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Impact compression properties of three-dimensional five directional carbon fiber/epoxy

resin braided composite circular tubes at elevated temperatures

LI Hui"?, WU Xianyan™, WU Meiqin' , TAN Yunzhou®
(1. College of Textile Science and Engineering (International Institute of Silk), Zhejiang Sci-Tech University, Hangzhou

310018, China; 2. College of Materials and Textile Engineering, Jiaxing University, Jiaxing 314001, China)

Abstract: Three-dimensional five-directional (3D5D) carbon fiber/epoxy resin braided composite circular tubes
were prepared by using 1x1 four-step circular braiding technology and resin transfer molding (RTM) process.
Axial impact compression tests of the 3D5D carbon fiber/epoxy resin braided composite circular tubes were carried
out using a split Hopkinson pressure bar (SHPB) equipped with a high-temperature device in environments of
ambient temperature (20°C) and elevated temperature fields (80°C, 110°C, 140°C, 170°C). According to the experi-
mental results, the coupled effects of temperature and strain rate on the impact compression performance and
failure behavior of the 3D5D carbon fiber/epoxy resin braided composite circular tubes were revealed. Macro-
scopic and microscopic morphology observations and analyses of the specimens after impact compression failure
were performed by combining a stereo microscope and a scanning electron microscope (SEM). The research

results show that the mechanical properties of 3D5D carbon fiber/epoxy resin braided composite circular tubes are
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significantly affected by the temperature and strain rate. At ambient temperature, the impact compression perform-

ance of the 3D5D carbon fiber/epoxy resin braided composite circular tubes is stable, and the increase of strain rate

can improve the mechanical properties such as compressive strength and compressive modulus of the material.

The failure mode is mainly fiber breakage. In elevated temperature field, the mechanical properties of the material

decrease. The impact compression resistance decreases with increasing temperature. The failure modes include

resin softening and fiber-resin interface debonding. The influence of the strain rate on the mechanical properties

will change due to high temperature interference.

Keywords: three-dimensional five-directional (3D5D) braided composite circular tube; elevated temperature

field; strain rates; impact compression; failure mode
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Table1 Properties of carbon fiber

Specification Fiber Bundle Fiber bundle Tensile Tensile
p diameter/pm density/(g-cm™) density/tex strength/MPa modulus/GPa
12K 7 1.80 800 4900 240
*2 HEMEEREESH
Table 2 Properties of epoxy resin system
. . . Epoxy value/ Density/
Label Ingredient Viscosity/(MPa-s) (mol-(100 g)") (gem™)
JC-02A Epoxy resin 1 000—3 000 0.50—0.53 1.12—1.14
JC-02B Curing agent 30—50 — 1.20—1.25
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3D5D braided preform

Pl 1 =4 PR T B = i EPIRTUR B
Fig.1 3D four-step braiding process diagram and photograph of 3D

braided tubular preform
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Fig.2 Schematic diagram of the resin transfer molding (RTM) process

and composite specimen after cutting

#3 ZHAMKAESHMHEERENE
Table 3 Sample specification of 3D5D braided composite

circular tubes
Braiding Outside Wall Fiber volume
angle/(°) diameter/mm  thickness/mm fraction/%
25 25.90 2.49 54.20
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Fig.4 The difference of split hopkinson pressure bar (SHPB) test signal at different temperatures and impact pressures
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Fig.5 Typical strain rate-time curves of 3D5D braided composite circular tubes: (a) 0.1 MPa; (b) 0.3 MPa; (c) 0.5 MPa; (d) Average strain rate
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