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ABSTRACT

Manufacturing and Characterization of Glass Fiber/
Polypropylene Prepreg for Automotive Bumper Beam

By Kim Tae-1k
Advisor : Prof. Lee Dong—Gi Ph. D.
Dept. of Advanced Parts and Materials Engineering,

Graduate School of Chosun University

GMT, a thermoplastic composite in sheet state, is laminates of
matrix sheet and glass fiber mat, and is commercially available as
sheet form for press work. This GMT-Sheet is widely used in various
internal and external components of automobile due to lightweightness
and mechanical strength. One of the issues in GMT-Sheet is the
difference of flow molding for glass fiber and matrix during molding
process. Because of this difference, molded product shows
nonhomogeneity and anisotropic properties. In this study, to eliminate
degree of nonhomogeneity and fiber orientation during the molding of
GMT-Sheet, GFRP prepreg 1is fabricated using roving fiber and
polypropylene. Using the fabricated GFRP prepreg, GFRP-Sheet is
prepared through 0/90° fabric approach. Structural stability, degree of
impregnation, surface roughness, moldability, flow analysis, and
continuous manufacturing process on GFRP-Sheet are conducted.

Purpose of this study is to remove inhomogeneous fiber orientation

using GFRP composite at automobile component formation. After
preparing glass fiber prepreg, degree of impregnation of glass fiber
and polypropylene was derived. In addition, tensile strength and
microstructure of prepreg was evaluated. Degree of impregnation for
prepreg was 1improved along with low pulling speed, high resin
temperature, and longer die length. According to SEM micrograph,
homogeneous fiber orientation was observed, and there was no
separation of matrix and glass fiber. Therefore, application of plain
weaving on prepreg in GFRP composite can have superior flow-rate.
Also, fundamental data that can be referred in industry field are
gathered.
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REDUCED MaSS BETTER FUEL ECONOMY

Fig. 1-1 Automotive fuel economy and mass reduction
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Fig. 1-2 Affordability of weight reduction and approach



High strength steel
Hat-formed slesl
Aluminium sheet
Aluninium cast
Aluminum extrusion
Big-sheet

EAg-diecast

Flore reinforced plastic

L

Material Mix:

Steel parts weight: approx. 50 %
Al parts waight: appro. 32 %
kg parts weight: approx. &%
Flastic partsweight: approx. T %

Fig. 1-3 Design of lightweight multi-material automotive body
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(b) After compression molding

Fig. 1-4 X-ray photograph before and after compression molding
GMT Sheet
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Fig. 3-1 Schematic diagram of pultrusion process
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Photo. 3-1 SEM photograph of prepreg (Fiber content 40wt%5)
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Fig. 3-2 Part for measuring fiber content
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Fig. 3-3 Hot press using compression molding
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Photo. 3-2 Automatic specimen polisher
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Photo. 3-3 Ion sputter

_23_



Photo. 3-4 Field emission scanning electron microscope
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(4-2)9} 21},

tp(mm) =1.8325—(2.35 % Vp)+(1.25x Vp?) (4-2)

UEb Y olE4 (2-4)0F Hddoem 3 JAFAE fge v A7t

0.81%= ®lux # AX&A LEFRETE

Table. 4-1 Tensile strength of prepreg(40wt%)

Theoretical tensile strength Experimental tensile strength

295.96 MPa 293.57 MPa
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Fig. 4-1 Hot Relationship between degree of impregnation and

pulling speed (Die temperature Tp=2207T)
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Die temperature
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Fig. 4-2 Relationship between degree of impregnation and pulling speed

(Resin temperature Tg=220T)
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Fig. 4-3 Relationship between prepreg thickness and pulling speed
(Resin temperature Tr=220C, Die temperature Tp=2207C)

_29_



| Heated Die length
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Fig. 4-4 Relationship degree of impregnation and pulling speed
(Resin temperature Tr=220C, Die temperature Tp=2207C)
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Fiber content ratio q,

46wt% Prlepreg, IIZEC[=0
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Fig. 4-5 Relationship between fiber content ratio and

distance from center (Prepreg, Re=0)
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1 15.0kV 8.5mm x180 SE(M)

Photo. 4-1 SEM Photograph of prepreg after compression molding
(Rer =0.8)
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Fig. 4-6 Relationship between fiber content ratio and distance from

center of prepreg (Rer=0.8)
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Fiber content ratio g,
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Fig. 4-7 Relationship between fiber content ratio and

distance from center of GFRP Composite (R=0.8)

_35_



=0

Nd
NI
o
X

E|
R

)

LZH

k)
H

d 1 $2A w238 GFRP =

H

0

Photo. 4-2(a)x= 44

I o]t} Photo. 4-2(b)

o}
H

Ho R, tho] 2% 200C ol A

()3
H

# 2~ 1tond]

hyA

= 1L ©
HAEHE

2 A

_TJZ;J/]_TJ:

(a)¢]

-
1

A
=

s E A

ks

GFRP &

zx¥

S oko] A

4%

A A0

=1

_TJZ;J/]_TJ:

w2} A

st7} A 714

o
X
N
el
o

_36_



L T

(b) Prepreg plain after compression molding (Re=0.5)

Photo. 4-2 Product of prepreg plain
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