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1D-3D cell coupling simulation of resin flow behavior in perforated sandwich

composite materials

ZHOU Ziwei"?, NI Aiging' , FENG Yuwei® , WANG Jihui*
(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of
Technology, Wuhan 430070, China; 2. School of Materials Science and Engineering, Wuhan University of
Technology, Wuhan 430070, China)

Abstract: The vacuum assisted resin infusion (VARI) process, recognized as a high-performance, cost-effective
manufacturing technology, has been widely adopted in the production of large composite material components.
Perforated core composite materials exhibit characteristics such as a high strength-to-weight ratio and strong load-
bearing capacity. However, to accurately simulate the resin infusion process within perforated core composite ma-
terials, three-dimensional numerical calculations of resin flow within each hole of the core material are required,
especially for thick components, involving substantial development costs and production cycles. To reduce the
complexity and time costs of simulation calculations, this study proposed a novel 1D-3D finite element coupling
method. Utilizing a self-developed ANSYS Fluent user-defined function (UDF) subroutine to simulate resin flow
within the core material holes, the need for physical modeling of a large number of holes is avoided. This approach
successfully optimizes the model construction and simulation calculation process of the vacuum infusion process
for perforated core composite materials. The feasibility of the simulation was validated through full-scale infusion
experiments. The research results indicate that the numerical simulation closely aligns with experimentally mea-
sured infusion time, providing a relatively accurate representation of resin flow during the formation process of per-

forated core structures.
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1 represents the centroid of the fiber layer above the hole; 2 represents
the center of the circle of the upper end face of the hole; 3 represents the
center of the circle of the lower end face of the hole; 4 represents the
centroid of the fiber layer below the hole
Bl AL T () SMALIRSEBRA DRI O (b) B4 FLIR
REAUA TR F 5 (c) ALl i 3 s 22

Fig.1 Cross section analysis of core material holes: (a) Actual entrance

and exit of core material holes; (b) Virtual entrance and exit of core
material holes; (c) Pressure difference at both ends of the core

material hole
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Initialization: Set the VOF models,
material properties, cell zone
conditions, boundary conditions

Identify the inlet and outlet regions of the core
perforations by comparing the coordinates of
the elements of the discretized domain with
the coordinates of the core perforations

Calculate the source terms
for the inlet and outlet using
Eqs (16) and (17)

|

Checking of the stage of behavior. And,
depending on the stage of behavior, the

volume flow of resin and air is calculated
according to Eq. (15)

Based on the current time step
value and the converged time step,
store the accumulated resin
volume in the core material hole

VOF—Volume of fluid
A2 fEiaREE

Fig. 2 Flow chart description of the simulation
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Table1 Testresults of material parameters

Symbol Value

Inlet pressure/Pa Pin 0
Outlet pressure/Pa Pout -101 325
Resin viscosity/(Pa-s) Hr 0.25
Resin density/(kg-m™) Pr 1100
Silicone oil viscosity/(MPa-s) Hs 78.4
Silicone oil density/(kg-m™) Ps 963
Fiber volume fraction/vol% Vi 41.1

Ky 3.41
Permeability/(10™" m?) K, 3.77

K. 0.2908

Bt X LB A BBUEREL, fEA SR %R
TR LA A T S 22 1) F) B LA B B AL
T A FR B FE ] o 30 g P AN ) B A A% LG
X BB EE R AEAT T 08, LAWTSE A% B o0 50 Xt
SRR, Wk 2 R,

x2 FRBTRTMEUSHTE

Table 2 Meshing scheme of different element sizes

Upper and lower fiber ~ Core

Scheme . . Element/10*
panels size/mm size/mm

a 0.1 0.1 97.2143

b 0.25 0.1 62.4066

c 0.5 0.25 46.4243

d 1 0.5 23.4103

e 1 1 7.8904

Notes: K,, K,—In-plan permeability; K:—Permeability in
thickness direction.

2.2 B {FEERES
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TE KK T 2B 452 i . B A 4E i
BACHE ML . 2B 5

WE 3 Fr7”, £ VARI T2, T aser4e
S NB SRR/ RN, B s mr K
FERE R T I 2 WK E G MR IR B, ] DR i
B A I 1 32 70 06 5 0 0, T 4 o A v 1) B A
SR F R W R R s aER . Wk, 5
FMPERN LRI AT IR AL 5 —
Uity I J2 £ 4 T AR S AL I E A T, AR RLR
JH ) R4 BT S 7 A BT

3 HfLEH A
Fig.3 Single hole model A
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Fig.4 Grid independence testing
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Fig. 12 Comparison of resin flow on bottom surface of perforated foam sandwich composite between simulation and experiment at 460 s, 620 s, 970 s
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