OVERALL PROGRAMMES AT THE UNIVERSITY
OF SURREY

By M.J.M, Mcerman

Abatract

The UoSAT Spacecrafl Bnglueering Rescarch Unit ut the
Universily of Surrey has over the last 12 years built,
launched and operatod in space 7 satellites, a further 2 are
ready for launch in Keurou, I'rench Guyana, and yet
another is being integrated at Surrey for launch in 1994,

These satcllitos have boen built on a small budget,
typleally around 1.5 million USS$, and in a very shont
time, around 1 year from begin of design to Jaunch.

They have been built for a variety of customers, ranging
from the ¥rench space agency CNES, 10 US third world
aid organisation Satellife.

In 1985 the University founded Surrey Satellite
Technology Limited, s wholly ownced univorsity company,
1o act as interface between the University and Industry,
with the aim 1o promots transfer of academic knowledge
to industry, and to goncrate rescarch funding in return.

The satellites experience is offered lo customers in &
varlety of packages, from a straightforward bulld and
delivery by UsSAT, 1o a complete package including
training for engineers, technology transfer and ground
stalions,

Introdaction

The UoSAT programme slarted at the University of
Burrcy in 1979, with the design ond oonstruction of
UoSAT-1, n 65 kg satelllie launched by NASA, in 1981,
‘The wims of (he progranuune were (o dovelop and
investigate cost offective spacecrafl englneering
techniques, W promote space education, 10 demonsiralo
the capabilities of microsatellites, and to develop
industrial exploltation of microsataflites.

L1 1984 2 socond launch opportunity came up, agaln with
NASA. A new satellits, UoSAT-2, was designed, built
and launched within the six months avaliable.

The satellites support a number of experiments: radigtion

effects measurements, CCD remote sensing, computser and

relatod misro clestronics technology, gencral spacocrafl
engineering tachniques, sofiware development for
advanoed aulonomous spacecraft control and
communication,

A New Lauacher

UoSAT-1 aud 2 had bocn launched by NASA asa
tecondary payload, utilising spare capacity on two Delia

rockels. For these launches two spacial brackets were
made up {0 mount the satcllitos to the rocket structure,
These dosigns were one-offs, meaning that every satellite
would have 10 comply with & new and modified sot of
requiremients, influoncing mass, envolope, structural
stiffnags and @ variety of others, operational and technical.

For a sustalned development of satellites, und for u louger
term basic on which to invest, this was not a sultable
siluation, A scarch was made for alternative launchers
with the abillty to launch microsatellites, between 10 and
100 kg.

1n 1988 Arlanespace developed a dedicated structure for
thair Ariana 4 launcher, which would fulfll this
requirement. The Arlang Structure for Auxiliary Payloads
{ASAP) is a ring, mounted on the {op of the third stage of
the rocket, on which a number of microsatellites can be
wounted,

The maximum mass of the satellites ix currently 50 kg,
and the maximum uvailuble envelope Is 356°356%670
mm.

The interface is kept as slmplo a5 possiblo, with the ring
having o flat surfuce into which a suitable number of
mounting ingorts can be placed, to whatever layoul is
needed. The olostrical Interfece is alsc kept 102
minimum, with only & battery trickle charge line,
pyrotechnic separation command lines, and a gcparation
confirmation signal provided for. The satellites are
typleally launched in swiiched off siate, and they switch
on at separadon from the rocket, using u sluple
mechanical switch.

There has been, on average, ono ASAP luunch por year
into low Barth orbit sinoe the first ASAP in 1990,
carrylng batween 2 and 6 satellites on each.

PoSAT microsatallite in-orbit configuration
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The UoSAT Satelllics

The following gatellltos have been built, lounched snd
operated by the Universily of Surrey and SSTL:

Satellite

UoSAT-1,
1991, NASA

UoSAT-Z,
1994, NASA

UoSAT-3,
1990 Arianc

UoSAT,
1950, Arlane

UoSAT-S,
1991, Ariane

S8O/T,
1992, Ariane

KITSAT-1,
1992, Ariane

Payloads

CCD Linager, Radiation detestors
(Goiger counters), HF bagoons,
‘Technology demonstration (Micros
¢lectronics), Educational exporinicnts

Particle-Wave analyser experiment,
Sture<snd-Forward communications,
CCD imagor, Bducational exporiments
Microcomputer technology and Altitude
control demonstrations

Cosmic particle experimont,
Storc-and-Porward communications,
VLAI and autonomous sitilude oontrol

(wluwlugy deonstration

CCD and Transputer Earth imaging
eaperlment, Solar cell and Attitude
sensor technology experiments

Store-and-T'orward eommunlcauon;.
Solar Cell experiment, CCD Imager
Trangpuier wechnology experiment,

VHF communication demanstration
payload, for CNES, vis Mulry, France

Storc-and-Forward cornmunications,
Cosmie particle experiment,

Earth imaging system, Dighat Signal
Proccssing Experiment,

Technology transfer

for KAIST, Korea

The following satellites are awalting lsunch:

Healthsat-2,
1993, Arianc

ToSAT-1,
1993, Ariane

1904, Ariane

Store-and-Forwsrd communications,
for Satellife, USA

Storc-and-Forwurd communications,
Rarth Imaging camera,

Cosmic rudistion experiment,

Star eencor and Transputer experiment,
Digital signal processing expetiment,
Tochnology transfor

for PoSAT Consartium, Portugal

Classified payload
for Alcalel, France

Surrey Satellite Technology Limited

In order to provide the University with an efficiont means
to interact with the commercial and industrial world
outsido tho University and related institutions, it was
docided in 1983 to form a company called Surrey Satelfite
Technology Limited (SSTL).

SSTL is a wholly cwned University company, which, 25 a
completely indopendent cost centrs, handles all UoSAT
external controots, for technology transfer and
manufaciuring for external bodies, at well as buying of
goods and services for Ui UoSAT progruuuue.

SSTL forms a clear point of contact for external clients,
who can deal directly with the people in charge of the
research, development, and manufacture, conceming all
matters of technicai, contractual, and financis! nature,
without having to wade through multiple layers of
University administration,

Projects executed through SSTL Include not only the
sataliites, but also tralning contracts for foreign enginoors,
as well as ground statons for CNES, Korea, Portugal and
others,

This Company has ssen & remarkabio growth since its
formation, the surplus income having boon usod to fund
research and development, 2s well as contributing
milllon pounds to the building cost for the new Centro for
Satellite Engincering Research (CSER) which was
completed asrlier this year.

SSTL now funds a major part of the parsonnel at UoSAT,
sither directly or by funding Unlversity research posts.

UoSAT-S, pre-launch configuration
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Centre for Satcllitec Enginccring Rescurch

The University formed & multi-disciptinary rescarch group
in 1991 callod the Contro for Satollite Enginocoring
Resosrch (CSER), to capltalise on the wealth of space-
gelated experience available within the various
dopariments,

The main groups within CSER are the following:
~ Spacceraft Engingering (UoSAT)

Power systoms, Payloads, Spacecralt mechanics,
Atdtude detormination and control systems, Oa-
baard data handling, Communleation systems

- Satcllite Comnunications

Multi-service salellite access protacnls, Oneboard
procossing, Mobile satollito systoms, Low bit rate
encoding, diglta) modulauon, propagation study

« Space Robotics & CAD-CAM

Manufacture of space componenis, Robot laser
uacking, Dynamic metrology

- Space Structures and Materials

Design sud snalysis of large deployable
structures, Composite materisls, protestive -~
coalings, Thermal vacuum tests of modols

- Education and Troining

PhD research degrees,

MSc degree in satellitc Communications
Engineering

Short tralning courses,

Partclpation in Governmeont education
programmes

Annua! IEE summer school,

Annual AMSAT small satcllite colloquium

= Industrial Interlace
SSTL

A Typlcal Spacceraft Rescarch Programme

In 1y¥9 the Korca Advanced Institute of Sclence and
Technology (KAIST) initiated e four year project, which
was to provide Korea with a hasis for an autonomous
space industry.

The direct alms of the programme were to build and
launch a Korean satellite with Surrey, and to guin the
expericnce nocded 10 build a second spacecrafl by
thamselves in Korea.

The KITSAT Satcllitc

A programme to accomplish thosa aims was devised to
include the following:

- Academic training

- Englnecrihg experience

« Groundstation in Korea

- Satellitc design, build, and launch
- Technology transfer

The programme comprised the following year by ycar

odtivities:

Year 1: A team of Korean enginedrs w come to Surrcy
and study for an MS¢ by Rescarch degree.

The MSc by sesearch involves 30 weeks of 1 day
of lectures and four days of work in & relevant
fleld each. The four days were spent at UoSAT,
studying various aspocts of spacecrufl
enginearing.

Year 2: The first team 1o assist with tho construction of
the UoSAT-F (in orbit UoSAT-S)

The five engineers wero all assigned a major
topic of the spacccrafl 1o study, under the
guidanoe of the respective UoSAT enginser,
some assuming spacceraft module responsibility.

A second group 1o come and study for an MSc by
research degree, spending u substantial aunount
of thelr ume working with UoSAT.

‘Where the original group specialised on major
spacoorafl bus systems, as Power, Mechanics, RF
systeme and Computers, this second group
focused atientlon on experiments and sensors, 85
the Camers, Radietion expariments, Digital
Signal Processing, Auitude s2nsors elcctera,

Two Koreans assistod the UoSAT-F launch
campaign in Kourou.

Year 3: The first two groups Lo construct KITSAT-A, the
first Korean satellite, under the guidance of
SSTL/UoSAT ¢ngineers.

Ax a second satollite, S80/1', was constructed by
UoSAT/SSTL at the samg time, 8 number of
similar systems were built in parallel, with the
UoSA'T enginecr supervising both sysiems.

A third group of Korean enginaers Lo come and

study for an MSc degree, and assist with
KITSAT-A.

‘(ho third group wag smaller, and malnly
 observed the construslion.

“The construction of & sateliite ground station in
Korea, by UoSAT/SSTL
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A new ground statfon was developed, bullt and
supplied to KAIST, and installed in their Tacjon
facliity, under supervision of an SSTL enginesr.
This ground station enables full coutrol of the
KITSAT spacecraft, and it is slgo compatible
with previous amateur spacecrafl.

Launch of KITSAT-A (KITSAT-! in orbit)

The satellite was launched from Kourou, South
America, in August 1992, the launch campaign
having been performed by 8 mixed Korean-
SSTL/JoSAT tcam,

Year 4: All Korean enginscrs to return to Korea, fo
construct KITSAT-B, using parts manufuctured
and procured via SSTL, and adding some of thelr
own experiments.

Launch of KITSAT-B (KITSAT-2 in orbit)
which Is schaduled for 28 Septomber 1993,

‘The Korean engineers were fuily integrated into the
SSTL/UoSAT team, which enabled efficient management
and axchange of information.

UoSAT-$ explodod view

PoSAT-1, the first Portagucse satellite

A simllar programme 10 KITSAT, albeit shorter in
duration, has been going on with a consortium of
Portuguese companies, resulting in 8 ground station
having besu installed in Portugsl, snd a Portuguess
satellite, PoSAT-1 boing ready for launch In Kourou,
Fronch Quyana.

This will bs the first satollite for Portugal, and, using the
satellite as & focal point with the experience recelved by
the group of engineers whilst at Surrey, the government
hopes (o inltiats 8 nations! programme of space and space
relatod ressarch,

Commerclal Opportunitics, S80/T

In 1991, the French spaca agency CNES (Centro
Nationale dBiudes Spatiale) decided to perform a quick
responsa study into the possibilities of using low Earth
orbit satellites for communication purposes. This as a
precursor to a constellation of satclilics called 380.

To confirm all the parameters for this consteliation, as
Tinks budyets, expostod notwe md fnterfercice and (he
like, thoy decided to commission a satellite which would
measure those parameters. This gatellite was named
S80/T, T for Test.

‘T'he time avaiisble betwoon Initiation and lsunch of this
salcllitc was Icss than onc yeat, so it was declded to go
with a company which had experience with thess very
shont time scale missions.

MATRA, a5 main contrector for this project, selected
SSTL for the spacecrant bus, with the paylosd electronics
belng manufacturod in France.

SSTL provided drawings for the ¢lectrical and mechanical
intcrfaces for the payload to Matre, which wero used by
other sub<contraciors (o manufacture the flight hardware.

The microsatellitc platform necded only a fow
modlfications 10 support the specific payload
requirements. The battery voliage was ralsed by adding
one ¢l , and a special high power switch was ndded.
Otherwise no mgjor modifications wara nosded,
demonstraung the versulility of tic bus,

All integration and tests of the piatform with the payload
were performed at SSTL prewiscs, which made it possiblc
10 ochleve the very tight tima scales.

SSTL provided equipment for the Station Sol Utiliscur
{SSU), the trangportable Barth user statlon. This station is
being utad In various location around the globe to perform
meusurcuents using the sstcllite.

The day to day operations of tha satellite arc controlied by
$STL, using the Sunicy groundstation.
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Puture Missions

‘The development of UsSAT-based microsatellites is far
from over, and cvery satollite Jaunchied by UoSAT/SSTL
hag included substantial improvements over the previcus.

For future wmissions the expoectations are that we will be
able 10 provide highsr data rates, more power, and groater
payload mass.

For example: one mission currently under construction
already provides improvements in these fields, 15 kg
payload, 28 Wat orbll aversge powsr, sud 38.4 kilobit per
second

SSTL fs also developing 4 200 kg Minisatellite for launch
in 1995, This minisatollite will provide a greatly
increased capability, up to 100 kg payload mass, and 100
Walt clostrical power,

Conclusions

SS1L and the UoSAT Spacecrafl Enginceting Rescarch
Unit at the University of Surrey have designed, built,
launched and operated 7 microsatellites, supporting ¢
wide varicly of experiments, These sateltites all have in
common: Jow cost; rapid response, and lifetimeup 10 9
years in orbit,

Microsatellites are a logical addition to the large satsllitcs
in use by most agencies and countries, by sllowing & host
of possible projects, for which the cost of a traditonal

satcllite, both In terms of cost and organisational effort,
would be prohibitive.
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