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Friction and wear properties of 3D woven reinforced C/C composites

YANG Cai-yun, HU Zhen-ying

(Tianjin and Ministry of Education Key Laboratory of Advanced Textile Composite Materials,
School of Textile, Tianjin Polytechnic University, Tianjin 300160, China)

Abstract: Two different kinds of structural preforms were designed and manufactured using carbon fiber, which were 3D
angle-interlock structure and 3D solid orthogonal panel structure. C/C composites with mix pyrolytic carbon and resin
carbon matrix, were made firstly by chemical vapor infiltration (CVI) and then liquid resin impregnation for
complementary. The tribological properties of the two 3D woven reinforced C/C composites were measured. The surface
microstructure and wear debris on the wear-induced surfaces of 3D woven fabric C/C composites disks were investigated
by optical microscopy and scanning electron microscopy. The friction and wear mechanism were researched. The results
show that 3D angle-interlock weave reinforced C/C composites behaves lower average coefficients of friction than 3D
solid orthogonal panel weave reinforced C/C composites of about 0.40 and 0.48, respectively, whereas the properties of
friction are stable. The wear rate of the latter is less than that of the former. The existence of Z direction fiber is propitious
to increasing the coefficients of friction and decreasing the wear rate.
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Fig.1 Schematic diagram of Structural geometries for two

preforms: (a) 3D angle-interlock structure; (b) Solid orthogonal

panel structure
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Table 1 Technology parameters of preforms

Parameter JLS SZ]

Weft density/ em’! 3.6 6.5
Warp density/cm ' 7.0 7.0

Weft count 6K X2 6K X2

Warp count 6K 6K

Warp laminar 20 20

Fiber volume fraction/% 39.8 45.5
Z fiber fraction/% 0 12
Vi, V, fiber fraction/% 50 0
Thickness/mm 17 17
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Fig.2 Microstructures of 3D woven C/C composites: (a) 3D
angle-interlock C/C composites; (b) 3D solid orthogonal C/C

composites
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Fig.3 Polarized micrographs of 3D woven C/C composites:
(a) 3D angle-interlock C/C composites; (b) 3D solid orthogonal

C/C composites
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Fig.4 Directions of carbon fiber in 3D woven C/C composites:
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Table 2 Testing results of C/C composites
Category Perform structure Densig// Fiber \./olume Graphitization Frict-ion Time/s Torque
(grem™) fraction/% degree/% coefficient, u ratio
A JLS 1.67 39.8 53 0.40 10.6 1.36
B SZJ 1.70 455 51 0.48 9.0 1.32
¢ Needledcarbonfiber o) 30.0 65 0.41 10.5 <170

quasi 3D structure
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Fig.5 Braking torque—time curves: (a) 3D angle-interlock
C/C composites; (b) 3D solid orthogonal panel C/C composites;
(¢) Needled fiber felt C/C compositest'!]
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Fig.6 SEM micrographs of 3D woven C/C composites friction surface: (a) 3D angle-interlock composites; (b) 3D solid orthogonal

composites; (c) 3D angle-interlock composites; (d) 3D solid orthogonal composites
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Fig.7 SEM micrographs for wear debris of 3D woven C/C composites: (a) 3D angle-interlock C/C composites; (b) 3D solid

orthogonal C/C composites
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