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Development of Rear Bumper Beam Using Thermoplastic Glass Fiber-reinforced Plastic
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Parts design technology that uses thermoplastic
glass fiber-reinforced plastic with high-impact strength
was developed to reduce the rear bumper beam weight.
Both continuous fiber that provides good impact
resistance and chopped fiber that is advantageous
for molding complex shapes were applied to create
the ideal impact-resistant design for the rear bumper
beam. Short process molding technology was also
developed that can simultaneously mold three types of
materials with different fiber formats in the same mold
in order to reduce parts weight and cost. In addition,
the influence of the rib shape on product performance
in this molding process was clarified, and design
technology that reduces that influence was concurrently
developed.

The developed technology was applied to the rear
bumper beam that is part of the frame of a mass-
production vehicle, and enabled a reduction of the
weight by 46% and the number of parts, except for
fastening parts, to 1/9 that of the previous model.
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Table 1 Performances and costs of various materials
Spectic | Shectc | Spectc
; Moldin i
Material methog stiffness strength | absorption Cost
GPa/p MPa/p J/ig
SP
(JSC2700) Press 26 35 6 1
AL | Extrusion| 26 89 17 3
(A6063 T7) u
GF/PA6
continuous Press 12 224 45 5
FRP
CF/PA6
continuous Press 38 560 61 30
FRP

p: specific gravity PA: polyamide
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Continuous 1. Material cutting

2. Pre-heating
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Fig. 1 Influence of fiber length on mechanical properties
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from FRP with
continuous fiber
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from FRP with
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Hybrid frame
with high strength
and high stiffness

Fig. 2 Material composition concept
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4. Material setting

5. Compression
molding

6. Injection molding
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Fig. 3 Molding process
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Test piece for molding

Direction of
\</ I Material tensile test
Tensile .
strength Density
Top 59% 96%

Bottom 80% 100%

Material
spec

100% 100%

Shape of tensile test piece

Fig. 4 Test of rib shape molded by compression molding

Continuous Upper die
fiber sheet

Table 2 Relationship between fillet R at bottom of rib
and tensile strength

No rib Case 1 Case 2
t : thickness [mm] - 2.5 2.5
0 : draft angle [°] 0.5 1.5
R : fillet R [mm] - 0.5 2
Strength index 1.0 0.41 1.06
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Fig. 5 Fiber distribution in rib after baking base resin
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Fig. 6 Distribution of fiber contents in rib shape by
compression molding
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Fig. 7 Test piece molding method
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Fig. 8 Shape of rib test piece and location of rupture
start in tensile test

Fig. 9 Thermoplastic GFRP rear bumper beam and
location in CLARITY FUEL CELL
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Fig. 11 Position of bumper beam and Part 581

pendulum test
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L
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Fig. 12 Test condition of static load test
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Continuous
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Fig. 10 Material composition of rear bumper beam
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Fig. 16 Comparison of actual test and CAE simulation
in Part 581 flat barrier test
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15 Comparison of actual test and CAE simulation
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Fig. 14 Part 581 test
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Fig. 177 Comparison of GFRTP rear bumper beam
and AL-SP rear bumper beam
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