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 This study is aimed to identify the limitation 
of the plasma transferred arc (PTA) based 
WAM process in terms of the deposition 
rate and process tolerance. It was found 
that the melting efficiency can be improved 
by distributing more energy on the wire 
and less energy on the workpiece, resulting 
in a higher deposition rate. This can be 
done by increasing the wire diameter or 
changing the position of the wire with 
respect to the arc column. In addition, the 
keyhole formation and metal transfer 
behaviour has been also investigated. 

 Wang, C., Suder, W., Ding, J., & Williams, S. (2021). 
The effect of wire size on high deposition rate wire 
and plasma arc additive manufacture of Ti-6Al-4V. 
Journal of Materials Processing Technology, 288, 
116842. 
https://doi.org/10.1016/j.jmatprotec.2020.116842  

• The wire based plasma arc and laser hybrid additive manufacture process is 
aimed to improve the deposition rate and better control the melt pool. The best 
configuration for the hybrid process was found to be PTA leading combined with 
front feeding of the wire, which allows independent control of deposition rate 
and bead shape. It was also found that compared to the single PTA process, the 
hybrid process gives a higher deposition rate, while compared to the laser 
process, the hybrid process has a much higher wire melting efficiency and 
tolerance to wire positioning accuracy. In addition, the likelihood of keyhole 
formation in the hybrid process is lower than that in the single PTA process. A 
multi-energy source approach with one PTA and two lasers has been proposed to 
overcome the limitations of the standard hybrid process. 

• Wang, C., Suder, W., Ding, J., & Williams, S. (2021). Wire based plasma arc and laser 
hybrid additive manufacture of Ti-6Al-4V. Journal of Materials Processing 
Technology, 293, 117080. https://doi.org/10.1016/j.jmatprotec.2021.117080 

 

• During first quarter of 2021, Manchester team has published 
one paper, with Jacob Kennedy as the lead author, ‘The 
potential for grain refinement of Wire-Arc Additive 
Manufactured (WAAM) Ti-6Al-4V by ZrN and TiN 
inoculation’. In this study, Kennedy et al. adhered ZrN and 
TiN particles onto newly deposited WAAM layers in order to 
provide nucleation sites for new grains to form in the 
subsequent layers.  The motivation for this was to improve 
the microstructure of the build, by increasing the rate of 
grain nucleation.  Using TiN particles successfully refined the 
microstructure, reducing the grain size and the undesirable 
columnar grains, typical in WAAM builds, were replaced by 
equiaxed grains.  However, Kennedy et al. found the 
addition of ZrN to be ineffective.  This study provides a 
promising basis to solve the problem of poor microstructure 
typical in WAAM builds, which is one of the major hurdles 
blocking the adaptation of WAAM by industry. 

• Kennedy, J. R., Davis, A. E., Caballero, A. E., Williams, S., Pickering, E. J., & Prangnell, P. B. (2021). The 
Potential for Grain Refinement of Wire-Arc Additive Manufactured (WAAM) Ti-6Al-4V by ZrN and TiN 
Inoculation. Additive Manufacturing, 101928.  https://doi.org/10.1016/j.addma.2021.101928 
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• Coventry team has published one paper with Abdul Khadar Syed 
as the lead author, and with collaborative effort from Coventry, 
Manchester and Cranfield teams. Compact tension fatigue crack 
growth test samples were prepared using single pass, parallel 
pass, and oscillation deposition strategies and tested with cracks 
propagating parallel and normal to the plane of deposition. The 
oscillation build exhibited a significantly coarser columnar β 
grain structure as well as a coarser transformation 
microstructure, compared to the single pass and parallel pass 
builds, which were very similar. For each build strategy, a 
greater microstructural influence on crack growth rate was 
found at lower levels of stress intensity factor range (< 25 
MPa.m1/2). The oscillation build strategy showed lower crack 
growth rates due to the stronger α microtexture heterogeneity 
which led to a greater crack deflection and bifurcation, giving 
rise to lower crack growth rates and a higher sensitivity to the 
anisotropy caused by the directional β grain structure. This 
research has demonstrated the potential of WAAM process to 
tailor the microstructure and to achieve desired microstructure 
and material performance by changing the layer deposition 
strategy.  

 •     A K Syed, X Zhang, A E Davis, J R Kennedy, F Martina, J Ding, S Williams, P B Prangnell. Effect of deposition strategies on fatigue crack growth 
behaviour of wire + arc additive manufactured titanium alloy Ti-6Al-4V. Materials Science & Engineering A (Accepted on 27/03/2021). 
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Further Reading 

NEWAM website:              https://newam.uk/ 
NEWAM LinkedIn:             https://www.linkedin.com/in/newam-epsrc-programme-

grant-6617091a9/ 
NEWAM ResearchGate:   https://www.researchgate.net/project/New-Wire-Additive-

Manufacturing-NEWAM 
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