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APPLICATION OF MODERN MEANS OF COMPUTER SIMULATION
IN THE DEVELOPMENT OF TECHNOLOGY MANUFACTURING FUEL TANK FLANGE
OF CARBON FIBER

The article is devoted to the use of modern computer modeling tools in the development of the manufac-
turing technology of composite products using the example of creating a flange of a fuel tank for cryogenic
components from carbon fiber. The results of numerical simulation of the process of laying out and shaping
the geometry of the carbon fiber flange are given. Presents conclusions on the work done and an assessment

of the results. |dx.doi.org/10.29010,/085.5]
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Introduction

One of the main features of composite materials [1]
is that the material is obtained together with the
design, and all its properties are formed and stabilized
during the manufacture of the part. That is why for
parts from composite materials — materials, design and
technology are an integral part of each other.
Therefore, an important step in creating products from
composite material is the development of the produc-
tion process.

Problem Formulation

When creating a carbon fiber flange, the technolo-
gy was developed in a rigid form. The materials used
are prepregs based on high-strength carbon fabric and
epoxy resin. Considering the high complexity of the
flange geometry and the large number of layers to be
stacked, in the process of preparing the production,

computer simulation was used for most of the working
operations, which reduced the labor intensity, the
amount of carbon utilization waste and the possibility
to improve the quality of the material after its poly-
merization.

Model Formation

A numerical model for stacking fabric prepregs
with regard to the reinforcement scheme and the lay-
out scheme was created using the CATIA software
package and the Composites Design module. In the
process of creating a model, a three-dimensional model
of the fuel tank flange is initially imported (Fig. 1), and
its surfaces are transformed into mating surfaces and
display fields, taking into account the formation of
process zones (Fig. 2).

The next stage of the process simulation is an indi-
cation of the type of material in which all the techno-
logical parameters of the fabric are specified, and the

Fig. 1. 3D model of the fuel tank flange

Fig. 2. Formed display field
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Fig. 3. The process of laying the first and last layer
in the module Composites Grid Design

starting point for calculating each layer is determined.
To ensure satisfactory drapeability of the fabric and
prevent folds of the individual layers, the trajectory
and size of the technological cutouts are noted. Layer
by layer, the layout of the part is modeled to form sep-
arate groups of layers to simplify the thickness setting
process. At the end of the formation of the flange blank
geometry, the resulting numerical model is rechecked
(Fig. 3). In the process of performing the final analysis,
clearly identifiable intermodal solutions and unaccept-
able package deformations, alternation of laying layers
and directions of local coordinate systems. It should be
noted that the correct choice of the starting point of
the calculation most influences the correctness of the
formation of the geometry, in particular, the power part
of the flange of the flange.

As a result of the modeling process, a graphical rep-
resentation of a composite package consisting of
74 layers was obtained. In the initial approximation,
the gain scheme [0/45/90/-45],, was chosen, which
was eventually adopted. In general, the composite
package is divided into three groups, the first of which
is full face layers, the second — the formation layers of
the collar (skirt) of the flange and the third — the for-
mation of the feather of the flange (Fig. 4).
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Fig. 4. Built-in control and layout control module
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Fig. 5. The result of an automated process of combining blanks

As a result, for the execution of cutting and correct
installation with compliance with reinforcement
schemes, a set of technological documentation is pro-
vided, including the technological process, cutting
cards and an album of parts display. If during the devel-
opment of the technological process and determining
the sequence of calculations according to the obtained
model of complexity, then in the creation of cutting
and combining maps of all the layers to make the pat-
tern. Especially if, in one technological cycle, prepar-
ing and cutting prepreg packages into several parts.

To perform the contour generation for the pattern,
the Autodesk 360 Fusion CAM module was used. All
necessary geometrical parameters of each layer are eas-
ily imported from CATIA software. Significantly facil-
itated the process of combining and labeling the ele-
ments is the fact that the flange is geometrically a body
of rotation, simplifying the geometry of the blanks to
the disks and rings.

The result of the automated process of combining
blanks (Fig. 5), in cases of mass production, is trans-
mitted to a split CNC machine, and for individual
parts, cutting templates are prepared. The developed
set of technological documentation is used to imple-
ment and control the process of laying a package of
parts on the equipment.

In confirmation of the work done, the process of
manufacturing a preform from a carbon fiber flange
was carried out by molding into a rigid form. To avoid
the occurrence of non-impregnation zones, inconsis-
tency of the molding of parts, a polymerization mode
has been developed, taking into account both the com-
plex shape and the total heat capacity of the parts and
molds. After polymerization and cooling, the work-

piece is pressed out and subjected to mechanical pro-
cessing, which exists in the drilling of mounting holes
and removal of technological allowances (Fig. 6).

Conclusions

The task of creating carbon fiber parts with a
complex geometry is much easier using computer
modeling tools. The use of modern software systems
Catia and Autodesk 360 Fusion can effectively
develop technologies for the production of complex
composite parts. They also allow the design process
to predict the behavior of the material when plan-
ning the implementation of technical approaches and
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Fig. 6. Manufactured carbon fiber fuel tank flange
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INPUMEHEHUWE COBPEMEHHbBIX CPEJICB KOMIIBIOTEPHOI'O MOAEJINPOBAHUA
TP PASPABOTKE TEXHOJIOTUU N3TOTOBJEHUU ®JAHIIA TOIIJIUBHOTI'O BAKA
N3 YIVEIIJIACTUKA

Cmamwvs nocésuena npuMeHeHUr0 CO8PEMEHHBIX CPEOCn8 KOMNLIOMEPHOZ0 MOOETUPOBAHUS NPU PA3PA-
6omxe mexnonoeuu uzeomosaenus usoenuii uz IKM na npumepe cozdanus paanya monauenozo 6axa ons
KPUO2EHHBIX KOMNOHEHMO8 monauea u3 yeaenaacmuxa. Ilpusedenvt pezyavmamot HucieHH020 MOOEIUPO-
8aHUs NPoyuecca 6vIKNAOKU U Popmoodpazosanus zeomempuu paranua uz yeaenaacmuxa. Ilpedcmasnenvt
8b1600bL N0 NPOOEAAHHOU padome U OUeHKA NoJYUeHHbIX pe3yavmamos. [dx.doi.org/10.29010/085.5]
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