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ARTICLE INFORMATION ABSTRACT

Original Research Paper Additive Manufacturing (AM) or 3D printing is a method to build parts by adding layer-upon-layer of
Received 10 September 2017 material. The selective laser sintering (SLS) method is one of the most important methods of additive
Accepted 28 October 2017 manufacturing processes. The low time and the variety of materials used to build the parts are major

Available Online 01 December 2017 advantages of SLS method. The high quality of the product is one of the main goals in the additive

Keywords: manufacturing processes. The part warping is one of the factors that reduce the quality of the products

Scanning algorithm which are built by the SLS process. The hatching patterns and scan algorithms in the SLS process are
Selective laser sintering important factors that affect the product quality. In this paper, the effective parameters of the SLS
Finite element modeling processes such as the scan vector length and the number of offsets or contours, the laser power, the laser
Scan vector length speed, and the hitching spacing are optimally determined to minimize the part warping of the product

Additive Manufacturing

Design of Experiments based on the finite element simulations and Taguchi method. For this reason, SLS process has been

modeled on the SLS process. Then, to illustrate and validate the accuracy and efficiency of the proposed
method, and the computational results are compared to the obtained results from the experimental tests
Using SLS containing CO2 laser. Finally, using the Taguchi design of Experiments, the process
parameters have been changed at different levels and optimal parameters have been obtained.
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Fig. 3 The measured angle for the part warping criterion
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Fig. 4 The side view of the section of the beam for measuring the part
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Table 6 Device parameters in the finite element model
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Table 7 Cantor scan time and Hatching scan time for 10 experiments
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Table 8 Results of the part warping with respect to the number of
contours from the FEM simulations based on 10 experiments
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Fig. 5 Comparing of obtained results from (a) the experimental test (b)
the finite element simulation on a part with H-shape section for
verification
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Table 10 Results of FEM simulations based on 5 experiments
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Fig. 9 Diagram of the part warping with respect to the scan vector
length
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Fig. 7 a) Solving the thermal model b) Solving the mechanical model
forn = 3 mode
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Table 9 Contour and hatching scan times for 5 experiments
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Fig. 11 Results of the mean part warping with respect to the process
parameters

B byl )l 4 o (SonlineSibe b 11 S0

NT11
+4.925e+02
+4.868%9e+02
+4,854e+02
+4,818e+02
+4.7832+02
+4.747e+02
+4,712e+02
+4,670e+02
+4,641e+02
+4.605e+02
+4.570e+02
+4,534e+02
+4,499e+02

U, Magnitude
+9.251e-01
+8.480e-01
+7.70%e-01
+6.938e-01
+6.167e-01
+5.396e-01
+4.625e-01
+3.854e-01
+3.084e-01
+2.313e-01
+1.542e-01 &
+7.709e-02
+0.000e+00

(b)
Fig. 12 Results of FEM simulations based on a) the thermal model b)
the mechanical model for the ninth test
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Fig. 10 Results of FEM simulations based on a) the thermal model b)
the mechanical model for b = 4mm
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Table 9 Levels of parameters by changing the number of contours
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N euls slass 1 4 7 10
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Table 12 Taguchi L16 array based on parameters levels
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S Ha |4 P n )Lui
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2644 1 1 1 1 1
3774 2 2 2 1 2
3402 3 3 3 1 3
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1664 3 2 1 2 5
2811 4 1 2 2 6
2728 1 4 3 2 7
2242 2 3 4 2 8
3014 4 3 1 3 9
3017 3 4 2 3 10
6483 2 1 3 3 11
2987 1 2 4 3 12
6099 2 4 1 4 13
3438 1 3 2 4 14
4053 4 2 3 4 15
8732 3 1 4 4 16
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Table 15 Optimal values of scan parameters in the finite element model
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Fig. 14 Histogram of the parameter’s effect on the part warping
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