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Abstract

Additive manufacturing (AM) technology has been extensively embraced due to its capability to produce components at lower cost
while achieving complex detail. There has been considerable emphasis on the development of low-cost AM technologies and
investigation of production of various materials (metals, polymers, etc.) through AM processes. The most developed techniques for
AM of products include stereolithography (SLA), fused deposition modelling (FDM), laser technologies, wire-arc welding techniques,
and so forth. In this chapter, a review of the wire-arc welding-based technologies for AM is provided in two-fold perspective: (1) the
advancement of the arc welding process as an additive manufacturing technology and (2) the progress in the production of
metal/alloys and composites through these technologies. The chapter will provide important insights into the application of arc welding
technology in additive manufacturing of metals and composites for advanced applications in the era of Industry 4.0.

Chapter Preview
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Introduction

The additive manufacturing (AM) technology (also known as rapid prototyping, additive process and 3D printing), which involves
production of 3D parts via layering of materials, has advanced over time. As such, several techniques are in existence for AM
processing of metals, composites, and polymers. The choice of the manufacturing technology depends on the functionality, cost and
dimensional accuracy of the 3D components. In most existing market problems require manufacturing solutions which can produce
3D parts tight dimensional and shape accuracy (Klob¢ar, Lindi¢, & Busi¢, 2018). Additive manufacturing of plastics and polymers,
through fused deposition modelling (FDM), (such as PLA, ABS, graphene-doped PLA, etc.) is the most developed technology. The
plastic 3D printers have become so affordable such that most households in Western world and Asia own at least one. The FDM
technology is user-friendly, cheap and simple to learn (Mwema, & Akinlabi, 2020). However, the technology is challenged by
dimensional accuracy, high roughness and lack of finer details, although continuous research is ongoing on improvement for FDM for
production of 3D parts for advanced applications such as in biomedical, etc. (Katti, Sharma, & Katti, 2017).
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There are several methods in existence for metal and composite additive manufacturing and these methods are classified based on
the source of heat and they include, beam (laser and electron beam) and arc (tungsten inert gas (TIG), metal arc inert gas (MIG), and
Plasma arc welding (PAW)) (Klob¢ar et al., 2018). A chart detailing these classifications is shown in Figure 1, although metal AM
process can further be classified as reported by Ding et al. (Ding, Pan, Cuiuri, & Li, 2015). A lot of work is currently being advanced in
laser-based AM of parts through selective laser sintering, laser metal deposition and laser cladding (Graf, Marko, Petrat, Gumenyuk,
& Rethmeier, 2018; Mahamood, Akinlabi, Shukla, & Pityana, 2012). However, laser-based technologies are expensive and require
extensive knowledge and experience as compared to arc-based technologies. The metal-arc welding additive technology proves to
be easily adopted, especially in the developing world due to the simplicity and availability of the systems. Additionally, the method
allows for fabrication of larger parts as compared to laser and electron beam AM processes. In this article therefore, the focus is on
the metal-arc welding-based additive manufacturing technology for fabrication of metallic and composite parts, with emphasis on the
various techniques and progress in research on the technology. The method is also evaluated for its future and place in Industry 4.0
for fabrication of high-end products.

Figure 1. Classifications of additive manufacturing methods for metal fabrication
(https.//igiprodst.blob.core.windows.net:443/source-content/9781799840541_244329/978-1-7998-4054-1.ch005.f01.png?sv=2015-12-
11&sr=c&sig=c7Z5ygNGIUfSnB8PI7vB4TCXMdRTLAeYi31Z2%2FLyRsBA%3D&se=2020-08-09T08%3A556%3A56Z&sp=r)
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(adapted from Klobcar et al., 2018).
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