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Development of a Thermoplastic Composite Parabolic Antenna Reflector using
Automated Fiber Placement Method

Jin-Bong Kim™, Tae-Wook Kim"

ABSTRACT

It is very difficult to make complex 3 dimensional curved-shape composite laminates using the advanced
unidirectional composite prepregs. This study shows development process of subscale composite parabolic
antenna reflector using unidirectional AS4/PEEK prepreg tapes. The AS4/PEEK thermoplastic composite materials
are known to have good thermal and chemical stabilities in addition to their high specific strength and modulus.
Various lamination methods were investigated through finite element analyses to make up the laminate design of
the reflector. The automated fiber placement method was used to fabricate the reflector. The thermal expansion
test using full-bridge strain gage circuits was done to verify the performance of the composite product.
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Fig. 1 The 7-axis automated Fiber Placement System (FPS) at KIMM
(Changwon City).
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Fig. 2 The schematic shape of parabolic antenna reflector.
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Fig. 3 The FE model for the thermal deformation analyses of the
parabolic antenna reflector.

Table 1 Material properties of Hercules AS4 carbon fiber and Victrex
PEEK resin used to calculate CTE of AS4/PEEK parallel to

fiber direction.
Hercules AS4
E%, 234 GPa Ref [5, 6]
a’, 412 ~-05 x10°/C Ref [8]
Victrex PEEK (Polyarylether etherketone)
" 36 GPa
am? 50 x 10° /C Ref [5]

Y Average value from 25°C to 120°C.

Table 2 Material properties of AS4/PEEK UD prepreg (APC-2 Cytec-
Fiberite) tape



18 AxE - S B A PR
Vi | U | e e e e
Tensile Modulus Longitudinal 138 GPa 1207.
Transverse 10.2 GPa
Poisson's ratio 12 0.3
Shear Modulus 12 5.7 GPa e ——— .
Shear Modulus 23 2.0 GPa oo RS S SR R -
Shear Modulus 31 5.7 GPa
oTE Longitudinlal See text | x 10° /C
Transverse” 26 x 10° /C

Y Value at reference temperature 25°C [5].
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Fig. 5 The strain distribution in longitudinal direction on the upper
surface of parabolic antenna reflector by thermal expansion
induced from temperature increase from 25 to 120°C.
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Fig. 6 The strain distribution in longitudinal and transverse direction
on the upper(1*®) and bottom(8"™) surfaces of parabolic antenna
reflector along the radius, I .
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Fig. 7 The fiber placement head on the fiber placement system in
KIMM provided from Automated Dynamics Inc., USA.

Fig. 8 The schematic flow of soft works to fabricate composite
structures using automated fiber placement system.
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Fig. 9 The fiber placement pattems to drive the fiber placement system.

Fig. 10 The working view of the fiber placement system: prepreg tape
lay-up with [45] angle.
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Fig. 11 The photographs of the product after the lay-up using the fiber
placement system: (a) before trimming and (b) after timming.
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Fig. 12 The working view of hot pressing to compact and make surface

treatment of the reflector.

Fig. 13 The final product with strain gages attached on the surfaces.
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14 The full bridge strain gage circuit used to measure thermal

expansion: The resistors Ry, R, are active gages on the surface
of test structure and the resistors Rs, Rs are dummy gages on
the surface of fused silica plate.

15 The comparison of thermal expansion results of experiment and
FE analysis for the AS4/PEEK composite reflector.
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