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Abstract. The purpose of this study is to present a multi-step
approach for building a virtual analysis supporting the
determination of the number and position of the injection
molding gate spots in Resin Transfer Molding (RTM) and
the relatively new Thermoplastic Resin Transfer Molding
(T-RTM) technologies. The methodology provides an
opportunity to determine the behavior of the fluid flow
based on the location of the inlets, as well as potential
problems and defects.
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I. INTRODUCTION

Composite products are increasingly occupying a
larger share of the market, being used in the aviation and
automotive industries, the production of various sports
facilities, and building elements, with the goal of reducing
the overall weight and thereby enhancing various
characteristics that directly affect the life cycle of the final

product [1], [2], [3], [4], [5]-

Strategies for using fewer raw materials and creating
less environmental pollution are adopted for the creation
of such composite products, which can be more easily
processed after they are no longer in use. The relatively
new technology "Thermoplastic Resin Transfer Molding"
(T-RTM) is used for their creation, combining the
advantages of "Resin Transfer Molding" (RTM)
technology with those of the thermoplastic matrix
(recyclability, workability, plasticity, durability, etc.) and
the high-pressure injection from the "High-Pressure Resin
Transfer Molding" (HP-RTM) technology [6], [7], [8].

Although RTM technology and its processes are well
known to process engineers, there are still various
difficulties in creating large parts. With the development
of computer technologies and mathematical models,
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manufacturers have the opportunity to analyze and
optimize processes in advance by creating virtual
prototypes to be investigated with specialized software
products [9], [10], [11], [12], [13], [14], [15], [16], [17],
[18], [19], [20], thereby reducing the potential risks of
defective products and financial losses.

One of the important steps in creating a quality
product through RTM and T-RTM technologies is the
initial determination of the number, type, geometry, and
position of the filling point or points [21], [22], [23], [24],
[25], known as the "gate," which directly affects various
characteristics of the final product (geometric and
mechanical), as well as the parameters during the polymer
casting process into the mold-forming tool. The gate is
part of the mold system of the mold-forming tool, which
ensures the passage of the polymer from the mixing head
(in "Liquid Composite Molding" (LCM) technologies) or
the chamber with the melted material, in machines for
standard high-temperature melt injection, into the molding
cavities.

From the perspective of mold making, incorrect
positioning or number of gates can lead to an exponential
increase in tool correction costs, production process
delays, and loss of potential profits.

Incorrect determination of parameters leads to several
consequences, such as:

e Change in process pressure;
Incomplete mold filling;
Appearance of weld lines, contributing to reduced
mechanical properties of the product;

e Different polymer shrinkage — deviations in
dimensions and weight;

e Deformations, warping of the product;
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e Preconditions for trapping air volumes.

In continuation, the study and improvement of
technologies have found various combinations to improve
the filling process with control over the gates, part of them
being:

Injection of polymer simultaneously from all gates;
Injection of polymer with progressive opening and
closing of individual filling gates;
o Fixed filling pressure through all injection gates;
e Variable pressure in different filling zones.
Fig. 1 visually shows the different variations of
injection, as well as the change in the melt speed during
single-gate and multi-gate injection
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Fig. 1. Variations of injection [26].

Through the position of the injection ports and
complex control over the process, it is possible to
influence the direction and speed of the fluid, which
affects the different characteristics of the final product
[26], [27], [28], [29].

II. MATERIALS AND METHODS

To conduct the study, three key stages need to be
passed (Fig. 2), through which the basic geometry for
analysis is created, the finite element mesh model is
generated, the number and locations of the filling points
are determined, material characteristics and process
parameters are set.

21

Virtal Engineering Analyses

I

Stage 3 ]

Stage | ]

SolidWorks

Stage 2

Rhinoceros

Moldex 30 ]
[RTM Wizard)

Initial Meshing

+  Filling Time
*  Occurmed Deformations

Weld Lines

%

Fig. 2. Stages of creating the analysis.

A.  Stage I — Design of the model

The design of the virtual object for the study was
performed using the CAD software "SolidWorks", which
detail was subsequently exported in a file format with the
extension "STEP", to facilitate the preparation of a mesh
model in the next stage (Fig. 3).
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Fig. 3. CAD Model.

B.  Stage 2 — Creating a mesh model and

determining the number and location of the filling

points

The construction of the finite element mesh model
was carried out using the specialized software
"Rhinoceros", and the available tools for this purpose,
where the fiber orientation of the available preform was
also determined. (Fig. 4).

Fig. 4. Stages of building a finite element model.

The steps used in building the mesh model are:

Importing the STEP file;

Creating a shell mesh of finite elements;

Merging all elements of the mesh into a unified
model;

e Creating an offset of the mesh relative to the
original, with a distance equal to the thickness of
the designed detail;

e Building a volumetric mesh of finite elements
through topological synchronization of the two
surface meshes and determining the number of
volumetric layers;

o Setting the fiber orientation and direction of the
base vector, dividing the angle formed between the
fibers into two equal halves, with the possibility to
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introduce information about different fiber
orientations in separate zones through the inclusion
of an additional stage in the study, namely -
analysis of the preform molding and the
orientations created in the product;
e Positioning of the injection points in the models.
To determine the optimal position of the filling
points, a set of variations is considered (Fig. 5), aiming to
analyze the filling speed of the mold, the possibility of
weld lines appearance, and the deformation values
occurred in the detail
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Fig. 5. Initial models for study.

C. Stage 3 - Construction of a model to analyze the
influence of the number and position of injection points
on the fluid flow

The exported mesh of finite elements with the
introduced characteristics for fiber orientation is imported
into the next tool for engineering analysis (Moldex3D),
introducing material properties for the individual
structural components (reinforcing structure and polymer
matrix) and process settings necessary for completing the
analysis.
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Fig. 6. Additional models for study.

After the preliminary analyses of the models and their
comparison based on the selected control parameters,
additional studies need to be conducted on the model

with the best results, aiming to examine further similar
variations in the arrangement of the injection points (Fig.
6).

III. CONCLUSION

A multi-step approach for conducting a virtual
analysis is presented to investigate the influence of the
number and position of injection gates on the quality of
the final product. By using three tools in separate stages,
in the creation of products through Thermoplastic Resin
Transfer Molding (T-RTM) and Resin Transfer Molding
(RTM) technologies, it is possible to prevent potential
problems such as underfilling of the mold, the appearance
of weld lines, and other defects in the technological
process directly related to the injection gates.

The method of using virtual engineering analysis at
the stage of designing the mold-making tool provides
extremely valuable information to designers for
identifying potential issues and their preemptive
resolution, thereby saving resources and time in the
manufacturing of tooling equipment.

By including an additional stage, a preliminary
analysis of the preform molding and thus the created fiber
orientations, it is possible to enrich the information flow
with combined data and more accurately track the
behavior of the fluid flow, the consequences arising from
the set input parameters, and to pinpoint problem areas.
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