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Abstract
As a result of the growing demands on the movement of 

goods and people over long distances in a short time, we could 

level. On the other hand, the requirements for environmental 
protection and reduced fuel consumption are increasing, so that 

technologies in industrial production processes. By their 

resistant to be able to operate at high speeds and altitudes and 

The use of special alloys in combination with the innovative 
additive manufacturing process seems to be the perfect solution 
for the aircraft manufacturing industry. Thus, we are currently 
witnessing a revolution in the manufacture of metal products by 
implementing innovative Additive Manufacturing (AM) / 3D 

material consumption. The paper summarizes the materials 
current used in the aeronautical industry, and presents the 
main additive manufacturing processes for the production of 
components.

1. Additive manufacturing processes
Unlike classical manufacturing technologies, in which

by additive manufacturing (AM), it is obtained by melting an 
additive material and depositing it in a layered way [1]. This 
reduces the waste of cast or forged base material and thus 
production costs and the production duration are reduced. 
Additive manufacturing or the more common name “3D 
printing” is one of the most disruptive technologies with impact 
on a high number of industrial sectors as well to the consumer 
industry. The additive manufacturing paradigm get its disruptive 

focused on the digitization of the manufacturing sector resulting 
in a faster transfer of the ideas and creations through digital 
instructions to the physical world. The process is of interest 

geometries can be made, internal structures that cannot be made 
by the conventional processing technologies.

dimensionally designed, each layer containing two-dimensional 
information related to a transversal section of the component for 
a certain height. The component is made starting from a base 
plate on which the molten material is deposited layer by layer. 
The deposition of the material in each layer is done selectively, 
depending on the shape of the component. The disruptive 

of its peculiar capabilities for self-improvement of the already 
3D-printed product, i.e. by using the Multi-Material Deposition 
(MMD) and Print in Place (PiP) in order to manufacture elastic
hinges without any assembly operation [17]. At the same time,
the processing of the base material used for 3D printing can

of the standard components; hence, some studies are focused
on evaluating and comparing the usual production process
and the 3D printing process in respect to the behaviour in

to achieve topologically optimized aircraft structures [2], it
can substantially contribute to the reduction of aircraft fuel

manner, this challenge is addressed through a number of
topologies optimisation techniques that are applied especially
for additive manufacturing technologies in order to improve the 
design for the various parts [18, 19].

There are several additive manufacturing techniques that 
can be used in case of metals, among which one could mention 
welding additive manufacturing WAM [3] which are using 
wire or powder and robots or CNC to achieve high level of 
repeatability and control during component production.

usage in two technological variants: Selective Laser Melting 
(SLM) and Direct Metal Laser Sintering (DMLS) to produce 

techniques is that full melt of the powder is achieves in case of 
SLM, while on DMLS technique only heats the powder under the 
melting temperatures until a bond is obtained. DMLS only works 
with alloys (e.g. Ti and Ni alloys etc.) while SLM can be used 
for single component metals, e.g. aluminium. To compensate 
the high residual stresses generated during the process, both 
techniques require support structures. The application of SLM 
technique allows engineers to design, develop and implement 
components with optimized configuration with material 
properties similar to the casting products [5].

Nano particle jetting (NPJ) is another AM technique that 
uses a liquid, which support nanoparticles or contains metal 
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nanoparticles, loaded into the printer as a cartridge and jetted 
onto the build tray in very thin layers of droplets. The liquid 
will be evaporated due to the high temperatures from inside the 
envelope, leaving behind the solid parts. This technique is used 
for AM of ceramics or stainless-steel components.

Direct Energy Deposition (DED) is another AM technique 
that creates components by melting powder material as it is 
deposited. Electron Beam or Laser is used to melt the wire or 
metal powder. Laser Engineered Net Shape (LENS) utilizes 
a deposition head which consists of a laser head, powder 
dispensing nozzles and tubing for inert gas, used to melt the 
powder as it is ejected from the powder dispensing nozzles, in 
order to make layer-by-layer a solid component. The wire or 
powder is placed / sprayed into the melt pool created by laser 

parts) is typically used as substrate for material added on. The 
method is used for AM of stainless steel, tool steel, titanium, 
aluminium or copper. 

Electron Beam Additive Manufacture (EBAM) is used to 
create metal components using wire or metal powder jointed 
together using an electron beam as a heating source. Producing 
of components is performed in a similar way to LENS technique, 

operates under vacuum (since the technique originally was 
designed to be used in space). The method is used for AM 
of Titanium, stainless steel, 4340 steel, nickel, aluminium or 
copper.

2. Materials used in aeronautic industry
Additive manufacturing (AM) is a technology of the future

proIn addition to corrosion, the main degradation mechanism 
of aircraft structure is fatigue. Thus, aluminium and titanium 
alloys, as well as some grades of stainless steels are used for 
production of the modern aircraft. On the other hand, the current 
structures of aircraft tend to increase the proportion of integral 
structural components, as their fatigue behaviour is improved 
due to the reduction of potential place for cracks initiation (fewer 
welds or rivets) and the rigidity of the assembly is improved. 

Behaviour to fatigue crack propagation is a very important 
factor for the design and performance of modern structural 
materials. For the evaluation of the service life of integral 
structures [6, 7] made of aluminium alloys 7010-T76, 2139-
T8 and 2050-T8, alloys intended for aircraft construction, the 
analysis of the propagation behaviour of fatigue cracks is done 

specimens currently used for fatigue cracking velocity tests.

of the material, surface roughness and the internal stresses 
produced by welding or processing the material, thus in 
Al-Mg-Si alloys the development of fatigue cracks can be 

of heat treatment of hardening. In the case of these alloys, the 
dominant mechanisms are those that determine the plasticity 
and roughness.

In the case of cast aluminium alloys for uses to aircrafts (e.g. 
A535), the main microstructural characteristic is the grain size, 

cracks propagation depends on the surface roughness and the 
structural grain size [8].

Precipitation of intermetallic compounds in artificially 
aged aluminium alloys, respectively Al2Cu (in alloy 2017A), 
Al2CuMg (in alloy 2024), MgZn2 (in 7000 series alloys without 
Cu) or Mg (ZnAlCu2) (in 7000 series alloys containing Cu), 
lead to improved mechanical properties.

The degree of hardening obtained after the aging heat 
treatment of the aluminium alloy is dependent on the 
temperature and the maintaining time. Thus, under-aging 
treatments maintain enough plastic deformation capacity of the 
alloy but are less resistant to corrosion than over-aged alloys 
[9]. It is also mentioned that a retro-regression and aging RRA 
treatment gives an increase in the damage tolerance capacity 
of the structural components of the aircraft, made of 7010 
aluminium alloy [10].

Titanium alloys are extensively used in the aerospace 
industry, including in additive manufacturing. The high strength 
and low density of titanium and its alloys, the high creep and 
corrosion resistance, play a key role in the use of these materials 
in applications for aircraft engines and their fuselages.

The use of titanium in aircraft leads to a reduction in their 
total weight and thus leads to a reduction in fuel consumption, 
increasing the autonomy of the aircraft and allowing fewer 

levels (engine power, weight / power ratio, aircraft speed and 
travel distance) could be achieved without the use of titanium 
and its alloys.

Titanium and its alloys are used in aeronautical applications, 
being used in engines (e.g. rotors, compressor blades), hydraulic 
system components and nacelles).

Table 1 presents the main titanium alloys used in the 

Table 2 presents the titanium alloys with increasing use in 

Table 1: Titanium alloys widely used in aeronautical 
applications [11]

Grade Application

Ti6Al4V
High strength general 
purpose alloy
Creep and oxidation 
resistant engine alloy
Creep and oxidation 
resistant engine alloy
Beta alloy with established 
spring applications
Beta forging alloy used 
for 777 landing gear
High strength heat treatable 
beta sheet alloy
Medium strength alloy used 
for hydraulic tubing
Higher strength heat treatable 
airframe and engine alloy
High strength general 
purpose alloy

Ti6Al2Sn4Zr2Mo
(6-2-4-2)
Ti6Al2Sn4Zr2Mo
(6-2-4-2)
Ti3Al8V6Cr4Zr4Mo 
(Beta C)

Ti10V2Fe3Al (10-2-3)

Ti15V3Cr3Sn3Al
(15-3-3-3)

Ti3Al2.5V

Ti4Al4Mo2Sn (550)

Ti5.5Al3.5Sn3Zr1Nb 
(829)
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Table 2: Titanium alloys with increasing use in 
aeronautical applications

Ti6Al4V titanium alloy accounts for almost 50% of all 
alloys used in aircraft applications. 

The low cycle fatigue (LCF) and high cycle fatigue (HCF) 
behaviour of the Ti6Al4V alloy deposited by laser additive 
fabrication using the Powder Bed Fusion (PBF) technique was 
analysed in [12]. It has been shown that defects occurring in the 
manufacturing process (e.g. pores and high surface roughness) 

the tests performed, regardless of the applied load ratio, the 
initiation of cracks was made in the areas with defects of the 
production process.

The concept of degradation tolerance (DT) was developed to 

aircraft engines. The general-purpose titanium alloy Ti6Al4V 
has a high toughness-density ratio, KIC /  and a threshold-
density ratio, KI,TH /  compared to other materials 
generally used for rotor aircraft components (helicopters), such 
as 15-5PH and 4340 steels or 7075T-73Al alloy. 

Due to the following presented advantages of using a 
titanium alloy [13], the usage of Ti alloys is a valid solution 
for reducing the weight and size of components:

• High values of alloy threshold TH and toughness
KIC lead to large critical cracks and a long duration until the 
critical cracks grows, which allows to increase the interval of 
NDT inspections;

• Partially penetrated cracks that grow close to the
threshold in the Ti6Al4V alloy show higher TH than for 
steels and aluminium alloys;

• The growth of cracks partially penetrated in Ti6Al4V
is achieved asymmetrically and it have ragged appearance, 
which indicates a higher crack growth resistance in titanium 
than in steel or aluminium;

• The crack growth resistance in components made
of Ti6Al4V can be further improved by appropriate surface 
treatments;

• Ti6Al4V alloy is corrosion resistant in most

On the other hand, the use of Ti6Al4V in rotor aircraft has 
the following disadvantages: high sensitivity to contact fatigue 
and it prone to cracking due to it, sensitivity to processing 

methods, premature failure due to sub-surface defects, and 

In order to avoid the disadvantages of the general purpose 
Ti6Al4V alloy, other Ti alloys for special applications have 
been developed, presented in tables 1 and 2. Due to the 
corrosion resistance at high temperatures and the special 

These alloys become part of aircraft engine turbines due to 
the extreme heat to which this part of the engine is exposed. 
These nickel alloys are also used in exhaust valves, thermostat 

Even if it is heavier, steel is much stronger than aluminium 
or titanium. Due to the strength and hardness characteristics, 
steels represent 11-13% of the total materials that are part 
of an aircraft. It is used in the landing gear as well as in the 
manufacture of components to which resistance is essential: 
hinges, cables and fasteners. 

Stainless steels or Cr-Ni alloys are outstanding corrosion 

by their surface condition and by the temperature, chemical 
composition and concentration of the corrosive material. The 
corrosion resistant alloy Inconel 718 is extensively used in 
manufacturing aircrafts [14]. In the following paragraph some 
examples of martensitic steels for aeronautic applications are 
presented [15]:

• PH13-8Mo (1.4534) is a martensitic precipitation
hardening stainless steel that confer high strength and through 
by applying of various heat treatments and combines excellent 
strength, hardness, toughness proprieties and proper corrosion 
resistance. Applications in the aerospace include landing gear 

• 17-4PH (1.4548) is a martensitic precipitation
hardening steel containing 17% Chrome and 4%Nickel. It 
could attain a wide range of strength and toughness properties 
correlated with the aging temperature used in the hardening 
process. Applications in the aerospace include landing gear 
locking and retraction systems, lock washers, pins, shafts, 

• 15-5PH (1.4545) is a martensitic precipitation
hardening steel containing 15% Chrome and 5% Nickel. It 
could attain a wide range of strength and toughness properties 
depending on the precipitation or aging temperature used in the 
hardening process. Obtained strength is comparable to 17-4PH 
but the toughness and corrosion resistance are increased. It is 
extensively used in the aerospace for landing gear locking and 

Due to the high corrosion resistance, austenitic stainless 
steels are also used in the aeronautical industry, but they 
must also be resistant to fatigue stress. The fatigue behaviour 
of X10CrNiNb1810 austenitic steel, AISI 347 (1.4550) was 
analysed in [16], in all fatigue stress regimes, at ambient 
temperature and at 300°C.

It has been shown that the metastability of Cr Ni austenitic 
steels AISI 347 varies greatly with relatively small changes 

stresses. This is due to the fact that transformation processes 
take place (i.e.   ‘; ’), with the formation 
of network defects.

tests, in the HCF regime, when the formation of ’-martensite 

Advanced engine alloy, creep 
and oxidation resistant

Advanced engine alloy, creep 
and oxidation resistant

Advanced engine alloy, creep 
and oxidation resistant

Advanced engine alloy, creep 
and oxidation resistant

Oxidation and corrosion
resistant beta sheet alloy

Ti5.8Al4Sn3.5Zr0.7Nb 
(834)

Ti5.8Al4Sn3.5Zr0.7Nb 
(834)

Ti5Al2Sn4Mo2Zr4Cr 
(Ti17)

Ti5Al2Sn4Mo2Zr4Cr 
(Ti17)

Grade Grade

Ti15Mo3Nb3Al0.2Si 
(21S)



1 year XXX, no. 1/2021

plastic stress, which led to increased fatigue strength. At 
the 300° C fatigue tests, the required specimens showed a 
very small volume of ’-martensite and reached the fatigue 
limit. When the stress - number of cycles (S-N) curves was 
compared, in the high cycle fatigue regime it was observed 
the decrease of the fatigue resistance with the increase of the 
temperature. A similar behaviour was evinced in the case of 
very high cycle fatigue regime at ambient temperature and 
elevated temperature of 300°C.

3. Conclusions

Additive manufacturing (AM) is a technology of the future 
providing huge competitive advantages over the conventional 
manufacturing, being one of the key tools for creating of high 
value-added products, thus being seen as one of the major 
industrial revolutions of the next years.

The novel concepts for the design of aircraft components, 
require using of various types of materials for additive 
manufacturing processes which have to be used as demand 
increases for lighter structures characterised by highly complex 
geometries with non-conventional aerodynamics. However, to 
be implemented in the aerospace industry, innovative materials 
and technologies must be validated through rigorous safety 

The AM process is of interest for many industrial sectors 
and it can be relatively easily adapted to the demands of 

start to be implemented in industrial applications (including 
the aerospace industry), as conventional manufacturing is 
limited mainly by the complexity of the component, costs and 
production time, as well as by the large amount of waste of cast 
or forged materials. Moreover, some conventional processes 
do not respect the sustainable manufacturing practice related 
to environmental protection and recycling.

The use of additive manufacturing systems will be 
developed in the near future, the systems with concentrated 
energies (laser or electron beam) being more and more 
present in the production of metal components for industrial 
/ aeronautic application.
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Fused Deposition Modeling (U-FDM)
 -

Modeling) is combined with the ultrasonic activation technique;
 -

PLA, PVA, PC, PP, PPSU, PPSF, Pa etc.) and / or composites;
- Fields of application: automotive industry, dentistry, metallurgical industry etc.


development of the innovative concept U-FDM;

 
 Real-time investigation of process parameters using various techniques, including infrared
 measurement;
 Laboratory testing and validation of the innovative U-FDM concept.
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