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Abstract : Micro welding procedures are widely used for joining materials, developing duplex components or functional
surfaces, through various methods such as Micro Discharge Welding or Spot Welding process, which can be found in the
engineering, aerospace, automotive, biochemical, biomedical and numerous other industries. The relationship between the
material properties, structure and processing is very important to improve the structural integrity and the final performance of
the welded joints. This includes controlling the shape and the size of the welding nugget, state of the heat affected zone,
residual stress, etc. Nowadays, modern high volume productions require the welding of much versatile shapes/sizes and
material systems that are suitable for various applications. Hence, an improved understanding of the micro welding process
and the digital tools, which are based on computational numerical modelling linking key welding parameters, dimensional
attributes and functional performance of the weldment, would directly benefit the industry in developing products that meet
current and future market demands. This paper will introduce recent work on developing an integrated experimental and
numerical modelling code for micro welding techniques. This includes similar and dissimilar materials for both ferrous and
non-ferrous metals, at different scales. The paper will also produce a comparative study, concerning the differences between
the micro discharge welding process and the spot welding technique, in regards to the size effect of the welding zone and the
changes in the material structure. Numerical modelling method for the micro welding processes and its effects on the material
properties, during melting and cooling progression at different scales, will also be presented. Finally, the applications of the
integrated numerical modelling and the material development for the digital manufacturing of welding, is discussed with
references to typical application cases such as sensors (thermocouples), energy (heat exchanger) and automotive structures
(duplex steel structures).
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