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Prediction of OQut-of-plane Properties for Woven Composites
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ABSTRACT

In this study, out-of-plane properties and CTEs were predicted for 8-harness satin weave textile composites. The
properties were calculated by unit cell analysis for configurations with varied waviness ratio and phase shifts. Macro
elements were employed to reduce the computer resource requirement. It was found that the out-of-plane properties and
CTEs were varied as the phase shift changed. However the dependency was much weaker than the in-plane properties.
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Table 1 Mean and CV of effective properties for 8

$ol5},

satin weave composites

harness satin weave (CV : Coefficient of variation) I 14610 PR
S /\
(]
Waviness 1/3.25 1/6.4 w 14.605
vale | MeaN | gy | Mean | gy S 14600 i
{Gpa) (Gpa) 3 / \
1]52.32115 - 56.78917 - N 14505
. |2]56.36498] 1.51633 | 62.31852 | 1.30987 N / \
™ I'3157.11164 | 1.04906 | 63.31471 | 0.79363 W 14,500 —
4]57.42600 | 0.85100 | 63.55726 | 0.57593 1 2 3 4 5 6 7 8 9
1[14.58924 - 14.73046 - Phase Shift
£ [2]14.60200] 0.03418 | 14.73875 | 0.02299
% 13114.60322| 0.02070 | 14.75010 | 0.01575 Fig 4 Variation of E,, for two layers 8 harness
4114.62066 | 0.01705 | 14.75298 | 0.01198 satin weave composites
1] 6.40209 - 6.61006 -
o [2lesare a0 oo [OWT| a9z v, o ) #2E 528 499 2
. . . . U AL gAg 2o vlhwrdo] Hals A=
4] 6.44923 | 0.03112 | 6.72378 | 0.03250 "}E; 0ol Mool shaHe) ma) L"‘ f}ﬂlﬁj
11| 5.16072 - 5.08167 - H oT—’] EI_Tr"] \.2—10“ B]H —}'o}’ ‘r‘”ﬂo%-"]’
G. |2]5:20969 | 0.87923 | 517158 | 0.64255 Y-1ke] wdgol o] ARFEA dold £ A7 #
= 3] 5.36993 | 0.36876 | 5.19922 | 0.41399 2o A UeRd B 4 gt}
4] 5.40105 | 0.48633 | 5.20467 | 0.34872
11 0.12420 N 0.11870 N Table 2 Minimum and maximum values of
v,, [2]0.08709 | 7.83656 | 0.07015 | 9.38915 possion’s ratio for 8 harness satin weave composites
(Ex) |31 0.08077 | 6.04473 | 0.06376 | 6.28513
4] 0.07810 | 5.21614 | 0.06162 | 4.81735 N Phase . Phase
11 0.11472 R 0.10096 - Property Minimum shift Maximum shift
vy [2] 0.11400 | 0.34540 | 0.10039 | 0.40450 v T2 [ co8184 0.11010313 0.0
(E) {3] 0.11413 | 0.21969 | 0.09801 | 0.28203 Ey 31 007389 532009824 600
4] 0.11255 | 0.17367 | 0.09820 | 0.22169 (Exd .07 3,2 | 0. .0,
1 N N 0.41161 - 1/3.25| 41 0.07090 | 0,3,6,5 | 0.09650 /0,0, 0, 0
v, [2 - - 0.43599 | 0.74676 Vv, 2] 0.06501 0, 3 | 0.08547 0,0
(Ex) 3 - - g-zgggg g-gg;gg (Ex) | 3] 0.05905 0,3,6]0.07961{ 0,0,0
- - - : 1/6.4
o770 - 0287 - 4| 0.05691 | 0,5,2, 3(0.07729 [0,0,0,0
v, |2]0.11619 | 0.34367 | 0.10226 | 0.40896 g _
(Ez) [3] 0.11612 | 0.21867 | 0.10231 | 0.30374 CE200Me M 2 OV @E sk v, o Y
4] 0.11628 | 0.17823 | 0.10222 | 0.23663 ol whE o), HA e JeERATE E 2 dA
AAAE A vla2eA 8 Aol e 9o W
Z 5L uusEge v TaAAzAL = 2N Jepdd. dar R Jehdold gl
A$7t gol QAAcE A Uge 89 & & = AL AA 8 WY 93wt s Pt
AAI CV o] A YoE AL A & 4 90 oFE Fojvt. AFHE AHEGE o Hoigol
Aok, oA F BHE ZA He ol £Ed 7 Uelte 49 EF A9 ¥EE FA %2
AzZAL 202 A3 Aeo wdo digt FUxE TYsA AFH A AN Y-S ¢ F A
7t 2715t YAabate] tlgh ol do] To] Zo]E7) olg|d Ae AMAF P& AT AAY H4)
o} Zojc}, 7+ whgol st A8 A2 Wol Fo]
o}x)7] WjEolth, HulgtolA FHA4E W& ¥hH
£ 570 A2z AAE A9E BEY FRYE A 2
© A}, olAL YAAE 8 W] TAHA FojFo
g 960 24 949 WAsd da NREE 54T FE
3 0 Aoy AEd FAAdE 27] YN E o AR
N @ 9434g Fojof 5t7) WEoltt,
8 540 . xRzl gg IAAASF dE =L 5
1 2 3 4 5 6 7 8 9 A4 gd "% QA8 Algsle dHg Fuid
Phase Shift AN Ao dad ZAR o JAAI} Q=

Fig 3 Variation of E,, for two layers 8 harness

A9 Hdo] Wt Highs e F$o didl
el X 3 & 2xus] e Eg3As

-77-




e R9F1 g,

Table 3 CTE values for 8 harness satin weave
composites
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dx=a | 7.19E-06 | 7.46E-06 | 6.32E-05
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Fig 5 Variation of CTE for two-layers 8 harness
satin weave composites
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