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ABSTRACT 
The press and injection hybrid molding system, which is a novel molding technology with the 
combination of press molding and injection molding, is expected for the production of FRTP (Fiber 
Reinforced Thermoplastics) with complicated shapes and high levels of stiffness and strength. Press 
and injection hybrid molded structures consist of an outer shell laminate of continuous fiber and injected 
short or long fiber reinforced thermoplastics which form the rib structure. The higher mold temperature 
was reported to increase the strength of the interface between the outer shell laminate and injected 
material. On the other hand, the penetration of continuous fibers of the outer shell laminate into the rib 
structure decreases the mechanical properties of the outer shell laminate. While the effects of mold 
temperature on the mechanical properties of hybrid molded composites were clarified, the effects of 
press pressure have not been clarified yet. In this study, the effects of the press pressure on the 
mechanical properties of the outer shell laminate and interfacial strength between the outer shell 
laminate and injected material were evaluated. As the lower press pressure decreases, the penetrated 
height of continuous fiber into the rib structure, higher in-plane tensile strength and lower interfacial 
strength, are obtained. 
Keywords:  GFRP, injection molding, press molding, press and injection hybrid molding, preheating, 
rib root, interfacial strength. 

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 recycled [1], [2]. Since carbon fiber-reinforced thermoplastic 
composites (CFRTP) are expensive [3], their application to mass-produced automobiles is 
limited. On the other hand, the application of glass fiber-reinforced thermoplastic composites 
(GFRTP) is expected due to its affordable price. 
     While traditional injection molding used for GFRTP can mold complex shapes, it is not 
suitable for the production of structural parts that require high mechanical properties because 
of the limitation of the fiber length [4]. Although continuous fiber reinforced thermoplastic 
composites has excellent mechanical properties, it is difficult to mold complex shaped 
products such as the ribs and bosses because of the limitation in their formability [5], [6]. 
     Recently, to mold FRTP with excellent strength and stiffness into complex shaped 
products with ribs and bosses, the hybrid molding process has been developed by combining 
press molding and injection molding [7]. In hybrid molding it was reported that the products 
fracture at the interface between the outer shell laminate and the rib [8]–[10], so it is necessary 
to increase the interfacial strength between the outer shell laminate and the rib. The higher 
interfacial strength was reported to be obtained by raising the temperature of preheating of 
the materials or mold temperature which can keep the temperature of the outer shell laminate 
above the melting point of the matrix resin. Although this hybrid molded structure has the 
higher interfacial strength, its continuous fiber in the outer shell laminate was disordered and 
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these disordered fibers decreased the mechanical properties of the outer shell laminate. It is 
important to reduce the disorder of continuous fibers in the outer shell laminate by molding 
with a low press pressure. 
     In this study, glass fiber-reinforced polypropylene composites were molded by press and 
injection hybrid molding system at different press pressures. The in-plane tensile tests of 
outer shell laminates and the tensile tests using T-shaped specimens cut out from the molded 
products were performed to evaluate the in-plane tensile strength and the interfacial strength 
between the outer shell laminate and injected material. 

2  MATERIALS AND EXPERIMENTAL METHODS 

2.1  Materials 

GF/PP prepreg sheets (NEOMATEX, KURABO Industries Ltd, Vf = 35%, Thickness = 
0.5mm, melting point = 154°C) that consist of continuous glass fiber twill woven fabrics and 
polypropylene (PP) as matrix were used for the thermoplastic composite laminates. Four 
prepreg sheets 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 shell laminate of the press and 
injection hybrid molding. The GF/PP pellet (HG30U, Japan Polypropylene Co. Ltd) was used 
for the injection molding material. 

2.2  Press and injection hybrid molding 

The schematic drawing of the press and injection hybrid molding system (SATHO 
MACHINERY WORKS Co, Ltd) is shown in Fig. 1 and the molding condition, press 
pressure and maximum injection volume, is shown in Table 1. After the outer shell laminate 
was heated in advance using the heater (LEIBROCK, TH-5) at 245°C, it was placed inside 
the mold held at 85˚C, and press-molded at 3MPa, 5MPa or 7MPa. After press molding, 
GF/PP was injected at 210°C on the outer shell laminate and the hybrid molded products 
shown in Fig. 2 was obtained. The black part is the outer shell laminate and the white part is 
the injected material. The specimens pressed at 3MPa, 5MPa and 7MPa are hereinafter 
referred to as h-3, h-5 and h-7, respectively, as shown in Table 1. 
     To understand the penetration behavior of the outer shell laminate into the rib, the hybrid 
molding products without injection (press only) were also molded at 3MPa, 5MPa and 7MPa 
(referred to as p-3, p-5 and p-7). Fig. 3 shows the typical hybrid molded products without 
injection (p-3). 

2.3  Mechanical testing 

In order to evaluate the in-plane tensile strength, in-plane tensile tests were conducted with a 
cross head speed of 0.017mm/sec at room temperature with a universal material testing 
machine (Auto graph, Shimazu) as shown in Fig. 4. In-plane specimens were cut out from 
the molded products and aluminum tabs were bonded to the both ends of the specimen using 
epoxy adhesive. In this study, the in-plane tensile strength was calculated by dividing the 
maximum fracture loads during the in-plane tensile tests by the cross-sectional area at the rib 
root. 
     In order to evaluate the interfacial strength between the outer shell laminate and the rib, 
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. 5.  
T-shaped specimens were cut out from the molded products and aluminum tabs were bonded 

 
 www.witpress.com, ISSN 1746-4471 (on-line) 
WIT Transactions on Engineering Sciences, Vol 116, © 2017 WIT Press

318  Materials and Contact Characterisation VIII



using epoxy adhesive. In this study, the interfacial strength was calculated by dividing  
the maximum fracture loads during the T-shaped tensile tests by the cross-section area at the 
fracture. To evaluate the penetration behavior of the outer shell laminate into the rib root,  
the penetration height was measured for the hybrid molded specimens and the hybrid molded 
products without injection (press only). As shown in Fig. 6, the average height at the center 
of the rib measured at both ends of the specimen was defined as the penetration height. 
     A non-contact 3D deformation analyzed system (ARAMIS, GOMmbH) was used for the 
strain measurement of the T-shaped test specimens. A digital microscope (VHX-5000, 
KEYENCE) was used for the observation of the cross section of the specimens. 

Table 1:  Molding condition for press and injection hybrid molding. 

 Press pressure [MPa] Injection volume [m3]
h-3 3 1.19 × 10-4

h-5 5 1.16 × 10-4

h-7 7 1.13 × 10-4

 

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

                
(a) Laminate side (press)                        (b) Rib side (injection) 

 

Figure 2:  Molded product manufactured by press and injection hybrid molding. 

 

Figure 3:  Schematic drawing of hybrid molded product without injection material (p-3). 

100mm  100mm   

100mm  
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Figure 4:  Schematic drawing of in-plane specimen and its tensile test. 

 

Figure 5:  Schematic drawing of T-shaped specimen and its tensile test. 

 

Figure 6:  Measured penetration height of specimen. 

3  RESULTS AND DISCUSSION 

3.1  Observation of cross section 

The cross-section views of the hybrid molded products without injection (p-3, p-5 and p-7) 
are shown in Fig. 7 and the penetration height into the rib root is shown in Fig. 8. After press 
molding, the continuous fiber and the resin of the outer shell laminate penetrated the rib depth 
direction. The central part (core) in the rib flow more than the skin and the shape of the outer 
shell laminate in the rib was convex. The higher press pressure increases the penetration 
height into the rib. 
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     The cross-section views of the hybrid molded specimens (h-3, h-5 and h-7) are shown in 
Fig 9 and the penetration height into the rib root is shown in Fig. 10. The shape of interface 
between the outer shell laminate and injected materials was concave and the higher press 
pressure increases the penetration height into the rib. Comparing the hybrid molding products 
without injection (press only) and the hybrid molded products at the same pressure, the 
penetration height of the hybrid product is lower than that of the hybrid molded products 
without injection (press only). It means that the interface moved to the rib root direction  
by injection molding. In injection molding, a method of forming a V-shaped interface by 
reflowing the resin near the weld has been developed [13]. In the hybrid molded products, 
the outer shell laminate was pushed back toward the rib root by injection molding after press 
molding and a U-shaped interface was formed. As the materials of the outer shell laminate 
close to the mold of the rib was cooled due to the cold mold, it remained at the both sides of 
the rib without being pushed back. 

3.2  In-plane tensile strength and interfacial strength 

The test results of the in-plane tensile tests are shown in Fig. 11. Ref in Fig. 11 shows  
the tensile strength of the outer shell laminate. As the press pressure became lower, the in-
plane tensile strength became higher, and the tensile strength of h-3 was almost same as Ref. 
The strain distribution of each specimen just before crack initiation is shown in Fig. 12. For 
h-3, the strain concentrated at the corner of the rib root. For h-5 and h-7, strain concentrated 
at the disorder part of the outer shell laminate. The side view of the specimen at the  
crack initiation and the fracture during in-plane tests are shown in Fig. 13. For h-3, the crack 
initiated at the corner of the rib root. For h-5 and h-7, crack initiated at the disorder part of 
the continuous fiber of the outer shell laminate that flowed into rib root by the press molding 
     The results of T-shaped tensile tests are shown in Fig. 14. Although the interfacial strength 
at the interface of p-7 was higher than that of p-3, there was no significant difference between 
other pair. Fig. 15 shows the strain distribution just before the crack initiation of the 
specimens during the T-shaped tensile test. For h-3 and h-5, the strain concentrated at  
the corner of the rib root. On the other hand, for h-7, the strain was concentrated at the corner 
of the rib root and the interface between the outer shell laminate and the injected material. 
The observation results of the T-shaped tensile test specimens at the crack initiation and the 
fracture are shown in Fig. 16. For h-3 and h-5, the crack initiated at the corner of the rib root 
and fractured along the interface. On the other hand, for h-7, cracks occurred at the corner of 
the rib root and at the interface end of the outer shell laminate and the injection material, the 
crack propagated along the continuous fiber layer of the outer shell laminate, and then broke 
at the interface. 
 

 

Figure 7:  Magnified cross-section view of specimens for press molded products. 

           
(a) p-3                                   (b) p-5                                 (c) p-7. 

2mm 2mm 2mm 
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Figure 8:  Penetration height of specimens for press molded products (N = 5, mean ± S. D.). 

     
(a) h-3                                  (b) h-5                                 (c) h-7 

Figure 9:  Magnified cross-section view of specimens for hybrid molded products. 

 

Figure 10:    Penetration height of specimens for hybrid molded products (N = 5, mean  
± S. D.). 

 

Figure 11:  In-plane tensile strength (N = 5, mean ± S. D.). 
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Figure 12:  Strain distribution of in-plane specimens. 

 
Figure 13:  Side view of specimens during in-plane test. 

          
(i) At initiation of crack                  (ii) At fracture 

(a) h-3 

          
(i) At initiation of crack               (ii) At fracture 

(b) h-5 

          
(i) At initiation of crack            (ii) At fracture 

(c) h-7 
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Figure 14:  T-shaped tensile strength (N = 5, mean ± S. D.). 

 

Figure 15:  Strain distribution of T-shaped specimen. 

   
(a) h-3 – (i) At initiation of crack               (ii) At fracture 

   
(b) h-5 – (i) At initiation of crack               (ii) At fracture 

   
(c)h-7 –  (i) At initiation of crack                (ii) At fracture 

Figure 16:  Observation of specimens during T-shaped tensile test. 
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(a) h-3 (ε = 0.5%)      ( b) h-5 (ε = 0.5%)    (c) h-7 (ε = 0.5%) 
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     In the case of h-3 having a low press pressure, the penetration height of the outer shell 
laminate into the rib at the press molding was low and penetrated outer shell laminate was 
pushed back toward the rib root direction by the injection material, and the disorder of the 
continuous fiber of the outer shell laminate became smaller. Therefore, higher in-plane tensile 
strength was obtained. 

4  CONCLUSION 
In this study, glass fiber-reinforced polypropylene composites were molded by press and 
injection hybrid molding system at different press pressures. The in-plane tensile tests of 
outer shell laminates and the tensile tests using T-shaped specimens cut out from the molded 
products were performed to evaluate the in-plane tensile strength and the interfacial strength 
between the outer shell laminate and injected material. The investigation yielded the 
following conclusions: 

1. In the hybrid molded products, the outer shell laminate was pushed back toward the 
rib root by injection molding after press molding and a U-shaped interface was 
formed. 

2. In the case of the specimen having a low press pressure, the penetration height of the 
outer shell laminate into the rib at the press molding was low and the disturbance of 
the continuous fiber of the outer shell laminate became smaller. Therefore, higher 
in-plane tensile strength was obtained. 
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