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Abstract  
 
Due to ongoing advancements in manufacturing techniques, one can build a 
functional metal part directly from the digital CAD data through additive 
manufacturing. Also it is worldwide acknowledged that such advanced 
processes of manufacturing help a lot in increasing productivity and hence 
results in cost reduction of a product as it saves a lot of time. The quality of 
the products manufactured from these techniques directly depends upon the 
physical changes at micro and macro scale during process which are 
extensively studied by researchers. It is essential because the layer deposition 
paths deposited during the process lead to wide range of transformations and 
hence decides its quality. In this context, various types of additive 
manufacturing techniques are described and finally conclusions are drawn as 
which technique is best suited for sustainable development and green 
manufacturing.  
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1 Introduction 
 

Additive Manufacturing is a modern way to fabricate metal parts in 
contrast to the older manufacturing processes like casting and machining.  
They withdraw new views on production strategies in terms of dimensions, 
scale and mechanical properties. Indeed, since, among other things, these 
production methods completely eliminate the requirement for tooling, many 
of the existing design limitations for manufacturing and assembly are no 
longer true [1]. However they also have their own characteristics and 
specificities that have to be taken into account during the design process to 
ensure the consistency of the produced pieces. A new global numerical chain 
for metallic additive manufacturing is presented in this article based on a 
global methodology for additive manufacturing (DFAM) design [2]. It is 
used to design and develop thin-walled metal parts for the Additive Laser 
Manufacturing (ALM) technology as shown in fig. 1. In additive 
manufacturing we add layer by layer material due to which the wastage of 
resources is very less and the process is quite convenient and affordable. In 
this process we need less labour work and man power due to which the initial 
cost of this reduces. Another benefit of using this technique is that it is quite 
fast and reliable the output of the system is quite reliable and we can do it in 
a number of ways it is a modern technique. AM's history has recently been 
summarized in this article. Stereolithography machines and 3D printing are 
part of the original AM techniques. These AM processes are initially used as 
contact or inspection instruments to produce polymers, and recently also in 
final manufacturing. The ability to generate prototypes directly from CAD 
models in a limited period of time helps to shorten the steps in product 
creation. The recent focus of AM research has moved to the production of 
complex metal parts, including titanium and nickel alloys, to meet the 
demands of the aerospace, automotive and rapid tooling industries, which 
cannot be economically manufactured using traditional methods [3].  

 

 

Figure 1 3D printed metal component 
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2 Classification of Additive Manufacturing Processes 
 

American Society for Testing and Materials broadly classified the AM 
processes into four main categories according to the adhesion and bonding 
method [4,5,6]. These categories are: (1.) Liquid Processes, (2.) 
Molten/Filament Processes, (3.) Powder Processes and (4.) Solid Layer 
Processes. In fig. 2, these processes are further categorize into some of the 
processes which are generally used nowadays according to the state of raw 
material or ‗feedstock‘. VAT polymerization or material jetting could be 
used in liquid AM techniques and material extrusion could be used in molten 
processes. Powder processes are generally used for powder bed fusion, 
binder jetting and direct energy deposition while solid layer processes could 
be used for sheet lamination [7]. In fig. 3, various additive manufacturing 
processes are classified and these processes are explained below as follows: 

 
Figure 2 Adhesion and Bonding Methods in Additive Manufacturing 
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2.1 Liquid Processes 
 
2.1.1 Multi-Jet Modelling 
 

 In this process we generally use polymers or wax for the modelling of 
objects. As name describes we use multiple nozzles jets to dispense polymers 
or any other material which is cured by UV rays. UV lamp flashes as soon as 
the printed polymer comes out of the nozzle to cure it. Multi Jet Modelling 
(MJM) prints the parts on moving bed that lowers once each layer is cured in 
order to continue the process. This process is cost effective as well as time 
saving. MJM is generally used to produce one or two parts not for mass 
production as it is not quite effective process when we talk in terms of 
quality. The produced parts are of low quality and their strength is relatively 
poor and the bottom surface is often rough and have some holes in it [8]. 

 

2.1.2 Liquid Thermal Polymerization 
 

In this process we follow similar path just like we do in investment 
casting as wax is used in this process to support material which has to be 
printed. Basically Liquid Thermal Polymerization (LTP) is a two jet system 
that forms thermos set layers by feeding liquids to the individual jetting 
heads then deposit small droplets on the platform. These jetted material 
solidifies as it cools. Both jets are employed with different materials to 
produce multi material parts or parts with wax materials. A milling head is 
used to remove excess material after the printing of each layer and then 
vacuum collects the eliminated particles. After printing the wax is eliminated 
by melting or dissolving. The range of products manufactured by this process 
is very limited.  
 

2.1.3 Stereolithography 
 

It is an AM technology that converts liquid photosensitive resin into a 
solid state with the help of UV light. UV rays helps to adhere the layers of 
the material. Layers are made one by one just like a building material is used 
to build the whole building. This was the first AM technology which is 
commercialized. It is the fastest process amongst all the AM processes and 
has 100x printing rate. In recent advancements we can use ceramics instead 
of polymers to print parts [9] 

Carbon 3D offers continuous curing from a liquid pool and achieves a 
printing rate of 100 times that of other processes. SLA can not only 
manufacture polymeric components, but can also design ceramic artifacts in 
a photo-curable monomer vat with ceramic particle suspensions.  
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Figure 3 Various Additive Manufacturing Processes  

 

2.2 Molten Filament Processes 
 

2.2.1 Fused Deposition Modelling- 
 
In this process two separate nozzles are used just like in Liquid Thermal 

Polymerization, one for model material and another for support material (Fig. 
4a). In this AM process we use CAD tool to build a 3D model. In a typical 
FDM system, the build material is melted and is added to printing bed layer 
by layer and simultaneously the support material is added to the 3D model 
wherever required but it should be removed after the completion of the print. 
The major drawback of this process is poor surface finish and dimensional 
inaccuracies of the fabricated parts.  

 

2.3 Powder Bed Process 
 

2.3.1 Selective Laser Sintering 
 

Fine powder is spread and sintered layer by layer in this AM phase to 
create a piece (Fig. 4b). To achieve a level, the powder is spread evenly with 
a coater. A concentrated laser beam is targeted at the powder layer and scans 
the part's cross section. This method is repeated until all the layers of the 
piece are written. It is possible to further classify the basic binding 
mechanisms of the powders into four categories; solid state sintering, 
chemically induced binding, 
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liquid phase sintering, and partial melting. This process can offer large 
variety of materials and therefore we can use this process in maximum 
applications. 
 

2.3.2 Selective Laser Melting 
 

In this AM process, a laser beam enters a thin layer of metal powder and 
welds particles selectively together. This technique happens layer by layer 
and every time a new layer of powder is applied. And the built foundation is 
reduced by the thickness of one sheet. After the completion of the whole 
process, the remaining non-used powder is removed. Since the components 
created have a good surface finish and broad dimensional accuracy, it is one 
of the best ways to manufacture complex geometries. 

 

2.3.3 Electron Beam Melting 
 

Electron Beam Melting is a similar process to selective laser melting but 
here we use electron gun instead of laser beam for melting preheated powder 
which makes this process more powerful and comparatively faster. This 
process is more accurate as compared to selective laser melting but it is 
limited by the material electrical conductivity and it needs to be performed in 
vacuum as well. That‘s why we generally consider selective laser melting to 
be more versatile process and generally use this process to fabricate parts. 

 

 
Figure 4 (a) Fused Deposition Modelling, and (b) Selective Laser sintering 

processes. 
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2.4 Spray Powder Processes 
 

2.4.1 Direct Energy Deposition 
 

Direct Energy Deposition (DED) is an AM process which is based on 
two techniques, 3D cladding and, 3D welding. In both techniques procedure 
followed is same but the feed material is changed in both the techniques. In 
3D cladding (Fig. 5), we use metal powder which is melted using laser beam 
or plasma beam forming layer by layer of the whole fabricated part. The laser 
based technique is also known as Laser Metal Deposition(LMD)  and it has 
the unique ability to repair those metal parts which are very much difficult to 
repair by other conventional methods.in this process we generally use nickel 
based super alloys, cobalt alloys, titanium alloys, and steels. On the other 
hand, in 3D welding use wire of very small diameter and it is known as wire 
based process which is fed and melted to the previous layers with the help of 
welding. This process is generally known as Shaped Metal Deposition 
(SMD) and it is the noteworthy process as we can use variety of metals in 
this process. SMD produces products which has very good mechanical 
properties such as tensile and compressive strengths and can fabricate large 
parts with mechanical properties competitive to cast materials. 

 
2.4.2 Inkjet 3D Printing 
 

 
Figure5 Laser Cladding Process 
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jetting 3DP, droplets of the particular material in liquid state are used with 
the help of inkjet head layer by layer to fabricate the product. Further these 
jetted droplets are then cured with UV light at each and every layer. This 
process is growing its application in biomedical such as clinical studies, 
surgical trainers, custom reconstructive and orthopedic implants, tissue 
engineering etc. The major drawback of this technology is the surface finish 
of the products being produced and that‘s why improvisation is ongoing in 
this field . 
 

2.5 Solid Layer Processes 
 

2.5.1 Laminated Object Manufacturing 
 

Helisys Inc. invented this method of AM process and it comes under the 
solid layer processes. It consists of laser system to cut the part into desired 
shape and also we can bond two metal objects and can laminate the solid 
layers with the application of heat and pressure. It is quite faster process as 
compared to other AM processes but it has one major limitation which 
cannot be neglected. The fabricated parts has bad surface finish, inaccurate 
geometric dimensions and cannot obtain required mechanical properties [10] 

 

3 Applications of Metal Additive Manufacturing 
 

The research articles published in last ten years in reputed journals has 
been displayed in Fig. 6 which shows that number of articles is increasing 
every year since 2010. Moreover, the research papers published in different 
journals has been shown in Fig. 7. The country wise chart of research 
publications during last ten years has been shown in Fig. 8 which indicates 
that USA has been leading the research in Metal Additive Manufacturing 
[11-12].  

 

3.1 Aerospace Industry 
 

Aerospace industry utmost requirement is to consistently produce light 
weight parts with good mechanical properties and that‘s why we use AM 
processes to work on light weight alloys which we can‘t operate on 
conventional processes. These non-conventional processes can easily 
fabricate low volume complex aerospace parts, wings of the aircrafts and the 
engine parts of the aircraft. In aerospace industries we generally work on 
advanced materials such as aluminum alloys, titanium alloys, nickel super-
alloys and steels which we work upon AM processes [13-14]. AM opens the 
door of developing new materials which are lighter in weight and good in 
strength but the main work is ongoing on developing products with more 
accurate dimensional accuracy, surface finish, mechanical anisotropy and 
residual stresses.       
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In aerospace industry the most common AM processes used are FDM, DED, 
SLM and EBM [15-16]. 
  

 
Figure 6 Yearwise Research Articles Published in Referred Journals 

 

3.2 Automotive Industry 
 
  When we talk about automotive industries we have manufacture complex 
parts with good mechanical properties and has to be light in weight. So with 
the use of some of the non-conventional manufacturing methods we can 
obtain the above mentioned properties and hence AM processes has greater 
applications in the field of automobiles. Some of the automotive parts which 
we generally manufacture in automotive industries with the help of these 
techniques are engine valves, and turbocharger turbines. The main advantage 
of using these processes is that it reduces the inventory needs, in-house and 
on demand production, shipping costs, and material procurement costs. The 
main challenge of using these techniques in automotive industry is the 
thermal stresses induced in these AM parts which affect the performance of 
these parts. The other challenges are quite common such as surface finish and 
dimensional inaccuracies and many more [17-18]. 

 
3.3 Healthcare Industry 

 
The use of AM techniques in biomedical field is increasing day by day. 

In dental industry, it is used in creating precise dental crowns, bridges and, 
implants. As we all know that the surgeries performed in hospitals are quite 
expensive due to the initial costs of the tools and equipment used by the  

 

Current Scenario of Metal Additive Manufacturing and Future Applications for 

Green Manufacturing  

 

10547



                                                                                                                  
 

 

 

 

 

 

 
doctors. So we can fabricate those tools and equipment with the help of AM 
processes to reduce the initial cost and hence reducing the final surgeries 
cost. Nowadays AM processes are coming into the practice by the 
biomedical industries who manufacture these equipment and getting better 
results than before. The main advantage of AM in medical industries is that 
we can fabricate complex components with minimal cost as well as 
customized components [19-20] 
 

3.4 Nano Manufacturing 
 
In order to manufacture parts from nanocomposites, AM processes are 

now combined with nanotechnology. The key benefit of using 
nanocomposites is that the properties of the components generated, such as 
optical, thermal, electrochemical and mechanical properties, are enhanced. 
Carbon nanotubes, nanowires, metal nanoparticles, nano graphene, and 
quantum dots are some of the nanocomposites used in AM processes [21]. 

 
 

Figure 7 Distribution of Articles in Different Journals  

 

4 Alloys Used for Additive Manufacturing 
 
4.1 Titanium Alloys 
 

The main researches on titanium alloys are going through to meet the 
standards of aerospace industries. The main alloy of titanium on which  
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research is focused is TiAl6V4. However, studies are going on to find the 
optimum SLM process parameters to avoid these flaws in TiAL6V4 parts for 
the usage in aerospace industries. Some other AM processes are also 
performed for same studies such as DED and EBM and achieved similar 
results. During production of TiAl6V4 through EBM, a function is developed 
in such a way to control the beam speed and energy during the fabrication 
process so that we can achieve better thermal properties of the parts 
produced.  
 

 
Figure 8 Country wise Distribution of Research Articles  

 

 
4.2 Aluminum Alloys 
 

In the aerospace and automotive industries, AM processes have the 
largest applications, but they also face many challenges when processing 
aluminum alloys. Many studies and investigations are conducted to identify 
the process parameters needed by SLM to manufacture high density 
aluminum AlSi10Mg components. Some studies have focused solely on the 
nature of the aluminum components produced by the AM processes and have 
found that the SLM AlSi10Mg and AlSi12 microstructures have a major 
impact on the mechanical properties of these processes. 
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Generally, microstructures of these parts are influenced by the post 
processing procedures and the imperfections formed during the process.  
 

4.3 Iron and Nickel Based Alloys 
 
In powder based AM processes the most commonly material used is 

stainless steel 316L. Grain size of the raw material affects the density and 
consequently the mechanical properties of the fabricated parts. While using 
SLM if stainless steel 316L, some of the parameters which influence the 
quality of the produced parts are point distance, scan speed, exposure time, 
layer thickness, and building direction .  

 

5 Conclusions 
 

This paper aimed to review various additive manufacturing techniques 
and its applications in different industries. Certain advancements and also 
which are under research in AM processes are also covered in this chapter. A 
summary of main research issues includes study of effects of AM processes 
on the properties of the material such as mechanical properties, surface 
finish, dimensional accuracies, and material characteristics of the parts by 
modelling studies. Moreover, development composites and advanced 
materials with the help of additive processes can be done. The study of 
hybrid manufacturing and multi material additive manufacturing and 
improving the productivity of additive manufacturing systems. Also, the 
influence of process parameters on finished parts in terms of dimensional 
accuracy and process capability can be studied in future. 
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