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Introduction

Currently, the use of tanks and cylinders of non-
metallic materials is widespread. The use of non-metal-
lic materials in rocket and space technology is especial-
ly relevant. their use in the construction of tanks and
hulls of rocket engines of solid fuel (solid propellant
rocket motors) [1] can significantly reduce the weight
of the structure. However, to make connections of such
structures with return lines, aggregates, etc., it is
inevitable that it is necessary to use metal embedded
elements. As a rule, for the “cocoon” type structures,

embedded metal flanges are used [3], the typical design
of the flanges is shown in Figure 1. The use of such ele-
ments can significantly increase the mass of the struc-
ture (sometimes more than 70%), especially for small-
sized ones, where the structure of the embedded flange
is not due to strength, and structural limitations
(depth of threaded holes, development of surfaces for
sealing elements, etc.)

At the moment, in the state-owned enterprise
“Yuzhnoye” Design Office, work is underway to design
and manufacture an experimental design of a cryogenic
carbon-fiber fuel tank. Since the tank is supposed to be

used in a wide range of temperatures,
the choice of the material of the
embedded flange is a very difficult
issue. As is well known, the CTE of
carbon fiber is an order of magnitude
lower than the CTE of the metal [2],
therefore the use of a metal flange in
such a design can lead to additional
temperature stresses and deforma-
tions, which as a result can lead to loss
of tightness of the power shell-flange
connection. Therefore, it was decided
to work out the issue of manufactur-
ing a carbon-fiber-based carbon fiber
flange. The design of the carbon fiber
flange is shown in Figure 2.

For the manufacture of the flange
was chosen manufacturing tech-
niques – manual display, followed by
pressing in a rigid form. For which a
special mold was developed
(Figure 3). The mold consists of a die
and a punch. The matrix has a com-
plex shaped surface corresponding to
the outer flange circumference. The
punch has a reciprocal inner surface of
the flange. The punch and the die are
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Fig. 1. Typical flange design
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ing the bolts, the necessary contact pressure of the
blank is provided.

The flange manufacturing technology consists of
the following steps:

- carbon fabric impregnation (Figure 4);
- Cutting fabric into blanks according to templates

(Figure 5);
- laying out cut blanks on the surface of the matrix

according to a given pattern;
- assembly of the die and the punch, tightening of

the bolts, ensuring the specified contact pressure;
- curing the flange blank;
- machining (Figure 6);
- insert embedded elements.
After the flange blank is cured, it is necessary to

conduct its machining, which consists in removing the
burr of fabric and the binder along the outer diameter
of the pen.

Since The flange material, laminated carbon fiber
and direct threading is not possible, then through holes
were inserted into the flange to ensure the connection of
the flange with the lid and test equipment, which were
then glued to the embedded elements (Figure 7).

Thus, the developed design of the flange can signif-
icantly reduce the weight of the structure and ensures

Fig. 2. 3D-model of the flange of the fuel tank

Fig. 5. Cutting carbon fabric

Fig. 3. Mold for flange manufacturing

Fig. 4. Carbon fabric impregnation

Fig. 6. Mechanical processing 
of the workpiece

Fig. 7. Flange with cover



the joint operation of the flange-power shell connec-
tion in a wide temperature range. In the future, the car-
bon fiber flange will be used in the manufacture of a
cryogenic fuel tank.
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ТЕХНОЛОГИЯ ИЗГОТОВЛЕНИЯ ФЛАНЦЕВ ИЗ КОМПОЗИЦИОННЫХ МАТЕРИАЛОВ
ДЛЯ КОНСТРУКЦИЙ ТИПА КОКОН

Статья посвящена разработке технологии изготовления фланцев топливного бака из углепла-
стика для криогенных компонентов топлива. Приведены результаты разработки технологической
оснастки и отработки технологии изготовления фланца. Представлены результаты проделанной
работы на примере изготовления опытной конструкции фланца. [dx.doi.org/10.29010/085.4]
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