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CoreTech System

• Founded in 1995, a leading professional plastic injection molding simulation solution supplier for 
plastic injection molding industry

• World’s largest professional team (250+ employees, 80% technical professionals) dedicated to plastics 
injection molding simulation

• Based on CAE as Core-Technology, provides advanced technologies and solutions for industrial 
demands with worldwide marketed “Moldex3D” series

• Provide leading software solution and attentive technical support to work with global customers for 
optimizing the process from design through manufacturing
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Introduction
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Composite Products

Goal: 

• Reduce vehicle weight, and improve mechanical strength of the product
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Liquid Composite Molding (LCM) Processes

• For manufacturing of composite parts with a high content of oriented reinforcement

￭ The impregnation of a dry preform with a liquid matrix by liquid composite molding processes

￭ Very high potential for economical manufacturing of high performance composite components

• Types of processes covered

￭ RTM, VARTM, RFI, CRTM



CoreTech System Co., Ltd. │ Copyright© 2021 Moldex3D. All rights reserved.
No contents are construed as providing a warranty, including any warranty of merchantability, accuracy, completeness, or fitness for purpose, or representation for which CoreTech System Co., Ltd. assumes any legal responsibility.

Workflow of Integrated CAE Simulation for RTM

• 3-step simulation procedure

￭ Step 1: Preform forming

￭ Step 2: Resin injection filling

￭ Step 3: Demolding

Forming Delomding
Dry fiber mat

Resin filling

Woven Fabric Molding 

Analysis

Calculation of 

the forming 

induced fiber 

reorientation

RTM Wizard

Guide the user to 

build the RTM 

model: 3D mesh, 

fabric orientation, 

inlet location, etc.

RTM Analysis

Calculate the resin 

flow and product

warpage

Export Import

File

Inject resin

The RTM simulation process using AniForm coupled with Moldex3D
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Numerical Solution for Resin Filling
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Measurement of Permeability

• An integrated system to observe the flow front during filling process to get the permeability by Darcy’s law

L900

LT800

DBLT1900

L900 LT800 DBLT1900

Permeability(m2) 5.9328E-11 2.1085E-10 4.1895E-11
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Effect of Fiber-Mat Type

• Compare with different fiber mats
9s 29s 69s 109s

Mat2 :DBLT1900

Mat 3 :L900

Mat 1 : LT800

K =2.1×10-10

K =4.19×10-11

K =5.93×10-11

Permeability

Low

High

Slow

Fast

Flow

9s 109s 299s 489s

19s 79s 329s 499s

Source :NTHU CHE PCSE 
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Filling Time Changes from Fiber Mat Type

• RTM simulation result  and the experiment result

Fiber Mat 1
Filling time:120 Sec

Fiber Mat 2
Filling time:500Sec

Fiber Mat 3
Filling time:700Sec
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Multi-Layer Fabric Mats

• Support to assign different permeability for different regions

Without Distribution Media Ply Orientation Affects the Filling Behavior

With Distribution Media

`

Distribution Media

Fiber Mat `
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Anisotropic Permeability of Fiber Mat

• Directional impact

￭ Different filling behavior in thickness direction

Isotropic Permeability Anisotropic Permeability
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Venting Effect on the Filling Behavior

• Filling pattern with different length of venting boundary

Long Venting Boundary Short Venting Boundary

Venting region Venting region
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Wind Turbine Blade (VARTM)

Inlet #2 Open

Inlet #3 Open

Inlet #4 Open
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Evolution of Flow Front Location 
Experiment - Simulation 

• Detailed comparison between the simulation and experiment results

Open Inlet #2

Open Inlet #1

Open Inlet #3

Open Inlet #4
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Boat Manufacturing
Design Modification: Multi Inlet Control (Horizon Yacht)

• Revised design

￭ Provide the probability to optimize the VARTM process 

Prediction of Conversion Distribution

7 Inlets4 Inlets 

Conversion Predict filling time

4 Inlets (Inlet 1, 3, 5, 7) 40% 9000  sec

7 Inlets 24% 2000 sec

Source :ATech
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Boat Manufacturing
Design Modification: Multi Inlet Control (Horizon Yacht)

• Inlet controls for 4 inlets (Inlet 1, 3, 5, 7)

• Inlet controls for 7 inlets

Inlet controls for 4 inlets 
(Inlet 1, 3, 5, 7)

Inlet controls for 7 inlets
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Forming process and shear effect
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Forming Process

• Forming simulation can predict the ply orientation after Forming process

Mold
Mold

Forming process

Lay-up after forming

L1
L1

L1

forming

Cavity Geometry

R1

R2

On the corner of the part,
fabric is sheared by the forming process
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Without shear effect With shear effect

Shear Effect

• Support to consider the shear effect 
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Modeling 

• Darcy's law:

• Permeability tensor

￭ Kozeny-Carman equation
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are porosities of the textiles before and after the forming analysis
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permeability tensor and     the porosity of the porous media.K ϕ
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Higher-level RTM analysis
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The Higher-level RTM analysis integrates AniForm forming analysis into the simulation workflow of 
Moldex3D. 

• 3-step simulation procedure

￭ Step 1: Preform forming

￭ Step 2: Resin injection filling

￭ Step 3: Demolding

Woven Fabric Molding 

Analysis

Calculation of 

the forming 

induced fiber 

reorientation

RTM Wizard

Guide the user to 
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model: 3D mesh, 

fabric orientation, 

inlet location, etc.

RTM Analysis

Calculate the resin 

flow and product

warpage

Export Import

File
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Model for forming analysis

• The woven fabric forming by AniForm.

￭ Fiber orientations with 0/90 lay-up.

The upper die

The lower die

The woven fabric

The formed woven fabric.
(case 1_cp here)
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Model for filling and warpage analysis.

￭ Moldex3D RTM analysis

• We choose the anisotropic permeability for the woven fabric on purpose to see how the woven fabric 
orientation affects the filling status.

• Compare the models that consider the woven fabric molding or not.

1. Assign the original woven fabric orientation directly.

2. Consider the formed woven-fabric-molding results from AniForm.

Consider the formed woven-fabric-
orientation.
(case 1_cp here)
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• Shear effect on ply orientation and resin filling

￭ Fiber reorientation → the lower the porosity and permeability →flow hesitation.

Moldex3D Filling Results: Melt Front Distribution

Fig. 6 Flow Front 

Without shear effect With shear effect

Woven fabric result from project method Woven fabric result from AniForm
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Moldex3D Warpage Results: Min Modulus and Max Modulus

• Shear effect on material properties

￭ Rearrangement of fiber orientation and porosity leads to significant change in the mechanical properties of 
the final part.

Without shear effect With shear effect

Woven fabric result from project method Woven fabric result from AniForm
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Moldex3D Warpage Results: Total Displacement 

• Shear effect on deformation behavior of  product warpage

￭ Variation of mechanical properties due to shear effect gives significant influence on warpage behavior.

Without shear effect With shear effect

Woven fabric result from project method Woven fabric result from AniForm
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Summary

• The higher-level RTM analysis integrates AniForm forming analysis into the simulation workflow of Moldex3D. 

￭ Aniform: formibility, ply orientation

￭ Moldex3D: 3D resin filling, curing and  product warpage 

• The influence of fiber reorientation in the forming stage on the following filling and warpage behaviors is 
demonstrated.

• Local permeability and porosity of fabric decrease due to the shear effect on the whole RTM process and the 
quality of final product is always unignorable. 

• The workflow helps to effectively control processing condition parameters and to reduce expensive and time-
consuming trial-and-error manufacturing process.




