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Electron Beam Melting (EBM) and Selective Laser Melting (SLM) are two of the most developed powder bed fusion based additive manufacturing processes. In this paper, fatigue properties of Ti-6Al-4V specimens built by EBM and SLM are compared. Several parameters are assessed: processes, manufacturing direction, surface roughness, HIP treatment. Fatigue properties are analyzed in relation with the crack initiation mechanisms identified on each specimen's post-mortem micrographs. Machined specimens show better fatigue properties as surface defects are removed. HIP treatment improves fatigue properties by decreasing the defects size. Small differences in lifetime are observed between horizontal and vertical building directions because of different defect shapes regarding the loading axis. Finally, EBM and SLM parts have approximately the same fatigue properties, which are equivalent to conventional casting processes.

Introduction

Additive manufacturing (AM) processes consist in building parts layer by layer, starting from a 3D CAD model [START_REF]International Organization for Standardization/American Standard for Testing and Material, ISO/ASTM 52900 Additive manufacturing -General principles -Terminology[END_REF]. The first such manufacturing machines appeared in the 1980s and were mainly used to build plastic prototypes. Nowadays, the technology can be used to manufacture functional parts [START_REF] Reeves | Additive Manufacturing -A supply chain wide response to economic uncertainty and environmental sustainability, Econolyst Limited[END_REF] and the industrialization of AM is now in place for metallic components.

These processes are useful in many fields, including the aerospace industry, as they allow the design and manufacturing of parts with additional functionalities and lower weight, in a shorter time than conventional processes. Several AM technologies are now on the market. Selective Laser Melting (SLM) [START_REF] Kruth | Consolidation phenomena in laser and powder-bed based layered manufacturing[END_REF] and Electron Beam Melting (EBM) [START_REF] Murr | Microstructures and mechanical properties of electron beam-rapid manufactured Ti-6Al-4V biomedical prototypes compared to wrought Ti-6Al-4V[END_REF] are two of them [START_REF] Karunakaran | Rapid manufacturing of metallic objects[END_REF]. According to ISO/ASTM 52900, both are powder bed fusion processes. This means that "thermal energy selectively fuses regions of a powder bed" [START_REF]International Organization for Standardization/American Standard for Testing and Material, ISO/ASTM 52900 Additive manufacturing -General principles -Terminology[END_REF]. Contrary to the SLM process, EBM manufacturing is performed at elevated temperatures close to 700 • C which reduces residual stresses due to temperature gradients and local cooling rates [START_REF] Weiwei | Research on preheating of titanium alloy powder in electron beam melting technology[END_REF]. In the very recent years, numerous alloys were processed by SLM and/or EBM, among them titanium alloys with an emphasis on Ti-6Al-4V [START_REF] Rafi | Microstructures and Mechanical Properties of Ti6Al4V Parts Fabricated by Selective Laser Melting and Electron Beam Melting[END_REF]. This alloy is commonly used in the aerospace and bioengineering industries because of its good mechanical properties, low density, and good corrosion resistance. Therefore, Ti-6Al-4V obtained by SLM or EBM was already studied with a particular focus on the obtained microstructures and static tensile properties.
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The microstructure of Ti-6Al-4V specimens show generally an orthotropic microstructure with prior β grains oriented in the manufacturing direction [START_REF] Vrancken | Heat treatment of Ti6Al4V produced by Selective Laser Melting: Microstructure and mechanical properties[END_REF][START_REF] Antonysamy | Effect of build geometry on the β-grain structure and texture in additive manufacture of Ti-6Al-4V by selective electron beam melting[END_REF]. At a higher magnification, SLM samples show a martensitic structure with α ′ acicular grains [START_REF] Vilaro | As-fabricated and heat-treated microstructures of the Ti-6Al-4V alloy processed by selective laser melting[END_REF] while EBM samples possess a lamellar microstructure composed of α grains [START_REF] Rafi | Microstructures and Mechanical Properties of Ti6Al4V Parts Fabricated by Selective Laser Melting and Electron Beam Melting[END_REF]. After a Hot Isostatic Pressing (HIP) treatment, SLM specimens show the same lamellar structure as the one obtained with EBM, but with thicker grains [START_REF] Kasperovich | Improvement of fatigue resistance and ductility of Ti6Al4V processed by selective laser melting[END_REF]. The tensile properties of such alloys are generally above the specification coming from ASTM F2924 standard [START_REF]American Standard for Testing and Material International, ASTM F2924 -Standard Specification for Additive Manufacturing Titanium-6 Aluminum-4 Vanadium with Powder Bed Fusion[END_REF] and are similar to wrought specimens, except for the SLM ductility [START_REF] Qiu | Microstructure and tensile properties of selectively laser-melted and of HIPed laser-melted Ti-6Al-4V[END_REF][START_REF] Gong | Influence of defects on mechanical properties of Ti-6Al-4V components produced by selective laser melting and electron beam melting[END_REF][START_REF] Rafi | Microstructures and Mechanical Properties of Ti6Al4V Parts Fabricated by Selective Laser Melting and Electron Beam Melting[END_REF]. A very low anisotropy is generally observed when horizontal and vertical manufacturing directions are compared except also for the ductility in the SLM case [START_REF] Qiu | Microstructure and tensile properties of selectively laser-melted and of HIPed laser-melted Ti-6Al-4V[END_REF][START_REF] Vilaro | As-fabricated and heat-treated microstructures of the Ti-6Al-4V alloy processed by selective laser melting[END_REF]. However, relatively few data are available on fatigue properties of Ti-6Al-4V specimens obtained by EBM and/or SLM and more particularly, the effect of very important parameters as the manufacturing direction, roughness and heat treatments are not deeply analyzed. One can note that improved surface quality by decreasing roughness or machining appears to improve fatigue [START_REF] Rafi | Mechanical property evaluation of Ti-6Al-4V parts made using Electron Beam Melting[END_REF][START_REF] Wycisk | High Cycle Fatigue (HCF) Performance of Ti-6Al-4V Alloy Processed by Selective Laser Melting[END_REF][START_REF] Fatemi | Torsional fatigue behavior of wrought and additive manufactured Ti-6Al-4V by powder bed fusion including surface finish effect[END_REF][START_REF] Fatemi | Multiaxial fatigue behavior of wrought and additive manufactured Ti-6Al-4V including surface finish effect[END_REF][START_REF] Bagehorn | Application of mechanical surface finishing processes for roughness reduction and fatigue improvement of additively manufactured Ti-6Al-4V parts[END_REF] as a HIP treatment also does [START_REF] Benedetti | Fatigue limit of Ti6Al4V alloy produced by Selective Laser Sintering[END_REF][START_REF] Zhao | Comparison of the microstructures and mechanical properties of Ti-6Al-4V fabricated by selective laser melting and electron beam melting[END_REF] and no major effect of the manufacturing direction is observed [START_REF] Rafi | Mechanical property evaluation of Ti-6Al-4V parts made using Electron Beam Melting[END_REF][START_REF] Zhao | Comparison of the microstructures and mechanical properties of Ti-6Al-4V fabricated by selective laser melting and electron beam melting[END_REF]. However, to our knowledge, very few studies are trying to compare the effect of different AM processes on fatigue properties. One can cite the work of Zhai et al. [START_REF] Zhai | Microstructure, static properties, and fatigue crack growth mechanisms in Ti-6Al-4V fabricated by additive manufacturing: LENS and EBM[END_REF] with a comparison between LENS and EBM processes and the recent study of Günther et al. [START_REF] Günther | Fatigue life of additively manufactured Ti-6Al-4V in the very high cycle fatigue regime[END_REF] which compares SLM and EBM processes but in the Very High Cycle Fatigue regime.

In this article, the fatigue properties of Ti-6Al-4V specimens, built by both SLM and EBM processes, are presented and compared. The influence of the process type, the manufacturing direction, a surface machining and a HIP heat treatment are discussed for both processes. Moreover, the mechanisms involved in crack initiation are analysed through post-mortem micrographs systematically performed on all broken specimens. From this analysis, different critical situations are distinguished.

Materials and methods

Fatigue test specimens made of pre-alloyed powder of Ti-6Al-4V were processed using SLM and EBM and correspond to the geometry described in Figure 1. The chemical composition of the Ti-6Al-4V corresponds to the ASTM F2924 standard [START_REF]American Standard for Testing and Material International, ASTM F2924 -Standard Specification for Additive Manufacturing Titanium-6 Aluminum-4 Vanadium with Powder Bed Fusion[END_REF] which is given in Table 1. The SLM specimens were built on a SLM 250HL machine with a layer thickness of 50 µm. These specimens were stress relieved at 640 • C during 4 hours. The EBM specimens were built on an Arcam A2 machine, also with a layer thickness of 50 µm but they were not stress relieved as the EBM machine room is maintained at 680 • C. It is largely accepted that residual stresses are negligible in this case. A description of both machines can be found in [START_REF] Wohlers | Additive Manufacturing and 3D Printing State of the Industry: Annual Worldwide Progress Report[END_REF]. 96 cylindrical specimens were built in total, 12 specimens for each parameter as shown in Table 2. The manufacturing direction is designated according to ISO/ASTM 52921 [START_REF]International Organization for Standardization/American Standard for Testing and Material International, ISO/ASTM 52921 -Standard terminology for additive manufacturing -Coordinate systems and test methodologies[END_REF] and is described in Figure 1. 12 specimens for each process had their surface left as-built. Roughness has not been measured on each of these fatigue specimens but on specimens obtained in the same condition. For SLM, the typical arithmetic roughness was found to be 15-25 micrometers whereas it is 20-35 micrometers for EBM. The others were machined and then polished by tribofinishing leading to a surface roughness Ra ≤ 0.2mm. 12 specimens for each process were treated with a HIP treatment at 920 • C under 1020 bar during 2 hours.

As shown in [START_REF] Bagehorn | Application of mechanical surface finishing processes for roughness reduction and fatigue improvement of additively manufactured Ti-6Al-4V parts[END_REF][START_REF] Günther | Fatigue life of additively manufactured Ti-6Al-4V in the very high cycle fatigue regime[END_REF], typical defects observed in a Ti-6Al-4V alloy manufactured by a powder-bed additive manufacturing process are: (i) the as-built roughness of the surface, which can also be associated to surface defects (unmelted zone on surface, open porosities), (ii) internal unmelted zones, (iii) internal porosities, generally smaller than the unmelted zones as associated to untrapped gazes. Therefore, the effect of an initial polishing treatment conducts to a decrease of the surface roughness value. The machining process conducts to the elimination of this initial roughness but however, it can also conducts to the emergence of initial sub-surface defects (porosities and/or unmelted zones). Finally, as it is shown in the literature, HIP has an effect on the mechanical properties of parts produced by additive manufacturing (see [START_REF] Qiu | Microstructure and tensile properties of selectively laser-melted and of HIPed laser-melted Ti-6Al-4V[END_REF]). For SLM process, HIP treatment decreases the ultimate tensile stress and yield strength and improves ductility and fatigue properties. Indeed, HIP reduces the size of the defects, which is beneficial for fatigue. It also modifies the microstructure, going from an initial martensitic microstructure to a lamellar one [START_REF] Kasperovich | Improvement of fatigue resistance and ductility of Ti6Al4V processed by selective laser melting[END_REF]. In the case of EBM process, the fatigue properties are improved by HIP because of the reduction of the defect size, but the tensile properties are not modified as the initial microstructure is already a lamellar one [START_REF] Svensson | Material Properties of EBM Manufactured Ti6Al4V and Ti6Al4V ELI under raw and HIP conditions, Arcam AB, data obtained with an Arcam EBM S12 system[END_REF]. Table 3 mean values of static properties of the studied alloy compared to ASTM F2924 [START_REF] Qiu | Microstructure and tensile properties of selectively laser-melted and of HIPed laser-melted Ti-6Al-4V[END_REF]: E describes the Young modulus, σ y , the yield strength, σ u , the ultimate stress and A% the ductility in %. These data are obtained in the Z manufacturing direction (see Figure 1) and after machining.

Initially, static tensile tests were conducted on similar specimens and the mechanical properties obtained in the Z manufactured direction are given in the table 3 and are compared to the ASTM F2924 [START_REF] Qiu | Microstructure and tensile properties of selectively laser-melted and of HIPed laser-melted Ti-6Al-4V[END_REF]. High cycle fatigue tests were performed ac-cording to ISO 1099 [START_REF]International Organization for Standardization, ISO 1099 -Metallic materials -Fatigue testing -Axial force-controlled method[END_REF]. Pure reversed stress controlled loading was applied with a constant stress amplitude and a loading ratio R=-1. An Amsler vibrophore was used with a frequency between 85 and 96 Hz. Some specimens were loaded with a stress amplitude above 700 MPa. In these cases, the frequency was decreased to 20 Hz to prevent the specimens from self-heating. The fatigue tests were conducted until the failure of the specimen or when attaining 10 7 cycles. After the tests, the crack initiation area were analyzed regarding post-mortem micrographs systematically performed on all broken specimens using a Nachet Vision optical microscope and also an Hitachi S-3600N scanning electronic microscope.

Fatigue lifetimes

In this part, the fatigue test results obtained with the different parameters are presented in classical S-N curves form. In the S-N curves, all the stresses shown are divided by the same constant value in order to get relative ones, permitting however systematic analysis and comparisons between parameters and/or processes.

The maximal stress is chosen in order to allow comparisons with [START_REF] Donachie | Titanium: A Technical Guide[END_REF]. In Figure 2, a comparison between vertical building direction (Z) and horizontal one (XY) is done for both SLM and EBM processes. A relatively large scatter is observed, particularly in the XY direction but nevertheless, the results displayed in Figure 2 show that this XY direction is mainly associated to the more important lifetimes for both processes, even if the effect is moderate. This building directions have already been evaluated for static properties and seem to have an effect on the ductility in the SLM case (see [START_REF] Qiu | Microstructure and tensile properties of selectively laser-melted and of HIPed laser-melted Ti-6Al-4V[END_REF][START_REF] Vilaro | As-fabricated and heat-treated microstructures of the Ti-6Al-4V alloy processed by selective laser melting[END_REF]). To our knowledge, it seems that no systematic evaluation has already been conducted in fatigue for these two processes. In Figure 3 a comparison between as-built and machined test specimens is done, which shows the important effect of roughness on fatigue lifetime, as already shown in [START_REF] Rafi | Mechanical property evaluation of Ti-6Al-4V parts made using Electron Beam Melting[END_REF][START_REF] Wycisk | High Cycle Fatigue (HCF) Performance of Ti-6Al-4V Alloy Processed by Selective Laser Melting[END_REF][START_REF] Fatemi | Torsional fatigue behavior of wrought and additive manufactured Ti-6Al-4V by powder bed fusion including surface finish effect[END_REF][START_REF] Fatemi | Multiaxial fatigue behavior of wrought and additive manufactured Ti-6Al-4V including surface finish effect[END_REF][START_REF] Bagehorn | Application of mechanical surface finishing processes for roughness reduction and fatigue improvement of additively manufactured Ti-6Al-4V parts[END_REF]. Machining and polishing test specimens drastically improve the fatigue strength for both processes with the same impact whatever the lifetime.

In Figure 4 the effect of these machining and polishing steps are then compare to specimens submitted to an additional HIP treatment. This last one has also an important positive impact on the fatigue lifetime and this effect is more pronounced for longer lifetimes.

All these results are compared in Figure 5 to tendencies extracted from [START_REF] Donachie | Titanium: A Technical Guide[END_REF] obtained by casting and wrought processes and for which load ratio is not precise. The results from reference [START_REF] Donachie | Titanium: A Technical Guide[END_REF] were placed in this normalised graph by dividing them also by the same constant as for the others S-N curves. This figure enables to summarize all the results and observations and one could underline that: (i) machining and polishing improve the fatigue properties, i.e. the stress amplitude for 10 7 number of cycles, of about 100 %, (ii) performing an HIP treatment improves again the fatigue properties of about 80 %, (iii) the effect of the manufacturing direction is more difficult to observe, but XY specimens seems to have slightly better fatigue properties than Z specimens and (iv) after surface polishing, fatigue properties are at the same level of those obtained for a classical casting process and even wrought samples after HIP treatment. The last important conclusion is that no major effect of the additive manufacturing process (EBM versus SLM) can be observed in all these results : whatever the condition (as-built, machining, Z or XY and HIP), specimens obtained by EBM and SLM have similar lifetimes, regarding the scatter associated to the experimental results. 

Crack initiation mechanisms

As already stated, typical defects observed in this titanium alloy with these pro-cesses are: (i) the as-built roughness of the surface, which can also be associated to surface defects (unmelted zone on the surface, open porosities), (ii) internal unmelted zones, (iii) internal porosities, generally smaller than the unmelted zones as associated to untrapped gazes. After the tests, crack initiation areas were analysed regarding post-mortem micrographs systematically performed on all broken specimens. Different types of defects were identified to be at the origin of crack initiations and are shown on Figure 6. These defects are similar to those presented in [START_REF] Günther | Fatigue life of additively manufactured Ti-6Al-4V in the very high cycle fatigue regime[END_REF]. Figures 6a and6b correspond to small internal defects, i.e residual small porosities, residual small unmelted zones after HIP treatment (Figure 6a) or αphase (Figure 6b) as shown in [START_REF] Günther | Fatigue life of additively manufactured Ti-6Al-4V in the very high cycle fatigue regime[END_REF]. In fact, as already stated, the effect of HIP treatment is to close most of the initial defects. In this case, it has been shown [START_REF] Günther | Fatigue life of additively manufactured Ti-6Al-4V in the very high cycle fatigue regime[END_REF] that small residual porosities as well as α-phase can be also responsible of the fatigue crack initiation. Internal unmelted zones, as observed in Figures 6c and6d are typical to these powder-bed processes. The orientations of these unmelted zones are parallel to the layers. Then, depending on the building directions, these unmelted zones can be parallel (see Figure 6d) or perpendicular (see Figure 6d) to the loading direction. Cracks can also initiate from the surface, due: (i) to the initial as-built roughness or (ii) from initially sub-surface defects, which intersect the surface after the machining and polishing steps. Indeed, even if the objective of a surface machining is the elimination of the initial roughness, it can also conducts to the emergence of initially sub-surface defects (porosities and/or unmelted zones) on the surface. All the broken specimens surfaces were observed and analysed and the crack initiation associated defects were determined following the previ- ous classification (surface, internal unmelted zones, small internal defects). Results are synthesized in Figure 7 where each type of defect conducting to crack initiation has been associated to a specific symbol. One can clearly distinguish three main domains: (i) shorter lifetime are mainly associated to crack initiations on surface defects, (ii) intermediate lifetime to internal unmelted zone and (iii) longer lifetime to small internal defects, even if a relative scatter is observed. In order to quantify this observation, in Table 4, types of defect conducting to crack initiation (surface, internal unmelted zones, small internal defects) have been associated to the post-treatment parameters (as-built, XY and Z polished, HIP-polished) whatever the process (SLM, EBM) as the process seems to have a minor effect on the fatigue properties. This table confirms these three domains. 

σ max =60 MPa, N f =4123148 cycles

Discussion

The criticality of the defects as described in the previous section can now be discussed. As classically observed in fatigue, a relative scatter is observed in Fig- A green point corresponds to a crack initiation on a surface defect, a pink one, on a lack of fusion zone and a yellow one, on porosities.

ure 7 and is confirmed in Table 4. Despite this scatter, it is observed that as-built specimens, which posses the highest roughness, generally conduct to the shorter lifetimes domain with a crack initiating from the surface. This is a common observation in fatigue that crack initiates generally from the surface. But this conclusion must be relativised when sub-surface or internal defects (as porosities or unmelted zones) are present as in the present case or also in the case of casting process (as porosities or shrinkages) [START_REF] Buffière | Experimental study of porosity and its relation to fatigue mechanisms of model Al?Si7?Mg0.3 cast Al alloys[END_REF].

Therefore, when machining and polishing as-built specimens, surface defects are mostly removed. As they are the most critical defects, lifetimes are generally larger than for as-built specimens as already shown in [START_REF] Rafi | Mechanical property evaluation of Ti-6Al-4V parts made using Electron Beam Melting[END_REF][START_REF] Wycisk | High Cycle Fatigue (HCF) Performance of Ti-6Al-4V Alloy Processed by Selective Laser Melting[END_REF][START_REF] Fatemi | Torsional fatigue behavior of wrought and additive manufactured Ti-6Al-4V by powder bed fusion including surface finish effect[END_REF][START_REF] Fatemi | Multiaxial fatigue behavior of wrought and additive manufactured Ti-6Al-4V including surface finish effect[END_REF][START_REF] Bagehorn | Application of mechanical surface finishing processes for roughness reduction and fatigue improvement of additively manufactured Ti-6Al-4V parts[END_REF]. However, one can also observed in Figure 7 machining and polishing specimens with shorter lifetimes. In fact, surface machining can conduct to the emergence of initially internal defects (porosities and/or unmelted zones) on the surface, which increases their criticality.

But beyond such particular cases, the intermediate domain in Figure 7 corresponds mainly to crack initiation on unmelted zones as soon as the specimens are machined and polished, as clearly shown in Table 4. Such unmelted zones are observed in the bulk or in sub-surface areas. As the position of the defects respectively to the surface is an influencing parameter on the crack initiation time, as shown in the case of shrinkage in casting alloys [START_REF] Buffière | Experimental study of porosity and its relation to fatigue mechanisms of model Al?Si7?Mg0.3 cast Al alloys[END_REF][START_REF] Wang | Influence of pores on crack initiation in monotonic tensile and cyclic loadings in lost foam casting A319 alloy by using 3D in-situ analysis[END_REF], this has an impact on the criticality and the lifetimes. In the case of unmelted zones, one can observe in Figure 7 that the fatigue properties are qualitatively slightly better for the specimens built in the XY direction. Indeed, as unmelted zones preferably appear between two layers, the orientation of such defect is mainly perpendicular to the building direction.

Then, for the specimens built in the XY direction, unmelted zones are certainly mainly parallel to the loading direction, which is qualitatively less critical than to be perpendicular to the loading direction in the case of the Z building direction.

This could explain the observed difference in fatigue properties between XY and Z-building directions but unfortunately, this assumption has not been confirmed by experimental observations. Complementary tests could be necessary with 3D realtime analysis.

Finally, the last domain with the longer lifetimes correspond mostly to HIP specimens, as HIP is known to reduce the size of most of the defects (porosities or unmelted zones). Also in this later case, a relative scatter is observed in lifetimes and Table 4 shows that this is due to residual surface defects.

From these analysis based on post-mortem observations as in [START_REF] Bagehorn | Application of mechanical surface finishing processes for roughness reduction and fatigue improvement of additively manufactured Ti-6Al-4V parts[END_REF], and despite a relative observed scatter, the main conclusions are that surface defects are generally more critical in fatigue than unmelted zones which are more critical than small bulk defects as porosities or α-phase. Moreover, the study also shown that the type of defects as described previously are the same for both processes. Therefore, EBM and SLM, fatigue properties are quite similar as confirmed in [START_REF] Zhai | Microstructure, static properties, and fatigue crack growth mechanisms in Ti-6Al-4V fabricated by additive manufacturing: LENS and EBM[END_REF]. In this work, However, in this study, as in other ones as [START_REF] Bagehorn | Application of mechanical surface finishing processes for roughness reduction and fatigue improvement of additively manufactured Ti-6Al-4V parts[END_REF], only post-mortem observations were conducted and no quantification of defects size and/or morphology were done, which could improve the proposed qualitative analysis. In fact, in the case of casting alloys, it has been shown that a simple 2D analysis (size, morphology) from data extracted from surface images of such complex 3D defects is generally not sufficient to understand and quantify their impact on crack initiation mechanisms and on lifetime, even if some statistical corrections are possible [START_REF] Szmytka | Probabilistic thermal-mechanical fatigue criterion for lost foam casting aluminium alloys based on 2D/3D porosities distribution[END_REF][START_REF] Cetin | Towards proper sampling and statistical modelling of defects[END_REF]. Therefore, a systematic 3D quantitative analysis of the specimens microstructure by CTtomography (as conducted in [START_REF] Limodin | Application of X-ray microtomography to study the influence of the casting microstructure upon the tensile behaviour of an Al-Si alloy[END_REF]) could be direct a direct perspective of this work, associated to in-situ fatigue tests as in [START_REF] Buffière | Experimental study of porosity and its relation to fatigue mechanisms of model Al?Si7?Mg0.3 cast Al alloys[END_REF][START_REF] Wang | Influence of pores on crack initiation in monotonic tensile and cyclic loadings in lost foam casting A319 alloy by using 3D in-situ analysis[END_REF][START_REF] Dahdah | Damage investigation in A319 aluminium alloy by X-Ray tomography and digital volume correlation during in situ high temperature fatigue tests[END_REF].

In summary, fatigue tests have been performed on additive manufactured specimens with two powder bed fusion processes (EBM and SLM). The effects of manufacturing direction, HIP treatment and roughness have been observed and analyzed according to micrographs performed on each broken specimens. Three types of defects have been observed and could be sorted from the most to the less critical: surface defects, unmelted zones and small internal defects. Machining and polishing steps improve the fatigue properties by removing surface defects and initial roughness. HIP treatment improves fatigue by decreasing the defects size. The effect of the manufacturing direction depends on the presence of unmelted zones. Finally, the effect of the process -EBM and SLM -seems to be negligible because defects are of the same type in both cases. Depending on the post-treatment applied to the specimens, parts coming from additive manufacturing with these both processes possess the similar fatigue properties than cast or wrought parts. The qualitative conclusions about crack initiation mechanisms could be challenged by performing 3D CT-tomography associated to in situ tensile tests on several specimens; realtime analysis could then be performed in order to observe the crack initiation and propagation phenomenon as already done on casting alloys [START_REF] Buffière | Experimental study of porosity and its relation to fatigue mechanisms of model Al?Si7?Mg0.3 cast Al alloys[END_REF][START_REF] Limodin | Application of X-ray microtomography to study the influence of the casting microstructure upon the tensile behaviour of an Al-Si alloy[END_REF][START_REF] Wang | Influence of pores on crack initiation in monotonic tensile and cyclic loadings in lost foam casting A319 alloy by using 3D in-situ analysis[END_REF][START_REF] Dahdah | Damage investigation in A319 aluminium alloy by X-Ray tomography and digital volume correlation during in situ high temperature fatigue tests[END_REF].
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 7 Fig. 7. influence of the defects on the lifetimes obtained for both EBM and SLM processes.

  Günther et al. are conducting fatigue tests in the Very High Cycle regime and it can be observed that for lifetime greater that 10 7 cycles, internal defects are mostly associated to the crack initiation process where surface defects are the dominant mechanisms for lifetimes lower than 10 7 cycles. These observations are consistent with the results obtained in the present study and show that crack initiation mechanisms depend also on the fatigue regime.
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