20 2
Vol.20 No.2 The Chinese Journal of Nonferrous Metals

2010 2
Feb. 2010

1004-0609(2010)02-0244-06

SIC

( 410083)

Eshelby Weibull SiC
Al-Mg-Si Al-Cu-Mg Al-Zn-Mg

SiC (

) SiC
SiC SiC

SiC/Al Weibull
TG 111

Model of effects of particle failure on yield stress of
SiC reinforced aluminum alloy composites

SONG Min, XIE Can-qiang, HE Yue-hui

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: A constitutive model for the yield stress of SiC reinforced aluminum alloy composites was developed based on

the modified shear lag model, Eshelby’s equivalent inclusion approach and Weibull statistics. Several types of aluminum

alloys including industry pure aluminum, Al-Mg-Si alloy, Al-Cu-Mg alloy and Al-Zn-Mg alloy were chosen as the

matrix materials to verify the accuracy of the model. The failure of the SiC particles including particle debonding and

cracking on the yield stress of composites during the deformation process was considered in the model. The results show

that the yield stress of the composites increases with increasing volume fraction of SiC particles, but it decreases with

increasing size of the SiC particles. The prediction of the present developed constitutive model agrees much better with

the experimental data than the traditional modified shear lag model, which indicates that the failure of SiC particles has

important effect on the yield stress of the SiC reinforced aluminum alloy composites.
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Table 1 Summary of input data in simulation
Parameter Value SiC SiC
Matrix elastic modulus, E\,/GPa 67
SiC elastic modulus, E,/GPa 460 SiC
Matrix shear modulus, G,,/GPa 252 SiC
Matrix Poisson’s ratio, v, 0.33 SiC
SiC Poisson’s ratio, v, 0.17
Reference volume of SiC particles, Vo/m® 1.78><10"" 4
Reference fracture strength of
] ) 1550
SiC particles, oy/MPa ) Eshelby
Thermal expansion coefficient of Al, 23,6510 Weibull Sic
Ca/
Thermal expansion coefficient of SiC, .
P i 43%=107° SiC ( )
Csic/
Magnitude of Burgers vector, b/m 2.86><1071° .
2) Al-Mg-Si, Al-Cu-Mg
. . 2
Interface bonding working, W,/(mJ-m ~) 750 Al-Zn-Mg 4

2

Table 2 Parameters of matrix alloys for tested composites in present work

Elastic modulus/

Shear modulus/

Thermal expansion Yield stress/

Alloy B Poisson’s ratio
GPa GPa coefficient/ ! MPa
Pure aluminum 67 25.2 21.8%<10° 0.33 53
Al-Mg-Si 69 25.6 22.5%10°° 0.33 179
Al-Cu-Mg 70 25.9 22.1<10°° 0.33 341
Al-Zn-Mg 72 26.7 23.5%10° 0.33 448
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Fig.1 Changes of simulated and experimental yield stresses of SiC reinforced Al matrix composites with volume fraction of SiC
particles (Size and aspect ratio of SiC particles are 20 um and 1, respectively): (a) Pure aluminum; (b) Al-Mg-Si; (c) Al-Cu-Mg;
(d) Al-Zn-Mg alloys
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Fig.2 Changes of simulated and experimental yield stresses of SiC reinforced Al matrix composites with size of SiC particles
(Volume fraction and aspect ratio of SiC particles are 10% and 1, respectively): (a) Pure aluminum; (b) Al-Mg-Si; (c) Al-Cu-Mg;
(d) Al-Zn-Mg alloys
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