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Table 1 M echanical properties of
particle reinforced Al matrix composites by

1, 2
Duralcan process' " ?

M aterial & % Kie

/(MPa*m"?)

6061A1+ 0% Al,O3( cast, extruded) 20.0 29.7
6061A1+ 10% AL,O3( cast, extruded) 7.6 24.1
6061A1+ 15% Al,03( cast, extruded) 5.4 22.0
6061A1+ 20% A1,05( cast, extruded) 2.1 21.5
A357+ 30% SiC ( d30Hm, cast) 0.5 18.6
A356+ 30% SiC (d 100 Hm, cast) 0.18 22

A356+ 25%B4C (d30Pm, cast) 0.67 13.6
A357+ 25%B4sC (d100Hm, cast) 0.35 19.3
A376+ 30% B4sC ( d100Hm, cast) 0.29 19.7
A357+ 28% SiC (d 122Hm, cast) 0.26 18.2
2024A1+ 0% Al,03 13.0 25.3
2024Al+ 10% ALL,03 3.3 18.0
2024Al1+ 15% Al,04 2.3 18.8

2024Al1+ 20% AL, 05 0.9 —
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Table 2 M echanical properties of SiC,/ LD2

reinforced with pointed and blunted particles

E Op.2 g,

/GPa /MPa /MPa %

M aterial

SiC,( blunted) /
LD2(T6 treated)
SiC,( pointed) /
LD2(T6 treated)
SiCy( blunted) / LD2( extruded)
SiC,( pointed) / LD2( extruded)

96.0 332.7 390.6 5.07

96.3 335.1 388.0 3.29

87.8 187.3 255.0 8.53
91.4 185.6  246.7 6. 19

Bl 1 2%t SiC WURi(a A1 b) AEL1L SiC k(¢
BE ORI LD2 & ARz A iy 13
Fig. 1 Tensile fractographs of LD2 matrix

composites reinforced with pointed SiC

particles (a and b) and blunted SiC particles ( ¢)
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Table 3 Fracture toughness of structuredesigned,

conventional composites and 6000 series aluminum alloys

SiC,-LD2/LD2

Material ( Extrusion ratio 10 1)

SiCyLD2/LD2
( Extrusion ratio 60: 1)

Conventional 6000 series Al
SiC,/ LD2%% alloys!**!

23.3; 23.7; 23.4

Ko/ (MPa J;) (mean: 23.3)

28.3, 28.9, 27.8
(mean: 28.5)

21.8, 18.4, 23.2

(mean: 21.6) 21~ 33

2290 SiC,-LD2/LD2
x -
2000 (E):trusion ratic 60:1
- 1800f
1600} ~
1400} LT
Z Sy SiC,-LD2/LD2
1200} S
E 1032 A (E;-trusion ratio 10:1)
7/ Conventional SiC,/LD2
800} f
600F /[
/
400 }
200}
0 100 200 300 400 500

Crack opening displacement/pm
3 SiC;LD2/LD2 fIi%i SiC,/LD2 &
R R SR TT L% (COD) —#ifi 2k
Fig. 3 Crack opening displacement ( COD) vs
load curves of SiC,;-LD2/LD2 and conventional

SiC,/ LD2 composites
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[ Abstract] The factors influencing the ductility and toughness of particle reinforced metal matrix composites were commented.
Taking these as a background, the effect of particle shape on the ductility and fracture toughness of SiC,/ LD2 composites was deeply
studied. Finite element method was used to analyze the micro-zone mechanical environment and overall mechanical behavior of LD2
matrix composites reinforced with different shaped SiC particles. The results show that particle pointing can increase the strain con-
centration in the matrix and the fracture possibility of the particles. Therefore, the tensile ductility of the composite reinforced with
pointed particle will be decreased. When an external load is applied, the composite is under a condition of high work-hardening, so
the particle shape has little effect on fracture toughness of the composites. Comparison on the mechanical properties and fracture sur-
face analyses of two SiC,/LD2 composites reinforced with blunted and conventional particles validates the results of finite element
analyses. Designing the macrostructure of composite is an efficient way to improve toughness. LD2 matrix macrostructure toughening
composites reinforced with continuous high volume fraction SiC;-LD2 composite bars were studied. Compared with similar conven-
tional composite, the fracture toughness of the structure-designed composite extruded by a large ratio can be increased by 32% and is
close to the fracture toughness level of unreinforced matrix alloys. Furthermore, the fracture energy of this kind of composites is
greatly improved. Their fracture occurs by stages. This macro-structure designed method changes the fracture model of the conven-
tional composites completely and can avoid the disadvantage of catastrophic failure of conventional particle reinforced metal matrix
composites.

[Key words] particle reinforced metal matrix composite; ductility; toughness; finite element method; macrostructure design
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