
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ENGINEERING SCIENCES (SCI)

LICENTIATE THESIS IN
STOCKHOLM, SWEDEN 2013

Deployment Simula-
tions of a Composite
Boom for Small Satel-
lites

PAU MALLOL PARERA

Academic Dissertation which, with due permission of the KTH
Royal Institute of Technology, is submitted for public defence for the
Licentiate in Technology on Friday the 24th May 2013, at 10:15 a.m. in
E3, Osquars backe 14, KTH, Stockholm.



ISBN: 978-91-7501-756-3 | Trita-MEK 2013:10 | ISSN 0348-467X
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-121633

Abstract

The use of small satellites is rapidly growing, especially satellites with masses
between 1 and 10 kg and few litres of volume. The main reasons are due
to the low development time and cost. Electronics miniaturization and
high density integration is enabling the small satellites class to perform
more and better tasks and at a lower cost. When deployable structures are
required for the missions, the actual paradigm is that there are very few that
have been successfully developed and flown. It is usually not possible to
scale down existing deployable structures from larger satellites. Power and
attitude control is also very limited in small satellites thus, completely new
deployable structures, low mass and with high packaging ratio (yet large and
with adequate mechanical properties when deployed) must be developed.
Furthermore, such new structures are usually made of very thin and light
materials which complicates the on-ground tests prior the launch. Therefore,
advances in modelling and simulation deployable structures such as booms are
also of great interest for the scientific community.

This thesis and the papers included herein focus on the finite element
modelling of a meter-class passively deployable boom – based on the SIMPLE
boom by Thomas W. Murphey – and deployment simulations. Experimental
tests were also carried on a boom prototype suspended from a gravity off-
loading system. An analytical model produced certain parameters which are
used for validation of the finite element model. The strain energy stored in the
boom prior to deployment and spacecraft displacements during deployment
agreed well. The deployment time, however, have discrepancies: the models
predicted a deployment time six times faster than the experimental tests. For
that reason the deployment simulations cannot be compared with the tests.
The reason of the discrepancies are believed to be due to the actual material
model and the contacts formulation used in the finite element model. The finite
element simulations, however, shows a reasonable behaviour given the nature
of the deployment thus, despite the necessary improvements, we believe that
future improvements in the material and friction models will provide us more
realistic results.
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