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Abstract: The base structure of the spacecraft connects the
satellite with the launch vehicle and it is the main load bearing
member. To satisfy the structural requirements, advanced
materials are used commonly to manufacture the mechanical load
bearing members. The paper deals with the analysis of the base
structure of the spacecraft using a combination of metal with the
composite materials like CFRP (Carbon Fiber Reinforced
Plastic). Analysis is done for base structure of the spacecraft by
varying materials in ANSYS 14.5 for each ring. The variation of
the materialsis done on theinsert ring of the base structure along
the height in five different ways. The analysis done suggest that
the combination of Ti and CFRP ensures lower deformation and
weighed 7.34 kg achieving a mass saving of 35% on the existing
structure.
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[.INTRODUCTION

Preparation of the composite materials is used to
increase the rigidity of the structure and also to reduce the
mass of the object [5]. Theinterface ring ismetallic in amost
in every case. These structures are a significant part in
spacecraft mass [2]. The base structure of Bepi Colombo
spacecraft is made of CFRP, Titanium at the insert (insert
ring) and aluminum alloy at the base. Normally, AL aloys
are used for the manufacturing of aircrafts. In these days
composites play a major role in the aircraft industry. Fibre
composites replaced the metals in most of the cases. These
composite materials like CFRP can obtain high stiffness to
weight ratio when compared to metals. Use of the advanced
materials in the aerospace has become most common and
there searchers are looking towards the materials that can be
stronger and be light in weight and that can aso resist the
highest thermal loads. Structural optimization techniques
were used by many to find the performance of the composites
when applied to the aerospace components [6,7]. CFRP and
GFRP are the common materids which are used for
aerospace applications [10]. The CFRP can replace the
metals like aluminum but the main disadvantage of it is it
cannot withstand the high amount of thermal loads. So
maximum they are used for the structural strength.
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All materials degrade over time and are subject to wear,
due to extreme conditions and subject to wear in space
missionsthisisamajor challenge to overcome. The damaged
materials areleast possibleto be repairable. To overcomethis
difficulty Self healing materials are very helpful for restoring
the properties like Mechanical when damaged, by which we
can enhance the lifetime of the structure. The CFRP materials
are self healing which have the flexural strengths[1].

Asthe base structure is the main |oad bearing member, it
is made of high strength materials like aluminum alloy and
titanium alloy. But that additiona strength of the material
addsweight to the structure. In order to reduce the weight the
base structure is made with CFRP except the titanium insert
ring and the separation planering (base). Theinsert ring isthe
load bearing ring which is next to the attachment of the
spacecraft to the base structure. So it should always be made
with ahighly strength materials. This paper ismainly dealing
with thisinsert ring. The metd is replaced with CFRP as the
strength of CFRPis moreand islight in weight [9].

[I.MODELLING AND ANALYSIS

The base structure isdivided into some of the partsin the
cross sectional view such that the model can be easily
analyzed. The cross sectional view of the base structure is
shown in the figure 1 which shows the parts of the base
structure. The names of teach part isshown inthetable 1. The
base structure is modeled in ANSYS and then analyzed
staticaly for finding the strength of the CFRP material
whether it can be used for the spacecraft applications.
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I11.MATERIAL SELECTION AND APPLYING
THE LAY UPS:

The complete structure is commonly made with
aluminum alloys. But in this paper the complete base
structure is made with CFRP except the base and the insert
ring. The insert ring is made with CFRP and Titanium alloy.
The interface ring is applied with CFRP (M55J914
unidirectional Prepeg and G837/914 Bi-directional) fabric
and fitted with an aluminum ring liner in itsinner diameter at
top region to facilitate interface requirement for the payload
attachment. The bottom ring is applied with the aluminum as
to meet the launch vehicle requirements. The CFRP interface
ring has alayered construction and after preliminary analysis,
lay-up sequence has selected as
[#0./0/90/0/90/-45/-45/90/0/90/0/90/0/Q]s for entire regions
[11]. Here # refers to the Bi-directional fabrics. Fabrics are
selected at the inner and outer surfacesfor easy of fabrication
process.

As this structure consists of many parts each part is
layered with different layups. The main sections which use
composites are 5 sections and the other two sections use the
aluminum alloy and titanium alloy. Each section is given
different lay ups. For all the five cases, the same bi
directional fabricsare used. For the insert ring, the composite
CFRP is used with same directional orientation.

Table 1: Lay upsfor the CFRP structure

Name of | Part Section

the section | number number Lay up

CFRP

Main

Structure 2 1 [#0,/0,/+45/-45/04] s

Outer Lip | 3 2 [#0,/90,/0,/+45/-45/0,/90/0,] s
InnerLip | 4 3 [#0,/0/90/0/+45/-45/0,] s
TopLip 6 4 [#0,/0/904#0]s

Stiffener 7 5 [#0,/904/+45/-45/90/0/90/0]s

The base structureismodeled using the key pointsin ANSY S
and then generate the volume for each part as shown in figure
2.
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Figure2: Volume generated through the ANSY S

The volume generated is applied with boundary conditions,
finally loads are applied. The loads are shown in figure 3.
This volume is then meshed and is analyzed for the
performance.
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Figure3: Base structur e applied with boundary
conditions

IV.RESULT AND DISCUSSION
4.1 Analytical Results:

The base structure modeled and is been analyzed by
varying the material along the height of the ring. The figures
4 show the variation of the stresses and the deformation. Five
cases are taken for analysis so as to ensure which materia is
suitable for the insert ring.
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Figure4: Variation of stress deformation

4.2 Comparison of five cases:

The base structure is analyzed for five cases based on
the height of the insert ring. The stress deformation is
considered for the five cases. The insert ring is varied with
CFRP and titanium by total height, till 278 mm, till 254mm,
till 266mm, total CFRP by removing titanium.

For each case the structure is analyzed and the Von
Mises stress deformation for the five cases are shown in the
figure 5.
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Figure5: Variation of Von Mises stress with thickness
and material
4.3. Mass.

The mass of complete spacecraft can be reduced by
reducing the mass of the base structure. We can obtain 5%
reduction in mass of base structure when replacing with
CFRP structure. The performance of space craft can be
increased by reducing the mass. The insert can’t be replaced
with composite.

Table2. Change of mass

Model of CFRP
Exigting - . including Ti insert
design Optimized design and  auminum
base
853Kg 7.75Kg 7.34Kg

V. CONCLUSION

The analytical results are approximately equal to
theoretical results. It is observed that combination of CFRP
and Ti composite showed less Deformation and Higher
Strength when compared to complete CFRP or complete Ti.
Hence, the metallic part can be replaced by composite instead
of complete CFRP or complete Ti, which is aso reducing
mass of the base structure approximately by 8%.
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