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Microscopic Investigation on the Micro-Deformation of Draped Helmet Structure Made of
Fabric Composite

S. H Changwr

ABSTRACT

In this paper, various tow parameters such as equivalent tow thickness, amplitude of longitudinal tow and
tow intervals were investigated and compared with each other by using microscopic observation to find out the
exact deformation patterns between both directions of the fabric structure(Longitudinal and Transverse
Directions). And those observation results were compared with bias extension, biaxial tests results with dry
fabric which has the same tow structure as the draped helmet materials and also compared with prepreg
specimen which is cured by autoclave moulding without vacuum and pressure condition. Specimens for the
observation were taken from draped helmet which is made of fabric composite(Five Harness Satin Weave).
From the observation results, it was found that there are different deformation pattern between tow directions
and effect of geometric condition on the deformation of the fabric materials during draping process was
verified.
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Fig. 1 Draped helmet structure and positions of specimens.
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Table 1 Shear angles of the specimens

Shear Angle [°] Top Middle Bottom

Cutting Direction} L T L T L T
Thread Al 5° 4° 6° 4° 7° 5°
Thread A2 5° 5° 8° 8° 21° 22°
Thread A3 7° 7° 10° 10° 30° 38°

Equivalent
Tow Width

Equivalent w Crimp Angle
4

Tow Thickness
'

. <€
ay < >

Wavelengih
1

Tow Spacing

Amplitude
A

Fig. 2 Definition of tow geometry parameters.
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Fig. 3 Ellipse fitted to the raw data points.
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Fig. 4 Schematic of the forces on the material during draping.
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Fig. 5 Radii of Curvatures of along the two directions.
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Fig. 6 Conceptual forces and deformation patterns in the fabric.
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Fig. 7 Micrographs of longitudinal sections(i.e. the longitudinal
thread runs horizontally). The mould surface is at the
top of each cross section; (a) thread Al - top, (b) thread
Al - middle, (c¢) thread Al, bottom.
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Fig. 9 Variation of normalised out-of-plane tow spacing AY/AY,
with shear angle.
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Fig. 11 Micrographs of longitudinal sections(i.e. the longitudinal
thread runs horizontally). The mould surface is at the
top of each cross section; (a) thread A3 - top, (b)

thread A3 - middle, (¢) thread A3, bottom.
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(2)

(b)

Fig. 14 Details of tow structure taken from the bottom specimen,
thread A2 (about 22° shear angle); (a) longitudinal tows
seen in cross-section, (b) transverse tows seen in cross-
section.
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