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Abstract

Development in the aerospace industry is linked to the continuous pursuit for lightweight
designs. Open-architecture composite structures are a new and novel use of composites for
minimal weight component design. It is reasonable to use efficient and advanced techniques such
as radial braiding in manufacturing of composite lattice tubular structures. In this article an
aerospace composite lattice tubular structure with a braided reinforcement system is studied. A
method is developed to determine the parameters of the preform reinforcement. A new process has
been created for the manufacture of lattice structure with a braided reinforcement system. A
methodology has been developed for determining the technological parameters of radial braiding.
A sample structure is manufactured and tested. Experimental studies of lattice structure samples
were carried out in order to verify the methods for determining mechanical, structural, and

technological parameters.
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1. Introduction

Composite lattice structures (LSs) are a promising area
of development of design and technology solutions in
aerospace engineering. The winding method is the main
method of manufacturing composite LSs. The
shortcomings of this method include the difficulty of
laying reinforcement in the axial direction, uneven
filling with reinforcing material across the width of the
part, the uneven ratio of the binder and the
reinforcement, and the need for a large number of layers
to create a balanced symmetrical laying for form stable
structures. This article proposes an alternative method
of radial braiding for the manufacturing of such
structures. This method ensures high level of process
automation, structural integrity of preform material and
design flexibility as well as low manufacturing cost.
Thanks to a variety of applications and new
opportunities, braiding is a prospective technique for the
manufacturing of tubular parts. The idea of flexible
wing airplane can be realized using LS with a carbon
reinforcement system, for which a wing with lattice
structure with a reinforcement system has been

manufactured. For structures with complex shapes,
spokes of the umbrella antenna, the concept of lattice
structure can be used. For practical testing of the
manufacture of a curved LS with a variable cross-
section, the geometry of the spokes of a parabolic
umbrella antenna of a spacecraft with a braided
reinforcement system was adopted as an object for
technological research. The main idea of reflectors with
flexible ribs is to use the elastic energy of deformation
of the ribs, providing a parabolic shape of the reflecting
surface, rolled around the central part of the reflector.
An umbrella antenna structure supporting a reflective
surface usually consists of a certain number of helical
spokes, one end of which is fixed to the central hub
structure. The thin wall thickness of this design provides
low weight. The high-modulus carbon fiber, which is
often used in space structures due to its high modulus of
elasticity and low coefficient of thermal expansion and
good technological characteristics, was chosen as the
material of the ribs. The braiding process on a
curvilinear mandrel with a variable cross-section is
carried out with a constant step, so that the LS coverage
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coefficient remains constant. The practical application
of the developed technology for the manufacture of a
folding lattice structure with a high degree of packaging
and the spokes of an umbrella antenna is proposed.

2. Methodology

The aim of this paper was to develop a method for
determining the parameters of the preform
reinforcement and to produce the preform. The design
has to insure the specified characteristics of the
composite product according to the lay-up sequence to
the volume filling factor. The above parameters ensure
the required rigidity, strength, and temperature stability
of the structure. The realization of the braiding
procedure requires the determination of the parameters,
such as the roving width, the number of the axial
rovings, the number of the layers, and the arrangement
of spindles installed on the annular frame of the radial
braiding machine.

3. Conclusions

Thus, experimental studies of LS specimens,
manufactured and tested at the Center of Composite
Technology (KNRTU-KAI, Kazan, Russia), were
performed to verify suggested methods. A method for
manufacturing of multilayer LS using relief mandrel
was developed. Compressive testing of LS specimens
was performed to verify structure and process
characterization.  Results  of  calculation and
experimental ~ studies  were  compared.  They
demonstrated that the suggested structure and process
characterization provided a possibility to perform
prompt analysis of mechanical properties of LS which
might be applied in designing LS with braided
reinforcement systems.

The basic elements of the extended abstract are listed
below in the order in which they should appear:
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