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Research progress in high-performance organic fibers, resins and their compatibility
for bulletproof composite materials
ZHOU Ziyan,ZHAI Wen, DONG Bin, WEI Rubin, WANG Xiaowei, ZHANG Wenting, HE Jinying, FU Siwei
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract : Bulletproof mechanism of fiber-reinforced resin based composite materials were briefly described, high-perfor-
mance organic bulletproof fibers and resins commonly used in the field of armor protection were introduced, and the main factors
affecting the bulletproof performance of fiber composite materials were analyzed. From the perspective of fiber/resin coordination
matching, it was revealed that matched components can maximize high strength, modulus and energy absorption of the reinforce-
ment body and matrix. The development trend of fiber/resin matching was analyzed, and it was pointed out that the next research
focus was to construct an appropriate fiber/resin matching system, which could be regulated by adjusting the fiber/resin content,
resin modulus, and surface treatment of the fibers.

Keywords : fiber reinforced resin based composite material ; high performance organic fibers for ballistic resistance ;

compatibility ; anti ballistic mechanism ; ballistic performance
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Fig. 1 Side view of armor piercing projectile penetrating a

two-dimensional woven composite target
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Fig.2 Schematic diagram of the propagation of longitudinal and

transverse waves in yarn
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Fig. 3 Schematic diagram of stress wave propagation in bulletproof

composite materials
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Tab.1 Aramid fiber grades and properties produced by major companies

Tensile strength/

Modulus of elongation/

Manufacturer Trade names (cN-dtex ) (cN-dtex ) Elongation at break/% Density/(g-cm™)

Kevlar®129 22 630 33 1.44

US Dupont ®
Kevlar’KM2 24 550 4.3 1.44
Japan Teijin Twaron® 23 840 2.0 1.44
. . . . Rusar®-S 28 1200 2.5 1.44

Russian Chemical Fiber Institute ®
Rusar"—NT 35 1200 2.6 1.44

China BlueStar Ch d R« h ®

fa Puestar ACNErane Beseatel - Staramid“F-3 30 850 3.0 1.44

Institute of Chemical Industry
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Tab.2 PE-UHMW fiber grades and properties produced by major foreign companies

Performance/(cN - dtex ') Elongation at Density/

. . .
Manufacturer Trade names Specifications/(dtex*f ) Tensile strength  Modulus of elongation break/% (g-c m—s)
Holland DSM Dyneema SK77 154/36 40 1300 3.8 0.97
US Honeywell Spectral 000 722/120 39 1400 2.9 0.97

Mitsui, Japan Mitsui Tekmilon | 1111/200 28 943 3.0 0.97
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Tab.3 PBO fiber grades and properties produced by major domestic and foreign companies

Performance/(cN - dtex ")

Manufacturer Trade names - - Elongation at break/% Density/(g-cm )
Tensile strength ~ Modulus of elongation
XCHS-11 36 1150 35 1.54
China Houdelen XCHS-12 30 850 3.5 1.54
XCHM 36 1720 2.5 1.56
Zylon"—AS 38 1170 3.5 1.54
Japan Toyobo ®
Zylon"—HM 37 1 800 2.5 1.56
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