fiber reinforced epoxy resin (CF-epoxy). To overcome the limitations of 

thermosetting resins, that, unlike thermoplastic polymers, cannot melt due to their chemical structure, a 

thermoplastic film of Polyamide 6 (PA6) has been used as a surface layer of the CF/epoxy stack before curing. 

The functional surface created on the thermoset matrix composite enables a fast welding with a metallic sheet. 

By a proper selection of welding energy and force, an average adhesion strength of 34.8 MPa has been obtained 

on CF/epoxy-PA6-AA5754 ultrasonically welded joints. 

The morphological characterization has revealed that the aluminum-composite interface is characterized by 

carbon fibers in a direct contact or even embedded in aluminum, whose surface presents pores and crevices 

due to the pronounced plastic deformation of the Al interfacial area.  
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Introduction 

The increasing application of lightweight and high performance materials as well as environmental-friendly 

technologies in automotive, aeronautic and marine industries has pushed to the use of multi-material design, 

where metallic and non-metallic materials are merged to hybrid components. Multi-material design is possible 

if an efficient joining of dissimilar materials such as metals to composite materials is performed overcoming 

the difficulties related to the strong dissimilar physical–chemical properties of the joining materials. Haddadi 

and Abu-Farha (2015) reported that reaction at the interface and material incompatibilities are the most 

challenging barriers in joining dissimilar materials. Traditionally, dissimilar materials are joined by adhesive 

bonding or mechanical fasteners, even if the latter, in the case of metal-composite joining, present several 

limitations in addition to the intense labor required. Graham et al. (2014) and Liu et al. (2014) have reported 

that the major drawbacks of mechanical fasteners derive from drilling operations which interrupt fiber 
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