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european space agency

The European Space Agency was formed out of, and took
over the rights and obligations of, the two earlier European
Space Organisations the European Space Research
Crganisation (ESRO) and the European Organisation for
the Development and Construction ol Space Vehicle
Launchers (ELDO). The Member Slates are Belgium,
Denmark. France, Germany, Ireland, Hltaly. Netherlands;
Spain, Sweden, Switzerland and the United Kingdom
Austna and Norway are Associate Members of the Agency
Canada has Observer status

In the words of the Convention: The purpose ol the Agency
shall be to provide tor and lo promote, for exclusively
peacelul purposes, co-operation among European States in
space research and lechnology and their space apph-
cations, with a view lo their being used lor scientific
purposes and for operational space applications systems,

fal by elaborating and implementing a long-lerm
European space policy. by recommending space
objeclives 1o the Member States, and by concerting
the policies of the Member Stales with respect to other
national and inlemational organisations and
nshtutions,

(b) by elaborating and implementing aclivities and pro-
grammes in the space lield,

(e} by co-ordinating the European space programme
and national programmes, and by integrating ihe
|atter progressively and as completely as possible into
the European space programme, in particular as
regards Ihe developmen! of applications sateliites,

(d) by elaboraling and implementing the industrial policy
appropnate 1o its programme and by recommending
a coherent industrial policy 1o the Member States.

The Agency is directed by a Councl composed ol
represenialives of Member States The Direclor General 15
the chiel executive of the Agency and its legal
representative

The Directorate ol the Agency consists of the Director
General, the Director of Scientific Programmes, the Director
ol Applications Programmes, the Director ol Space
Transportation Systems, the Technical Director, the Director
of ESOC. and the Director of Admimistration

The ESA HEADQUARTERS are in Paris

The major establishments of ESA are

THE EUROPEAN SPACE RESEARCH AND TECHNOLOGY
CENTRE (ESTEC), Noardwijk, Netherlands

THE EUROPEAN SPACE OPERATIONS CENTRE (ESOC),
Darmstadt Germany
ESRIN, Frascal, ltaly

Chairman of the Council. Pral H Cunien (France)

Director General Mr, E Quistgaard

agence spatiale européenne

L'Agence Spavale Européenne est (ssue des deux
Organisations spatiales europeéennes qui I'ont précédee -
I'Organisation européenne de recherches spatiales (CERS)
et I'Organisation européenne pour la mise au point ef la
construction de lanceurs d'engins spataux (CECLES) -
dont elle a repris les droits et obligations Les Etals membres
en sont 'Allemagne, la Belgique, le Danemark, I'Espagne,
la France, 'llande, |'tale, les Pays-Bas. le Royaume-Uni, la
Suwéde et fa Swsse L Autriche af la Norvége sont membres
associés de I'Agence. Le Canada bénéfice d'un statul
o' observateur,

Selon les termes de la Convention: L'Agence a pour mission
d'assurer et de developper, a4 des hins exclusvement
pacifigues, fa coopération enire Elals européens dans les
domaines de la recherche el de la technologie spatiales et
de leurs apphcations spatiales, en vue de leur utihsation a
des fins scientfiques el pour des Systemes spatiaux
opérabonnels d applications:

(a) en élaborant el en meftant en ceuvre une polilique
spatiale européenne a long terme, en recommandant
aux Etats membres des objectifs en mahiére spatiale
el en concertant les poliiques des Etats memives a
{'égard d'aulres organisations el institulions na-
tionales el internationales,

i) en élaborant et en mettant en oeuwe des activités af
des programmes dans le domaine spatial.

{e) en coordonnant le programme spabal européen et
les programmes nationaux, el en inlégrani ces
derniers progressivement et auss complgtement que
possible dans le programme spahal européen,
notamment en ce qu concerne le développement de
satellites o' apphcations

{d) en élaborant e en meftant en oeuvre la pollique
industrielle appropnée & son programme & en
recommandan! aux Etats membres une polilique
industrielie cohdrente

L Agence est dingée par un Consel, composé de repré-
sentants des Etats membres. Le Directeur general est le
tonctionnaire exécutif supéneur de I'Agence et la repreésente
dans lous ses acles.

Le Directoire de I' Agence est composé du Directeur général,
du Directeur des Programmes scientifiques, du Directeur
des Programmes ' Applications, du Directeur des Systemes
de Transport spatial, du Directeur technique, du Directeur
de I'ESOC et du Directeur de I"Admiristration

Le SIEGE de I'ESA est & Pans.

Les principaux Etablissements de ['ESA sont

LE CENTRE EUROPEEN DE RECHERCHE ET DE
TECHNOLOGIE SPATIALES (ESTEC), Noordwik. Pays-Bas

LE CENTRE EUROPEEN [D'OPERATIONS SPATIALES
(ESOC). Darmstadt. Allemagne
ESRAIN, Frascan, talie

Président du Consel Prol H Cunen (France)

Directeur génédral M E Quisigaard
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PILKINGTON

CMX

Pilkington CMX is a new Cerium doped glass material
for solar cell covers and thermal control mirror
surfaces. :

~ Pilkington CMX is a further development of the
widely used Pilkington CMS glass that has been
selected for use in over fifty major space
programmes. et :

Pilkington CMX radiation resistant glass is
manufactured by a continuous drawn ribbon
process, and is now available in a range of thicknesses
from 300um down to 50um, offering a cost effective
solution for large area lightweight arrays.

Major programmes using CMS covers include
L-SAT, TDRSS, DSCS 111, TELECOM, ARABSAT, DSP (MOD
35), INTELSAT V, METEOSAT, ECS/MARECS, SPACE
TELESCOPE.

Pilkington PE Limited, ‘ ™~
(Sjtlascoecri] Road,
. Asaph,
Clwyd. LL17 OLL. UK. T ——— .
Tel: St. Asaph (0745) 583301 .
Telex: 61291
Cables: Optical St. Asaph

A Company With Vision,
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DORNIER'’s continuous engagement led to DORNIER — The reliable partner for:

a broad variety of remote sensing projects — Design and Development of
carried out in national, european, and interna- Overall Systems

tional a : '
L o — Design and Development of Airborne and
DORNIER's present capabilities and Spaceborne Instruments

experience are the basis for further remote

sensing tasks. — Technology Development

— Ground Systems

Programs. Products. Perspectives.

BEDORNIER

Dornier System GmbH, Dept. VRK, PO.Box 1360, D-7990 Friedrichshafen 1,
Federal Republic of Germany, Tel. 07545/81, Telex: 0734209-0

Farnborough International '82, Stand South
Hall S 86 (BDLI), Chalet C 42—43
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Industrial definition and development of
the Exosat spacecraft started at the
beginning of 1977 and entered a
decisive phase at the end of last year
with the flight-model acceptance test
programme at the Munich premises of
the consortium leader MBB. In the
meantime the flight-model satellite has
been shipped to ESTEC, where final
functional and environmental testing will
be conducted until September. Launch,
by Ariane, is presently foreseen for the
second half of November, from the ESA
launch range in French Guiana.

The Exosat Satellite — Technical
Description and Programme

Aspects

G. Altmann, G. Scoon, C.B. von Stieglitz & J.L. Tracy,
Exosat Project Division, ESA Scientific Projects Department,
ESTEC, Noordwijk, The Netherlands

Introduction

The mission objectives for a European
X-Ray Observatory Satellite evolved
gradually from 1968 onwards. What was
conceived of at that time as a combined
X- and gamma-ray mission (Cos-A)
became a gamma-ray observatory
mission (Cos-B) in 1969. The concept of
X-ray only mission was, however, not
discarded, but was aclively studied further
and ultimately given approval by Council
in 1973. Budget limitations resulted in
initiation of work in industry being delayed
until early in 1977.

Exosat will provide X-ray astronomers with
a unique tool with which to enhance their
knowledge and understanding in a
relatively new branch of high-energy
astrophysics. Existing knowledge has
been established over the past decade
mainly from earlier scientific satellite
missions, the first being Uhuru, a NASA
satellite launched at the end of 1970,
which was to be followed later by the
European UK 5 and UK 6 missions and
the Dutch ANS satellite. Major progress
was made when a more sensitive sky
survey and identification of X-ray sources
was carried out by HEAO-A, launched by
NASA in 1977, and by the even more
powerful HEAO-B, the Einstein

Observatory, launched at the end of 1978. .

A catalogue of over 2100 galactic and
extragalactic X-ray sources is in the
process of being established from the
data acquired so far, providing an ample
‘hunting ground' for the Exosat mission.

As a small but powerful X-ray observatory,
satellite, Exosat will study the X-ray
emission from individual sources.

More specifically Exosat will measure the
locations of cosmic X-ray sources, their
structural features and spectral as well as
temporal characteristics in the wavelength
range from the extreme ultraviolet (EUV)
to hard X-rays.

To satisty the dominant Exosat mission
requirements, outlined in the
accompanying article on the mission and
its scientific instruments (see page 20), a
highly eccentric orbit (perigee 500 km,
apogee 200000 km nominal) with its line
of apsides almost perpendicular to the
Moon's orbital plane has been selected.
This allows the occultation of X-ray
sources by the Moon or Earth and the
operation of the satellite from a single
ground station in real time. When not
used for occultations, the satellite can be
trained in any direction (i.e. arbitrary
pointing), except for a 60° region about
the satellite/Sun line to avoid blinding the
imaging experiments. The observing time
available is dictated by the orbit
configuration, and roughly 80 h of the

96 h orbital period, corresponding to the
flight path outside the Van Allen belts, will
be useful for scientific observations. With
its accurate onboard time-keeping Exosat
can continuously determine regular and
irregular X-ray intensity variations over
periods ranging from microseconds to a
maximum of 80 h.

The system needed o achieve the

scientific mission objectives consists of

three major elements:

— the satellite, which acts as a service
platform for the scientific payload

— the Ariane launcher, uprated by a
fourth stage
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Figure 1 — The Exosat spacecraft's major
systems and subsystems

— the ground segment, with the Estrack
ground station at Villafranca (Spain)
and ESA’s Space Operations and
Control Centre (ESOC) in Darmstadt
(Germany).

Satellite configuration and functional
performance

The satellite design (mass =500 kg,
diameter =2.1 m; height =1.35m
excluding the solar array, which is 1.85m
high) is characterised by a central body
covered with superinsulating thermal
blankets, and a one-degree-of-freedom
rotatable solar array. The central body
houses all satellite subsystems and the
scientific instruments, whose entrance
apertures are all located on one face of
the central body, viewing along or parallel

lo the X-axis. Flaps cover the entrances to
the low-energy imaging telescopes and
medium-energy experiment during
launch. After deployment in orbit these
flaps act as thermal and stray-light shields
for the telescopes and star tracker,
respectively. Two booms, each carrying
an S-band antenna giving hemispherical
coverage are to be deployed in orbit
following initial Sun acquisition.

The primary satellite structure consists of
a central cone supporting one main and
two secondary platforms, as well as the
solar array (Fig. 1). All alignment-sensitive
units, i.e. the scientific instruments and the
fine attitude-measurement units, are
mounted on the highly stable main
platform. The individual components of

the telescopes are integrated into an all-
enveloping clean bench, to which the star
tracker is also mounted to achieve
alignment stability.

Less alignment-sensitive equipment, such
as the reaction control equipment and
electronics, is mounted on the central
cone or on the lower platforms. The
reaction control equipment (RCE) for
attitude and orbit control is installed inside
the central cone, allowing independent
integration into the structure and a
selfcontained thermal design approach.
The RCE has two spherical tanks and
plenum chambers for propane and a
spherical tank for hydrazine. Attitude-
control thrusters are mounted at the rim
of the main and lower platforms. The orbit

INERTIAL GYRO
ELECTRONICS UNIT

INERTIAL

STAR TRACKER

MAIN REGULATOR
UNIT

SOLAR ARRAY DRIVE

STAR-TRACKER
ELECTRONICS

ATTITUDE & ORBIT
CONTROL ELECTRONICS

HYDRAZINE TANK

PROPANE TANKS
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Figure 2 — Exosat system block diagram

thrusters are attached to the main
platform in such a way that the thrust
vector acts through the satellite’s centre of
gravity.

The concentration of all experiment
apertures on one face of the satellite,
together with the requisite alignment
accuracy, results in demanding structural
and thermal-control requirements.
Consequently, the solar aspect angle
(SAA) is constrained to 90°+ 3° with
respect to the Z-axis and the apertures of
the medium-energy experiment and gas-
scintillation proportional counter are
protected by extremely thin thermal foils of
metallised kapton. The imaging-telescope
apertures are protected by baffles and are
thermally controlled by electric heaters.

To equalise the varying net heat fluxes
passing through the apertures, there are
absorber areas on their inner
circumferences. The remaining areas of
the satellite’s side walls are covered with
superinsulation. The main radiator areas,
located on the upper and lower platforms,
dissipate heat into space and thermally
decouple the main dissipating
components from the alignment-sensitive
equipment. The transmitter, main
regulator, and two power resistor units are
located on the lower platform. The upper
platform supports the shunt radiator and
external resistor unit. Two further resistor
units are located on the underside of the
experiment platform to control internal
power distribution.

The major electrical and signal interfaces
between the satellite subsystems and the
experiments are shown in the
accompanying functional block diagram
(Fig. 2). As the satellite requires three-axis
stabilisation with stringent pointing and
attitude reconstitution, the attitude and
orbit control subsystem is one of the most
sophisticated subsystems on board.

Attitude and Orbit Control Subsystem
(AOCS)

Attitude control and re-orientation is
provided by a propane cold-gas reaction-
control system, which incorporates two
sets of six mutually redundant thrusters,
with a variable thrust capability of 0.05-
0.2 N. Attitude is sensed by gyros, Sun
sensors and star trackers. Gyros are
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employed as the short-term reference,
while Sun sensors and star trackers
provide a long-term attitude reference,
their outputs being used to correct
inherent gyro drift. Atter compensation,
the gyro drift rate is better than 0.005°h.

The attitude sensors provide sufficient
data to determine the spacecraft's
attitude to within 10 arcsec for the Y and
Z-axes and to a few arcmin for the X-axis.

A central electronics unil, incorporating a
microprocessor, processes signals
between the various units of the AOCS
and provides most electrical interfaces

between the AOCS and other subsystems.

The satellite’s velocity is controlled by a

10

hydrazine reaction-control system, the
hydrazine being catalytically decomposed
in two redundant thrusters (14.7 N at
beginning of life and 5N at end of life).
Velocity changes are measured by
redundant accelerometers.

To fulfil the mission objectives, the AOCS
operales in six primary modes, some
relying on hardwired control logic
(autonomous mode), and some
programmed into the AOCS
MICroprocessor:

—  Sun acquisition is performed
immediately following separation and
fine despin. Initial Sun acquisition is
completed 30 min after satellite
separation from the launcher's fourth
stage. The same autonomous mode

is activated whenever the safe limits
of AOCS operation are exceeded in
angular pointing or in angular rate.
Initial star acquisition is necessary to
achieve full three-axis attitude
reference. A set of fine Sun sensors
(FSS) controls the Y-axis orthogonal
to the experiment viewing axis for
accurate Sun pointing while the
satellite is rotlated about the Y-axis
under gyro control at a rate of 40°/h
until the star tracker (ST), operating
in search mode, identifies a star
brighter than that of the preset
magnitude. Y-axis rotation is then
stopped and three-axis reference is
achieved by pointing the X-axis to the
detected star. While this pointing is
maintained, the star tracker maps its
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complete field of view (FOV), and the
star data is transmitted to ground for
identification purposes to establish a
reference for subsequent operations.
Slew manoeuvring, in moving from
one target to the next is performed by
up to three consecutive slew rotations
about the Z and Y-axes under gyro
control. The first rotation, about Z,
ensures precise Sun pointing of the
+Y axis; the second, around Y,
results in the target lying in the X, Y
plane, and the third, around Z, results
in the X-axis pointing at the target
area, while the Sun pointing is kept in
the X, Y plane. Star(s) acquisition and
tracking then provides an attitude
reference for pointing stability.

The pointing mode is used for the
maijority of the mission. During X-ray
source observation an adjacent
target star is maintained at the
desired location in the star tracker's
field of view, while the Sun direction is
maintained in the X, Y plane, opto-
inertial updating taking place every
2s.

Moon pointing is used for Moon
occultation, in 'normal mode’ or 'sky
sweeping mode'. In the first the
satellite is kept pointing at the X-ray
source (point source) while the Moon
moves in front of it. In the second, the
satellite’s X-axis is pointed towards
the Moon and tracks it while
occulting the source (extended
source). Gyros only are used for
attitude reference prior to Moon
occultation, during eclipse, for Earth
occultation and for orbit control.
Orbit control manoeuvres are
required for precise occultation
monitoring. The necessary velocity
increments are applied close to
perigee, within the orbital plane, and
vary in magnitude from 0.03 m/s to
10 m/s. The attitude reference is
provided by gyros and the
acceleration is measured by an
accelerometer.

AOCS emergency modes are
implemented if the Sun should lie in
the forbidden angular range or if the

angular rate is excessive. The AOCS
initiates a number of functions to
safeguard the AOCS proper, to
protect the telescopes and to allow
the solar array to keep tracking the
Sun for power generation.

Electrical power and distribution
Primary electrical power for continuous
loads of up to 256 W (end of life) is
provided by the rotatable solar array.
During launch, the array is clamped and
the solar-array orientation mechanism is
off-loaded. After separation from the
launcher and initial Sun acquisition, the
array is released and the off-loading
cancelled. Thereafter solar-array
orientation equipment (SAQOE) poaints it
towards the Sun within =+ 3° irrespective of
satellite attitude or manoeuvres. It
provides the mechanical interface
between the solar array and the satellite
body, allowing bi-directional and
unrestricted rotation of the array about
the Z-axis. At the same time it provides for
transfer of the electrical power from the
solar array to the satellite body, as well as
of the necessary control and monitoring
signails.

From launch until Sun acquisition, for
eclipses, and for peak demands, two
rechargeable NiCd batteries (7 Ah each)
are used. The main regulator regulates
the main bus voltage when power is
drawn from solar array, the battery or
from both sources. It contains the shunt
regulator, the battery chargers and
dischargers and the main error amplifier.

Fourteen redundant pyrotechnic circuits
with protection and automatic firing
sequencing are powered by the battery.
The separation switch signal is routed to
the communications interface unit (CIU)
to initiate AOCS Sun acquisition and to
the pyro box to activate the pyro circuits.
In addition, the CIU handles the
temperature sensors and routes some
digital housekeeping data into the data-
handling subsystem.

The releases of the mechanisms are

initiated by telecommands, except for the
antenna which is automatically deployed
when the satellite is despun.

The power control and distribution unit
(PCDU) distributes the 28 V bus, protects
the overall bus/battery voltage, monitors
status and current, and contains the
battery undervoltage protection. The
power lines are protected against shorts
by current limiters or overcurrent switches,
either by the consumers proper or by the
power subsystem. A power emergency
mode is defined to switch off nonessential
loads in the case of an undervoltage. So
that one of the two battery-discharge
regulators can sustain all the loads, the
maximum power supply in this mode is
limited to 120 W.

Data handling subsystem (DHS)

In addition to the usual functions of
command reception and distribution,
data collection and transmission, and
provision of time base and information,
the DHS provides specific functions like:
handling of data to and from the onboard
computer (OBC), extensive processing of
experiment data, specific operations
support of AOCS and SAOE, by data
analysis and monitoring.

All high-speed scientific data and low-
speed engineering data enter the DHS
through the low-speed and/or high-speed
remote terminal unit (RTU). The data are
then distributed to the onboard computer
or formatted to be sent to the transmitter
for downlink transmission.

The command decoder distributes the
commands to the users as memory load
or high- and low-level commands or
distributes a serial command to the
central terminal unit (CTU). Commands
generated by the onboard computer are
routed through the command decoder or
directly to the central terminal unit.

Three different formats (normal, direct
and housekeeping) are available. In the
‘normal’ format 7/8ths of the downlink
data consist of processed scientific data.

1
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The 'direct’ format replaces the processed
scientific data by direct or raw data from
the experiments in case the onboard
computer should fail. In the
‘housekeeping' format only the
engineering and housekeeping data are
transmitted, with an 8 times higher sample
rate. The DHS provides three selectable
bit rates: 2048, 4096 and 8192 bit/s.

RF-telecommunication subsystem (RFS)
The subsystem comprises two S-band
transponders and antennas with an RF-
switching unit. The transponder provides
lelemetry transmission via a 6 W RF power
amplifier, command reception, coherent
operation with an up- and downlink
frequency relationship of 240/222, and
two-way ranging with a tone delay of

+ 30 ns. In the downlink, both ranging
and telemetry may occur simultaneously
without inhibiting or altering the
information content of either signal. In the
uplink, either telecommand or ranging
operations are possible.

The two antenna elements provide omni-
directional coverage. Throughout the
mission, only that element providing
ground-station coverage is switched on.
Both receivers are on throughout the
mission. The minimum uplink and
downlink gains are thus —8dBi and

— 3 dBi, respectively.

The scientific payload

The scientific payload, comprising two
identical imaging telescopes, energy-
detector assembly and a gas-scintillation
proportional counter, has been developed
to be compatible with the observatory
nature of the mission and the intention of
providing data to European observers
outside the groups directly concerned in
the experiment development programme.
Prior to placing contracts with industry for
the production of engineering- and flight-
model hardware, a scientific model
programme was completed to
demonstrate the feasibility of critical
payload aspects within the constraints set
by the overall programme.

12

Figure 3 — Exosat payload summary

The payload is described in detail in the
companion article on page 20. The
summary in Figure 3 shows the detailed
design features of the individual
packages and their X-ray sensitivities as a
function of wavelength or photon energy.

Programme aspects

The industrial development of the Exosat

spacecraft has been entrusted to the

European COSMOS consortium, led by

MBB, the system contractor.

Responsibilities at system level cover

management, engineering and assembly,

integration and test. Subsystem
responsibility has been shared by twenty

European firms:

—  Structure/thermal
control/mechanisms/solar array
(mechanical)

SNIAS-Cannes (F)/CASA (E)/
Contraves (CH)/BADG (UK)

—  Attitude and orbit control &
stabilisation
MBB (D)/SNIAS-LM (F)/MSDS
(UK)/SODERN (F)/FERRANTI (UK)/
SEP (F)/TPD-TNO (NL)/NLR (NL)

Data handling and RF
telecommunications

SELENIA (1)/LABEN (I)/SAAB
(S)/CROUZET (F)/LLM-ERICSSON (S)
Power supply/solar array (electrical)
ETCA (B)/TERMA (DK)/SAFT (F)/
AEG (D)

Development-model programmes
Hardware production started with
initiation of the main development
contract, signed in mid-1978. The model
philosophy foresaw two development
models and a flight model, with a set of
spares. The mechanical model (MM) is
used for structural design verification and
qualification, whilst the engineering model
(EM) serves to verify functional interfaces
and allows development of test
procedures and associated software in
anticipation of the FM programme.

Although the phased project plan sought
controlled feedback for FM hardware
design and production from the MM and
EM model programmes, circumstances
necessitated a change from this baseline
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plan (Fig.4) and imposed the need for
work-around solutions to meet
engineering demands and deadlines. In
spite of the obvious change in sequence i
has been possible to meet all the
technical objectives for both development
models

Mechanical-model programme

Satellite structural development is known
to be an involved engineering process,
not so much because of the tools
required for design analysis and
verification, but more because of the
number of requirements and constraints
emanating from or imposed by system
elements or subsystems. The Exosat
structure and associated mechanisms
reflect a high level of stringent, and in
some cases conflicting, requirements,
accentuated by the fact that design
definition had to be undertaken against

Figure 4 — The mechanical-model and

engineering-model development

programmes
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the background of Ariane launcher
development. The need to maintain
compatibility on major interfaces with the
initially selected Delta launcher drastically
limited the scope of design trade-offs.
Although the uncertainty connected with
the development of the Ariane launcher
did not impact on the design process
once a reasonable launch environment
specification became available, it
nevertheless rendered engineering
judgement in the definition of the
qualification and acceptance test levels
extremely difficult whilst awaiting practical
data from launcher development flights

The scientific mission objectives call for
long-duration observation (up to 80 h) of
X-ray sources to determine their positions
and structural features. Consequently,
high alignment stability for the telescope
optical axes and attitude references of the
order of a few arcseconds are called for.
Whilst these and other requirements, listed
in Figure 5, call for stiffness and thereby
additional mass, the launcher constraint
of 510 kg imposed a minimum-weight
approach for all onboard equipment, the

13
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scientific payload being allocated 25% of
the maximum allowable satellite mass.
Furthermore, requirements for light-
tightness, stray-light inhibition, and
protection against organic
contamination, could not be satisfied
without a significant mass penalty.

One special design feature that has had a
strong influence on the structure's
development, and has called for the
application of the most advanced
technologies, is the rotatable solar array.
Several design changes had to be made
early in its development and a coupling
problem between main satellite body and
array solved.

The overall design approach is reflected
in Figure 5. The switch in launch vehicle
required a repetition of the dynamic-
response analysis. A structural
reconfiguration, introduced at the end of
the project definition phase, necessitated
a repetition of the coupled analysis with
the Ariane launcher.

The responses to demanding
requirements are reflected in the structural
layout, which guarantees that alignment
and alignment stability will be maintained
under all orbital conditions and will not be
jeopardised under test and in the launch
environment. This has been achieved by
designing the expenment platform as a
cantilever without struts and selecting
carbon-fibre-faced sandwich for its
manufacture. Thermal and mechanical
decoupling of primary from secondary
structure and of clean bench from the
remaining satellite structure is another
prominent design feature.

Each clean-bench assembly, consisting of
the low-energy imaging telescope
experiment, baffle and associated star
tracker, is isostatically mounted on
common inserts through the 120 mm-thick
main platform. The star-tracker baffles are
located by soft mounting on the star
tracker and fixed mounting on the main
platform.

14

Figure 5 — Overall design approach to
Exosats’ structural development

The clean bench is designed in titanium,
with a similar thermal coefficient of
expansion to that of the mirrors, the main
tube wall thickness being 0.4 mm. The
clean bench and associated baffle seal
system protects the sensitive optical
elements against contamination by
outgassing material from the remainder of
the satellite and the inside of the launcher
fairing. The truncated conical baffle in
front of each clean bench reduces the
amount of stray X-ray radiation.

Engineering-model programme

Due to the variety and novelty of test
requirements, mainly generated by the
demands of the scientific payload, Exosat,
like previous programmes, has had to
follow a learning curve to achieve the
standards required for later functional
testing of flight hardware. With the model
philosophy applied, the engineering
model offers the sole opportunity to
prepare and verify assembly, integration
and test procedures prior to their use on
the flight model.

Supplementary to the hardware definition,
software definition has received a great

deal of attention in seeking an effective
test concept and in terms of electrical
ground-support equipment (EGSCE)
hardware and software development.

The checkout software needed by
Exosat is more complex than that for
previous ESA satellites because an
onboard computer (OBC) is being used
as an integral part of the data-handling
subsystem for the first time. The OBC's
two main tasks are:

—  Processing and reduction of scientific
data onboard the satellite to adapt
the high scientific data rate of
20 kbit/s (high-speed mode) to the
relatively low, nominal telemetry bit
rate of 4 kbit/s.

—  Support to satellite subsystems.

Approximately 90% of the OBC's
processing power is devoted to the
scientific payload and 10% to subsystem
support. The OBC uses 7/8ths of Exosat's
telemetry capacity, the remaining 1/8th
being used for housekeeping.

The application of the OBC software
imposed a change from the more usual

REQUIREMENTS/CONSTRAINTS DESIGN/DEVELOPMENT
SATELLITE SYSTEM REQUIREMENTS
SCIENTIFIC PAYLOAD REQUIREMENTS m‘*’-mmw
. o ol
* Alignment Structure Mass Allocation 56 kg
» Stray Light Protection == = = === ——
# Thermal Environment DESIGN ADAPTATION TO ARIANE
® Dynamic Load Environment Total Satellite Mass 480 kg
i’ R e Structure Mass Allocation 96 kg
SPACECRAFT REQUIREMENTS
oW 0
® Alignment Stability DETAILED STRUCTURE DESIGN
® Thermal
® Dynamic Load Environment
fpsssensrioniarid EM/MM STRUCTURE PRODUGTION
. s &
& tuoied Total Satellite 9
» Centre of GravityMoment of Ineria
v Structure Mass Allocation 87.5 kg
® Salety Requirements

FM STRUCTURE PRODUCTION
DELTA 2014
ARIANE/DELTA 3014




exosat —technical description and programme aspects

Figure 6 — Exosat software checkout
system

fixed-format telemetry to facilitate the
‘merging’ of data treated by the OBC
aboard the satellite at any instant, so that
valuable time is not lost for OBC
processing. The result is a mixed format
composed of ‘fixed-format telemetry' data
for housekeeping information, and
‘floating format telemetry’ for the scientific
data. The simplified block diagram of
Figure 6 presents an overview of Exosal's
checkout software system and delineates
the influence of the OBC software on the
overall checkout equipment (OCOE)
software, 1.e. identifies those modules
partly or totally adapted to the floating-
format requirement.

Flight-model programme

The flight-model programme was
significantly affected by delayed
completion of development work,
technological problems with unit
production, and modification work as a
result of qualification/acceptance tests at
subsystem level. Flight-model integration
could therefore only start in April 1981 at
MBB's premises.

As each major subsystem (power, data-

handling, attitude and orbit control, etc.)
was integrated into the structure, each
was subjected to an integrated subsystem
test (ISST) to check functional
performance and interfaces with other
units. When all units had been integrated,
including experiments, an integrated
systern test (IST) was performed, the
results of which are used as a basis for
comparison with subsequent functional
test results.

At this stage, the status of the satellite
would normally have been one of full
flight configuration. In practice, however,
due to the nonavailability of certain units,
flight spares or representative dummies
were used as a temporary expedience to
enable the flight programme to proceed
on schedule; such was the status in
December 1981.

The satellite was then subjected to
electromagnetic compatibility (EMC) tests,
followed by physical measurements
(mass, centre of gravity, moment of
inertia) and balancing. Results were
satisfactory and the satellite certified fit to
proceed with the next major test phase,
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namely environmental exposure, which
includes mechanical-vibration and
thermal-vacuum testing. The objective of
these tests is to prove the integrity of the
flight-model satellite to meet system-level
acceptance and qualification
requirements.

Using the test facilities at IABG in Munich,
the first vibration run was started in mid
February 1982 and the last run completed
in March. The satellite was subjected to
both random and sinusoidal vibrations on
each of its three axes. Notching was
applied at critical frequencies determined
from previous test results using other
satellite models. Results were generally
good, although some resonances were
greater than expected, this was believed
subsequently to be due to an incorrect
mounting interface between satellite and
solar array. Functional checks were also
made at strategic points during the
vibration testing. Before leaving the test
facilities, deployment of satellite flaps,
antenna booms, etc. was satisfactorily
tested using live pyros.

Exosat was shipped to ESTEC at the end
of March and prepared for thermal-
vacuum testing in the HBF3 chamber. In
this test, which started on 20 April, the
spacecraft was cycled between hot
ambient and cold temperatures under
vacuum (1 x 10 °torr), for both long and
short periods. To ensure that units did not
exceed their qualification levels during the
hot soak phase, an upper limit was
imposed on the temperature to which the
satellite could safely be exposed. Whilst
this was certainly a constraint on the test,
it was recognised as being due to the
limitations of the test facility to simulate a
real space environment (thermal) rather
than a malfunction in Exosat's thermal
design. No major anomalies were
observed and the test results were
considered entirely satisfactory.

The next phase, due to start at the end of
May, is referred to as reconfiguration and
retest, which as the name suggests

means replacing nonflight units with real
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flight hardware. The minimum retest
considered necessary is exposure to
abbreviated thermal vacuum and, time
permitting, mechanical vibration at
reduced levels.

The launch operations programme

The two remaining elements essential for
achieving the operational phase are the
launcher, with the associated facilities in
French Guiana (CSG), and the ground
segment.

The Ariane vehicle

The initial choice of launcher (Delta 2914)
was reconsidered during the project
definition phase in 1977, when feasibility
studies demonstrated that the European
Ariane, augmented by a fourth stage,
would satisfy Exosat mission
requirements,

Ariane's northerly ascent trajectory from
the launch range in French Guiana
(Fig. 7)., and the lack of a restart capability

on Ariane's third-stage motor, necessitate
the use of an additional stage to inject the
510 kg satellite into orbit.

The standard Ariane launcher (Fig. 8) has
been uprated by adding a solid-
propellant motor (P07). Aside from the
motor and satellite adapter, this fourth
stage includes a timer or sequencer, an
active nutation damper, spin-up nozzles,
a despin system, and a telemetry package
for transmission to ground of essential
performance parameters.

After orientation of the composite (satellite

 PO7 stage) in space by the third stage's

attitude and roll-control system for orbit
injection at perigee, and upon completion
of the extended coast phase, the main
fourth-stage events are;

— Initiation of timer by third-stage
guidance compuler;

— separation of composite from third
stage;

—  spin-up by four nozzles to 47 rpm
+ 3 rpm, 1o achieve spin axis stability
during the 2.5 h coast phase;

— active nutation damping by
redundant pneumatic thrusters to
inhibit any increase in nutation angle
due to external disturbing forces or
internal energy dissipation (fuel-
sloshing);

— de-activation of nutation damper,;

- fourth-stage ignition;

— despin after fourth-stage burnout by
means of the yo-yo system

— separation of satellite several
seconds after burnout

— depointing of stage by means of a
turnover system

After injection into orbit, some 9845 s after
lift-off, the satellite will perform a number
of autonomous operations, such as
despinning and Sun acquisition. Once
Sun acquisition has been achieved, the
antenna booms will be deployed
automatically

Ariane launcher development was
satisfactorily concluded with the last trial
launch (LO4) in December 1981 and the
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Figure 7 — The Exosal launch sequence,
from lift-off to Sun acquisition

Figure 8 — The Ariane launch vehicle
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launcher thereby achieved qualification in

standard configuration. Fourth-stage

qualification tests are in progress and are

expected to be completed in time for a
November launch.

The ground segment

The ground-segment configuration for
Exosat is shown in Figure 9, in which the
interfaces within the ESOC Operations

Control Centre (OCC) and between ESOC

and the supporting station(s) are
identified. The supporting stations are
responsible for the classical functions of:
—  Satellite telemetry reception at the
dedicated ground station and
transmission to the OCC where
processing and conversion to
engineering units facilitates real-time
monitoring of satellite status,
particularly attitude determination
and attitude and/or orbit change
manoeuvres. Filing and archiving of

technological and scientific data
offers the prime users, namely the
Exosat scientists, retrieval of up to

24 h of the most recently filed data for
further use in the Dedicated Control
Room (DCR).

—~  Telecommand transmission and
verification through the prime station
(Villafranca) or any other station
required to assist in controlling the
subsystems in real time, reloading the
OBC to maintain/update the
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Figure 9 — Ground-segment
configuration for the Exosat mission
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operational status, and supporting
orbit changes for occultation and
arbitrary pointing.
— Ranging, a largely automated radio-
measurement function providing:

— ranging data from the ground
station to the OCC's orbit-
determination computer,

— orbital elements for precise
prediction of satellite position;

— predictions for station coverage
to enable the spacecraft
controllers to schedule
operations.

The Observatory Team has at its disposal
the Dedicated Control Room, with direct
access 1o the relevant scientific,
technological (housekeeping) and
operational (mission planning) data.

Apart from the real-time data-assessment

facilities, data processing is performed off
line, resulting ultimately in data tapes for
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final processing and analysis at
participating institutes.

The satellite will be 'handed-over' to the
Operations Manager at ESOC by the
Project Manager, once the scientific
payload and satellite subsystems have
been checked out in orbit.

CSG operations planning

Launch operations will begin immediately
after satisfactory completion of the Flight
Readiness Review (FRR). To ensure
effective and efficient preparatory
activities at the launch range, meticulous
care and attention have been paid to the
detailed definition and specification of the
activities to be performed prior to the
actual launch, This is reflected in the
summary launch-operations plan for a
nominal launch campaign of six calendar
weeks, preceded by a limited Exosat
experiment preparation phase of

approximately one calendar week at the
launch site (Fig. 10).

The launch operations are essentially
divisible into three main phases,
conducted at three different locations on
the range.

Phase 1

A functional performance test to
demonstrate the integrity of the flight
model after transport from Europe to
CSG, will be performed in Building S1.
Measurements will be made to verify
alignment parameters after transport.
Similarly, an absolute-leak-rate
measurement will be made on the
reaction control equipment (RCE)
propellant system to ensure that no
degradation has occurred as a result of
handling and transport. The data
resulting from these vital tests are to serve
as reference data for the subsequent
orbital phase. Final checks on
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Figure 10 — Exosat launch-operations
schedule
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pyrotechnics circuitry and adjustments to
mechanisms/appendages, partial
installation of superinsulation, and
installation of pyrotechnics will take place
during this phase, for reasons of internal
accessibility and prerequisite to the
hazardous operations in Phase 2.

Phase 2

The filling of the RCE propellant systems
with hydrazine and propane, will be
performed in the ‘hazardous zone' in
Building S3. The experiment gas flushing
and replenishment system will be filled
and the RCE hydrazine system
pressurised in Building S3.

Further completion of external multilayer
insulation (MLI) after battery installation,
solar-array installation, propellant loading
and associated visual inspections will
achieve the readiness status compatible
with the milestone for transportation of
the satellite to the launch tower for mating

with the Ariane launch vehicle. This phase
is completed with transportation of the
flight model to the launch tower in the
Ariane payload transport container.

will be conducted just prior to the start of
the composite terminal countdown. The
planned duration of this terminal
countdown, during which all supporting
elements (i.e. launcher composite, range

Phase 3 and ground network) are activated, is
The activities performed in this phaseare ~ 28h.

constituent elements of the combined

operations plan (POC) produced jointly Acknowledgement

by the Exosat Project and Launcher

Authority. The main items are:

— satellite mating to launcher fourth
stage (PO7)

— satellite checkout after mating

— satellite monitoring and battery
charging

- flight configuration completion, i.e.
removal of protective covers,
completion of superinsulation and
inspection

— countdown dress rehearsal.

The Exosat programme has presented a
major challenge to all directly engaged in
the project and can be considered a
major step forward in European satellite
development.

The authors would like to take this
opportunity to acknowledge the often
considerable efforts made by the
industrial contractors' and ESA staff in
supporting the Exosat programme. [ 2

After completion of the flight
configuration, the flight-satellite arming
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Exosat, selected for the ESA scientific
programme in 1973, has provided many
new challenges in science, technology
and management. X-ray astronomy was
established through the 1970s as one of
the most exciting and productive
branches of astrophysics. Such was the
rapidity of progress that to maintain the
viability and competitiveness of a
mission being operational one decade
after selection, the design and
technology of the scientific instruments
had to be pushed to the limit, even
during flight-model production. For the
first time in an ESA scientific
programme, the Agency was given
responsibility for payload management.
Also for the first time Exosat, as a
completely European venture, is to be
operated from ESOC as a space
observatory with observations
conducted largely through a guest
investigator programme. The interest of
the scientific community in the
programme is clearly exemplified by the
fact that the first observation period was
oversubscribed, in time, by a factor of
six.

The European X-Ray Observatory
Exosat — Its Mission and
Scientific Instruments

B.G. Taylor, R.D. Andresen, A. Peacock & R. Zobl,
ESA Space Science Department, ESTEC,

Noordwijk, The Netherlands

Introduction

The origins of Exosat (European X-ray
Observatory Satellite) can be traced back
to the late 1960s when a mission to
determine accurately the location of
bright X-ray sources using the lunar
occultation technique was studied. The
intervening history is briefly highlighted in
Table 1, which shows how the main thrust
of the mission, and in particular the
payload complement, has evolved. Due to
the financial limitations of the ESA
scientific programme budget. the

definition phase (phase-B) for the mission,

approved by Council in 1973, did not start
until 1977. During that year, the decision
to use the Ariane launcher was taken.
However, in view of the requirement to
maintain compatibility with the Delta-3914
vehicle (as back-up), the mass and
envelope constraints, dictated by the
Delta, were to be observed, meaning that
the technical advantages offered by
Ariane could not be fully exploited.

During the 1970s many X-ray astronomy
missions, notably Uhuru, Ariel 5, ANS,
SAS-3, HEAO-1 and the Einstein
Observatory were successfully
accomplished. Thus one of the major
tasks over the years has been to maintain
the viability and competitiveness of Exosat
in following these missions for orbital
operations in the early 1980s, within the
technical constraints and of course
budgetary envelope established at the
time of project approval. This has led to a
very high degree of sophistication and
technological innovation within the
payload, including all-beryllium bodies
and lead-glass collimators (based on
microchannel plate technology) for the
medium-energy detectors and X-ray
reflecting optics manufactured by a
replication process for the imaging
telescopes.

The observatory nature of the mission
was recognised early on in that

Table 1 — Evolution of the Exosat mission

Mass, kg (total

Year Mission Payload Vehicle satellite/payload)
1969 Lunar occultation (Occ) Large-area proportional Delta (D) 150
counters (ME)

1973 Occultation, lunar offset ME, low-energy flux Delta-2914 300/46
pointing collectors

1974 Occultation. inertial ME. nonimaging Delta-2914 300/46
pointing (Point) telescope (LB)

1975 Occultation. pointing ME, LB, imaging Delta-2914 340/65
(Northern orbit) telescope (IT)

1977 Pointing, occultation, ME, 2IT,GSPC Ariane 4807100
(Ariane)

1981 Pointing. occultation ME. 2T, GSPC Arane 500/120
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Figure 1 — Exploded view of Exosat
showing the payload elements and
principal spacecraft subsystems

observations and data should be made
available to a wide community and not be
restricted to a few groups. This led, for the
first time in an ESA (ESRO) programme, to
the approach of payload funding and
management by the Agency and hence a
shared responsibility between ESA and
the experiment or hardware groups for
instrument design and development

Given the final payload complement of
large-area proportional counters (in
Exosat known as the Medium-Energy
Experiment), imaging telescopes and gas-
scintillation spectrometer, and its
particular design features, the Exosat
mission objectives may be summarised as
follows:

1. The precise location of sources, In
the energy band 0.04-2 keV (6-
300R), to 10 arcsec or better using
the imaging telescopes and, in the
energy band 1.5-50 keV, to about 2
arcsec using the proportional
counters with lunar occultation

2. The mapping of diffuse, extended
sources at low energies using the
imaging telescopes.

3. The broad-band spectroscopy of
sources with the full payload
complement over the range 0.04-
80 keV.

4 The dispersive spectroscopy of
point-like sources using transmission
gratings with the imaging telescopes.

5. The study of the time variability of
sources over time scale from
submilliseconds to days.

6. The detection of new sources in
medium or deep surveys or in error-
box searches.

Satellite characteristics and operational
modes resulting from mission
requirements

To permit lunar occultation of sources
over a reasonable part of the celestial
sphere, a highly eccentric orbit with the
parameters given in Table 2 has been
selected. The advantages of this orbit for
pointing-mode operation are: little Earth
obscuration and hence efficient
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Table 2 — Initial orbital parameters for
Exosat

Apogee 2x10° km
Perigee 500 km
Inclination 725°
Argument of perigee 286.5°
Period 99 h

Time above 5= 10* km 80 h
Orbit lifetime (min.) 2y

observations, long uninterrupted
observations for up to 80 h and operation
in full sunlight (no eclipse operation) and
hence relatively stable thermal conditions
and alignment. The disadvantages are
that the telemetry rate is limited to 4 kbps
nominal (8 kbps optional) and operations
are conducted in a high and variable
particle-background environment — a
background estimated to be at least ten
times higher than for a low-Earth-orbiting
satellite on the basis of Cos-B and Apollo
15 measurements. The instruments are
only operated when the satellite is outside
the radiation belts, i.e. above 50 000 km.

Figure 1 shows an exploded view of the
satellite. The salient features to note are
as follows. The rotatable solar array is
kept normal to the solar vector and the
solar vector kept in the satellite’s
equatorial plane, independent of the
pointing direction of the instruments. This
offers significant advantages for thermal
control and alignment stability. Attitude
control is effected through a propane
cold-gas thruster system for both slew
manoeuvres and fine pointing with three-
axis limit cycling within 5 arcsec. The
attitude measurement system, which
includes two star trackers. (mounted one
per imaging telescope) enables the
attitude to be reconstituted, a posteriori, to
10 arcsec or better. The star trackers have
3° square fields of view and are sensitive
down to eighth magnitude. Orbit control
for occultation timing is by a hydrazine
thruster system.

The satellite has two principal operational
modes: pointing and occultation, In the
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pointing mode the instrument
complement can be kept pointed for up to
80 h continuously at the celestial target
under study with the target acquired to
within approx. 1 arcmin. The pointing
direction is constrained to lie outside
cones of half apex angle 15° centred on
the Sun, Earth and Moon due to star-
tracker blinding. For observations
including the low-energy telescopes, the
pointing direction should lie at more than
60° from the Sun to avoid scattering of
solar radiation from the baffles into the
telescope.

An interval of less than 90 min between
observations of different targets will be
typical, to allow time for instrument and
on-board-computer (OBC)
reconfigurations, ground-segment
reconfiguration and attitude slew and
stabilisation. Shorter intervals are possible
using high slew rates, but these involve a
greater drain on the propane gas supply.

With the chosen orbital parameters, some
20% of the celestial sphere can be
occulted by the Moon and some 1% by
the Earth. The occultation strips, shown in
Figure 2, contain close to one hundred
sources from the fourth Uhuru and third
Avriel catalogues. The brightest sources
may be positioned to within 2.5 arcsec
(5¢), this limit resulting from uncertainties
in the knowledge of the spacecraft's
position and the profile of the lunar limb.

The total orbital velocity-change
capability will allow some 50 occultation
measurements to be made. The precision
in the velocity-change capability is such
that the satellite can be correctly located
along its orbital path to provide the X-ray
source position in one dimension on entry
and the orthogonal dimension on exit
from the occultation as shown in Figure 3.

Given the drift rate of the attitude-
measurement-system gyros and their
updating requirements, an X-ray source
can be observed for approximately one
hour prior to entry into and one hour after
exit from the occultation. During this

period, a filter is inserted into the star
tracker's field of view.

The medium-energy experiment will be the
principal instrument used for occultation
studies and its field of view can be
adjusted prior to the occultation to yield a
flat-topped collimator response, the
angular extent of the flat top being just
larger than the angular extent of the
source to be occulted. This is done to
ensure that the flux from the source is
uniformly collected, to maximise signal-to-
noise ratio, and to ensure that any
attitude jitter will not be reflected as a
modulation of count rate via the
collimator's angular response function.

The medium-energy experiment

An effective area of 2000 cm®was set as
the design goal for the proportional
counters of the medium-energy
experiment, being the maximum possible
with the envelope and mass constraints.
This area is divided between eight
separate detectors, each detector
comprising two multiwire-proportional-
counter chambers (Fig. 4). The front and
rear chambers are 4 cm deep and are
filled to 2 bar with argon/CO ,and
xenon/CO ,respectively, the chambers
being separated by a 1.5 mm beryllium
window. With a front window of 37 or

62 um of beryllium and a 4.5 um
aluminised kapton foil for thermal-control
purposes, the medium-energy experiment
covers the range 1.5-50 keV.

The argon chamber has two layers of
anode wires, the xenon chamber, three,
with interleaved cathode-wire planes. The
outer wires of the anode planes are used
as guard anodes, while end-guard
cathodes are incorporated for the two
argon and upper xenon layers. The
various layers are operated in
anticoincidence. With such 'five-sided’
anticoincidence possibilities and with the
incorporation of rise-time discrimination
against non-X-ray events, a background
rejection efficiency of better than 99% for
95% X-ray acceptance is achieved in the
argon detector in the range 2-6 keV, this
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Figure 2 — Lunar and Earth occultation
strips

Figure 3 — The lunar occultation method
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range being the most sensitive for
occultation and time-variability
measurements. A residual background
counting rate for the full experiment of
12countss 'keV 'is expected.

The mechanical design of the detector
was governed by the stringent
mechanical tolerances and geometrical
stability requirements imposed by the
multiwire principle adopted. The gain and
resolution of such an array, averaged
over a single detector area, are strongly
dependent on the precise positioning of
each wire, and anode-plane to cathode-
plane distances and tolerances.
Temperature changes and temperature
gradients across the detectors, which will
result in gain variations, must be
minimised by appropriate thermal control
and the selection of a detector body
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Figure 4 — Cross-section of a medium-
energy detector
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material having high thermal
conductance and low linear thermal
expansion. These considerations,
together with the stringent mass limitation,
led to the choice of beryllium for the
detector bodies. It should be noted that
only by the close and stable matching of
the gain of the assembly of eight
detectors is it possible to achieve the
required energy resolution, integrated
over the complete medium-energy
experiment area. Owing to the limitations
in the telemetry rate, in some operational
modes it is not always possible to identify
uniquely an X-ray with the detecting
counter. It is thus essential that gain
variations between detectors be
eliminated at the source, thus allowing the
combination of data from the eight
detectors on-board prior to transmission.

Since the thrust of the Exosat mission is in
the study of known sources, the medium-
energy experiment is equipped as a
narrow-field instrument with mechanical
collimation to 45 arc min FWHM (full
width, half maximum). Due to the mass
constraint and limited depth available for
it, a collimator made from lead glass
using the techniques of microchannel
plate production is employed. Starting
from a cylindrical tube of lead glass and
proceeding through a series of drawing
and fusing operations, a 35 mm * 47 mm
colimator element with 150 ym square
channels, 30 um septa and 11 mm depth
is produced. Twenty-four such elements
equip one detector. The mass/unit area of
the collimator is approximately 1 g/cm®
and it provides a stopping power of
greater than three radiation lengths at

50 keV outside the field of view. The X-ray
transmission of 65% achieved is slightly
smaller than expected, resulting in a total
effective area for the medium-energy
experiment of 1800 cm”,

The eight detectors, each weighing just
3.5kg, are mounted in pairs to form
quadrants and the four guadrants are
mounted onto the spacecratft to form two
experiment halves (Fig. 1). Two
mechanisms, each operating on a pair of
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quadrants, enable the fields of view of the
four quadrants to be offset by up to
approx. 2° from the pointing direction.
This feature enables the monitoring of the
background in two off-source regions
with the same statistics as the
background seen by the onsource
quadrants. (The same mechanisms
provide for the variable flat-top collimator
response for occultation measurements).
Until such time as it may be shown that
the anticoincidence guards provide an
adequate measure of the background
and its variability, it is anticipated that the
most common operational mode for the
medium-energy experiment will be with
half of the array offset from the target.

The physical parameters of the medium-
energy experiment are summarised in
Table 3.

Because of the high information rate from
the medium-energy experiment it will be
impossible to transmit all the data over the
downlink and data-compression
techniques are employed. For very fast
phenomena a set of commandable
hardware functions includes: time tagging
of events, a stack discriminator with four
programmable energy channels, 2048
element time profiles with integration times
of 16-128 pus, and the 'basic observation
mode' facility, which detects significant
changes in source intensity and
compresses the data, so that it provides a
full time monitoring function. Software
functions within the on-board computer
include: period folding, time-interval
histograms, intensity profiles and energy
spectra with varying precision and
integration times. Some modes can
provide combinations of functions such
as time profiles and energy spectra.

The time tag at 10 ps accuracy will allow
the study of pulsars and other periodic
and quasi-periodic sources. Period
folding and the determination of spectra
as a function of phase can be carried out
in the on-board computer. A combination
of hardware and software modes will
allow intensity profiles to be built up in the

Figure 5 — Timing measurements with the
medium-energy experiment

milliseconds region, counting both X-ray
events and background. For the
submillisecond region the profiles cannot
be continuous because of telemetry
limitations. At about 50 ms, low-precision
spectra can be built up. At time scales of a
second or more, full-resolution spectra
can be taken.

Figure 5 shows how timing/spectral
measurements can be made with the
medium-energy experiment as a function
of time scale.

The imaging telescopes

Given the envelope constraint imposed by
the Delta vehicle and possible satellite
configurations, the focal length of the
imaging telescope was limited to about

1 m. The limitation on frontal area, the
need to have significant response up to
21 keV, and the limited focal length led to

an aperture of approx. 28 cm for a total
geometric collecting area of about 90 cm*
for one telescope. Two similar systems
could be accommodated, each optical
system comprising a nest of two
grazing-incidence paraboloidal/
hyperboloidal mirrors (Wolter-1
configuration).

The mass constraint led to the
apportionment of only a few kilogrammes
for each mirror system and, following the
success of some early trials, it was
decided to fabricate the mirrors by the
replication technique. A glass mandrel is
accurately shaped and polished to the
profile and surface finish required for the
reflecting surface of the mirror. A
nonadherent gold reflecting layer is then
evaporated onto this mandrel. In parallel,
the mirror shell substrate, 3.5 mm thick, is
machined out of a block of beryllium with

Table 3 — Physical parameters of the medium-energy experiment

Total effective area
Energy range

Energy resolution (FWHM)
Field of view

Background rejection
Background rate

Total mass. power

1800 cm (quadrants co-aligned)

1.5-15 keV argon, 5-50 keV xenon

21% at 6 keV argon, 18% at 22 keV xenon
45 x 45 arcmin FWHM tniangular

99% in argon, 98% in xenon

12counts s
48kg 17T W

keV

16° 10" 100 100 10 1
flamuic N savoi)

2 3 \ 5
110 1|0 1]0 1|0 1}] A ORBIT
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8ch 32ch 128ch. |4eR modes
TIME TAG t t t _____ XENON ENERGY SPECTRA
8ch. 32ch. 128¢ch.
4 y 4 1000 m CRAB SOURGE

EVENT COUNTING
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Figure 6 — A single telescope system

an accuracy of a few microns. Beryllium is
chosen not only for its rigidity, long-term
dimensional stability, and low density, but
also for its high thermal conductivity, to
minimise distortions resulting from
lemperature gradients. The mandrel is
accurately located within the beryllium
shell and a layer of epoxy some 30 um
thick is injected between mandrel and
shell. The gold layer adheres to the epoxy
and the mandrel is removed after curing;
the geometry and surface finish of the
mandrel being transferred to the substrate
without degradation. Four mandrels, one
each for the four different mirror shells,
per telescope have been produced and
each mandrel can be used repeatedly.
Including structural elements and field
stops, each Exosal mirror assembly
weighs only 7 kg (Table 4).

The mirror system has been tested in a
long-beam facility and shown to achieve
an angular resolution of some 8 arcsec
FWHM on axis. It should be noted that the
a posteriori attitude determination
accuracy will be <10 arcsec (3g) and
that the plate scale of the oplics is

5.3 pm/arcsec.

The elements of the imaging telescope, i.e.
the mirrors, focal-plane assembly and
grating (Fig. 6), are housed in an optical
bench, onto which is also mounted a star
tracker of the attitude-measurement
system. The optical bench is made of
titanium to provide a close match to the
linear thermal expansion of the beryllium
opfics.

Each telescope is equipped with two
detectors, a position-sensitive
proportional counter (PSD) and a
channel multiplier array (CMA) mounted
on an exchange mechanism, Both
detectors employ a resistive-disc readout
system. Design goals of 200 um (at 8.3A)
and 50 ym (FWHM) for the PSD and
CMA, respectively, were set for the on-axis
position resolution, which, when folded
with the plate scale of the optics, yields
angular resolutions of approximately 40
and 10 arcsec.
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Table 4

Geometrical area
Grazing angles
Energy cut-off
Plate scale

- Physical parameters of a low-energy imaging telescope

90 cm? (52 cm? outer, 37 cm? inner) for one lelescope
1.8° outer, 1.5° inner (averages)

2keV (6A)

5.3 pm/arcsec

Focal-plane detector
Energy range
Efficiency 0.05 keV
0.15 keV
0.8 keV
1.5 keV
Energy resolution
Field of view
Angular resolution
(on-axis) FWHM
Background rate

PSD CMA

0.1-2 keV 0.04-2 keV
- 028

019 024

037 012

0.17 : 005
AEIE=44/E(keV) ' % FWHM (no intrinsic)

28 mm diameter, 1.5°
50 arcsec at 1.5 keV
210 arcsec at 0 28 keV

85 arcsec
2 1 1 - 1
012cm “keV s

tem © 5

42 mm diameter, 2.2¢

Grating with CMA 500 lines/mm 1000 lines/mm
Plate scale 43 pmiA 85 pm/A
Ar(2<d0A) 1A 1A

Ax(£>40A) 2-4A (7<430A) 1-2A (< 250A)
Mass, power (1 telescope) 30kg 5W
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Figure 7 — Effective area of a single
telescope alone, and with the PSD and
CMA at the focus, as a function of photon
energy

Figure 8 — Variation in telescope spatial
resolution with X-ray photon energy, with
the CMA or PSD at the focus
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The PSD is configured as a parallel-plate
proportional counter with a resistive disc
readout system. It has an area of 28 mm
diameter. a main entrance window of

0.8 um of polypropylene and a 4.5 mm-
deep absorption region of argon (80%)
methane (20%) at 1.1 bar. A second
entrance window of 0.4 pm Lexan-coated
polypropylene is placed just in front of the
main window. The enclosed volume
between is vented to space to prevent the
gas that diffuses through the main
window raising the pressure in the optical
bench to the detriment of the CMA.

Emphasis has been placed on the
achievement of good energy resolution in
the PSD (e.g. 40% FWHM at 8.3A) to
permit the multicolour mapping of diffuse
sources to resolutions of 1-2 arcmin and
the determination of spectra to a degree
not achievable with the Einstein imaging
proportional counter. The gain of the PSD
is regulated by a density control on the
gas-supply system, down to the
equivalent of 3 mbar at 20°C. In addition,

Figure 9 — Variation in the telescope
spatial resolution with off-axis angle

there is an automatic gain-control system
using a radioactive source within a
calibration cell in the detector gas volume
which, in controlling the detector’s high
voltage, counteracts gain drifts caused by
the different leak rates of argon and
methane through the thin main window. A
gain stability of better than 1% is
achieved.

The CMA consists of a chevron
arrangement of two microchannel plates
with diameters of 50 mm. The channel
diameter is 25 pum. The front plate has a
zero bias angle and its front surface is
coated with magnesium fluoride to
achieve an adequate quantum efficiency.

Figure 7 shows the effective area of the
mirror along with the PSD and with the
CMA at the focus as a function of energy.
The variation in spatial resolution with
energy is shown in Figure 8, and with oft-
axis angle in Figure 9. High angular
resolution work with the CMA will thus be
limited to some 10 arcmin off-axis.
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Mounted just in front of the focal plane is
a wheel containing a set of filters (to
provide a broadband spectroscopic
capability when used in conjunction with
either detector), various apertures to limit
the field of view, and a calibration source.
The CMA will always be used in
conjunction with a filter to avoid UV
contamination

Each telescope is equipped with a
transmission grating, one with 500
lines/mm, the other with 1000 lines/mm,
either of which can be placed at the exit
aperture of the optics and provide for
spectroscopy of strong point sources
These gratings provide plate scales of
43 um/A and 85 pm/A, respectively, and
will be used in conjunction with the CMA
for the best spectral resolution
Resolutions Az/z of 0.025 to 0.01 from
the shorter wavelengths out to 430A can
be achieved.

The gas-scintillation proportional
counter

The gas-scintillation proportional counter
(GSPC) for X-ray spectroscopy has seen
rapid development in recent years. A first-
generation, simple instrument was
included as the last iteration in the Exosat
instrument complement and a prototype
version has been successfully flown on an
Aries sounding rocket. Its advantage over
conventional proportional counters (e.g
the medium-energy experiment) is that its
superior energy resolution (by a factor 2-
3) will permit spectral features such as
iron-line complexes at ~7 keV to be
resolved from the continuum emission for
the first time. A schematic of the
instrument is shown in Figure 10, and its
physical characteristics are given in
Table5s

The gas cell of the GSPC is comprised of
a conical/cylindrical body made from
machinable ceramic sections, a spherical
section 175 pm-thick, free-standing
beryllium entrance window, and a 4 mm-
thick UV-transmissive exit window. The
cell is filled with a one-atmosphere mixture
of xenon (95%) and helium (5%). The
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Figure 10 — Schematic of the gas
scintillation proportional counter (GSPC)
experiment
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Table 5 — Physical parameters of the gas-scintillation experiment

Total effective area
Total energy range 2-80 keV

Energy resolution FWHM 27/E (keV) %, 10% at 7 keV
Field of view 45 = 45 arcmin triangular
Background rejection 97% (2-10 keV), 86% (10-20 keV)
Background rate 10s 'keV ' (2-10keV)

Total mass, power Bkg 15W

160 cm for B0% X-ray acceplance
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detector is assembled using ultrahigh-
vacuum techniques and baked-out at
~300°C to minimise contamination of the
highly purified noble gases by outgassing.
Getters are also included to maintain the
high gas purity throughout the duration
of the mission.

In the gas cell the electrons produced by
X-ray photo-absorption are drifted into a
spherical, high-electric-field region. Here
they acquire sufficient energy to excite the
noble gas atoms. These excited atoms
form diatomic molecules through
collisions, which de-excite by the emission
of UV photons in the waveband 1500
1950A. This burst of UV photons is
subsequently observed by a
photomultiplier tube, the integrated anode
signal of which has an amplitude
proportional to the energy of the
absorbed X-ray photon. The energy
resolution depends on the variance in the
number of UV photons observed by the
photomultiplier tube as well as the
variance in the initial number of electrons
produced in the photo-absorption
process. The energy resolution is at least
a factor of two better than that of the
conventional proportional counter, being
~10% FWHM at 6 keV.

The UV photon burst time depends on the
depth of the scintillation region, the drift
velocities in the photo-absorption and
scintillation regions, and the size of the
electron cloud prior to its entry into the
scintillation region. The burst-time spectra
of X-ray events are dissimilar to the
spectra of background events, produced
directly by ionising particles or indirectly
by gamma-ray-induced Compton
electrons, since these will have different
electron-cloud sizes. Such differences in
burst times are exploited as a means of
rejecting background events. Background
estimates for the Exosat detector are
derived from data from an Aries rocket
flight at altitudes below 250 km and from
Cos-B and Apollo-15 X-ray measurements
in highly eccentric orbils.

The Exosat GSPC will be used primarily to

Figure 11 — Source-strength sensitivity of
the Exosat payload

study the spectra of the stronger X-ray
sources and particularly the stronger lines
to measure line energies, their width,
strength and separation from the
continuum emission. Such data can
provide estimates of temperature, electron
densities and elemental abundances in
the hot, X-ray-emitting plasma.

X-ray source detection

The most sensitive instruments for the
detection of X-ray sources are the
imaging telescopes. Their sensitivity
depends on the intrinsic source spectrum
and on the amount of interstellar
absorption, which provides the low-

energy cut-off. Source detection is
dominated by instrument background for
observation times in excess of 3x 10"s
and 7 x 10%s for the CMA and PSD at the
telescope focus, respectively.

The source strength shown in Figure 11 is
given in Crab units (the Crab, being one
of the brighter known X-ray sources, is
often used as a 'standard candle') and
the sensitivity is derived for a Crab-like
spectrum with spectral index =2 and an
interstellar hydrogen column density N,
~3x10*em 2 The Crab spectrum is
indicated to highlight the dependence of
sensilivity on spectral shape. The data
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from the two imaging telescopes with a
pair of CMAs or PSDs at each focus have
been combined.

For the detection of weak sources or
sources with low interstellar absorptions
the CMA is more sensitive than the PSD,
whilst for stronger sources or those with
higher interstellar absorptions the PSD is
more sensitive.

The source-detection capabilities of the
nonimaging instruments are radically
different. Even with its relatively narrow
field of view, the medium-energy
experiment is confusion-limited (i.e. there
will be several very weak sources in the
field of view that cannot be separated) in
its most sensitive 1-15 keV argon detector
in less than 10*s. At higher energies of 5—
50 keV in the xenon detector the
confusion limit is reached with
observation times of 10°s. The confusion
limit of 3% 10 *Crabs corresponds to an
energy flux of 10 "ergcm ‘s 'and
assumes an X-ray source log N— log §
relation for | b,| >20° of N(>8)= 200 S "

The source-detection sensitivity for the
medium-energy experiment is shown
separately in Figure 12. For example a 1
millicrab source can be detected at 54 in
the 1-15keV range in 500s.

With the same collimator characteristics
as the medium-energy experiment, the
GSPC instrument does not reach the
confusion limit with observation times
below 10°s, but the GSPC is not intended
to study weak sources.

X-ray spectroscopy
Al energies below 2 keV the spectroscopic

capabilities of the Exosat low-energy
telescopes derive from the intrinsic energy
resolution of the PSD, the filters and the
transmission grating. The former two will
provide an estimate of the spectral shape
and the degree of interstellar or
circumnstellar absorption over the energy
range 0.1-2 keV (6-120A). Line emission,
which generally dominates the continuum
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Figure 12 — 5¢ minimum detectable

source strength in three energy bands for

the medium-energy experiment

emission for thermal sources radiating
most of their power at these lower
energies, however, cannot be resolved in
this way. An indication of the presence of
line complexes, particularly those due to
oxygen and iron can, however, be
obtained. Colour-colour analysis can be
obtained with the CMA, which has no
intrinsic energy resolution, when it is used
in conjunction with the filters. A parylene-
aluminium filter provides a band pass at
EUV wavelengths (170-400A), which
allows sensitive estimates of the
temperature of a number of nearby low-
temperature X-ray sources and their
interstellar absorption to be made.

High spectral resolution can only be
obtained using the transmission gratings
in conjunction with the CMAs. This high-
resolution dispersive spectroscopy ( Az
~1-4A) is only possible, however, on the
stronger, point-like, X-ray sources.

At energies above the cut-off of the
telescopes (~2 keV) the broadband
spectroscopic ability of the medium-
energy experiment and GSPC, which
derive from their intrinsic energy
resolution, is utilised.

The medium-energy experiment, capable
of high-precision broadband
spectroscopy over the energy range
1-50keV, is particularly well suited to the
following studies:

i.  Determination of the shape of the
continuum from 1 to 50 keV. For a
weak source of 10 °Crab, a detailed
spectrum can be obtained within
10°s using one half of the array offset
from the source to monitor
simultaneously the background.

ii. Estimation of the degree of interstellar
or intrinsic absorption for heavily cut-
off sources. Measurements of the
degree of interstellar or circumstellar
absorption are primarily limited by the
low-energy cut-off given by the 37 or
62 um beryllium windows of the
argon proportional counters, At
1.5 keV the X-ray transmission is less
than 30%, equivalent to an
interstellar hydrogen column density
of ~10%atom/cm?

ii. Detection of spectral lines of iron,
silicon and sulphur. Although the
experiment has an energy resolution
of ~20% FWHM at 6 keV, this,
coupled with the large effective area
and high background rejection

35-50%eV Xe ( B )

=

e

Z ot

27 5-50keV Xe [ B )

e

L

(I =

o wv

= L

ag 1-15keV Ar [ B )

w=

@E W[

&-—-

e

H

a SOURCE CONFUSION LIMIT

= 'k

g L 1 1 1 1 i 1
= 0? w? o' w® e w2 owed
5

INTEGRATION TIME T ( seconds )




exosat — its mission and scientific instruments

Figure 13 — Sensilivity of the Exosat
GSPC spectrometer to the detection of
iron lines from helium-like ions

efficiency, makes it sensitive to the
detection of spectral lines, particularly
in the energy range covered by the
argon proportional counters.

iv.  Study of spectral variability. The high
sensitivity of the experiment for
broadband spectroscopy coupled
with the ability of the observatory to
return frequently to sources
(particularly useful for X-ray binaries)
makes it well suited for studying of
spectral variations in a variety of X-
ray SOurces.

The GSPC spectrometer will be used for
the detailed study of strong X-ray source
speclra, its principal advantage over to
the medium-energy experiment being its
higher (factor 2) energy resolution (a
disadvantage is its significantly smaller
area). The GSPC will therefore be most
effective in measuring strong source
spectra, including determinations of line
energies, line widths and the resolution of
line complexes, rather than the
measurement of weak source continua or
the detection of weak lines. It will be used

in conjunction with the medium-energy
experiment, which will provide a high-
precision measure of the X-ray
continuum. The spectrometer is most
efficient between 6 and 9 keV for the
detection and detailed study of spectral
features produced by iron. It has a low
efficiency below 2.5 keV, due to the
window-cut-off, for the detection of
sulphur and silicon lines.

Figure 13 indicates the sensitivity of the
GSPC for the detection of lines at

~6.7 keV from helium-like iron ions and
indicates the estimated line strengths in a
number of source examples.

X-ray source variability

The Exosal observatory is extremely well
suited to the study of time variability in the
flux of celestial X-ray sources over a wide
dynamic range in time scale. Long-term
variations, particularly useful for the study
of active galaxies, can be adequately
studied by frequent returns of the
observatory to the same source to sample
its activity state over, for instance, a one-
year period. On shorter time scales, the
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repeated sampling can be used to
monitor the variation in the flux from
binary X-ray sources around one binary
orbit. Continuous uninterrupted
observations are possible from 10s up to
a maximum time of 80 h, the time the
satellite is above the radiation belts.

The ability of the medium-energy
experiment to detect fluctuations in
source intensity is shown in Figure 14 for
two extreme cases. For bright sources
(1000 millicrab) a factor of two increase
can be seen in 10ms at 1-15keV. For the
5-55keV range, the same change can be
seen in 100 ms. For a faint (1 millicrab)
source the same change can be seen in
about 10min at 1-15keV and 12 h at
5-55keV.

Observatory operations and observation
planning

Telemetry data transmitted by the
spacecraft will be received at the
Villafranca (Spain) ground station

(Fig. 15) and routed in real time to the
European Space Operations Centre
(ESOC) in Darmstadt (Germany), where
the Control Centre and Exosat
observatory ground segment are to be
located.

Extensive computational and display
facilities with hard copy will allow an
observation to be monitored by an
observer in real time and will permit
modification of the operational sequence
of modes in the light of the results. Access
can also be made to data accumulated
over the past 80 h (~ 1 orbit), which will be
stored and continuously updated on disk
in a short history file. The following
examples are indicative of the real-time or
near-real-time data displays that will be
avallable:
— raw telescope images over full or part
field in colour or as an isometric plot
— orthogonal cuts through telescope
images
— intensity/time profiles with period
search routines
— raw energy spectra with background
subtraction.
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Figure 14 — Detection of intensity
fluctuations with the medium-energy
experiment

Figure 15 — The main Exosat antenna al
ESA's Villafranca ground station
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(AQ) to participate in the Exosat
observation programme was released in
July 1981 to the scientific community of
the ESA Member States and some 500
observing proposals were received. The
available observing time in the first
observation period of nine months was
oversubscribed by a factor of ~6. From
this response, 200 proposals were
selected to make up the programme for
the first nine months of operations. The
next AO will be issued three months after
launch, and subsequent AOs at
six-monthly intervals. These AOs will

be open to the world-wide

community,

It is anticipated that observatory
commissioning and performance
verification will occupy the first 1.5 months
of operations and the data from this
period will go to the hardware groups. Up
to month six of operations, the observing
time will be split 50/50 between the
hardware groups and guest observers
and from month seven to the end of the
mission 75% of the observing time will be
available for guest observers. This will
make Exosat an observatory facility
accessible to the wide scientific
community, rather like

ground-based optical and radio
telescopes.
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Exosat's science programme
management

When the decision was taken in 1973 to
embark on the Exosat programme, it was
decided that the data should be made
available to a broad scientific community
rather than be restricted to instrument
developers, as had been the case for all
previous Agency scientific programmes. It
was thus inappropriate for the
instrumentation to be funded nationally
and funding for instrument development
was provided from the Agency's scientific
programme budget. A small dedicated
team was set up within the High Energy
Astrophysics Division of ESA Space
Science Department (HEA/SSD) to
manage the development of the
instrument. However, experimenter or
‘hardware' groups were selected in the
time-honoured manner and the design
and development of the instrumentation
became a shared responsibility. Generally
speaking, the institutes have been
responsible for the scientific design and
calibration of specific instruments

(Table 6); the Agency for engineering
design, development, testing and overall
management. The flight imaging
telescopes have been calibrated at the
Max Planck Institute's X-ray beam facility
in Munich.

With two exceptions (the transmission
gratings by SRL, Utrecht and the window
of the PSD by MSSL, UC London), the
flight instrumentation was produced in
industry through a number of separate
contracts, most of them started in 1977,
the payload team within ESA Space
Science Department being responsible for
overall coordination and management.
Firms involved in the payload
development are also indicated in Table 6.

For the orbital-operations phase of the
mission, the ground segment of the
observatory will be located at ESOC,
Darmstadt. but will be under the
responsibility of HEA/SSD. The
observatory will be manned by a team of
five ESA staff and ten duty scientists
(having the status of Research Fellows).

Table 6 — Institutes and organisations contributing to the Exosat scientific payload

3. Gas scintillation -

Experiment Institute Contractors/Suppliers
1. Low-energy — Cosmic Ray Working Group, X-ray oplics
imaging Leiden (NL) — CIT-Alcatel (F)
telescopes - Mullard Space Science ~ Instruments SA (F) (replication)
Laboratory, University College — Optic Fichou (F) (mandrels)
London (UK) Focal-plane assemblies
- Space Science Laboratory, -~ Matra (F)
Utrecht (NL) - Sira (UK) (detectors)
— (Sias (F) (gas system)

2. Medium-energy -
experiment -

University of Leicester (UK)

Max Planck Inslitute,
Garching/University of Tubingen
(D)

Space Science Department of
spectrometer ESA
— LFCTR Milan/University of
Palermo (1)
— Mullard Space Science
Laboratory, University College
London (UK)

— Laben (I) (electronics)

Main electronics
— Laben ()
—-  Matra (F) (front-end)

Detector assembly

- BAe (UK)

- LIND (US) (proportional counters)
- GEOC (US) (collimators)

Main electronics
- Laben ()
- Matra (F) (front-end)

Experirment assembly
- Laben ()

Gas cell

- AEG/TFK (D)
Colimators

- GEOC (US)

This team has been slowly built-up since
the end of 1979 and has been responsible
for the development of the observatory
analysis software. During the operatonal
phase it will conduct the observations on
behalf of or in concert with the observers.
In some respects the operation of the
observatory will be similar to that for IUE
at Villafranca, one significant difference
being that operations will be conducted
24 h per day, seven days a week. [ d
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The European Materials-Science
Payload for the first Spacelab Mission
represents a considerable intellectual
and financial investment. During its first
flight in September 1983, multiple
microgravity experiments in the fields of
crystal growth, metallurgy and fluid
physics will be performed. The flight
hardware for the Materials-Science
Payload has already been manufactured
and is presently being integrated in the
United States with other payload
elements for the first Spacelab mission.
Final preparation of the flight samples
and o