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Energy Absorption Mechanism of Kevlar Multiaxial Warp
Knitted Fabric Composite under Impact Loading

CXKim”", S.M.Kim" and T.J. Kang”*
ABSTRACT

In an effort to study impact damage mechanism of Kevlar multiaxial warp knitted fabric composites,
the impact behavior and damage tolerance were characterized based on energy approach and compared
with those of Kevlar woven laminates. The total impact energy was classified into four terms of
delamination energy, membrane energy, bending energy and rebounding energy. Membrane and bending
energy were calculated by the image analysis of deformed shape of the impacted specimen while
delamination energy was decided using deplying technique.

Multiaxial warp knitted composites(MWXKs) showed higher impact fracture toughness and bending
properties, which resulted in delamination energy and bending energy increase, while membrane and
delamination energy were dominant factors for woven laminates. Delaminated area of woven laminates
was much larger than those of MWKSs, while delamination energy absorption was slightly higher since the
impact fracture toughness of woven laminate was much smaller than those of MWKs.
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Table 1. Preform configurations and stacking sequences for
laminate manufacturing

Fabric Code BTC QTC UD  Woven
Knitting Type Tricot/Chain Trico/Chain none  none
Yam Keviar29  Kevlar29 Kevlar29

Bias Angle
(degree)
Insertion Fiber
Volume Fraction 36.8/36.8 20.2/19.7/69119.7
(%)
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Stacking
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Thickness(mm)
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Fig. 2. Schematic diagrams for coordinate acquisition process
by impact test
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Table 2. Mechanical properties of multiaxial warp knitted fabric
composite, UD and woven laminate

Property BTC QTC UD  Woven
Tensile Modulus
E\(GPa) 8.53 6.48 6.87 7.38
E.(GPa) 8.42 6.41 6.89 7.24
Shear Modulus
Gi2(GPa) 2.31 3.15 1.42 1.03
Poisson's Ratio
Vi 0.25 21 0.27 0.12
Flexural Modulus
(MPa) 104 126 85 65
ILSS (MPa) 46 54 32 30
Vol. Fraction  0.53 0.55 0.61 0.60
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