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Abstract

In this research, the dynamic response of a U-12 CubeSat (20x20x30 cm) is investigated for
three configurations during the launch conditions. Despite existing a successful design for this
satellite, by adding a mount for installing a standard adapter, the structural design of the satellite
has been modified for modal compatibility with the launcher. These changes are based on 3 general
approaches: to apply geometric changes to the structure, changing the extent of the points to
improve the limitations of connecting to the launcher, and rearranging the internal system
components regarding the standards and principles of compatibility and proximity. Therefore, more
than the addition of the adapter mount and a few changes in the separating plates, a spire has been
added to the structure, which has caused a change in the internal arrangement, including the
halving of the fuel tank (by reducing the capacity of 595 cubic centimeters). Despite the increase of
370 grams of total mass, the natural frequencies of the system have been increased enough without
the need for redesign and there will be no frequency interference with the frequency spectrum of the

launcher.
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1. Introduction

The loading problem is a vital aspect of satellite structural
design, since a wide spectrum of loading conditions are
experienced by every satellite during its life cycle.
Launch period is the most critical stage and rarely is
surpassed by land operation and orbital occasions in the
sense of loading. Regarding the different types of loading;
e.g. pseudo-static, shock, oscillatory transitions, and
vibrations, many spacecraft are vulnerable to vibrations
induced by the launch vehicle during the launch period.
While design for strength is usually done
straightforwardly by choosing the proper materials and
sizing the main structure of the satellite, there remains
much more to be done by preparing the satellite to
withstand the vibrations for modal compatibility [1-4].
While a handful of works are presented for the
importance of satellite adapter analysis [5-10] and design

[11-12], a few have been dedicated to investigate the role
of contact geometry on the modal behavior of the system
[13-14]. In fact, this paper is focused on the effects of
contact point changes for a sample satellite.

2. Methodology

To improve the dynamic response of a satellite to
vibrational loadings, a triad of approaches are proposed:
1- Rearranging the locations of subsystems

2- Changing the extent of contact points

3- Geometrical changes to the primary structure

3. Discussion and Results

The case study in the present work is a U-12 CubeSat
previously designed to be installed on its four legs on the
launcher (configuration 1). Now, it is required to prepare
it for installing on a standard adapter used on Vega C
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launcher with the help of a mount made out of titanium
alloy (configuration interim). As this configuration is
threatened by modal instability, a set of actions are done
based on the aforementioned three approaches that the
most prominent is adding a central spire leading to
splitting the main fuel tank in two. The final design
(configuration 2) is compatible with the assigned adapter
(both in the term of frequency and mode shapes) with the
least extend of changes to the original design.

4. Conclusions

In this research, the authors tried to find an acceptable
revised design scheme for a small satellite, when it
became necessary to be mounted on a standard adapter.
A three stage approach is used to address the frequency
compatibility of the system in modal analysis. While the
connection points are fixed and the arrangement of the
subsystems is mainly unchanged, a central space made
from titanium alloy is added to the configuration that
forced the single fuel tank to be split into 2 smaller tanks.
Although, the modified design is far from optimum point
in the sense of weight and performance, it is safe during
the launch stage and all its mode shapes are manageable.
The final configuration is found with the minimum
changes in the primary design.
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