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Abstract. In this paper, a brief overview is presented, resulting from a recent literature review
of some representative books or papers regarding various research on additive manufacturing.
Some basic terms are presented, in the context of founding the existence of several terminologies
for some specific expressions of this subject, as well as different definitions for them materials
used at that process, areas of using, problems appeared during process of manufacturing, heat
treatments used, advantages and disadvantages. This research is carried out to identify a solution
for controlling the parameters during the additive processing (AM) process, parameters with
which to improve the quality of the parts obtained by AM

1. Introduction
A new industrial revolution is the implementation of additive manufacturing (AM), designed to replace
totally or partially technologies for manufacturing processing and subassembly in all industrial fields.
Industrial analysts are considering PAs new rights or technologies mentioned to currently influence and
change industrial technologies. PA is often referred to as printing (3D printing), which may be similar
to laser printing (figure 1). PA builds solid objects by superimposing material layers; each layer is drawn
by the computer [1,2].

For manufacturing of parts with AM process is necessary to use a powder as:

e Carbon steel

Aluminum
Stainless steel
Titanium
Another material

Figure 1 Laser fusion of metals [2]
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At manufacture of parts from metalic materials, the parts is built by metalic powder and laser light
(figure 2), and the direction of deposition is diferent with de milling operation (figure 3). The parts are
built layer by layer using a laser, according to a 3D model. Thus, additive processes have a different

Figure 2 Laser metal fusion (LMF)[3] Figure 3 Laser metal deposition (LMD)[4]

Research has shown that hybrid design systems have potential and efficient use for high-functional
molds in production, almost smooth nest shape manufacturing, repairs and coating (LMD). There are a
number of companies that have built hybrid machines that incorporate selective laser melting (SLM)
technology and milling function as a solution for finishing the part obtained through SLM [5].

Laser additive processing equipment makes it possible to manufacture parts of very high shape and
complexity, only in terms of roughness and dimensional accuracy; the parts manufacturing by laser
fusion or loaded by laser welding do not correspond, thus being necessary subsequent finishing
operations (figure 4).

a) LMD deposition b) Milling part after LMD deposition
Figure 4 LMD Proces and milling (on -LASERTEC 65 3D hybrid) [5]

For a very good accuracy and dimension, it is necessary that the part is milling on the same machine
(mixed machines) as shown in figure 4 a), where the part was obtained by laser melting deposition
(LMD) or by LMF or on another machine. The tools which are used at this manufacturing process is, a
laser melting head, the head through which the metal / non-metal powder is also evacuated, and for the
finishing of the resulting part, we use cylinder-frontal mills, spherical, profiled cutters, drills (figure 4b).



2. Materials used at Additive Manufacturing AM and areas of use

Additive processing (PA) builds solid objects by superimposing layers of materials, and as the raw
material used by PA is the powder that can be made of thermopolymer, or metal, which can be
aluminum, stainless steel, titanium or other materials. The layers can contain even more types of
materials [7].

With additive manufacturing systems could be produced in the future, better aircraft engines with
lower fuel consumption. To do this, engineers need to improve today's industrial 3D printers so that
these machines can process extremely heat-resistant and obviously high-strength alloys [8].

In the medical field for to find an alternative solution to edentulism problems, a procedure for the
development and manufacture of a personalized dental appliance, less expensive and adequate are the
implants, avoiding an initial surgery and allowing immediate intervention [9]. This procedure, in
addition to direct 3D digital modeling of the custom implant [9], uses a combination of the two advanced
additive manufacturing technologies, SLM and SL [10,11].

This combination allows the photopolymerization of a polymer in the gaps of a 3D housing of the
metal core previously produced by SLM. These biocompatible metal housings, which have the necessary
mechanical strength, have been optimized based on the models, favoring the regeneration and growth
of rigid and soft tissues. The basic structure is then placed on the SL platform and the additive process
begins with the first polymerization of the resin layer until the complete manufacture of the tooth crown,
the crown that will be built based on the 3D CAD model (figure 5)

Figure. 5 3D CAD Model: a) the jaw of the patient
with edentulism problems; b) generation according to
a Voronoi model and a topological and geometric
optimization plan for establishing the dental points; c)
resulting from the assembly between the jaw and the
personalized bio-inspired dental implant. [10]

After the 3D modeling, the additive deposition will be performed and a dental crown will be
presented, shown in figure 6, resulting in the dental bridge (figure 7).

Figur 6 Production by SLM of dental cores Figure 7 Multimaterial and personalized
and dental bridge [11] physical model of the dental bridge [11]

There are also other areas such as the automotive industry where it is suitable for manufacturing
prototype parts (figure 8) for new cars, parts that after optimization will be mass-produced or if it is a



very small or unique series cars, they can be obtained entirely by 3D printing, parts made of different
types of metals or alloys [12,13,14].

Figure 8 Mercedes Benz thermostat cover with technological addition [13]

3. Problems encountered at laser fusion of metals

Among the various materials processed by selective laser melting, steel is one of the most used materials
for manufacturers due to its wide range of properties and applications [15].

Working parameters during deposition have an influence on the fatigue resistance of steel parts
obtained by SLM [16,17], and from here results in the apparition of cracks. Current studies show the
importance and the effects of deposition, directions of deposition, heat treatment, surface quality, and
the energy density of the beam during deposition by SLM (figure 9) [18].
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Figure 9 Crack propagation after mechanical test part (a) horizontal (b) vertical steel 316L [18].

Therefore, the appearance of cracks is due to the fact that the working parameters of the machine are
not adjusted correctly (melting temperature, deposition speed, the distance between layers), parameters
that are adjusted according to the type of powder material, to avoid overheating ( figure 10) [19].
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Figure 10 Appear of the inclusions at 3D printing [19]



Have also been made to improve the printing process, so that no further operations are required as
specific heat treatments (isostatic pressure) [20, 21].

4. The influence of heat treatment applied to different types of metals

In general, there are four types of post-treatments recommended for LPBF from IN625: annealing of
normalization of internal stresses, normalization of recrystallization, treatment with a solution, and hot
isostatic pressing [22,23].

Carrying out the heat treatment on samples of nickel superalloys (IN625), heating them to 700 C, 1000
C, and 1150 C and keeping them one hour before air cooling, it was found that the microstructure of the
IN625 parts at the annealing state at 700 °© C was the same as that of a state of material obtained by
casting.

Figure 11 LPBF plane microstructure of LPBF of IN625 samples after annealing at 1150 C. (a)
Metallographic optical image, (b) Boundary structure and carbide distribution [24]

Comparison of different types of recycling temperatures can be concluded that recovering the high
temperature allows recrystallization (figure 11a) of a sample built IN625, High Z contrast deviations are
dissolved and MC carbides precipitate and granule delimitation becomes stable due to carbide fixation
MC (figure 11 b) [24].

5. Conclusion

The purpose of this article is to present a brief overview, resulting from a recent literature review on the
additive manufacturing process, and in future identify a solution for controlling the parameters during
the additive processing (AM) process, parameters with to improve the quality of the parts
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