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Abstract — The University of Surrey has launched 12 small
satellites into orbit since 1981, demonstrating convincingly that
low cost, reliable spacecraft can be engineered using standard
components and techniques, as opposed to the expensive ap-
proach practiced by space agencies. Moreover, initial design to
orbital operation takes only 12 to 18 months. The power system
is a critical part of the spacecraft infrastructure. Three genera-
tions of satellite dc power systems are presented: the original
system used on the S0kg microsatellites UoSAT-1 and
UoSAT-2; the system introduced on UoSAT-3 and used for
current designs; and a new system for a 350kg minisatellite due
for launch in late 1996. The solar arrays, battery charge regu-
lators, batteries, power processing and power distribution are
described. Careful incremental development has ensured that
no power system failure has occurred to date.

L. INTRODUCTION

national and international agencies, synonymous with

massive programs supported by enormous budgets.
This approach has greatly restricted access to space. The
University of Surrey’s satellite engineering program, initi-
ated in 1979 by Prof Martin Sweeting, aims to counteract
this by providing access to space at a much reduced level of
finance and complexity.

S pace has traditionally been considered the preserve of

Surrey’s satellite engineering research team has success-
fully launched 12 small satellites into Earth orbit, and sev-
eral more are currently on the drawing board. They carry a
variety of experimental payloads, and offer opportunities for
research in spacecraft engineering. The team’s design phi-
losophy is that advanced, low cost, reliable spacecraft can be
constructed using standard components and manufacturing
techniques, in contrast with the traditional ‘hand crafted,
gold plated’ approach practiced by major space agencies.
Surrey’s record of successful launches and orbital operation
validates the approach convincingly: of the 12 launches, ten
have been completely successful, an excellent record for
satellites carrying experimental, state-of-the-art technology.

The UoSAT (University of Surrey satellite) philosophy
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brings a number of advantages. First, initial design to full
operation in orbit can take less than 18 months, not a decade
as for conventional spacecraft. Thus space platforms can be
available within a realistic time scale for trying out new
components and techniques and for performing topical sci-
entific and engineering experiments. Furthermore, because
the satellites are inexpensive — typically $3 million, includ-
ing launch and ground segment costs — users can risk try-
ing new technology that would be ruled out for other
missions, gaining confidence in their application in a space
environment. Finally, the short design life cycle allows in-
cremental improvement of designs, increasing reliability and
upgrading performance in the light of operational
experience.

IL. THE UoSAT PROGRAM

The current satellites (Fig. 1) are designed with a modular
construction, comprising the basic platform infrastructure
and user defined payload modules. Payloads carried into low
Earth orbit include:

e Digital store-and-forward vhf/uhf data links, allowing
portable data terminals to be used anywhere in the
world, e.g. for e-mail, image and data transfer services
for disaster relief workers in remote or isolated areas.

e Earth observation and remote sensing at multiple wave-
lengths, to 80m resolution, with onboard transputer
image processing, compression and storage. Fig. 2
shows a typical image from a UoSAT CCD camera.

® High precision GPS (global positioning system) naviga-
tion, reporting the satellite’s position and allowing
precise image targeting.

® Experiments concerning solar cell degradation, cosmic
particle radiation and total radiation dosage.

e Digital speech synthesizers, transmitting telemetry and
experimental data in spoken form.

Telemetry and telecommand signals allow monitoring and
overriding of the spacecraft’s autonomous operation, which
is controlled by an onboard computer. A feature of these
spacecraft is that the software for the onboard computer can
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Fig. 1: Second generation UoSAT microsatellite.

Fig. 2: A view of Cape Cod Bay and Nantucket Sound,
Massachusetts, taken by a UosSAT CCD camera.

for Matra and CNES (France) to carry out communica-
tions experiments.

PoSAT-1, 1993: Portugal’s first satellite was a technol-

be uploaded from a ground station, allowing continual im-
provement and refinement during operation in space.

The following is a short history of the UoSAT program to .
date.

o UoSAT-1 (OSCAR-9), 1981: The first experimental
microsatellite from Surrey carried research, technology
demonstration and educational payloads. Launched on a
Delta rocket into a 550km orbit, it was still fully opera-
tional until it reentered the atmosphere in 1989.

o UoSAT-2 (OSCAR-11), 1984: Built in only six
months, UoSAT-2 carries the first modern digital store-
and-forward communications payload, and a prototype
CCD camera. Launched by Delta in 1984 into a 700km
orbit, it is still fully operational.

e UoSAT-3 and UoSAT-4, 1990: The first of Surrey’s
modular satellites, UoSAT-3 carries commercial store-
and-forward communications. UoSAT-4, launched
simultaneously with UoSAT-3, operated perfectly for
24 hours before a catastrophic failure occurred. (Amaz-
ingly, it was possible to track it with a large dish an-
tenna by detecting leakage from its receiver local
oscillator, at a slightly different frequency from the one
in UoSAT-3. This indicates that the failure was proba-
bly not in the power system.) The Ariane launch vehicle
was used for these and subsequent spacecraft.

e UoSAT-5, 1991: A replacement for the lost UoSAT-4,
this carries communications and Earth observation
payloads.

e KITSat-1, 1992: Korea’s first satellite was achieved via
a technology transfer program, and carries com-
munications, signal processing and Earth observation
payloads.

e S-80/T, 1992: An industrial research microsatellite built

ogy transfer collaboration. It carries GPS (global posi-
tioning system) and Earth observation payloads.

KITSat-2, 1993: This is Korea’s second satellite, built
in Korea via the technology transfer program.

HealthSat-2, 1993: This store-and-forward communi-
cations satellite operates in the SatelLife HealthNet
network serving remote regions.

Cerise, 1995: A military research satellite built for
Alcatel and DME (France).

FASat-Alfa, 1995: Chile’s first satellite was also a
collaborative venture. Launched on the Tsyklon vehicle,
it carries communications, ozone monitoring and obser-
vation payloads. Unfortunately, the tried-and-tested
separation mechanism failed, and it remains attached to
the main satellite, the separation switches holding the
power system off.

Uo0SAT-12, 1996?: This much larger satellite weighs in
at 350kg. It is planned as the first in a series of
minisatellites.

Commercial exploitation is promoted through a University

owned company, Surrey Satellite Technology Ltd. Up-to-
date details of the UoSAT program may be found at the
World Wide Web URL '

IIL

http://www.ee.surrey.ac.uk/EE/CSER/
SPACECRAFT POWER SYSTEMS

Virtually all spacecraft use a dc power system. Dc is gen-

erated by photovoltaic solar arrays, batteries are used for
storage, and the payload electronics require dc supplies, so a
dc system makes sense — at least for small spacecraft.
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