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Comparison of Quantitative Methods for B-Stage Evaluation in Epoxy

SMC and the Effect of Charge Pattern on Mechanical Properties in
Compression Molding

Moon Woo Choi*, Kyung Uk Roh*, Seo Jung Jung*'

ABSTRACT: The B-stage and charge pattern of Sheet Molding Compounds (SMC) govern processability and the
mechanical performance of molded parts. We evaluated epoxy (EP-SMC) and vinyl ester SMC (VE-SMC) using four
quantitative methods: viscosity, differential scanning calorimetry (DSC), probe test, and drape (overhang) tests.
Viscosity identified the B-stage onset but was limited for detailed tack characterization. DSC showed decreasing peak
exothermic heat flow with pre-reaction time, yet remained resin-state specific. Probe test offered high sensitivity
within a narrow B-stage window but exhibited large scatters. In contrast, the drape test provided low variability and
clear discrimination of B-stage progression, enabling efficient quantification. In compression molding, molded-part
properties were evaluated with four charge patterns (Full, Center, Middle, Bottom) and the degree of B-stage
advancement. Zone-based measurements revealed clear differences in tensile strength as well as porosity, resin content
(RC), and thickness distribution along the mold-flow direction. For center-charge specimens, increasing B-stage
advancement reduced void content (8.94+0.46% to 2.68+1.04%) and increased RC (39.9+0.08% to 47.4+0.09%),
confirming that precise B-stage control and charge pattern design are critical for molding design and quality control.
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2.4 4
2.1 Material
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2.2 Viscosity
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2.3 Differential Scanning Calorimetry
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Table 1. Probe tack test parameters for adhesive and tack condi-

tions
. Immersion | Immersion | Bonding | Debonding
Condition )
Rate Force Time Rate
Adhesive | 0.1 mm/s 500 gf 5 sec 0.1 mm/s
Tack 1 mm/s 200 gf 0.1 sec 1 mm/s

(a)

Overhang Length
_.1'-0-._“ b o

120mm/min

Fig. 1. (a) ASTM D1388 cantilever drape test setup (b) Definition
of overhang length
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=--=-Estimated Fiber Flow
= =» Sampling Direction
0¥ Charging Location

Fig. 2. Charge pattern schematics and photographs for compression molding (a) Full charge(FC) (b) Center charge(CC) (c) Middle

charge(MC) (d) Bottom charge pattern(BC)
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Table 2. Definition of charge patterns and tensile specimen cut-
ting directions (MD/TD) for molded SMC panels

Pattern Name Charge Pattern Machining Direction

Full MD

Center MD

Middle MD

Bottom MD

Middle TD

Bottom TD

2.8 T £H

Charge pattern Z}o]o] }& %42
8o 4717 charge pattern @ 7}k
5}SIT}. charge pattern W 7} H)ako]|
o gelsteict. AEE-2 ASTM D3039
% H 2 mm/min®] &= 2 A =E At A3
7} charge pattern 2 7}aaFH 7eaX] Zls)|o] gk
F8LgITh AlFe Zwickroellibo] 72508 ARg-3Ho] 213
.
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Fig. 42 60°C 5-& 271014 AlZF Aol m}2 o] ZA] 4
Z9] Ax HalE vehdch. 7] Ax= oF 970 mPa-s2& SMC
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Fig. 4. Isothermal time-viscosity graph of Epoxy resin mixture at
60°C
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Fig. 5. DSC heat-flow curves of the epoxy resin mixture after
pre-reaction at 60°C for 0-35 h

9] 524 DSC HA41& Hlagt Ao|c}. o FA] 42%]9] S o]
F5 Astol| 7118 aLeste], ARARRS- A7 STk )
2 A= Fho] WH(AH)E AFs}staiz}; ekt

DSC Z ¥}of u} 2w, AL uk-g- A|7ko] o] A2 2y
B (ae) D T3 Ol = T adtal O3 22 HA 5
7¥ohe AeFe Hlok 5 112 B-stage X1¢) o] =
7t 548] At AR Eel, G O Ao APARES AIZE
o] Z7tel thall Aol Mg o= Y= k= At ot
°]= DSC7} A =gt o 2 = uhofs}ry] o] 2] kg 27] 9
X13Y 4 &=9} B-stage 417to] wlA|gt WHSLE AgH O 2
2HeE = ) SS AlAKSITY

2, Fig. 504 AAA o2 S1E g,,,, & 7S Table
30 AAE of 2 T A EE(Tg AH, T_peak, T_onset)o]|
A &Lt YERA] ¢kekth. T onset g2 0-15h -7t
A ZFaxstar 15-35h E7Ho A AAE = 5 Ga w02 A
gt HBEE Hof, G A FollA 7Y gt AE vE
wich BhH, A A GA] B-stage XY=} 7 A5 A
o2 AFEo] 2 WHEE BHY A0R dAFE AH=
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T A= @35]8 gho] S7kshe S Hol AH T A
®YIO 2= B-stage XY= F Es}7] ol H i

DSC &4 9] Ait= A= 549] - vp7kA &2, 4=

Table 3. Summary of DSC parameters of the epoxy resin mixture
after pre-reaction at 60°C

Tg AH T_Peak | T_Onset | ..
(O (/g) (°C) (°C) (Wig)
Reference 123 366 152 141 12.36
5h 125 385 147 133 10.21
10h 124 413 145 128 9.03
15h 120 387 144 122 6.75
20h 126 306 145 119 4.87
25h 126 250 146 119 291
30h 116 166 147 120 2.14
35h 119 144 148 118 2.55
350 4 7
—a— Adhesion | 2842
50} —e— Tack 269 I
—_ 250
E" 191 188 199 202
8 2001
e
(=)
L 150 &
%_A}/ 175 i 1952
4 146
1004 oc 120
50 110
18 20 22 24 26 28 30 32 34 36 38 Vinylester
Time (hr)

Fig. 6. Probe tack test results (debonding force) of EP-SMC and
VE-SMC
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-0 oFd X7 9| adhesion force= X|&ZF 0 2 =781
o WH B HE ARE-wE uhe] S0 ofE 27
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Table 4. Panel-average void content, resin content (RC), and
thickness of EP-SMC for different charge patterns
(28 h B-stage, mean £ SD)

Void (%) RC (%) t (mm)
FC_28hr 4.59£0.23 45.0£0.01 2.79+0.03
CC_28hr 3.77+0.99 43.6£0.05 2.78+0.02
MC_28hr 1.35+0.74 43.6+0.10 2.78+0.04
BC_28hr 6.44+1.17 43.9£0.02 2.80£0.02

Table 5. Panel-average void content, resin content (RC), and
thickness of Center-charge EP-SMC at different B-stage

levels
(24/28/32 h, mean + SD)
Void (%) RC (%) t (mm)
CC_24hr 8.94+0.46 39.940.08 2.83+0.05
Fig. 8. Representative surface appearance of molded EP-SMC CC_28hr 3.77£0.99 43.6£0.05 2.78+0.02
panels (a) Full charge SMC (b) Center charge SMC CC_32hr 2.68+1.04 47.4+0.09 2.92+0.09
(a)
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Fig. 9. Representative fiber orientation at Zone 5 for each E 8| 1 60 ,53
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charge SMC > 4 -- / : :z «
7 . |10
0 7 :- AL,
A Aze] 714 750l 2 G vlARs UAOIER, charge oA ko  Fed
patterno]] T2 SMCO] 55 E4 dlo|gE &85t A3 Fig. 10. Effect of charge pattern and B-stage level on void con-
AL el sl Bz & AA7} 7Rsstct tent and resin content of EP-SMC molded panels (a) FC/
i = .

CC/MC/BC at 28 h (b) CC at 24/28/32 h
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=
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Charge patternof] W= 35 A-52] x}o]= Z+ |&H zone e ad £4 o EAAS e R, w2 A
57bo) A i Ablof| A B &k Sl Hrh(Fig. 9). A+ Hl@dS E BC AJHS MC ] § &2 =S,
&0 A2 WASHA] ¢h= (a) Full charge (FC) AJHoM =4 4] {500 o8l T3 5ol 1L 7|58l & e s
fr B9-9 meho] WEER] AL, SMC A E Al &Aoo s CC AJEE FC tfn] o #& AFA =S UEhd
A FAE S8 i AEE iz fAEdS v (b)) Aoz o4k
Center charge (CC) A|HL Full charge®} S-AlSE SHMA A A}7] charge patterno]] wE (-5 2 A SF 2}pol 7t A
F= BAow AR § A9 S el Yl B FF UF FE vA = S A" gelstr] ¢
ZolA]= Aol ¥ AA Yebelth =3 (o) Middle charge  3fl, 7]&E, AEERO), FAE 545 W O AnE
(MC)2} (d) Bottom charge (BC)x= X5 90° Wl 447 uljgk Fig. 10 4! Table 4, 50 A &3} %t}
Table 6a. Zone-by-zone void content (%) for each charge pattern and B-stage level
Zone FC_28h CC_28h MC_28h BC_28h CC_24h CC_32h
Zone 1 4.85 3.38 1.43 6.00 9.21 2.60
Zone 2 4.59 3.31 2.31 6.63 8.72 2.58
Zone 3 4.39 3.18 0.67 4.52 8.61 2.26
Zone 4 4.58 3.79 2.74 6.44 8.67 2.42
Zone 5 5.01 3.59 0.80 4.95 9.58 5.51
Zone 6 4.64 3.13 1.41 7.32 8.89 2.57
Zone 7 4.18 6.46 1.10 8.00 9.63 2.30
Zone 8 4.46 3.93 0.24 6.00 8.11 2.32
Zone 9 4.65 3.13 1.45 8.13 9.07 1.58
Table 6b. Zone-by-zone resin content, RC (%), for each charge pattern and B-stage level
Zone FC_28h CC_28h MC_28h BC_28h CC_24h CC_32h
Zone 1 45.1 40.6 42.8 44.8 31.7 42.1
Zone 2 44.2 37.8 44.2 43.8 43.7 40.0
Zone 3 44.0 45.8 48.1 44.1 32.2 47.2
Zone 4 45.9 38.1 30.3 44.1 43.8 46.3
Zone 5 46.9 37.9 34.3 41.9 36.9 30.3
Zone 6 43.3 44.6 33.9 47.1 28.2 51.7
Zone 7 45.6 44.0 61.5 41.1 42.8 58.2
Zone 8 44.7 54.3 40.8 43.5 45.8 51.3
Zone 9 454 48.8 56.9 44.5 53.8 59.6
Table 6c. Zone-by-zone thickness, t (mm), for each charge pattern and B-stage level
Zone FC_28h CC_28h MC_28h BC_28h CC_24h CC_32h
Zone 1 2.82 2.82 2.87 2.83 2.87 2.88
Zone 2 2.79 2.79 2.79 2.80 291 2.98
Zone 3 2.82 2.80 2.77 2.80 2.86 2.88
Zone 4 2.76 2.77 2.77 2.77 2.78 2.94
Zone 5 2.74 2.75 2.76 2.77 2.87 3.13
Zone 6 2.79 2.77 2.79 2.80 2.82 2.92
Zone 7 2.80 2.77 2.77 2.80 2.78 2.82
Zone 8 2.77 2.75 2.73 2.79 2.77 2.93
Zone 9 2.80 2.78 2.75 2.83 2.84 2.80
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