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Table 1  Structural Parameters of 3D angle interlocking woven fabric

Thickness/mm Yarn specification

Warp density/(yarns-cm™)

Weft density/(yarns-cm™) V%

4 195Texx2

6.2-6.4

32-34 45

®2 MBI CR/AL R MR % T2 25

Table 2 Fabrication parameters of 3D angle interlocking woven CF/Al composite

Preheating temperature/'C ~ Infiltration temperature/C

Infiltration pressure/MPa

Pressure holding/min

520 720

8 20
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interlocking woven CF/Al composites: (a) Specimen
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Fig. 2 Mesoscopic structures of 3D angle interlocking CF/Al composites: (a) Cross section of warp yarns; (b) Cross section

of weft yarns
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Fig. 3 Mesoscopic structure model of 3D angle interlocking CF/Al composites: (a) Architecture of warp and weft yarns;

(b) Structure model of matrix alloy; (c) Mesoscopic structure model of composites
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Table 3 Mechanical properties and thermal expansion properties of matrix alloy

Temperature/ Elastic modulus, Poisson Ultimate strength, Thermal expansivity,
C E/GPa ratio,v o,/MPa a/107°K!
25 64 134.8 23.7
100 57 105.6 244
200 45 0.33 62.5 26.4
350 36 36.2 28.5
400 30 22.3 29.9
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Transverse and axial shrinkage strains curves

Table 4 Mechanical and thermal expansion properties of carbon fiber M40J12* 2729

. . Transverse
Axial Transverse . . Axial thermal
Axial Transverse  Axial shear Transverse ) thermal
modulus of  modulus of . dul " dul expansion .
oison’s ison’ i modulus, shear modulus, ] expansion
elasticity, £,/ elasticity, £/ P . poison s ratio, coefficient, P .
ratio, vy ¢ Vot G,;/GPa G1/GPa P coefficient,
GPa GPa a;/107°K e
a/10°K
377 19 0.26 0.3 8.9 73 2 8
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Table 5 Elastic property parameters of yarn

E,/GPa E,/GPa G,/GPa G,/GPa v, Vs

302.7 21.2 13.7 9.1 0.28 0.18
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Table 6 Mechanical property parameters of interface

tYMPa  tMPa  t//MPa 6%/10°m 6. /10°m

16.0 9.5 9.5 0.08 0.72
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simulation data of thermal shrinkage strain
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Fig. 11 Mesoscopic models of 3D angle interlocking woven CF/Al composites with different woven structures: (a) D,=7.6

mm; (b) D,=11 mm; (c) D,=3.5 mm; (d) D,=3.8 mm
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stress of composite with different weft layer spacing

Calculation results of process-induced residual
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Mesomechanics analysis of process-induced residual stress in
3D angle interlocking woven aluminum matrix composites

LIU Yan-wu, CAI Chang-chun, WANG Zhen-jun, ZHANG Yi-hao, TONG De, YU Huan, XU Zhi-feng

(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: In this paper, the thermal shrinkage deformation behavior, residual stress distribution and its effect on
component materials of 3D angle interlocking woven fiber reinforced aluminum matrix composites were studied
by using mesomechanics numerical simulation and experiments. The results show that the calculated macroscopic
thermal shrinkage strain curve agrees well with the experimental curve. The matrix alloy in the as-prepared
composites mainly is in residual tensile stress state, and the maximum residual tensile stress (266.6 MPa) occurs in
the matrix alloy nearby yarns. Both the warp yarns and the weft yarns are in residual compressive stress state, and
the maximum residual compressive stress mainly appears on the warp yarns. The inhomogeneous thermal residual
stress results in the nonuniform damage state of matrix alloy and interface. The damage of matrix alloy between
the warp and weft yarns is more serious than other area, which results in a local interface failure. The increase of
weft interlayer spacing or decrease of warp interlayer spacing could be expected to reduce the maximum residual
stress in the as-prepared composites.

Key words: 3D angle interlocking; aluminum matrix composites; thermal shrinkage behavior; residual stress;

mesomechanics
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