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Bionic Helical Fiber Preparation and Mechanical Performance Testing

Shen Shenglong Lin Fudong Yan Zhifeng Tang Zuoben Sun Junjie Ma Yunhai
(Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130025, China)

Abstract

Bionic structure of jute fiber was designed. The mechanical properties of jute fiber with bionic
structure were tested. First, jute fiber was divided into filaments. The surface treatment was used on jute
fiber filaments; three shares of jute fiber were woven into a different helix angles bionic helical structure
by using the spiral knitting machine and stereotypes. The size of the helix angle could be controlled by
adjusting the speed of the spiral knitting machine. Its mechanical properties were tested. Results showed
that, the breaking load of jute fiber which had bionic helical structure first increased and then decreased.
Spiral fiber elongation was declined with the decrease of helix angle. Jute fiber with bionic helical
structure had optimum comprehensive mechanical properties at the helix angle of 66°. When the helix
angle was more than 66°, the stress of the fiber was unbalance, and then the fiber was fractured. When
the helix angle is less than 66°, the fiber force increased with the decreasing of helix angle’s.
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Tab.1 Mechanical properties of several commonly used natural plant fibers and synthetic fibers

YR HE/geom D WIRMKER/ % Bl E/MPa RO /GPa LR/ MParem g™ HEL/GParem 2 og ™!
B 1.3 1.5~1.8 393 ~773 26.5 302 ~595 20. 4
P JFR 1.5 2.7~3.2 345 ~1 035 27.6 230 ~ 690 18. 4
KR 1.5 1.6 690 460
g 1.5 3.6 ~3.8 400 ~938 61.4 ~128 267 ~ 625 40.9 ~85.3
1| JFR 1.5 2.0~2.5 511 ~635 9.4~22.0 341 ~623 6.3~14.7
A 2T 4 1.5 7.0~8.0 287 ~597 5.5~12.6 191 ~398 3.7~8.3
B 2T 4 1.2 30.0 175 4.0~6.0 146 3.3~5.0
R Jz 4R 27 Yk 1.5 1 000 40.0 667 26.7
-3 35 21 4 2.5 2.5 2 000 ~3 500 70.0 800 ~ 1400 28.0
I 4 A 4 1.4 3.3~3.7 3000 ~3 150 63.0~67.0 2 143 ~2 250 45.0 ~47.9
% 21 4 1.4 1.4~1.8 4 000 230 ~240 2 857 164 ~171

FL R B RR£F 4R 25
Fig. 1 Raw jute fiber morphology
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Tab.2 Main chemical composition of jute %
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Fig.3 Stereo microscope of jute fiber tensile fracture
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Fig.4 Spiral finished jute fiber
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Fig.5 Helix angle measuring in biomimetic helical fiber
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Fig.6 Three hemp fiber spiral specimen fracture load diagram
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Fig.7 Three hemp fiber spiral specimen elongation
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