





bulletin

no. 79 august 1994

contents/sommaire

Cover: Artist's impression of Ariane-5 in flight

Editorial/Circulation Office
ESA Publications Division
ESTEC, PO Box 299, Noordwijk
2200 AG The Netherlands

Publication Manager
Bruce Battrick

Editors
Bruce Battrick
Duc Guyenne
Clare Mattok

Layout
Carel Haakman

Graphics
Willem Versteeg

Montage
Keith Briddon
Paul Berkhout

Advertising
Brigitte Kaldeich

The ESA Bulletin is published by the European
Space Agency. Individual articles may be reprinted
provided that the credit line reads '‘Reprinted from
ESA Bulletin’, plus date of issue Signed articles
reprinted must bear the author's name
Advertisements are accepted in good faith: the
Agency accepts no responsibility for their content
or claims

Copyright © 1994 European Space Agency
Printed in The Netherlands ISSN 0376-4265

european space agency
agence spatiale européenne

‘Integral’ - A Challenging Scientific Mission

K. Clausen & C. Winkler 6
The Ariane-5 Launch Facilities

J de Dalmau & P. Perez 15
Simulation of the Landing of a Re-entry Vehicle Using Eurosim

N. Buc, D. Paris & T. Izumi 27
Intellectual Property Rights and Space Activities

A.-M. Balsano 34
The Materials Challenges Facing Europe

D.C.G. Eaton & D.P. Bashford M
LAgence spatiale européenne dans le mouvement d’élargissement

des Organisations européennes

G. Lafferranderie 48
The Second Euro-Latin American Space Days

V. Hood 56
Programmes Under Development and Operations

Programmes en cours de réalisation et d’exploitation 63
In Brief 78
Comet Shoemaker-Levy’s Collision with Jupiter

— As Seen by the Hubble Space Telescope

F.D. Macchetto 85
Publications a0




“Real-world” Signals.

No matter whose world

they come from.

TMVID3997

Getting a satellite system off the
ground isn’t easy. You spend
thousands of hours testing and
retesting the hardware. At
integration, on the launch pad
and in-orbit. There has to be a
better way!

Now there is. The HP 8791
signal simulator can generate
the signals you need to quickly
and thoroughly test payloads,
earth stations or system moni-
toring equipment. From group
delay and gain to noise loading
and bit error rate, testing to
spec has never been this fast or
accurate. The HP 8791’s digi-
tally generated signals deliver
unsurpassed test consistency
time after time, anywhere, in or
out of this world.

Testing with simple signals and
modulations only tells part of
the story. Ever wonder what will
happen when real signals enter
your receivers and transpon-
ders? With the HP 8791 you can
simulate up and down link
traffic, add transponder and
earth station impairments, test
with multiple carriers or evalu-
ate the effects of propagation
and multipath. Quickly, easily
and repeatably.

For more information on the
HP 8791, call your local HP
sales office, or call the Nether-
lands +31 20 547 9999 and ask
for Ron Rausch. We'll send a
data sheet and a satellite test
technical paper that shows how
to get your birds off the ground
faster.

There is a better way.

(ﬁ/’ HEWLETT

PACKARD



ALCATEL ESPACIO: Quality in time.

ALCATEL ESPACIO is engaged in the
design, development and manufacturing of space
communication equipments and systems, providing
front - line technology used in satellite payloads
and also in ground control stations.

ALCATEL ESPACIO'S main technologies
and products are:

- On Board Digital Electronics. (On Board
Processing, Data Acquisition, Video Processing,

Fiber Optical Buses, etc).

- On Board Radiofrequency equipments
(TTC transponders, filters, multiplexers, etc).

- Communication systems (Design, User
Stations, Control stations, etc).

ALCATEL ESPACIO'S organization gua-
rantees the quality, devoted to deliver the pro-
duct on time and fulfilling the agreed requi-
rements.

ALCATEIL
ESPACIO

Alcatel Espacio, S A, Einstein S/N. Tres Cantos 28760 Madrid. Spain
Tel (341) 803 47 10. Fax_ (341) 804 00 16,

[#%]



Product Spotlight

Model: FDR-8500C
Capacity: 5 Gigabytes (uncompressed)
10 Gigabytes (2:1 compression)
250 Gigabytes (50:1 compression)
Date Rate: 10 Mbit/s per channel (burst)
4 to 12 Mbit/s total {sustained)
Weight: 16 Ibs (7.3 kg)
Power: 18 Watts @ 28vDC
Size: 11.8"x9"x 6"
(300mm x 229mm x 152mm)
Interface: RS-422

FDR-8000 series recorders are flight-proven,
high performance data storage units built for
operation within the Space Shuttle bay, on
the aft flight deck, and aboard space
platforms. Designed with 8mm helical scan
technology, the FDR-8000 line provides
economical mass data storage. These
recorders' unique characteristics make them
equally useful in avionics and satellite
applications.

Capacity

The newest member of the FDR-8000 family
is the FDR-8500C. The capacity of the
FDR-8500C is 5 Gigabytes of uncompressed
data. Hardware compression is typically 2:1,
yielding 10 Gigabytes of storage space.
Depending on data content, compression
rates of 50:1 are attainable. Peak data rates
are 10 Mbit/s per channel into a 4 Mbit
buffer. Multiple input models are available.
Total sustained data rates from combined
channels are from 4 Mbit/s to 12 Mbit/s
depending on compression efficiency. The
error rate is less than one in 10*® bits read.

Mechanical

The FDR-8000 enclosure is a sealed box
purged with nitrogen. The inert gas provides
an air cushion around the recording head
and protects the tape from common corrosive
gases during long term storage. Internal

heaters activate below +10°C. During
initialization, recording is disabled until
heaters can stabilize the internal

environment above 0°C. Shock and vibration
isolation allow the tape transport assembly
to surpass Shuttle launch and landing
requirements.

The recorder's footprint measures 11.8" x 9"
(300mm x 229mm), with a height of 6"
(152mm). The mounting hole pattern is on
70mm centers for easy interfacing with ESA
cold plates and Hitchhiker pallets. Total
weight is 16 1bs (7.3 kg).

Electrical

Power dissipation is 18 Watts at 28V. Each
recorder contains its own DC/DC power
converter. An internal controller supports
serial data transfer, file structures, error
recovery, and regulation of the recorder's
operating environment.

Interface

Communication with the FDR-8000 is
provided via RS-422 compatible channels.
The command channel is asynchronous at
1200 baud. The data channel is synchronous
from DC to 10 MHz.

Let Amptek provide the solution to your
high-capacity data storage needs.

AMPTEK, INC. 6 DE ANGELO DRIVE, BEDFORD, MA 01730 U.S.A. TEL 617/275-2242 FAX 617/275-3470



THE OPTICAL ENCODER SOLUTION

CODECHAMP are designers and
manufacturers of high resolution,
high accuracy optical encoders,
predominately for the Military and
Aerospace markets.

CODECHAMP optical encoders are
supplied as absolute, absolute multi-turn
or incremental devices and have
resolutions up to 22 bits.

Their main characteristics are :

- integrated electronics

- integrated cold redundancy

- accuracy up to 1 arc. sec. RMS

Due to its acknowledged expertise

in the military market, and to the ongoing
CNES qualification, CODECHAMP

has become a key partner in many
major projects :

TELECOM 2, HISPASAT, SPOT,
HELIOS, PPF PLATFORM, SOHOQO,
ARTEMIS.

Our technology and capabilities enable
us to provide a comprehensive range of
specially designed products to exactly
meet our customers needs.

THE OPTICAL ENCODER SOLUTION

}CODE CHAMP
8 oPmicaL enconen sotumon

23190 CHAMPAGNAT / FRANCE / TEL.: (33) 55 67 63 00 / FAX : (33) 55 67 68 59 / TELEX : CODCHAM 59 08 41 F
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‘Integral’

— A Challenging Scientific Mission

K. Clausen

Science Projects Department, ESA Directorate for Scientific Programmes,

ESTEC, Noordwijk, The Netherlands

C. Winkler

ESA Space Science Department, ESTEC, Noordwijk, The Netherlands

The goals of gamma-ray astronomy

Gamma-ray photons carry the highest form of
energy of any electromagnetic radiation
known today. Space detectors have measured
gamma-rays with energies more than 1012 times
that of the photons of visible light. Because of their
penetrating nature, i.e. low interaction with matter,
these high-energy photons reach us from the most
distant (and oldest) parts of the Universe, and they
also carry information from closer regions like the
Centre of our Galaxy, which are obscured by
dense regions of molecular clouds and gas that
are opaque at most other wavelengths.

The spectroscopic study of atomic and molecular lines in the infrared,
optical and ultraviolet regions of the electromagnetic spectrum has
provided us with knowledge and understanding of the physics of normal
stars. Spectral lines in the gamma-ray region are produced by new and
different processes. These include radioactivity, nuclear excitation,
electron — positron annihilation and radiation in the vicinity of magnetic
fields. Gamma-ray lines are indicators of all these processes and have now
been observed at astrophysical sites. They provide powerful diagnostics for
the high-energy processes occurring in some of the most violent and exotic
objects in the Universe.

The key features of the Integral satellite will allow us to study in great detail
these, and other sites of key interest in today’s astrophysical research, with
high sensitivity combined with very good energy resolution and very good
imaging capabilities (in order to avoid source confusion) using two main
instruments, an ‘Imager’ and a ‘Spectrometer’.

Owing to the high-energy processes that are
closely connected with the creation of gamma-ray
photons, gamma-ray astronomy provides us with
information about some of the most exotic objects
in the Universe, such as black holes, Although
radiation cannot escape from such an object, we
‘see’ a black hole by observing radiation from
matter that is accelerated to extreme energies by
the enormous gravitational field near a black hole,
emitting gamma-rays during the process. Massive
black holes, more than a million times the mass of
our Sun, are believed to power the enormous

energy outputs of quasars and other active
galactic nuclei

One ofthe most striking characteristics of the sky at
gamma-ray energies is its dynamic variability. Two
exposures of a given region of the sky will, in many
cases, give different results. Variability of the
gamma-ray emission provides information about
the parent object. X-ray novae, for instance, have
energy spectra that extend into the lower part of
the gamma-ray spectrum. These novae can be
observed several times per year and — at their
peak brightnesses — are the brightest X-ray
sources in the sky. Their intense, hard emission is
believed to originate from an instability in the disk
surrounding a black hole with stellar mass. This
disk contains matter accreted by the black
hole from a nearby companion star. Recently,
gamma-ray line emission has been detected from
such an X-ray nova

The explosion of a supernova (type Il) is another
example of a very dynamic event: a star with more
than 10 times the mass of the Sun explodes
because it has collapsed under its own
gravitational pressure after its nuclear fuel has
been exhausted. The end result of such an
explosion is either a black hole or a neutron star at
the centre of the supernova explosion. The layers
of the star undergo extreme temperature
increases, thereby creating new heavy chemical
elements, some of which are unstable isotopes
that are characterised during radioactive decay by
the emission of gamma-ray line photons

More than seven years ago, a supernova was
discoveredin our nearest ‘galactic neighbour’, the
Large Magellanic Cloud. The short (by
astronomical standards) distance of 180 000 light
years and the availability of modern detectors
made it possible, for the first time, to detect
gamma-ray lines from such a supernova,
providing concrete evidence that new elements
are indeed created in this explosion.
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The creation of elements in our Galaxy can be
traced via the gamma-ray emissions of radioactive
isotopes. For example, the isotope ‘26" of
aluminium, having a lifetime of 106 years, emits a
characteristic line with a photon energy of
1.8x 10% ev (1.8 MeV), orapproximately 1 million
times more energy than visible light. The High
Energy Astronomical Observatory (HEAO-3)
detected this line in 1980, and recently the
Comptel instrument on the Compton Gamma-Ray
Observatory generated a firstmap of this emission.
Future investigations with Integral may allow us to
clearly identify some of these sites of element
building within our Galaxy.

Gamma-ray instrument evolution
The history of gamma-ray space-science missions
is summarised in Figure 1.

In general, the development of new space-science
instruments has to fulfil basic boundary conditions,
the most important of which are scientific
requirements and technical feasibility, the latter
also taking launcher capabilities (mass) and
associated costs into account.

Detection of gamma-ray photons in the energy
range above 1 keV — Integral’s energy range
extends from 10 keV up to 10 MeV — involves the
measurement of the energy exchange (or energy
loss) between the photons and the mass of the
detector. The scientific advantage of the
‘penetrating power’ (low interaction with matter) of
gamma-ray photons leads directly to difficulty in
measuring them with a suitable detector. Mainly, it
is the kinetic energy of the incoming photon,
transferred to charged particles, which s
dissipated and measured in the detector.

The most important energy-loss processes — in
the energy range of interest to Integral — are the

photoelectric effect (interaction of gamma-ray
photons with bound electrons of the detector
crystal), pair production (annihilation  of
gamma-ray photons in the vicinity of a nucleus
producing pairs of electrons and positrons), and
Compton scattering (elastic  scattering  of
gamma-ray photons with free electrons). The
energy dependency of the total cross-section for
all three energy-loss processes is dependent on
the detector material: for Csl and Ge (as proposed
for Integral), the photoelectric effect dominates
below about 100 - 300 keV, the pair production
process above about 10 MeV, while the Compton
effect is the dominating process in between.

Typical detector materials are scintillation
substances (e.g. caesium iodide: Csl), where the
amount of energy loss is measured through
ionisation and scintillation of the detector material
(via photodiodes or photomultipliers), and
semiconductor materials (e.g. germanium: Ge),
where electron-hole pairs are created and
registered through external electrical fields. Csl is
fairly cheap in large-volume production and has a
good light output with 40 keV energy resolution at
1 MeV, thereby making it a good material for
imaging telescopes with fairly large detector pixel
arrays, where each pixel is produced from a say
1cmx1cmx3cm Csl bar. Ge has a superb
energy resolution (actively cooled at a
temperature of 80 K) of 2 keV at 1 MeV, and is the
prime material used for spectroscopy detectors.

Key design parameters for high-energy
telescopes have to take into account that the best
sensitivity with a minimum of radiation background
is required for a mission that will produce first-class
scientific results during the first decade of the next
century In the Integral energy range, the
signal-to-noise ratio of typical gamma-ray

measurements is of the order of 1%, indicating the

Figure 1. History of
gamma-ray missions
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need for very careful detector design and
background reduction in order to extract the
maximum of information

The sensitivity of gamma-ray measurements is
basically proportional to the background counting
rate andinversely proportional to the detector area
and length of observing time Reduction of
background noise, increased detector area, and
long observations are therefore required to
achieve good sensitivity. Long, and uninterrupted,
observations can be achieved using high
eccentric orbits (see below). The detector area can
be maximised, but a minimum thickness of
typically a few centimetres of high-atomic-number
(i.e. high Z) material is needed to achieve sufficient
stopping power: with a diameter of the order of
1 m, thistranslatesimmediately into a rather heavy
detector array weighing approximately half a ton
(including shield; see below)

For background noise, which has to be minimised
to achieve good sensitivity, an anti-coincidence (or
‘veto’) system is usually employed using BGO
(Bismuth Germanate Oxide) crystals, a material
with high mean Z and high density. The system
flags (vetoes) charged particles, butis also usedto
minimise the effects of gamma-ray radiation not
coming from the source under investigation

For the imaging detector, the key components of
the background noise are cosmic diffuse
gamma-rays, atmospheric gamma-rays, gamma-
rays producedin the material of the spacecraftand
instrument, cosmic-ray-induced spallation
products within the material of the detector,
interactions within the detector between locally
produced photons and atmospheric albedo
neutrons, and events derived from protons
trapped within the Earth's radiation belts. Elastic
scattering from neutronsis a small effect due to the
large mass of the caesium nuclei. Gamma-rays
from diffuse cosmic radiation or locally created
gamma-rays enter the detector either through the
aperture (viewing direction) or leak through the
shield. Clearly, a thick and massive shield reduces
many unwanted components, but such a massive
structure exposed to particles and radiation from
space is itself a source. of (often time-delayed)
secondary photon and particle emission too. In
other words, it is important to optimise the shield
thickness. For the imager, the anti-coincidence
system will be designed using 3 cm-thick BGO
and employing an outer ring of the Csl detector
pixels as a guardring.

The key background components affecting the
spectrometer detector are: the cosmic diffuse
background (mainly through the aperture),
neutrons which elastically scatter off germanium
nuclei in the detector and transfer recoil energy to

the nuclei, neutrons and protons interacting in the
detector and producing beta-unstable radio-
nuclides which decay (delayed), and shield
leakage (background from cosmic diffuse gamma
radiation and locally produced photons). To
optimise the sensitivity of the 350 cm? Ge detector
area (approx. 8 cm thick), a BGO shield of
approximately 7 cm thickness will be used for the
spectrometer, resulting in a mass of some 800 kg
for the detector assembly (including shield and
structure)

To these detector assemblies, coded-mask
subsystems (each about 150 kg) needto be added
to allow imaging in the high-energy domain
Coded masks in the high-energy range consist of
high-Z material (e.g. tungsten) a few centimetres
thick, in which holes are arranged in a special
patternin order to produce a ‘shadowgram’ of the
source on the detector array (see below)

Detailed feasibility studies have shown that, in
order to achieve the scientific goals set for Integral,
two separate instruments need to be designed,
one optimised for imaging and the other for
spectroscopy. This means, however, that each
instrument needs its own aperture and shielding
subsystems, which add to the total mass. The
combined weight of the two main instruments for
Integral — Imager and Spectrometer, including
electronics boxes, coolers and harness — has
been estimated during the study phase to be
about 2000 kg.

Comparison with experiments being flown in
space today, namely the Comptel instrument
aboard CGRO andthe French Sigma telescope on
the Russian Granat spacecraft, shows that those
single instruments (using Nal crystals) are in the
13001500 kg range. Earlier studies (e.g. the
ESA Grasp candidate mission submitted in 1988)
proposed saving some mass by combining the
imaging and spectroscopy detectors into one
common (and smaller) detector assembly and
using common shield and aperture systems. This
resultedin a total mass for Grasp of about 1000 kg,
but with significant reductions in scientific
capabilities, stemming from poor individual
optimisation for imaging and spectroscopy (mask
pattern, detector pixel size, shielding), and much
more complex technical and programmatic inter-
faces

Insummary, a scientific mission with the objectives
that have been set for Integral, and one which must
make significant progress vis-a-vis existing or
previous missions in the field of 10 keV to 10 MeV
astronomy, requires an instrument complement
that results in a total payload weight of around
2 tons.



The programmatic challenge

The Integral payload, at about 2 tons, will be the
heaviest ever flown on an ESA scientific mission.
As overall programme cost tends to be correlated
with overall spacecraft mass, it is a considerable
challenge to accommodate Integral as a medium-
size mission within ESA's ‘Space Science: Horizon
2000 long-term plan. In order to meet the
budgetary constraints of a medium-size mission,
the programme policy chosen was one of
concentrating development effort on areas
specific to Integral and to share that effort with
partners.

This approach has resulted in the following
programme set-up:

Each Integral scientific instrument is provided, as
for all ESA scientific missions, by a collaboration
of scientists headed by a Principal Investigator (PI)
with  national-organisation funding. Although
Integral is an observatory-type mission for the
science community at large, a certain portion of
the observation time is guaranteed to these Pls
in return for the instruments that they are
providing

Russia, eager to continue its gamma-ray
astronomy activities beyond its Granat mission,
have offered to participate in the Integral
Programme by providing the launcher (a Proton)in
return for observation time. Use of the Proton
launcher would enhance the scientific return from
the mission as it could place Integral into an orbit
with unconstrained observing time. However, due
to uncertainty about whether the Proton system will
stil be operational in 2001, Ariane-5 is being
retained as the alternative launcher for Integral.

The USA may contribute one or two additional
ground stations to enhance spacecraft cover-
age They also intend to participate in the
instrument collaborations

The service module of the Integral spacecraft is a
re-build of that developed for the XMM project
This is feasible because the requirements of the
two missions in terms of orbit, power, data rates
and pointing are very similar. Moreover, the time
span of only 15 vyears between the XMM
and Integral schedules will allow the necessary
continuity in hardware procurement fromindustry

As XMM will be launched on an Ariane-5, re-use of
the XMM service module also facilitates keeping it
as the alternative to the Proton launcher for
Integral.

The mission profile
Gamma-ray astronomy can be performed out-
side the Earth's atmosphere either below or above

the Earth's radiation belts For Integral,
a High Eccentric Orbit (HEO) allowing
observations above the radiation belts, i.e. above a
height of 40 000 km, has been chosen. The orbit
must be optimised for:

— maximum time above 40 000 km

— minimum exposure to radiation belts in terms of

overall dose and proton fluence.

The optimum orbit depends on the launcher
characteristics. The operational orbits selected for
the Proton launch and the Ariane-5 alternative are
shown in Figure 2

B o

him —= 40000 km

The Proton orbit has a period of 72 h, a perigee of
48 000 km and an apogee of 115 000 km. As this
orbit lies entirely outside the radiation belts, the
observation time is 100% and the radiation dose is
minimal. Full ground coverage can be achieved
with three ground stations, and about 85%
coverage with two stations.

The Ariane-5 orbit has a period of 24 h, a perigee
height of 4000 km and an apogee height of
68 000 km. The apogee is in the Northern
Hemisphere, to give visibility from a European
ground station. The observation time above
40 000 km is 16.6 h per 24 h orbit (69%). One
station provides up to 21 h of coverage. Because
the spacecraft is passing through the radiation
belts at each perigee, the radiation dose is
significant — about one order of magnitude higher
than that in the Proton orbit. The high inclination of
65° minimises exposure to the Earth’s proton belt,
whilst giving good orbit stability. The resulting
trapped proton fluence is low compared to that
originating from solar flares.

integral

Figure 2. Integral orbits
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Table 1. Integral’s orbit characteristics

Proton orbit Ariane-5 orbit

Apogee

Perigee

Inclination

Argument of perigee
Orbital period

Time above 40 000 km
Ground station

Radiation dose
(4 mm Al 'shielding)

115000 km 68 000 km

48 000 km 4000 km min
51 6deg 65 deg
270 deg 270 deg
72h 24 h
100% 69%
Villafranca Villafranca
Goldstone (TBC)
Canberra
10 krad 150 krad

Figure 3. The operating
principle of a coded-mask
telescope

Integral’s orbit and mission characteristics are
summarised in Table 1

The payload

The Integral science payload complement, as
established during the mission study phase
(so-called ‘Phase-A’), consists of two main
instruments, the Imager and the Spectrometer,
andtwo monitoring instruments, the X-Ray Monitor
and the Optical Transient Camera.

These instruments have been carefully chosen to
complement each other:

10

— The Imager's high angular resolution
(17 min) and modest energy resolution
(E/AE = 20) is complemented by the
Spectrometer’s modest angular resolution
(1.4 deg) and high energy resolution (E/AE
= 500).

— The energy range of the Spectrometer
(15 keV — 10 MeV), and particularly that of the
Imager (70 keV — 10 MeV), will be extended to
lower energies by the X-Ray Monitor
(4-100 keV), which has excellent angular
resolution (3 min).

— The Optical Transient Camera is intended
to  measure any  optical  emission
accompanying gamma-ray bursts or other
transients observed with the main instru-
ments.

All four instruments are co-aligned and will
observe the same region of the sky simultaneously.
The measurements of all four instruments will be
made available to users as comprehensive data
sets for each target.

The Imager, Spectrometer and X-Ray Monitor
share a common principle for producing images
— all three are coded-mask telescopes. At
moderate X-ray energies, it is still possible to form
images using mirrors and standard optics
principles, but above an energy of about 10 keV it
becomes difficult or even impossible to make
suitable mirrors. Coded-aperture imaging offers a
means of producing images which avoids this
limitation.

With coded-mask imaging, a mask with opagque
and transparent regions (the ‘coded mask’) is
placed in front of a position-sensitive photon
detector (Fig. 3). A coded-mask telescope is
basically a pinhole camera, but with a larger
aperture (i.e. many pinholes) in order to cope with
the low gamma-ray fluxes. A beam of photons
incident on the mask will be absorbed where it
strikes opaque areas, thereby casting a shadow
onto the detector. For a point source of photons,
the registration of the shadow on the detector may
be used to determine the direction of the source. A
collection of point sources casts overlapping
shadows and, provided the mask pattern is
suitably chosen, the directions of the point sources
may be determined by correlation techniques.
Similarly, a complex field can be imaged by
determining the contribution of each pixel in the
source to the combined ‘'shadowgram’

The coded-mask technique offers a second
important advantage for gamma-ray astron-
omy; namely, in addition to imaging, it provides
close-to-ideal background subtraction. In the
reconstruction of the intensity from a particular
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region of the sky, the difference is taken between
the signalin all those detector elements that have a
clear view of a source at the position under
consideration. and that from detector elements for
which the source is obscured by opaque regions
of the mask Thus, the detector background is
measured exactly contemporaneously, using a
subset of the detector elements intermingled with
those observing the source

The detectors must have a spatial resolution
matching the resolution of the coded masks and
the corresponding shadowgram:

— The Imager detector assembly consists of a
three-layer scintillator array, each consist-
ing of 2800 Csl scintillator/photodiode
elements

— The Spectrometer detector assembly consists
of an array of nine large-volume germanium
detectors. These detectors have to be kept at
an operating temperature of about 85 K by
mechanical Stirling coolers,

-~ The X-Ray Monitor detector is based on a
multi-wire proportional counter.

As Figure 4 shows, the payload module consists
basically of an equipment platform
accommodating the detector assemblies and an
empty box supporting the ‘upper floor' with the
masks at a height of about4 m

The spacecraft
The overall spacecraft configuration resulting from

the Phase-A study is shown in Figure 5. It consists
of two separate modules, the Service Module
(SVM) and the Payload Module (PLM). ESA will be
responsible for the overall spacecraft design and
the procurement of the SVM and PLM, as
described below,

The Service Module provides the following
functions:

— solar power generation
— power conditioning and control
— telecommunications

- data handling

- attitude and orbit control
- structural support

- thermal control

The configuration of the Integral SVM, developed
from that for XMM, is very much driven by the fact
thatthe central area has to house the XMM mirrors

The Payload Module has to accommodate the
Integral payload, but must also interface
with the SVM. The resulting overall PLM
configuration is shown in Figure 6. It consists of:

— the equipment platform
instrument  detectors  and
electronics units

— the mask support structure carrying the
instrument coded-aperture masks about 4 m
above the detectors

— the thermal-control hardware enclosing the
PLM

carrying  the
instrument

Figure 4. Integral’s payload

configuration

Figure 5. Overall Integral
spacecraft configuration
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THERMAL
CONTROL
HARDWARE

Figure 6. The Integral
Payload Module -
Exploded view

Figure 7. The Integral
ground segment
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MASK SUPPORT
STRUCTURE

EQUIPMENT
PLATFORM

— the payload interface units, such as a Power
Distribution Unit (PDU) and a Remote Terminal
Unit (RTU)

— the star trackers, requiring co-alignment with
the instruments and a free field of view

— the harness connecting spacecraft as well as
payload units

Simplicity of the interface between the SVM and
the PLM has been a major design driver. The
electrical interface is basically reduced to a power
bus and a data-handling bus. The modular
approach has been conceived to allow parallel

SCIENCE COMMUNITY

development, assembly, integration and testing of
the SVM and PLM

The main characteristics of the Integral spacecraft
are summarised in Table 2

The ground segment

As shown in Figure 7, the ground segment

consists of three main elements: the Integral

Science Operations Centre (ISOC), the Mission

Operations Centre (MOC), and the Integral

Science Data Centre (ISDC):

— The ISOC will process the successful
observation proposals into an optimised
Observation Plan, which will consist of a
timeline of target pointings plus the
corresponding instrument configuration.

— The MOC will implement the Observation Plan
within the spacecraft system constraints into an
operational command sequence. In addition,
the MOC, which will be at the European Space
Operations Centre (ESOC) in Darmstadt (D),
will perform all of the classical spacecraft
operations and maintenance tasks.

— The ISDC will receive the science telemetry
plus the relevant ancillary spacecraft data from
the MOC. Taking into account the instrument
characteristics, the ISDC will convert these raw
data into physical units. Final data products will
be distributed to the observer and archived for
later use by the science community.

ESAisresponsible forthe ISOC and the MOC, The
ISDC willbe the responsibility of the ISDC Principal
Investigator and his collaborators

Mission implementation
The various phases in the implementation of the
Integral Programme are shown in Figure 8.

The Integral project is presently issuing the
Announcement of Opportunity (AO) for the
payloadinstruments, the Science Data Centre and
the mission scientists, In about a year's time,
immediately after final payload selection, the
Invitation-to-Tender (ITT) will be issued to Industry.
Phase-B is planned to start in the first half of 1996,
leading to the commencement of Phase-C/D in
mid-1997

The first half of Phase-C/D will concentrate on the
structural/thermal model, in parallel with the
engineering maodel. The second half will be
devoted to the flight model, culminating in the
launch of Integral in the first half of 2001

The nominal mission duration will be two years.
Consumables and life-limiting items will be sized
to allow extension of the mission to five years in
total, 13
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Table 2. Integral spacecraft’s characteristics

" 500 kg
Total launch ma 4100 kg

1300 W
700 W
2 kbyt/

43 kbit/
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the ariane-5 launch facilities

J. de Dalmau

P. Perez

. Launchers Directorate, CNES, Evry, France
LIQUID HYDROGEN

Evolution of the launch complex design

To date, two launch complexes for the Ariane family
of vehicles have been built within the framework of
the Ariane development programme, at ESA's
Guiana Space Centre in Kourou, French Guiana.
The first one was usedto launch Ariane-1,-2and -3
between 1979 and 1989 The second one has
been used to launch Ariane-3 and -4 since 1986
e g and is still being used. A third launch complex,
dedicated to the launching of the new Ariane-5, is
currently under construction

AUNCH COMPLEX
NO. 2 (ELAZ)

Y

The design concept behind the launch facilities
has been evolving since the design of the first
launch complex, based on experience gained and
to improve the product's quality, availability and
operational flexibility and thus reduce launch
costs. The main criteria for the evolution have
been:

— toincrease the launch rate

— to reduce vulnerability to a launcher accident
on the launch pad or at lift-off

— to optimise the operational activities

— to adapt the facilities to Ariane launch vehicle
changes

— to exploit the experience acquired during
previous developments.

The launch complexes, which are financed and
owned by ESA, have been designed and built by
the French Space Agency, CNES, on ESA's behalf.
During the commercial utilisation phase,
Arianespace, the European launch services

New ground facilities dedicated to the launching of the Ariane-5 vehicie
are now under construction at the Guiana Space Centre, Europe’s
spaceportin Kourou, French Guiana. They will be one of the most modern
and functional ground infrastructures in the world and will provide the
facilities for at least 100 commercial launches, with the first flight at the
end of 1995, Although they have been custom designed for the new,
heavy-lift Ariane-5 vehicle, they will fulfil the requirements of the Ariane-5
development programme, namely a greater launch rate, reduced
vulnerability to accidents, and reduced launch costs.

The Ariane-5 Launch Facilities

ESA Office, Guiana Space Centre, Kourou, French Guiana

operator, is responsible for the operation of the
facilities thatinterface directly with the launcher, i.e.
the launch complexes or ELAs (Ensembles de
Lancement Ariane), and with the payloads, i.e. the
EPCU complex (Ensemble de Préparation des
Charges Utiles).

The Ariane launcher family is continuously being
modified to meet commercial needs in order to
stay competitive. In addition, the launch facilities
have to be upgraded through new and optimised
investments which represent between 10and 15%
of the development costs of the respective launch
vehicles. An Ariane launch campaign in Guiana
includes all operations from the arrival of elements
(stages, vehicle equipment bay, fairing, space-
craft, etc)) until the launch vehicle is ready for
lift-off, and ends with the actual launch and the
orbiting of the spacecraft.

Launch complex No. 1 —ELA1

The design of the first launch complex, ELA1,
began in 1973, soon after the Ariane programme
was approved at the European Space Conference
in Brussels. The main design criteria were:

— acapacity of four launches a year, which was at
that time the maximum foreseeable rate

— the existing facilities in Guiana which one of
ESA's forerunners, the European Launcher
Development Organisation (ELDO), had built
for the Europa 2 vehicle, had to be used. Those
facilities in fact had only been used once, for a
launch in November 1971.

That launch site was thoroughly modified and
adapted to Ariane. Since all campaign operations
had to be performed sequentially on the launch
site itself, the number of possible launches was
limited to one every two months, which was
thought to be more than enough at the time.

The first Ariane launch took place from ELA1 on 24

December 1979, and the complex then remained
operational until the launch of the last Ariane-3

15
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vehicle in mid-1989. The servicing tower was
dismantledin 1991,

During its lifetime, ELA1 provided very acceptable
and competitive conditions for 25 launches, but
some improvements were required:

— the launch rate was limited

— hazardous and sensitive facilities were located
too close to the launch pad

— there were two main disadvantages to re-using
the Europa 2 facilities: it was difficultto integrate
equipment inside the umbilical mast (which
holds and protects the electrical and fluid links
between the launcher and the ground facilities)
making maintenance more complex, and the
orientation of the launcher and the mast relative
to the dominant winds was not optimal, limiting
the acceptable wind speed at lift-off to 9 m/s

Launch complex No. 2 — ELA2

The design, construction and validation of the
second launch complex, ELA2, were carried out
between 1981 and 1985. The design was based
on the following requirements:

— compatibility with the Ariane-3 and Ariane-4
family of vehicles

— adoubling of the ELAT launch rate, narrowing
the interval between launches to one month
and allowing 10 launches per year

— greater operational flexibility, ~maximum
accessibility, reduction of constraints and a
general optimisation of the operations.

The required improvement in the launch rate was
achieved by separating geographically the
preparation area from the launch area, enabling
two launch campaigns to be undertaken at the
sametime. When the stages of the first vehicle have
been erected, assembled and checked in the
preparation area (in the first weeks of the
campaign), the vehicle is rolled out on its mobile
launch platform to the launch area for the
remaining part of the campaign. While it is
undergoing mating and checkout of the payload,
countdown and finally, the launch, the stages of
the second vehicle can be assembled in the
preparation area. After the launch of the first
vehicle, the launch pad is then refurbished in
preparation for the second vehicle.

With this separation, the launch rate increased to
one per month, thus doubling the capacity of the
ELA1 at a cost that is only 30% higher.
Arianespace has in fact recently shortened the
minimum period between Ariane-4 launches to 18
working days (i.e. three to three and a half weeks),
to cope with increasing commercial demand.

Experience gained with ELA1 was fully used inthe
design of ELA2:

— The launch pad was better oriented relative to
the dominant winds, and the acceptable wind
speed at lift-off has consequently increased to
14 m/s
Accessibility of equipment inside the umbilical
tower was maximised.

— All servicing and control equipment that was
not absolutely necessary in the launch area
was moved 1o a safe distance, thus allowing
accesstothe equipment untiljustafew minutes
before lift-off, and also reducing vulnerability in
the event of an accident during the launch

ELA2 has been operational since March 1986
The pad has been adapted to the Ariane-4
launcher, which made its maiden flight in
June 1988. Arianespace will continue to use the
facility until about 1999, by which time it will have
launched about 100 vehicles at a rate of 8 to 10 per
year.

Some small disadvantages, however, still remain:

— Despite a clear improvement over ELAT,
vulnerability to an accident at lift-off is still
relatively high.

— Although it offers great advantages, separation
into two areas has the disadvantage that the
umbilicals have to be disconnected from the
upper stages in the preparation area and
reconnected in the launch area. The new links
then have to be checked again, and the total
time lost is about 36 hours

— The computerised control  system  for
monitoring  and  controlling  launcher
propellants, fluids and electrical systems
during checkout and countdown operations is
still too centralised. In particular, non-
separation of servicing from launch vehicle
parameters leads to some operational
constraints.

ELAZ2 is nevertheless a high-performance launch
facility which is well suited to the most complex
version of the Ariane-4 vehicle, the 44L, with seven
liguid-fuelled stages

Design and operations philosophy of the
Ariane-5 ground facilities

The design of the Ariane-5 ground facilities began
in 1987, upon ESA's approval of the Ariane-5
development programme. There were five major
requirements:

— custom designed and built for the Ariane-5, a
heavy-lift vehicle which is based on a different
concept than its predecessors (One main,
155-tonne cryogenic stage, flanked by two
solid propellant boosters weighing 230 tonnes
each. On top of the main stage are the
conventionally liquid-fuelled upper stage, the
vehicle equipment bay, the payloads and
fairings.)



Figure 2. Components of the Ariane launch area No. 3, ELA3
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— a capacity of eight launches a year with a
one-month interval between launches
a low vulnerability, particularly in the event of a
launcher explosion during the countdown or
lift-off phase (In the case of an accident, the
maximum amount of time foreseen to return the
site to operational status is six months)

— good availability, safety, reliability and
maintenance, the first two criteria having
priority

— optimisation of the cost of launch operations

— local manufacture of most of the propellants, in
order to avoid transporting large, hazardous
items across Europe and the Atlantic Ocean

The philosophy behind the Ariane-5 ground
operations is closely linked to the design of the
launch site, and is based on the following
principles:

— Full mechanical integration is performed at the
Launcher Integration Building, without any
intermediate functional checks so that the
functional checks can be carried out in parallel
on all the sub-assembilies.

— Electrical checkout equipment and
procedures used at ELA3 for the launcher
stages are identical to those used by the
manufacturing contractors in Europe, thus
allowing comparisons and the optimisation of
procedures

— Operations and checkouts are highly
automated to improve reproducibility and
safety

— The launcher is fully checked out at the
Launcher Integration Building prior to payload
integration.

— The roll-out to the launch area takes place just
before the final countdown for main-stage
fuelling, thus limiting the time that the launcher
is exposed to the outside environment. In
addition, the vehicle can remain in the launch
area if the launch is delayed, provided that no
work onthe launcher or its payloads is needed.

The Ariane-5 dedicated grounds cover about 2100
hectares and include the following units (Fig. 1):

the booster area, comprising the Solid
Propellant Plant, the Booster Integration
Building, the test stand, and booster recovery
and expertise facilities (see ESA Bulletin
No. 75, The Ariane-5 Booster Facilities)

— the Ariane launch complex No. 3 (ELA3)
(Fig. 2), which includes four main installations
(the Launch Control Centre, the Launcher
Integration Building, the Final Assembly
Building, andthelaunch pad No. 3)and willbe
equipped with two mobile launch platforms or
launch tables.

Other systems, like fluids production and
processing, remote checkouts and raiftracks.

Construction work on ELAS3 began in mid-1988
Some of the facilities are already being used for the
development and qualification of the Ariane-5
launcher elements and stages:

- boosters are being tested at the booster test
stand, where seven to eight tests are being
carried out between 1993 and 1995

— cryogenic main stage ‘hot tests' are being
performed using the launch pad as the test
stand. This eliminates the need for a stage test
stand in Europe, and at the same time allows
the qualification of the ground facilities, proce-
dures and operating teams. Development and
qualification tests are scheduled in 1994 and
1995.

The first two Ariane-5 qualification flights are
scheduled for late 1995 and early 1996. The
operational lifetime of Ariane-5 is expected to last
until at least 2015.

Fluids manufacturing and processing
facilities

The Ariane-5 main stage will carry about 130
tonnes ofliquid oxygen, 14 times the volume of the
present Ariane-4 third stage. A production plant,
which was already on the ELAZ site for Ariane-4,
has been upgraded to Ariane-5 requirements. It
liquefies air to produce liquid oxygen (LOX) and
liquid nitrogen (LNz)' It can produce 14 m"~ of LOX
and 60 m™ of LN2 per day. The liquid oxygen is
stored in five mobile tanks with a capacity of
140m° each and a sixth tank with a capacity of
20m3. The nitrogen production capacity will soon
be doubled to cope with increasing needs at the
Guiana Space Centre’s different sites. On the
same site, air and helium are compressed and fed
into special underground networks (Fig. 3).

The Ariane-5 will also carry 13.5 times the volume
ofliquid hydrogenthatthe present Ariane-4 carries
(27 tonnes on an Ariane-5 as opposedto 2 tonnes
on an Ariane-4). The traditional procurement of
imported hydrogen containers was not suited to
Ariane-5 needs in terms of logistics, economy and
safety and it was found that the best solution was to
invest in a new, on-site, highly automated liquid
hydrogen production plant(Fig. 4). The new plant,
which has been operational since 1992, produces
liquid hydrogen by reforming methyl alcohol. Itcan
produce up to 33 m® per day, to feed five 320 m’
mobile storage tanks. Before each launch, three of
the tanks are transported by road to the launch
area, a distance of about 2.5 km.  Specially-
designed ftrailors equipped with a hydraulic
hoisting system and rolling on eight axles (a total of
64 wheels), carry the tanks. After launch, these
tanks are carried back to the production plant and
reconnected to recover the ‘boil-offs’ This
recovery drastically reduces fluid loss during
transport and transfer.
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Launch complex No. 3 — ELA3

The basic concept used in the design of ELA2 has
also been used for ELA3: separate preparation
andlaunch areas. This concept has been adapted
to the Ariane-5 vehicle, which is larger but simpler
in design than Ariane-4

Experience gained from ELA2 has been fully
exploited in the design of ELAS3:

— Vulnerability to accidents has been significantly
reduced by simplifying the launch area:
ELA2's sensitive mobile servicing gantry,
which provides access to the vehicle at
different levels and protects it from the weather,
has been replaced by a fixed Final Assembly
Building (BAF), located beyond the safety
distance from the launch pad. The launch
vehicle is only rolled out from the BAF to the
launch area on its mobile platform for the final
countdown (about eight hours before lift-off)

— The umbilical disconnection and reconnection
process has been eliminated by using a
simplified umbilical tower fixed on the mobile
launch platform. The umbilicals follow the
launcher from the beginning to the end of
operations. This change was possible because
the upper part of Ariane-5 is simpler than the
Ariane-4’s, and most of the umbilical

connections can be made directly between the
launch platform and the lower part of the
vehicle.

— The computerised servicing checkout systems
(remote monitoring and command of ground
energy supply, air conditioning, fire detection
and other systems) are independent of the
launch vehicle checkout (remote control of
vehicle fuelling, pressurisation, on-board
electrical sytems and countdown procedures
until lift-off).

Built near the ELAZ site, ELA3’s two areas are:

— the launcher preparation area, which is
composed of three operational buildings: the
Launcher Integration Building (BIL), the Final
Assembly Building (BAF), and the Launch
Control Centre (CDL3)

— thelaunch area (ZL3).

The launch area is located about 1800 m to the
north of the preparation area. The Launcher
Integration Building is about 400 m from the
Control Centre and 600 m from the Final Assembly
Building. These distances are based on the results
of safety studies performed during the early
design phase and take into account pyrotechnics
regulations.

The twin railtrack connecting the Launcher
Integration and Final Assembly Buildings follows a
curved path and is 1200 m long. The same frack
continues beyond the Final Assembly Building to
the launch area, a distance of 2700 m

Launcher Integration Building (BIL})

The Launcher Integration Building (BIL) is a steel
structure thatis 127 m long, 31 m wide and 58 m
high (Fig. 5). Itis dividedinto three parts: a storage
hall, a main-stage erection hall, and an integration
hall.

Figure 3. The underground
helium storage network
being built (Photo:
Bernard Paris)

Figure 4. The liquid
hydrogen plant which
produces liquid hydrogen
for both the Ariane-4 and
Ariane-5 programmes
(Photo: Bernard Paris)
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Figure 5. The Launcher Integration Building (BIL) with the storage hall in the
foreground. A mockup of the lower composite has been rolled out of the integration
hall on a mobile launch platform. In the background, the Final Assembly Building is
under construction (September 1993) (Photo: Bernard Paris)
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Figure 6. The ‘battleship’ version of the cryogenic main stage being assembled in
the Launcher Integration Building. This reinforced stage will be rolled out to the
launch pad for static hot firing tests (‘battleship test campaign’)

Storage hall

Upon their arrival from Europe after being
transported by sea and road, the 30 m-long
cryogenic main stage, the vehicle equipment bay
and the upper stage, are stored in their shipping
containers in the storage hall. The cover of the
cryogenic main-stage container is removed, and
the main stage is lifted out of its container and onto
the erection supports. This hall is covered but not
air-conditioned

Main-stage erection hall

The main-stage erection hall is located in the rear
part of the storage hall. It is fitted with a gantry for
the erection of the main stage from the horizontal
transport position to the vertical assembly and
flight position. This hall is also covered but not
air-conditioned

Integration hall

The integration hall is separated from the erection
hall by a sealed sliding door. Another door allows
the boosters to be rolled in from the Booster
Integration Building, in the vertical position on their
transport trolley. Integration takes place on the
maobile launch platform, i.e, the launch table. This
hall is air-conditioned

A seven-tiered steel structure, built above the
launch table, provides access to the different levels
for assembly and checkout operations. Special
holding arms keep the main stage in a precise
position during integration, until the mechanical
connections to the boosters are made.

A third sliding door allows the whole lower
composite (the main stage plus the upper stage,
the vehicle equipment bay and the boosters mated
on the launch table) to be rolled out in the launch
position.

Operations performed
The operations performed in the Launcher
Integration Building take 13 days and include:

— mechanical integration of the main stage
(Fig. 6), upper stage, vehicle equipment bay
and solid boosters on the launch table

— electrical and pneumatic connection of the
umbilicals

— leak checks and functional checkouts

— installation of pyrotechnic and additional
equipment, dynamic flight control and overall
electrical checkout, and preparation for
transfer to the Final Assembly Building.

Roll-outis carried outina no-voltage configuration,
with automated monitoring of pressure inside the
main stage, to preserve the integrity of the
common bulkhead between the oxygen and
hydrogen tanks.
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Final Assembly Building (BAF)

The Final Assembly Building (BAF) is a steel
structure that is 85 m long, 52 m wide and 83 m
high, and is fully air-conditioned.

ltis divided into four main parts:

— The payload encapsulation hall, which is
air-conditioned in the Category 100 000 with
respect to cleanliness,

— The integration hall (Fig. 7) which has a lower
part that allows access to the lower composite,
in the same way as in the BIL, and an upper
part, also Category 100 000, that allows
access to the vehicle equipment bay, the
payloads andthe fairing. For the most common
type of launch, one with a double payload, the

lower payload is lifted through a clean chimney
and mated directly onto the vehicle equipment
bay. The upper composite is then mated on
top.

— Other facilities are the clean storage area; the
main airlock for receiving payloads and small
launcher items; and the main vertically-sliding
door which is 24 m wide and 62 m high to allow
the vehicle to be rolled in and out

Operations performed

The operations performed in the Final Assembly

Building take eight days and include:

— roll-in from the Launcher Integration Building
into the integration hall; mating of the upper
payload onto the ‘Speltra’, a flight structure for
multiple payloads, in the encapsulation hall

SLIDING DOCR
IN OPEN POSITION

STORAGE FOR
UPPER UMBILICAL MAST

FOUR SECTIONS OF
SLIDING DOOR FOR
VEHICLE ROLL-OUT

BALANCE
WEIGHTS
AND
CABLES

TWO MOBILE
PLATFORMS

e

RETRACTABLE

| __— HALF-
PLATFORM

—1
| THREE
PLATFORMS

Figure 7. An artist’s
impression of the
integration hall in the Final
Assembly Building, with a
launcher mounted on the
mobile launch table, and
staff on mobile access
platforms working at
different levels
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Figure 8. Launch Control
Centre No. 3, which
includes two identical
control rooms and three
payload control rooms

Figure 9. Technicians use
the utilities checkout
system to monitor all

sytems that do not directly
interface with the vehicle,
such as power, air
conditioning and fire
detection systems
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main-stage purging; assembly of the two
fairing half-shells onto the Speltra, thus making
up the upper composite; and transfer of the
lower payload to the main airlock

upper and lower payload checks; hoisting of
the lower payload and mating on the launcher
hoisting and mating of the upper composite;
and preparation of the upper stage, solid
boosters and main stage

fitting of flight batteries on the stages and the
vehicle equipment bay; payload checks; and
final inspections

loading of the upper stage with mono-methy!
hydrazine (MMH) (automated and remotely
controlled from the Control Centre) and the
attitude control  system with hydrazine
(manually); and a dry run of the general launch
countdown to check range safety interfaces
and tracking and telemetry stations
automated and remote loading of the upper
stage with NZOA; payload arming; and upper
part inspection

— launcher arming; remotely  controlled
pressurisation of the main stage and booster
high pressure vessels; and remotely controlled
loading of the main-stage liquid helium sphere
roll-out to the launch area.

Many of these operations form part of a typical
launch countdown sequence, which is usually
carriedoutonthe pad. However, in orderto reduce
launcher vulnerability and keep the launch pad as
simple as possible, the operations are carried out
in the BAF at a safe distance from the pad

Construction of the BAF started in mid-1993 and
should be completed during the first quarter of
1995,

Launch Control Centre and checkout systems
The Launch Control Centre (CDL3) (Fig. 8) is
made up of two main areas:

— an office and computer area

— an area housing two fully independent vehicle
checkout control rooms (allowing the
monitoring of two launchers simultaneously),
and three payload control rooms. That area is
reinforced to protect personnel and equipment
during a launch.

The checkout systems are used for remote control
andcommand of electric and fluid processes, both
for the ground facilities and on the launcher itself
Four main sub-assemblies have been developed:

— the utilities checkout system

— the operational checkout systems
— the upper section checkout system
— the payload checkout systems.

Utilities checkout system

The utilities checkout system (CCS) (Fig. 9)is used
to monitor and control remotely the site's power, air
conditioning, fire and gas detection systems.
These controls are needed on a permanent basis,
and have no direct link to the launch vehicle. The
fully backed-up system includes several consoles
in the Control Centre connected to front-end
processors located in each ELA3 building and
inside the launch table, and a ‘supervisor’ that
automatically detects malfunctions and switches
to the back-up system. In case of a technical alarm
during non-working hours, the system uses the
paging network to notify the appropriate on-call
technicians

Operational checkout systems

The operational control and checkout systems
(CCO) (Fig. 10) are two independent command
and control chains for the management of the
launch vehicle’s fluid and electrical systems until
lift-off, and the corresponding ground interfaces
Each system has a dedicated control room in the
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Control Centre, and can be connected to either
launch table, thus allowing the monitoring of two
launch campaigns simultaneously (with one
vehicle in the Launcher Integration Building, and
the other in the Final Assembly Building or in the
launch area). The system architecture includes
front-end processors located inside the launch
table and in the launch area terminal building,
processing unitslocated inthe Control Centre, and
networks and dialogue peripherals to complement
the controf room consoles.

Each of the two operational control systems is fully
backed up, and includes an independent safety
chain that allows a return to a safe configuration,
independently of the hardware and software status
of the functional systems. On yet another level, a
fully independent manual system can override the
automated systems to restore a safe environment
in case of failure, in particular through cryogenic
main-stage draining

A new philosophy has been adopted for the
Ariane-5 checkout systems, representing an
innovation in the Ariane programmes. A whole
‘family’ of checkout systems is being developed
using the same specifications for the ‘stage’
checkouts in Europe and in Guiana, as for the CCO
in Guiana, This approach has two main objectives:

— 1o minimise development costs

— to ensure that controls among the different
checkout systems are standardised, so that the
same stage-level tests performed at the
production sites in Europe can be repeated
during the launch campaign in Guianaandcan
be compared in a coherent way

Upper section checkout system

This system is used for the functional checkout of
the upper composite wiring before and after the
integration of each unit, i.e the Speltra, fairing, and
payload adaptors

Payload checkout systems

The payload checkout systems allow permanent
control and command of the spacecraft during
assembly and roll-out operations. They are
provided by the spacecraft manufacturers

The main checkout system is located in the S1, a
payload processing facility 20 km from ELA3. The
checkout terminal equipment (COTE) is located
closer to the spacecraft: in the S3 payload fuelling
facilities during fuelling or apogee motor
integration, and in the Final Assembly Building
and inside the launch table during payload
encapsulation, roll-outand countdown. The COTE
is monitored through remote consoles located in
S3 or in the Control Centre. During roll-out
operations, the remote consoles are linked to the
COTE by radio frequency links

Launch tables and launch zone

The ground facilities include two identical launch
tables, allowing a minimum interval of one month
between two consecutive launches. Eachtableisa
mobile launch platform serving as a supportforthe
vehicle from the beginning of integration until
lift-off, and accommodating fluids, checkout,
power supply and air-conditioning systems. Each
table is a steel structure which is 25 m long and
21 m wide, and weighs about 1000 tonnes without
the launcher. It travels along a twin railtrack on
16 two-axled bogies at a maximum speed of
4 km/h, and is pulled by two special tractors. The
tables also incorporate the umbilical mast and
all the ground-to-onboard electrical and fluid
connections

The launch area (ZL3) (Fig. 11)is of a very simple
and flat design, and is used only for the final
countdown. It comprises:

— a concrete launch pad foundation to anchor
the launch table. The foundation has a central
flame trench with a water-cooled steel deflector
for the cryogenic main stage engine. This
trench is flanked by two covered, curved
trenches for the two solid-propellant boosters,
The outlets of the trenches are flooded with
water to reduce noise. Test campaigns have
been carried out in Europe with small-scale
models of the Ariane-5 vehicle and the launch
areain order to simulate and optimise the noise
reduction systems
a low terminal building adjoining the pad,
housing the electrical, command and fluid
equipment, and the ground-to-table interfaces
(Fig. 12)
mobile tanks for storing liquid oxygen,
hydrogen and nitrogen, located about 200 m
from the pad

Figure 10. One of the two
dedicated control rooms
with the operational
control and command
system consoles (Photo:
Bernard Paris)
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Figure 11. A lower composite mockup being rolled away from Launch Pad No. 3. — a pool for burning the vented gaseous
Between the lightning protection towers (on left, with red tops) is the low terminal hvdr n water ar feedin e variou
building which houses the electrical command and fluid equipment, and the jidragen. & aFe b Eeling th ) . S
ground-to-table interfaces. One of the two deflectors for solid booster exhaust can deluge operations, and four lightning
be seen on the left (below the lightning tower), and the water tower is in the centre protection towers
of the photo. The Atlantic Ocean is only a few kilometres to the north.

Photo: B d Pari ‘ .
(Photo: Bernard Paris) Operations at the launch area include, after roll-out

and reconnection of the table:

— remote controlled countdown operations: six
hours for purging, loading, topping up and
pressurising the main stage with liquid oxygen
and hydrogen; and activating and checking
the on-board electrical circuits

— finalsynchronised sequence: a six-minute, fully
automated, sequence of controls and com-
mands carried out by the operational checkout
system and synchronised with the overall range
countdown

Range modernisation

In addition to the investments in the dedicated
Ariane-5 faclilities, the CNES support systems at
the Guiana Space Centre are being upgraded or
replaced by systems that are more modern and
reliable and which are compatible with Ariane-5.
ESA is financing the majority of the project while
CNES is performing the engineering, procure-
ment and implementation.

A modernisation programme, called CSG 2000,

beganin 1991. Itincludes:

— Tracking and flight path quick-look display
upgrading of radars, and renewal of data
processing systems in orderto ensure a lifetime
until the year 2010 or 2015, to improve flight

Figure 12. Inside the low terminal building, with the cryogenic feeding lines and all )
electrical and control systems for an automated, remote countdown management safety performance and to reduce running
from the Control Centre (Photo: Bernard Paris) costs

24



the ariane-5 launch facilities

— Ground communications system: renewal of
the operational and business communications
systems, based on a fibre optic network with
central configuration management, which will
include new telephones, faxes, intercoms, and
data and video terminals

— Telemetry and flight termination systems
adaptation of the processing system to the
Ariane-5 telemetry format; upgrading of
antennae; extension of data storage, data
transmission and remote control of ground
stations. For launches into Geostationary
Transfer Orbit (GTO), ground stations are
located in Kourou, Natal (Brazil), and
Ascension Island. A fourth station will be
located in either East or South Africa

— Weather forecasting, safety and operations
coordination: construction of a new mission
control centre (called Jupiter 2) with more
reliable, automated configuration and count-
down management systems; development of
new planning software and general space-
port-wide safety coordination; improvement of
weather observation, statistics storage and
forecast systems

— Other new investments including photo and
video systems (including infrared tracking
cameras), construction of a large conference
room, a new space museum, new launch
observation sites, and new back-up energy
supply and air conditioning installations.

These projects are being implemented without
hindering current Ariane-4 launch operations.
Some of the projects are partially implemented
and qualified, and are gradually providing support
to Ariane-4 missions.

Testing and qualification of the ground
facilities

The use of the launch pad as a test stand
eliminates investment in a special test stand in
Europe but, on the other hand, scheduling of
ground and flight hardware qualifications is more
interdependentand hasto be done more carefully
Each subsystem is tested at the supplier’s
premises in Europe before it is shipped to Kourou.
Another test is performed at the subsystem level
after installation in Kourou (called Phase 1), and is
followed by a series of tests (Phases 20 5) in which
more and more subsystems and more and more
automated control and command systems are
added, before the actual, global system test (such
as a hot test of the cryogenic main stage on the
launch pad) is performed.

In 1991, the utilities checkout system was installed
and checked; it has been operational since that
October. In 1992 and 1993, the first fuelling tests of
a main-stage mockup (called the ‘battleship’
version) were performed on the launch pad. They

validated the ground systems and manual
procedures for handling liquid oxygen, liquid
hydrogen, nitrogen, and helium. Related systems
were also tested: venting and burning of the
Vulcain  engine  cooling  hydrogen, fire
extinguishing, water deluge (Fig. 13) and asso-
ciated control and command systems.

In 1994, the first operational controland command
system (CCO)isbeinginstalled andtested, to allow
the first main stage hot tests (‘battleship’
campaign) in the same year. One maturation (M)
and one qualification (Q) campaign are scheduled
for late 1994 and early 1995 using flight-type
main-stage reservoirs and the Vulcain engine
During these campaigns, nominal as well as some
non-nominal situations such as an aborted launch
arerehearsed, andthe performance of the backup
and the safety systems is verified

A major mechanical validation campaign,
called MDO1 was performed in September 1993
in the Launcher Integration Building (Fig. 5),
with the integration of two boosters and one
main-stage mockup of the mobile launch platform.
Three more major mechanical validation
campaigns are scheduled before the launch
campaign for the first flight (in 1995). They will
involve, apart from the Launcher Integration
Building, the Final Assembly Building and the
launch pad.

Closing remarks

The Ariane-5 ground facilities and range
modifications will be ready for the first Ariane-5
launch at the end of 1995, Before that time, the
facilities will be used for static test firings of the solid
boosters and the cryogenic main stage. They will
also be used for Ariane-5's two qualification flights.
The total investment is expected to be roughly one
billion ECUs, which includes the cost of operations
and testing until the first commercial flight in 1996
The facilities are then expected to be used
commercially for at least 100 launches. The aim is
to retain, with Ariane-5, the 50% share of the
commercial launch market that Arianespace
currently enjoys with Ariane-4

The ground facilities will satisfy all of their design
requirements. The objective of eight launches per
year with the possibility of two successive
launches one month apart, will be easily achieved
because two launch campaigns can be
conducted simultaneously with, for instance, one
launcher in the preparation phase in the Launcher
Integration Building while a second one is in the
Final Assembly Building and launch area. This is
possible because ELA3 has two operations
rooms, two launch tables and two operational
checkout systems,
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Figure 13. Testing the water
deluge system on the
launch pad. A booster
mockup (in beige) on its
launch platformis on the
far right. The three
trenches for the exhaust
from the main engine and
the two solid boosters are
at the bottom centre
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A low vulnerability rate has also been achieved
through the very simple design of the launch area,
stripped of all but the most essential equipment,
andthrough the use of mobile storage facilities and
two launch tables. Good reliability, maintenance,
availability and safety have been made possible by
building redundancy into the fluids process and
operations command and control systems, and by
setting up safety systems that are completely
independent of the operational systems. The very
high degree of automation in operations also
makes for considerable gains in availability during
countdown and safety since the risk of human
error has been drastically reduced.

During the Ariane-5 development phase (until and
including the second qualification flight in 1996},
CNES and its European subcontractors are
operating the ELA3 facilities. The industrial
structure for the subsequent, commercial phase,
i.e. the companies or groups of companies that will
be responsible for the maintenance and
operations of the various systems, is now being
established. Arianespace will manage the
operation. The industrial organisation must take
into account the resources and synergy needed
for the overlap phase between 1996 and 1999
during which the ELA2 and ELA3 complexes will
operate simultaneously to ensure a smooth
transfer from Ariane-4 to Ariane-5. Special
production facilities, such as the booster area and
the liquid hydrogen and oxygen plants, are
operated under direct industrial responsibility,

The short duration of launch operations (22
working days) contributes to the objective of
reducing launch costs by 10% compared to the
cost of launching the most powerful version of
Ariane-4 (the 44L version). This short launch-
campaign is possible because of the design of the
facilities and the way operations and the principles
that apply to them are organised: automation,
checks done in parallel for all the stages and the
fact that checks done in Europe can also be
performed in Kourou

With minor modifications, these facilities can also
be compatible with Ariane-5 crewed and cargo
missions — now under study — to future space
stations. L
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Simulation of the Landing of a
Re-Entry Vehicle Using Eurosim
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Guidance and Control Laboratory, Tsukuba Space Center, NASDA, Japan

Introduction

Eurosim, the European Realtime Operations
Simulator developed by ESA, is a generic facility
for the development of real-time simulators. Until
recently, Eurosim applications have been mainly
related to the real-time simulation of in-orbit
technology, such as rendezvous and docking of
two spacecraft, and manipulations with a robot
arm. A new application in the area of landing
technology, however, has been jointly developed
by ESTEC and the Japanese Space Agency,
NASDA.

A flight simulator that reproduces the landing of an unpowered winged
vehicle in real time, was developed on Eurosim, ESA’s European Real-time
Operations Simulator. The simulation can be run in either an automatic
mode in which the performance of various landing strategies can be
assessed, or in a semi-automatic mode in which a pilot can land the plane
manually and the man-machine interface can be tested. The simulator
proved to be a useful testbed for evaluating the Eurosim facility and some of
its recently-improved features.

This simulator reproduces in real time the flight
phase of an unpowered winged vehicle as it
re-enters the atmosphere and lands, and more
specifically the terminal phase from an altitude of
24 kilometres and a Mach of 2.5 until the vehicle’s
touchdown on the runway. The work was
undertaken in cooperation with Tatsushi Izumi of
NASDA's Tsukuba Space Center during his
one-year stay at ESTEC

A research entry vehicle, which had been
developed in previous ESA Technological
Research Programme studies, was used in the
simulation. All the flight phases of a landing
approach were replicated: the supersonic glide,
the energy-management turn, and the final phase

with steep slope, pre-flare and final flare. A
guidance strategy was implemented and its
performance was evaluated with respect to typical
perturbations: atmospheric changes, winds,
aerodynamic uncertainties, and navigation errors.
A man-machine interface was also developed to
allow the manual control system used in the
landing of the spaceplane to be studied.

In addition to enabling the landing technologies to
be analysed, this simulator has proven to be a
useful testbed for evaluating the Eurosim facility
and some of its features, like the graphic user
interface, post-simulation data analysis, and
hardware-in-the-loop, that have been recently
improved.

The Eurosim facility

The operational version of Eurosim was developed
for ESA by Fokker Space and Systems through
funding from the Netherlands Agency for
Aerospace Programs (NIVR)

A real-time simulation environment

Eurosim is a complete real-time simulation
environment, supporting the user from the initial
task of developing an application model that
replicates a real world system, to the final task of
analysing the simulation results. Figure 1 shows
the activities performed within the Eurosim
environment:

— Simulator development: The user, who does
not have to be a simulation specialist, develops
oris involved in the development of the source
code for an application model and the
associated files such as geometry data for
image generation, definition of the operator
screen, and interfaces with hardware devices.
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Figure 1. Process for
developing and testing a
Eurosim simulation
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— Test preparation: The user defines the test
conditions for a particular simulator, i.e. the
inttial conditions, the simulation scenario
(including failures), stimuli (to replace real

world inputs) and the data recording
requirements.
— Test execution: The test conductor is

responsible for controlling the execution of the
simulation run according to the predefined
scenario. The test conductor can also modify
the scenario at any time while the test is
running, for example, to introduce failures

— Test analysis: The results of the simulation run
are processed and analysed, and images from
the simulation run can be replayed.

— Facility management: The facility and the
various applications are maintained under
configuration control. This includes a library of
all validated application models, which can be
accessed and reused by any simulation
developer.

Allphases of the simulation lifecycle are supported
by graphically interactive tools

A generic simuiation environment

The facility can support a wide variety of
application models, It is an ‘open’ simulation
platform, which means that the user can integrate
into Eurosim an application model developed
using a facility other than Eurosim. For instance,
the model source code can be automatically
generated by a design tool outside the Eurosim
environment and ‘ported’, with a minimum

amount of effort, into the real-time simulation
environment. In addition, since one of the
objectives of the facility is that the developer
should not have to be a simulation expert, most of
the details relating to the writing of the simulation
will be hidden to the developer.

To allow an open interface, the application model
must fulfil two conditions:

— It must be written in Fortran, C, C+ +, Ada
or a combination of those languages.

— It must comply with the Application
Programming Interface (APIl), a standard
currently being developed by ESA for its
real-time simulators. The APl will be part of the
Model Interface Control Document for real-time
facilities, enabling the exchange of model
software between facilities or the use of
different development tools,

A reconfigurable simulation environment
Eurosim is a reconfigurable environment both
from a software and a hardware point of view,
Software reconfiguration means that the same
piece of software can be reused for different types
of applications. Once a model software has been
implemented and validated in Eurosim, it is stored
in a library where it can be accessed by any future
project

Hardware reconfiguration is an essential aspect of
Eurosim. Through the use of standard interfaces, it
is possible to incorporate a user such as a pilot in
the system (called ‘'man-in-the loop') and test
different types of scenarios. Hardware can also be
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included in ‘the loop’ Eurosim can
then be used, for example, 1o test an
on-board computer and to verify
the behaviour of flight-standard
hardware. It can also be linked to
other simulators, to allow an on-
line exchange of data between
complementary simulation facilities.
Eurosim can thus support ateston a
dedicated test bench by providing
simulated data for the missing
components

The layout of a typical Eurosim
simulator is shown in Figure 2. Such
a generic, reconfigurable facility can

Eurosim operating
system & device drivers

pe adapted as a project evolves, from

the design phase through to the

operations phase. For example, a

pasic simulator developed during the

design phase of a project can evolve

into a full, high-fidelity software

simulator. Later, hardware items can be incor-
porated into the system as they become available
and, eventually, the simulator can be used to
support integration, validation and operations

Landing guidance strategy

When a spaceplane is flying in orbit, it is travelling
at a very high speed, at around 7 kilometres per
second, andatan altitude of 400 km. As it prepares
to return to Earth, it must re-enter the atmosphere
(at an altitude of 120 km) and decelerate and
descend very quickly, landing on a runway within
two hours (or 30 minutes after re-entering the
atmosphere), As it re-enters, the spaceplane
becomes very hot because it has to dissipate its
high kinetic energy. Thus, this phase is calied the
‘hot hyperscnic flight phase’,

The computerised control system that guides the
spaceplane during the landing, i.e. the terminal
guidance system, therefore has two important
functions, First, it has to correct the spaceplane’s
energy error, i.e. its actual energy compared to its
optimal energy, at the end of the hot hypersonic
phase, Secondly, it has to control precisely the
spaceplane’s position and velocity until the
touchdown on the runway

The energy management technique that was
selected for the simulation is based on a classical
turn on a predefined, circular track to align the
spaceplane with the runway axis before landing.
The turn is used to manage the spaceplane’s
energy. Its angle is dependent on the space-
plane’s energy level

Horizontal trajectory
Figure 3 shows a typical horizontal trajectory for
the spaceplane’s terminal approach. Several

sub-phases can be distinguished:

— S-turn: Atthe end ofthe hypersonic phase, iftthe
spaceplane’'s energy exceeds a predefined
limit, the spaceplane executes an S-shaped
turn in order to dissipate that excess energy.

Cylinder acquisition phase (or supersonic
glide): The spaceplane glides toward a tangent
pointatwhich it willbegin asecond turn, One of
two strategies is then used depending on the
energy level: the spaceplane wuses a
‘straight-in” approach, making a turn of less
than 180 degrees from the tangent point or,
when more energy must be lost, an ‘overhead’
approach, making a turn of more than 180
degrees from the tangent point

Tangent point

Head Alignment
Cylinder (HAC)

km

tracking Pre-final Steep
glide
Radius
| km
. | 254w
approach | Tangen!

Configurable
operator workstation

Figure 2. Layout of the
Eurosim simulator

Figure 3. The spaceplane’s
horizontal trajectory during
the terminal approach and
landing. Two approach
strategies are shown: a
straight-in approach (top)
with a turn of less than
180° starting from the
tangent point, or an
overhead approach
(bottom) with a turn of
more than 180°, used to
lose more energy
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Steep glide

— Heading Alignment Cylinder (HAC) tracking:
The spaceplane flies in a large circle, as if itis
flying around a cylinder. The purpose of the
‘cylinder tracking’ is to manage the energy
level and to align the spaceplane with the
runway

— Pre-final phase: When the spaceplane is
directly aligned withthe runway, at a distance of
about 9 km from its target, the runway
threshold, it begins its transition to the final
phase

— Final phase: At6 km from the runway threshold
(Fig. 4), the spaceplane goes into a steep
glide, with a slope of about 20 degrees. At an
altitude of 230 metres, it initiates a ‘pre-flare’,
where its nose is pulled up to lower the
spaceplane’s speed. At an altitude of 15
metres, the spaceplane goes into a second
flare, the ‘final flare’ and, only 15 seconds
before touchdown, the main landing gear is
deployed and the spaceplane then touches
down.

Vertical guidance

The vertical guidance system must ensure a
smooth  transition between two guidance
methods: an energetic guidance method during
the hot hypersonic flight (where it relies on an
energy formula) and a geometric one during the
terminal phases (where it shifts to using position
coordinates) — the end objective is to land on a
geometric target, the runway.

To ensure a smooth transition, there are two
intermediate modes of vertical guidance:
geometric altitude tracking and reference energy
tracking. They are complemented by another
method, dynamic pressure control. Dynamic
pressure has to be maintained between a
minimum and a maximum limit. Otherwise, the
spaceplane would either not be able to reach the
runway or would exceed its structural limit and
become disabled.

The vertical guidance system controls the vertical

load factor and the spaceplane’s speed brakes,

mobile surfaces that act as brakes in the same way
as the spoilers on a standard
aircraft’s wings do.

Special attention is paid to the
design of the guidance system
for the final flare, the most im-
portant phase for an accurate
landing. The accuracy of the
measurement of the altitude and
of the vertical speed are vital
In addition, the ‘ground effect’,

Pre-flare ;
230 m ~_  landing gear opens where air compressed between
120 m 5 Final flare the spaceplane and the ground,

"H\‘_ |

:gm iy Speed~200 knots | syally when the spaceplane
o A == = 1. __________ e is at an altitude of less than
Threshold Runway Touchdown 10 metres, tends to push the
Ground effect plane back up, has to be

Figure 4. The vertical
trajectory during the final
landing phases

Distance from runway threshold

Guidance strategy

The guidance system must involve algorithms to
account for and remove initial perturbations
induced by winds, errors in the atmosphere
model, and aerodynamic and navigation errors
There are two types of guidance systems:
horizontal and vertical.

Horizontal guidance

During the various flight sub-phases, the
horizontal guidance system computes the
required bank angle for the vehicle to achieve an
S-turn (to ensure that, upon completion, the excess
energy is dissipated), the tracking of the tangent
point, the cylinder tracking and finally the tracking
of the runway centreline

compensated for in order to avoid
a crash due to a ‘pitch-down’
perturbation,

Evaluation of Eurosim’s landing strategy
General description of the simulator

As shown in Figure 5, the guidance strategy is
implemented in the Eurosim environment along
with a flight mechanics propagator which
simulates the environment, a simplified navigation
estimator which identifies where the spaceplane
is, and an attitude controller. Together, those
systems ensure thatthe approach and landing are
reproduced in a realistic way and in real time

Two possible simulation modes are introduced: an
automated mode in  which the guidance,
navigation and control (GNC) system controls the
spaceplane during the landing, and a manual
mode in which a human can override the
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automatic system and control the spaceplane
during the approach and landing

The flight simulated in this exercise was a typical
one: the spaceplane executes an overhead
strategy starting at an altitude of 24 km, a ground
speed of 600 m/s and a distance of around 50 km
from the runway. Typical landing conditions were
also used:

— atouchdown point on the runway’s centreline,
at a distance of 400 m from the threshold

— a touchdown speed of 200 knots + 20 knots
(100 m/s)

— avertical descent speed of 1t0 3 m/s

— atypical pitch attitude of 5 to 10 degrees.

Evaluation of the automated landing mode
Eurosim’s well-designed user interface enables
the performance of the guidance system to be
evaluated in the presence of typical perturbations,
including:

— dispersions of the position/velocity/energy at
the end of various key phases of the flight: the
hot hypersonic phase, HAC tracking, and the
steep slope

— wind models derived from NASA models

— position/velocity navigation estimate errors

— errors in the prediction of the aerodynamic
properties of the spaceplane

— ground effect models

The analysis confirmed some anticipated findings:

— S-turn: It has proved to be a useful manoeuvre
for coping with unexpected, initial conditions at
the end of the hot hypersonic phase.

— Winds: This perturbation is the most difficult
onetocompensate for. Itisa main contributor to
landing errors.

— Ground effect: The ‘robustness of guidance’
with respect to ground effect is an important
design driver for the final flare phase.

— Navigation error: An error in the measurement
of the altitude appears to be a critical point for
the guidance system.

Evaluation of the manual landing mode

The manual mode was designed to be used in two
ways: by a pilot on board the spaceplane to
override the automatic GNC and land the
spaceplane, or as a back-up means for a pilot on
the ground to remotely take over the operation of
the spaceplane andlandit. The spaceplane would
be equipped with on-board cameras that enable
the pilot on the ground to control the plane as if he
isinit.

To test the manual system and the man-machine
interface, the following equipment was installed in
a mock-up of a cockpit (Fig. 6):

Switch
{manual/automatic)

— two control sticks that the pilot uses to
command the spaceplane

— acomputer screen for landscape visualisation,
a head-up display (HUD) that indicates the
spaceplane’s actual and optimal data (Fig. 7
and 8) and an instrumentation panel,

The left control stick is used to control the speed
brakes (or equivalently the speed of the
spaceplane), The right stick has two control
functions:

— the stick’'s ‘pitch’ axis controls the vertical
acceleration

— the stick’s ‘roll" axis controls the bank angle of
the spaceplane.

Figure 5. Block diagram of
the simulation

Figure 6. The cockpit
mock-up with a screen
displaying the guidance
system and the instrument
panel (see the larger
screen in Fig. 7 and 8),
and a control stick that the
pilot uses to control the
spaceplane (the second
stick is not visible)
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HEAD-UP
DISPLAY
(IN YELLOW)

INSTRUMENT
DISPLAY 9

Figure 7. The screen as the
pilot sees it during the
cylinder tracking phase,
with a visualisation of the
local landscape (top), a
simplified model of the
head-up display (top,
yellow overlay), and the
instrumentation panel
(bottom)

SPACEPLANE
SYMBOL

ENVELOPE
SYMBOL

Figure 8. The screen showing
a simplified model of the
head-up display during the
final phase before landing

on the runway

a5n

00 a0

250 . n
K K18

—

% 7.0 WM 1.p g

LS

250
(750 oo 00

N sl

B 2.0 HACH v,0 4

1.5

S00 750

250

toaon

5000 50

250 1000

steap glide s

—

Ul /
[L THE
= onn 000

GERR




eurosim simulation of landing

To control and land the spaceplane successfully,
the pilot must perform the following using the
control sticks:

— Keep the arrows that are displayed on either
side ofthe HUD, within the semi-circles. The left
vertical line represents the vertical acceleration
and the right one represents the speed brake
position. The semi-circle is the guidance
command, andthe arrow is the pilot command

— Keep the cross displayed in the middie of the
HUD, inside the ‘envelope’ symbol (which
indicates the ideal attitude as computed by the
guidance system).

The circle at the bottom of the HUD indicates the
spaceplane's imaginary crash point.

In addition, an instrument panel provides the pilot
with standard flight information: altitude, load
factor, air speed, vertical speed, Mach, roll and
pitch, heading, speed brake activation, and
guidance messages (the guidance mode and the
flight phase). The evaluation, however, shows that
the pilotis usually too busy monitoring the head-up
display and using the control sticks to look at the
instrumentation panel.

Conclusion

The development of this new application using
Eurosim has demonstrated the facility's generic
capability: GNC specialists, who are not
necessarily real-time simulation experts, can
implement their own code in the simulator
environment

By imposing modularity of the software code and
stressing model software reusability, this simulator
can now be adapted to simulate different types of
vehicles such as a re-entry capsule or a return
stage of an advanced launcher.

In addition, the experience gained in this project
will be valuable in other projects. This simulator
will be reused in a project with the Technical
University of Delft (NL). The university will study
different types of control strategies for re-entry
vehicles and advanced man-machine interfaces,
using a new and more advanced reconfigurable
mock-up (Fig. 9).

Acknowledgement

The authors would like to thank Patrick Feuillet for
his help during the development of the simulator,
and Silicon Graphics Inc. for providing the image
generator which allowed quick prototyping. @

Figure 9. The more
advanced, reconfigurable
mock-up now being built
for a project with the
Technical University of
Delft (NL)
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Intellectual Property Rights and Space

Activities

A.-M. Balsano
Legal Affairs, ESA, Paris

What are Intellectual Property Rights?
The Law of Intellectual Property relates to
protection for creations of the human mind.
Intellectual property laws typically grant to the
author of the intellectual creation a set of
exclusive rights for exploiting and benefitting
from the creation, which are limited in scope,
duration and geographical extent.

Intellectual Property Rights (IPRs) raise a number of important legal
questions with regard to space activities. These questions, which
concern, for example, ownership of intellectual property, infringement
of IPRs, sharing of IPRs, protection of data, and transfer of IPRs, have
to be addressed before any international cooperative effort that can
result in inventions or an infringement of IPRs can be implemented.

A first analysis of the complex environment of the activities performed
in Outer Space has been presented and discussed during the first
ECSL/Spanish NPOC Workshop on IPRs in Outer Space, which was
held in Madrid in May 1993. At that Workshop, the participants, who
addressed the issues in the European context, expressed their interest
in continuing the study and in broadening its scope beyond Europe.
Consequently, a Seond Workshop, even more international in scope,
is being organised at ESA Headquarters in Paris at the end of 1994,

The policy behind protecting IPRs has at
least two aspects. Firstly, intellectual property
protection is intended to encourage the
creativity of the human mind for the benefit of
the public, by ensuring that the advantages
derived from the exploitation of the creation
will, if possible, inure to the creator himself, in
order both to encourage the creative activity
and to afford the investors in research and
development a fair return on their investments,

The second policy consideration is to
encourage the publication, distribution and
disclosure of the creation to the public, rather
than keeping it secret. It also encourages
commercial enterprises to seek out creative
works for profitable exploitation.

ESA’s IPR policy

The European Space Agency, as an R&D
organisation, seeks to extend technical
knowledge and to develop new technologies. It
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develops facilities for conducting experiments,
either itself or by third parties. At the same time,
however, it develops facilities for operational
use (space applications), improving product
quality,  diversifying activities, extending
expertise, using more modern and complex

management  methods, and improving
competitiveness.
As an inter-governmental body, ESA has

certain general obligations to fulfil, including
protecting the interests of its Member States
without discriminating between them

On the basis of principles laid down in its
Convention, ESA has drawn up a number of
rules governing intellectual property: contract
regulations, provisions in the implementing
rules of optional programmes, and clauses
contained in international agreements.

Article Ill of the ESA Convention (Information
and Data) establishes the principle that
Member States and the Agency shall facilitate
the exchange of scientific and technical
information pertaining to the fields of space
research and technology and their space
applications. It also stipulates that any scientific
results shall be published or otherwise made
widely available, after prior use by the scientists
responsible for the experiments.

Given the diversity and abundance of
intellectual-property provisions, the need to
standardise them into a single document soon
became apparent.

In 1989, the ESA Council adopted a set of rules
on information and data (ESA/C(89)95 Rev. 1),
based on Article Il of the Convention. The
document contains five chapters setting out the
basic principles concerning the various
sources of information and data, ie ESA staff,
contractors and experimenters.

Status of intellectual inventions and creations
produced by ESA staff members
A number of intellectual inventions or creations
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