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Development of Modeling Method for Computational Analysis of 3D Printing Model
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Abstract : Additive manufacturing via 3D printing is a new processing technology that can be used in many areas
to address the shortcomings of conventional cutting manufacturing. However, the dimensional accuracy of the output
math data and the drawbacks of additive manufacturing, including differences in the material properties of the
placement method, are among the issues that must be studied in the future. In this paper, several manufacturers of
3D printers that were widely used in the automotive industry were selected, and several output methods and
materials were chosen among domestically produced printers. Based on the arrangement method, standard specimens
were manufactured in compliance with ASTM, and the mechanical properties of each orthotropic material were
measured. Then, based on the material, stiffness was quantitatively compared, and a volume reduction model was
presented through an optimization analysis.

Key words : 3D printer(3D X E]), Additive manufacturing(¥ % 7}&), Automotive weldment(X5 =2} &4 &),
Optimization analysis(Z] 4} &} 3l]4), Structural analysis(7-3= 3| A])
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Fig. 1 Building orientation of 3D printing manufacturing
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Table 1 3D printing information for the test
Manufacturt
Printing type whacturer Material Printer setting condition
(Model name)
Strat:
FDM ratasys ABS plus + Layer thickness : 0.178 mm + Layer width : 0.254 mm
(Fortus 250 mc)
3D systems .
Duraform PA + Layer thickness : 0.1 mm + Laser power : 90 W
(Spro-140)
EOS PA2200 + Layer thickness : 0.12 mm * Scan speed : 3000 mm/s
SLS (P770) + Laser power : 40 W
EOS AlSi10Mg * Scan strategy : Stripe + Laser power : 285 W
(M290) + Layer thickness : 0.04 mm + Hatching distance : 0.11 mm
Maraging steel + Scan speed : 960 mm/s - Energy density : 67.47 J/mm’®
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Table 2 Material properties comparison between test and data sheet

Poisson’s ratio | Young’s modulus (GPa) Yield strength (MPa) Tensile strength (MPa)
. X . Test Test Test
Method Material Direction
Test Average Data sheet Average Data sheet Average Data sheet
(Variance) (Variance) (Variance)
232 31.06 29.04
On-ed, 0.36 2.20 31.00 33.00
ecee (0.00) (0.16) (0.03)
1.48 16.82 20.56
FDM ABS plus Flat 0.38 - - -
(0.00) (0.18) (0.13)
2.11 23.53 23.87
Upright 0.37 - - -
prigh (0.01) (1.82) (1.91)
1.32 17.14 35.51
On-ed 0.37
ecee (0.00) (0.49) (0.44)
0.95 11.93 22.56
Duraform PA Flat 0.35 1.59 - 43.00
(0.00) (2.70) (5.17)
1.27 14.95 24.55
Upright 0.38
(0.00) (0.32) (0.14)
1.42 17.93 41.59
On-ed 0.41
eoee (0.00) (0.17) (0.07)
1.43 18.83 41.80
PA2200 Flat 0.39 1.70 - 48.00
4 (0.00) (0.04) (0.04)
1.51 17.70 42.00
Upright 0.42 (0.00) (0.06) (0.02)
SLS 75' 11 31-1 40 44:3 59
On-edge 0.33 ) . )
3.25 1.97 0.58
( ) 7510 ( ) 270£10 ¢ )
. 71.50 308.22 440.16
AlSi10Mg Flat 0.33 460+20
(0.40) (2.34) (2.68)
74.10 263.34 432.49
Upright 0.34 70+70 240+£10
prigh (0.04) (13.35) (1.04)
178.54 1896.00 1968.50
On-ed 0.31
eaee (1.92) (12.96) (12.96)
Maragi 179.67 1933.30 1993.45
agmne Flat 0.30 180420 1990+100 20504100
steel 2.81) (20.25) (4.62)
173.23 1799.05 1893.10
Upright 0.29
(11.27) (12.60) (38.44)
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Fig. 2 Fractured surface of FDM as (a) schematic diagram,
(b) test specimen
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Fig. 3 Separated modeling of outer layer and internal lattice

as (a) flat type, (b) on-edge type, and (c) upright type
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Fig. 4 Verification model (AS-IS); (a) original model, (b)
revised model
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Fig. 5 Analysis model as (a) boundary conditions, (b) finite
element model, and (c) material orientation
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Fig. 6 Verification test setup

Table 3 Optimization cases on various conditions

Optimization case
Casel | Case2 | Case3 | Case4

Conditions

Volume reduction (%) 37.06 | 43.45 2.97 4.76

Stress limit (MPa) 1193 | 11.93 6 6

Density 0.3 0.5 0.3 0.5
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Table 4 Comparison of elastic modulus between tension
test and FEM result

Type Young’s modulus (MPa) | Error (%)

Test 2280 -
On-edge | Analysis-1 2312 +1.40
Analysis-2 2273 -0.31

Test 1540 -
Flat Analysis-1 1465 -4.87
Analysis-2 2273 +47.6

Test 1990 -
Upright | Analysis-1 2108 +5.93
Analysis-2 2273 +14.2
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(b)

PEEQ
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+1.725e-04

+0.000e+00

Fig. 7 FEM results on SLS printing type as (a) maximum
principal stress, (b) equivalent plastic strain, and (c)
fractured specimen

Table 5 Comparison of stiffness between tension test and
FEM result

Type Stifthess (MPa) Error (%)

Test 1044 -
Analysis-1 1062 +1.72
Analysis-2 1539 +47.4
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Fig. 8 Maximum principal stress and equivalent plastic strain of TO-BE models; (a), (b) Case 1/ (c), (d) Case 2 / (e), (f) Case 3 /

(g), (h) Case 4
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