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Fabrication and Characterization of 3D Woven Textile Reinforced Thermoplastic
Composites

Soon-Gon Hong*, Joon-Hyung Byun‘+, Sang-Kwan Lee’

ABSTRACT

In order to overcome one of the most pronounced shortcomings of conventional laminated composites, such
as the low damage tolerance due to delamination, the thermoplastic materials and 3D (three-dimensional)
preforms have been utilized in the manufacture of composite materials. From the newly developed process
termed as the co-braiding, hybrid yarns of the thermoplastic fibers (PEEK) and reinforcing fibers (carbon) have
been fabricated. In order to further enhance the delamination suppression, through thickness fibers have been
introduced by way of 3D weaving technique in the fabrication of textile preforms. The preforms have been
thermoformed to make composite materials. Complete impregnation of the PEEK into the carbon fiber bundles
has been confirmed. For the comparison of mechanical performance of 3D woven composites, quasi-isotropic
laminates using APC-2/AS4 tapes have been fabricated. Tensile and compressive properties of both the
composites have been determined. Furthermore, the open hole, impact and CAI(Compression After Impact) tests
were also carried out to assess the applicability of 3D woven textile reinforced thermoplastic composites in
aerospace structures.
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Fig. 1 Schematic of a braiding machine.
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Fig. 2 Co-braided yarns: (a) 12K yarn; (b) 3K yarn.
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Fig. 3 Schematic o}' a unit cell of a 3D orthogonal preform.
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Fig. 4 Hot press molding process cycle of composites.

filler
direction

stuffer
direction

(a) (b)

Fig. 5 (a) 3D orthogonal woven preform surface and (b) composite's
surface.
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Fig. 6 Cross-section of thermoformed 3D orthogonal composites:(a)
in the filler direction; (b) in the stuffer direction; (c) and
(d) distorted warp weaver in the stuffer yarn direction.
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Table 1 Tensile test results of 3D orthogonal composites and quasi- 700
isotropic laminate composites — 3D Filler Dir.
Material type Strength Modulus Poi 'S rati 600 30 St.u.ffer Dirj
YP (MPa) (GPa) oisson s ratio o0 J— Quasi-isotropic
3D stuffer dir. 2853 30.80 vy 0027 T
3D filler dir. 5437 65.42 Ve 0.030 = 400
Quasi isotropic 6442 45.93 Vagn 0.282 08)
=
&
Table 2 Compression test results of 3D orthogonal and quasi-isotropic
laminate composites
Material type Load (kgf)  Strength (MPa) Modulus (GPa) 0 i . . . -
3D stuffer dir. 1871 2016 2923 0 3000 6000 9000 12000 15000
3D filler dir. 2654 3264 56.31 Strain(ue)
Quasi isotropic 2902 5412 46.27 Fig. 7 Stress-strain relation of tensile test for 3D orthogonal
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Fig. 8 Open hole test result and simple tensile test results: the
percentage indicates the strength reduction with respect to
the strength without an open hole.
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Fig. 9 Load-displacement relation of open hole test for 3D
orthogonal composites in stuffer direction.

Fig. 10 Open hole test specimens: (a) 3D orthogonal composites in
filler direction; (b) quasi-isotropic laminate composites.
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Fig. 11 Drop weight impact test setup: (a) data acquisition system;
(b) drop weight type impact test apparatus.

Table 3 Impact test results of 3D orthogonal composites and
quasi-isotropic laminate composites

Material Vi V. Ejoss Eloss Teontact Simax
type m/sec  m/sec J rate% ms mm
3D
Orthogonal 2.929 1914  8.850 57.29 4664 4224
Quasi 595y 1920 8727 5680 5218  4.691
Isotropic
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Fig. 15 Impact response of a 3D orthogonal composite: calculated
force vs displacement.

(a) (b)

Fig. 16 3D orthogonal composite impact test specimen: (a) impact
front side; (b) impact back side.

(@) (b

Quasi-isotropic composite impact test specimen: (a) impact
front side; (b) impact back side.

Fig. 17

@) b)

Fig. 18 C-scan results: (a) quasi-isotropic laminate composite; (b)
orthogonal composite.
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Fig. 19 Load-displacement relation in compression after impact test
for 3D orthogonal composites.

(a) (b) (©)
Fig. 20 Specimen after CAI test: 3D orthogonal composite (a) in
the stuffer direction; (b) in the filler direction; and (c)
quasi-isotropic laminates.
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Fig. 21 CAI test results for 3D composites and quasi-isotropic
laminates.
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