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ABSTRACT: We measured the thermal conductivity of composite materials manufactured by the autoclave and
vacuum bag only processes and predicted the cure behavior of the external and internal of composite parts with a
cure kinetics model. The temperature difference between the external and internal depends on the processes because
of the change of thermal conductivity. In the autoclave process, the temperature and cure behavior of the internal
were similar to those of the external because of the high thermal conductivity. However, the temperature of the
internal of the vacuum bag only process was different from that of the external. The difference can influence the part
quality and evacuation of air. Compression tests were performed to find the mechanical property using 0°
unidirectional specimens. The composite of the vacuum bag only process was found to have a lower compressive
strength than that of the autoclave process.
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Fig. 1. Cure cycle for Autoclave process
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Fig. 2. Cure cycle for VBO process
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Fig. 3. Thermocouple location in panel
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Fig. 4. Experimental panel for thermal profile

Table 1. Measurement of temperature in VBO process

In-plane Through thickness
Temp. (°C)
TC#6 TC#1 TC#11 TC#4
50°C 43.3 39.3 42.5 40.8
100°C 94.1 91.1 94.3 91.9
150°C 154.6 151.4 154.5 152.7

Table 2. Measurement of temperature in Autoclave process

In-plane Through thickness
Temp. (°C)
TC#6 TC#1 TC#11 TC#4
50°C 48.9 47.9 49.2 48.3
100°C 100.4 99.9 100.8 100.4
150°C 150.9 150.6 151.2 150.7
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Table 3. In-plane thermal conductivity o3l A ARHollAe] Lo £ BxE 3105lr] ¢
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Table 6. Through thickness temperature in A/C
Through Through
Surface thickness thickness
(°C) Measurement | Calculation
Q) Q)
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32.5 32.1 324
Zone 5
—— (11 ply) 93.4 92.5 93.3
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Fig. 7. T/C locations in 4m panel 148.7 147.2 148.6




306 Dong Keun Hyun, Dong Seung Lee, Do Hoon Shin, Ji Hoon Kim

27) RES FY A Aol 1o LES 245
gets 2w WA} Bl gl RE YelR LEE &
A% A%E ol 3 ALLgLRTh R0l 7} Bo] WAYSHAch.

B AP AT B AL REUSE Aok iy F wv
3} 2] 337159] Aol WAE|e], Foke o] @A
=gro] Hi BRRY sk Qls) KE Wie 3] 9§

4 e g0l Ve A At Y Fyon o

2o 24 1 71741%4 e st 4 o

248 RE Ui 2ol 741@% W e Aol A5
L AAEE A AL FE s AR RE 2
MEEEREEEE SRR S ER R
Sz Qs FEol 4 gu Aol ey Aol A ghoko
o, 2400k Y 20 %3] 91) AR FAAe)
o7t A A O G FAE AR am B Eo| ABFES
W AR Ak GALA Mol A-gH] S50 &
A A 3 g G 230 e BeHES ol Bl
ATLE A% o]t
3. 43t HAS W=

3.1 48t 74 o5 =

B8 AB 3t ol & mAL o) AT1]oIA Kratz 2
WAL olgste] LeTa|1e) At kgl et A% &
& ARIHEH19.20). S ATolH AHE obef Table

I Zom o5 o] gsto] 24 2] Aot AFS A5k
do_ o omo oo Ko(1-w)”
- _ +
dt Ko (1-a) l+eXP(D(a*(°‘co+“CTD)) @)

4 (DoflA] my, my, n;, ny2 A4, ti= AL o= HE
£, TE 2, Dis SIS, o AULE 02 tje] Q1
B3 =, e 2= U AR EE e, K2t
K,+= Arrhenius §ro|t}.

(&7

K,=Aexp

K,=A,exp

of7]o A AE= ZAd%t oA, A Ay ARG Al (pre-

Table 7. Kinetic parameters for resin cure kinetics model [1]
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Table 8. Comparison of degree of cure

Condition Option #1 Option #2
External 0.87 0.88
Degree of - 0 S Internal 0.87 0.88
Cure
VBO Internal 0.84 0.86
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Table 9. 0° Compression strength

VBO A/C

0° Compression 779 845
strength 799 853
(MPa) 802 880

Ave. 793 860

Dev. 12.7 18.5
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