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Abstract

This paper investigates the influence of post treatments on the fatigue properties of 316L stainless steel produced

by laser powder bed fusion. Miniaturised fatigue samples are built in vertical orientation with optimised process

conditions to result in very low porosities and minimal scatter in results. Fatigue performance is evaluated for two

different material conditions: as-built and stress-relieved, at a nominal load ratio of -1. Furthermore, the samples are

tested with and without surface machining. A thorough microstructural and fractographic analysis is performed to

evaluate the impact of the main fatigue influencing factors. The results show that the fatigue behaviour of machined

samples with and without stress relief heat treatment exceeds that of conventionally manufactured 316L.
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1. Introduction

Additive manufacturing (AM) finds itself steadily progressing from humble rapid prototyping origins towards

industrial and large scale production scenarios [1, 2]. The swift technological maturity implies the urgent need for

validation of AM parts in complexly loaded applications. Laser powder bed fusion, one of the most widely used

metal AM techniques, employs fine powder as feedstock and applies laser energy to selectively melt the material

and build parts in layer-by-layer fashion [3, 4]. Selective laser melting (SLM) is a versatile laser powder bed fusion

process capable of manufacturing dense parts with different ferrous and non-ferrous metals and alloys, for diverse

applications [5]. SLM components in functional applications often undergo cyclic loading conditions, hence their

fatigue behaviour needs to be fully understood [6].
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316L stainless steel is a tough, ductile and corrosion resistant austenitic stainless steel, widely used in cyclically

loaded components in a variety of engineering sectors such as automobile, construction, refinery, oil and gas, and

chemical and petrochemical industries [7, 8]. 316L is hot workable by most common techniques such as drawing,

shearing and stamping, but machining to final shape is not considered easy due to its high work hardening behaviour,

low thermal conductivity and high ductility. High surface roughness and tool wear are frequently reported during

machining of austenitic stainless steels [9, 10]. Hence a tool-less manufacturing process like AM offers immense

potential to fabricate near net-shape 316L parts.

Both academia and industry have already experimented with manufacturing 316L stainless steel parts by SLM.

Saeidi et al. [8] built SLM 316L blocks of up to 98.6 ± 0.1% relative density and investigated the microstructure and

hardness. They observed an austenitic matrix composed of a columnar sub-grained microstructure. Liverani et al.

[11] studied the influence of SLM process parameters on the microstructure and mechanical properties of 316L parts.

Three different types of solidification defects influencing the resulting mechanical properties were observed, namely,

binding defects, gas pores, and voids associated to residual stresses. They reported that binding defects could result

from balling or inadequate laser energy while melting; gas pores were due to entrapment of gases during the process;

and residual stress associated voids could be generated from small cracks forming along melt pool boundaries due

to high thermal stresses, which thereby join with other cracks in proximity and separate from the solidified material

to form voids. Yasa et al. [12] overcame such defects by performing laser re-melting and successfully built parts

approaching 100 % relative density.

Fatigue results of as-built SLM 316L reported in literature show lower performances than conventionally man-

ufactured counterparts. SLM-processed 316L exhibits a finer microstructure and a higher yield strength, but often

contains process-induced defects and reduced work hardening, leading to deteriorated fatigue properties in many

instances [13]. Wrought 316L is usually strengthened for fatigue by cold working, surface carburization, surface

nanostructuring, compressive stress introduction and similar methods [7, 14–16] which cannot always be applied to

complex near-net shape SLM parts. Fatigue improvement strategies of SLM 316L are still at an infancy stage as the

influence of existing post-treatments needs to be investigated in-depth. Figure 1 provides an overview of SN plots of

vertically-built SLM 316L in their as-built condition or subjected to different combinations of heat treatments (anneal-

ing at 650◦ C for 2 hours or HIP at 1150◦ C and 1000 bar for 4 hours) and surface treatments (machining and polishing)

[17]. The data points were extracted with a reasonable degree of accuracy from SN plots reported in literature. Test

results from different loading conditions [18] were normalised to R = -1 using Goodman’s mean stress correction

formula, which holds well for ductile metals [19]. For comparison, an SN plot of conventionally manufactured and

machined 316L reported by Roland et al. [14] is also represented in Figure 1 . These results show that heat treatments
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appear to have little influence on fatigue behaviour. Fatigue crack growth tests performed by Fergani et al. [20] also

convey similar information. However, since the data are extracted from different sources with varying part quality

and testing procedure, Figure 1 does not provide an unambiguous comparison between different post-treatments. In

particular, stochastic amounts of defects could increase scatter and conceal the influence of other factors [21].

Figure 1: SN log-log plot for vertically-built SLM 316L subjected to different heat treatment and surface treatment combinations, compared with
conventionally manufactured and machined 316L (data extracted from references, normalised to R = -1)

This research systematically investigates the influence of post-treatments on the axial tension-compression fatigue

performance of SLM 316L, while minimising the impact of process-induced defects. To guarantee high sample qual-

ity and consistency, all samples are built using the same, optimised process conditions resulting in very low residual

porosities, so the scatter induced by varying amounts of defects is minimised. Fatigue performance is evaluated for

two different material conditions: as-built (AB) and stress-relieved (SR). Furthermore, all samples are tested in non-

machined (NM) as well as machined (M) surface conditions. SLM parts tend to possess complex geometries and

internal surfaces not easily accessible by surface treatments. Hence, recording the fatigue performance of parts with-

out machining provides a realistic estimation for actual applications. A thorough microstructural and fractographic

analysis of all samples is performed to evaluate the individual impact of fatigue influencing factors.
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2. Materials and methods

LaserForm R© 316L(A) stainless steel powder from 3D Systems, Inc. with chemical composition shown in Table 1

[22] was used as feedstock. A ProX R© DMP 320 machine was used to produce the samples by 3D Systems, Inc, with

the process parameters corresponding to officially released LaserForm R© 316L(A) standard with 60 µm layer thickness.

The energy density of the parameters used, given by equation 1, was 56 J/mm3. Miniaturised fatigue samples with

geometry shown in Figure 2 were built with their axis oriented along the vertical direction. This miniaturised geometry

was designed by applying scaling laws [23] from ASTM E466 specifications for fatigue sample geometry, exclusively

for additive manufacturing, considering the following factors: (i) optimised radius between the ends to minimise

staircase effect on surface roughness; (ii) reduction of scatter in test results by ensuring failure of specimens at the

smallest section; (iii) avoidance of buckling during axial compression loading; (iv) optimised gripping section for

sufficient gripping force between sample and clamps; (v) reduction of production time and cost.

Energy density = P/v · h · t (1)

where P is laser power (W), v is scan velocity (mm/s), h is hatch spacing (mm), t is layer thickness (mm).

Table 1: Chemical composition of 316L stainless steel powder [22]

Element Weight%

Fe Balance

Cr 16.50 - 18.50

Ni 10.00 - 13.00

C ≤ 0.03

Mn ≤ 2.00

Mo 2.00 - 2.50

N ≤ 0.11

Si ≤ 1.00

P ≤ 0.045

S ≤ 0.03

Stress relief (SR) heat treatment was carried out at 470◦ C for 5 hours in argon atmosphere. For the machined

surface condition, the samples were turned to required dimensions to attain a surface roughness of 0.5 ± 0.06 µm Ra.

The non-machined samples exhibted an average surface roughness of 7.2 ± 1.3 µm Ra. The density of all the samples
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Figure 2: Fatigue sample geometry (all dimensions in mm)

was measured by Archimedes method and was found to be higher than 99.4 ± 0.1 % relative density, considering 8.0

g/cm3 as the theoretical density of 316L. For microstructural characterisation, electrochemical etching was performed

at 6V DC with 10% oxalic acid solution on ground and polished samples, followed by optical and scanning electron

microscopy (SEM) using Keyence VHX 6000 and Philips XL30 FEG equipment, respectively.

A SHIMADZU AG-X Plus machine was used to perform the tensile tests as per ASTM E8M norms. The tests

were performed at a strain rate of 0.5%/min in the elastic part and 40%/min in the plastic part. Specimens in four

different combinations of material and surface conditions, as reported in Table 2, were tested for fatigue behaviour.

Axial tension-compression fatigue tests at R = -1 were performed with an Instron Electropuls E10000 machine.

Force-controlled constant amplitude tests were conducted at 60 Hz until total fracture or run-out at 2,000,000 cycles.

To determine the test frequency, a preliminary study was performed at 30 and 60 Hz by testing a minimum of two

iterations per stress level for each frequency. The temperature at the smallest section was monitored with a contactless

IR temperature sensor. No significant temperature difference or scatter in fatigue results was observed for the tests at

the two frequencies. Hence 60 Hz was chosen as test frequency for all samples, considering the reduced testing time.

Post-fracture SEM analysis was conducted to identify the crack initiation and propagation behaviour.

Table 2: Sample notations subjected to fatigue testing

Notation Heat treatment Surface treatment

ABNM As-built Non-machined

SRNM Stress relieved Non-machined

ABM As-built Machined

SRM Stress relieved Machined
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3. Results

Microstructural characterisation

Optical microscopic analysis of 316L stainless steel after SLM shows visibly distinct melt pools in Figure 3(a),

representing the solidification pattern during selective melting. Within each melt pool, solidification takes place along

the heat gradient, starting from the periphery and reaching towards the core. Cross sectional observation also shows

a columnar grain growth pattern across melt pools along the building direction. Epitaxial solidification in layer-by-

layer fashion during SLM results in such vertical columnar grains, indicated by arrow marks in Figure 3. After stress

relief heat treatment, the melt pool boundaries and columnar grains still remain clearly visible, as seen in Figure 3(b).

Overall, optical microscopy does not reveal any significant microstructural change resulting from this heat treatment.

Further microstructural observation using SEM shows a sub-grained cellular microstructure for as-built samples

within the columnar grains, as seen in Figure 4(a). Very high cooling rates in SLM do not facilitate formation of

equiaxed grains, thereby resulting in such a cellular pattern [24]. Cells with a diameter below 1 µm , growing cylindri-

cally along different directions, can be seen on the cross section. Similar to as-built parts, a cellular microstructure was

observed in SR specimens in Figure 4(b). SR was carried out at 470◦ C, a temperature too low for recrystallization or

major microstructural changes to occur. However, SEM analysis reveals that the stress relief heat treatment induces a

slight coarsening of the cellular solidification morphology.

Figure 3: Optical microscopic images of 316L along building direction for as-built (a) and stress relieved (b) samples

6



Figure 4: SEM images of SLM 316L in as-built (a) and stress relieved (b) conditions

Tensile performance

Table 3 shows the tensile results of SLM 316L for different heat treatment conditions along with those of con-

ventionally manufactured 316L reported by Roland et al. [14]. As-built SLM 316L exhibits a good combination of

tensile strength and ductility. Compared to conventional manufacturing, a higher yield strength and lower ductility

are observed for SLM samples. This can be related to the Hall-Petch relationship and to the fact that wrought 316L

exhibits coarse grained austenitic microstructure, whereas the fast cooling rates encountered in SLM lead to a fine

grained microstructure as seen in Figure 3(a).

Stress relief has a marginal impact on the tensile properties, as it induces a minor strength reduction and ductility

increase. This can be directly related to the very limited microstructural changes, i.e. slight cellular coarsening,

resulting from SR. However, the difference in tensile properties is not statistically significant between the as-built and

stress relieved conditions. Compared to conventionally manufactured samples, both these conditions exhibit higher

strength and lower ductility values.

Table 3: Tensile results of SLM 316L in different conditions

Condition σy,0.2%[MPa] UTS [MPa] Elongation before fracture [%]

As-built 453±6 573±6 46±1

Stress relief heat treated 449±5 570±5 48±1

Conventionally manufactured [14] 300 650 55
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Fatigue performance

Fatigue results of the samples in different conditions plotted in a log-log graph are shown in Figure 5. The data

points are fitted with Basquin’s equation shown in equation 2.

σa = A · (2Nf)b (2)

where σa is the stress amplitude, 2Nf is the number of cycles to failure, A and b are material constants.

The samples without surface treatment, namely ABNM and SRNM, exhibit very similar fatigue behaviour. Similar

to the the tensile results, the fatigue performance shows no major variation between as-built and stress-relieved states.

However, compared to as-built condition, the SN curve of stress relieved samples undergoes a slight decrease in slope,

with the two SN curves intersecting at about 100,000 cycles. At high stress levels SRNM samples exhibit relatively

better fatigue lives, whereas at lower stress levels, ABNM samples perform slightly superior.

The samples that underwent machining show a substantially improved fatigue performance in both as-built and

stress relieved conditions. They also exhibit a significant change in slope of the SN curves as seen in Figure 5.

Similar to what is observed in the case of non-machined surface condition, the machined samples show comparable

fatigue behaviour in as-built and stress relieved states. Both SN curves intersect at about 100,000 cycles and the SN

curve of SRM specimens exhibit a slightly reduced slope compared to ABM specimens. Run-out at 2,000,000 cycles

was observed for both ABM and SRM conditions. For comparison, data points of conventionally manufactured and

machined samples from Roland et al. [14] and Huang et al. [25] are also shown in the graph. The samples tested by

Roland et al. [14] were circular cross sectional ones tested at 10 Hz testing frequency. Fatigue results of rolled and butt

welded samples with surface polished as per ASTM E466 specifications were reported by Huang et al. [25]. These

were rectangular cross sectional samples tested at 20 Hz testing frequency. In both references [14, 25] the samples

were tested under axial tension-compression loading at R = -1. Thus, the results show that machined 316L produced

by SLM exhibits superior fatigue behaviour in both as-built and stress relieved states compared to conventionally

manufactured specimens.

The fracture surface of an ABNM specimen shown in Figure 6(a) displays multiple cracks initiating from the

surface and propagating towards the core. The crack initiation and propagation zone is characterised by a radial flow

pattern, whereas the final fracture zone exhibits dimples typical of ductile fracture. A closer look at one of the crack

initiation points in Figure 6(b) shows that the crack originated from unfused powder particles attached to the surface.

Presence of unfused powder particles across the surface leads to such multiple crack inititation points. Once initiated,

fatigue crack propagation in a relatively ductile material is frequently characterised by a pattern of ripples called
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Figure 5: SN plot of SLM 316L stainless steel (R = -1)

striations, representing successive positions of the advancing crack front. Such a striation pattern is shown in Figure

7 and is indicative of crack growth perpendicular to the loading direction. Fracture surfaces in Figures 6(c) and (d)

indicate similar surface crack initiation and propagation behaviour for SRNM samples. Stress relieved samples also

exhibited unfused powder particles on the surface, leading to multiple crack initiation sites and propagating towards

the core. Representative fracture surface images are shown in Figure 6, but a complete observation of fracture surfaces

from low to high life regimes indicated a stress-dependent fracture surface proportions. The ratio of crack initiation

and propagation zone to final fracture zone increased as the stress level decreased. At low stress-high life regimes, the

crack initiation and propagation zone occupied almost the entire cross section of the sample, leaving negligible final

fracture region. Such a stress-dependent fracture surface proportion is in line with observations previously reported

in literature, for example, by Kocanda [26].

Fracture surfaces of machined samples exhibit comparable crack initiation and propagation behaviour. Figures

8(a) and (b) depict crack initiation from the surface of an ABM sample. Not much difference is observed for the

SRM samples with Figures 8(c) and (d) indicating a similar fatigue fracture phenomenon. Unlike the non-machined

conditions, no unfused powder particles are observed in the machined samples. So multiple cracks initiations are not
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observed in these specimens. Under the applied fatigue loads, one crack seems to have intiitated, which eventually

branched and resulted in fracture. The stress-dependent fracture surface proportions between crack initiation and

propagation zone to final fracture zone is also observed here similar to non-machined samples. Low stress-high life

samples showed negligible final fracture region.

Figure 6: Fracture surfaces of ABNM [σa = 350 MPa, 28161 cycles] (a), (b) and SRNM [σa = 250 MPa, 148663 cycles] (c), (d) samples; I: crack
initiation and propagation zone, II: final fracture zone
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Figure 7: Striations in fatigue fracture surface of ABNM sample [σa = 350 MPa, 28161 cycles]

Figure 8: Fracture surfaces of ABM [σa = 350 MPa, 254980 cycles] (a), (b) and SRM [σa = 350 MPa, 217990 cycles] (c), (d) samples; I: crack
initiation and propagation zone, II: final fracture zone
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4. Discussion

Fatigue properties of SLM parts are a function of microstructure, residual stresses, surface finish, porosities and

lack of fusion voids [27–29]. The present study does not investigate the influence of pores and voids, as the optimised

manufacturing process yielded parts with a consistently high relative density. The SLM machine undergoes multiple

vacuum passes before filling with inert gas, to maintain the building chamber free from oxide contaminants. Several

cross sections of the samples were also investigated for porosity by optical microscopy. Such cross-sectional and

fractographic examinations showed no obvious pores or lack of fusion voids to be responsible for sample failures.

Moreover, Riemer et al. [30] reported that, owing to its high ductility, fatigue performance of 316L is not signifi-

cantly influenced by pores. Hence, the individual effect of the other above-mentioned fatigue influencing factors is

evaluated for the vertically built miniaturised samples and described below, for each of the considered post-processing

conditions.

Fatigue behaviour of as-built samples

The microstructure of the material, which directly impacts its strength and ductility, also influences its fatigue

performance to some extent. Fatigue is mainly associated with localised plastic flow and hence a material with good

plastic flow behaviour is expected to possess desirable fatigue properties [28, 31]. Plastic flow of a material is related

to the mobility of dislocations. The extent of plastic flow determines a material’s strength, as defined by resistance

against dislocation motion, and ductility, which is the ability for dislocations to move and deform plastically. A

material with a high yield strength absorbs a larger portion of applied stress or strain within its elastic strain regime,

compared to a weaker material with the same elastic modulus. Plastic yielding and higher amount of plastic strain is

observed in the latter [31]. A higher ductility, on the other hand, can help in avoiding sudden failure. Since strength

and ductility are usually inversely related, an optimum balance between both needs to be selected for desired fatigue

properties. Despite possessing relatively well-balanced tensile properties, namely 453±6 MPa yield strength and

46±1% elongation at break, the as-built samples seem to exhibit a rather low fatigue life, which can be attributed to

other influencing factors.

Non-machined SLM parts possess unmolten powder particles sintered to the surface, resulting in a rough surface.

These particles act as stress concentrators and crack initiation sites. Under cyclic loading these points undergo high

magnitudes of localised stresses compared to the applied nominal stress, resulting in local yielding and subsequent

cracking.

Influence of stress relief heat treatment

Stress relieved SRNM samples undergo minimal changes in fatigue performance compared to as-built ones. Ther-

12



mal treatment for 5 hours at 470◦ C, i.e. well below the recrystallization temperature of 316L, does not induce

significant microstructural changes, apart from a small cellular coarsening observed in Figure 3(b).

It can however be assumed that this specific treatment successfully relieves the residual stresses typically observed

in as-built SLM 316L due to high cooling rates and temperature gradients [32, 33]. Despite this stress relief, the fatigue

behaviour does not show any appreciable variation. Hence this result tends to indicate that the fatigue behaviour of

SLM 316L stainless steel for the observed geometry is relatively insensitive to residual stresses, as previously observed

by Leuders et al. [17].

316L exhibits relatively high ductility with an elongation at break of 46±1% and 49±5% in as-built and stress-

relieved states, respectively. This indicates the ability to undergo a large amount of plastic deformation before com-

plete fracture. As already mentioned, fatigue is a phenomenon involving localised plastic flow and deformation at

favourable positions. Residual stresses usually superimpose the applied load and concomitant stress field, which act

in a beneficial or detrimental way during micro-scale deformation, thereby influencing crack initiation and propaga-

tion behaviour. In edge-welded 316H stainless steel beam specimens, Mirzaee-Sisan et al. [34] recorded a relatively

high fracture toughness of 130 MPa
√

m and observed a crack length of 0.24 mm. Extensive through-thickness plas-

ticity with a plastic zone larger than 10 mm was observed. This large plastic zone suggests that residual stresses could

get relieved due to the material’s plasticity before crack initiation. Though SLM 316L does not exhibit such a high

fracture toughness, a relatively high range of 63 to 87 MPa
√

m was observed by Suryawanshi et al. [35]. Hence,

such a high ductility and plasticity effects in 316L could explain the insensitivity of fatigue behaviour to residual

stresses. However, such a conclusion is valid only at high stress levels when the applied load approaches the plastic

limit load [36]. At lower stress levels where the applied loads are far below the yield strength, residual stresses could

potentially influence the fracture behaviour. A thorough study on quantifying residual stresses and relating them with

stress-dependent fatigue performance at very high cycle fatigue regime is still to be conducted.

It should however be highlighted that a small change in slope is observed between ABNM and SRNM samples in

Figure 5. Their respective SN-curves intersect at around 100,000 cycles. Though the tensile results are not statistically

different between the two conditions, they tend to show a small reduction in yield strength and increase in ductility

after stress relief. This can be related to the slight coarsening taking place during SR. Generally when comparing

fatigue behaviour between two metals with the same elastic modulus but with differing yield strength and ductility

values, the fatigue responses intersect each other [31]. If A and B are two metals with yield strengths σA and σB and

ductilities DA and DB, respectively, such that σA<σB and DA>DB, the fatigue behaviour will be as shown in Figure

9 [31]. At high applied stresses, the material’s ductility predominantly governs the fatigue life, whereas at low stress

levels, it is governed by the material’s yield strength.
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Figure 9: Fatigue response of two metals with differing strength and ductility [31]

At high applied loads, multiple cracks initiate from stress concentration points along the surface that undergo

higher localised stresses than the nominal stress. One or few of these cracks develop into dominant or propagating

cracks. Ductility plays a significant role at this stage, where a ductile material impedes the rate of crack growth and

leads to longer fatigue life. In contrast, a strong and brittle material offers little resistance to crack propagation, which

leads to fast fracture.

On the other hand, at low applied loads, fewer locations are exposed to localised stresses that are sufficiently high

to induce crack initiation. Therefore, crack initiation dominates fatigue life in this case. As crack initiation depends

on localised stresses approaching or exceeding the elastic limit, a material with higher yield strength performs better

at low applied stresses, as illustrated in Figure 9. [31]

A similar trend as explained above is observed for SLM 316L in Figure 5. Though the difference is not very

significant, the marginal variation can be explained by this phenomenon. ABNM and SRNM SN curves intersect at

around 260 MPa stress amplitude and 100,000 cycles. At stresses above 260 MPa , stress relieved samples with higher

ductility possess better fatigue strengths, whereas below this value, the as-built counterparts with higher yield strength

perform better. This result leads to an application-oriented conclusion: for components undergoing high stresses in

application, heat treatment can be beneficial for its enhanced ductility. On the other hand, if the component is not

subjected to high field stresses, as-built state can be preferred owing to its higher strength.

Influence of surface treatment and combined heat treatment

Both ABM and SRM conditions show superior fatigue resistance compared to conventionally manufactured sam-

ples [14]. Since all the samples were machined, this improved performance can be attributed to microstructural effects.

High cooling rates in SLM lead to a fine grained microstructure compared to conventional manufacturing. The grain
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boundaries in such a fine grained microstructure offer high resistance against dislocation motion and crack propaga-

tion, enhancing the monotonic and fatigue strengths, respectively. Higher yield strength is also therefore observed

compared to conventionally manufactured samples. Besides, all machined specimens show a significant performance

improvement compared to non-machined ones. The initial high surface roughness of 7.2± 1.3 µm Ra, visible in Fig-

ures 6(b) and (d), was substantially decreased down to 0.5 ± 0.06 µm Ra after machining. Under an applied cyclic

load, activation of stress raisers along the surface leads to local stress concentration and microcrack initiation. In

as-built SLM specimens, unfused powder particles attached to the surface along with inherent surface roughness act

as such stress raisers. Machining removes these vulnerabilities from the surface to a large extent, hence resulting in

delayed crack initiation and better fatigue performance. The slope of the SN curve on log-log scale is usually depen-

dent on surface roughness when all other factors are constant. The finer the surface finish, the more horizontal the

curve. It should be highlighted that ABM samples exhibit a run-out of 2,000,000 cycles at 300 MPa, i.e. around 52%

percent of the UTS. This shows the potential of achieving an endurance limit at around half the UTS.

SRM samples have a similar behaviour to ABM samples. A small change in slope is associated with SR, as

previously observed for non-machined samples. The two SN curves intersect at around 360 MPa and 100,000 cycles.

At higher stress levels SR samples are more ductile and have better fatigue lives, while non-heat treated ones perform

better at lower stress levels due to their higher yield strengths. Hence machined parts and components can be stress

relieved when cyclically loaded above 360 MPa, and used without heat treatment for lower stress applications.

5. Conclusion

316L stainless steel manufactured by SLM can be post-processed using different heat or surface treatments result-

ing in varying fatigue behaviour. The optimal choice of the most appropriate treatments depends on the considered

dynamically loaded application.

• In as-built material and non-machined surface condition, surface roughness largely influences the fatigue per-

formance. Unfused powder particles attached to the surface act as stress raisers, leading to early crack initiation

and lower fatigue lives.

• The removal of residual stresses via an SR heat treatment does not significantly influence the fatigue behaviour.

Similar fatigue results of SR and as-built samples indicate a relative insensitivity of SLM 316L to residual

stresses for the considered sample conditions.

• By removing critical crack initiators, machining significantly improves the fatigue performance. The fatigue

behaviour of machined samples with and without stress relief heat treatment exceeded that of conventionally

15



manufactured 316L for the considered cycle regime.

• To achieve desired fatigue performance, machined SLM 316L parts can be heat treated when cyclically loaded

at high stresses (above 360 MPa in this research), but can preferably be used in as-built state for lower stress

applications.
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