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Abstract: Since unidirectional (UD) prepregs are anisotropic in the fiber alignment direction, the alignment angle of car-
bon fibers plays a significant role in the mechanical and thermal properties of carbon fiber/epoxy composites. Non-crimp
carbon fiber fabric/epoxy composites with different angle-plies of [0°], [0°/90°], [0°/45°/90°], and [0°/30°/60°/90°] stack-
ing sequences were prepared by compression molding. The effect of prepreg angle-ply on the properties of resulting com-
posites was explored. The [0°] composite exhibited the highest dynamic mechanical, tensile, flexural and impact
properties, whereas the [90°] composite exhibited the lowest properties. The properties of the [0°/90°], [0°/45°/90°], and
[0°/30°/60°/90°] composites were intermediate between the [0°] and [90°] composites, depending on the angle-plies con-
sisting of the composites. The present study indicates that prepreg angle-ply design should be importantly considered to
manipulate their properties of non-crimp carbon fiber fabric-reinforced composites.

Keywords: non-crimp carbon fiber fabric/epoxy composite, unidirectional prepreg, angle-ply, compression molding,
properties.
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Figure 2. A schematic showing the stacking sequence (A: 0°; B: 0°/

90°; C: 0°/45°/90°; D: 0°/30°/60°/90°; E: 90°) of carbon fiber/epoxy
/ prepregs for fabricating non-crimp carbon fiber fabric/epoxy com-
posites with different angle-plies.

Figure 1. A schematic showing the fiber alignments in the carbon
fiber/epoxy prepregs with different angle-plies (A: 0°; B: 30°; C: *Lﬂ Zaoe A=A} Bae A2 9 ZalZy
45° D: 60° E: 90°). _ B
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Figure 3. A schematic showing prepreg stacking and compression molding processes to produce non-crimp carbon fiber fabric/epoxy com-
posites.
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Figure 4. A profile of temperature, time, and pressure used for fab-
ricating non-crimp carbon fiber fabric/epoxy composites.
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Table 1. Numbers of Prepreg Plies Consisting of Non-crimp Carbon Fiber Fabric/Epoxy Composites with Different Angle-plies,

which were Used in the Given Test Methods

Ply number for impact and DMA tests

Composite Ply number for tensile and flexural tests
Angle-ply 0° 0°/90° 0°/45°/90° 0°/30°/60°/90°

0° 33 16 11 8

90° - 16 11 8

45° - - 11 -

30° - - - 8

60° - - - 8
forl Py 53 3 33 32
Th(ir‘;];‘)ess 1.1 1.1 1.1 1.1

90° 0°  0°/90°  0°/45°/90°  0°/30°/60°/90°  90°
- 78 39 26 19 -
33 - 39 26 19 78
- - - 26 - -
- - - - 19 -
- - - - 19 -
33 78 78 76 76 78
1.1 26 26 2.6 26 2.6

ZEH, A444 A 1Z, 202083
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Figure 5. SEM micrographs (x500) of the fractured surfaces of
non-crimp carbon fiber fabric/epoxy composites with different
angle-plies: (A) [0°] composite; (B) [0°/90°] composite; (C) [0°/
45°/90°] composite; (D) [0°/30°/60°/90°] composite; (E) [90°] com-
posite.
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Figure 8. Comparisons of the (A) flexural modulus; (B) flexural

strength of non-crimp carbon fiber fabric/epoxy composites with
different angle-plies.
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