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Simulation and verification of RTM process for composite sandwich components
TIAN Nan, LU Zhengbin, DU Zilin, ZHOU Yanan, LI Wenda
(Lianyungang Zhongfu Lianzhong Composites Group Co., Limited, Lianyungang 222000, China)

Abstract : To address the challenges in resin transfer molding (RTM) of composite special-shaped sandwich components, such
as uneven resin flow, structural dry spots, and void aggregation, in this paper, the resin flow infiltration behavior of the sandwich
components with complex curvature was systematically studied. In response to the current research focusing primarily on conven-
tional laminates and simple sandwich configurations, a multi-scale three-dimensional simulation framework based on the synergistic
design of the injection tube diameter with through-thickness core perforation was constructed, and the mechanisms of its improve-
ment in flow uniformity, enhancement of venting efficiency, and suppression of macroscopic voids were revealed. To address the
simulation instability caused by continuous curvature changes, low-permeability core materials, and the coupling effect of multiple
sources of pressure, strategies such as regional hierarchical modeling, local high-permeability equivalent definition, and three-
dimensional channel coupling were employed to achieve high-precision prediction of resin permeation in complex configurations.
The influences of the injection tube diameter and the core material perforation on the filling effect were explored, and the actual
RTM process was verified. Furthermore, based on the experience of large-scale batch production in enterprises, the engineering feasi-
bility of various injection tube dimensions, perforation parameters, and vacuum pressure stability was summarized, forming a
process window that can directly guide industrial applications. The simulation analysis results show that increasing the diameter of
the injection tube can significantly shorten the filling time, and the perforation of the core material can significantly reduce the
macroscopic porosity. The process verification results indicate that the absolute values of the relative error in predicting the filling
time of the developed simulation model are controlled within 20%, and the trends in defect distribution, such as dry spots and void,
show high consistency with actual measurements. This validates the applicability of the proposed method for optimizing RTM
processes in complex curved sandwich components.
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Tab.1 Basic parameters of materials and processes

Material and process
Resin (430LV)

Value of parameters
Viscosity (23 °C): 180~250 mPa-s
Permeability;Kx:K}_:] 12x10 " m?,
K=1.1x 107 m?
Permeability : K =K =2.58x10" 2,
K=2.5%10" m?

Biaxial fabric

Chopped strand mat

Injection pressure: 0.1 MPa, Tempera-
ture: 300 K, Gravitational acceleration:
9.81 m/s’

Filling process

Notes: K, K and K_ are permeability in the x,y, z directions respec-

tively.
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Tab.2 Design of infusion scheme

Diameter of injec- Core material perfora-

Scheme tion tube/mm tion (Yes/No)
Scheme 1 20 No
Scheme 2 12 No
Scheme 3 8 No
Scheme 4 8 Yes
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Fig. 6 Final filling time and pressure distribution of three types of injection tubes with different diameters
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Fig. 8 Macro and micro void distribution of the upper and lower moulds before and after perforating core material
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Tab.3 Comparison between simulation analysis result and process

verification result

Diameter of Filling time of  Filling time of

L . . . Relative
injection tube/ simulation process valida-
. . error/%
mm analysis/s tion/s
20 28 35 -20
12 156 135 16
8 234 276 -15
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Fig. 10 Surface defects in composite special-shaped sandwich component
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