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Resin infusion process for carbon fiber unidirectional and three-dimensional woven hybrid fabrics based on VARTM
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Abstract : To investigate the resin infusion process of carbon fiber unidirectional and three-dimensional woven hybrid rein-
forced epoxy resin based composites for subway bogie side beams, the permeability of carbon fiber unidirectional and three-
dimensional woven fabrics were first tested using the unsaturated radial flow method based on the permeability theory model. By
using numerical simulation methods, the typical composite square tube structure was scaled modeling and meshed, and the resin infu-
sion process was simulated and analyzed by using PAM-RTM software. The required infusion time, infusion pressure, and the gener-
ation of resin flow defects for preparing composite square tubes were predicted. Finally, a carbon fiber unidirectional and three-
dimensional woven hybrid fabric reinforced epoxy resin composite square tube structure part was prepared using vacuum assisted
resin transfer molding (VARTM) technology based on the simulated infusion scheme. The results show that, through the PAM-RTM
simulation of the resin flow during the preparation of the composite square tube with VARTM process, the predicted infusion time is
3 897 s, while the actual infusion time for the composite square tube prepared by the VARTM process is 4 052 s, with an error of
approximately 3.8%, within a reasonable error range. The infusion pressure inside the square tube gradually decreases as the distance
from the infusion port increases. The error between simulation and experiment may be due to the shear deformation of the fabric
caused by resin flow during the actual laying and infusion process and the difference in vacuum degree, resulting in changes in
permeability. Both simulation and actual preparation of the composite square tubes show no obvious defects, proving the reliability
of the theoretical model calculation, testing,, and simulation results for radial fabric permeability.

Keywords : carbon fiber composite ; vacuum assisted resin transfer molding ; hybrid fabrics ; resin flow simulation
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Tab.1 Resin filling front position at time 7 in the main/auxiliary

permeability direction of unidirectional fabric

t/s . /em 7y, /em
10 2.77 2.33
15 4.08 3.06
20 5.13 3.46
25 6.26 4.27
30 7.22 4.83
35 7.76 5.35
40 8.69 5.90
45 9.37 6.39
50 10.05 6.86
55 10.52 7.16
60 11.02 7.57
65 11.35 7.717
70 11.64 8.11

——Main permeability direction
—— Auxiliary permeability direction

o
S
T

T,=1.560 11160289
R2=0.9954

S
=
T

T, =0.65371-6.9295
R =0.9933

10 20 30 40 50 60 70
Perfusion time (¢)/s

B3 B F S B 5 MR SERERT B B 2

Fig. 3 Fitting results of resin filling front position in the main/auxiliary
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Tab. 2 Resin filling front position at time 7 in the main/auxiliary

permeability direction of three-dimensional woven fabric

t/s e Jem I, /oem
12 4.95 455
22 6.60 5.50
32 7.55 6.55
42 8.79 7.56
52 9.85 8.45
62 10.61 9.10
72 11.22 9.41
82 11.89 10.29
92 12.59 10.97
102 13.11 11.19
112 13.74 11.76
122 14.27 12.06
132 14.74 12.69
142 15.37 13.03
152 16.01 13.79
162 16.54 13.93
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permeability direction of three-dimensional woven fabric
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Tab.3 Simulation related parameters

Fabric type D.im'ethyl'silicone Fiber Yolume Perfusion pres- Fiber r.n'ain . Fiber au).;i.liary2 3D/U]? fab'ric
oil viscosity/(Pa-s) fraction/% sure/MPa permeability/m permeability/m hybrid ratio
Unidirectional (UD) 02 54 ol 1.12x107"° 4.70x107" -
three-dimensional woven (3D) ] 50 ) 8.03x10™" 5.54x107"
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Fig. 5 Setting of boundary conditions for composite square tube
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Fig. 10  Simulation and actual forming of resin infusion process in composite square tube based on VARTM
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Fig. 11  Curing and demolding of composite square tubes
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