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Design and optimization of soft stab resistant armor composites
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Abstract: The body armor composites were fabricated by the mould pressing. The influences of resin type, fabric
type and resin content on stab resistance of the composites were investigated. The results show that the stab
resistance of Surlyn resin matrix composite is better than that of PU resin matrix composites. The stab resistance of
Kevlar/Surlyn composite is better than that of UHMWPE/Surlyn composites. Kevlar/Surlyn composite with resin

mass fraction of 47% has the best stab resistant performance.
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Table 1 Structure of stab test targets

Target No. Structure

Number of layers Thickness /mm Area density /( kg * m™—?)

A 42 layers Kevlar 42 11.8 8.4
B 5 layers Kevlar+21 layers Kevlar/PU-+5 layers Kevlar 31 9.1 9.9
C 5 layers Kevlar+ 20 layers Kevlar/Surlyn+5 layers Kevlar 30 9.0 9.6
D 5 layers Kevlar+22 layers UHMWPE/Suryln+5 layers Kevlar 32 9.2 9.6
E 5 layers Kevlar+26 layers Kevlar/Surlyn—+5 layers Kevlar 36 10. 3 9.8
Number of ‘ “ S
arn: 30 ( 1
Y 10 mm .
‘b
]
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y \‘— yarmn: 9 o ~ Number of :
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Fig. 1 Schematic of composite sample for yarn pull-out force test
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Fig. 2 Schematic of composite sample for tearing strength test
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Table 3 Effect of resin type on mechanical
properties of the composites
Mass
Thickness/  Tearing Drawing
Composites fraction of
mm strength /N force/N
resin/ %
Kevlar/Surlyn 47 0.31 537 199
Kevlar/PU 47 0. 30 532 169
Kevlar 0 0.28 67 —

l Impact direction

[ —» Target

[ ]
[ ] Neoprene
] sponge
Polyethylene
foam

e
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Fig. 3 Images of knife and backing materials for

stab resistant test
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Table 2 Fracture properties of resin matrix

Film Fracture Fracture
Matrix

thickness/mm strength/MPa elongation/ %
Suryln 40 20.7 23.3
PU 30 14.8 27
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Fig.4 Composite samples before and after the

yarn pull-out test
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Fig.5 Composite samples before and after

the tearing strength test
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Fig. 6 Effect of resin type on stab resistance of the targets
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Table 4 Fundamental parameters of fabrics

Knitting stiffness/

Fabrics Thickness/  Area density/ (number/25mm)
mm Cgom™) Warp Weft

UHMWPE 0. 26 185 24 20

Kevlar 0.28 200 21 18
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Table 5 Effect of fabric type on mechanical

properties of the composites

Mass Area Tearing

Thickness Drawi

Materials  fraction of ickness/ density/  strength/ rawing
. mm - force/N
resin/ % (gem?) N

UHMWPE

0.29 378 447 —
/Surlyn
Kevar 0.31 380 537 199
/Surlyn :
Kevlar 0 0.28 200 67 —
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Fig. 7 Effect of fabric type on stab resistance of

the test targets
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Fig. 8 Photographs of UHMWPE /Surlyn and Kevlar/Surlyn

composite fabric damage after the stab test
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Table 6  Effect of resin content on mechanical

properties of the Kevlar/Suryln composites

Mass ) Tearing
Area density/ Thickness/ ~ Drawing
fraction of strength/ )
(gem ?) mm force/N
resin/ % N
0 200 0.28 67 —
33 300 0.29 471.1 117.1
47 380 0.31 488.3 136. 7
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Fig. 9 Effect of resin content on stab resistance of

the test targets
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