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A study on Resin Filling Analysis and Experiment by
VAP and VaRTM Processes

Dong-Hwan Yoon*, Kyeong-Ho Seo*, Yu-Jung Kwon*, Jin-Ho Choi*’

ABSTRACT: VaRTM(Vacuum assisted resin transfer molding) and VAP(Vacuum assisted process) processes are a type
of RTM(Resin transfer molding) process, and are typical out-of-autoclave (OOA) processes that can manufacture large
structures at low cost. In this paper, a resin filling test was conducted to compare the VaRTM and VAP processes, and
the filling process and dimensional stability were compared. In addition, an analysis method to simulate the filling
process was developed, and a dielectric sensor was used to detect the flow front of the resin, which was compared
with the analysis results. From the resin filling test, the total filling time of the composite plate was measured to be 48
minutes for the VAP process and 145 minutes for the VaRTM process, and the filling time by the VAP process was
reduced by about 67%. In addition, it was confirmed that the VAP process was superior to the VaRTM process in the
thickness control ability and uniformity of the composite plate.

Z &8: VaRTM(Vacuum assisted resin transfer molding)¥} VAP(Vacuum assisted process) 3= RTM(Resin transfer
modling) 34 2] $t FRZA], FL2ES A7) AR 4= Qe dlFZ] 0l & 2 EZd|0]H (0O0A, Out of Autoclave)
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Z A 7HE VAPEZ A L 485, VaRTM 3 A L 1455 0 2 = 5]o], VAP 24 o] ¢35+ 221 A|7+o] VaRTM tjju] oF
67% =% 3l 0w, VAPF 7 o] VaRTM -4 of| vl s} Ho4 Futo] FAxE 58 U =7t Sp3-S ghelskich
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1. M B VaRTM(Vacuum assisted resin transfer molding) 3% -2
=3 o ATt E 2 Ful (Vacuum bag) © & 1w A|5}o] 2
RTM(Resin transfer molding) 342 th3 4] & 2 EZg| doZ A9 FE52 FEd= FAHLE, A *1—1‘47]—7]— Z1
o] FA(O0A, Out of Autoclave) .2, ZZ]|Z (Preform)< sl g LR E AR A= AAS 7R 9
R0l AUElT 402 HFBE Lo FQokz o o1}, A FO] BHERT Aclass $50) EREG BE 5 ik
93 wpsolch RTM 241 SARE o= VaRTM, = o8 7k 1 Qlh
VAP, HP-RTM, C-RTM &4 o] 3t} VAP(Vacuum assisted process)= VaRTM A3} o} -3 &
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Fig. 1. Schematic diagram of the VaRTM process

Table 1. Material properties of IMA

Property IMA (Hexcel)
Density [kg/m?] 1,790
Tensile Modulus [GPa] 298
Conductivity [W/m-K] 11.3

Table 2. Material properties of RTM6-2

Property RTM6-2(Hexcel)
Density [kg/m’] 1,140
Viscosity [N-s/m?] 0.04
Enthalpy [J/kg] 450,000
Conductivity [m?] 0.27

Fig. 2. VaRTM process

VARTM

Fig. 3. Composite Plate using the VaRTM process
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Fig. 4. Schematic diagram of the VAP process
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Fig. 5. Dielectric sensor and 4-channel cure monitoring system
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Fig. 8. Arrival time of resin flow front

Fig. 9. Composite Plate using the VAP process
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Fig. 10. Finite element model for VaRTM process analysis
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Fig. 11. Resin filling analysis of VaRTM process
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Sensor () : 22min Sensor (2) : 27min

Sensor (&) : 6min

Sensor (3) : 33min

Inlet

Fig. 13. Resin filling analysis of VAP process
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Table 4. Resin filling time

Bottom Top
— Sensor
Property Permeability(IMA) @D ® ©) @
Permeability k1 [m?] 5.10e-13 Experiment (min.) 27 30 34 7
Permeability k2 [m?] 2.80e-13 Analysis (min.) 22 27 33 6
Permeability k3 [m?] 8.10e-15 Error 18.5% 10.0% 2.9% 14.2%
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