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Experimental Investigation on Relationship of Winding Process
Variables and Mechanical Properties for
Filament Wound Composites

Sung-Ho Yoon™ * Jun-Young Kim" - Tae-Kyung Hwang™

ABSTRACT

The relationship of the winding process variables and the mechanical properties of filament
wound composites is investigated experimentally. The winding process variables considered
are the fiber tensions and the fiber ends. The filament wound ring specimens are fabricated
using 3-axis controlled filament winding machine. Two types of carbon fibers, TZ-507 and
1Z-40, are used as reinforcements and epoxy for filament winding is used as resin. During
the winding process, the fiber tensions are varied from 0.5kgf to 3.0kgf, and the number of
the fiber ends are varied from 1 to 6. The fiber volume fractions and the void contents for
the ring specimens are measured through the resin digestion. The mechanical properties of
the ring specimens are also evaluated by the split disk test. The test results show that the
winding process variables affect the fiber volume fractions and the void contents of the ring
specimens, which result in the variation of the tensile properties of the ring specimens.
Therefore, suitable winding process variables should be applied to maximize the structural
performance and the productivity for filament wound structures.
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Fig. 1 Configuration of filament wound ring specimen
Table 1. Properties of epoxy used for this study
unit epoxy
Tensile strength MPa 735
Tensile modulus GPa 3.2
Poisson’s ratio - 0.42
Density g/(:rn3 1.2

Table 2. Properties of the carbon fibers used
for this study.

unit TZ-507 12-40
Tensile strength{ MPa 3712 4680
Tensile modulus GPa 253 281
Ultimate o
elongation % 15 13
Density g/cm3 1.8 1.8
Filament
diameter £m 6.8 5.4
Specific heat cal/gC 0.17 0.17
Coeff. of thermal -6 -6
expansion /T {-01x107|-0.1x10
Thermal
conductivity Keal/mh © 15 15
Resistivity Qcm | 15%107° | 15%10°
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(b) Resin bath and fiber delivery system

Fig 2. Photographs of 3-axis controlled filament
winding machine.
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Fig 3. Fiber volume fractions and void contents
of filament wound ring specimens by
varying fiber tensions(TZ-507 carbon fiber)
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Fig 4. Fiber volume fractions and void contents

of filament wound ring specimens by
varying fiber tensions(1Z-40 carbon fiber)
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Fig 5. Fiber volume fractions and void contents
of filament wound ring specimens by
varying fiber ends(TZ-507 carbon fiber)
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Fig 6. Fiber volume fractions and void contents
of filament wound ring specimens by
varying fiber ends(iZ-40 carbon fiber)
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{a) Overview of loading frame with test fixture

(b) Detailed view of test fixture

Fig 7. Photographs of loading frame and test
fixture with filament wound ring specimen
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tensile modulus
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Fig 10. Tensile properties of filament wound
ring specimens by varying fiber
tensions(TZ-507 carbon fiber).
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Fig 11. Tensile properties of filament wound ring
specimens by varying fiber tensions
(1IZ-40 carbon fiber)
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Fig 13. Tensile properties of filament wound ring
specimens by varying fiber ends
(1IZ-40 carbon fiber)
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