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Abstract

Compression molding of SMC (Sheet Molding Compound) in a thin plaque with substructures
like a rib is involved with the formation of surface defect along the centerline over the rib area
called by sink mark depending on process parameters. The surface quality of the external panels
in automotive manufacturing is so critical that this kind of defect should be eliminated during
manufacturing stages. The effect of process parameters on sink mark formation and the distribu-
tion of chopped fiberglasses in the compression molded thin plaque with a rib was experimentally
investigated in the present study. In order to estimate the effect of the molding parameters such
as molding temperature, mold closing speed, depth of the rib, corner radius of the rib, and final
molded part thickness of flat portion on the depth of sink mark and the distribution of fiberglasses
in the molded SMC part with the rib under the present experimental conditions, the molding
parameters used in experiments were non-dimensionalized considering physical relevance among
various parameters. The non-dimensionalized equation for predicting the depth of sink mark was
determined through dimensional analysis based on the experimental data. The orientation and
distribution of fiberglasses and fillers which directly affect the formation and depth of sink mark
were investigated by taking the photographs of the cross-sectional area of the molded specimen
using scanning electron microscope. The experimental results proposed from this investigation
are useful in understanding the formation of sink mark and predicting the depth of sink mark in
compression molding of SMC with substructures.
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Fig. 1 Schematic design of molds used for SMC compression molding experiments
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Table 1 Comparison of the values of v versus vr
(molding conditions used in experi-
ment : mold closing speed=>50 mm/
min, rib depth=20 mm, rib width=6
mm, rib corner radius=6 mm, and final
molded part thickness of flat portion=1.
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Fig. 4 SEM photographs observing fiber distribution
for rib entrance of cross-sectional T-shape
molded part with various non-dimensional
parameters (molding conditions used in exper-
iment . mold closing speed=50 mm/min, rib
depth=20 mm, rib width=6 mm, rib corner
radius=6 mm, and final molded part thick-
ness of flat portion=1.50 mm)
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Table 2 Comparison of the values of v, versus v,
(molding conditions used in experi-
ment : molding temperature=130°C, rib
depth=20 mm, rib width=6 mm, rib
corner radius=6 mm, and final molded
part thickness of flat portion=1.50 mm)

(5] | S
3.31 27.73
6.63 25.00

o ol v 2A Aot & 4 Adgen, o
_?_

258 Y74, Aol 7= F9
2717k o ARE s ole g A 27)
Al 2xF 2 ohE FARAS) T
, GYLE}F FolAA = 2L &A@
< AFLx9 7ol vlsl Yy SMC A|se
27 o] EolAA =3, olo) wal Ao} o
obdozy f5L oS BusAA "t dela,
e AEel o3 2lu tFoze e FEol
A gu zae] ol fejdfet 247 37
S} FeEE HES AR RN 2y mA R4
= FEAdFe FAAS) 28 fPAF FuAd e
oA Haz, Huo witjHdxE FF5 52|
o3 daAgmakel 42 Fubx|edo] o A A
71A "

fr
N
)

P

ot w@ afl
XN

2 ook A
B L
2

rlo mot
oo

Sl e

AENE SRR
Fol o 4

A} 4

o

4
@ g
It

f

fu
Yo
Ho

Nﬁ‘n
o
X
i
2
e

[+
2
L
i
o
Ac)
o
do
NE,



1496

2] Alole] He7b doivts Ax o ARAE A
o Y, o] W FALAAER] A o2 RE o
2 2u ghoabzlel Fig. 59} Fig. 4(b) 228 o &
A8 4 gich

0,9 ko] 3319 wlo] FALAAEwR|A o 2R
A2 28 ciwiAAel Fig 59 0,9 Fhol 6.63%
e FARA e o2 e J2 2B wheisbd
ol Fig. 4(b)9] vlm2 R 0,9 Fto] =& 744,
2|y ot o 29 5o rf YA o] FoHES
Z ¢ ded, Freldfd A7) 2u 2y
Foll o Bol EUSE £ & AU £ A=z
el A ot o] FYPILE s} zto} 3,9 3ol

at
A He 2o 2o ozunxlg ARzl o
753L

o,
ri

3 -

oAl sz, ofo whel F¥ozye SMC

AR 2ol dALFo] u’s"}xlﬂl Hozx SMC #
dAe] FEst A3 i tEo] wWE F5o
ZutelA APsla, ol =l FelAdRe A
9] £ o] BaElx A=A "ol A¥R 459

BUARE FAZ A ddAAS, a7t B AR
ollrlA| 2 2He qlEulold F¥ozRE SMC
Az e] dxicteo] FolxA Hoza e A
5 B9 Aok

AgH Alde e T3 Yy 549 vz A
A% FAY HE 9 Bdsz} o e p8 ard
312 Table 3o ®gich Aj#ol gy £& 6 mm

:
2 nAsdy, AYE AHe) FAq FAE 155
mme}t 400 mmE wpEgcl, HPEE 1507,

Fig. 5 SEM photograph observing fiber distribution
for rib entrance of cross-sectional T-shape
molded part with v, of 3.31 (molding condi-
tions used in experiment . molding tempera-
ture=130°C, rib depth=20 mm, rib width=6
mm, rib corner radius=6 mm, and final mold-
ed part thickness of flat portion=1.50 mm)
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Table 3 Comparison of the values of v, versus vy
(molding conditions used in experi-
ment : molding temperature = 150,
mold closing speed=50 mm/min, rib
depth=20 mm, rib width=6 mm, and
rib corner radius=6 mm)
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Fig. 6 SEM photograph observing fiber distribution
for rib entrance of cross-sectional T-shape
molded part with vy of 1.50 (molding condi-
tions used in experiment : molding tempera-
ture=150C, mold closing speed=50 mm/min,
rib depth==20 mm, rib width=6 mm, and rib
corner radius=6 mm)
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SEM photographs observing fiber distribution
for rib entrance of cross-sectional T-shape
molded part with various values of vy (mold-
ing conditions used in experiment . molding
temperature=130C, mold closing speed=>50
mm/min, rib width=6 mm, rib corner radius=
6 mm, and final molded part thickness of flat
portion=1.53 mm)
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SEM photographs observing fiber distribution
for rib entrance of cross-sectional T-shape
molded part with various values of vz (mold-
ing conditions used in experiment . molding
temperature=130C, mold closing speed=50
mm/min, rib depth=20 mm, rib width=6 mm,
and final molded part thickness of flat portion
=1.53 mm)
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