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Wire Arc Additive Manufacturing 
Wire Arc Additive Manufacturing (WAAM) is an 
advanced and rapidly evolving technology. It offers 
engineers exciting opportunities for the design 
and production of large and low volume structures.  
This paper describes the technology and explains 
why WAAM should be included in your portfolio of 
production techniques.

Most forms of additive manufacturing, such as powder 
bed fusion, direct metal laser sintering, electron 
beam melting or stereolithography, offer a variety of 
advantages: design flexibility, especially for parts with 
complex geometries, plus high levels of accuracy, 
repeatability and resolution, combined with the potential 
to reduce the weight, material required and lead-times for 
finished parts. 

The manufacture of large parts and the repair of 
existing structures using 3D printing, however, is 
generally beyond the scope of conventional additive 
manufacturing technologies. The limiting factors tend to 
be the physical envelope of each machine, the cost 

of materials, especially where exotic alloys are used, 
part complexity or difficulties maintaining consistent 
mechanical properties for each part.

The development of wire arc additive manufacturing 
(WAAM) technology has created new opportunities 
for large format 3D printing, both for the production of 
original structures and the repair of existing parts.
This is particularly exciting for companies in sectors as 
diverse as aerospace, marine, energy, and construction, 
where the choice of manufacturing techniques for large 
parts is generally restricted to forging, casting, CNC 
machining, or fabrication; each of these processes has 
inherent problems. 

For example, there are lengthy lead-times for forged 
parts, typically in excess of 12 months, with further 
delays incurred for rough and finish machining. Similarly, 
subtractive machining processes create significant 
volumes of waste material, while both processes are 
subject to unpredictable supply chain issues, with 
limited availability of forging capabilities and, increasingly, 
problems of recruiting skilled engineers.

How it works, what it’s for and why you should consider it



0302 WAAM3D.COM WAAM3D.COM

In essence, WAAM is a process of building a three-
dimensional structure using an electric arc to melt a 
wire feedstock onto a metal base plate. The wire is 
melted in a sequence of bead strings, which are built 
up layer on layer as the robotic head automatically 
moves the printing head backwards and forwards in a 
pre-programmed pattern. The precise depth and width 
of deposited material need to be accurately controlled 
and the only constraint to the size of the structure is the 
reach of the robotic arm – provided one knows how to 
deal with residual stress and distortion.

Once the build process has been completed, the 
structure normally requires final machining to produce a 
smooth surface; this is especially valid in case of fatigue-
driven applications. Depending on the design, the base 
plate needs to be removed too, or could be left as part of 
the final product.

The WAAM process allows a wide variety of metal 
feedstocks to be used, including steel, aluminium, 
Inconel, Copper and Titanium. Standard welding 

wire, however, is unsuitable as it is designed and 
manufactured for general welding duties, lacking the 
quality required for building consistent high integrity 
WAAM structures.

For most simple applications, a Gas Metal Arc (GMA) 
source is preferred. This allows a simplification of the 
parameters selection. A GMA source is ideal for use with 
metals such as aluminium and steel but can suffer from 
arc wandering when used with titanium, which has the 
effect of increasing surface roughness. 

Moreover, GMA suffers from closely coupled energy 
input and material feed rate; loss of alloying elements 
and generation of oxides due to the material being in the 
hottest part of the arc; dependency on power source 
manufacturers for waveform supply for new materials; 
and high dilution or remelting levels leading to multiple 
thermal cycles and lower mechanical properties. 

In essence, WAAM is a process 
of building a three-dimensional 
structure using an electric arc 

to melt a wire feedstock onto a 
metal base plate.

How WAAM works
A basic WAAM system comprises:

• An electric arc source (MIG, TIG or plasma)

• Wire feedstock

• Robotic or CNC handling system

• Software for tool path planning and machine programming

• Real time sensing and control for optimum part geometry



0504 WAAM3D.COM WAAM3D.COM

Tungsten inert gas (TIG) or plasma transferred arc can 
therefore be a better option if structures need to be 
constructed in Titanium, although due to the nature of 
the deposition process, wire feedstock needs to be fed 
externally at an angle to the welding head.

Deposition rates are relatively fast, for example between 
1kg/hr and 4kg/hr for aluminium and steel, making it 
possible to manufacture large structures within 12 to 24 
hours. Each layer is normally between 1.0mm and 2.0mm 
in height, with a surface roughness, or waviness, of 
around 500µm. 

Although it is possible to achieve higher deposition 
rates or layer thicknesses, this factor requires careful 
consideration as high rates could affect the quality and 
structural integrity of the part, the roughness, and the 
level of distortion seen.

The key to a successful WAAM build depends on 
a number of factors: the design and configuration 
of the arc source and robotic system; the choice of 
feedstock; and, crucially, the functionality, useability and 
intelligence of the programming software and real-time 
control mechanisms.

Therefore, the latest generation of WAAM systems 
moves away from the basic configuration, incorporating 
automatic wire feeding and positioning, local shielding 
for reactive materials, plus precision sensors and 
vision systems for live measurement of 3D shape and 
pre-and post-deposition temperature measurement, 
together with a number of safety systems (e.g. on 
board fume treatment). Just as importantly, they are 
powered by innovative software tools, which have been 
developed specifically for calculating, programming 
and controlling the tool-path, deposition feed-rates and 
quality monitoring.

The advantages of WAAM
The WAAM process offers a number of advantages 
for engineers looking for new and innovative ways of 
manufacturing large parts and complete structures 
reliably and in short timescales. Realising these 
advantages, however, depends on the use of the latest 
and most advanced WAAM production systems, such 
as those manufactured by WAAM 3D.

The main advantages are:

• It is a cost-effective method of producing large and 
complex parts and structures

• Fast production process, from initial programming 
to finished part

• Near-net final part production, requiring 
minimal finishing

• Excellent isotropic mechanical and micro-structure 
properties of finished parts, especially if in-process 
cold-work is used

• Effective management of stress and distortion, 
even over extended surfaces

• Multi-material structures can easily be produced

• Proven technology, using the current generation of 
arc sources and automation systems

• Simple to setup and program using specially 
developed software

• Realtime production control of part geometry

• End-effectors with local shielding eliminate the 
need for largescale protective enclosures

• Active cooling for increased cycle speeds

WAAM also offers specific advantages over other 
production techniques. When compared with traditional 
forging processes, WAAM offers a major reduction in 
lead times, reducing them from over a year down to a 
few weeks or even days, plus the ability easily to design 
complex shapes, with a significant reduction in unit cost.

In common with other additive manufacturing 
techniques, WAAM can produce parts in approximately 
the same timeframes and has a major advantage in 
being able to produce much larger parts. WAAM also 
eliminates the storage, contamination and safety 
problems associated with powder-based systems.

WAAM material characteristics
The WAAM process fully melts the wire feedstock, which 
subsequently becomes part of the final structure. This 
creates structures with exceptionally high levels of 
mechanical integrity.

However with certain metals, such as titanium alloys, 
the solidification process of the deposited beads as 
they are added layer by layer can produce significant 
anisotropy in tensile strength and elongation. This results 
in a columnar and highly textured microstructure, with 
greater mechanical strength in the direction of the layers 
and superior elongation across each layer. 

The simple solution to create a truly isotropic 
microstructure is to apply a carefully controlled vertical 
load to each layer as it solidifies. This can be achieved 
by an integrated roller or a peening tool, which forms part 
of the deposition head head and end-effector.
The vertical load strains the grain structure of the weld 

in both the linear and transverse directions. Combined 
with the heat from the next deposition pass of the 
deposition head, this effectively causes recrystallisation 
of the metal, producing a high yield strength, with 
tensile strength and elongation values that are better 
than those of comparable forged parts. The material 
properties also become fully isotropic.

WAAM also allows parts to be easily produced in 
layers of different metals, such as steel and copper, 
simply by changing the feedstock and adjusting the 
relevant process parameters part-way through the 
deposition process. 

The WAAM process offers 
a number of advantages for 

engineers looking for new 
and innovative ways of 

manufacturing large parts and 
complete structures reliably 

and in short timescales.



In common with other additive 
manufacturing techniques, 
WAAM can produce parts 
in approximately the same 
timeframes and has a major 
advantage in being able to 
produce much larger parts.

WAAM materials

Standard welding wire is unsuitable for high integrity 
WAAM applications. Instead, specially developed wire 
is required, such as those we have developed. Our 
range of WAAM wire includes Aluminum 2319 and and 
Aluminium Magnesium Scandium, but it is growing to 
include more of the following chemistries, which we 
have already deposited successfully:

• Titanium
• Commercially pure
• Ti64
• Ti64 + O2 doping
• Ti64 – Low O2
• Ti5553
• Timetal 407

• Refractory metals
• Tungsten
• Molybdenum
• Tantalum

• Aluminium
• 2024
• 2319
• 4043
• 5087
• Safra 66
• ZL205A
• AlMgSc
• AlLi

• Inconel®

• 625
• 718

• Steels
• ER60
• ER80
• ER90
• ER120
• Maraging grade 250
• Maraging grade 350
• Stainless (15-5PH, 17-4 PH, 316L, 420, + others)

• Copper (high conductivity)
• Magnesium
• Invar®

• Bronze
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Integration is essential
A basic WAAM production system used to be based 
on conventional parts, such as an arc energy source, 
automation and robotics system and feedback 
mechanisms. Creating consistent, accurate and high-
quality parts, however, demands a degree of precision 
and control that can only be delivered through a truly 
integrated production ecosystem.

Ideally, a WAAM system should be designed to meet the 
exact needs of each application, to ensure compliance 
with the size, nature and material requirements of the 
parts to be manufactured. Key to success is the design 
and construction of the end-effector, which needs to 
be purpose-designed to deliver the levels of power and 
resolution required for accurate deposition.

Success also depends on the flexibility and performance 
of the programming software. Standard CAD and CAM 
packages may sometimes include WAAM process 
modules, but generally lack the functionality to ensure 
that each part is produced to the standards required. 
In particular, they rarely provide the ability to calculate, 
manage and simulate the WAAM process to optimise the 
tool-path, build sequencing or mechanical properties of 
each part, with accurate prediction of factors such as 
mechanical stress, cracking or distortion of the part. 

This is where our latest WAAM technology offers 
important advantages for customers.  Designed and 
engineered from the ground up as dedicated WAAM 
systems, they are fully integrated, with purpose 
designed end-effectors, advanced sensing mechanisms 
and dedicated programming and control software. They 
are simple to setup and use, offer extended functionality, 
high levels of performance and total reliability. 

A further consideration is the choice of feedstock. 
Although WAAM is derived from welding, standard 
welding wires have not been designed to the quality 
required to produce consistent high performance WAAM 
structures. For example, standard welding wires typically 
have highly variable surface geometries, inconsistent 
chemical properties, and poor levels of cleanliness, all of 
which are key to a successful WAAM operation.

Finally, and this is where working with a WAAM specialist 
is vital, training, support and technical advice are an 
essential part of the overall WAAM package. The WAAM 
process requires a high degree of knowledge and 
experience if perfect results are to be achieved time 
after time. That’s where partnering with WAAM 3D makes 
the difference. 

For further information, advice or assistance, contact 
our technical specialists today.
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