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BFC Better, Faster, Cheaper

CFRP Carbon Fiber Reinforcement Plastic

ECSS European Cooperation For Space Standardization

FI Failure Index

FREQ Frequency

GEO Geosynchronous

LEO Low Earth Orbit

MEMS Micro Electro-Mechanical System
MFS Multi Function Structure

MIL Military Standard

MoS Margin Of Safety

MPC Multi-Point Constraint

NASA National Aeronautic And Space Administration

NEMS Nano Electro-Mechanical System

NSM Non-Structural Mass
PSD Power Spectral Density
RVL Random Vibration Load
SF Safety Factor
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Abstract

In this project the structure of an actual metallic satellite is changed into a composite one after
that the structure of a metallic satellite will be analyzed completely and the results of this
analysis are compared with the results of actual satellite. The structure of initial satellite is fully
metallic and it is made of aluminum. It is considered as micro satellite one with given to
approximate weight of 75(kg), and it has cubic form with solar cells connected to its fuselage.

The purpose of this analysis is to complete loading of a micro satellite as per European
standard, designing a composite structure equivalent to initial metallic structure and applying
new methods for modeling to expedite applying modifications. MSC.NASTRAN and PATRAN
Ver.2007 are among two software’s used for analysis.

Carbon and glass composite material have been used for designing of micro satellite fuselage
structure. Fibers used for this purpose are textile type that used in lower and upper module of
satellite. Our data on the material is based on MIL standard.

Several methods are used for the applying modifications of designing rapidly in the model in
order to observe the reactions of the satellite. The capabilities of the above mentioned
software are used for individual modeling of components at individual files and their assembly
in unit distinct one. Individual numbering and optimizations for each component; the time
required for analysis will be decreased. For the purpose of speeding up removing components
within modification MPC connections are used. Volume modeling is applied for analyzing Non-
structural effective components.

First of all, the intended satellite has been modeled using weight and dimensional
specifications of actual satellite. After modeling being completed, the accuracy of connections
and elements will be checked through strain energy value method and 10 vibration free
frequencies. After complete approval, 1500 first frequency modes with coverage of effective
mass more than 90% will be extracted for quasi static satellite loading. The initial frequencies
of the satellite should be greater than 50 Hz. Current loadings will be as launcher frequency
spectrum with low and high frequency, incidental vibrations and shock loading that should be
converted to equivalent acceleration. Conversion to equivalent acceleration will be done via
frequencies and effective mass through MILES method.

After completion of the analysis of metallic satellite and approving and comparing with the
results of actual satellite, designing and changing the structure of two domain modules above
and below the satellite into composite. External architecture of the satellite has been remained
unchanged due to access and assembly and some of intermediate connecting components
are deleted. Given to apparent similarity of two modified modules, a similar lamination is used
for composite design. The complete approval procedure is made including extraction of 1500
first vibration modes, equivalent accelerations and quasi static loading similar to metallic
structure. After many try and error in order to satisfy the consideration taking into
consideration, the first frequency is greater than 50Hz and Tsai-Wu criteria in composite
material; composite designing of the satellite is completed.

The results show that the weight of modified section of structure has been decreased
more than 50%.

Keywords: Micro satellite, Software, NASTRAN, Analysis, Structure, Composite, Design, MILES
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