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Abstract
The review paper aims to outline the most significant accomplishments in Wire
Arc Additive Manufacturing. It can capture the benefits of using the Additive Manufacturing method to manufacture layer-by-layer deposition at significantly reduced production values. Due to the viability of cautiously producing bulky metal components with comparatively high deposition rates, weighty
progress has been complete in the thoughtful of the Wire Arc Additive Manufacturing process. Compared to ancient production, the use of this method
has resulted in decreased Buy-To-Fly ratios of components the many applications such as saltwater valves, pumps, and turbine propellers, thereby aiding
small-batch production. The input parameter is the travel speed, and the output deposition is layered large-scale metal elements with comparatively high
deposition rates. The creation of cost-efficient prototypes as microstructure and
mechanical properties, deformation, porosity, and cracking are also concerted
in different alloy components.

1. Introduction
Continuous development and repeated trials to discover new findings in new technologies are vital
in the modern industry. A huge example is the
aerospace and shipbuilding industry where the need
is estimated to be nearly 20 million tons of material, such as titanium which uses a high BTF ratio,
within the next 20 years (Gierth et al.). Due to the
low material activity, there will be a need to acquire
larger quantities of ingots or forgings to supply
a low number of finished components (Thapliyal).
Using AM technologies is one of the feasible solutions. The AM technologies which are based on
OPEN ACCESS

motion systems, energy source and feedstock facilitate heating, moving and deposition of the materials. Polymer materials are used in AM technologies. As the metals can be utilized distinctly in
their powder structure, the items are normally permeable and not completely utilitarian. The response
to these issues could be WAAM innovation, as
examined over the most recent 30 years, utilizing
essential patent dates from 1925 (Zhou). WAAM
utilizes electric circular segment for the warmth
source and metal welding wire for the feedstock,
consequently making it a combination of welding
and AM innovation joined with CNC machines or
automated frameworks that give light development,
198
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WAAM utilizes standard welding instrumentation,
for example, welding light, power source, wire and
defensive gas taking care of frameworks. This is
the main advantage of utilizing WAAM as it is all
the time profoundly less expensive than standard
AM advancements that utilize explicit materials and
instrumentation. The following advantage offered is
expanded assembling and diminished advancement
time because of its complete usefulness, items that
are close net-shape and limitless by size, and feasible statement rates normally going from 50–130
g/min, it is higher when compared to other AM procedures (Derekar et al.). When contrasted with standard advancements, WAAM offers plan opportunity. Obviously, different issues, for example, residual stresses and distortions because of high warmth
input, low dimensional exactness and harsh surface
completion of the parts actually represent a test to
WAAM (Eimer et al.) .
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printers, WAAM embodies technology with the lowest investment needs. The information in Table 1
shows the low wire feedstock prices for WAAM in
comparison to its powder counterparts.

FIGURE 2. Comparison of different types of
additive manufacturing technologies
It shows clearly the importance of feedstock value
and how it will have to be forcefully brought down.
As depicted in Figure 1, when compared to competitive technologies, WAAM shows exceptionally
higher deposition rates that may increase up to 10
kg/h for a single deposition source.

FIGURE 1. Deposition rates for additive manufacturing
It requires melting of wire that is usually 1 to 2
mm in diameter. The wire functions as both the electrode and the feedstock. It creates an arc between
itself and the part, which is built on a metal plate.
The heat from the electrical discharge causes liquefied beads of metal which meld with one another. A
sequence of beads builds a layer and the resultant
layers piling up to create the part. When compared
to powder bed technologies requiring tailor-made

2. Metrology
A normal WAAM framework with all the primary
parts and choices is appeared in Figure 3 (Kok).
Similar to other AM advancements, WAAM begins
with the production of 3D CAD models by utilizing
applicable programming or 3D scanning.
Added substance producing, where the principle
layer is kept on the least base plate and the light
goes up to the stature of the necessary layer and the
subsequent layer is saved onto it. This strategy proceeds until the full part is created. Some of the postprocess machining is also done simultaneously. At
times, post-processing is also completed independently (Horgar et al.). Figure 3 shows the method
diagram.
3. WAAM Process
It is the class of Direct Energy Deposition (DED),
in line with ASTM F2792-12a (Li) . It is generally characterized as the blend of a wire that is
used as a feedstock material and an electric arc that
199
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ing the grain size inside the testimony strategy as
schematically imagined Furthermore, cool moving
administers the width of the segments, subsequently
bringing about an improved surface completion of a
definitive part.
4. Materials

FIGURE 3. WAAM process diagram
is used as a warmth source. Figure 3 schematically portrays the strategy. WAAM is subject to
the early thoughts of automatized welding measures, in few examples, (GMAW) Gas Metal Arc
Welding (T. Klein and Schnall), (PAW) Plasma
Arc welding (Bento), and (GTAW) Gas Tungsten
Arc Welding (Kruth, Leu, and Nakagawa). Lately,
WAAM has had a few assignments, for example,
Shape Welding (SW), Shape Melting (SM), Shape
Metal Deposition (SMD), Solid Freeform Fabrication (SFF), Rapid Prototyping (RP), and even 3D
welding (Klein, Thomas, and Schnall). To accomplish brilliant and stable technique for controlling
liquid metal affidavit alongside diminished warmth
input, an adjustment of GMAW, also insinuated
as Cold Metal Transfer (CMT), has been changed
for AM. CMT is a cutting-edge material - move
technique. In this technique, an incorporate control framework that recognizes by the usable of a
servomotor, when the wire end interacts with the
molten metal pool, to direct bead move. Nonetheless, the primary hindrance is the wired push-andpull electromechanical technique to direct the bead
move. Different choices of Cold Metal Transfer
are CMT advanced (CMT-ADV), CMT pulse (CMTP) and CMT Pulse Advanced (CMT-PADV), which
are technologically advanced by Fronius. Once
enhanced, the Cold Metal Transfer can be suitably
applied in Ti-based alloys (Conner).
3.1. Cold-Work Based
In an incredibly cool work strategy, the high weight
sandwiched rolling has been created at Cranfield
University . It includes striking a heap of up to 100
kN onto a roller that is going over the all-around
living kept layers. This is done to propel plastic
distortion of the surface, subsequently recrystalliz-

Generally, the material in the market through welding wire (aluminum, steel, titanium and nickelbased composites) is utilized in WAAM. Because
of their expanded use in the aeronautic trade,
the Titanium-based and Nickel based combination
is being concentrated through. Accordingly, the
impulse to upgrade this technique to create segments
emerges from the likelihood to supply immense
segments with a low Buy-To-Fly (BTF) quantitative connection. A portion of different qualities
are expanded explicit strength, and hence the cost
related to the use of ablative techniques onto these
materials. Be that as it may, as the primary WAAM
advantage is to method a huge change of materials,
this part incorporates audits of ongoing outcomes,
difficulties, applications, and refinement of the most
significant and regularly utilized metallic alloy.
4.1. Titanium-Based Alloys
Ti-mixes are dynamically being examined and therefore making it possible to have a decline in overthe-top costs related to dealing with these materials.
These blends have sturdiness, more strength, sensible disintegration resistance, and may in like manner have the alternative to persevere through crazy
temperatures without unmistakable loss of mechanical properties. Henceforth, these are appropriate
for gathering in flight and biomedical applications.
It addresses almost 15% of the overall heap of the
Boeing 787, unpaid to its electro chemical similitude with carbon fiber composites.
4.2. Ni-Based Alloys
Nickel-based combinations are another gathering of
materials that are fundamentally utilized in nuclear
industries, for gas turbines and transition ducts
and aviation. These fundamental points of interest of these combinations are high strength even
at high temperatures, diminished warm development, and extravagant consumption obstruction. Nibased combinations may display cementing breaking, liquation breaking, flexibility plunge breaking,
and strain-age breaking.
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Magnesium-Aluminum combinations, uncommon
components (zirconium, neodymium, dysprosium,
yttrium, gadolinium and cerium) and extra minor
components (Ca, Sr, Sb) were added to Magnesium
smothering start susceptibility.
5. Residual Stresses

FIGURE 4.
Typical residual stress profile
as deposition (a) clampedstress profile (b) outof-plane distortion after unclamping (c) redistributedand balanced residual stress profile after
unclamping
4.3. Steels
Steels are basically accessible ferrous combinations,
which are broadly utilized in car, boat, development,
and gas ventures. Alongside WAAM, it very well
might be utilized in the assembling of segments containing a general low worth. Nonetheless, a few
creators guarantee that the creation of those lowvalued composites by WAAM is effectively pertinent to enormous segments that have confounded
calculations.
4.4. Al Alloys
The Aluminum Alloys (AA) connection has been
extreme consistently, as the arrangement of an
oxide layer in hardening, for the work is confined as porosity. Restrictions, for example, these
have brought about examinations on the impact of
warmth medicines in WAAM Al parts. Surface
Oxide film called alumina can be left out by using
Alternate Current (AC). Cold Metal Transfer (CMT)
is by and large saw as the steadiest decision to deal
with Al blends. In any case, CMT pulse advanced
(CMT-PADV) made by Fronius, attempted to totally
discard pores, on account of oxide cleaning influence (Liu).
4.5. Mg Alloys
Magnesium compounds are progressively being utilized as an option in contrast to aluminum to
lessen the weight of the general parts in automotive and medical industries. Mg compound
progress over time were blocked because of combustibility hazard, yet with expanding interest in

It is absolutely critical in the WAAM cycle. These
are a result of the high-level warm conduct and
thermo-actual properties of the materials to be
saved. In others contemplates, numerous methodologies are utilized to decrease the glow aggregation, therefore residual stresses upheld the guideline
of stay time; pre-warming the substrate, as it diminishes warm angles making the temperature dissemination extra homogeneous, as it will expand the wet
capacity of the essential layers (Pramod). It is practically steady all through the stature yet generally
considerable the longitudinal demonstrated in Figures 4, (a) clasped pressure profile (b) out-of-plane
mutilation subsequent to unclamping (c) rearranged
and adjusted lingering pressure profile in the wake
of unclamping.
6. Heat Treatments
During Wire Arc Additive Manufacturing, extreme
warmth aggregation will forestall the bead geometry control, yet additionally may prompt contrasts in
microstructure and mechanical properties with the
expansion of tests’ stature getting imperative to perform heat-treatment to accomplish isotropic properties.
7. Defects
WAAM measure is, in a general sense, fundamentally the same as welding so imperfections,
for example, hot breaking, cold breaking, porosity,
delamination, and scatter are all around archived for
various alloys. Deformities in Wire Arc Additive
Manufacturing can begin by helpless poor tool path
planning, extreme warmth input, residual stresses
and gas tainting. Furthermore, surface completion
was seen to straightforwardly influence hydrogen
break vulnerability.
8. Applications
WAAM particularities make it reasonable for the
formation of enormous estimated leaves behind
medium unpredictability segments, made with highesteem materials. Hence, this innovation is feasi201
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ated by an ordinary framing measure. A rib was first
fashioned and afterwards wrapped up by expanding
its tallness with Wire Arc Additive Manufacturing
(Figure 7a)
FIGURE 5. The low scattering condition macro
defects in WAAM component: (a) Spatter and
side collapse (b) Un-melted wire.

FIGURE 7. Different components are fabricated
with WAAM: (a) rib, and (b) excavator arm.
FIGURE 6. Distortion of a WAAM component
ble to be utilized in ventures, for example, aviation,
car, protection, shape and passes on, maritime, and
atomic energy. Topologically enhanced structures
are being progressively utilized by aviation as well
as automotive businesses since they diminish mass
while keeping up the usefulness of the part boosting
exhibition. Wire Arc Additive Manufacturing offers
the possibility to deliver topologically enhanced segments, as traditional innovations become extravagant, with lot of wastage, and broad lead times.
1. Norsk Titanium conveyed the main Ti additively produced part made through Wire Arc Additive Manufacturing affirmed by the government
avionics organization, as it was introduced on the
Boeing 787 Dreamliner. Norsk Titanium’s innovation permitted squander decrease, less energy utilization, and item costs decrease by up to 30% and
75% efficient, then fashioning with ensuing machining.
2. Nickel-based combinations and hardened
steels are generally utilized in the atomic business,
where leaves behind high warmth and consumption
opposition are required. Wire Arc Additive Manufacturing is a fitting possibility to supplant some
less mentioned bits of Ni parts to hardened steel,
permitting the decrease of price and mass of these
segments.
3. Hirtler et al. misused one of Wire Arc Additive Manufacturing’s potential applications, that is,
producing from a past semi-completed segment cre-

4. Mg composites have been utilized in Wire Arc
Additive Manufacturing, medical application actually doesn’t meet the prerequisites regarding consumption opposition and compatibility. Once these
are guaranteed, those segments can be utilized for
human vertebra models, hip stem embeds, and treat
bone cracks. Another model incorporated an excavator arm, as portrayed in Figure 7b.
9. Future Outlook
The manufacture of complex parts by methods
for Wire Arc Additive Manufacturing is getting
grounded in both insightful networks as well as in
business. A couple of cycle varieties have been
developed starting late to smooth out the microstructure and mechanical properties of the as-built parts.
Besides, most of the critical planning composites
(Titanium, aluminum, and gets ready, including
perfect) are currently used in Wire Arc Additive
Manufacturing with bewildering result, showing the
practicality of the methodology to convey specially
designed huge metallic parts. One point that isn’t
yet a lot of examined concerns the opportunity of
using Wire Arc Additive Manufacturing for fixed
applications. This could extraordinarily lessen price
related the need to absolutely restore a given essential part since with Wire Arc Additive Manufacturing advancement, restricted fixes can be fixed.
ORCID iDs
Manikandan N
7714-975X

International Research Journal on Advanced Science Hub (IRJASH)

https://orcid.org/0000-0001-

202

Significant Attention in Industry and Academia for WAAM - A Review

References
Bento, João B. “Non-Destructive Testing for Wire
+ Arc Additive Manufacturing of Aluminium
Parts”. Additive Manufacturing 29 (2019):
100782–100782. 10.1016/j.addma.2019.100782.
Conner, Brett P. “Making Sense of 3-D Printing:
Creating a Map of Additive Manufacturing Products and Services”. Additive Manufacturing 1.4
(2014): 64–76. 10.1016/j.addma.2014.08.005.
Derekar, Karan S., et al. “Effect of pulsed metal inert
gas (pulsed-MIG) and cold metal transfer (CMT)
techniques on hydrogen dissolution in wire arc
additive manufacturing (WAAM) of aluminium”.
The International Journal of Advanced Manufacturing Technology 107.1-2 (2020): 311–331. 10.
1007/s00170-020-04946-2.
Eimer, E., et al. “Wire Laser Arc Additive Manufacture of aluminium zinc alloys”. Welding in the
World 64.8 (2020): 1313–1319. 10.1007/s40194020-00872-9.
Gierth, Maximilian, et al. “Wire Arc Additive
Manufacturing (WAAM) of Aluminum Alloy
AlMg5Mn with Energy-Reduced Gas Metal Arc
Welding (GMAW)”. Materials 13.12 (2020):
2671–2671. 10.3390/ma13122671.
Horgar, A., et al. “Additive manufacturing using
WAAM with AA5183 wire”. Journal of Materials Processing Technology 259 (2018): 68–74.
10.1016/j.jmatprotec.2018.04.014.
Klein, Thomas and Martin Schnall. “Control of
macro-/microstructure and mechanical properties
of a wire-arc additive manufactured aluminum
alloy”. The International Journal of Advanced
Manufacturing Technology 108.1-2 (2020): 235–
244. 10.1007/s00170-020-05396-6.
–––.“Control of Macro-/Microstructure and
Mechanical Properties of a Wire-Arc Additive Manufactured Aluminum Alloy”. The
International Journal of Advanced Manufac-

2022, Vol. 04, Issue 07 July

turing Technology 108.1-2 (2020): 235–244.
10.1007/s00170-020-05396-6.
Kok, Y. “Anisotropy and Heterogeneity of
Microstructure and Mechanical Properties in
Metal Additive Manufacturing: A Critical
Review”. Materials & Design 139 (2018): 565–
586. 10.1016/j.matdes.2017.11.021.
Kruth, J. -P., M. C. Leu, and T. Nakagawa. “Progress
in Additive Manufacturing and Rapid Prototyping”. CIRP Annals 47.2 (1998): 525–540. 10 .
1016/s0007-8506(07)63240-5.
Li, Sen. “Comparative Study on the Microstructures
and Properties of Wire+Arc Additively Manufactured 5356 Aluminium Alloy with Argon and
Nitrogen as the Shielding Gas”. Additive Manufacturing 34 (2020): 101206–101206. 10.1016/j.
addma.2020.101206.
Liu, Zhi-Qiang. “Wire and Arc Additive Manufacturing of 4043 al Alloy Using a Cold Metal Transfer Method”. International Journal of Minerals,
Metallurgy and Materials 27.6 (2020): 783–791.
10.1007/s12613-019-1930-6.
Pramod, R. “Fabrication, Characterisation, and
Finite Element Analysis of Cold Metal TransferBased Wire and Arc Additive-Manufactured Aluminium Alloy 4043 Cylinder”. Welding in the
World 64.11 (2020): 1905–1919. 10 . 1007 /
s40194-020-00970-8.
Thapliyal, Shivraman. “Challenges associated with
the wire arc additive manufacturing (WAAM) of
aluminum alloys”. Materials Research Express
6.11 (2019): 112006–112006. 10 . 1088 / 2053 1591/ab4dd4.
Zhou, Yinghui. “Mechanical Properties and Precipitation Behavior of the Heat-Treated Wire +
Arc Additively Manufactured 2219 Aluminum
Alloy”. Materials Characterization 171 (2021):
110735–110735. 10 . 1016 / j . matchar . 2020 .
110735.

203

N et al.

© Manikandan.
N et
al.
2022 Open Access.
This article is distributed
under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made.

2022, Vol. 04, Issue 07 July

Embargo period: The article has no embargo
period.
To cite this Article:
N, Manikandan, Dr. G
Swaminathan, Dinesh J, Manish Kumar S, Kishore
T, and Vignesh R. “Significant Attention in Industry and Academia for Wire Arc Additive Manufacturing (WAAM) - A Review.” International
Research Journal on Advanced Science Hub 04.07
July (2022): 198–204. http://dx.doi.org/10.47392/
irjash.2022.048

International Research Journal on Advanced Science Hub (IRJASH)

204

