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Table S Inherent strains of materials fabricated under different laser powers

WOEWERPW | xEEARZE |y REARE
150 | —-0.00704 | —-0.00152
200 | —-0.00787 | —-0.00175
250 | —0.00852 | —-0.00198

R6 AREMAIETEUMNENERTE
Table 6 Curling angles of macroscale bridge structure fabricated under different laser powers
' |

WOLRPNW | RBEe) | B C)
150 | 2.352 | 2.638
200 | 2.438 | 2.675
250 | 2.497 | 2.699

7 J1/MPa =

. 71/MPa =
L — ]

10 52 93 135 177 218 260 304 343 385

(a) 150 W

11 53 96 138 180 222 265 307 349 392
(b) 250 W

13 AEHEAMETENRERFEMELLIIEIFH Von Mises 1= [E
Fig.13 Von Mises stress cloud map of macroscale bridge structure fabricated under different
laser powders after WEDM
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Fig.14 Temperature distribution curves of microscale molten pool under different laser

scanning velocities
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Table 7 Inherent strains of materials fabricated under different laser scanning velocities

FHH#AR Y/ (mm/s) x [ [l 28 1) 1A o A%
900 ~0.00801 ~0.00188
1200 ~0.00787 -0.00175
1500 ~0.00762 ~0.00164

£ 8 ARIMAHMEZRETEUBRREMFERTR

Table 8 Curling angles of macroscale bridge structure fabricated under different laser

scanning velocities

FIHHEV/ (mm/s) B Ao/ (°) B Ao (°)
900 2.454 2.683
1200 2438 2.675
1500 2411 2.666
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Fig.15 Von Mises stress cloud map of

macroscale bridge structure fabricated under

different laser scanning velocities after WEDM

Aa=45° 67° F1 90° i}, fiF x [ Al y
T 118 58 205 [ A g 728 28 AN R, 2 Wt
A 1 22 S A B 8, B/ N0
LRATE 0° 2 EFEff 0° 9 T00, KT

®9 TRAMEERATEMEOEAEEE

IR AL 90° JZEH f1 0° B T
4 16 R T T 2~5 R

577 T LPBF B 2 ML 4544 1)

Von Mises . JJ =Kl 256K 9 (d) 1Y

Table 9 Inherent strains of materials fabricated under different rotation angles between

successive layers

R fA Aol (°) x [ [l 28 I 1A oA
0 ~0.00787 ~0.00175
45 —0.00489 ~0.00438
67 —0.0044 ~0.00453
90 ~0.00427 ~0.00443

R10 AR AT ENRGFELERTR

Table 10 Curling angles of macroscale bridge structure fabricated different laser scanning

strategies (°)
!/ | |
WIH A o, 2 ff Aa R o M o'
0 2.438 2.675
45 1.987 2.12
0

67 1.912 2.02

90 1.894 2.011

90 0 0.963 0.97

1. 71/MPa

16 61 107 152 198 244 289 335 380 426

(a) 4=90°, Aa=0°

1. 71/MPa

13 54 96 138 179 221 262 304 346 387

(¢) %=0°, Aa=67°
16 FREHAPFHETERREHFEWELZYIEISH Von Mises N1 = E

1. 1/MPa
12 53 95 136 178 220 261 303 344 386

(b) a=0°, Aa=45°

I, 71/MPa
1254 95 137 178 220 261 303 344 386

(d) a=0°, Aa=90°

Fig.16 Von Mises stress cloud map of macroscale bridge structure fabricated under different
laser scanning strategies after WEDM
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Study on Residual Stress and Deformation of Structure of Aluminum Matrix
Composite Fabricated by Laser Powder Bed Fusion

SUN Hua, LIU Xuying, LIAN Qing, WANG Hongze, WU Yi, WANG Haowei
(Shanghai Jiao Tong University, Shanghai 200240, China)

[ABSTRACT]

This study focuses on the residual stress caused by local melting and solidification of metal powder in

the laser powder bed melting forming process. The residual stress and deformation of the macroscale structure of TiB,/
AlSi10Mg composite were predicted by multi-scale numerical simulation method. The influence of laser power, scanning
speed, and scanning direction on the residual stress and deformation of the structure was investigated. The multi-scale
numerical results are in good agreement with those of the experimental measurements. An increase in laser power results
in a proportional increase in the dimensions and temperature of the melt pool, as well as the equivalent inherent strain of
the material and residual deformation of the structure. An increase in the laser scanning speed results in a reduction in the
duration of the molten pool, a decrease in the equivalent inherent strain of the material and residual deformation of the
structure. The laser scanning strategy exerts a significant influence on the deformation mode of the structure, primarily
through its influence on the stress distribution. When the rotation angles between successive layers is 0°, the inherent
strain of the material along the scanning direction is higher than that perpendicular to the scanning direction. Therefore,
the rotation deformation of the bridge structure is maximum when all the laser scanning vectors are in the longitudinal
direction and minimum when they are in the transverse direction. When the rotation angles between successive layers are
45°,67°, and 90°, the anisotropy of the inherent strain of the material is comparatively reduced. Their residual deformations
differences of the bridge structure are not significant, and the rotation deformation values are intermediate.

Keywords: Laser additive manufacturing; Aluminum matrix composite; Numerical simulation; Residual stress;

Residual deformation
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