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Abstract  

 

Fatigue and fracture behavior of laser powder bed fusion (LPBF) processed aluminum alloy 

(AlSi10Mg) was evaluated in this investigation. High cycle fatigue and fracture characteristics 
were evaluated as a function of as-built specimen orientations and energy densities, used during 

processing. Fatigue tests were carried out on a rotating beam fatigue tester. Fracture 

characteristics were determined using SEM. Results indicate that aluminum alloy produced at 
90° build angle orientation exhibited higher fatigue strength/life in comparison to the rest of 

build angle orientations. Higher fatigue strength and tensile toughness were observed for the 

specimens produced with relatively higher energy density at 49.9 J/mm3. SEM investigations 
revealed ductile fracture surface features for specimens produced with higher energy density. 

 

Keywords: AlSi10Mg alloy, laser additive manufacturing, high cycle fatigue, S-N curves, 
fracture. 

 

 

 

Introduction 
 

It is well-known that the additive manufacturing involving laser powder bed fusion 

(LPBF) processing can produce complex parts with greater dimensional accuracy [1]. In powder 

bed fusion method of LAM, the metal powder layer is spread uniformly on a build metal plate 

using a roller to produce an average layer bed thickness of 30-40 µm. This is followed by 

exposing the deposited powder layer to the laser in the desired pattern at scan speeds up to about 

15m/s and the melting of the localized metal powder bed layer is facilitated by choosing an 

appropriate level of laser energy and laser scan speed [2]. The presently investigated aluminum 

alloy is popularly used in many engineering industries because of its unique combination of 

mechanical properties [3, 4]. Higher solidification rates that are typical of LAM/LPBF process, 

result in complex but very fine microstructures leading to improved mechanical properties [5]. 

However, the LPBF processing of aluminum alloys is difficult because of alloy’s inherent 

characteristics that potentially lead to higher possible solidification defects in the product [6]. 

Because of this, many investigations have been aimed at producing denser parts typically varying 

laser power energy and scan speeds [7]. The currently used aluminum alloy has popular 

commercial uses for making aluminum castings with composition closer to eutectic composition 

(12.5% Si), providing unique properties [8, 9]. High porosity is known to be a major concern 

especially for fatigue properties in LPBF additive manufactured metal alloys due to rapid melting 

because of the high laser power used. Many solidification defects are reported [10-12] in LAM 

processed aluminum alloys. These defects are detrimental to fatigue properties of the alloy 

resulting in early crack initiation leading to premature fracture [13-17].  

The published literature on S-N curve behavior of AlSi10Mg alloy in the as-built condition 

is limited, especially in terms of processing variables. So, the objective this investigation is, (i) to 
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evaluate the S-N curve behavior, and (ii) to investigate the fracture morphologies, as a function 

of energy density and build angle orientations. 

 

Experimental Methods 

 

LPBF additive manufacturing process 

The powder had an average particle size distribution in the range 30 to 40 μm. In this 

investigation, the samples were produced using an EOS-M290-3D printer. Individual test 

specimens were produced on build plates at four different build angle orientations. The specimens 

produced at different build angle orientations had energy density values of 37.1 J/mm3, 45.4 

J/mm3, and 49.9 J/mm3. Samples were built at 0°, 30°, 60°, and 90° (as shown in Fig. 1) angles 

in relation to the build plate.  

 

 
 

Fig. 1. Schematics of as-built specimen angle orientations 

 

Fatigue tests 

Fatigue tests were performed as per the ASTM standards E2948 and E1823. Rotating-

bending type of high cycle fatigue test was conducted to generate S-N curve to determine the 

fatigue behavior. The test specimen design is based on the cantilever beam principle. All the 

rotating bending fatigue tests were performed using RBF-200 machine. Fatigue tests were 

conducted at a calculated starting stress value, based on the tensile test results of aluminum alloy 

specimens. The fractured specimens were used for fracture surface investigations.  

 

Results and Discussion 

 

Fatigue behavior of aluminum alloy 

Based on the calculated bending moments, the continuous radius (to ensure that the 

maximum bending stresses are constant at all cross sections) specimens were subjected to zero 

mean load, since the loaded test specimens experience equal amounts of alternating tensile and 

compressive stresses. In this test, three specimens were tested for each value of specimen 

orientation and energy density. As per the ASTM standard, a maximum limit of 107 cycles was 

used to define the fatigue limit. The fatigue limit was determined when the specimen experienced 

no failure/fracture.  

 

S-N Curves 

 

Influence of specimen build angle orientations on fatigue 

Fatigue behavior in terms of an S-N curve is demonstrated in Fig. 2.  
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Fig. 2. Fatigue behavior for 0° build angle specimens at different energy densities 

 

The fatigue limit increased (as revealed in Fig. 2) with the increase in energy density used 

in LPBF processing of aluminum alloy specimens. This is due to the fact that at higher energy 

densities, there is more heat available for the complete fusion of the metal powder layers. As a 

result, the specimens produced at relatively higher energy levels were completely bonded 

between layers in addition to being more homogeneous in terms of microstructure. The specimens 

produced at lower energy density were observed to be partially fused resulting in relatively more 

number of discontinuities. 

 

 
 

Fig. 3. Fatigue behavior for 30° build angle specimens at different energy densities 

 

Fig. 3 demonstrates the fatigue curve for the 30° build angle oriented specimen. The trend 

of fatigue behavior is the same as that of the 0° build angle orientation. 
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Fig. 4. Fatigue behavior for 60° build angle specimens at different energy densities  

 

Figure 4 shows the fatigue curve for the 60° build angle oriented specimen. Fig. 5 shows 

the fatigue behavior of the specimen built at 90° angle orientation.  

 

 
 

Fig. 5. Fatigue behavior for 90° build angle specimens at different energy densities 

 

Fatigue behavior as a function of global energy density 

From Fig. 5 and 6, it may be concluded that the 90° build angle specimens exhibited the 

highest fatigue life at 49.9 J/mm3 energy density among all other combinations of build angles 

and energy densities. Again, this is as a result of the increased fusion between layers and more 

homogeneous microstructures. The trend of fatigue behavior is the same for all the specimen built 

at different angle orientations. 
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Fig. 6. Fatigue behavior for 45.4 J/mm3 energy density at various build angle specimens 

 

Based on Fig. 6 and 7, it is clear seen that the best fatigue life was observed for the 

specimens produced with higher energy density. This is attributed to sufficient fusion between 

layers resulting from higher energy densities leading to improved bonding between the layers.  

 

 
 

Fig. 7. Fatigue behavior for 49.9 J/mm3 energy density at various build angle specimens 

 

Fractography features as a function of energy density and build angle orientation 

Three fracture zones for fatigue fractured specimens (at energy density 49.9 J/mm3 and 0° 

build angle) can be seen in a low magnification fractograph depicted in Fig. 8a Fig. 8b shows the 

crack initiation zone at a higher magnification showing the evidence of porosity and/or inclusions. 

The crack propagation region is relatively smooth and showing cleavages that are characteristics 

of a brittle fracture. 
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Fig. 8a. Fractograph of specimens with energy density 
49.9 J/mm3 and 0° specimen orientation 

 
 

Fig. 8b. Fractograph of 8(a), showing crack initiation 

 

 
 

Fig. 9a. Fractograph of specimens with energy density 

49.9 J/mm3 and 30° specimen orientation 

 
 
Fig. 9b. Fractograph of 9(a), showing crack initiation 

 

 
 

Fig. 10a. Fractograph of specimens with energy density 

49.9 J/mm3 and 90° specimen orientation 

 
 

Fig. 10b. Fractograph of 10(a), showing crack initiation 

 

Fractograph of the fatigue fractured specimen (49.9 J/mm3 GED and 30° build angle) is 

shown in Fig. 9a (at low magnification). Fig. 9b clearly demonstrates the presence of porosity 

and unmelted particles, as the locations for crack initiation. The crack propagation region (Figure 

9b) is flat and smooth, typical of a brittle mode of fracture. 
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Fracture surface features of all different regions of crack leading to final fracture is shown 

in Fig. 10a. Fig. 10b reveals the presence of partially fused powder particles. The crack 

propagation region depicting large amounts of voids, ductile ridges, and fibrous features that are 

typical of a ductile fracture can also be seen in Fig. 10b. 

 

Conclusions 

 

Aluminum alloy produced at 90° build angle exhibited higher fatigue strength/life in 

comparison to the rest of build angle orientations (0°, 30°, and 60°). More tortuous fatigue crack 

growth through well-bonded multiple build layers is the reason for improvement in fatigue life. 

Higher fatigue strength/life was observed for the aluminum alloy specimens produced with 

higher energy density at 49.9 J/mm3. 

Fractography revealed that the fatigue cracks were initiated at locations containing 

inclusions, porosity, and unmelted/partially melted powder particles. 

Fatigue fracture mode was predominantly ductile for specimens produced at higher energy 

density. This is attributed to relatively higher fusion between the layers and homogeneous 

microstructures at higher energy densities. 
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