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During the manufacturing process, various defects can occur in metals, which can negatively impact their mechanical

properties and structural integrities. These defects include gas pores, lack of fusions, keyholes, melt pools, cracks,

inclusions, and segregations.
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1. An Introduction to Additive Manufacturing

The method of leveraging 3D model data to produce complicated geometries and structures is known as additive

manufacturing (AM). Another name for it is solid–freeform fabrication, rapid prototyping, and layer manufacturing. As

compared to traditional subtractive manufacturing processes dependent on powder or wire feedstock heated or fused

through a high temperature reservoir and created using an electronically controlled heat source mechanism, this method

involves layer-by-layer production. The time between idea conception and new product creation can be shortened by

adopting this technique. Early in the 1980s, Charles Hull was the one who first commercialized this technique. Currently,

AM is utilized to make parts for rocket engines, artificial heart pumps, corneas, implants, bridges, jewelry, food products,

vehicle parts, and residences. By adding material layer by layer using a 3D printer, the additive manufacturing process

creates 3D elements from CAD data . An overview of important facets of the AM approach was given in the roadmap

Bourell et al. released in 2009, comprising :

Modeling and management of processes;

Resources, procedures, and equipment;

Uses in biomedicine;

Uses for sustainability and energy.

According to recent research, additive manufacturing can significantly reduce the need for machine tools in traditional

casting techniques, which has an effect on the production process . A number of charming features make AM appealing,

including lightweight design, automation, greater flexibility, no material waste, reduced cost, no need for skilled

craftspeople due to an automated process, very little noise, and eco-friendliness. However, there are several

disadvantages to adopting AM technology, such as the expensive machine, restrictions on object size, higher

unemployment, sluggish construction pace, and more. However, contemporary R&D has reduced the price of 3D printing

devices, making them more affordable and available in classrooms, labs, libraries, homes, etc. .

2. Classification of AM

According to the guidelines set by the ASTM-F42 committee, additive manufacturing (AM) can be classified into seven

categories. One common classification system is based on these guidelines, which include vat photopolymerization (VP),

material jetting (MJ), binder jetting (BJ), material extrusion (ME), sheet lamination (SL), powder bed fusion (PBF), and

directed energy deposition (DED) . Figure 1 shows different AM methods . AM technology allows for the production of

components using a wide range of materials, each with its unique properties and applications.
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Figure 1. Different types of additive manufacturing .

3. Materials

Any production method, including AM processes, requires that the material be prepared in a manner that is appropriate

with the technique (for example, powder, sheet, wire, or liquid). For instance, the feedstock for photopolymer jetting and

vat polymerization must be a thermoplastic polymer or plastic monomer that can crosslink when subjected to external

magnetic waves . AM components can be manufactured from ceramics, polymers, metals, plastics, and their

combinations. There is still room for improvement in the materials. Metals are widely used in AM due to their excellent

mechanical and thermal properties. Additive manufacturing techniques such as powder bed fusion and directed energy

deposition have been used to produce high-strength metal components such as aerospace parts, automotive

components, and medical implants. Polymers are another popular material used in AM, mainly due to their low cost, light

weight, and ease of processing. AM techniques such as fused deposition modeling and stereolithography have been used

to produce polymer components with high accuracy and precision, making them suitable for prototyping and low-volume

production. Ceramics are also commonly used in AM, particularly for applications that require high strength, wear

resistance, and high-temperature stability. AM techniques such as powder bed fusion and stereolithography have been

used to produce ceramic components such as biomedical implants, aerospace components, and electronic devices.

Composites are a relatively new class of materials that have gained popularity in AM due to their unique combination of

properties. Composites are made by combining two or more materials with different properties to create a material with

improved strength, stiffness, and durability. AM techniques such as fused filament fabrication and binder jetting have been

used to produce composite components such as automotive parts, aerospace components, and sporting equipment 

.

4. Laser Powder Bed Fusion (LPBF)/Selective Laser Melting (SLM)

In additive fabrication, the most common type is powder bed fusion. Thin films of powder are put to a prepared surface

during powder bed fusion, and energy is delivered at specified locations on the model to fuse the powder . A 3D part is

created by applying successive layers of powder and then repeating the process until the part is complete. Powder bed

fusion is alternatively designated selective laser melting (SLM), selective laser sintering (SLS), direct metal laser melting,

and electron beam melting (EBM). A powder bed fusion machine melts instead of sinters parts with full densities .

In LPBF/SLM, several steps are involved, from preparing CAD data to withdrawing fabricated parts from the building plate.

Before uploading CAD data to SLM machines for component manufacturing, STereoLithography (STL) files must be

processed by software. This process enables laser scanning of individual layers and supports dangling features. Inside a

building chamber, a small film of metal powder is applied to the substrate plate to begin the building process. Based on

the collected data, the powder is applied, heated, and fused using a high-energy density laser. Following the laser

scanning, a new powder layer is placed, and that layer is again examined. Every layer of powder must be added in order

to construct the pieces, and then the process will continue. Modification of the parameters such as laser power, scanning

speed, hatch spacing, and layer thickness can lead to the fusion a single melt vector completely with the surrounding melt

vectors. A separate component can be manually or electrically discharged (EDM) separated from the substrate plate after

laser scanning has been completed. All steps of the process are automated, except for preparing the data and removing

fabricated components from the platform . Figure 2 illustrates the concept of LPBF building .
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Figure 2. Scheme of LPBF process: (i) Laser melts specific areas of the powder bed (ii), Repeating the process for

following layers, and (iii) Removing unattached powder and revealing the finished product “Reprinted with permission

from Ref.  2015. AIP Publishing”.

Often, an inert atmosphere is provided by nitrogen or argon gas in the building chamber for protection against oxidation

during the LPBF process. In addition, some LPBF machines are able to pre-heat either the build chamber or the substrate

plate. Between 20 to 100 µm is the typical thickness of the layer . It has been demonstrated that LPBF can fully melt

powder materials, producing near-net-shape parts without post-processing. An LPBF process is more efficient, faster, and

reliable than binder-based laser sintering methods . Nevertheless, this laser method can result in various defects

in the final parts, which may affect the alloy’s performance. As a result, the strength and durability of the alloys may be

compromised. This can lead to inferior performance and reduced reliability of the parts. Therefore, it is necessary to

investigate and study the emerging defects in the SLM-manufactured alloys.

Microstructure of SLM Parts

In Figure 3, a schematic representation depicts the dependence of grain size and shape on solidification conditions.

Increasing energy density leads to a reduction in temperature gradient. An equiaxed grain shape forms under a high

solidification velocity and low temperature gradient, whereas a planar grain structure forms under high temperature

gradient and low solidification velocity. A columnar grain shape is formed in the intermediate region (grey area in Figure
3). When transitioning to AM conditions, a cellular dislocation structure also forms due to a higher solidification velocity

and larger temperature gradient. The SLM parameters fall within the columnar region, but adjustments to the parameters

can result in an equiaxed grain structure for the isotropic material properties. Increasing both solidification velocity and

temperature gradient brings the conditions closer to the SLM process, whereas decreasing the velocity and gradient leads

to conditions similar to conventional casting .

Figure 3. A schematic diagram illustrating the influence of solidification velocity and temperature gradient on the

microstructure .
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