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Table 1 Properties of M40 carbon fiber

Dyum Tensile Ey/  Elongation/  Density/
K strength/MPa ~ GPa % (grem™)
6.0 4400 377 0.7 1.80

F2 HES ZL301 B
Table 2  Chemical composition of ZL301 alloy (mass

fraction, %)

Mg Ti Si Cu Mn Al
9.5-11.0 0.15 0.3 0.1 0.15 Bal.
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Fig. 1 Tensile specimens of CF/Al composites and as cast aluminum alloy: (a) CF/Al composites; (b) ZL301 alloy



460 hEA O RYR

2019 4E3 A

E 2 CF/Al Z&MEEMAN
Fig. 2 Microstructure of CF/Al composites
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Fig.3 3D unit cell model of CF/Al composites
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Table 3  Elastic modular constant of M40 carbon fiber!'* "

E L/ ET/ GLT/ GTT/
GPa GPa Vit vrr GPa GPa
377 19 0.26 0.3 8.9 73
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Fig. 4 Tensile stress—strain curve of as cast ZL301 alloy
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Fig. 5 Constitutive behavior of ductile damage evolution for

matrix alloy
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Fig. 6 Traction-separation law for cohesive interface element
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Fig. 7 Transverse tensile stress—strain curves of CF/Al

composites
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Table 4 Experimental and calculated mechanical properties

of CF/Al composites in transverse tensile

Mechanical property ~ UTS/MPa ETC /GPa /%
Tested 23.48 17.98 0.244
Calculated 21.86 17.11 0.252
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Fig. 8 Damage evolution and failure behavior of CF/Al composites during transverse tensile process: (a) Interface damage

initiation; (b) Onset of interface failure(yield point I); (¢) Matrix damage initiation(yield point II); (d) Onset of matrix failure

(yield point III)
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Fig. 9 Failure characteristic and fracture morphology of CF/Al composites under transverse tensile loading: (a) Failure

characteristics (numerically simulated); (b) Fracture morphology (SEM)

A I R ERPRE F B A PR 5t B 2 S . T
THT 588 52 151 (1 52 B A4 AR (=0, 5 R [ For A e SR B HH AT 01 2%
SRPE I SAAT ORFAL, B R BT 3 K AT R
A IFaa B 05, AR Ja 15 T B kG R 28O 51 ke 7

LA S G iR, RA SRR SRR
W, ERESRZ, EAMREREL T, 2
EAPRHR [ hr A AT Ja 1) L [ I A A S i AR A
BRI ITTAEE SRR B BRI BT RN AL



464 hEA O RYR

2019 423 H

@ =
_ a0 ) 7=0.05
. — 7=0.20
= — 7=0.50
g 301
o
8 20y
3
g
2 10}
45}
Uik . . . . . .
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Engineering strain/%
30
(b) _'_l//intzo'l
& 25t — V=001
= — 3, =0.002
2 20r
&
2l
2
|5t
O_

0 005 0.10 0.15 020 025 030 0.35
Engineering strain/%

B 10 FritkERex CF/Al Z& M RHE R B 2247 A
Al

Fig. 10 Effect of interface properties on transverse tensile
behavior of CF/Al composites: (a) Interface strength; (b) Interface

stiffness
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Progressive damage and elastic-plastic behavior of
CF/Al composites during transverse tensile process

WANG Zhen-jun', TIAN Liang', CAI Chang-chun', YU Huan', XU Zhi-feng', Gui WANG %, Matthew S. DARGUSCH?

(1. National Defense Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China;
2. Center of Advanced Materials Processing and Manufacturing,

The University of Queensland, St Lucia, QLD 4072, Australia)

Abstract: The unidirectional graphite fiber M40J reinforced aluminum alloy composites (CF/Al composites) was
fabricated by vacuum assisted pressure infiltration technology. The elastic-plastic mechanical behavior and the damage
evolution behavior of composites was evaluated using micromechanics FEM and tensile testing method. According to the
numerical simulation and experimental results, the influence of interface property on the mechanical properties of the
campsites during transverse tensile process was also analyzed. The results show that the micromechanical representative
volume element (RVE) model established can evaluate the stress—strain behavior of the composites in transverse tensile
process. The occurrences of initial damage, damage accumulation and failure in the interface and matrix alloy lead to the
fracture of the composites. There is an important influence of interface property on the ductile damage evolution and
failure of matrix alloy, which eventually determined the transverse fracture mechanical properties of the CF/Al
composites.

Key words: aluminum matrix composite; micromechanics; unit cell; progressive damage; interface; numerical simulation
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