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Evaluation of Compression Molding Simulation with Compression

Properties of Carbon Fiber Prepreg

Daeryeong Bae***, Jung Wan Lee**, Jin-Woo Yi**, Moon-Kwang Um**'

ABSTRACT: In order to optimize the prepreg compression molding (PCM) process, the forming simulation is
required to cope with any problems that may be raised during the process. For the improvement of simulation
accuracy, the input data of material property should be measured accurately. However, most studies assume that the
compressive properties of the prepreg are identical to the tensile properties without quantifying them separately.
Therefore, in this study, the in - plane compressive properties of the prepreg are presented to improve the accuracy of
the forming simulation. As a result, the compressive modulus of the fibers was measured to be about 10 times lower
than the tensile modulus. Also we designed a square-cup mold with a tilting angle of 110° to simulate the prepreg
formability during the high temperature compression mold process. Shear angles were measured at each corner, which
were compared with the simulation results. It was observed that the simulation results using the accurate compressive
properties of the prepreg showed a similar trend with the experimental results. It was confirmed that the measured
data of the in-plane compression property improved the accuracy of the forming simulation results.
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Table 1. Physical properties of the different types of prepreg

Resin
Thickn Weigh
Model Type (lrim; | Content ( E;liz)t
(vol %) &
CE-3327 Plain woven (PW) 0.269 . 42 200
carbon (£5.7 x 107°)
Unidirectional 0.202
-1 1
Cu-190 (UD) carbon (3.8 x107%) 38 %0
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Fig. 1. Thickness measurements for (a) UD and (b) PW carbon
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Fig. 2. Viscosity for the fast-cure epoxy resin using dynamic
scan
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Fig. 3. Determination of the shear angle in Zone A from
deformed angle (6) during the tensile (F) and shear (N)
load
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Fig. 4. Measurement of bending properties of fabric proposed
by ASTM D1388
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Fig. 6. Measurement of in-plane compression properties of pre-
preg by DMA

N
o M
g
=
ot IO
ol -HM'
X
o oM

-
Mg A%
10 ox

f
o T
9 o oy
o 3
o
QL
8
o
o,
T AN

o b
i

N
d0 i g oox
=

ol
U

it 2 N oox

[kl
)
[
10
rg
=
EO
o
olo
1%
rz 11
o {
;

0 _{l)]t

ol
o,
o [k oft ofh
rsi' o
e
N I
u
o rr
[kl of
2
N
A
>
~N
=]
=
Z
it
S~
op
o}

i)
I3
)
W
2
=
o
_&
W
5
Lo
rE

o B3R N
=&
aQ
2

_O|L
38
-
Z
re

rbon# 0° ®gFO & 10 (W) mm X 10 (L) mm =
=45k AlHo] -0.5%2] HPEo] = &
Flom 2|9 4 -0.5%/min® 2 AA3Hct.

Nk oo 12 U

fU g o fo

oy =0
o, J\‘ Q

[1

N
X
of

2.5 Drawing fest
oz g EAo i3t A A Autel o

o o
7] 918 AAFHE 258 AF2HE square cup &5

(b)

© (d

Fig. 7. (a) Cross-sectional view and (b) top view images of lower
mold and (c) open and (d) closed stage of thermoform-
ing experimental apparatus
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Fig. 8. Non-linear stress-strain curves for (a) UD 0°, PW carbon
and (b) UD 90° at 100°C
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Fig. 9. Shear stress-shear strain curve for (a) PW carbon and (b)
UD carbon

Table 2. Calculation of bending stiffness using measured over-
hang length (0), thickness (t) and areal weight (W) for
each prepreg
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Table 3. Coefficient of friction (COF) of eight different patterns
against our process parameters

No. Interface COF ]itetli:;:i
1 PW carbon/Tool 0.202 0.011
2 UD 0°/Tool 0.050 0.007
3 UD 90°/Tool 0.063 0.010
4 PW carbon/UD 0° 0.180 0.002
5 UD 0°/UD 90° 0.078 0.002
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Fig. 10. In-plane compression test results for UD and PW carbon
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Fig. 13. Magnified image (22.5 x) of deformed angle of the
outer layer of prepreg laminate (PW carbon) at 2-d
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Fig. 14. Predicted shear angles without compression properties
of prepreg using the PAM-FORM simulation (From top
view)
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