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Influence of Surface Mechanical Attrition Treatment (SMAT) posttreatment on microstructural, mechanical and tensile behaviour of additive manufactured AISI 316L
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Additive Manufacturing (AM) is a technology in constant growth, thanks to its numerous advantages compared to conventional manufacturing. In this paper, Surface Mechanical Attrition Treatment (SMAT) was performed on 316L stainless steel parts produced by the Laser Powder Bed Fusion (LPBF) technique, also commonly known as Selective Laser Melting (SLM). Experimental characterizations (cross-sectional optical micrographs, X-ray diffraction, phase analyses, surface roughness, micro-tensile testing and microhardness profiles) show that SMA treatment can reduce the surface roughness by a factor of 10 and can increase the microhardness in the layer beneath the treated surface up to 45%. SMAT can also transform the initial near-surface tensile residual stresses present in AM parts into compressive ones and enhances the mechanical properties of SLM parts. This work demonstrates the potential of SMAT as a post-treatment to improve surface quality and increase yield strength while retaining good ductility of SLM manufactured parts.

Introduction

Additive Manufacturing (AM) is a market in constant growth with a major societal impact on tomorrow's production methods according to Huang et al. [START_REF] Huang | Additive manufacturing and its societal impact: a literature review[END_REF]. Wohlers [START_REF]Shows Increase in Metal Additive Manufacturing, Overall Industry Growth of 21%[END_REF] reports an increase of 80% of AM system sales in 2017. The principal industrial sectors contributing to this increase are the field of medicine and transport industries such as automotive and aerospace [START_REF] Guo | Additive manufacturing: technology, applications and research needs[END_REF]. Indeed, the main advantage of AM over conventional manufacturing is the reduction of mass in transport and freedom of design transposed into prostheses customized for each patient. In the field of medicine, Xie et al. [START_REF] Xie | Structural and mechanical characteristics of porous 316L stainless steel fabricated by indirect selective laser sintering[END_REF] built knee joints with 316L powder by indirect SLS process. Sames et al. [START_REF] Sames | The metallurgy and processing science of metal additive manufacturing[END_REF] have conducted a comprehensive retrospective review on history, qualities, drawbacks and future use of AM. Mechanical properties of SLM parts are influenced by numerous parameters in the AM process. First, the size, shape and quality (in terms of internal porosity and composition) of the powder are crucial. Then the SLM process parameters themselves play an important role (power, scanning speed, layer thickness, scanning strategy). Liverani et al. [START_REF] Liverani | Effect of selective laser melting (SLM) process parameters on microstructure and mechanical properties of 316L austenitic stainless steel[END_REF] studied the effect of process parameters on untreated 316L SLM microstructure and mechanical properties showing some parameters like laser power have more influence on density than others like hatch spacing. Miranda et al. [START_REF] Miranda | Predictive models for physical and mechanical properties of 316L stainless steel produced by selective laser melting[END_REF] built numerical models of 316L SLM properties, showing complex correlations between different SLM parameters. Bartolomeu et al. [START_REF] Bartolomeu | 316L stainless steel mechanical and tribological behavior-A comparison between selective laser melting, hot pressing and conventional casting[END_REF] focused on the comparison between SLM and conventional manufacturing (hot pressing and casting) of 316L parts and concluded that SLM offers better mechanical properties. The greatest added value offered by the samples produced by AM lies in their peculiar microstructure. Indeed, whether for 316L or for other materials, the strong involved thermal gradients induce the formation of a fine cell microstructure [START_REF] Prashanth | Formation of metastable cellular microstructures in selective laser melted alloys[END_REF]. This fine microstructure is at the origin of the high mechanical properties of the samples produced in this way [START_REF] Wang | Additively manufactured hierarchical stainless steels with high strength and ductility[END_REF]. Moreover, this cellular structure forms a very complex network of dislocations within the sample, acting as a filter to slow down the dislocations while avoiding blocking them during plastic deformation [START_REF] Liu | Dislocation network in additive manufactured steel breaks strength-ductility trade-off[END_REF]. These studies highlight the fact that SLM allows complex geometries to be designed while maintaining or even enhancing the mechanical properties of conventional 316L if the process parameters are correctly chosen. However, some drawbacks still persist in this type of manufacturing. These are the poor surface state and the tensile residual stresses at the surface of manufactured parts [START_REF] Sames | The metallurgy and processing science of metal additive manufacturing[END_REF]. Yasa and Kruth [START_REF] Yasa | Microstructural investigation of Selective Laser Melting 316L stainless steel parts exposed to laser re-melting[END_REF] worked on a novel approach called laser re-melting applied to 316L parts, where the principle was to scan the same layer a second time (with low energy), which lead to a decrease in the surface roughness (Ra from 12 to 1.5 μm).

Instead of altering the powder or the process parameters, the most common way is to perform post-treatment techniques after manufacturing. However, this solution is usually combined with a loss of mechanical properties. Therefore, the aim of this investigation is to study the potential of a mechanical post-treatment -the Surface Mechanical Attrition Treatment. Originally studied by Lu and Lu [START_REF] Lu | Nanostructured surface layer on metallic materials induced by surface mechanical attrition treatment[END_REF], their work gave insight into understanding the effect of this treatment on different materials and showed that this is a promising treatment to improve mechanical properties. Chen et al. [START_REF] Chen | Tensile properties of a nanocrystalline 316L austenitic stainless steel[END_REF] used this treatment on a conventional 316L alloy, showing an enhancement of the tensile properties, an increase of the hardness and a grain size reduction at the treated surface. Then Roland et al. [START_REF] Roland | Enhanced mechanical behavior of a nanocrystallised stainless steel and its thermal stability[END_REF][START_REF] Roland | Fatigue life improvement through surface nanostructuring of stainless steel by means of surface mechanical attrition treatment[END_REF] confirmed the previous results and added the fact that SMAT also improves fatigue properties and generates compressive residual stresses beneath the SMATed surface. The effect of SMAT on the surface itself was studied in detail by Arifvianto et al. [START_REF] Arifvianto | Effects of surface mechanical attrition treatment (SMAT) on a rough surface of AISI 316L stainless steel[END_REF] where the smoothening mechanism of the surface of a 316L alloy was described. Samih et al. [START_REF] Samih | In-depth quantitative analysis of the microstructures produced by Surface Mechanical Attrition Treatment (SMAT)[END_REF] showed that the thickness of the different layers constitutive of the 316L sample after treatment (ultra-fine grain zone, transition zone, deformed zone) depends on the SMAT parameters of vibration frequency and treatment time. Petit et al. [START_REF] Petit | Multilayer modelling of stainless steel with a nanocrystallised superficial layer[END_REF] developed a uniaxial multilayer model that took into account the nanocrystalline layer, the transition layer and the core layer, showing that the mechanical properties as well as the strain hardening coefficient of these different layers were quite different. Sun et al. [START_REF] Sun | Experimental study of microstructure changes due to low cycle fatigue of a steel nanocrystallised by Surface Mechanical Attrition Treatment (SMAT)[END_REF] studied in detail these different layers, before and after low cycle fatigue tests, using electron backscatter diffraction (EBSD). All these previous studies tend to increase the knowledge of the effect of SMAT on conventional 316L samples. To the authors' knowledge, few studies deal with the effect of SMAT on the mechanical properties of AM 316L samples, such as the work of Sun et al. [START_REF] Sun | Surface finish and properties enhancement of selective laser melted 316L stainless steel by surface mechanical attrition treatment[END_REF] which focuses essentially on surface finish.

In this work, the SMAT effect on SLM 316L stainless steel is studied in terms of roughness, micro-hardness, residual stress, and mechanical properties. A comparison with the experimental results of other authors is also carried out.

Material and characterization methods

Powder properties and sample preparation

The 316L powder used to make the samples was obtained by a nitrogen atomization process. Particles are spherical with a size ranging from 10 to 45 µm. Table 1 presents the chemical analysis of the 316L powder. Numerous 316L samples were produced by Laser -Powder Bed Fusion (SLM) using the Platinium 3D platform. The geometry of the tensile samples and the microstructure generated by SLM are described in Fig. 1. Parallelepipedic samples (39*16*1mm) were also produced in order to perform roughness and X-ray measurements. Both types of samples were made under Ar atmosphere with a residual oxygen content inside the chamber of 0.02%. platform was heated and maintained at 150°C±0.1°C throughout the process. All the samples were built vertically to have the same surface quality on both sides of the sample, according to Fig. 1a. The scanning strategy adopted is illustrated in Fig 2a . The lasered section is composed of two parts: the border is first produced with a lasering strategy which does not change from a layer to another and then the core is produced with a lasering strategy which is modified by a 67° rotation between each layer. Fig. 2b shows a section of an etched untreated sample where the successive tracks of the laser are observable. The border is clearly distinguishable from the core of the sample (a red line in Fig. 2 has been drawn to facilitate the observation). By observing the core in particular, the 67° rotation by the laser can be observed using two laser paths (one surrounded in green, the other in orange). The border and the core were built with different power (W) and scanning velocity (mm/s) parameters, which were equal to 100 W and 300 mm/s for the border, and 150 W and 400 mm/s for the core. The layer thickness was set to 50 µm and the hatch space to 80 µm. Due to these different parameters, the energy density (J/mm 3 ) is equal to 83 J/mm 3 for the border and 93 J/mm 3 for the core.

The purpose of the SMA treatment is to impact the surface of the sample with many steel balls, driven by a sonotrode (vibrating at a frequency of 20 kHz) on which they are placed. All these successive impacts generate a plastic deformation field due to the kinetic energy of the steel balls. It can be related to shot-peening with the difference being the steel balls used in SMAT are larger, perfectly spherical, and the impact angles are random. The severe plastic deformation that occurs at the surface of the part leads to a grain refinement [START_REF] Proust | Characterization of Ultra-fine Grained and Nanocrystalline Materials Using Transmission Kikuchi Diffraction[END_REF]. Two SMAT intensities were chosen and are summarised in Table 2. 

Material characterization

Vickers microhardness measurements were performed using an FM300e device from Future-Tech, with a load of 25g for a duration of 10s. The measurements were performed in the section perpendicular to the building direction (XY plane). Each hardness value presented in this work is composed from an average of 10 indentations.

Roughness measurements were performed using a Surtronic 3+ equipment from Taylor-Hobson. The evaluation length was performed in accordance with the standard ISO 4287 [START_REF]:1997 -Geometrical Product Specifications (GPS) --Surface texture: Profile method --Terms, definitions and surface texture parameters[END_REF]. Parallelepipedic samples were studied in the longitudinal (Z) and transversal (X) directions. Each roughness value is composed from an average of 8 measurements.

For optical observations, polishing was performed using a Buehler Metaserv TM 250 with Vector Power head equipment. Optical Microscopy (OM) observations were performed with a VHX-S50 from Keyence Corporation with magnifications from 20 -5000. To observe the microstructure, samples were etched for 30 seconds with a solution composed of 1 volume of HNO3, 3 volumes of HCl and 3 volumes of glycerine. Scanning Electron Microscopy (SEM) was carried out using a SU 8030 from Hitachi, with a voltage of 10kV.

Tensile tests were performed at room temperature using a 5kN Microtest Extended Tensile tester from Deben UK Ltd. with a motor speed of 1.25 mm/min.

Residual stress profiles were evaluated using X-ray diffraction (XRD) sin 2 ψ method with Cr Kα wavelength. In order to perform bulk measurements, a Struers company electrolytic polishing machine, LectroPol-5 was used to remove the material layer by layer. Residual stress profiles were corrected, taking into account a possible redistribution during material removal.

Results and discussion

Microstructure

The difference in microstructure compared to conventional 316L can be clearly seen in the work of Bartolomeu et al. [START_REF] Bartolomeu | 316L stainless steel mechanical and tribological behavior-A comparison between selective laser melting, hot pressing and conventional casting[END_REF] where cast samples exhibit coarse grains in contrast to melt pools that can be observed in the XZ and YZ planes in Fig. 1b. Based on EBSD analysis, Andreau et al. [START_REF] Andreau | Texture control of 316L parts by modulation of the melt pool morphology in selective laser melting[END_REF] showed that microstructure formed by SLM has elongated grains along the manufacturing direction. In this work, it is possible to observe elongated grains along the manufacturing direction in Fig. 3a andb. These two figures show OM of an etched 316L as-fabricated sample at the extreme surface in the XZ plane (Fig. 3a) and in the YZ plane (Fig. 3b). As shown in Fig. 2b, the border area, which has a thickness of 100±10 µm, is also observable in the XZ and YZ planes. The microstructural peculiarity of this region is to have a quasi-similar microstructure one layer to the other, in contrast to the core where the melt pools are not regular. This irregularity in the arrangement of the melt pools is due to the constant reflow and change in lasering path (as shown in Fig. 2a) involved in the manufacturing of the core. The lasering of the border is the same from one layer to another, explaining the regularity of the observed melt pools. This regularity in lasering is also observed in the microstructure inside the melt pools. Indeed, the microstructure is directed along the manufacturing direction. Shifeng et al. [START_REF] Shifeng | Effect of molten pool boundaries on the mechanical properties of selective laser melting parts[END_REF] have explained in their work that this preferential direction is due to the fact that the bottom of the melt pool is in contact with another one which has already solidified, while, the top of the melt pool is in contact with the atmosphere (Argon). The heat flux is faster between the solid-liquid interface, which explains why the growth direction is from the bottom to the top of the melt pool. The crystal morphology can be seen in Fig. 3c from a SEM micrograph of melt pools. It is visible that the melt pools are composed of cellular, columnar and equiaxed crystals without any detectable inter-layer porosity/defects at the edge of the different melt pools. Wang et al. [START_REF] Wang | Investigation of crystal growth mechanism during selective laser melting and mechanical property characterization of 316L stainless steel parts[END_REF] who worked on the crystal growth mechanism during SLM on 316L presented a similar result through their numerical work. They showed that this growth direction is not only influenced by the heat flux direction but also the preferred growth orientation of the crystal and the Marangoni effect. The latter two phenomena can influence the direction of growth, which explains why the growth direction in Fig. 3c is not exclusively directed in the manufacturing direction and can vary within a melt pool.

Building direction

Different preferred growth orientation of crystals

To study the effect of SMAT, microscopy observations were made on the extreme surface of the samples, in the XY plane as shown in Fig. 4a, b andc, respectively representing the as-built, treated by SMAT Low and SMAT High samples. Once again, the border and the core are denoted. By looking at Fig. 4a, several local zones differ from the typical structure (surrounded by a blue circle). These zones can be associated with partially molten particles; the areas are round in shape with a coarser microstructure similar to the microstructure of powders used in the manufacturing process. The microstructure of a 316L particle can be observed in the work of Zhong et al. [START_REF] Zhong | Intragranular cellular segregation network structure strengthening 316L stainless steel prepared by selective laser melting[END_REF], which is similar to one of the partially melted particles in Fig. 4a. After SMAT, as shown by Fig. 4, the surface seems smoother than the untreated one indicating that the roughness has changed. Partially melted particles can still be observed under the smooth surface, indicating that the treatment has crushed these particles, but they are still distinguishable.

Surface roughness

To study surface roughness, three parameters were selected. First, the most universally used roughness parameter for general quality control, the arithmetic mean height (Ra) is illustrated in Fig. 5a. Second, the average root mean square roughness (Rq) shown in Fig. 5b, which, contrary to Ra, gives more importance to peaks and valleys. Third, the maximum average profile height (Rt) in Fig. 5c. The use of three different parameters provided more detailed information on the surface condition, which allowed for a better understanding of its evolution Gadelmawla et al. [START_REF] Gadelmawla | Roughness parameters[END_REF].

The untreated sample has a poor surface finish, with an Ra value of 11±0.8 μm, Rq of 13±1 μm and an Rt of 56±4.1 μm. However, as shown in Fig. 5a, b andc, both sides of the specimen shows similar results simultaneously in the longitudinal and transverse directions, which shows that the SLM process does not introduce a difference in roughness depending on the direction of manufacturing. Fig. 5d shows that the roughness profile is drastically modified after both SMA treatments. The first observation made on Fig. 5a, b, andc, is that the values obtained for the two SMAT conditions, on both sides of the samples and in the two different axes, are similar. This observation shows that the surface treatment is homogeneous on both sides. Then, the evolution of the three different parameters shows a similar trend, all decreasing as the SMAT intensity increases. Kaynak and Kitay [START_REF] Kaynak | The effect of post-processing operations on surface characteristics of 316L stainless steel produced by selective laser melting[END_REF] achieved a maximum decrease of 74% in Ra value with a finish manufacturing operation on 316L SLM samples. In our case, the initial Ra roughness of the untreated specimens is reduced by about 94%, demonstrating the potential of SMAT to significantly reduce roughness in a short period of time.

Microhardness

Fig. 6 shows the evolution of microhardness from the centre of the sample section (untreated, SMAT Low and SMAT High) to the two opposite sides. The untreated sample has a microhardness value in the centre of the section of 220±5 HV0.025, in accordance with values reported in the literature [START_REF] Liverani | Effect of selective laser melting (SLM) process parameters on microstructure and mechanical properties of 316L austenitic stainless steel[END_REF][START_REF] Tolosa | Study of mechanical properties of AISI 316 stainless steel processed by 'selective laser melting', following different manufacturing strategies[END_REF][START_REF] Deev | Anisotropy of Mechanical Properties and its Correlation with the Structure of the Stainless Steel 316L Produced by the SLM Method[END_REF]. At a subsurface distance of 40 µm, the hardness reaches 230±8 HV0.025. Even if the standard deviation associated with these two values can't clearly lead to the conclusion that there has been a significant increase in hardness in the edge, other authors have noticed this phenomenon [START_REF] Wang | Investigation of crystal growth mechanism during selective laser melting and mechanical property characterization of 316L stainless steel parts[END_REF][START_REF] Wang | Microstructure and mechanical properties of stainless steel 316L vertical struts manufactured by laser powder bed fusion process[END_REF][START_REF] Larimian | Effect of energy density and scanning strategy on densification, microstructure and mechanical properties of 316L stainless steel processed via selective laser melting[END_REF]. In our study, the energy density used to build the border of the specimens was slightly lower than that used for the core. This fact is expected to induce a higher cooling rate in the edge [START_REF] Farshidianfar | Effect of real-time cooling rate on microstructure in Laser Additive Manufacturing[END_REF] and, consequently, should lead to a smaller size of the cellular structure in the border [START_REF] Scipioni Bertoli | Stability of cellular microstructure in laser powder bed fusion of 316L stainless steel[END_REF]. This size effect may then explain the very slight increase in near-surface microhardness [START_REF] Larimian | Effect of energy density and scanning strategy on densification, microstructure and mechanical properties of 316L stainless steel processed via selective laser melting[END_REF].

After processing the samples according to the two different SMAT conditions presented Table 2, the first finding is that microhardness has increased in the sample. The slight difference between SMAT Low and SMAT High is that the evolution of microhardness is more pronounced after SMAT High, and the microhardness values obtained in the subsurface have increased by 45% to reach a value of 334±13 HV0.025 compared to the untreated case. SMAT Low generates a subsurface value of 307±16 HV0.025. The centre of the SMATed samples was not affected, but more intense treatment can change the microhardness of the entire sample as presented in a previous study [START_REF] Portella | Residual Stresses Analysis in AISI 316L Processed by Selective Laser Melting (SLM) Treated by Mechanical Post-Processing Treatments[END_REF]. The increase in microhardness is due to the strain hardening produced by successive impacts during the SMA treatment. This hardening phenomenon is less important as the distance from the impacted surface increases, generating a characteristic gradient that is similar on both sides, thus confirming the homogeneity of the SMA treatment. 

Residual stresses

Residual stresses can be detrimental to the physical integrity of samples and powder-bed melting processes tend to introduce compressive residual stresses in the centre of samples and tensile residual stresses at the surface [START_REF] Sames | The metallurgy and processing science of metal additive manufacturing[END_REF]. The values of these residual stresses depend on many parameters, such as scanning strategy, process parameters and, in particular, the temperature of the manufacturing chamber. Optimizing these parameters releases residual stresses that may persist in the sample showed by Li et al. [START_REF] Li | Residual Stress in Metal Additive Manufacturing[END_REF]. Simson et al. [START_REF] Simson | Residual stress measurements on AISI 316L samples manufactured by selective laser melting[END_REF] worked on the residual stresses obtained by SLM on AISI 316L, revealing that the SLM process introduced residual tensile stresses up to 250 MPa at around a depth of 100µm. Fig. 7 shows the evolution of residual stresses in the different studied samples (Untreated, SMAT Low and SMAT High) along the longitudinal (Fig. 7a) and transverse (Fig. 7b) directions (see Fig. 1a). The untreated sample reveals tensile residual stresses in both axes, throughout the thickness along the transverse axis and to a depth of 200 μm in the longitudinal axis. The residual tensile stresses do not exceed 200 MPa, which is acceptable and consistent with the previous authors mentioned in this section.

After the SMA treatment, the first observation is that the treatment introduces residual compressive stresses. In both cases, the maximum compressive residual stresses reached are close to -400 MPa in the subsurface (30 μm). Although the residual stress profiles are similar for both SMAT Low and SMAT High treatments, differences can be observed. First, SMAT High generates a higher level of compressive residual stress at the same depth than SMAT Low. Second, the transverse residual stresses become positive at a greater thickness for SMAT High (around 290 µm) in comparison to SMAT Low (around 240 µm). This indicates that SMAT High has a deeper impact on the sample.

Mechanical behaviour

Fig. 8 shows tensile test results performed on untreated and SMATed samples. As shown in Fig. 8, SMA treatment modifies the mechanical properties according to the intensity of the treatment. Three different areas can be identified in Fig. 9: -conventional area (in blue): it is characterized by a low yield stress (YS) (< 400 MPa) and a medium or high uniform elongation (UE).

-mechanical post-treatment area (in orange): this second area is characterized by a high YS with an intermediate or low UE depending on the intensity of the mechanical posttreatment provided.

-SLM area (in green): this third area is intermediate compared to the two previous ones. Since the additive manufacturing process is controlled by many parameters, it is not surprising that the experimental points correspond to very different mechanical responses [START_REF] Sames | The metallurgy and processing science of metal additive manufacturing[END_REF].

After completing the figure with as many experimental results as possible while leaving it readable, our results were introduced, one green point for untreated SLM samples and three points in orange for mechanically post-processed samples. The mechanical properties of our untreated sample are in accordance with the experimental points of the above-mentioned authors who worked on 316L SLM steel. Similarly, properties of SMATed samples are located in the MPT zone. As shown in Fig. 9, an increase in mechanical strength is associated to a decrease in elongation. By limiting the severity of mechanical post-treatment, it is demonstrated, as in the case of SMAT Low, to maintain an interesting ratio between YS and UE. The next objective would be to increase both UE and YS, by combining a treatment (such as heat treatment) with SMAT. From this, it would be possible to create a new area combining high UE and YS values, creating a High Performance area.

Conclusion

In this work, the effect of a mechanical post-treatment (SMAT) on the microstructural and mechanical properties of 316L SLM parts was evaluated. The following conclusions can be drawn from this study:

-The surface of SLM parts contain partially melted powder particles inducing a high surface roughness which can be considerably reduced by SMAT post-treatment. At the same time, microhardness is increased near the surface after SMAT. -The tensile residual stresses initially generated next to the surface during the SLM process are transformed into compressive residual stresses after SMAT. -Tensile tests have shown that SMATed samples have improved mechanical properties as a function of the intensity of the treatment.

SMAT can thus be used as a suitable post-treatment for additive manufactured 316L parts to improve their surface condition and enhance their mechanical properties.
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 1 Fig. 1. a) Geometry and dimensions of the SLM tensile specimens and observation areas b) Three-dimensional micrograph of a 316L SLM sample.
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 1 Fig. 1. a) Lasering strategy with b) corresponding microstructure.
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 3 Fig. 3. Optical top surface view of untreated sample a) in XZ plane, b) in YZ plane and c) SEM micrograph of melt pools in YZ plane, (see Fig. 1 for the location of each micrograph).
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 4 Fig. 4. Optical cross-section micrographs (XY plane) of the top surface of a) untreated sample, b) SMAT Low treated sample and c) SMAT High treated sample.
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 5 Fig. 5. Evolution of amplitude parameters a) Ra, b) Rq, c) Rt and d) Roughness profiles of untreated, SMAT Low and SMAT High 316L samples.
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 6 Fig. 6. Evolution of Microhardness of untreated and SMATed samples.
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 7 Fig. 7. Corrected Residual stress profiles determined by X-ray diffraction in untreated and SMATed samples according to the a) longitudinal and b) transversal directions.
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 8 Fig. 8. Tensile curves of 316L SLM samples.

Fig. 9 .

 9 Fig. 9. Uniform Elongation versus Yield Strength for various 316L conventional materials (blue), SLM produced materials (green) and samples strengthened by different plastic deformation post-treatments (orange), including our work.

Table 1 .

 1 Chemical analysis of the 316L powder.

Table 2 .

 2 SMA treatment conditions.

	Configuration of treatment	SMAT Low (SL) SMAT High (SH)
	Treatment duration	10 min	30 min
	Diameter of 100Cr6 steel shot	2mm	3mm
	Almen intensity (mmA)	0,14	0,19

Table 3 .

 3 Mechanical properties obtained on 316L SLM untreated and SMAT treated samples.

Table 3

 3 summarizes the mechanical properties obtained. The SMA treatment increases yield strength (YS) and maximum tensile strength (UTS), and at the same time, reduces uniform elongation (UE). Fig.9illustrates the evolution of the uniform elongation as a function of the yield strength of 316L stainless steel -considering the results from this study coupled with the results of several others. This figure is inspired by the one performed by Y. M. Wang et al.[START_REF] Wang | Additively manufactured hierarchical stainless steels with high strength and ductility[END_REF] who worked on the high-performance 316L manufactured by powder bed melting technique. In particular, this figure represents the mechanical response of conventional 316L for cast and forged samples, of 316L SLM and mechanically post-treated 316L specimens. Concerning the experimental points used for the additive manufacturing technique, the figure uses the experimental values of Tolosa et al.[START_REF] Tolosa | Study of mechanical properties of AISI 316 stainless steel processed by 'selective laser melting', following different manufacturing strategies[END_REF] whose work focused on the mechanical properties of the different manufacturing strategies, Mertens et al.[START_REF] Mertens | Microstructures and Mechanical Properties of Stainless Steel AISI 316L Processed by Selective Laser Melting[END_REF] who conducted a microstructural and mechanical study with different manufacturing orientations and Suryawanshi et al.[START_REF] Suryawanshi | Mechanical behavior of selective laser melted 316L stainless steel[END_REF] who studied mechanical properties using different manufacturing strategies. For the experimental of the mechanically post-treated 316L samples, Fig.9gathers the experimental results of Ueno et al.[START_REF] Ueno | Enhanced fatigue properties of nanostructured austenitic SUS 316L stainless steel[END_REF] who worked on the effect of ECAP (Equal Channel Angular Pressing), Liu et al. and Lu et al.[START_REF] Liu | 316L Austenite Stainless Steels Strengthened by Means of Nano-scale Twins[END_REF][START_REF] Lu | Strengthening austenitic steels by using nanotwinned austenitic grains[END_REF] who performed a dynamic plastic deformation (DPD). Petit et al.[START_REF] Petit | Multilayer modelling of stainless steel with a nanocrystallised superficial layer[END_REF] evaluated the mechanical properties of each SMAT constituent layer (nanocrystalline + transition layers) and Krawczynska et al.[START_REF] Krawczynska | Mechanical properties and corrosion resistance of ultrafine grained austenitic stainless steel processed by hydrostatic extrusion[END_REF] performed a hydrostatic extrusion (HE).

		Untreated	SMAT Low	SMAT High
	Uniform Elongation (%)	29±3	22±0.4	16±2
	Variation compared to the untreated condition (%)		-24	-45
	Yield Strength (MPa)	527±7	599±0.5	624±16
	Variation compared to the untreated condition (%)		+14	+18
	Ultimate Tensile Strength (Mpa)	611±5	669±2	676±13
	Variation compared to the untreated condition (%)		+9	+11

points
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