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Analysis of Structure and Prediction of
Mechanical Properties for 3D Composites
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Abstract

In this paper, an analytical model for the prediction of the elastic properties of multi-axial warp knit
fabric (MWK) composites is proposed. The geomefric limitation, effect of stitching fibers and design
parameters of MWK composites are considered in the model. The elastic behavior of MWK composites
was conducted by using am averaging method. The predicted elastic properties are in reasonably good

agreement with experimental values.
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Finally the effect of stitching in the MWK composites are
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1% 1. Shape and dimension of roving cross-section
(a) Insertion roving with the width-to-thickness
aspect ratio £>1, (b) Stitch roving with f=1.
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1% 2. Geometric structure of representative volume.

A insertion roving®] FAM} Fw)E @

il
T2 ety Fx9 #EE ARE EgR
g3 Zo] 7% F 3t
w,=X-ds (1.a)
w,=Y-d; (1.b)
w o= (W (X2 YD-d))/2 (1)
t=(Z-2d;)/4 (.4

oluf Hx}E R x, y, 6 &4 s 4%
warp, weft, bias insertion roving 3} stitching roving
& A waA Zborovingdl ©HEAY 23
T o0& 20

S,= (%«‘wx/t-l)tz (2.2)
8= (G rwy/t- Ve @2.b)
Ss0= (B +w s/t~ 1067 29
S,= % d? 2.4)
Vi=S.X (.2)
V=S¥ (3b)
Vitg=2S +gV X2+Y2 (3.c)
Ve=25Y (3.d)
V,=S{Z-2d,) (3.€)

% fiber packing fraction( x)& A HHA 3
&7} roving? B3E o] 43ty 5 2ol A&
T Ao
insertion roving Wl fiber volume

insertion roving® volume

K=

_ VeXve - v g 0
Ur

0‘%7]}\1 VF; Voo Vry vr% Z}Z} E}'—?—]?}‘_O,] /}:-1“191'



AL, T2 23 sticching fiber?) ¥,
roving®} ¥3g ¢fvigth

E8 rovinge FEWAZE A rovingd
FEALE A6 ZAY EAAZEE Chamis
o] o] E{11% o438 ¥g & glon, T E
ol A roving?] WiAE 3eld FEAE g 19
33 2.

L5

X

19 3. Global and local coordinate systems for the
roving.

471M rovingd AAHEEL F2FFANA Y
ARYE ([CiahlA 6,08 o83 dAHHA
AN FRBH(ICDR HAEREE T & Aok

[Coel=[TIT {Ci ) T] (5)

2.3 Unit celi®] 2+ o &
Y 49 gol yFo AT F A BPe
o2 ol&old wuli A FH(infinitesimal  volume)S

nasRA

218 4. Infinitesimal volume,

ojuf zZtzbe] v AAL FAFo 2 A%
A 992 dage gleng g ol &
Fzo dARde 4g F gl

[s]=—+ fX{S‘]dx 6

X b

EP [SHE [Creal® dBBR 2L F 9

A2AHE iso-strainO 2 P STIAR], W4 A

23 BEE rule-of-mixtured] &3 G&# 2

T 4

28 s

[Ch:)= Vil Cocls = Vil CL

A7l v v, & 2 s # roving
A AAg vepdch

r

A B
(=T

2

3. OhRE Mzeol Zdox &
3.1 chEAEY SuUq R Zdos gy
G53U4 8848 AHEAE A58
fsted, WA FAAAEL JAH E4ANERH
roving®] FEF4E& T3, ol2FY @HFxE
o dAE stich® 2T GHTEY 7l
F2E o83t 7¥ AUtk oY A8
FAAEY E4AE H B 154 2

H# 1. Mechanical properties of component

Density | Modulus | Poisson’s

{(kg/m’) (GPa) ratio
S-glass 2490 856 02
Keviar 1450 1317 02
Epoxy 1218 30 03
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¥ 2. Elastic constants of MWK

Experimental Predicted
result{(GPa) result{GPa)
Exx 176 218
E.. - 116
Y xy 0.295 0.294
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Predicted elastic constants (GPa}
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1% 5 Elastic constans as a function of angle of
bias roving.
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1% 6. Elastic constants as a function of fiber
volume fraction.
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1% 7. Elastic constants as a function of fiber
stitch thread diameter to representative volume
width ratio.

Aol AHE uf AFAHAST  stitching
thread® #7Ao] 71845 @Y+ SAASF
7t FEEE ddom, B3 stitching thread?
Aol FItgol uet FAWES] AT F
A5 FHEE 4 4 Aok a2 stiching

-295-

thread®] 274 9] F7te stitching densityE F 7} Al
713, d&EZH BEgAHsE AAZ AZF o
insertion rovingQ] FHAHE9 defectE A FA7|E=
ANE Y32 238 7AFE 249 As
£ YEhdth

48 B

E3ted stitchingol 3] FA Wako
5749 A8 d972E 4A
3 Fadue B AAELH A
€ ¢ F AUk =T FYAR J1AH
2 5d, JSHASE 71T rovingd 7]
E AXsEgch ol B3 stitchingol
27 g4 EgAigq
38 G FRe 7)&etd T2E ol &
detdg olgstd A% + YA
& Boty Agyd dAZ dAste
o
H

ro o ook

L F dYoen, stitchings] & :é‘.3’+
ot ol YT FEEFASF
stitching thread®] 273 utg} E—
gete A ¢ 5 Uk

of mx mu Jv b oo £ o X omp 12 ob

odt o
o
2
o
Ag

7|

o

B ATE 2047 LB ATABAY A
A £ AeMEAGl 548 AT 2
39,

s

(1) F. Ko, Composites Science and Technology,
Vol.56, 1996 , pp.253-260

(2) Ruan, X. & Chou, T.-W., Composites Science
and Technology, Vol.56, 1996, pp.1391-1403

(3) Du, G.W., Popper, P.& Chou, T. W., J. Mater.
Sci., Vol.26, 1991, pp.3438-3448

(4) F. Ko, International Man-Made Fibers Congress,
Austria, Sep.1986

(5) L S. Yoo, S. E. Lee, C.-G. Kim, Composites
Structure, Vol.54, 2001, pp.57-65



