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Table 2 Microstructure characteristics of different samples

. R KB um KRS L1 KA B/ um kit ki IEAR T IRRTESTRL T
i T O ) [N BU L U ) J¥ fum® S INI ) DX ST B pm®

v 673 521 432 151 0.099 161 4.14 0.019 328 179 322.02

3 1189 6.25 495 168 0.117 140 412 0.020 375 186 1118.73

4 747 4.82 413 162 0.116 172 374 0.021 307 180 891.70

5 580  3.72 425 162 0.090 153 353 0.025 287 176 773.14

6" 644  4.80 393 187 0.097 180 421 0.021 289 176 291.54
17" 752 434 341 156 0.094 154 378 0.025 338 178 868.66
18* 786  4.76 428 172 0.096 142 410 0.019 376 183 800.82

19* 698 503 4271 176 0.088 170 412 0.025 339 175 284.22
34° 688 458 386 207 0.057 158 411 0.015 271 176 513.36
35 722 426 457 258 0.059 143 410 0.015 292 177 498.00

36" 6.58 3.97 5901 1.87 0.064 2.09 4.21 0.017 3.67 1.81 940.71
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Fig. 6 FEA model with different mesh sizes and the corresponding crack propagation process
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Table 4 Mechanical properties of each position of the
squeezing castings

g /MPa 1%

X 51 YJila] X511 YJrin]
1 325 322 37.4 6.8
3* 320 315 5.6 4.1
4 316 325 4.4 6.8
5* 327 325 8.3 74
6" 324 325 7.1 7.3
17" 322 327 5.8 8.2
18" 322 325 6.4 8.1
19° 329 331 9.4 111
34 325 321 8.6 7
35 323 312 7.8 8.5
36" 325 322 8.6 7

max_length

avg_length

max_aspect_ratio
mean_aspect_ratio
particle_area_fraction
min_particle_distance
average_distance
particle_density

max_shape factor

avg_shape factor

Maximum Si-free particle area
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Fig. 8 Effect of microstructure characteristics on local mechanical
properties
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Study on Local Mechanical Properties of Squeezing Casting A356 Alloy
Based on Microstructural Characteristics

MA Wan-li*, ZHAO Hai-dong', WANG Xue-ling", YANG Peng’, HUANG Zhi’

(1. School of Mechanical and Automotive Engineering, National Engineering Research Center of Near-Net-Shape Forming for Metallic
Materials, South China University of Technology, Guangzhou 510640, Guangdong, China; 2. Shandong Honghe Lightweight Technology
Co.Ltd., Zouping 256200, Shandong, China)

Abstract:

The local mechanical properties of A356 squeezing castings were studied by finite element analysis (FEA)
with microstructure-based models. By analyzing different analysis domain sizes, mesh sizes and FEA models,
the FEA models for each position were determined. Subsequently, the accuracy of the calculation results was
validated by experimental results. Furthermore, the effect of microstructural characteristics on mechanical
properties was explored, indicating that with an increase in Si particle length and shape factor, both the
ultimate tensile strength and elongation exhibited a decreasing trend. Conversely, higher Si particle density
and area fraction resulted in increasing ultimate tensile strength but decreasing elongation. The damage
evolution process of the A356 alloy consisted of three stages: particle cracking (microcrack formation), crack
propagation and connection. When the Si particles were small and uniformly distributed, the local mechanical
properties exhibited low anisotropy. Conversely, when the Si particles had a larger aspect ratio and exhibited
pronounced orientation, increased anisotropy was observed.

Key words:
A356 alloy; squeezing casting; microstructural characteristics; finite element analysis (FEA); mechanical
properties
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