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Abstract

The use of glass fiber reinforced thermoplastic composites (GFRTP) is expected
to contribute to weight reduction of automobiles. Traditional injection molding
used for GFRTP can mold complex shapes. Because of the limitation of the fiber
length and the unevenness of fiber distribution and orientation of molded products,
however, injection molding is not suitable for the production of structural parts
that require high mechanical properties. Although the thermoplastic composite
laminates that use continuous fibers for reinforcement have excellent mechanical
properties, it is difficult to mold complex shaped products such as ribs and bosses
because of the limitation in formability of continuous fiber reinforced
thermoplastics. Recently, to mold FRTP with excellent strength and stiffness that
has complex shaped products with ribs and bosses, the hybrid molding process has
been developed by combining press molding and injection molding. However, as
its fracture occurs at the interface between the thermoplastic composite laminates
and the rib, the interfacial strength should be improved. In this study, glass fiber-
reinforced polypropylene composites were molded by press and injection hybrid
molding under different preheating temperatures of the thermoplastic composite
laminates. The tensile tests using T-shaped specimens cut out from the molded
products were performed to clarify the effect of the preheating temperature on the
interfacial tensile strength. Higher interfacial tensile strength was obtained when
the thermoplastic composite laminates were heated at high preheating temperature.
Keywords: GFRP, injection molding, press molding, press and injection hybrid
molding, preheating, interfacial strength.
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1 Introduction

The use of fiber reinforced thermoplastic composite material (FRTP) is expected
to contribute to weight reduction of automobiles because it has high specific
strength and high specific rigidity, and can be recycle [1, 2]. Since carbon fiber-
reinforced thermoplastic composites (CFRTP) are expensive [3], their application
to mass-production automobiles is limited; in reality, the application of glass fiber-
reinforced thermoplastic composites (GFRTP) is expected.

Traditional injection molding used for GFRTP can mold complex shapes.
Because of the limitation of the fiber length and the unevenness of fiber
distribution and orientation of molded products, however, injection molding is not
suitable for the production of structural parts that require high mechanical
properties [4, 5]. Although the thermoplastic composite laminates that use
continuous fibers for reinforcement have excellent mechanical properties, it is
difficult to mold complex shaped products such as ribs and bosses because of the
limitation in formability of continuous fiber reinforced thermoplastics [6].

Recently, to mold FRTP with excellent strength and stiffness that has complex
shaped products with ribs and bosses, the hybrid molding process has been
developed by combining press molding and injection molding [7]. However, it
was reported that it fractures at the interface between the thermoplastic composite
laminates and the rib [8—10]. The injection temperature was reported to affect the
interfacial flexure strength of the thermoplastic composite laminates and the rib
by conducting the flexural test of the hybrid molded structure [8]. We have
reported that the higher interfacial tensile strength was obtained by using the
thicker thermoplastic composite laminates because its temperature was kept due
to the larger mass of the thermoplastic composite laminates [10]. Although the
temperature of the thermoplastic composites laminates is important factor in
the press and injection hybrid molding, however, the effect of preheating
temperature that affects the temperature of the thermoplastic composite laminates
on the interfacial tensile strength has not been clarified yet.

In this study, glass fiber-reinforced polypropylene composites were molded by
press and injection hybrid molding under different preheating temperatures of the
thermoplastic composite laminates. The tensile tests using T-shaped specimens cut
out from the molded products were performed to clarify the effect of the preheating
temperature on the interfacial tensile strength.

2 Materials and experimental methods
2.1 Materials

GF/PP sheets NEOMATEX, KURABO Industries Ltd, Vi = 35%, Thickness =
0.5mm, Melting point = 154°C) that consist of continuous glass fiber twill woven
fabrics and polypropylene (PP) as matrix were used as the thermoplastic
composite laminates. Four prepregs were stacked and press-molded at 210°C of
molding temperature, 3MPa of pressure, and 360s of holding time to be used for
the outer layer materials of the press and injection hybrid molding. The
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polypropylene pellet (MA3, Japan Polypropylene Co. Ltd) was used for the
materials of injection molding.

2.2 Press and injection hybrid molding

The schematic drawing of the press and injection hybrid molding process is shown
in Fig. 1 and the molding condition is shown in Table 1. The thermoplastic
composite laminates were heated and melted in advance using the heater at 200°C,
230°C, 260°C and 290°C respectively; placed inside the mold held at 40°C; and
press-molded at 26MPa. Then the molded products having the ribs as shown in
Fig. 2 was molded by injection molding of PP at 210°C. In the case that the
thermoplastic composite laminates are preheated at 200°C, the specimen is
hereinafter referred to as P-20 as shown in Table 1. To understand the temperature
histories of the thermoplastic composite laminates, the temperature of the surface,
where the PP will be injected to form the ribs, was measured by using
thermocouples as shown in Fig. 3. Temperature history was measured until the
completion of injection molding.

Laminates

Press

—

Ribs Injection

Figure 1:  Schematic drawing of the press and injection hybrid molding process.

Table 1:  Molding condition of the laminated composites.
Preheating Preheating Mold Injection
temperature time temperature temperature
[°C] [s] [°C] [°C]
P-20 200
P-23 230
360 40 210
P-26 260
P-29 290
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Figure 2: Molded product manufactured by the press and injection hybrid

molding.
Thermocouple
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Figure 3: Measurement of the temperature history for the thermoplastic
composite laminates.
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2.3 Mechanical testing

In order to evaluate the interfacial tensile strength between the thermoplastic
composite laminates and the ribs, T-shaped tensile tests were conducted with a
cross head speed of 0.017mm/sec at room temperature with a universal material
testing machine (5566, Instron) as shown in Fig. 4. T-shaped specimens were cut
out from the molded products and aluminium tabs were bonded using epoxy
adhesive. In this study, the interfacial tensile strength was calculated by dividing
the maximum fracture loads during the T-shaped tensile tests by the cross-
sectional area of the interface. Optical 3D deformation analysis system (ARAMIS,
GOMmbH) was used for the strain measurement of the T-shaped test specimens.

Hybrid molc\ied product Fixture

)

35 mm
15 mm ~ <
Laminates Tab(Al) Specimen
(GF/PP) Rib(PP)

Figure 4:  Schematic drawing of T shaped specimen and tensile test.

3 Results and discussion

3.1 Temperature history

The temperature history of the thermoplastic composite laminates of the surface is
shown in Fig. 5. Although the temperatures of the thermoplastic composite
laminates of P-20 and P-23 were below the melting point of PP at the completion
of injection, those of P-26 and P-29 were higher than the melting point.
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Figure 5:  Temperature histories of the thermoplastic composite laminates for
different preheating temperature.

3.2 Interfacial tensile strength between the thermoplastic composite
laminates and the rib

The cross-sectional views of T-shaped test specimens for P-20 and P-26 are shown
in Fig. 6. Whereas clear interface between the thermoplastic composite laminates
and the rib was observed on P-20, it was not clearly observed on P-26. The
interfacial tensile strength of the T-shaped specimen molded at different
preheating temperature is shown in Fig. 7. The interfacial tensile strengths of
P-20, P-23, P-26, and P-29 are 10.3MPa, 13.4MPa, 16.9MPa, and 17.1MPa
respectively. P-26 shows a value that is approximately 69% higher than P-20, and
approximately 27% higher than P-23. However, there is no significant difference
in value between P-26 and P-29.

Smmmillemmm, 10 Mm , 10 mm

(a) P-20 (b) P-26

Figure 6:  Cross-sectional views for T-shaped test specimens for P-20 and P-26.
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Figure 7:  The interfacial tensile strength for T-shaped tensile tests for different
preheating temperatures.

Figure 8 shows the strain distribution of P-20 and P-26 when € = 0.5, just before
the final fracture of the P-20 specimen. The stress concentration of the interface
of P-20 between the thermoplastic composite laminates and the rib was more
remarkable than that of P-26. Fig. 9 shows the strain distribution of P-26 when
€ = 1.1, just before the final fracture of P-26 specimen. The stress concentration of
the interface of P-26 between the thermoplastic composite laminates and the rib
was similarly observed. The stress concentration on the interface of P-26 was
observed at larger strain than that of P-20. Side views and fracture surfaces of
P-20 and P-26 are shown in Fig. 10. For P-20, fracture occurred at the interface
between the thermoplastic composite laminates and the rib and injected material
of PP was not observed on the fracture surface. On the other hand, for P-26,
fracture occurred near the interface and injected material of PP was observed on
the fracture surface.

As shown in Fig. 5, the temperature of the thermoplastic composite laminates
of P-26 was higher than the melting point. Therefore the interfacial tensile strength
between the thermoplastic composite laminate and injected material was increased
and fracture occurred mainly in the injected materials.
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Figure 8:  Strain distribution for P-26 (¢ = 1.1).
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Figure 9:  Side views and fracture surfaces of T-shaped specimens.
4 Conclusion

Glass fiber-reinforced polypropylene composites were molded by press and
injection hybrid molding under different preheating temperatures of the

WIT Transactions on The Built Environment, Vol 166, © 2016 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



296 High Performance and Optimum Design of Structures and Materials 1T

thermoplastic composite laminates. The tensile tests using T-shaped specimens cut

out from the products were performed to clarify the effect of the preheating

temperature on the interfacial tensile strength. The investigation yielded the
following conclusions:

1. Higher interfacial tensile strength between the thermoplastic composite
laminates and the ribs is obtained when the temperature of the thermoplastic
composite laminates is kept above the melting point of polypropylene until
the completion of the injection process.

2. During the tensile tests of T-shaped specimens, the stress concentration of
the interface between the thermoplastic composite laminates and the rib was
observed. When the thermoplastic composite laminate is heated and molded
at high preheating temperatures, a fracture occurred near the interface and
injected material of PP was observed on the fracture surface.
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