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Mechanical Properties of Composites Reinforced by

Multi-Ply Multi-Axial Preforms

Zhang Yifan Ma Ming Chen Li
(Ministry of Education Key Laboratory of Advanced Textile Composite Materials,

Institute of Composite Materials, Tianjin Polytechnic University, Tianjin 300160)

Abstract Based on the meso-structure of multi-ply multi-axial three-dimensional (3D) composite materials, the
different directional fiber bundles were regarded as the unidirectional composite materials. The stiffness matrix of uni-
directional composite materials was calculated by using the volume average method, and then the stiffness matrix of
multi-ply multi-axial 3D composite materials was obtained by the classical laminate theory. On the basis of total stiff-
ness matrix, the deformation of multi-ply multi-axial 3D composite materials and laminated composite materials were
simulated by software of ANSYS. By comparing the simulation results, it can be obtained that the multi-ply multi-axial
3D composites has the better in-plane property than laminated composites, and the maximum stress value of multi-ply
multi-axial 3D composites is about half of the laminated composites.
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Fig. 1 Structure schematic diagram of

multi-ply multi-axial preforms
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Fig.2 Schematic diagram of 0°single layer
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Tab.1 Properties of the constituents

) E, E, Gy, G
materials Vip Vo

/GPa /GPa /GPa /GPa

carbon fiber T300 220 13.8 9 4.8 0.20 0.25

0.34 0.34

€epoxy resin 4.5 - - -
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Fig.3 Shear stress nephograms of the
two composite materials
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Fig.4 Shear strain nephograms of the

two composite materials

MIE 3 Pl LUE 22 2 0 2 A REZ 21 i
KN FJ B/ N TR Z G, e K I 2 E RS 2
BRI 172,70 HLESS 2B AR e I g DX i AR, 2
REZRZEE G, B, B2 SR
Ghe ] IR AR R

ML 4 ] DUE Y 78 o IX0R A 19 A28 T B
KU Z 2R Z 1 2 G M RN £45° 05 m 2 2% &
AMEAECRS T HEEH, ZRL2mEAME
AR R AR 0. 193107, /NTFIER)Z AWM E G4
Bh T, RN AR IS AR N TR A E AR,
XEIRFE R T 2 )2 2 0 5 A8 R H RS

Y T N T2 PR RE
4 g

VAZ 2 22 1) 52 A LA TR S i, 2R FH AT 0L

JIFR ORI & Z IS T T 22 2w
SAAFEHORIEE  JF A Al b R A BR T %
ZJRZ 0 Z AR T N PEREML TR, S5 R,
+45° 2P JR LI Rk m 20 2 G AR R B RE A
BERYFEI , di KN 1 29 R IESE 2B 172, i i
DI FR LA B R AR IX s 1 AR 2 378 3 /N T 1E 58
JEEH, A BRIC AL TE L T AL A, A A
RIS I SR PERE R 7L B AT AT, RIS 22
Z [ Z AP RHE B RE T R

SEZ 3k

[1] Anahara M, Yasui Y. Three dimensional fabric and
method for producing the same[ P]. US Patent, 5137058, 1992

[2] Ruzand J M, Guenot G. Multiaxial three-dimensional

fabric and process for its manufacture| P]. International Patent,

WO 94/20658, 1994

[3] Mood G L. Multiaxial yarn structure and weaving meth-
od[ P]. US Patent, 5540260, 1996

[4] Uchida H, Yamamoto T, Takashima H, et al. Three
dimensional weaving machine[ P]. US Patent, 6003563, 1999

[5] Chamis C C. Mechanics of composite materials: past,
present and future[ J]. Composite Technology Research, 1989,
11:3-14

[6] Hrkeg, 2R
Rzt ekt 2008

[7] Chen L,Tao X M, Choy C L. On the microstructure of

MBI IM PEE . e Tl

three-dimensional braided preform[ J].
Technology, 1999,59(3) :391-404
[8] Tang Z X, Postle R. Mechanics of three-dimensional

Composites Science and

braided structures for composite materials I : Predicton of the e-
lastic moduli[ J]. Composite Structures, 2001,51; 451 457

[9] ZRIUER, SF24, WA, 55, =405 1 U & MR}
PEVEREBLS TN [ J]. S A MR, 2006 (4) :112-118

[10] Li D' S, Fang D N, Jiang N, et al. Finite element
modeling of mechanical properties of 3D five-directional rectangu-
lar braided composites [ J]. Composites Part B: Engineering,

2011,42(6) : 1373-1385

(HREE 11F)

FHIBEI T2, http://www. yhelgy. com 2013 4F 25 2 ]



	2013-02组版

