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A B S T R A C T

This study focuses on the influence of defect density on the sizes of the critical defects responsible for fatigue

failure in AlSi7Mg0.6 alloy produced by Selective Laser Melting. Samples having similar microstructures and

different defect densities were obtained combining Hot Isostatic Pressing and T6 treatments. Defect populations

were analyzed using X-ray tomography, and fatigue tests were performed to determine the critical defect dis-

tributions. A method allowing for the prediction of these distributions from the CT scan data was then proposed,

and discussed with regard to the actual distributions obtained from the fatigue tests.

1. Introduction

Over the past ten years, there was an ongoing effort to improve the

quality of the parts produced by Selective Laser Melting (SLM), in

particular for the Al-Si alloys [1–3]. However, in these materials the

fatigue damage remains driven by defects [4–6], whose generation

during the manufacturing process cannot be fully avoided despite the

serious improvements in the laser powder-bed fusion technologies. In

Al-Si alloys, these process induced defects usually correspond to lack-of-

fusion defects, which have tortuous shapes and result from un-melted

areas, and to gas pores resulting from the entrapment of gas bubbles

[7,8].

The influence of defects on the fatigue behavior is a well-known

issue on which there is a substantial literature. In particular, it is well

established that the defect size is one of the key parameters governing

the fatigue strength of metals [9,10]. Several studies demonstrated that

the fatigue strength of defective materials can be properly depicted

using the Kitagawa–Takahashi diagram [11–13], which describes the

evolution of the fatigue strength as a function of the sizes of the defects

that were responsible for fatigue failure. These approaches are based on

fracture mechanics, and consider the defects as cracks that are likely to

propagate under a cyclic loading [14,15].

As the prediction of the fatigue strength requires the value of the

critical defect size, several methods were proposed to assess the prob-

ability related to the size of the largest defect contained in the volume V

of any loaded part. These methods are usually based on the statistical

analyses of the defect size distributions obtained from metallography or

X-ray tomography analyses. A common procedure consists in the ob-

servation of N distinct metallographic cross-sections having the same

area S0, and the measurement of the size of the largest defect found in

each section. The different measurements are then used to build and

identify a Large Extreme Value Distribution (LEVD) associated to the

defect size [16,17]. This statistical law, which is associated to the in-

spected section S0, can then be manipulated to predict the LEVD asso-

ciated to the volume V of the loaded part by accounting for volume

effects [18]. More recently, a similar concept of extreme value statistics

was applied on CT scan observations to assess the probability related to

the size of the largest defect contained in the volume V of AlSi10Mg

parts produced by SLM [19].

However, the size is not the only parameter to consider in the

identification of the critical defects. The position of the defect with

respect to the surface of the loaded part is also an important issue [10],

and the critical fatigue cracks usually initiate at surface or subsurface

defects in the High Cycle Fatigue (HCF) regime, even in the presence of

larger internal defects [20–22]. This predominance of failures origi-

nating from surface or subsurface defects was also observed for the Al-Si

alloys produced by SLM [23,4]. This latter phenomenon can be ac-

counted for in the prediction of the size distribution of the critical de-

fects by restricting the aforementioned volume V to a sub-volume cor-

responding to the subsurface portion of the loaded part. The application

of such a procedure, which assumes that the critical defect is the largest

defect found in the subsurface portion of the part, has provided
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satisfying results for the AlSi10Mg alloy produced by SLM [24].

Although the detrimental impact of the defects is frequently re-

ported in the literature on the Al-Si alloys produced by SLM, the po-

tential benefits of a Hot Isostatic Pressing (HIP) treatment was rarely

studied. Some studies showed that the application of HIP without any

subsequent heat-treatment lead to a significant decrease of the strength

and fatigue resistance, even if the porosity is reduced [25,26]. In ad-

dition, several studies showed that the fatigue performance and ducti-

lity can be improved by the application of a T6 treatment, although

these improved properties come at the expense of some tensile strength

[27–29]. Recently, the combination of HIP with a subsequent T6

treatment was investigated for the AlSi10Mg alloy [30]. The authors

found that this treatment produced a microstructure similar to the only

T6 material, but was ineffective in eliminating all the defects.

This study aims to investigate the influence of the reduced defect

density induced by HIP prior to a T6 treatment on the critical defect

distribution for the case of the AlSi7Mg0.6 alloy, in order to better

understand the fatigue properties resulting from this treatment with

respect to an only T6 treatment. The defect populations were analyzed

using X-ray tomography for both HIP + T6 and T6 materials. Uniaxial

fatigue tests were conducted, and the SEM observations of the fracture

surfaces allowed for the characterization of the critical defect dis-

tributions. An approach was then proposed to predict these distribu-

tions from the CT scan data, and discussed with regard to the actual

distributions obtained from fracture surfaces.

2. Material and methods

Cylindrical samples were produced on a SLM 280HL powder bed

machine on the additive manufacturing platform (FUTURPROD) of I2M

institute, using the AlSi7Mg0.6 aluminium alloy. The process para-

meters recommended by the manufacturer for Al-Si alloys were used

(see Table 1), and the powders were dried under inert environment at

150°C for 12 h prior to the manufacturing. All samples were built in the

vertical direction. A first batch of samples was then subjected to a T6

heat-treatment, consisting in a solution treatment at 535°C for 2 h,

followed by a water quenching and an artificial aging at 170 °C for 4 h.

These samples will be referred as T6 samples in what follows. A second

batch of samples was subjected to a HIP treatment consisting in 2 h at

500 °C under 100 MPa, and then to the T6 treatment described above.

These samples will be referred as HIP + T6 samples in what follows.

Fatigue specimens, whose dimensions are provided in Fig. 1, were

machined from these two batches after heat-treatments. The machined

surface finish was meant to prevent from the influence of the surface

roughness on the fatigue behavior, as this work focuses on the influence

of defects.

Fig. 2 provides observations of the microstructures related to the

two heat-treatments considered in this study. These observations

showed no significant difference between the two microstructures at a

microscopic scale. Both T6 and HIP + T6 lead to the complete elim-

ination of the initial dendritic structure, with the development of Si

precipitates at grain boundaries. In addition, the average grain sizes

were measured from the transverse sections see (Fig. 2a and c) and were

found to be 10 μm for both T6 and HIP + T6.

The defect populations in T6 and HIP + T6 specimens were char-

acterized using X-ray tomography. For each batch, the gauge lengths of

6 fatigue specimens were fully imaged with a voxel size of 4.7 μm,

corresponding to an inspected volume of 1710 mm3. The obtained data

were analyzed using the AVIZO and ImageJ software. A median filter

was systematically applied in a first place to reduce the noise and ob-

tain an almost uniform gray level in the melted regions. The use of a

threshold on the gray levels then allows for the separation of the dif-

ferent defects from the bulk material. It should be specified that only

thresholded objects with at least 8 voxels were considered to be defects.

Different features were evaluated for each defect (position, volume,

sphericity, etc…). In particular, the distribution of the Murakami area

parameter [31], which is commonly used to depict defect criticality

with respect to fatigue, was assessed using a script with the ImageJ

software. As the fatigue behavior is mostly driven by the large defect

population, only the defects of size >area 30 µm were selected to

build defect size distributions. The choice of this threshold value will be

justified in Section 4.

Micro-hardness measurements (Vickers) were performed on mirror

polished samples, applying a 100 g load with a 10 s indentation time.

For each sample, 25 indentations were conducted on both transverse

and longitudinal sections. In addition to T6 and HIP + T6 samples, an

as-built (AB) sample was also tested to have reference values corre-

sponding to the initial metallurgical state.

Tension/tension fatigue tests were conducted on a Zwick resonant

machine at room temperature in air and at a frequency of 80 Hz. All

specimens were tested applying a =R 0.1 load ratio. The stop criterion

was a frequency drop of 0.5 Hz corresponding to a crack of approxi-

mately 1.5 mm in depth, or a maximum number of cycles of ×2 106

cycles. The staircase method was used to assess the fatigue resistance at

×2 106 cycles. Following this procedure, each specimen was tested at

one stress level only. The step between two levels was 20 MPa for the

T6 material and 10 MPa for the HIP + T6 material. Please note that the

non-broken specimens were also subjected to a Locati procedure by

steps of 10 MPa until failure was detected, in order to observe the

critical defect through SEM observations. However the results from

these Locati procedures were not reported in the S-N curve presented in

Section 3.3.

3. Results

3.1. Defect characterization

The total number of defects found in the whole volume inspected

with X-ray tomography was 244000 for T6 specimens, and 41000 for

HIP + T6 specimens. Thus, the HIP treatment has a non negligible

impact on the defect density, although it does not allow for the com-

plete elimination of the defects, most likely due to the presence of gas

trapped in the defects. Fig. 3 shows the evolution of the size V1/3

evaluated with respect to the sphericity S for the defect populations

related to the T6 and HIP + T6 specimens. When considering the large

Table 1

Process parameters recommended for Al-Si alloys.

Layer thickness Laser power Scan velocity Hatchs pacing Scanning strategy Base plate heating Atmosphere

30 μm 350 W 1650 mm/s 130 μm Stripes 150 °C Argon

Fig. 1. Geometry of the machined specimens used for HCF fatigue tests.

M. Bonneric, et al. International Journal of Fatigue 140 (2020) 105797

2



defects in T6 specimens, meaning those with >V 60 µm1/3 , the spheri-

city ranges within 0.2 and 1.0 with a mean value of 0.68, which reflects

the significant variability in the morphology of the defects generated by

the SLM process. When considering the defects of size >V 60 µm1/3 in

HIP + T6 specimens, the sphericity values fall within a narrower range

with a mean value of 0.55. This general decrease in the sphericity was

attributed to a flattening of the defects induced by the HIP treatment,

which was observed on three-dimensional views of the defects analyzed

with X-ray tomography (Fig. 4). Indeed, the vizualisation of some

particular defects in T6 specimens (Fig. 4a and b) and HIP + T6 spe-

cimens (Fig. 4c and d) suggests that the defects tend to be flattened with

respect to the building direction when a HIP treatment is applied prior

to T6. This assumption was later confirmed by the observations of the

fracture surfaces, where the critical defects in the HIP + T6 specimens

were found less deep than the critical defects related to T6 specimens.

Fig. 5b shows the cumulative distributions of the defect size area

in T6 and HIP + T6 specimens. Only the defects of size >area 30 µm

were selected to build these distributions, which corresponded to 42000

defects in T6 specimens and 12000 defects in HIP + T6 specimens.

Although the HIP treatment prior to T6 was responsible for a significant

reduction of the number of defects, as illustrated by the defect count

histogram shown in Fig. 5a, the two distributions were found almost

identical. This unique distribution can be fitted with a generalized

Pareto distribution, for which the expression of the cumulative dis-

tribution function is:

= − ⎛
⎝

+ − ⎞
⎠

−
F x γ

x u

σ
( ) 1 1

γ
1

(1)

where = = =γ u σ0.105, 29.97 µm, 9.22 µm.

3.2. Hardness measurements

Fig. 6 provides the results of the micro-hardness measurements. The

hardness was approximately 120 HV in both transverse and long-

itudinal directions for the as-built condition. After T6, the hardness is

slightly decreased to 110 HV in the transverse direction and to 100 HV

Fig. 2. Observations of the microstructures after a chemical etching using Keller’s reagent.

Fig. 3. Analysis of the defects observed with X-ray tomography: defect size V1/3

as a function of sphericity S.
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in the longitudinal direction. The inability of the T6 treatment to en-

hance the hardness of Al-Si alloys produced by SLM was already re-

ported in the literature [32,30], and one might assume that the de-

velopment of precipitates during the treatment does not overcome the

loss of the fine Si network, which is most likely the main contributor to

the strengthening of the as-built material. When HIP is applied prior to

T6, the hardness is 120 HV in both transverse and longitudinal direc-

tions, as for the as-built condition. Thus, the application of the HIP prior

to T6 results in a hardness that is slightly higher compared to the T6

condition. Since the HIP treatment consists in both heating 2 h at 500 °C

and applying 100 MPa, the increase in the Vickers hardness could

possibly be attributed either to a better dissolution of the alloying

elements leading to a better precipitation hardening, or to a density

increase. A work is in progress to evaluate the effect of the sole thermal

part of the treatment, but it is not possible yet to differentiate thermal

and mechanical effects.

3.3. Fatigue tests

Fig. 7 shows the S-N curves obtained with a =R 0.1 load ratio for T6

and HIP + T6 specimens. The fatigue resistances at ×2 106 cycles σmax d,
evaluated with the staircase method was ±152 MPa 8 MPa for T6 spe-

cimens, and ±177 MPa 10 MPa for HIP + T6 specimens. Thus, the

application of the HIP treatment prior to T6 allowed for a slight in-

crease (16%) in the fatigue resistance, although no significant differ-

ence was observed between the two batches in terms of fatigue lives

shown in Fig. 7.

For T6 specimens, SEM observations of the fracture surfaces in-

dicated that the fatigue cracks systematically initiated at defects. These

critical defects mostly corresponded to lack-of-fusion defects (Fig. 8)a

and gas pores (Fig. 8b), which are usually observed in the Al-Si alloys

produced by SLM. In some rare cases (3 cases among the 22 specimens

Fig. 4. Three dimensional views of particular defects observed with X-ray tomography. The building direction is indicated (BD).

Fig. 5. Defect size distributions corresponding to the observations of T6 samples and HIP + T6 samples with X-ray tomography.

Fig. 6. Comparison of the micro-hardness measurements between as-built

samples (AB), T6 samples and HIP + T6 samples.
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observed), clusters of small gas pores were also found responsible for

fatigue failure (Fig. 8c). This particular kind of defect could also be

observed in the T6 specimens characterized with X-ray tomography,

and the observations indicated that the clusters were contained within a

few layer thicknesses, as illustrated in Fig. 9. One might assume that

these defects resulted from a local poor powder spreading, although

their precise origin is difficult to determine. Besides, it is interesting to

note that such clusters were never observed in the HIP + T6 specimens.

However, as they were rare, and due to the inability of properly mea-

suring their sizes from the observations of the fracture surfaces, the

clusters were not accounted for in any of the analyzes presented in this

study. The sizes area of the other critical defects were evaluated using

the measurements of the defect areas on the fracture surfaces, as illu-

strated in Figs. 8a and b. Please note that, for the sake of consistency

with X-ray tomography data, the effective defect size – as defined in

[33] for instance – was not considered in the present study. The sizes of

the critical defects ranged from 20 μm to 117 μm for the T6 specimens,

and no distinction could be made between the lack-of-fusion defects

and the gas pores regarding their sizes. In addition, it appeared that all

these defects were close to the surface of the specimens, and the dis-

tance d between the surface and the center of the defect did not exceed

85 μm. However, no correlation was found between the sizes of the

defects and the thicknesses of the bridge of material between the defect

and the specimen surface. It should be noted that all defect measure-

ments are provided in Tables 2 and 3 at the end of the document.

SEM observations of the fracture surfaces indicated that the fatigue

cracks also initiated at surface or subsurface defects for the HIP + T6

specimens, as illustrated in Fig. 10. The sizes of the critical defects

ranged from 37 μm to 125 μm, and the distance between the surface

Fig. 7. S-N curves for a R = 0.1 load ratio for T6 specimens and HIP + T6

specimens.

Fig. 8. Examples of typical critical defects observed on the fracture surfaces of T6 specimens after fatigue testing.
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and the center of the defect did not exceed 90 μm. One can note that

these values are very similar to those related to the T6 specimens. In

addition, Fig. 11 shows the cumulative size distributions of the critical

defects observed in the T6 and HIP + T6 specimens, where one can see

that the two distributions are nearly identical. Thus, even if the appli-

cation of the HIP treatment prior to T6 allowed for a significant de-

crease of the defect density compared to the T6 material, it did not

affect the distribution of the critical defects responsible for fatigue

failure. One can also note that the defects in Fig. 11 might appear in

small bundles of the same size, as for the defects of sizes 60 μm, 80 μm

and 100 μm in the T6 material. Since none of the steps involved in the

measurement of these values may introduce such a threshold effect, the

latter one is probably related to the manufacturing process. However,

this relation was not investigated in the present study.

4. Discussion

The previous results show that the application of a HIP treatment

prior to T6 has a very limited impact on the fatigue behavior. Indeed, it

was shown in Fig. 7 that the S-N curves of the T6 and HIP + T6 ma-

terials overlap, and the examination of the fracture surfaces indicated

that the fatigue cracks in the HIP + T6 material initiated on defects of

sizes and positions similar to the T6 material. Yet, a slight increase in

the fatigue strength assessed with the staircase method was observed.

However, as opposed to other additively manufactured alloys for which

the improvement of the fatigue properties mostly results from the

elimination of the defects, it is believed that this slight increase is only

the result of the slight increase in the material strength highlighted by

the micro-hardness measurements (Fig. 6). Indeed, according to the

Murakami theory [10], the increase in the Vickers hardness between T6

and HIP + T6 materials produces a 9% increase in the fatigue strength,

which is less but close to the 16% increase that was experimentally

observed.

The fact that the cumulative size distributions of the critical defects

observed in the T6 and HIP + T6 batches (Fig. 11) are nearly identical

Fig. 9. Three dimensional views of a cluster of small gas pores in a T6 specimen observed with X-ray tomography.

Fig. 10. Examples of typical critical defects observed on the fracture surfaces of HIP + T6 specimens after fatigue testing.

Fig. 11. Cumulative size distributions of the critical defects constructed using

the measurements from the fracture surfaces.
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was somewhat unexpected, considering that the T6 and HIP + T6

materials display almost identical defect size distributions (Fig. 5) but

quite different defect densities. Indeed, 12000 defects of size

>area 30 µm were found in the whole volume inspected with X-ray

tomography for the HIP + T6 specimens, which was 1710 mm3. This

corresponded to a defect density of −7.02 mm 3. For the T6 specimens,

42000 defects of size >area 30 µm were found, corresponding to a

defect density of −24.55 mm 3. One could expect this lower defect density

for the HIP + T6 specimens to result in statistically smaller critical

defects when a relatively small volume is considered, namely the sub-

surface area of a fatigue specimen which is approximately 20 mm3. In

order to better understand these experimental results, this section fo-

cuses on the effect of defect density on the size distribution of the

critical defects, assuming that the critical defect in a fatigue specimen is

the largest defect in the subsurface area. Fig. 12 describes the approach

used to predict the distribution of the maximum defect size in the

subsurface area of a fatigue specimen using the X-ray tomography ob-

servations presented in Section 3.1.

First, as described in Section 2, the gauge lengths of fatigue speci-

mens, each of them having a volume VCT , were fully imaged using X-ray

tomography. For each batch, 6 specimens were observed, leading to a

total inspected volume Vtot = 6 VCT . This data allowed to plot the cu-

mulative defect size distributions (Fig. 5), and to identify the coeffi-

cients of Eq. (1), both associated with the volume Vtot . Second, a script

was implemented to generate uniformly distributed defects in a similar

Vtot volume, with no intersection with the volume surface. The size

distribution followed Eq. (1). The number of defects in the volume is

the number of defects experimentally observed in Fig. 5 (12000 for the

HIP + T6 specimens, 42000 for the T6 specimens). A sub-volume Vsub
corresponding to the subsurface area of a fatigue specimen is then de-

fined. This sub-volume corresponds to the area where fatigue cracks

may initiate. Its depth has therefore been set to 85 μm, which is the

maximal distance between the specimen surface and the center of the

critical defect observed on the fracture surfaces. The largest defect size

in this sub-volume is finally selected and retained. This defect genera-

tion and sub-volume selection procedure is repeated 5000 times to

generate a maximum defect size distribution associated with Vsub.

Fig. 13 shows (dotted lines) the distributions obtained following this

approach. As expected, the lower defect density for the HIP + T6

material compared to the only T6 actually results in a shift of the

maximum defect size distribution. One should note that, among the

5000 defects selected through the procedure, none had a size

<area 40 µm. This means that the predicted distributions do not

depend on the choice made for the threshold value in Section 2, where

only defects with a size >area 30 µm were retained to build defect

size distributions from CT scan data. In other words, as the size of the

largest defect in Vsub systematically exceeds 40 μm, there is no need to

Fig. 12. Description of the approach employed to predict the distribution of the maximum defect size in the subsurface area of a fatigue specimen.

Fig. 13. Prediction of the distribution of the maximum defect size in the sub-

surface area of a fatigue specimen for T6 specimens and HIP + T6 specimens.
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consider the defects smaller than the 30 μm threshold value to predict

the size distribution of the largest defect in Vsub in the present study.

Another way to demonstrate that this threshold value has no influence

is to count the number of defects inVsub. About 160 defects were present

in each sub-volume for the HIP + T6 material, and 540 for the T6

material. This means that the threshold value is certainly low enough to

ensure there is at least one defect in Vsub for each draw. As explained

earlier, the depth of the sub-volume Vsub has been initially set to 85 μm,

which is the maximal observed depth of a critical defect. In order to

evaluate the sensitivity to this depth, the procedure was also applied for

50 μm and 120 μm values. The obtained distributions are depicted in

Fig. 14. The medians of the distributions predicted for 50 μm, 85 μm

and 120 μm depth values were equal to 67 μm, 86 μm and 97 μm for the

HIP + T6 material, and 75 μm, 100 μm and 113 μm for the T6 material,

respectively. For both materials, as expected, increasing the sub-volume

Vsub induces a larger amount of defects in the sub-volume, and then

larger maximum defect sizes. Moreover, whatever the depth value, the

lower defect density associated with the HIP treatment always results in

a shift of the maximum defect size distribution. Regarding the median

of the distribution, this shift is not much sensitive to the depth value

and is about 15%. In what follows, the depth value was kept to 85 μm.

Fig. 15 compares the experimental distributions from the fracture

surfaces, for which no significant difference was observed between the

HIP + T6 and T6 (Fig. 11), and the predicted distributions, for which a

lower defect density reduces the sizes of the larger defects found in Vsub
at each draw (Fig. 13). Since not many experimental data were

available, a Gumbel distribution describing the cumulative size dis-

tribution of the critical defects was estimated for each material, and the

associated 95% confidence intervals were calculated by bootstrapping

and depicted on Figs. 15 and 16. Predictions are overall similar to the

SEM observations. However, one can note that they are more accurate

for the HIP + T6 material (Fig. 15b) than for the T6 material (Fig. 15a).

Indeed, for the T6 specimens, the difference between experimental and

predicted data is noticeable: critical defects on which fatigue cracks

actually initiated are smaller than larger defects found in Vsub. One

explanation could be that the number of critical defects experimentally

measured was not sufficient to build a representative size distribution.

Another explanation could be that the larger defect found in Vsub is not

always the critical one, as fatigue damage may initiate on a smaller

defect, either due to its position, morphology, or to the surrounding

microstructure.

In order to assess the first assumption, 20 distributions were pre-

dicted for each batch using a reduced number of defects corresponding

to the number of critical defects observed on fracture surfaces (19 and 9

for the T6 and HIP + T6 batches, respectively). The objective here was

to numerically assess how the size distribution may vary when only a

few defects are used instead of 5000. The obtained results are provided

in Fig. 16. When considering the distributions associated to the T6

material, it comes clear that the variability associated with a limited

number of defects does not explain the difference between experimental

and predicted results.

Thus, it is likely that this discrepancy results from the second

Fig. 14. Influence of the the depth of the sub-volume Vsub, designated as e, on the predicted distribution.

Fig. 15. Comparison of the predicted distributions of the maximum defect size in the subsurface area of a fatigue specimen with the distributions constructed using

the measurements of the actual critical defect sizes from the fracture surfaces.
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assumption, meaning that the larger defect found in Vsub is not always

the critical one. This is consistent with the result on Fig. 15b where the

difference between the experimental and predicted distributions is

much less pronounced for the HIP + T6 material, for which Vsub con-

tains less defects. Indeed, the probability to find a small defect in Vsub
whose criticality is greater than that of the largest defect, due to its

local morphology or microstructure for instance, is lower when the

defect density is reduced.

5. Conclusion

The results of this work can be summarized as follows:

1. A HIP process prior to a T6 treatment has no significant impact on

the fatigue behavior compared to a T6 treatment, as the fatigue

cracks in the HIP + T6 material still initiate on defects whose sizes

and positions are similar to the T6 material. Only a slight increase in

the fatigue strength was observed (+16%), which was attributed to

the slight increase in the material hardness.

2. The HIP process does not change the defect size distribution, but

allows for a significant decrease in the defect density.

3. Simulations of the critical defect size distribution showed that an

increase in the defect density induces larger critical defects.

However, these calculations rely on the assumption by which the

critical defect is the largest one within the subsurface area of the

loaded part, and the comparison with the experimental results

suggests that this assumption becomes inaccurate for high defect

densities, as for the T6 material.

Declaration of Competing Interest

None.

Acknowledgments

This work falls within the framework of the Andduro project hosted

by the French Institute of Technology IRT Saint Exupery, supported by

Occitanie Region and industrial partners. In addition, the specimens

were produced on the FUTURPROD additive manufacturing platform of

I2M institute.

Fig. 16. Predicted distributions of the maximum defect size in the subsurface area of a fatigue specimen constructed with a reduced number of defects. Comparison

with the distributions constructed using the measurements of the actual critical defect sizes from the fracture surfaces.

Table 2

Measurements of critical defect features from the fracture surface - T6 material.

Size area (μm) Distance from the center to the

surface (μm)

Smallest distance to the

surface (μm)

62 48 0

99 55 8

21 21 10

33 27 0

63 49 18

78 37 0

61 50 0

33 26 6

115 84 16

78 71 0

77 68 20

98 79 18

77 56 29

58 32 8

77 53 0

46 21 0

117 79 13

62 42 14

20 21 9
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