25 3 2015 3
Volume 25 Number 3 The Chinese Journal of Nonferrous Metals March 2015

1004-0609(2015)-03-0568-07

( 510640)
X ADCI12
7 5 Weibull
SEM
X —_
X
X
TG292 A

Effect of micro-porosities on
fatigue behavior of aluminum die castings

WAN Qian, ZHAO Hai-dong, GE Ji-long

(National Engineering Research Center of Near-net-shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: The micro-porosities in fatigue specimens obtained from practical ADC12 high pressure die castings were
detected and reconstructed with high resolution X-ray computed tomography technology. The high cycle fatigue tests
were carried out at five stress amplitudes on seven groups of the specimens with different porosity contents. The Weibull
analysis suggested less scatter of the fatigue life at larger stress condition. With the SEM observation on the fatigue
fractured surfaces, the porosities initializing the fatigue cracks were identified and measured. A pore-fatigue life
prediction equation was deduced with the pore characteristics from the fracture surface and 3D X-ray tomography
inspection. With 3D reconstruction of tomography data and FEA method, the simulation of the stress distribution around
the actual 3D pores were carried out and analyzed further. A new approach was provided to assess the effect of pores with
actual 3D characteristics on casting properties.
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Fig. 1 Shape and dimension of fatigue sample (Unit: mm) 4
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Fig. 2 SEM image of pores on fractured surface initiating

fatigue cracks (a) and 3D reconstruction pores (b)
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Fig. 3 Cumulative probability of equivalent diameter of pores

initiated cracks
Lognormal
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Fig. 4 Fitting of equivalent diameter critical pores initiating

fatigue cracks

1 Lognormal
Table 1 Estimated parameters of 3-parameter Lognormal

distribution fitting of pores size

Location Scale Threshold
Number AD
parameter parameter value
5.186 0.7265 65.71 33 0.364
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Fig. 5 S—N curves of specimens with different porosities
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Table 2  Estimated parameters of 3-parameter Weibull distribution fitting of fatigue lives under different stresses

Stress amplitude/MPa Scale parameter, m Location parameter, N, Threshold value Number A2
190 1.247 53729 11352 7 0.394
160 2.126 185805 —4860 7 0.684
145 1.030 321512 27259 12 0.317

130 0.4415 533935 311841 6 0.709
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Fig. 7 Comparison of calculated fatigue lives and actual

fatigue lives
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Fig. 9 Stress distribution around pores (a) and corresponding

fracture surface morphology (b)
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