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Abstract: 

In this study optimization of process parameters is required to improve the fatigue strength with high density and also parts 

manufactured by selective laser melting (SLM) of AlSi10Mg alloy. Thermal analysis simulation was most important role in SLM 

printing process before such as save time, cost and material. After layer by layer additive simulation it was observed that thermal 

gradient, displacement and other stress was developed in SLM printing process on specimen. The AlSi10Mg alloy specimens 

were manufactured and conducted bending fatigue test for prediction of fatigue life for suitable process parameter. The Present 

research work obtained the metallurgical keyhole pores, cracks and overlap as thermal deviation produced at high laser power. 

The compared of overlap sample with other printed samples has a similar microstructure with little difference grain size and slight 

differences in fatigue strength. These metallurgical defects are how to effect on fatigue strength, density, and hardness are also 

discussed. Finally achieved high dense part at 99 % with good strength and less defects at laser power of 250 Watts, scan speed of 

500 mm/s, hatch spacing of 80µm and laser energy density of 208.3 J/mm3. 

Keywords: Additive manufacturing (AM), Laser powder bed fusion (LPBF), Selective laser melting (SLM), AlSi10Mg alloy, 
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1. INTRODUCTION 

Present situation, modern industry also requires manufacturing geometrically complex shape structures with reducing cost, time 

and light weight [1-2]. These results mainly possible in metal additive manufacturing (AM) using powder with a laser power 

source as selective laser melting (SLM) also called direct metal laser melting (DMLM) to build layer upon layer [3-4]. In this case 

SLM were builded printed specimens given process parameters i.e., scanning speed, laser power, traversing every layer as x-y 

plane [5-6]. After each layer, the piston was lowered to allow for the melted next layer of powder and this operation was repeated 

to several times until to the finished part [7-8]. When it is compared with other SLM produced materials, AlSi10Mg aluminium 

alloy powders have a low density, high reflectivity, poor flowability, and high thermal conductivity [9-10]. One of the main 

biggest challenges in manufacturing AlSi10Mg alloy parts by SLM is to minimize porosity and maximum researches have looked 

into how processing parameters affect porosity [11-12]. Although SLM is produce high density components near the nominal 

density, due to oxides, gas bubbles and particles may become stuck due to process instabilities [13-14]. The pores are unavoidable 

and can be act as nuclei in the cracks, which can lead to reduced of mechanical characteristics [15]. The unmolten power particles, 

on the other hand, are indicated by irregular elongated pores, which are often caused by a lack of energy (such as hatch pattern 

defects) [16-17].The main impartment process parameters considered in SLM printing process are layer thickness, scanning 

direction, build platform temperature, laser spot, scan speed, hatch distance and  laser power [18-19]. 

In this paper, thermal simulation is presented and affected the part by using a different laser power and scanning speeds [20]. 

Optimized the suitable process parameter on fatigue strength, hardness and density without defects (porosity pores and cracks), 

which can able the thermal warping of components made using the SLM AM technique [21]. Some of the researcher are evaluated 

by the mainly focus on mechanical properties (UTS, YS, and E %), microstructural characterization and defects due to building 

orientation [22]. 

 

2. EXPERIMENTAL PROCEDURE 

2.1. Material 

The AlSi10Mg alloy used for SLM printing process of chemical composition as shown in table 1, it was supplied by SLM solution 

group AG germany and in SLM printing process distribution of powder particle size ranges from 20 to 63 µm. 
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Table 1. Chemical composition of AlSi10Mg alloy. 

Al Su Fe Cu Mn Mg Zn Ti Ni Pb Sn Other total 

Balance 9.00 – 11.00 0.55 0.05 0.45 0.20 – 0.45 0.10 0.15 0.05 0.05 0.05 0.15 

 

2.1. L-PBF of SLM Process 

The AlSi10Mg alloy sample was printed by SLM solution M280 2.0 L-PBF system (Germany). The SLM specification was laser 

power of 400 Watts continuous Yb-fiber laser in argon gas atmosphere and build platform volume of 280×280×365 with various 

important key process parameters involved in printing process as shown in figure 1. 

 

 
 

(a) (b) 

Figure 1. SLM printing process diagram and process parameter. 

The considered of SLM input process parameters considered as laser power (two levels), scan speed (three levels) and hatch 

distance (three levels) mentioned in table 2, other parameter kept constant like build platform temperature of 1500C, laser spot 

diameter of 75 µm, layer thickness of 30 µm, scanning direction and build orientation was horizontal . 

Table 2: Consider process parameter for SLM printing of AlSi10Mg alloy 

The SLM manufactured part as per ASTM standard E2948 for cyclic bending fatigue test. The laser energy density was calculated 

by the equation of   
P

𝑣×ℎ×𝑡
…(eq.1), used this for above process parameter and calculated by the energy density was 347.2, 208.3, 

138.8, 416.6, 250, 166.66 j/mm3 as in figure 2.  

 

 

(a) (b) 

Figure 2. Fatigue test specimen its dimensions and energy density graph. 

Laser Power in Watts Scan speed in mm/s Hatch distance in µm Specimen trails 

250 400,500 and 600 60,80 and 100 T1, T2 and T3 

300 400,500 and 600 60,80 and 100 T4, T5 and T6 
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After given the individual process parameter to specimens (such as; T1, T2, T3, T4, T5 and T6) in SLM inbuilt software then 

generate the printing process to start machine as shown in figure 3. The printing process is given two levels i.e., considered first 

level as 250 watts and second level as 300 watts with same scan speed range of (400,500, 600 mm/s) and hatching distance (60, 80 

and 100µm).  

  

(a) (b) 

Figure 3: specimens on SLM build platform and after printed parts. 

 

3. RESULTS AND DISCUSSION 

In this work determined the effect of porosity influence on fatigue behaviour with horizontal building orientation conducted by 

bending fatigue test and also observed microhardness and density parts of AlSi10Mg alloy produced by SLM. The experimental 

procedure conducted by following steps. 

 Identified the SLM printing process of key parameters. 

 Developed the thermal simulation before printing process. 

 Considered the laser power upper 300 and lower 250 watts. 

 The output performance as considered as fatigue strength, microhardness and density. 

 Developing the Design of experiment for optimal process parameter. 

 Conducting the experiments as per given process parameter on fatigue test. 

3.1 Thermal behaviour for optimal process parameter 

Before SLM printing process to conducted the thermal analysis simulation as per given process parameter means saving the 

material, cost and time. In that thermal simulation stresses was developed such as displacement, temperature, plastic strain, von 

mises stress and other stress. The thermal analysis simulations were conducted at individual specimens with a different process 

parameters used as laser power in watts (250 and 300), scan speed in mm/s (400, 500 and 600) and hatch distance in μm (60, 80 

and 100) as mentioned above table 2. The predicted of maximum printing temperature in SLM of 246.6 0C at T4 and also 

maximum displacement at T3 due to increased the laser power with scan speed as shown in figure 4. 

  

(a) (b) 

Figure 4.Thermal simulation as per given process parameter 
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The highest von mises stress operated of 95.73 MPa at T5 (when increasing the scan speed) and the lowest plastic strain was 

developed of 0.33 at T3 (when increasing the hatch distance). During the optimization in this object purpose was reduce the 

porosity and improve the strength, finally the simulation results obtained of optimal process parameter with less displacement and 

minimum operating temperature at T2 (laser power of 250 W, scan speed of 500 mm/s and hatch distance 80 µm) as shown in 

figure 5. 

 
 

(a) (b) 

Figure 5: Thermal analysis simulation results and displacement values 

3.3 Fatigue Performance 

The fatigue test as indicated as shown in figure 6, it is used and found of horizontal building orientation specimen fatigue strength 

of SLM manufactured by AlSi10Mg alloy. The SLM-AM part building directions is the most important role in fatigue strength. 

The fatigue failure data, it can be observed that when used high laser power with low scan rate. The specimen’s defects, pores and 

porosity were observed that after test crack on part surfaces and defects have give harmful impact on fatigue strength. 

 
 

(a) (b) 

Figure 6: Fatigue testing and plotted vales at each specimen. 

The samples were tested at a constant load was applied to determine suitable process parameter based on the fatigue strength (such 

as fatigue life). The motor speed was calculated by the time at sample was broken and the number of cycles in time, as shown in 

table 3. 

The fatigue strength calculation:   

 The motor rpm is 2880,  

1 minute = 2880 rev (i.e., 1 second = 
2880

60
 = 48 revolution per second), 

  The number of life cycles =  time taken in second (s) × 48 revolution per second and  

 Length of the shaft is 190 mm, 

 Diameter of the shaft (D) is 15 mm,  

 Weight (W) = 10 × 9.81 = 98.1 N,  (applied load for fatigue test is 10 kg), 

 Bending moment (M) = L × W… (eq.2) = 48069 N-mm and  
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 Bending stress (σb) = 
32𝑀

𝜋𝑑3 … (𝑒𝑞. 3) = 145.14 MPa.  

Table 3: After experimental test conducted of fatigue test results 

Trail No. Time taken in sec No. of cycle 

T1 7.2 3.45 × 102 

T2 30.6 1.46 × 103 

T3 16.2 7.77 × 102 

T4 Not printed specimen due to overlapping (high laser 

power of 300 Watts and low scan speed of 400 mm/s) 

T5 6 2.88 × 102 

T6 12 5.76 × 102 

 

3.4 Microstructure, hardness and density 

From the figure 7 as shows that scanning electron microscopy (SEM) image of AlSi10Mg alloy powder particle distribution and it 

can be observed that powder particles are not spherical. The powder particles morphology is a very uneven shapes, with many 

little irregular satellite particles connected to the large powder particles and other places have seen these irregular structures with 

little satellite particles. All samples are produced in a melt pool with good metallurgical bonds. Used the high energy (E) input 

then created large pores with low scan speed. The overlapping between molten pools is expected to affect defect formation, 

irregularly shaped pores were apparent with more thermal distortion by the high laser of 300 Watts and lower scan of 400 mm/s. 

The majority of the burring layer was current in the cross section at a high laser with 600 mm/s scan speed. From this completed 

that burring phenomenon is mainly metallurgical porosity defects on specimen at high power laser with fast scan rate. The SLM 

samples manufactured at T2 is shown a better microstructure with no any visible like pores, the laser power energy density 

defined as the optimal parameter for obtaining minimum defects, porosity, pores, cracks for a range of 250 Watts, 500 mm/s, 80 

µm, and 30 µm of layer thickness for SLM of AlSi10Mg alloy to achieve defect-free component.  

 

 

  

(a) (b) 
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(c) (d) 

Figure 7. The microstructure profile: a) overlap with high 300 watts laser power b) initiating defect at 300 watts with 600 mm/s c) 

porosity at 250 watts with 400 mm/s and d) fine structure at 250 watts with 500 mm/s. 

 

For as built condition were tested all samples, the microhardness higher at T2 is 108.3 HV, lower at T6 watts is 82 HV due to high 

laser with overlap samples. Finally the hardness and density values are as shown in figure 8 with achieved the highest hardness 

and density is 108 HV, 98 %. 

 

  

(a) (b) 

Figure 8: . a) Hardness and b) Density values. 

 

4. Conclusions 

The metallurgical pores, fractures, and isolated areas with overlap of thermal gradient created at high laser power and low scan 

speed, i.e., keyhole, are presented in this work, and their effects on fatigue strength, density, and hardness of AlSi10Mg alloy are 

discussed. 

 The pores in overlap boundary are expected to cause early fracture in the samples during fatigue testing. 

 The pores overlap and defects was achieved at increasing the hatch distance from 80 to 100 µm (i.e., heat buildup with cool 

slowly). 

 The overlap and isolated samples has a similar microstructure with little difference of grain sizes. The energy density (E) has 

an important influence factor on mechanical properties and defects are formed when the laser energy density is too high or too low 

(such as defects, porosity, and micro crack).  When balling is occurs at scan speed is increase, promotes the capture of powder that 

hasn't entirely melted by the laser beam scanning the next layer, resulting in the formation of a keyhole pores. 

 To avoid the defects (pores, cracks) and achieve full dense part should be selected low laser power and scan speed, for that 

best process parameter was obtained as scan speed is 500 mm/s, hatch spacing is 80µm, and lower power is 250 W with layer 
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thickness is 30 µm at fatigue strength is 1.46 × 103, hardness is 108.3 HV and density is 98% with laser energy desity is 208.3 

j/mm3. 

 

Future work will be mainly focus on how to eliminate pores, crack with optimisation of process parameter and further improve the 

fatigue strength, especially full dense part.  

Acknowledgement 

The author would like to thank for the Ph.D research facilities centre funded govt. Rashtriya Uchchatar Shiksha Abhiyan (RUSA 

2.0) at University College of Engineering (A), Osmania University, Hyderabad, India.  

 

Reference 

1. Lam LP, Zhang DQ, Liu ZH, Chua CK. Phase analysis and microstructure characterisation of AlSi10Mg parts produced by 

Selective Laser Melting. Virtual and Physical Prototyping. 2015 Oct 2;10(4):207-15. 

2. Kempen K, Thijs L, Yasa E, Badrossamay M, Verheecke W, Kruth JP. Process optimization and microstructural analysis for 

selective laser melting of AlSi10Mg. In 2011 International Solid Freeform Fabrication Symposium 2011 Aug 17. University 

of Texas at Austin. 

3. Nirish M, Rajendra R. Suitability of metal additive manufacturing processes for part topology optimization–A comparative 

study. Materials Today: Proceedings. 2020 Jan 1;27:1601-7. 

4. Cook PS, Murphy AB. Simulation of melt pool behaviour during additive manufacturing: Underlying physics and progress. 

Additive Manufacturing. 2020 Jan 1;31:100909. 

5. Ngnekou JN, Nadot Y, Henaff G, Nicolai J, Ridosz L. Influence of defect size on the fatigue resistance of AlSi10Mg alloy 

elaborated by selective laser melting (SLM). Procedia Structural Integrity. 2017 Jan 1;7:75-83. 

6. Han Q, Setchi R, Lacan F, Gu D, Evans SL. Selective laser melting of advanced Al-Al2O3 nanocomposites: simulation, 

microstructure and mechanical properties. Materials Science and Engineering: A. 2017 Jun 20;698:162-73. 

7. Sutton AT, Kriewall CS, Leu MC, Newkirk JW. Powder characterisation techniques and effects of powder characteristics on 

part properties in powder-bed fusion processes. Virtual and physical prototyping. 2017 Jan 2;12(1):3-29. 

8. Rometsch P, Jia Q, Yang KV, Wu X. Aluminum alloys for selective laser melting–towards improved performance. InAdditive 

Manufacturing for the Aerospace Industry 2019 Jan 1 (pp. 301-325). Elsevier. 

 9. Wang P, Lei H, Zhu X, Chen H, Fang D. Influence of manufacturing geometric defects on the mechanical properties of 

AlSi10Mg alloy fabricated by selective laser melting. Journal of Alloys and Compounds. 2019 Jun 15;789:852-9. 

10. Beretta S, Gargourimotlagh M, Foletti S, Du Plessis A, Riccio M. Fatigue strength assessment of “as built” AlSi10Mg 

manufactured by SLM with different build orientations. International Journal of Fatigue. 2020 Oct 1;139:105737. 

11. Ch SR, Raja A, Jayaganthan R, Vasa NJ, Raghunandan M. Study on the fatigue behaviour of selective laser melted AlSi10Mg 

alloy. Materials Science and Engineering: A. 2020 Apr 20;781:139180 

12. Uzan NE, Shneck R, Yeheskel O, Frage N, “High-Temperature Mechanical Properties of AlSi10Mg Specimens Fabricated by 

Additive Manufacturing Using Selective Laser Melting Technologies (AM-SLM)”, Additive Manufacturing, vol. 24, 257-63, 

2018. 

13. Xu ZW, Wang Q, Wang XS, Tan CH, Guo MH, Gao PB. High cycle fatigue performance of AlSi10mg alloy produced by 

selective laser melting. Mechanics of Materials. 2020 Sep 1;148:103499. 

14. Bai P, Huo P, Kang T, Zhao Z, Du W, Liang M, Li Y, Liao H, Liu Y. Failure Analysis of the Tree Column Structures Type 

AlSi10Mg Alloy Branches Manufactured by Selective Laser Melting. Materials. 2020 Jan;13(18):3969. 

15. Qian G, Jian Z, Qian Y, Pan X, Ma X, Hong Y. Very-high-cycle fatigue behavior of AlSi10Mg manufactured by selective 

laser melting: Effect of build orientation and mean stress. International Journal of Fatigue. 2020 Sep 1;138:105696. 

16. Zhang W, Hu Y, Ma X, Qian G, Zhang J, Yang Z, Berto F. Very-high-cycle fatigue behavior of AlSi10Mg manufactured by 

selected laser melting: Crystal plasticity modeling. International Journal of Fatigue. 2021 Apr 1;145:106109. 

17. Santos LM, Ferreira JA, Jesus JS, Costa JM, Capela C. Fatigue behaviour of selective laser melting steel components. 

Theoretical and Applied Fracture Mechanics. 2016 Oct 1;85:9-15. 

18. Uzan NE, Ramati S, Shneck R, Frage N, Yeheskel O. On the effect of shot-peening on fatigue resistance of AlSi10Mg 

specimens fabricated by additive manufacturing using selective laser melting (AM-SLM). Additive Manufacturing. 2018 

May 1;21:458-64. 

20. Jian ZM, Qian GA, Paolino DS, Tridello A, Berto F, Hong YS. Crack initiation behavior and fatigue performance up to very-

high-cycle regime of AlSi10Mg fabricated by selective laser melting with two powder sizes. International Journal of Fatigue. 

2021 Feb 1;143:106013. 



Copyrights @Kalahari Journals                                                                                             Vol.7 No.2 (February, 2022)  

International Journal of Mechanical Engineering 

3802 

21. Brandl E, Heckenberger U, Holzinger V, Buchbinder D. Additive manufactured AlSi10Mg samples using Selective Laser 

Melting (SLM): Microstructure, high cycle fatigue, and fracture behavior. Materials & Design. 2012 Feb 1;34:159-69. 

22. Hamidi Nasab M, Giussani A, Gastaldi D, Tirelli V, Vedani M. Effect of surface and subsurface defects on fatigue behavior of 

AlSi10Mg alloy processed by laser powder bed fusion (L-PBF). Metals. 2019 Oct; 9(10):1063. 

 

 


