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Thermoplastic Sandwich Panel Manufacturing using
Insert-Expansion Molding

Won-Seock Kim*', Sung-Hwan Lim*, Ho-Gun Jeong*, Kyu-Hyun Jung*, Sang-Ki Park*,
Joon-Yong Song**, Yoo-Wook Jeon™***

ABSTRACT: A new sandwich panel configuration, which comprises polypropylene based composite face-sheets and
EPP (expanded polypropylene) foam core, is introduced to minimize environmental impact while improving
manufacturing efficiency. The purpose of this work is to provide a more sustainable manufacturing process for
sandwich panel production by substituting polypropylene for polyurethane as a foam core material. Polypropylene is
considered to have a low environmental impact relative to other types of polymers due to recyclability and low
emission of hazardous pollutants. Polypropylene based thermoplastic face-sheets and EPP foam core can be bonded
during the molding process of EPP by inserting the face-sheets on the mold surface of a steam-chest molding
machine. This co-bonding process of thermoplastic composites and foam materials removes secondary bonding
process resulting in energy and cost savings. An automobile luggage board was manufactured to verify the proposed
process. The mechanical performance of sandwich panels was evaluated using 3- and 4-point bending tests. Sandwich
panel composed of EPP foam core showed higher flexural stiffness than conventional panel with EPU foam and
honeycomb core.
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Fig. 1. Sandwich panel for a luggage board. PU based Glass
mats are bonded to paper honeycomb using expanded
polyurethane
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Fig. 3. Configuration of sandwich panel

Table 1. Mechanical properties of face-sheet and core materials

Face-sheet Core
Glass fiber-reinforced Expanded
Material Polypropylene Polypropylene
(GF 55wt%, PP 45wt%) (Random-PP)
14 3 3
Density 0(2) kg/m 60. kg/m .
(700 g/m?, t=0.5mm) (expansion ratio:15)
Tensile 16.0 GPa (warp-dir.)
21.3 MP
Modulus 13.3 GPa (weft-dir.) 3 MPa
Tensile 280 MPa (warp-dir.)
1.0 MP:
Strength 235 MPa (weft-dir.) 0 MPa
Resin o o
Melt Pont 140°C 136°C
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(e) Demold after cooling

(d) EPP foaming by steam

Fig.4. Schematic description of the steam-chest molding process
with inserting composite fabric
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Fig. 8. Luggage board manufactured by insert expansion mold-
ing process and its surface
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Fig. 11. 4-point bending test of sandwich panel specimens; (a)
GMPUR panel, (b) [fabric/EPP/fabric] panel
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Fig. 12. 4-point bending load-deflection curve comparison

Fig. 13. Facesheet wrinkle failure mode; (a) GMPUR panel, (b)
[fabric/EPP/fabric] panel
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Table 3. Flexural and shear stiffness based on ASTM D7250
approach, and areal weight of sandwich panels

[fabric/EPP/fabric]] GMPUR
Flexural
Stiffness (D) 60.4 Nm? 24.5 Nm?
(Experimental, Eq. 3)
Flexural
Stiffness (D) 61.3 Nm? 23.0 Nm?
(Theoretical, Eq. 6)
Transverse Shear Rigidity (U) 5.4 kN 6.3 kN
Core Shear
6.1 MP 7.0 MP.
Modulus (G ) : :
Areal Weight B )
(t=18mm) 2.5kg/m 3.4kg/m
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