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As modern engineers and scientists we are spoilt 
for choice. We have more technologies, materials, 
production tools and instruments at our disposal than 
ever before. We’re able to transform the nature of life 
itself, build structures that are breath-taking in their scale 
and complexity, and explore the limits of our known 
universe, from the depths of the earth to the furthermost 
reaches of space.

Although we’re surrounded by advanced manufacturing 
technologies each of these is no more – nor less – than 
a tool. Where once an engineer would carry a box of 
tools to his place of work, now we have intelligent and 
automated production systems capable of performing 
many different tasks simultaneously. Yet, for all that, 
these remain tools – a means to an end.

A core skill of the modern manufacturing engineer is in 
knowing which tool or combination of tools to use, where 
and when, and to be able to adapt to new technologies 
as they become available.

Wire arc additive manufacturing (WAAM) is one such 
tool. Based on existing technologies, it is steadily 
emerging as a tool that can be used alone or in 
combination with other manufacturing techniques to 
transform the way in which we work.

The power of hybrid manufacturing



One of the benefits of wire 
arc additive manufacturing is 
its ability to be used with an 
extensive range of standard 
and specialised metals
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Wire arc additive manufacturing
In simple terms, wire arc additive manufacturing enables 
three-dimensional metal structures to be constructed, by 
using an electric arc source to melt a wire feedstock onto 
a metal base plate. 

The wire is fused in a sequence of bead strings, which 
are deposited layer upon layer until the required shape 
has been created. The arc source – normally a Gas 
Metal Arc (GMA), Tungsten Inert Gas (TIG) or Plasma 
Transferred Arc – is mounted in a specially designed 
end-effector on the end of a robotically controlled arm. 

The complete system is computer controlled and fully 
automated, with an extremely accurate tool path, 
deposition rate and real time monitoring of the deposition 
process and material parameters.

The WAAM process creates near-net shape parts, which 
simply require a small amount of final machining before 
they are ready for use. The size and shape of each part 
is limited only by the reach or configuration of the robotic 
arm and support mechanisms.

A WAAM system allows large 3D parts to be created 
relatively quickly in a variety of metals, ranging from 
aluminium and steel to Inconel and Titanium, and to 
extremely high levels of quality, with exceptional part 
strength and mechanical integrity.

Although WAAM technology is highly effective for 
producing original parts from scratch, it can also offer a 
wide range of advantages if it is incorporated within a 
hybrid manufacturing process. 
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Hybrid 3D manufacturing
In many respects, the majority of manufacturing 
operations can be described as ‘hybrid’, as they 
integrate several dissimilar technologies into single, 
streamlined processes. In this respect, integrating WAAM 
is no different, as the goal is the same: to deploy the best 
options that produce the highest quality part in the right 
timeframe and the correct cost.

What is different, however, is the ability of WAAM 
technology when used with, for example, forging or 
subtractive CNC processes, to offer manufacturing 
engineers new opportunities for the design and 
production of a wide range of large 3D parts.

As an example, consider heated and cast seamless 
steel pipes that are widely used in the oil and gas sector 
for transferring oil, gas, slurry, acids and steam. These 
can be produced competitively using conventional 
production techniques in relatively high volumes. Costs 
increase, however, when customised flanges or fittings 
have to be added, especially if these must be produced 
in specialised materials.

Similarly, machined rotor and high-speed shafts, such as 
might be found in wind turbine drivetrains, may require 
ancillary components built onto them, or to be adapted 

at the point of use, to meet the needs of specific 
applications. This can be difficult and costly to achieve 
during the initial manufacturing process, especially if 
shafts need to be produced in volume.

A third factor is where large forged or cast parts require 
repair or refurbishment. It can often be expensive and 
time-consuming to transport the part back to the original 
supplier, and there will often be considerable delays 
during subsequent remanufacture if additional forging or 
extensive CNC machining is required.

In each of these examples, the introduction of WAAM 
technology to complement the original manufacturing 
processes can offer a number of important benefits. In 
particular, by fusing a three-dimensional metal extension 
onto the original structure it is relatively quick and cost-
effective to customise or repair the part, especially if 
the work can be carried out at, or close to, the point of 
use – this also has potential environmental benefits 
by eliminating the need for transport while potentially 
minimising the amount of material required.
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The material interface
One of the benefits of wire arc additive manufacturing is 
its ability to be used with an extensive range of standard 
and specialised metals. This makes it ideal for many 
different applications, from aerospace and marine, to oil 
and gas, defence and renewable energy. It also creates 
the option of building multi-layer structures with, for 
example, a low-cost mild steel metal component having 
a thin outer layer of nickel-based alloy added to provide 
corrosion protection.

In each case, at the point of deposition, the wire used 
as the feedstock is entirely molten and becomes part of 
the final structure. It is, however, essential to understand 
the interactions that take place at the interface between 
the substrate and additive materials, in terms of their 
mechanical, chemical and thermal properties.

This also depends on a good understanding of the 
characteristics of the wire materials. For example, the 
titanium alloy Ti 6Al 4V, known as the workhorse of the 
aerospace industry and which offers excellent 

strength, a low modulus of elasticity and high corrosion 
resistance, can be affected by columnar prior-ß grains 
and a highly textured microstructure. This produces 
anisotropy of both tensile strength and elongation. In this 
instance, the solution is to use a roller or a peening tool 
to subject each deposited layer to cold work that refines 
the microstructure and produces consistent isotopic 
mechanical properties across the deposited material.

By comparison, standard aluminium wire may exhibit 
high levels of porosity when used in the additive 
manufacturing process. This problem can be minimised 
by choosing wire manufactured specifically for 
WAAM to much higher levels of quality standards. To 
eliminate porosity completely and improve mechanical 
performance further the same in-process cold work can 
be applied. 
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Residual stresses
Wire arc additive manufacturing generally requires 
elevated levels of energy input. This can lead to high 
residual stresses, which are generally associated with 
shrinkage during cooling and are most noticeable in the 
longitudinal direction, in the line of deposition. The result 
is distortion on the part once it is unclamped.

These issues can be overcome through careful planning 
of the additive process. For example, by identifying the 
plane of symmetry within each part it becomes possible 
to deposit material alternatively on each side of the part 
to create a perfectly balanced stress pattern. This has 
a further advantage as it enhances heat management, 
with one side cooling while the other is being deposited. 

Residual stresses can also be reduced by using the 
in-process cold-work techniques mentioned above, 
which minimise the peak stress at the interface between 
the component and the substrate, and introduce larger 
compressive stresses at the top of each deposit layer. 

A further option is to use shorter deposition paths, by 
reorientating the part during the pre-production tool-path 
design phase.

Expert choice
In common with all advanced manufacturing 
technologies, there are applications where WAAM is 
ideal and others to which an alternative process is better 
suited. Ultimately, it comes down to selecting the best 
production technologies to achieve the desired results, in 
terms of, for example, performance, cost or delivery. 

Although WAAM is a new tool, which manufacturing 
engineers can use to their advantage as part of an 
integrated production strategy, it pays to work with 
experts in the technology if you want to release its 
true potential.



info@waam3d.com
+44 (0)1234 754693
WAAM3D.COM

WAAM3D Limited
5 Thornton Chase
Milton Keynes
MK14 6FD
United Kingdom 


