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BElastic modulus prediction of filament winding composites based
on meso- stale filament undulation property analysis

SUN Jiang ™, XIAO Qi*
(1. Institute of Advanced Materias, 2. Engineering Training Center , Jiaxing University , Jiaxing 314001, China)

Abdract :  Based on an analysis of the filament winding pattern and filament undulation, a new method for calculat-
ing the elastic modulus of filament winding compostesis presented. A representative filament winding pattern was
selected and the pattern was divided into alaminatefield and afilament undulation field to calculate the r elastic mod-
uli respectively. For the laminate field, the elastic modulus was calculated according to the classical laminate theory
and, for filament undulation field, the elastic modulus was calculated according to the meso- scale filament undula
tion stuation. The whole elastic modulus of the pattern was obtained through combining the two-field elastic moduli
with the area ratios of each field to the whole pattern. The calculated elastic moduli arein good agreement with those
of carbon/ epoxy filament winding composite tubes under tensle loading , which shows that the presented method is
valuable for calculating the elastic modulus of filament winding composites.
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Fg.4 A tube element
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Fig.6 Undulation parameters
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150 , 2
, 100 mm, Table 2 Experimental Values
200 mm, . Axial eastic . .
Winding Tube- wall modulus’ GPa Poisson ratio
! angle/ (°)  thickness’ mm (Average)
, 2 o Average STDEV
(10/ 120X Y91) , 6.9 1.01 113.98 2.29 0.29
15 1 10.3 1.02 104.88 11.21 0.39
14 ( 13.6 1.04 91.45 7.65 0.70
) 16.8 1.05 76.35 3.78 1.01
20.0 1.07 67.57 1.22 1.10
1 2 25.8 1.11 49.51 3.23 1.06
1 T700/ 12K 31.2 1.17 31.33 4.07 1.19
Table 1 Properties of carbon fiber T700/ 12K and epoxy 36.0 1.23 23.50 1.60 1.10
Volume 45.8 1.42 11.47 1.72 0.83
Eu/GPa B2l GPa G/ GPA  Vas 59.4 0.99 17.12 0.61 0.40
T700 235 15 5 0.35 50
7 , 0° 45
Epoxy 4.5 4.5 1.6 0.4 50
(STDEV) 8
2 , 00 26 ,
2 , 260 45° ,
3
L 2
7, 8 ) ) )
3
Table 3 Comparison of theoretical and experimental values
Winding Axial eastic modulus Poison ratio

angel (°) Predicted/ GPa  Experimental/ GPa Error/ % Predicted Experi mental Error/ %

6.9 114.25 113.98 0.24 0.45 0.29 35.56

10.3 106. 55 104.88 1.57 0.57 0.39 31.58

13.6 95.82 91.45 4.56 0.68 0.70 -2.94

16.8 82.60 76.35 7.58 0.76 1.01 - 32.89

20.0 69. 15 67.57 2.28 0.85 1.10 - 29.41

25.8 48.06 49.51 - 3.02 1.06 1.06 0.00

31.2 32.00 31.33 2.09 1.08 1.19 - 10.19

36.0 20.39 23.50 -15.25 1.01 1.10 -8.91

45.8 11.97 11.47 4.18 0.77 0.83 -7.79

59.4 16.83 17.12 -1.72 0.18 0.40 - 122.22
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