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Abstract The sheet molding compound composite has been applied divers section. This
paper reports processing of carbon fiber reinforced thermosetting composite with
diverse  resins and which was composed of chopped carbon fiber (30~60 wt%).
Normally the paste that the viscosity is over 15,000 cps has been used in traditional
Sheet molding compound (SMC) machine. In this research, SMC machine was
designed to make Carbon-sheet molding compound (C-SMC) prepreg which was
composed with low viscosity resin (1,800~2,500¢c ps increase up to 10,000 cps after
aging). In order to confirm the optimal processing condition. Mechanical strength tests
including tensile test, shear test, impact test, flexural strength test were conducted on
C-SMC composites. Plus we identified the correlation between the mechanical

properties and prepreg processing condition (carbon ratio and applied resin).

Keywords carbon sheet molding compound(C-SMC), prepreg, tensile stress, impact test,

flexural strength, delamination
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Figure 1. Schematic of a carbon sheet molding compound machine.
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Table 1. SMC resin make-up

Epoxy resin Vinyl ester Unsaturated polyester
Ingredient Content(wt%) Component Cntent(wt%) Component Content(wt%)
EPTRAC06605 8 ‘RFSOOO 80 VUP-1510 484
(Epoxy) (Vinyl ester) (Unsaturated Polyester)
EKTRAC06624 A171 OMYA carb5
(Hardner) 90 (Low profile additive) 65 (Filler) 296
EKTRACO6612 6.6 .9076 26 . PSf 13.6
(Hardner) (Wetting agent) (Low shrinking agent)
HELATRAC06087 16 9065 25 DZ-974 33
(Release agent) ’ (Release agent) ’ (Releasing agent) ’
A560 CBA109 Styrene
(Degssing agent) 08 (Stabilizer) 09 (Diluent) 27
TBPB TBPB
(Hardner) 13 (Hardner) 16
MgO 40% 65 BYK9010 06
(Thickner) ’ (Dispersion agent) ’
PBQ
(Inhibitor) 02
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Table 2. Designation of C-SMC sheet specimens
Carbon fiber composition(wt%)
Resin
30 40 50 60

Epoxy EP-30 EP-40 EP-50 EP-60
Vinyl ester VE-30 VE-40 VE-50 VE-60
Unsaturated e 3y UPE40  UPESO  UPE-60
poly ester
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Table 4. Cutting speed and pump speed according to CF ratio
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Table 3. SMC process condition according to resin
SMC process
EP VE UPE
Line speed (m/min) 2 2 2
Compaction pressure (bar) 5 5 5
Resin heating temp (°Q) 40 - -
Compaction hemp (°Q) 60 - -
Slot die temp (°Q) 40 - -
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B oA Table 29} Zo] ARgsl= 4K| 3%53} EhaA
G 3 2 g2 24 BAS RSttt ARRH A=
oI, ol aH|2, Rt ZelojaE2oln Gads P
2 30, 40, 50, 60 wt%& & 127] AMZS ARt 7|AR =
A AR Rgstg
221 =Z2|=3a Hx 2™

C-SMC =me|ue| 12 Alxshr] Yol 2F M=d 34 £21e

st
C-SMC 38 Amee} QlmgJuo]A&(Impregnation zone)

CF ratio by prepreg (wt%)

30 40 50 60

Cutting speed (rpm) Cutter 1,2 281 375 46.9 56.3
Slot 1 405 540 680 810

Pump speed (rpm) Slot 2 255 340 430 510
Slot 3 405 540 680 810

CF contents (wt%) 30 40 50 60

Resin contents (wt%) 70 60 50 40
Thickness (mm) 8 8 8 8
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Carbon fiber layer

Matrix layer

Figure 2. The layer composition of carbon-SMC prepreg.
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Table 5. Aging conditions of each specimens

-2 T T T T
0 50 100 150 200 250

Ep VE UPE JE— Temperature T (C)

—— Unsaturated polyester
—— Vinyl ester

Aging Temp(°Q) 20 40 30

condition Duration(days) 7 2 7 Figure 3. DSC image of epoxy, UPE and VE resin with each

hardener.
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Table 6. Curing conditions of each specimens
Curing condition
EP VE UPE
Temp (°Q 80 - -
1st process )
. Time (s) 40 - R
(Pre-heating)
Pressure (kgf/cm?) 80 - -
Temp (°Q 145 145 120
2nd process i
. Time (s) 180 180 300
(Heating)
Pressure (kgf/cn) 80 80 80
232 QIHZE HAE L: Support span(mm)
SMC AlE9] 717H 248 &let] Yatol AAE gae & Depth of beam(mm) .
= ssiolom ASTM D382 Z8sio] olA7lE HAES Al Z: Rate of straining of outer fiber(mm/mm/min), Z shall be equal
systeict. Al@dm™ Afo] =i 250mm x 25mmo]d FA= 3mm to 0.01
2 Zu|5l9ict. AFRE 7]7]= INSTRON 5969 (INSTRON®, «
Z47F AE
USA)IS] TR 75mm, smmmin'o] maciaxae 234 SAZE HIAE
xI3ys}ect. A7 & HAEE KS M ISO 179-12 #83to] Af2n] &
Ade HAEE Z83sI3t:. XA oUA]= 152 44 uiy
233 =54k HAE A 7He &Rt
=227t HAEE ASTM D79090] &#sto] 38 ZZA|F O =
EXbcl=%] AE
2 mgelart. et 17mmminloln] Alxjg) ol 235 SUHTEE H2E
48mmolc}. BB HAEE A1) o) e ARG A7 AU HAEL ASTM D2344gio] Zsto] Ysts
o}, Al2E 7]17]%= UTM 5969(INSTRON®, USA)o|c}. th. AJ@717]+= UTM 5969(INSTRON®, USA) Adujou] mhx]A
gl= 12mm2 TAAFON AHELETE Immmint £52
R=ZxL"/6d (1) Agore
Where 23.6 SEM =4

R: Rate of crosshead motion(mm/min)

Table 7. Standard deviation and average of density on C-SMC specimens

Carbon C-SMC density
content
30% 40% 50% 60%
Resin Density ~ Standard ~ Density  Standard  Density  Standard ~ Density  Standard
(g/m?) deviation (/m?®) deviation (/) deviation (/m?®) deviation
EP 1315 541 1365 641 1411 7.33 1468 154
VE 1324 2421 1348 27.44 1378 1952 1438 35.14
UPE 1384 16.12 1401 3075 1481 2254 1521 4284

Textile Coloration and Finishing, Vol. 32, No. 4
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Table 8. Tensile properties of C-SMC specimens
Tensile property
Tensile strength young's modulus Elongation at break
(MPa) (GPa) (%)
EP-30 1164 19.6 0.669
EP-40 1404 222 0.908
EP-50 160.5 275 0.552
EP-60 193.1 34.1 0.709
VE-30 89.2 228 0.408
VE-40 95.8 254 0470
VE-50 104.9 279 0468
VE-60 877 252 0,663
UPE-30 735 176 0.518
UPE-40 764 15.8 0435
UPE-50 85.3 19.2 0.655
UPE-60 793 17.5 0.617
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Figure 4. Tensile properties of C-SMC specimens.
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Figure 9. Cross-section image of UPE/CF sheet; (a) UPE-30, (b) UPE-40, (c) UPE-50, (d) UPE-60(400 x).
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