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ABSTRACT

Selective laser melting (SLM) is an additive manufacturing process to fabricate three-dimen-
sional structures by fusing powder particles using a computer-guided laser source. The SLM 
process can produce lightweight bespoke designs, having high strength comparable to con-
ventional components. However, the developed surface texture and some of the mechanical 
properties are still sub-standard compared to the conventional components. The process un-
certainty can produce inconsistency in parts’ properties, even those prepared concurrently, 
affecting SLM parts' repeatability and quality. Therefore, designing applications based on the 
most probable outcome of the desired properties can embrace process uncertainty. Weibull 
distribution is a statistical-based probability distribution method that measures the likelihood 
of the values’ occurrence of any random variable falling in a specific set of values. In this study, 
the Weibull distribution measured the relative likelihood (90% probability) of the compressive 
yield, and ultimate strength of the SLM prepared AlSi10Mg samples in a given 22 random 
sample size. The results showed that the compressive yield and ultimate strength fall between 
321 MPa to 382 MPa and 665 MPa to 883 MPa.

Cite this article as: Khan HM, Dirikolu MH, Koç E. Weibull distribution of selective laser 
melted AlSi10Mg parts for compression testing. J Adv Manuf Eng 2021;2:1:14–19.

INTRODUCTION

Selective laser melting (SLM) is a powder-based ad-
ditive manufacturing (AM) process where a high-power 
laser source melts discrete powder particles to form solid 
components [1]. The toolless production, design freedom, 
low fabrication cost, and less material waste are some 

unique advantages of the selective laser melting process 
over conventional ones [2, 3]. SLM enables the fabrication 
of complex topologies with design porosity that is nearly 
impossible using conventional routes [4]. The mechan-
ical properties of SLM components are either superior or 
comparable to conventional structures [1, 5]. However, 
high surface roughness, sub-surface porosity, high residu-
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al stress, and non-equilibrium microstructure can produce 
unwanted mechanical properties in SLM components that 
may limit their wide commercial acceptance [6–8]. These 
unacceptable mechanical effects are the results of process 
uncertainties. A fresh compact layer of powder particles is 
essential for near-net-shape part fabrication [9]. Howev-
er, uncertainty in powder morphology and unoptimized 
processing conditions can lead to variability in structural 
porosity. SLM components with high structural porosity 
result in low mechanical strength [10, 11]. The SLM pro-
cessing parameters, such as laser power, scan speed, scan 
spacing, and layer thickness, are critical to the final me-
chanical properties of SLM components. Optimizing laser 
parameters can help attain the near-net-shape structure 
with limited structural porosity. The laser parameters can 
be optimized using a trial and error approach. However, 
optimizing powder distribution in the powder bed is still 
farfetched [1, 12, 13].

The uncertainties in powder granulometry within the 
build chamber, such as powder size, shape, distribution, 
and powder packing density, can significantly alter final 
mechanical and surface properties, hindering parts’ re-
peatability and product quality [5, 14, 15]. Moreover, the 
processing conditions such as the scanning location, ge-
ometry type, and atmospheric conditions can alter the fi-
nal mechanical properties of the SLM components [16, 17]. 
Therefore, the mechanical properties of SLM components 
fabricated with identical laser parameters can still have dif-
ferent surface roughness, density, and mechanical strength. 
Currently, it is challenging to control material parameters 
and SLM processing conditions; therefore, the changes in 
mechanical properties are inevitable. It is, therefore, essen-
tial to statistically investigate a large sample size to mea-
sure the deviation in mechanical properties and to identify 
the most probable outcome of these properties for the final 
part design. In this paper, we used a Weibull distribution 
method to measure the statistical distribution of compres-
sive strength of SLM prepared AlSi10Mg samples. The con-
tinuous probability distribution functions like the Weibull 
distribution are suitable to measure the probability of the 
occurrence of different outcomes in an experiment [18]. 
Several works have reported using the Weibull distribution 
function to determine mechanical properties for compos-
ite materials [19, 20]. In additive manufacturing, E. Brandl 
et al. [21] used Weibull distribution to interpolate Wohler 
curves to investigate the fatigue strength in post-heat-treat-
ed samples built in different directions. It is often helpful in 
industrial engineering, reliability engineering, and failure 
analysis [20, 22]. In this work, we measured the compres-
sive yield and ultimate strength of 22 samples of the SLM 
prepared AlSi10Mg material. Later, the Weibull distribu-
tion functions were used to measure the variation in the 
compressive stress values, and the results are presented in 
graphical forms.

MATERIAL AND METHODS

Gas atomized maraging steel powder (EOS GmbH) 
with an average diameter of 40μm was used to fabricate 
the SLM samples. Table 1 shows the laser processing pa-
rameters used in the fabrication of AlSi10Mg compres-
sion samples (Fig. 1). SLM M290 (EOS Group) 3D print-
ing machine characterized by a single Yttrium fiber laser 
and a build chamber of size 252x252x325 mm3 is used to 
fabricate additive samples. The entire process was carried 
out in the presence of pure argon gas. The oxygen level 
was maintained below 10000 ppm with the help of an ox-
ygen analyzer. Herein, all the rectangular prismatic sam-
ples of size 5x5x5 mm3 were fabricated simultaneously 
in a horizontal direction using a 67° rotational scanning 
strategy. The samples were separated from the platform 
bed after fabrication, and later support structures were 
removed for further processing. Prior to the compression 
test, the samples’ surfaces were polished and their sizes 
were measured for statistical evaluation. The compression 
testing was carried out as per the ASTM E 8M-04 stan-
dard on an Instron 5982 dual column testing system with 
a 100 kN loading capacity.

The downward speed of 0.5mm/min was used amid 
room conditions during the compression tests. Table 2 lists 
down the compressive yield stress (0.2% offset) values for 
all the samples.

RESULTS AND DISCUSSION

Weibull Distribution
Weibull distribution is used to measure the character-

istic compression stress values of SLM processed samples. 

Table 1. Processing parameters and physical values of AlSi10Mg

Properties Values

Laser power 370 W
Scanning rate 1300 mm/s
Hatching 190 μm
Layer thickness 30 μm
Spot size diameter 100 μm
Scanning strategy Alternate, 670

Figure 1. Additively manufactured 22 samples of AlSi10Mg.
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Out of the two popular forms, the three-parameter Weibull 
distribution is given by [23];

, (1)
α,β,γ≥0,

Where, α, β, and γ are location, scale, and shape param-
eters, respectively. If α=0, the three-parameter transforms 
into two-parameter Weibull distribution function; 

, (2)
β,γ≥0,

The probability function F(x;β,γ) represents that com-
pressive strength is equal to or less than the value x. There 
is another term reliability R(x;β,γ) that can be inferred 
from the equality F(x;β,γ)+ R(x;β,γ)=1. Here, R(x;β,γ) rep-
resents the probability of compressive strength is at least 
equal to x. 

, (3)
β,γ≥0,

To evaluate the scale β, and shape γ parameters of the 
distribution function F(x;β,γ)A method of linear regres-
sion is applied where a straight line is fitted using MS Ex-
cel™ software. 

Linear regression method
Using double logarithm, equation 

is transformed into a straight-line form for easy evaluation. 

,  (4)

Equation 4 resembles a straight line Y=mX+c. The func-
tion F(x;β,γ) can be estimated from the observed compres-
sion values ordered in an increasing sequence. The function 
F(x;β,γ) is determined as;

,  (5)

Where n=22 is the total number of samples. The values 
 are plotted for linear regres-

sion to estimate the parameters β and γ as shown in Figure 
2. The equation thus obtained is;

Y=28.265X-166.04, 

Table 2. Measured compressive yield stress and strength

S. No: Compressive Yield Stress Compressive Strength Dimension (mm2) Area
 (MPa) (MPa) (L x W) (mm2)

1 329.89 585.06 5.11 x 5.14 26.27
2 353.02 585.69 5.10 x 5.11 26.06
3 321.03 561.83 5.09 x 5.08 25.86
4 382.59 571.90 5.12 x 5.11 26.16
5 337.52 578.68 5.11 x 5.11 26.11
6 344.01 579.87 5.11 x 5.09 26.01
7 342.98 586.90 5.11 x 5.11 26.11
8 359.96 566.04 5.16 x 5.11 26.37
9 337.67 579.67 5.12 x 5.10 26.11
10 368.35 588.66 5.12 x 5.11 26.16
11 364.12 598.93 5.11 x 5.10 26.06
12 361.77 618.11 5.09 x 5.08 25.86
13 356.18 594.29 5.09 x 5.09 26.11
14 349.61 592.75 5.11 x 5.11 25.91
15 335.77 590.89 5.12 x 5.11 26.11
16 344.34 574.45 5.11 x 5.12 26.16
17 354.14 573.43 5.12 x 5.12 26.16
18 340.27 582.35 5.15 x 5.12 26.21
19 341.72 592.90 5.12 x 5.09 26.37
20 338.02 592.65 5.14 x 5.12 26.06
21 370.92 593.38 5.12 x 5.11 26.32
22 343.79 592.50 5.11 x 5.11 26.16
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Here, m=γ=28.265 is the slope of the regression line. 
The shape parameter γ>0 specifies an increasing failure rate 
due to compressive loading. Larger γ signifies the higher 
possibility of a material fracture for every unit increase in 
compression values. Parameter β measures the distribution 
scale of the data, and it can be obtained from equations 4 
and 6. As a result, we found β=355.73 MPa. The reliability 
R(x;β,γ) for compression stress, x=355.73MPa was mea-
sured 0.3545, which is 35.45% of the tested samples have 
the compressive yield strength of at least 355.73 MPa. A 
plot of R(x;β,γ) is shown in Figure 3. The plot shows that 
90% of the component with a compressive yield strength of 
about 328.08 MPa will not yield under compression load-
ing. Table 3 lists the other essential values corresponding to 
yield and compressive strength.

Table 2 shows that the SLM prepared ALSi10Mg 
components exhibit different compressive yields and 
ultimate strength. The compressive yield strength and 
the ultimate compressive strength of SLM samples were 
found to vary in between 321–382 MPa and 561–618 
MPa, respectively, which agrees well with previous re-
sults [24, 25]. The difference of approximately 60 MPa in 
the compressive yield and ultimate strength is pretty sig-
nificant for SLM AlSi10Mg samples. The change in part’s 
porosity arising from the process uncertainty can be the 
reason for such a massive difference in SLM samples' 
compression values. The structural porosity is generally 
high in SLM structures, and the variability can further 
increase depending on the part location. The change in 

Figure 3. Weibull reliability distribution for (a) yield stress and (b) compressive strength.

(a) (b)

Figure 2. The regression line for (a) compressive yield stress and (b) compressive strength.

(a) (b)

Table 3. Reliability distributions corresponding to various stress values for both compressive yield stress and 
compressive strength

  Parameters Equation   Compressive yield strength   Compressive strength

     y=28.265x-166.04   y=17.024x-113.71
  m=γ   28.265   17.024
  β   355.73   795.65
 R(x;β,γ)  @x 355.73  35.45% 591.20  36.74%
 Lower limit, R   321.03  94.65% 561.83  94.66%
 Upper limit, R   382.5  0.04% 618.11  ~0.00%
  R=90%   328.08 MPa   569.07 MPa
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surface roughness and mechanical strength due to part 
position in the powder bed has been discussed previous-
ly in the literature [1, 5, 16].

Since the samples were developed at optimized laser 
parameters provided by machine (EOS) suppliers, there 
are limited chances to improve the overall mechanical 
properties by choosing other optimized processing pa-
rameters. Since we know, SLM offers a wide processing 
window for part fabrication, and several parameter sets 
can help achieve near-net-shape components [1, 26]. 
Therefore, the only way to improve SLM components' me-
chanical properties is through post-processing techniques, 
albeit they are time-consuming and add additional cost to 
production. For the as-printed structures, this study clear-
ly shows that samples’ property in the SLM build chamber 
is not stable. Several factors can produce a massive change 
in the final mechanical properties. Therefore, before de-
signing components in SLM machines, the variability in 
mechanical properties should be considered. Failing to do 
so can produce a significant change in part’s performance, 
even leading to component failure.

CONCLUSION

AlSi10Mg is one of the most tested alloys in the SLM 
process, and it is extensively used in the production of 
several components in automobiles, aircraft, and other in-
dustrial sectors. Weibull distribution was used to measure 
the compressive yield and ultimate strength of the tested 
22 specimens of AlSi10Mg to obtain the processed parts' 
reliability to withstand the variable compression loading. 
In the present case, the compressive yield strength and the 
compressive strength of the tested specimens with 90% 
reliability were found to be 328.08 MPa and 569.07 MPa, 
respectively.
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