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Abstract: Representative bulletproof materials, such as aramid or ultra-high molecular weight polyethylene(UHMWPE),
have excellent strength and modulus in the plane direction but are very vulnerable to forces applied in the thickness direc-
tion. This paper reports a study on the effects of reinforcement in the thickness direction when bulletproof composite fabrics
are prepared to improve their performance. Aramid and UHMWPE fabrics were combined using the film-bonding, needle-
punching, or stitching methods and then subjected to low-velocity projectile and ball-drop impact tests. The results of the
low-velocity projectile test indicated that the backface signature(BFS) decreased by up to 29.2% in fabrics obtained via the
film-bonding method. However, the weight of the film-bonded fabric increased by approximately 23% compared with that
obtained by simple lamination, and the fabric stiffened on account of the binder. Flexibility, light weight for wearability,
and excellent bulletproof performance are very important factors in the development of bulletproof materials. When the nee-
dle-punching method was used, the BFS increased as the fibers sustained damage by the needle. When the composite fabrics
were combined by stitching, no significant difference in weight and thickness was observed, and the BFS showed similar
results. When a diagonal stitching pattern was employed, the BFS decreased as the stitching density increased. By contrast,
when a diamond stitching pattern was used, the fabric fibers were damaged and the BFS increased as the stitching density

increased.
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Table 1. Manufacture of Bulletproof Materials According to
Combining Method

Codes Combining method Material
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FU UHMWPE
NA ) Aramid
Needle punching
NU UHMWPE
SA Lo Aramid
Stitching

SU UHMWPE

Pt WA o2 Hgsgch Y 1R PG USe
T2 31

=2
do
o
=

[z o &

Aot F2xZo] HZF2 Ao 3
Aol 7hl RS i FEL FE 5 e 45AY 5adE 7}
A Q7= gtk B AolAs 15de ol E SAEFE o8
ato] A2g YEHA o= HR 2o} ofgtu|E A E T
L UHMWPE &8 A=3t1 m?% 10,0007]2] YE&
Ao gl A E o] &3] T AIZFF 1000 strokes/minE
YUEHAS A o] of A 4L $fsf 1A A
e 28] AAEtg o, UEHAY B3 U E2 B2 29
AFaIE A SF AP BFHAXE FHOZ HjX]

skt

]

SEH O o7t A B BAF2 $4o] golsta BA
2Rl o2 opeFdt B3A o) Ao Hgo] Hi Y=
Holoh. AE|A o7t Bl Ee SRS dJAlskL &
AA|AE FRE| LA 2ANA Fo2H YSEHES
P B F S A 2| A%t FA I B
e 3 2200 Eoh B2 oAYAE F55HA st &
FEH Biks AL 2R F4 F FRE9 b A
< 3A FAANAET. SEAA Afor E 80 == &

Film bonding

Needle punching

Stitching

press

l Needle Punching
\

o—1] , Aramid

Nonwoven

press

Figure 1. Diagraming of combining method.
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Figure 2. Manufacture of bulletproof materials according to stitching pattern and density.
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Figure 3. Low-velocity projectile test equipment and projectile.
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Table 2. Condition of Low-velocity Projectile Test

Equipment Specifications Condition
Material Tungsten

Projectile Welght 168 ¢
Diameter 8.8 mm
Length 21.95 mm

Distance from the muzzle of a gun to target 115 mm
Pressure of projectile shot 1~7 bar
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Figure 5. Change on weight, thickness and BFS of bulletproof materials according to combining method.
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Figure 6. BFS after low-velocity projectile test: (a) Film bonding of UHMWPWE, (b) Needle punching of UHMWPE, (c) Stitching of

UHMWPE.
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Figure 7. Change on weight, thickness and BFS of bulletproof materials according to stitching pattern and density.



162

Jihyun Kwon and Euisang Yoo / Elastomers and Composites Vol. 57, No. 4, pp. 157-164 (December 2022)

(2)

(b)

==

o

SuUo

Figure 8. Deformation and BFS after low-velocity projectile test: (a) Stitching of Aramid, (b) Stitching of UHMWPE.
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