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european space agency 

The European Space Agency was formed out of, and took 
over the nghts and obllgallons of, the two earlier European 
Space Organisations: the European Space Research 
Organisation (ESRO) and the European Organisation for 
the Development and Construcllon of Space Vehicle 
launchers (ElDO) The Member States are Belgium, 
Uenmark. France. Germany. Ireland. Italy. Netherlands. 
Spain. Sweden. SWitzerland and the United Kingdom 
Austna and Norway are Associate Members of the Agency 
Canada IS a Cooperating State. 

In the words of the Conventio,,: The purpose of the Agency 
shall be to provide for and to promote. for exclusively 
peaceful purposes. co-opera lion among European States In 
space research and technology and their space appli
cations. with a View to their being used for sCientific 
purposes and for operational space applications systems. 

(a) by elaborating and Implementing a long-term 
European space policy, by recommending space 
oblectlves to the Member States. and by concerting 
the policies of the Member States with respect to other 
national and International organisations and 
Institutions: 

(b) by elaborating and Implementing acllv,t,es and pro
grammes In the space field. 

(c) by co-ordlnallng the European space programme 
and national programmes, and by integrating Ihe 
latter progressively and as completely as possible Into 
the European space programme. In particular as 
regards the development of appllcallons satellites: 

(d) by elaborating and Implementing the Industnal policy 
appropnate to ItS programme and by recommending 
a coherent Industnal policy to the Member States 

The Agency IS directed by a Council composed of 
representallves of Member States The Director General IS 
the chief executive of the Agency and ItS legal 
representative. 

The Directorate of the Agency consists of the Director 
General. the Director of Scientific Programmes, the Director 
of Applications Programmes. the Director of Space 
Transportation Systems. the Technlcaf Director. the Director 
of Opera lions. and the Director of Admlnlstrallon 

The ESA HEADOUARTERS are In Pans 

The malor establishments of ESA are 

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

THE EUROPEAN SPACE OPERATIONS CENTRE (ESOC). 
Darmstadt. Germany 

ESRIN, Frascatl. Italy 

Chairman of the CounCil: Dr. H H Atklnson 

Director General: Prof. R. lust. 

agence spatiale europeenne 

L 'Agence Spatlale Europeenne est Issue des deux 
Orgamsatlons spatlales europeennes qUI I' ont precedee -
I'Orgamsatlon europeenne de recherches spatlales (CERS) 
et I'Orgamsatlon europeenne pour la mise au pomt et la 
construction de lanceurs d 'engms spatlaux (CECLES) -
dont elle a repfls les drolts et obligations. Les Etats membres 
en sont I' Allemagne. la Belglque. le Danemark. J' Espagne. 
la France. /'Irlande. /'Italle. les Pays-Bas. le Royaume-Um. la 
Suede et la SUlsse L 'Autflche et la Norvege sont membres 
assoCles de I'Agence Le Canada Mnellcle d 'un statut 
d 'Etat cooperant. 

Selon les termes de la Convention L 'Agence ~ pour miSSion 
d ' assurer et de developper. a des Ims excluslvement 
paclllques. la cooperation entre Etats europeens dans les 
domames de la recherche et de la technologle spatlales et 
de leurs applications spatlales. en vue de leur utilisation a 
des Ims sClentlllques et pour des systemes spatlaux 
op/!ratlonnels d ' applications 

(a) en elaborant et en mettant en oeuvre une polltlque 
spatia le europeenne a long terme. en recommandant 
aux Etats membres des oblectlls en matrere spatlale 
et en concertant les polltlques des Etats membres a 
I'egard d 'autres organisations et mstltutlons na
tlonales et mternatlonales, 

(b) en (Haborant et en mettant en oeuvre des actlvltes et 
des programmes dans le domame spatial. 

(c) en coordonnant le programme spatial europeen et 
les programmes natlonaux, et en mtegrant ces 
dernlers progresslvement et aUSSI completement que 
possible dans le programme spatial europeen, 
notamment en ce qUI concerne le developpement de 
satellites d ' applrcatlons, 

(d) en elaborant et en mettant en oeuvre la polrtlque 
mdustflelle appropflee a son programme et en 
recommandant aux Etats membres une polltlque 
mdustflelle coMrente 

L 'Agence est dmgee par un Consell, compose de repre
sentants des Etats membres Le Drrecteur general est le 
lonctlonnarre executll supefleur de I'Agence et la represente 
dans tous ses aetes 

Le Drrectorre de I'Agence est compose du Drrecteur general. 
du Drrecteur des Programmes sClentlllques, du Drrecteur 
des Programmes d 'Applrcatlons. du Drrecteur des Systemes 
de Transport spatial. du Drrecteur techmque. du Drrecteur 
des Operations et du Drrecteur de I'Admmlstratlon 

Le SIEGE de I'ESA est a Pafls 

Les pflnclpaux Etabllssements de I'ESA sont 

LE CENTRE EUROPEEN DE RECHERCHE ET DE 
TECHNOLOGIE SPATlALES(ESTEC). Noordwllk. Pays-Bas 
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President du Consell.· Or H H Atkmson. 
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Bipropellant Orbital Propulsion 
from MBB/ERNO. 

MBB/ERNO has pioneered 
bipropellant spacecraft pro
pulsion systems in Europe: 
From the SYMPHONIE apogee 
motor (400 N) and attitude 
control system (10 N thrus
ters) to the most advanced 
propulsion module for the 
NASA/JPL Galileo Jupiter 
Orbiter. 

Unified propulsion systems 
are the preferred most eco
nomic and high performance 
sol uti Oh for communication 
satellites (TV-SAT, TDF-1, 
TELE-X, DFS). 

A standardized propulsion 
module from MBB/ERNO will 
be the answer for future geo
synchronous and low earth 
orbit operations. 

MBB/ERNO 
Partner in 
international programs 
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DORNIER's continuous engagement led to 
a broad variety of remote sensing projects 
carried out in national, european, and interna
tional programmes. 

DORNIER's present capabilities and 
experience are the basis for further remote 
sensing tasks. 

DORNIER - The reliable partner for: 

- Design and Development of 
Overall Systems 

- Design and Development of Airborne and 
Spaceborne Instruments 

- Technology Development 

- Ground Systems 

Programs. Products. Perspectives. 

IIDDRNIER 
Dornier System GmbH, Dept. VRK, P'O.Box 1360,0-7990 Friedrichshafen 1, 

Federal Republic of Germany, Tel. 7545/81, Telex: 734209-0 
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advertisement 

36000 km in space 
and always in touch 

TV-SAT 

EUTELSAT IECS Earth Station Usingen/near Frankfurt 

METEOSAT 

For more than two decades ANT Tele
communications have been at the 
forefront of satellite communications 
technology. We already contributed as 
main- or subcontractor to many impor
tant satellite programs. The present 
backlog leads to a total of more than 
40 satellites. 
Presently we are manufacturing 
communications payloads for satellite 
programs like: EUTELSAT/ECS, 
TV-SAT. TDF, METEOSAT and 
OFS-Kopernikus. 

In short, ANT designs, develops and 
manufactures satellites and earth 
stations for all telecommunications 
applications. 

Fore more information please contact: 
ANT Nachrichtentechnik GmbH 
Space Communications Systems 
P.O. Box 1120 
0-7150 Backnang 
Telephone: (7191) 13-2309 
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Gamma-Ray Astronomy and The 
Spirit of Cos-B 

R. Lust, Director General, European Space Agency, Paris 

This article is based on an Invited 
Lecture presented at a Symposium 
organised in Leiden in November 1984 
in honour of Prof. Henk van de Hulst. 

Henk van de Hulst was instrumental in 
the birth of the European Space 
Research Organisation (ESRO), ESA's 
forerunner, serving as Vice Chairman of 
COPERS, the 'Preparatory Commission 
to Study the Possibilities of European 
Collaboration in the Field of Space 
Research', set up on 1 December 1960. 
He became Vice Chairman of the ESRO 
Council in 1964, and served as its 
Chairman from 1968 until 1970. Between 
1964 and 1973 he was the Netherlands' 
Delegate to ESRO and from June 1972 
until 1975 he was Chairman of ESRO's 
Launching Programmes Advisory 
CommiHee. He has been Chairman of 
the Cos-B Steering CommiHee 

Introduction 
Now it is true that the development of 
gamma-ray astronomy over the last 25 
years has been connected with the 
European scientific satellite Cos-B. But 
what one might ask, could the 'spirit of 
Cos-B' mean? Given my limitations in 
English, I felt I should consult Webster's 
Dictionary. There I found quite a number 
of meanings connected with the word 
'spirit', but I wondered how they could be 
connected with gamma-ray astronomy, 
with the Cos-B project, or with the reasons 
for this Symposium. In the dictionary I 
found: 

(1968-1977) and of the Space Telescope 
Instrument Science Team (19n-1983) 
and a Member of the ST Advisory Team 
(1972-present) and NASA/ESA ST 
Science Working Group (19n-present). 

In 1974 and 1975 Henk van de Hulst was 
Member and Vice Chairman of the 
Space Science CommiHee of the 
European Science Foundation and from 
1975-1979 served on the Foundation's 
Astronomy CommiHee. 

Henk van de Hulst has been a Member 
of the Science Programme CommiHee of 
ESRO and ESA since its inception. His 
untiring pursuit and promotion of 
European space research have played a 
major role in the birth and growth of 
both ESRO and ESA. 

1. Spirit - strong distilled alcoholic 
liqueur. I could see almost no 
connection, since the spark chamber 
of Cos-B was filled with neon, and 
not with alcohol, which was only 
requested during the more 
depressing phases of the project by 
certain persons. 

2. Spirit - a supernatural being, an 
angel, a ghost. This too could not be 
the meaning, although in some 
circumstances there apparently were 
angels who helped in the Cos-B project . 

3. Spirit - the inspiring prinCiple or 
dominant influence, soul. 

C bulletin 42 

8 

Gamma-Ray Astronomy and The 
Spirit of Cos-B 

R. Lust, Director General, European Space Agency, Paris 

This article is based on an Invited 
Lecture presented at a Symposium 
organised in Leiden in November 1984 
in honour of Prof. Henk van de Hulst. 

Henk van de Hulst was instrumental in 
the birth of the European Space 
Research Organisation (ESRO), ESA's 
forerunner, serving as Vice Chairman of 
COPERS, the 'Preparatory Commission 
to Study the Possibilities of European 
Collaboration in the Field of Space 
Research', set up on 1 December 1960. 
He became Vice Chairman of the ESRO 
Council in 1964, and served as its 
Chairman from 1968 until 1970. Between 
1964 and 1973 he was the Netherlands' 
Delegate to ESRO and from June 1972 
until 1975 he was Chairman of ESRO's 
Launching Programmes Advisory 
CommiHee. He has been Chairman of 
the Cos-B Steering CommiHee 

Introduction 
Now it is true that the development of 
gamma-ray astronomy over the last 25 
years has been connected with the 
European scientific satellite Cos-B. But 
what one might ask, could the 'spirit of 
Cos-B' mean? Given my limitations in 
English, I felt I should consult Webster's 
Dictionary. There I found quite a number 
of meanings connected with the word 
'spirit', but I wondered how they could be 
connected with gamma-ray astronomy, 
with the Cos-B project, or with the reasons 
for this Symposium. In the dictionary I 
found: 

(1968-1977) and of the Space Telescope 
Instrument Science Team (19n-1983) 
and a Member of the ST Advisory Team 
(1972-present) and NASA/ESA ST 
Science Working Group (19n-present). 

In 1974 and 1975 Henk van de Hulst was 
Member and Vice Chairman of the 
Space Science CommiHee of the 
European Science Foundation and from 
1975-1979 served on the Foundation's 
Astronomy CommiHee. 

Henk van de Hulst has been a Member 
of the Science Programme CommiHee of 
ESRO and ESA since its inception. His 
untiring pursuit and promotion of 
European space research have played a 
major role in the birth and growth of 
both ESRO and ESA. 

1. Spirit - strong distilled alcoholic 
liqueur. I could see almost no 
connection, since the spark chamber 
of Cos-B was filled with neon, and 
not with alcohol, which was only 
requested during the more 
depressing phases of the project by 
certain persons. 

2. Spirit - a supernatural being, an 
angel, a ghost. This too could not be 
the meaning, although in some 
circumstances there apparently were 
angels who helped in the Cos-B project . 

3. Spirit - the inspiring prinCiple or 
dominant influence, soul. 



I concluded that this third definition must 
be the right one, since it brings together 
gamma-ray astronomy, the Cos-B project, 
and the person in whose honour we are 
holding this Symposium, namely Henk 
van de Hulst. He was important for the 
inspiring principle of Cos-B, he strongly 
influenced it, and he was one of the 
'souls' of the Cos-B project. 

A European presence in the science of 
space astronomy, i.e. the observation of 
celestial objects with instruments above 
the Earth's atmosphere, would not have 
been possible but for the endeavours of a 
few astronomers who, together with their 
physicist colleagues, had the vision, at the 
end of the fifties, to make plans for a 
European Space Research Organisation. 
Most astronomers were not even willing to 
contemplate such a step at that time, 
because they feared competition between 
the budgets for space astronomy and 
those earmarked for ground-based 
observatories. 

One of the first European promoters of a 
Space Research Organisation in Europe 
was Henk van de Hulst, who at that time 
was President of COSPAR. At the first 
COS PAR Symposium in Nice in January 
1960, Edouardo Amaldi, Pierre Auger, Sir 
Harrie Massey and Henk van de Hulst 
himself discussed with others the first 
plans, from which initially ESRO and later 
ESA subsequently developed. He was also 
responsible for my participation in the 
preparations for ESRO, and hence in part 
for my being with the Agency today. 

The development of gamma-ray 
astronomy 
New discoveries in physics and new 
experimental techniques in physics and 
engineering, as well as new theoretical 
insights, have opened up more and more 
new branches and fields in astronomy. As 
a result, astronomy has been 'invaded' 
several times by scientific experts from 
completely different fields, and it has 
always taken some time for them to be 
accepted by the traditional astronomy 
community. 

Figure 1 - Prof. Henk van de Hulst (left) 
in discussion with Prof. Pierre Auger, on 
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radio astronomy developed, and a very 
similar thing happened when space 
technology opened new perspectives for 
the observation of astronomical objects. I 
had first met Henk van de Hulst not at a 
meeting primarily organised by the 
astronomers, but at one organised by 
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ionosphere, namely the URSI Meeting in 
The Hague in 1954. It was at that Meeting 
that the Dutch astronomers presented 
their impressive results on the observation 
of the 21 cm line that Henk van de Hulst 
had predicted back in 1944. 

High-energy particle physics had been, in 
part, the domain of the cosmic-ray 
phYSicists and it was they who pointed out 
the possible importance of gamma-ray 
astronomy. The scientific potential of this 
part of the electromagnetic spectrum for 
astronomy had been recognised from a 
theoretical viewpoint since the early fifties, 
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by such researchers as P. Morrison, 
E. Schatzmann, WI. Ginsburg, S.v. 
Syrovatskij, S. Hayakawa and G. 
Hutchinson. 

Gamma rays originate wherever a 
suitable combination of highly relativistic 
charged particles and matter or 
electromagnetic fields is present, so that 
astrophysical processes involving large 
transfers of energy can occur. In many 
cases these concentrations of energy are 
not detectable at other wavelengths, nor 
can they be traced by studying the 
particles themselves, since they have lost 
all directional information upon arrival at 
the Earth due to their diffuse passages 
through the magnetic fields of interstellar 
space. By contrast, gamma rays travel in 
straight lines from their sites of origin and 
therefore gamma-ray astronomy has the 
potential to reveal as yet unseen highly 
energetiC processes. Of the utmost 
importance is the penetrating power of 
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gamma rays, which exceeds that of softer 
photons. In fact, the attenuation of 
gamma radiation from any part of the 
Galaxy or Universe can be neglected due 
to the very small interaction cross-section 
of gamma rays in the energy range 
considered. 

However, in spite of what gamma-ray 
observations could tell us about the 
Galaxy and the Universe, this branch of 
astronomy has been very slow in 
developing, because the intensities are 
very low, and the background produced 
locally within the instrumentation or the 
surroundings by the interacting particles 
of the cosmic radiation is very high. As a 
result, it has taken many years and quite 
a number of unsuccessful missions for the 
techniques to be developed sufficiently to 
allow satisfactory observations to be 
carried out. 

Many groups tried to detect celestial 
gamma rays, first with relatively simple 
instruments and later with larger, more 
sophisticated detector systems flown on 
balloons. Until about 1967, these early 
attempts were either negative or 
inconclusive. The first certain detection of 
galactic high-energy gamma rays was 
made by W. Kraushaar and his 
collaborators with the pioneering 
experiment on board the OSO-3 satellite 
launched in 1967. They measured gamma 
rays with energies in excess of 50 MeV 
from the Galactic Plane. Although the 
total number of photons collected was 
only 631 , their galactic longitudinal 
distribution showed a clear peak in 
intensity towards the Galactic Centre. 

A big step forward was made with the 
launch of the first second-generation 
satellite experiment onboard the SAS-2 
spacecraft, on 15 November 1972. The 
sensitivity of the SAS-2 gamma-ray 
telescope was approximately twelve times 
that of OSO-3 and the angular resolution 
was improved to a few degrees. Important 
results could be obtained by this mission 
- about 8000 gamma photons were 
received - but, unfortunately, it failed after 
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Figure 2 - The TO-1 A second prototype 
model undergoing moment-ot-inertia 
measurement 

only seven months. The general picture of 
our Milky Way improved and three 
gamma-ray point-like sources, the Crab 
and Vela pulsars and an unidentified 
source in the constellation of Gemini, 
were observed. 

The Cos-B project 
It is against the above background that 
one must judge the Cos-B project, the 
origins of which go back to the mid
sixties, before the launch of either OSO-3 
or SAS-2. 

In the early days of ESRO, two proposals 
had been submitted to measure cosmic 
gamma rays: one outlined a plan for a 
large spark chamber of a size 
incompatible with any of the planned 
satellites, but the second, submitted 
somewhat later, was more modest, 
bearing in mind ESRO's plans at that time. 
This second one (code named S-133) was 
finally accepted for flight on the large 
TD-1 satellite, while the first one (code 
named S-111) had no chance since no 
satellite was being planned at that time 
that was large enough to carry it. The 

S-133 experiment was finally launched on
board TD-1 in March 1972, but it was not 
very successful in obtaining good 
scientific results, suffering severely from 
particle-induced background. 

Both proposals, S-133 and S-111 , were 
presented by three Institutes: Centre 
d'Etudes Nucleaires de Saclay, France; 
Laboratorio di Fisica Cosmica e 
Tecnologie Relative del CNR, Milan, Italy; 
and Max-Planck-Institut fUr 
Extraterrestrische Physik, Garching, 
Germany. I believe it was G. Occhialini, 
then Director of the Milan institute, who 
christened this collaboration the 
Caravane Collaboration, perhaps 
because we usually met caravan-style, at 
airports, to discuss our project. 

The S-111 proposal, submitted to ESRO in 
November 1965, resulted finally in a 
'Phase-A' study for a satellite project 
devoted to X-ray and gamma-ray 
astronomy. Lively arguments took place 
about whether both spectral energy 
ranges could or should be included or 
only one, and in that case which one. 
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The idea of a single-experiment satellite 
was not absolutely new to ESRO, but 
there were grave misgivings due to the 
unhappy experience with the Large 
Astronomical Satellite (LAS), where 
agreement could not be reached as to 
which scientific group in Europe should 
build the payload and the telescope. In 
addition, the idea of a single-experiment 
satellite presented the risk that the failure 
of the experiment implied failure of the 
whole mission, while all other ESRO 
satellites at that time carried several 
experiments. The issue was hotly debated 
in the various ESRO committees, 
especially in the Launching Programmes 
Advisory Committee (LPAC), the 
forerunner of the present Science 
Advisory Committee (SAC), which had to 
make recommendations on the selection 
of satellites and their payloads to the 
appropriate bodies of the Organisation. 

In the meantime the scope of the 
cooperation had been enlarged with the 
entry of a British group, the Physical 
Laboratory of the University of 
Southampton, headed by G. Hutchinson 
and, finally, the Cosmic-Ray Group of the 
Kamerlingh Onnes Laboratorium, 
Leiden, headed by Henk van de Huls!. 

The collaborators decided to stick to a 
single-experiment satellite devoted entirely 
to gamma-ray astronomy. The final 
'confrontation ' occurred in May 1969 at a 
Symposium organised by ESRO to decide 
on its Scientific Programme. As well as 
Cos-A, a project including X-ray and 
gamma-ray detectors, and Cos-B, which 
included only a gamma-ray detector, 
other projects were also discussed: a 
satellite for the study of the ionosphere, a 
geostationary satellite for the joint study of 
the magnetosphere and ionosphere, a 
satellite for the study of atmospheriC 
phenomena, a scientific mission towards 
the planet Mercury and two satellites for 
the study of ultraviolet radiation. This 
meeting laid the basis for the final 
choices: the geostationary 
magnetospheric satellite Geos, and 
Cos-B. The reasons for these 'choices' 

Figure 3 - An exploded view of the Cos-B 
satellite 

the spirit of cos-b 

PAYLOAD 

11 

The idea of a single-experiment satellite 
was not absolutely new to ESRO, but 
there were grave misgivings due to the 
unhappy experience with the Large 
Astronomical Satellite (LAS), where 
agreement could not be reached as to 
which scientific group in Europe should 
build the payload and the telescope. In 
addition, the idea of a single-experiment 
satellite presented the risk that the failure 
of the experiment implied failure of the 
whole mission, while all other ESRO 
satellites at that time carried several 
experiments. The issue was hotly debated 
in the various ESRO committees, 
especially in the Launching Programmes 
Advisory Committee (LPAC), the 
forerunner of the present Science 
Advisory Committee (SAC), which had to 
make recommendations on the selection 
of satellites and their payloads to the 
appropriate bodies of the Organisation. 

In the meantime the scope of the 
cooperation had been enlarged with the 
entry of a British group, the Physical 
Laboratory of the University of 
Southampton, headed by G. Hutchinson 
and, finally, the Cosmic-Ray Group of the 
Kamerlingh Onnes Laboratorium, 
Leiden, headed by Henk van de Huls!. 

The collaborators decided to stick to a 
single-experiment satellite devoted entirely 
to gamma-ray astronomy. The final 
'confrontation ' occurred in May 1969 at a 
Symposium organised by ESRO to decide 
on its Scientific Programme. As well as 
Cos-A, a project including X-ray and 
gamma-ray detectors, and Cos-B, which 
included only a gamma-ray detector, 
other projects were also discussed: a 
satellite for the study of the ionosphere, a 
geostationary satellite for the joint study of 
the magnetosphere and ionosphere, a 
satellite for the study of atmospheriC 
phenomena, a scientific mission towards 
the planet Mercury and two satellites for 
the study of ultraviolet radiation. This 
meeting laid the basis for the final 
choices: the geostationary 
magnetospheric satellite Geos, and 
Cos-B. The reasons for these 'choices' 

Figure 3 - An exploded view of the Cos-B 
satellite 

the spirit of cos-b 

PAYLOAD 

11 



e bulletin 42 

were that, in the Geos satellite, quite a 
number of European groups who had 
already demonstrated first-class work in 
space could participate; Cos-B was 
chosen because it gave Europe and its 
scientists the chance of achieving a 
scientific 'first' and establishing a lead 
even over NASA. At the same time, it was 
felt that in the X-ray field we should wait 
for the next generation of satellites in 
order to compete with the United States. 
This decision led subsequently to the 
Exosat project and the X-ray observatory 
now in orbit. 

In July 1969, three and a half years after 
the presentation of S-111, the ESRO 
Council formally approved the inclusion 
of Cos-B in the Organisation's Scientific 
Programme. Now the real work was to 
start and it involved overcoming quite a 
number of difficulties. 

The Collaboration's spirit was to be tested 
first by a five-page letter from Henk van de 
Hulst, concerning the Cos-B instrument 
design. In this letter, he stated that: 'Two 
main aspects of the present design are 
open to question. Both of them, in our 
opinion, are strong enough to conclude 
that the execution of the present design 
would not be a wise decision'. 

Discussions had resulted in a document 
called 'Re-evaluation of the Cos-B 
Gamma-Ray Experiment', produced by 
JAM. Bleeker, Henk van de Hulst and 
B.N. Swanenburg in September 1969. 
Alternative designs and accelerator tests 
were proposed. That document was 
received by the Collaboration 'with mixed 
feelings'. The Leiden Group was the 
'youngest' member and their criticisms 
were not easily accepted by the 'older' 
ones. Even more importantly, the time 
schedule would become critical and 
V. Manno, the first Project Scientist (the 
second was B.G. Taylor and the third RD. 
Wills) pressed the Collaboration to draw 
up specific plans of action, with 
associated time scales, since the 
engineers at ESTEC and the firms 
involved were ready to go ahead. 

12 

Figure 4 - Integration of the prototype 
models of the Cos-B payload and 
spacecraft at MBB in Germany 

This led to the formal creation of a 
Steering Committee, which had its first 
meeting on 8 October 1969. It agreed to a 
management scheme, and I was elected 
Chairman. I was succeeded in 1971 by 
Henk van de Hulst, who chaired this 
Committee until 1977, two years after the 
launch of Cos-B. The Cos-B Project 
Manager at ESTEC was G. Altmann, the 
Payload Manager P. Coufleau, and the 
Spacecraft Manager P. Hill. 

The second serious problem occurred 
very soon after, in spring 1970, when the 
UK Science Research Council decided 
not to give funds to the Southampton 
Group involved in the Caravane. The 
Collaboration therefore lost one of its 

member Institutes, which could well have 
jeopardised the whole project. Thanks to 
the interventions of ESRO's former 
Director General Prof. Hermann Bondi, 
and Dr. Ernst Trendelenburg, at that time 
Head of the Organisation's Space 
Science Department, the remaining 
members were able to invite the Space 
Science Department to join the 
Collaboration. 

Of course, space experiments had been 
built before by more than one group, but 
this undertaking was still rather special 
because of the numbers collaborating, 
because of the size of the experiment, and 
because the experiment would determine 
the layout of the complete satellite. 
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Furthermore, ESRO was not paying for 
the experiment and each group had to 
finance the part of the experiment to be 
built under that Institute's responsibility. 
The final request for financial support 
from the national authorities could 
therefore only be made after the definition 
of the complete instrument and the 
division of work between the different 
institutes. All this had to be discussed and 
finally decided by consensus in the 
Steering Committee. The latter had to 
settle the general rules, to control the work 
on the experiment, and to provide 
guidelines for the publication policy, 
including final approval for publication. It 
had to act In case of crises and to resolve 
them. It met 18 times in seven years prior 
to Cos-B's launch. 

The real work, however, was done by the 
payload group at ESTEC and by the 
Experiment Officers representing the 
Institutes. W. Hermsen, a student of 
Henk van de Hulst, described that work in 
the following way: 'Especially during the 
working sessions of this group in the very 
early stages, the spirit of the Collaboration 
was successfully tested when significant 
modifications to the experiment and 
spacecraft were suggested and the 
essential role of accelerator verifications 
was claimed. Reluctance to accept these 
ideas gradually changed into a 
discussion and finally into efficient 
working sessions. Looking back, one may 
conclude that every change introduced in 
that first half year provided a crucial 
contribution to the success of the 
mission'. 

There was another important and rather 
new Working Group which was set up at 
an early stage; this was the Data 
Reduction Group (DRG), which began 
work in the second half of 1971, four years 
before the launch. This Group 
concentrated initially on the programming 
and analysis of calibration 
measurements. At the same time, an early 
start was made with the development of 
the software package for flight-data 
analysis. In the early years, the DRG 

Figure 5 - Cos-B under test in the Heat
Balance Facility at ESTEC 

meetings were coordinated and 'pushed' 
by Dr. J.J. Burger, later succeeded by Dr. 
R.D. Wills. For the calibration 
measurements the 'Caravane was 
marching through Europe' to test the 
experiment in several accelerator beams, 
at DESY (Hamburg), CERN (Geneva), 
Bonn and Saclay. The experiment was 
even tested by an engineering-model 
balloon flight from Sioux City in the USA 

This last test brought about a crisis, when 
it seemed that the production of 
secondary radiation in the instrument 
would be too high for a successful 
mission. There were long discussions and 
considerable tensions within the 
Collaboration, leading some researchers 
to abandon the experiment. 

Even before those tests had been agreed 
upon, the difficult decision to add a small 
X-ray detector to the main gamma-ray 
detector had been taken. The aim of this 
instrument, called the 'pulsar 
synchroniser', was to detect sources of 
periodically variable X-radiation and to 
synchronise at the observed period the 
possible parallel variation in the gamma 
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radiation from the same source. 

R. Buccheri and A Rosso described the 
situation which the Steering Committee 
had to face as follows: 'Also in this case 
the decision was not very Simple to take 
because of the interlacing of scientific and 
extra-scientific factors. From the scientific 
point of view, there was the interest to 
detect and study the possible gamma-ray 
emission from pulsars (discovered in 1967 
as radio sources). At the same time there 
were at least two reasons for strong 
opposition. Firstly, incorporating an X-ray 
detector brought back to life the ghost of 
Cos-A, with the unavoidable reactions 
within ESRO; secondly the 'pulsar 
synchroniser' would be produced by the 
Istituto di Fisica of Palermo University, 
where one of the main collaborators of G. 
Occhialini, L. Scarsi, had become full 
professor of Fisica Superiore. This implied 
a broadening of the Collaboration, and a 
modification of the equilibrium that had 
been obtained only with some difficulty. 
The pulsar synchroniser was finally 
approved, and the Palermo Group 
officially became part of the 
Collaboration'. 
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Finally, the objectives of the Cos-8 
mission were set out as follows: 
With the broad aim of studying in detail 
the sources of extraterrestrial gamma 
radiation of energy above about 30 MeV, 
the principal objectives of the Cos-8 
mission were: 
(i) Investigation of the spatial structure 

and energy spectrum of gamma-ray 
emission from the Galaxy. 

(ii) Examination of known or 
postulated localised sources of 
gamma radiation , determination of 
the energy spectra of sufficiently 
strong sources and the search for 
time variations (Iong- and short
term) in their intensities. 

(iii) Measurement of the intensity and 
energy spectrum of the diffuse 
radiation from high galactic 
latitudes, believed to be of 
extragalactic origin. 

The instrumentation to fulfil these 
objectives consisted of: 

A Spark Chamber, in which gamma 
rays are converted into electron 
- positron pairs and their tracks are 
visualised (Max-Planck-Institut fur 
Extraterrestrische Physik, Garching) . 
A Triggering Telescope, which 
provides a trigger pulse to the spark 
chamber when it detects the passage 
of the electrons (Space Science 
Department, ESA) . 
An Energy Calorimeter, which 
provides a measure of the energy of 
the detected photon by absorption of 
the electron energy (at least in part) 
(Kamerlingh Onnes Laboratorium, 
Leiden). 
A Charged-Particle Shield, or Guard 
Counter, which provides a veto signal 
to inhibit triggering by cosmic-ray 
particles (Centre d'Etudes Nucleaires, 
Saclay) . 
A complex Data Handling Electronics 
Package (Istituto di Scienze Fisische, 
Universita di Milano). 

In addition, there was the Pulsar 
Synchroniser, the X-ray detector from the 
University of Palermo. 
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The satellite had a mass of 278 kg, 118 kg 
of which was made up by the experiment 
units. It was spin-stabilised at about 
10 rpm about its axis of symmetry, which 
coincided with the optical axis of the 
gamma-ray detector. A simple nitrogen
gas attitude-control system was used to 
point the experiment in the desired 
direction. Sun and Earth sensors were 
used for attitude measurements, from 
which the pointing direction could be 
reconstituted with a precision of 0,50. 

Cos-8 was launched from Western Test 
Range, California in the early morning of 
9 August 1975 on a Thor Delta launcher, 
since the planned Europa-lIlauncher had 
had to be abandoned. The satellite's orbit 
was a highly eccentric one, with an 
apogee of about 100000 km a perigee of 
about 350 km initially. This orbit was 
chosen because it permitted long 
uninterrupted observation periods. 

Three days after launch, the 
instrumentation was switched on and the 
first gamma-ray photo was recorded. Its 
computer image was enthusiastically 
acclaimed by all those in the Control 
Room at the European Space Operations 
Centre (ESOC) in Darmstadt. 

The telex announcing the event, and 
confirming the excellent performance of 
all the instruments aboard read, in the 
words of the Project SCientist, 8rian 
Taylor: 'We seem to be in business'. 

Indeed, since the start of routine 
operations on 17 August 1975 Cos-8 has 
provided scientific data for almost 7 years. 
More than 100000 gamma photons have 
been registered. The satellite was actually 
designed for a nominal lifetime of one 
year, with consumables (for the spark 
chamber and attitude-control subsystem) 
dimensioned for two years of operation. 
When the development of the Cos-8 
experiment started, no spark chamber of 
that type had ever been operated in a 
space environment before. The gas 
consumption turned out to be much lower 
than expected, especially since the 

Figure 6 - The launch of Cos-8 on 
9 August 1975 

chamber stayed cleaner than anticipated 
and the interval between gas-flushing 
operations could be extended. The 
performance of the attitude-control 
system was also better than had been 
envisaged. The nominal 4000" of 
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Figure 7 - High-energy gamma-ray 
emission from the Milky Way, as mapped 
by Cos-B 

manoeuvring was achieved in November 
1980, and everything since then has been 
a bonus. 

The cost-to-completion of the Cos-B 
Programme, including the planned two 
years of orbital operation, charged to the 
ESA Scientific Programme's budget, 
amounted to approximately 65 MAU at 
the time of the launch in 1975. The 
mission extension has been conducted at 
a yearly cost of about 2.5 MAU, so that in 
all about 75 MAU have been expended on 
the mission. 

Highlights of the scientific results 
Most of the observations were devoted to 
the study of the galactic disc, so that the 
first complete and detailed gamma-ray 
survey of the Milky Way could be 
obtained. It resolved the 'line source' of 
gamma radiation along the galactic 
equator. About 25 sources have been 
found concentrated along the galactiC 
disc. Among the earliest celestial objects 
to be studied by Cos-B was the radio 
pulsar in the Crab and Vela. A search 
through the Cos-B data for gamma 
radiation from a number of extragalactic 

Figure 8 - The first gamma-ray detected 
by Cos-B, adorned with the signatures of 
those present in the Control Room when 
the event was observed 

objects revealed no strong evidence for 
any positive identification, except for the 
quasar 3C273. Upper limits for the photon 
fluxes were evaluated. 

The spirit of Cos-B 
What was the spirit of Cos-B and why was 
a special spirit needed? The Cos-B 
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experiment represented a turning point for 
astronomical observations using space 
techniques. Although the Cos-B satellite 
was already an observer-type satellite, it 
was considered more of a multi
experiment satellite. Five different institutes 
developed their components 
independently, and supplied them to a 
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single experiment. How they developed 
and built their components was left 
entirely to them, and they were also 
responsible for their own financing. Sir 
Harrie Massey discussed this point at the 
Gamma-Ray Astrophysics Symposium in 
January 1970 in Noordwijk where, after 
the decision by the ESRO Council on 
Cos-B, all aspects of gamma-ray 
astronomy were discussed afresh in order 
to see what contribution Cos-B could 
make. It was at this Symposium that the 
Caravane Collaboration was finally able 
to convince those who had remained 
sceptical about the project, that in the 
future projects of this size and nature 
(including the experiment) would and 
should be financed entirely by ESRO and 
that also the management should be 
done differently. Things did indeed 
develop along these lines, with the 
observatory satellites Exosat and 
Hipparcos now being financed and 
managed entirely by ESA. 

On Cos-B, more than 35 scientists from 
the five groups were directly involved in 
developing and building the experiment. 
These individuals had to work together 
and had to be kept together. After the 
successful launch, Henk van de Hulst 
wrote: 

'This was a unique daring enterprise, to 
build a joint experiment with the five 
groups so widely dispersed. Travel and 
communication could form real obstacles, 
as could the different backgrounds and 
temperaments. While one scientist may be 
at his optimum in a pragmatic 
assessment of a well-presented report, 
another gives of his best in a desperate 
series of telephone calls. Never a dull 
moment - not even the industrial disputes 
were uniformly timed. Fortunately, from 
the very beginning the concept of a joint 
experiment, which would be successful 
only if all parts functioned perfectly, was 
never questioned. 
Two factors led the Collaboration to 
successful completion of the building and 
testing phase: loyalty and management. 
The strong sense of loyalty developed 
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Figure 9 - The Earth as seen by Cos-8 's 
gamma-ray detector 

during innumerable week-long sessions, 
where competent young scientists 
hammered out the problems together. 
Most of these sessions were held at 
ESTEC, but other venues included the 
several sites where the elaborate 
accelerator tests were being conducted. 
Yet loyalty alone would have led to 
confusion and frustration, while 
management alone, however competent, 
would have led to alienation and a lack of 
real involvement: only the right 
combination of both factors could work'. 

The two Cos-B Project Scientists, B.G. 
Taylor and RD. Wills, commenting on on 
how they saw the spirit, wrote: 'Everybody 

associated has had the attitude, What can 
I put in?, not What can I get out?' This is 
certainly true of Henk van de Hulst, who 
was so inspiring and who was one of the 
leading figures in creating the 'spirit of 
Cos-B'. 
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We have used the ESA Photon Counting 
Detector, a scientific model of the Faint
Object Camera to be flown on the Space 
Telescope, to study various aspects of 
the interactions between astrophysical 
objects. Examples include the 
relationship between a planetary nebula 
and a nearby star, the effects of shock 
waves in the interstellar medium of a 
young galaxy, the interaction ofthe jet in 
a radio galaxy with the surrounding 
intergalactic medium, and the 
perturbation in a quasar gas halo 
caused by a gravitationally interacting 
galaxy in the same group. 
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In many sciences. observation of the 
mutual interaction between objects under 
study provides an important tool for the 
understanding of those objects and of the 
laws governing them. The interaction 
process in fact often triggers phenomena 
not normally observable. This is, of 
course, also true in astrophysics, the only 
difference being that in this discipline one 
can only observe what nature displays 
and one cannot experiment by provoking 
the phenomena oneself. 

The ESA Photon Counting Detector 
(PCD) was developed at ESTEC as a 
scientific model of the Faint-Object 
Camera for the ESAlNASA Space 
Telescope. It is a photon-counting 
imaging detector (Figs. 1 and 2) 
consisting of a high-gain image intensifier 
coupled by a lens system to a television 
camera. In combination with signal
processing electronics and a control 
computer, it is possible to detect about 
20Yo of the photons arriving on each 
picture element in a 512 x 512 square 
matrix. The very low intrinsic noise of the 
PCD and its quantised operation make it 
a very sensitive and accurate instrument 
for the detection of faint astrophysical 
objects in the ultraviolet and blue 
wavelength bands. 

The planetary nebula NGC 6905 
NGC 6905 (the object numbered 6905 in 
the New General Catalogue) is a 
'planetary nebula', which is a star that, in 
the course of its evolution, has expelled a 
considerable amount of material, now 
visible around it. Figures 3a and b are two 
different images of NGC 6905, one (a) in 
the light of [0111] (doubly-ionised oxygen) 

at 5007 $.. showing the low density and 
highly excited gas particularly well, the 
other (b) in the continuum around 4000 $.., 
better suited to the display of stars. The 
'Moon-like' appearance of the brightest 
stars is due to saturation effects in the 
detector. The continuum picture shows 
the central star (saturated) and the 
nearby spherical envelope surrounding it. 
All of this is saturated in Figure 3b, where 
two fainter lobes on opposite sides are 
visible. What immediately attracted our 
attention is the object right at the top of 
the southern lobe (on the left in the 
figures). This object is very bright (in fact 
saturated) on the continuum picture and 
the spectrum shows that it is a star. Its 
position and the presence of a gaseous 
filament pointing directly to it suggest that 
it may be in interaction with the nebula 
and, in this case, associated with the 
presence of the lobes. 

To confirm .this hypothesis and exclude 
the possibility that the 'southern star' is a 
foreground or a background star, and 
therefore not associated with NGC 6905, 
we tried to measure its distance and 
compare it with that of the nebula. 
Unfortunately, distances are not easy to 
measure in astrophysics. The nebula itself 
is thought to be at a distance varying 
between 1.3 and 2.3 kiloparsec (1 parsec 
= 3.25 light years = 3 x 10 13 km), with a 
slight preference among the authors for 
some 1.4 kiloparsec. From spectroscopic 
observations, we derived that the 
'southern star' is of spectral type-A and 
therefore, if it is a Main-Sequence star, as 
is most likely, lies at a distance of between 
1 and 5 kiloparsec. This is consistent with 
the interaction hypothesis, but does not 

17 

We have used the ESA Photon Counting 
Detector, a scientific model of the Faint
Object Camera to be flown on the Space 
Telescope, to study various aspects of 
the interactions between astrophysical 
objects. Examples include the 
relationship between a planetary nebula 
and a nearby star, the effects of shock 
waves in the interstellar medium of a 
young galaxy, the interaction ofthe jet in 
a radio galaxy with the surrounding 
intergalactic medium, and the 
perturbation in a quasar gas halo 
caused by a gravitationally interacting 
galaxy in the same group. 

On leave from Osservatorio Astronomico. 
Pad ova. Italy 

•• Affiliated to the Astrophysics Division of ESA 

Space Science Department. ESTEC. Noordwijk. 
The Netherlands 

study of astrophysical interactions 

The Study of Astrophysical 
Interactions with the ESA Photon 
Counting Detector 
S. di Serego Alighiert, Space Telescope European 
Coordinating Facility, Garching, Germany 

M.A.G. Perryman, Astrophysics Division, ESA Space Science 
Department, ESTEC, Noordwijk, The Netherlands 

F. Macchetto**, Space Telescope Science Institute, Baltimore, 
USA 

In many sciences. observation of the 
mutual interaction between objects under 
study provides an important tool for the 
understanding of those objects and of the 
laws governing them. The interaction 
process in fact often triggers phenomena 
not normally observable. This is, of 
course, also true in astrophysics, the only 
difference being that in this discipline one 
can only observe what nature displays 
and one cannot experiment by provoking 
the phenomena oneself. 

The ESA Photon Counting Detector 
(PCD) was developed at ESTEC as a 
scientific model of the Faint-Object 
Camera for the ESAlNASA Space 
Telescope. It is a photon-counting 
imaging detector (Figs. 1 and 2) 
consisting of a high-gain image intensifier 
coupled by a lens system to a television 
camera. In combination with signal
processing electronics and a control 
computer, it is possible to detect about 
20Yo of the photons arriving on each 
picture element in a 512 x 512 square 
matrix. The very low intrinsic noise of the 
PCD and its quantised operation make it 
a very sensitive and accurate instrument 
for the detection of faint astrophysical 
objects in the ultraviolet and blue 
wavelength bands. 

The planetary nebula NGC 6905 
NGC 6905 (the object numbered 6905 in 
the New General Catalogue) is a 
'planetary nebula', which is a star that, in 
the course of its evolution, has expelled a 
considerable amount of material, now 
visible around it. Figures 3a and b are two 
different images of NGC 6905, one (a) in 
the light of [0111] (doubly-ionised oxygen) 

at 5007 $.. showing the low density and 
highly excited gas particularly well, the 
other (b) in the continuum around 4000 $.., 
better suited to the display of stars. The 
'Moon-like' appearance of the brightest 
stars is due to saturation effects in the 
detector. The continuum picture shows 
the central star (saturated) and the 
nearby spherical envelope surrounding it. 
All of this is saturated in Figure 3b, where 
two fainter lobes on opposite sides are 
visible. What immediately attracted our 
attention is the object right at the top of 
the southern lobe (on the left in the 
figures). This object is very bright (in fact 
saturated) on the continuum picture and 
the spectrum shows that it is a star. Its 
position and the presence of a gaseous 
filament pointing directly to it suggest that 
it may be in interaction with the nebula 
and, in this case, associated with the 
presence of the lobes. 

To confirm .this hypothesis and exclude 
the possibility that the 'southern star' is a 
foreground or a background star, and 
therefore not associated with NGC 6905, 
we tried to measure its distance and 
compare it with that of the nebula. 
Unfortunately, distances are not easy to 
measure in astrophysics. The nebula itself 
is thought to be at a distance varying 
between 1.3 and 2.3 kiloparsec (1 parsec 
= 3.25 light years = 3 x 10 13 km), with a 
slight preference among the authors for 
some 1.4 kiloparsec. From spectroscopic 
observations, we derived that the 
'southern star' is of spectral type-A and 
therefore, if it is a Main-Sequence star, as 
is most likely, lies at a distance of between 
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provide convincing proof. We are now 
trying to measure the velocity of the gas in 
the southern lobe spectroscopically, to 
see whether there is any dynamical 
influence caused by the 'southern star'. 

The galaxy NGC 1569 
NGC 1569 is a very blue, nearby dwarf 
galaxy. Its extremely blue colour indicates 
that it is presently undergoing a very 
intense burst of star formation, the blue 
hue resulting from the presence of very 
hot, very luminous young stars. This 
object gives us the opportunity to observe 
interactions of shock waves on galactic 
scales, and the effects of these shocks on 
the normally relatively undisturbed 
interstellar medium that permeates the 
space between the stars. 

The galaxy is interesting not only because 
we know that bursts of star formation are 
proceeding in it (many galaxies are 
known to be in this state) , but also 
because it is one of the few where we 
have any clear idea about what has led to 
the star bursts. At the centre of the galaxy, 
two blue objects can be seen; both are of 
unusually high luminosity. Although they 
appear unresolved at the resolution of 
ground-based optical telescopes and are 
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Figure 2 - The ESA Photon Counting 
Detector (PCD) mounted on the 1.8 m 
telescope at Asiago Observatory 
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therefore relatively compact, the brightest 
of the two central objects has a luminous 
output comparable to that of some 
1600 OB stars (OB stars are the brightest 
of the many different types of stars found 
in galaxies). It is possible that this large 
number of stars exists in a very compact 
cluster, or it may be that the origin of the 
intense radiation lies in a single very 
massive object, or in a much larger 
number of stars each much less luminous 
than an OB star. Whatever the nature of 
these objects, their luminosity can be 
expressed in another way - the brightest 
of the two objects has a luminous output 
one hundred million times greater than 
that of our own Sun! 

When the objects are studied at radio 
wavelengths, the radio maps give a 
further clue as to the nature of the galaxy. 
The objects are then observed to be 
surrounded by a 'hole' both in the radio 
continuum and in the radio-emission 
characteristic of emission from neutral 
hydrogen. This hole, some 200 parsec in 
diameter, appears to be caused by a 
stellar 'wind ' originating from the central 

objects, due Simply to radiation pressure 
driving matter away from them. It is 
probable that where this stellar wind 

interacts with the interstellar medium 
distributed throughout the galaxy, shock 
fronts are created. At these shocked 
boundaries, matter is compressed, 
resulting in conditions suitable for star 
formation. We can argue that the star 
formation is actually occurring in a burst 
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Figure 3 - The planetary nebula 
NGC6905 in the light of the [Oll~ line at 
5OO7'&' (a) and in the continuum radiation 
around 4oo0'&' (b) . North is at the top and 
east to the left in all figures, except where 
noted otherwise 

a 

b 

study of astrophysical interactions 

and that it cannot be sustained over long 
time scales, simply because at the present 
rate of star formation all the neutral 
hydrogen making up the interstellar 
medium would be exhausted in only a 
hundred million years, a rather short 
period compared with the lifetime of the 
galaxy as a whole. 

Our observations, shown in Figure 4, were 
made to discover more about the young 
star population ionising the gas, and in 
an attempt to determine the precise form 
of the excitation mechanism observed in 
the galaxy. 

The images were taken in the light of 
ionised hydrogen (H ex upper left and H f3 
lower right), singly ionised oxygen (lower 
left) and doubly ionised oxygen (upper 
right) . Comparison of these images 
provides information on extinction due to 
dust within the galaxy and on the degree 
of ionisation of gas in the galaxy, due to 
the emission of hot stars, interstellar 
shock fronts or both. 

The jet in the radio galaxy 3C 66B 
Astrophysical jets provide evidence for the 
extremely high energies produced in the 
nuclei of active galaxies and quasars. 
Detailed studies of the phenomena have 
been pursued mostly in the radio band, 
because at these wavelengths the jet, a 
collimated plasma of protons and 
electrons travelling at a large fraction of 
the speed of light, is very prominent and 
easily detectable. These studies have 
shown that the jets, which can extend 
over distances of hundreds of thousands 
of parsecs (much larger than the galaxies 
in which they originate) , are the transport 
mechanism for the energy produced at 
the centre of radio galaxies and then 
deposited in the intergalactic medium, 
resulting in the so-called 'radio lobes' 
typical of these galaxies. 

As part of our research programme, we 
have undertaken a study of these jets in 
the optical region, with the aim of 
identifying and studying in detail the 
optical properties of the plasma and 
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hopefully shedding light on the energy
production mechanism of the central 
energy source. 

One of the most prominent optical jets we 
have observed is that of 3C 668 (Fig. 5). 
This jet emerges from the galaxy's centre 
and extends for over 10 arcseconds, 
tracing the well-known radio jet perfectly. 
In the galaxy itself, the radiation due to 
stars is seen to be heavily obscured by 
absorption from dust. The study of the 
distribution of this dust is an extremely 
interesting problem in itself. 

Detailed analyses of this and other jets 
are now being pursued, and more . 
observations are planned during three 
observing campaigns in the course of this 
year with the European Southern 
Observatory (ESO) telescopes in Chile. 

The halo surrounding the quasar 
MR2251-178 
MR 2251-178 is a relatively nearby quasar, 

Figure 4 - Four images of the 'star 
bursting' extremely blue dwarf galaxy 
NGC 1569. The images are not corrected 
for sky background and variations in 
detector sensitivity. Intensity is colour
coded, blue and white indicating the 
highest intensities and green the lowest. 
Here top is west and left is south 

lying at a distance of about 390 4 
megaparsec. It was discovered because 
of its strong X-ray emission, and lies within 
a group of galaxies. Spectroscopic work 
by other investigators has revealed the 
presence of ionised gas around the 
quasar at distances up to 170 kiloparsec 
and rotating about it, similar to the 
rotation of many spiral galaxies, including 
our own. Many nearby quasars have 
been found to reside at the centres of 
galaxies, although the nature of these 
and their relationship with the quasar 
phenomenon is not clear. The presence 
of gas so far from the nucleus is related to 
the question of dark halos around 
galaxies and of the intergalactic medium 
in general, and to the problem of the 
missing mass in the Universe. We 
therefore decided to study the spatial 
distribution of the ionised gas 
surrounding MR2251-178. 

Figure 6a, a continuum-radiation picture, 
shows the quasar and some of the 
galaxies in the same group. To reveal the 
distribution of the ionised gas, we took a 5 
picture in the light of [0111] at 5007 J... and 
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Figure 5 - Four prints of the same 
exposure of the radio galaxy 3C 66B. 
Prints (a), (b) and (c) are on a linear 
intensity scale and show increasingly 
fainter, and therefore outer, features. Print 
(d) is on a logarithmic intensity scale and 
can display the whole intensity range. The 
optical jet emerges from the nucleus 
towards the upper left 
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subtracted from it the image in the 
continuum light (in fact Figure 6a), in 

order to isolate the light emitted by the 

gas from that due to stars and to the sky 
background. The result is shown in 

Figure 6b, where a spiral structure is 

visible at a large distance from the centre. 

Apart from the nebulosity close to the 
nucleus, the most prominent features are 

three condensations (A-C) , forming an 
'arm' to the east (left on the picture) of the 

centre, and a more diffuse region (D) on 

the opposite side. We attribute these 
regions of enhanced [0111] emission to 

density perturbations in the gaseous halo, 
or disc, which rotates about the quasar. 

We also suggest that these density 
enhancements have been caused by tidal 

effects due to the passage of the galaxy 
G1 near to the quasar. This hypothesis is 

consistent with the kinematics of the 
system, with theoretical models of such 

encounters, which predict the formation 

of an arm on the side of the interaction 

Figure 6 - The field of the quasar 
MR 2251-178 shown in continuum 
radiation (a) and in the light of the [Oll~ 
line at S007 A with the continuum 
radiation subtracted from it (b). The 
positions of galaxies G1, G2, G4 and G9 
are marked, as well as the main features 
in the [Oll~ picture (1 arcminute 

and of a more diffuse counter-arm on the a 

opposite side, and with the fact that 
galaxy G1 also shows signs of activity, 

possibly associated with the encounter. 

Finally, we can speculate that the kind of 

interaction observed here could initiate 
the activity of the quasar itself. To 

understand how this might occur 

precisely, we are now studying the region 

very close to the nucleus of this and other 

quasars with the best radio and optical 
ground-based telescopes, trying to 

prepare ourselves to take optimum 

advantage of the unprecedented optical 
resolution soon to be provided by the 
Space Telescope (due for launch in June 

1986). ~ 

b 

study of astrophysical interactions 

corresponds to about 115 kiloparsec at 
the distance of the quasar) 
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The first European satellite to be 
dedicated to astrometry, Hipparcos, is 
under development for ESA by the Mesh 
Consortium led by Matra, with a view to 
a launch by Ariane in 1988. In parallel, 
four scientific consortia, drawn from the 
astronomical community, are preparing 
for the satellite's scientific operations. 
Three of these consortia will be 
responsible for the reduction of the flight 
data. 

The mission combines the now classical 
features of geostationary satellites with 
an original scientific payload and some 
state-of-the-art advances in subsystem 
design. This joint industrial and scientific 
effort will culminate in the publication of 
a large and highly precise stellar 
catalogue. 

22 

The· Hipparcos Satellite's Mission: 
The Objectives and Their 
Implementation 

M. Schuyer, Hipparcos Project Division, Scientific Programmes 
Department, ESA Directorate of Scientific Programmes, 
ESTEC, Noordwijk, The Netherlands 

Introduction 
Like the Space Telescope, which will be 
launched in 1986, by the time of its launch 
into geostationary orbit in the course of 
1988, Hipparcos will have a very long 
history behind it; the original concepts 
having been put forward by Prof. 
P. Lacroute back in 1966. 

In its two and a half years of orbital life, 
this novel visible-light astronomy 
observatory will scan the celestial sphere 
completely five times, a performance far 
beyond the reach of any single ground
based telescope. 

Positional data on 100000 stars brighter 
than magnitude 12 will be gathered. Some 
three years later the results of their 
processing by two scientific consortia, 
together with part of the Space 
Telescope's work, will bring astrometry, a 
traditional and fundamental discipline of 
astronomy, truly into the space age. The 
completeness and very high accuracy of 
the Hipparcos catalogue of stars will open 
the door to new discoveries in 
astrophysics, in cosmology, and also in 
solar-system and Earth dynamics. 

Figure 1 traces the evolution in the 
accuracy of stellar catalogues back to the 
lifetime of the astronomer Hipparchus, 
after whom the acronym Hipparcos 
(High-Precision Parallax Collecting 
Satellite) was cast. 

The Tycho experiment aboard Hipparcos 
(named in honour of the famous 
astronomer Tycho-Brahe), will use one of 
the satellite's auxiliary sensors to perform 
a further astrometric and photometric 

survey, gathering information on more 
than 400000 stars. The astrometric 
accuracy of this data will , however, be 
about an order of magnitude coarser 
than that of the primary Hipparcos data. 

Scientific objectives of the mission 
The results of the Hipparcos mission will 
be published in the form of a Hipparcos 
Astrometric Catalogue, to be followed 
later by those from the Tycho experiment 
in the form of the Tycho Astrometric and 
Photometric Catalogue. The Tycho 
experiment draws only marginally on the 
satellite's resources, and its impact on 
satellite design and operations is limited 
to some optimisation of the star mapper 
and its detection chain and to tape 
deliveries to a third separate data
reduction consortium. We will therefore 
concentrate in this brief resume on the 

Hipparcos 'main mission ', which is the 
deSign driver. 

Present astrometric knowledge is 
contained in very precise stellar 
catalogues (with accuracies ranging from 
a few tens to a few hundreds of 
milliarcseconds) for just a few thousands 
of relatively bright stars, and in more 
comprehensive catalogues with far 
poorer accuracies. Moreover, the 
uncertainty in stellar apparent motion in 
the sky due to galactic motion, and to the 
vicinity of companion objects - the 
so-called 'proper motions' - causes a 
secular degradation in the positional 
accuracy of the stars at any time remote 
from the central year of a given 
catalogue. Ground-based astrometry has 
remained hampered by such factors as 
the multiple corrections that account for 
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Figure 1 - Evolution in the accuracy of 
stellar catalogues (courtesy of O. 
Hughes). Hipparcos will allow the 
positions of stars some hundreds of 
parsecs (1000 light years) from our solar 
system to be measured to accuracies of a 
few milliarcseconds 

telescope deformations due to gravity, 
atmospheric refraction, the time
consuming measurement of 
photographic plates, and the limited sky 
coverage of ground-based observatories. 
Coupled with the previous difficulties, 
these factors lead to error-prone 
correlations between different groups of 
observations. 

All of these problems will be overcome 
with the Hipparcos observatory in 
geostationary orbit, continuously 
recording the transit of stars in its 
0.9" x 0.9" field of view. The only 
interruptions will be due to occultations by 
the 17°-wide Earth's disc four times per 
day on average, and far less frequent 
lunar occultations. 

The improvement that Hipparcos will 
bring to astrometric catalogues with its 
more accurate 'proper motions' is 
illustrated by Figure 2. The curve labelled 
'AGK3R + IlHIPP' results from a 
combination of the AGK3R catalogue' 
positions with the Hipparcos positions 
and proper motions. The stellar-position 
and proper-motion components must be 
complemented in stellar catalogues by a 
fifth parameter, the parallax, which 

• One of the currently most comprehensive 
astrometric catalogues, containing about 20000 
stars of the Northern Hemisphere, known to 
0.1 arcsec. 
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describes the effect of the Earth's yearly 
translation about the Sun on the 
apparent positions of stars, an effect 
comparable to the error incurred by a car 
passenger when leaning over to read the 
driver's instruments. Parallax, the 
amplitude of this apparent motion with a 
one year period, is a measure of the 
remoteness of stars from our solar system. 

The Hipparcos satellite's measurements 
will lead to a catalogue accuracy of 
2 - 2.5 milliarcsec (depending on the star 
colour) in position and parallax, and 
2 - 2.5 milliarcsec/year for proper motions, 
for about 95000 of the 'programme stars'. 
Somewhat higher accuracies will be 
achieved for stars much brighter than 
magnitude 9, whilst for stars at the fainter 
end accuracies of 4 to 5 milliarcsec will 
result (down to magnitude 12). 

A summary of the scientific goals that the 
enhanced accuracy of the Hipparcos 
measurements will help to achieve is given 
in Table 1. The very accurate reference 
frame will allow precise absolute 
parallaxes to be measured, whereas 
ground-based measurements call for 
delicate, and thus unreliable, corrections 
to be added to relative parallaxes 
measured with respect to those stars 
surrounding the one of interest. 
Knowledge of stellar distances, the 
reciprocals of parallaxes, will lead to 
knowledge of the absolute magnitudes of 
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Figure 2 - Improvement of stellar position 
accuracy (courtesy of Prof. C. de Vegt). 
The Hipparcos stellar catalogue will help 
to 'correct' previous catalogues (e.g. 
AGK3R) by reducing errors induced by 
poorly known proper motions 

stars, a basic parameter in their physical 
study. The locations of stars in the 
well-known Hertzsprung-Russell 
luminosity/colour diagrams will then be 
known precisely for stars several 
hundreds of parsecs (1 parsec is equal to 
about 3.3 light years, or 3.3 x 1Q 13 km) from 
the solar system. Calibrations of ste~l ar 

luminosities in nearby galactic clusters 
such as the Hyades will lead, in turn, to 
better knowledge of cosmic distance 
scales. 

Table 1 - Scientific goals for space 
astrometry 

REFERENCE FRAME 
- Comparison at other wavelengths (Very-Long 

Baseline Interferometry (VLBI); Space Telescope) 
- Dynamics of solar system 

• Earth's rotation, continental drift 

• Moon's motion 
• Asteroids, planets 

PROPER MOTIONS 
- Galaxy rotation and dynamics 
- Motions of young stars 
- Nearby stars (regions of star formation) 

PARALLAXES 
- Stellar structure 

• Size 
• Mass 
• Luminosity 

- Stellar evolution (Hertzsprung-Russell Diagram 
for early/giant stars) 

- Chemical evolution of galaxy (with 
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Figure 1 - Evolution in the accuracy of 
stellar catalogues (courtesy of O. 
Hughes). Hipparcos will allow the 
positions of stars some hundreds of 
parsecs (1000 light years) from our solar 
system to be measured to accuracies of a 
few milliarcseconds 

telescope deformations due to gravity, 
atmospheric refraction, the time
consuming measurement of 
photographic plates, and the limited sky 
coverage of ground-based observatories. 
Coupled with the previous difficulties, 
these factors lead to error-prone 
correlations between different groups of 
observations. 

All of these problems will be overcome 
with the Hipparcos observatory in 
geostationary orbit, continuously 
recording the transit of stars in its 
0.9" x 0.9" field of view. The only 
interruptions will be due to occultations by 
the 17°-wide Earth's disc four times per 
day on average, and far less frequent 
lunar occultations. 

The improvement that Hipparcos will 
bring to astrometric catalogues with its 
more accurate 'proper motions' is 
illustrated by Figure 2. The curve labelled 
'AGK3R + IlHIPP' results from a 
combination of the AGK3R catalogue' 
positions with the Hipparcos positions 
and proper motions. The stellar-position 
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Figure 3 - Hipparcos ' revolving 
scanning motion (courtesy of Or. A. 
Peraldi). The spacecraft 's two fields of 
view scan the sky with 11.25 
revolutions/day. The spin axis precesses 
slowly and completes 6.4 revolutions 
about the Earth - Sun direction in one 
year. The periodic grid (imaged here on 

For the Tycho Astrometric and 
Photometric Catalogue the astrometric 
and photometric accuracies, at 
magnitude 10, will be 0.G15 arcsec and 
0.05 magnitude root mean square (r.m.s.) , 
respectively. 

Principles of Hipparcos' operation 
The Hipparcos astrometric observations 
will rely on four key principles: 
1. The combination in one telescope of 

two directions of observation 
separated by 58° 

2. The measurement of the relative 
positions of stars within the scanning 
motion via a modulating grid in the 
telescope's focal plane. 

:3. The observation of selected stars by 
the use of an Image Dissector Tube 
(lOT), the Instantaneous Field of View 
(IFOV) of which is centred 
electronically on the transiting star of 
interest. 

4. The revolving scanning law for the 
celestial sphere. 

The first of these key principles, the basis 

CONJUGATE 
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the sky in the two viewing directions) 
modulates the light from stars crossing 
the fields of view 

of the project as originally conceived by 
Prof. Lacroute, eases the reconstitution of 
the celestial sphere from all of the 
consecutive measurements, by allowing 
separate areas of the sky to be correlated, 
thereby minimising the propagation of 
errors along a scanned great circle. 

With a scan speed of about 170 deg/h 
and a stellar-light modulating grid period 
of 1.2 arcsec, the phase and thus 
position of stars (magnitude 9) in the 
scanning motion can be detected with an 
r.m.s. uncertainty of 7 - 8 milliarcsec. 

Finally, the axis of Hipparcos' scanning 
motion will be slowly precessed at a rate 
of 4.4 deg/day. In a Sun-centred system, 
its spin-axis motion will therefore be along 
a cone centred on the Earth - Sun 
direction, with a semi-aperture of 43° and 
a period of about 57 days. Thanks to this 
complex motion, every observed star will 
be scanned on widely intersecting great 
Circles during the Hipparcos mission, thus 
providing further accuracy for the 
reduction of the celestial sphere. The 

@ APPARENT DIAMETER 
OF THE EARTH 
17DEG 

TELESCOPE APERTURE .p. 

GEOST ATIONARY 
EARTH ORBIT ----/ 

PATH OF 
SPIN AXIS 
(44 15DEG/DAY) 

latter is achieved in a manner broadly 
comparable to geodetic triangulation on 
Earth (Fig. 3) . 

The Hipparcos satellite 
Hipparcos is divided into two system-level 
assemblies, the spacecraft and the 
payload, mutually decoupled to the 
maximum possible extent (Fig. 4) An 
interface structure connects the payload 
mechanically with the spacecraft, with the 
exception of the two baffles, which are not 
an integral part of the payload 
(precautions having been taken to 
guarantee light-tightness at their 
interface). Most of the payload electronics 
are mounted on the upper platform of the 
spacecraft, together with some other 
spacecraft equipment. Carbon-Fibre 
Reinforced Plastic (CFRP) is used 
extensively in the cons~ruction of the 
payload and solar panels, the spacecraft 
itself being made of aluminium 
honeycomb. 

During its revolving scanning motion, 
Hipparcos will be able to assume any 
orientation with respect to the Agency's 
Odenwald receiving antenna in Germany, 
and omnidirectional RF coverage is 
achieved by switching several times per 
day between a cardiOid-pattern antenna 
and a deployable antenna; the latter is 
located at the bottom of the spacecraft. Its 
RF coverage overlaps that of the upper 
cardioid antenna by about 15°. 

The satellite's thermal control will be a 
combination of passive control by 
conventional radiators, multi layer 
insulation and coatings, and active 
control by means of electrical heaters. 
The temperature of the payload will be 
controlled automatically by the 
onboard computer to an accuracy of 
0.1°C. 

The spacecraft 
The three deployable solar panels for 
Hipparcos have been adapted from the 
design for those of the Agency's ECS 
series of telecommunications satellites. At 
the nominal 43° Sun aspect angle, each 
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Figure 4 - Cutaway schematic of 
Hipparcos. The spacecraft'.s apogee 
boost motor and 'fill-in' deployable 
antenna are not apparent here 

EXTERNAL BAFFLE 'P' 

PAYLOAD SERVICE 
ELECTRONICS UNITS 

SPACECRAFT/PAYLOAD 
INTERFACE STRUCTURE 

SUN-ACQUISITION 
SENSOR (SAS) 

panel will deliver about 120 W at the end 
of the 2'/2 year mission. Nickel-cadmium 
batteries will prov~de power in eclipse. The 
primary power-distribution system relies 
on a regulated DC bus, supplemented by 
AC secondary distribution to ,individual 
equipment items. 

To avoid electrostatic discharges of the 
sort observed on previous geostationary 
satellites, the outer surface of Hipparcos is 
electrically conductive, with the exception 
of the solar-array cover glasses. Great 
care has also been taken to minimise the 
effects of any such discharges, each unit 
having its own signal ground. 

Hipparcos will communicate with the 
ground via an S-band (2000 MHz) RF 
transponder, the signals being switchable 
to either spacecraft antenna by ground 
command. The uplink and downlink data 
rates will be 2000 and 24000 bit/s, 
9600 bills in the downlink being dedicated 
to the Tycho experiment. 

There will be two computers onboard, a 
general-purpose Onboard Computer 
(OBC) coupled to the Central Terminal 
Unit (CTU) of the data-handling 
subsystem, and a Control Law Electronics 
(CLE) computer dedicated to attitude 
control and reconstitution. The essential 
functions of the satellite will be contained 
onboard in PROMs (Programmable Read 
Only Memories). Information on the stars 
to be followed by the payload will be 
stored in RAM (Random-Access Memory) 
(± 3000 words capacity) upon receipt 
from the uplink. 

the hipparcos mission 

CARDIOID ANTENNA 
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For attitude control, Hipparcos has two 
reaction-control assemblies, a hydrazine 
assembly equipped with 5 Newton 
thrusters, which will operate until station 
acquisition, and a cold-nitrogen assembly 
with 0.02 Newton thrusters to be used 
thereafter for all manoeuvring, including 
east-west station-keeping. Outside 
specific station-keeping epochs, typical 
thruster actuations will last only 0.1 - 0.2 s, 
and will be separated by an average of 
600 s. Analyses have shown that the level 
of residual attitude jitter on the optical 
viewing directions will be no more than 4 
milliarcsec. 

The redundant star mapper (Fig. 5a & b) 
located next to the modulating grid in the 
telescope's focal plane has a set of 
parallel and 'chevron' slits. Through the 
measurement of stellar transits due to the 
scanning motion, this allows the satellite's 
attitude to be measured, in combination 
with the gyroscope package. Numerous 
simulations have demonstrated that the 
specified performance of 1 arcsec r.m.s. 
for onboard real-time attitude 
determination can be met. Further ground 
processing, by the data-reduction 
consortia, will provide even more accurate 
star positions, resulting eventually in an 
attitude-determination accuracy of 
0.1 arcsec r.m.s. 

Real-time attitude determination is one of 
the key functions controlling the piloting 
of the 37 arcsec-wide Instantaneous Field 
of View (IFOV), so that it remains centred 
on the selected 'programme star'. The 
latter is observed during a fraction of its 

19 s crossing of the field of view, with the 
scanning motion of the satellite. The other 
function, implemented in the Central 
Onboard Software of the OBC, is a 'Star 
Observing Strategy' , which processes the 
programme-star file uplinked from the 
ground to establish observation priorities, 
switches from one programme star to 
another, etc. 

The payload 
Hipparcos' scientific payload is a 290 mm
aperture, all-reflecting telescope (Fig. 6) . 
The entrance pupil is a beam combiner 
made of two semi-circular elements 
shaped (Schmidt-Kerber profile) 
to combine, on the instrument's optical 
axis, the visible light coming from two 
directions in the sky separated by 580. 
Due to the curvature at the focus, the 
modulating grid and the star mapper 
have been etched on a convex substrate 
with a radius of curvature equal to the 
focal length, i.e. 1400 mm. Behind the grid, 
an optical relay transmits stellar light to 
the detector, the Image Dissector Tube 
(lOT). Light coming through the star 
mapper slits of the grid is then deflected, 
split into 'blue' and 'visible' light 
components by a dichroic plate, and 
transmitted to photomultiplier tubes. 

To achieve the required accuracy, the 
payload must be of the 'diffraction-limited ' 
type in which all aberrations are reduced 
to an absolute minimum. The tolerance 
specifications in the table at the top of 
page 27 provide some inSight into the 
stringency of the payload 
requirements: 
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Figure 5a - The star mapper, with its sets 
of parallel and chevron slits, allows 
omnidirectional attitude reconstitution 

Figure 6 - Exploded view of the 
Hipparcos payload. The inset shows a 
scale model of the optical beam combiner 

Figure 5b - The parallel-slit modulating 
grid manufactured by CSEM, with its 2688 
parallel slits (photo courtesy of CSEM, 
Neuch8.tel, Switzerland) 
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Figure 7 - Alignment testing of the 
Hipparcos beam combiner, at Matra 
(Toulouse), as part of the Optical Support 
Programme 

Optical quality of the mirrors A/60 
Symmetry of the wavefront error along the direction 
of scan A/40 
Stability of the focus 0.6 lAm over 24 h 
Stability of grid rotation w.r.t. lOT optical axis 

Stability of beam-combiner temperature 

0.1 arcsec over 24 h 

0.05° over 2.6 h 

Needless to say, demonstration that such 
tolerances will be achieved calls for 
refined optical , structural and thermal 
analyses of payload structure and mirrors, 
and verification of structural and thermal 
behaviour by thermal-vacuum testing at 
all stages of the project. In addition, a 
number of payload calibrations will have 
to be undertaken during the satellite's 
in-orbit commissioning and some of these 
will need to be repeated during the course 
of the mission. 

All three mirrors - the beam combiner, a 
spherical mirror, and a flat inclined mirror 
to fold the optical path in order to save 
space - are polished from a Zerodur 
substrate. A novel feature of Hipparcos is 

the beam combiner, which is made from 
one blank cut into two after final 
polishing, the two halves then being glued 
together to achieve the 58° 'basic angle' 
(29" between the two optical surfaces). 

To remain compatible with the accuracy 
expected from a star transit -
approximately 7 milliarcsec for a star of 
magnitude 9 - the profiles of the 
equidistant lines of the modulating grid 
must also satisfy extremely stringent 
tolerances, with irregularities limited to the 
order of a few tens of nanometres. Such a 
fine grid could not be produced on a 
curved substrate by the usual practices of 
optical-grating production and it has 
been necessary to resort to micro-circuit 

the hipparcos mission 

production technology. The grid has been 
made at the Swiss CSEM research centre 
employing the electron-beam photo
lithography techniques used in 
fabricating complex semiconductor 
integrated circuits. Subsequent 
calibrations have shown that the difficulty 
of etching the 22 mm x 22 mm grid in 
46 x 168 'scan fields' has been 
successfully overcome. 

The main detector for Hipparcos, the 
Image Dissector Tube (Fig. 8a, b), is being 
made by IT & T in the USA. Engineering 
models and flight units have already been 
delivered to The Netherlands Space 
Research Laboratory in Utrecht, where 
tests have shown detection characteristics 
and tolerances commensurate with the 
detector's critical contribution to the 
satellite's performance. 

A protoflight model philosophy is being 
employed, with complete qualification of 
the equipment at engineering-model level. 
Integration of the complete satellite will be 
carried out at Aeritalia in Turin. In parallel 
with the Structural and Thermal Model 
(STM) activities, an OSTM (Optical STM) 
programme will help support the payload
performance activities. The overall project 
schedule is summarised in Figure 9. 

Data processing 
An Input Catalogue Consortium (INCA) , 
led by Dr. C. Turon (Paris), is charged with 
the selection of the 100000 programme 
stars and assignment of their astrometric 
and photometric characteristics (to 
1.5 arcsec and 0.5 mag, respectively) , 
including a campaign of measurements 
for those stars that are as yet poorly 
known. The complex data-reduction 
scheme is being tackled by two consortia, 
the Northern Data Analysis Consortium 
(NDAC) led by Dr. E. H~g (Copenhagen) 
and the Fundamental Astronomy by 
Space Techniques (FAST) group led by 
Prof. J. Kovalevsky (Grasse) . Regular 
seminars are taking place and the 
drawing up of the data-reduction 
algorithms is proceeding according to 
plan. 
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Figure Ba - Development model of 
Hipparcos' Main Detector Assembly 
(MDA). The Image Dissector Tube (lOT) 
focussing and deflection coils and 
preamplifiers are located in the cylindrical 
housing. The Pulse Amplifier and 
Discriminator (PAD) is located in the 
housing at the rear, the high-voltage 
power supply (CRI) in that at the front 

(courtesy of Netherlands Space Research 
Laboratory) 

Figure Bb - The Pulse Amplifier and 
Discriminator (PAD) payload unit 
(courtesy of Netherlands Space Research 
Laboratory) 

Figure 9 - Summary programme 
schedule 

The data from the Tycho experiment will 
be processed by a Tycho Data-Analysis 
Consortium, also led by Dr. HcDg. 

Early operations 
Hipparcos will be launched from ESA's 
Kourou launch base in French Guiana 
(Centre Spatial Guyanais) in a dual
launch configuration by an Ariane vehicle 
into geostationary transfer orbit. Injection 
into near-synchronous orbit will be 
achieved with the satellite's own Mage-2 
solid-propellant motor. Tracking will be 
performed by the four-station Launch 
and Early Orbit Phase (LEOP) network of 
ground stations operated by ESOC. 

Distinctive features of the near
synchronous orbit are an initial inclination 
of less than 1° to the equator, sufficient to 
avoid the need for north-south station
keeping manoeuvres during the 2' /2 year 
mission, and spin-stabilisation of the 
satell ite at 60 rpm about an axis normal to 
the orbital plane (the resu lt of thermal
control and optical-attitude-sensor design 
trade-offs). Only after final station 
acquisition will the satell ite be despun, its 
solar panels deployed, and the nominal 
attitude-control law put into operation. The 
sequence of operations from launch to 
the start of the scientific mission is 
summarised in Figure 10. 

Conclusion 
In the words of Dr. Freeman J. Dyson of 
Princeton University, in a presentation to 
the US National Academy of Sciences and 
National Air and Space Museum 25th 
Anniversary Symposium on Space on 
14 October 1982, in Washington DC: 
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the hipparcos mission 

Figure 10 - Sequence of operations for 
the launch and early operational phases 
of the Hipparcos mission 

1. ARIANE THIRD-STAGE BURNOUT AND INJECTION INTO TRANSFER ORBIT 
2. ORIENTATION OF COMPOSITE (THIRD STAGE + PAYLOAD) & SPIN UP 

(MAX 10 RPM) BY THIRD-STAGE A TIlTUDE CONTROL AS REQUIRED BY 
COMPANION SATELLITE 
SEPARATION OF UPPER SATELLITE 

3. ORIENTATION OF COMPOSITE (THIRD STAGE + LOWER PASSENGER + 
SYLDA) AND SETIlNG OF SPIN RATE (MAX. 10RPM) AS REQUIRED BY 
LOWER PASSENGER (HIPPARCOS) 
SEPARATION OF UPPER PART OF SYLDA AND OF HIPPARCOS 

4. SATELLITE ACQUISITION BY LEOP GROUND STATION NETWORK 
FULL SPIN UP 
START OF ORBIT AND ATIITUDE RESTITUTION 
FINE SPIN-AXIS ORIENTATION 

5. TRANSFER-ORBIT PHASE (35 ORBITS UP TO NOMINAL APOGEE) 

6. ORBIT AND ATIITUDE RESTITUTION 
SATELLITE MONITORING 

7. APOGEE-MOTOR FIRING 
8. REORIENTATION OF THE SPIN AXIS PERPENDICULAR TO THE NEAR

STATIONARY-ORBIT (NSO) PLANE 
9. NSO PHASE ( -12 ORBITS BEFORE STATION ACQUISITION) 

10. SATELLITE DESPIN 
POINTING OF THE Z-AXIS TOWARDS THE SUN 

11 . DEPLOYMENT OF SOLAR PANELS AND 'FILL IN' ANTENNA 
12. SLOW ROTATION ABOUT THE Z-AXIS (-170 DEG/H) 

PAYLOAD CALIBRATION (STAR MAPPER) 
OBTAINING OF A PHASE REFERENCE AROUND THE SUN BY 
OPERATION OF STAR MAPPER 

13. POINTING OF THE Z-AXIS TO THE STARTING POINT 
PAYLOAD CALIBRATION 
NORMAL OPERATION 

'Hipparcos is an astrometric satellite, 
designed to do nothing else than 
measure very accurately the angular 
positions of stars in the sky. It will give 
positions about ten times as accurate as 
those measured by ground-based 
telescopes. This sounds like a modest and 
unrevolutionary objective, but in fact the 
improvement of positional accuracy is of 

information about the constitution and 
evolution of stars and about the 
dynamical behaviour of our galaxy. The 
Hipparcos mission also includes a 
completely automated data processing 
system on the ground, so that star 
positions will not be measured laboriously 
one at a time, but will be computed in 
batches of a hundred thousand. The 
data-processing system will be a more 
revolutionary improvement of the state of 
the art of astrometry than the satellite itself'. 

To make the Hipparcos mission possible, 
quite a number of technical difficulties 
have had to be tackled, but progress in 
the development work conducted so far 
makes us confident that this 
unprecedented space mission will be 
successful in meeting the demanding 

central importance to astronomy . ... . . In 
this and other ways, the data from 
Hipparcos will give us a wealth of new 

goals that have been set for it. ~ 
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We are now entering an era in which we 
will see a concerted effort to exploit the 
opportunities opened up by the last ten 
years of manned space activities. In the 
next few months, Europe must decide on 
the degree and content of its 
participation in the US Space Station 
Programme, for which Spacelab and 
Eureca represent an excellent starting 
point. 

Space lab is not only a successful 
technological achievement, it also 
represents Europe's entry into manned 
space activities. The Eureca system, to 
be launched in early 1988, will 
demonstrate the technology required for 
the free-flying elements of the Space 
Station. It will constitute a first European 
demonstration mission for free-flying, 
autonomous, unmanned systems, whilst 
at the same time serving as a test-bed 
for Space-Station technology. 

Figure 1 - Spacelab in the Shuttle 's 
payload bay (Spacelab-1 configuration) 

30 

Spacelab and Eureca as a Basis 
for European Involvement in The 
Space Station 

R. Mory, Eureca Programme Manager, Directorate of Space 
Transportation Systems, ESA, Paris 

The combination of the Shuttle and 
Spacelab represents a milestone in 
US - European cooperation, providing as 
they do the World 's first re-usable Space 
Transportation System equipped with a 
large, shirt-sleeve-environment laboratory 
(Fig. 1). With their availabi lity, we have the 
potential for manned space ventures for a 
wider range of applications, including life 
and materials sciences, which have as yet 
not been deeply explored. 

Europe is at a crossroads in the evolution 
of space flight. President Reagan's 
decision to initiate the Space-Station 
Programme, taken back in January 1984, 
was linked with an invitation to 'friends 
and allies' to participate in the 
Programme. Preparation for this 
participation is now fully under way in 
Europe. 

The results of the Spacelab-1 mission 
have been very encouraging and further 
Spacelab missions in the late 1980s will 
prepare the ground for Space-Station 
operations with selected research and 
application activities. 

Eureca, the European Retrievable Carrier, 
will be available from 1988 onwards to 
carry into orbit and support microgravity 
missions, before being retrieved six to nine 
months later by the Shuttle for return to 
Earth (Fig. 2). If adapted to the mission 
objectives of other interested disciplines 
(i.e. Earth observation, science). Eureca 
will be an important operational tool for 
these other areas also. Furthermore, it 
provides the basis for the development of 
free-flying platforms in the framework of 
the in-orbit infrastructure foreseen for the 
turn of the century. 
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Figure 2 - Artist's impression ofthe 
Eureca platform 

All in all, in Eureca and Spacelab, Europe 
already possesses two elements that, 
suitably modified, can form a very 
worthwhile part of the European 
contribution to the Space Station. 

Spacelab's development and integration 
Spacelab was designed, developed, 
funded and built by ESA as Europe's 
contribution to the NASA Space 
Transportation System. Considered one 
of ESA's most important programmes of 
recent years, Spacelab represents a 
European investment of almost one billion 
US dollars. An industrial consortium of 
some 50 firms in ten European countries 
has participated in the construction of the 
laboratory's hardware. 

NASA monitored Spacelab's development 
and was responsible for its integration 
and assembly for flight. Throughout the 
design and development process, the two 
Agencies worked closely together to meet 
the common objectives of the Spacelab 
Programme, such as the provision of 
versatile laboratory facilities, rapid user 
access and minimum interference with 
Shuttle turn-around activities. Operational 
concepts also influenced the design and 
construction of Spacelab elements, 
ensuring that the experiment, Spacelab 

Figure 3 - Principal features of Spacelab 

and Shuttle cycles of operation would 
dovetail smoothly. The Shuttle's 
development process had an impact on 
Spacelab's deSign, and vice versa. 

The Spacelab system 
Figure 3 shows the initial Spacelab 
configuration of 1973, based on studies 
by the Spacelab Consortium, with its still 
retained features of modularity and 
facilities for the rapid exchange of 
scientific payloads. When carried in the 

spacelab, eureca and space station 

Space Shuttle's payload bay, it converts 
the Shuttle into a versatile, in-orbit 
research centre. 

With its modern design and construction, 
Spacelab consists of several 
interchangeable components that can be 
assembled in different configurations to 
meet the needs of a particular scientific 
research mission. There are two major 
elements: a pressurised habitable 
laboratory called a 'Module', in which 
scientists can work without cumbersome 
space suits, and unpressurised platforms 
called 'Pallets', deSigned to support 
instruments such as telescopes, sensors 
and antennas, which require direct 
exposure to space (Figs4, 5). These 
elements may be used separately or in 
various combinations, returned to Earth 
and re-used on other flights. The services 
available to experimenters are 
summarised in Figure 6. 

The Spacelab mission 
Spacelab was first flown on the 
STS-9/Spacelab-1 mission, in November 
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Figure 2 - Artist's impression ofthe 
Eureca platform 
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Figure 4 - Typical Spacelab flight 
configurations 

Figure 5 - Spacelab Module and Pallet 
being hoisted into the Cargo Integration 
Test Equipment (CITE) 

mission was to verify the laboratory's 
integrity and to test the thousands of 
structural , mechanical and electronic 
components that it contains. Special 
flight instrumentation therefore 
formed an important element of that 
payload. 

As a second objective, four tons of 
experiments were carried, representing a 
total of 70 experiments, the highest 
number ever flown on a single mission. Of 

11 LONG-MODULE 
CONFIGURATION 

the European instruments, developed 
under national funding, the material
sciences experiments tested low-gravity 
techniques for materials processing. 
These experiments take advantage of the 
microgravity conditions for studies in such 
areas as tribology, fluid physics, crystal 
growth and metallurgy. 

The Spacelab-1 mission proved extremely 
successfu l and, in both Europe and the 
USA, the Spacelab Programme is 
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considered to be the largest and most 
successful example of international space 
cooperation to date. 

With the successful STS-9 flight, Europe 
has made its entry into the domain of 
manned spaceflight. The managerial and 
technical knowhow acquired over more 
than a decade has reached fruition with 
the demonstration of Spacelab's 
outstanding capabilities. 

TodayEurope, as a result of its 
substantial investments in the Spacelab 
Programme, has at its disposal the 
industrial infrastructure needed to 
develop, manufacture and qualify several 
of the essential elements of a manned 
space system. 

Eureca's development 
Another important tool in preparing for 
further cooperation in the framework of 
the Space Station Programme will be the 
European Retrievable Carrier, available 
from 1988 onwards for microgravity 
missions. 

With the Eureca system, the Agency will 
be providing the user community with the 
first European retrievable carrier for long
duration missions. By extending the 
capabilities of the available re-usable 
systems such as Spacelab, Eureca will 
bridge the gap until the availability of the 
Space Station. The system has been 
designed as a multipurpose carrier, with a 
dedicated microgravity payload to be 
carried during the first flight. Studies to 
define Eureca's utilisation for astronomy 
missions, Earth observation, solar physics 
and technology missions are currently 
being completed. 

The Eureca system 
The Eureca payload carrier now under 
development incorporates the more 
attractive features of Spacelab (high mass 
and power capability, recovery) and those 
of conventional expendable satellites 
(extended operating time, pollution-free 
environment). Moreover, Eureca is 
commensurate with the size of payload 
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that can currently be developed 
economically in Europe (Table 1). 

Eureca will be boosted to a height of 
about 525 km from the Shuttle's low Earth 
orbit by its own thruster system and this 
orbital altitude will slowly decrease during 
the carrier's period of operation. At the 
end of the mission, Eureca will 
rendezvous with the Shuttle to be retrieved 
and returned to Earth, leading to a 
mission profile of the type shown in 
Figure 7. The major system requirements 
are summarised in Table 2. 

The framework of the Eureca primary 
structure is made up of standardised 
high-strength carbon and titanium struts 
and elements borrowed directly from the 
SPAS (Shuttle Pallet Satellite) structure. 

LAUNCH 

Figure 6 - Space/ab services to users 

Figure 7 - Eureca flight profile 

Spacelab configuration 

Payload weight (kg) 

Volume for experiment 

equipment 
Inside module (m' ) 

On pallet (m ' ) 

Pallet mounting area (m 2) 

Electrical power 

(28 V DC 115/200 V at 400 Hz AC) 

:':.o\. . .:::~~ _::l 

Short module 

+9 m pallet 

- 4950 

8 

100 

51 

Average (kW) 2.5 - 4.0 

Peak (kW) 7 

Energy (kWh) - 250 

;,~~O -

Long module 

- 4800 

22 

2.5- 4.5 

8 
-300 

spacelab, eureca and space station 

1 __ ::-_~. 

15 m pallet 

- 7650 

167 

85 

4.5- 5.5 

9 
-550 

Independently 

suspended pallet 

- 8800 

100 

54 

4.5- 5.5 

9 

- 550 

Experiment-support computer 

with central processing unit 

and data acquisition system 

64 K core memory of 16 bit words, 350000 operations per second, 15 K core available 

to users 

DEPLOYMENT 

SHUTILE It 

t 

~ 
LANDING~ I LAUNCH 

\ ~ 
DEORB~ 

~ 
~ LANDING~ 

APPROX. 6 MONTHS OPERATIONS. AND UP TO 2 MONTHS UNTIL RECOVERY. 
-----

LAUNCH BEGIN OF MISSION 

OF EURECA 
ON SHUTTLE I 

SHUTTLE 11 : LAUNCH RECOVERY LANDING 

33 

that can currently be developed 
economically in Europe (Table 1). 

Eureca will be boosted to a height of 
about 525 km from the Shuttle's low Earth 
orbit by its own thruster system and this 
orbital altitude will slowly decrease during 
the carrier's period of operation. At the 
end of the mission, Eureca will 
rendezvous with the Shuttle to be retrieved 
and returned to Earth, leading to a 
mission profile of the type shown in 
Figure 7. The major system requirements 
are summarised in Table 2. 

The framework of the Eureca primary 
structure is made up of standardised 
high-strength carbon and titanium struts 
and elements borrowed directly from the 
SPAS (Shuttle Pallet Satellite) structure. 

LAUNCH 

Figure 6 - Space/ab services to users 

Figure 7 - Eureca flight profile 

Spacelab configuration 

Payload weight (kg) 

Volume for experiment 

equipment 
Inside module (m' ) 

On pallet (m ' ) 

Pallet mounting area (m 2) 

Electrical power 

(28 V DC 115/200 V at 400 Hz AC) 

:':.o\. . .:::~~ _::l 

Short module 

+9 m pallet 

- 4950 

8 

100 

51 

Average (kW) 2.5 - 4.0 

Peak (kW) 7 

Energy (kWh) - 250 

;,~~O -

Long module 

- 4800 

22 

2.5- 4.5 

8 
-300 

spacelab, eureca and space station 

1 __ ::-_~. 

15 m pallet 

- 7650 

167 

85 

4.5- 5.5 

9 
-550 

Independently 

suspended pallet 

- 8800 

100 

54 

4.5- 5.5 

9 

- 550 

Experiment-support computer 

with central processing unit 

and data acquisition system 

64 K core memory of 16 bit words, 350000 operations per second, 15 K core available 

to users 

DEPLOYMENT 

SHUTILE It 

t 

~ 
LANDING~ I LAUNCH 

\ ~ 
DEORB~ 

~ 
~ LANDING~ 

APPROX. 6 MONTHS OPERATIONS. AND UP TO 2 MONTHS UNTIL RECOVERY. 
-----

LAUNCH BEGIN OF MISSION 

OF EURECA 
ON SHUTTLE I 

SHUTTLE 11 : LAUNCH RECOVERY LANDING 

33 



G bulletin 42 

The carrier will weigh approximately 
4000 kg at launch, including 1000 kg of 
payload. It is presently 245 m long and fits 
comfortably into the 4.6 m diameter cargo 
bay. 

Eureca's thermal-control system uses 
space-proven passive tech niq ues 
combined with active heat-rejection by 
means of a fluid loop dissipating thermal 
loads into space through two radiator 
panels. Experiments and equipment will 
be cooled either with cold plates or with 

Table 1 - Some key data for Eureca 
(appropriate for the first mission) 

Mass: Total: 4000 kg 
Available 
to payload: 1000 kg 

Power: Available 
to payload 1000W 
Peak: 1500W 
Total max.: 5300W 

Mission 
duration: 

6 months + 3 months (dormant) 
5 missions total 

Date rate: High speed: 
Low speed: 
Data storage: 

Attitude pointing accuracy: ± 10 (3 a) 

Microgravity: 10 - 5 < 1 Hz 

10 3 > 100 Hz 

256 kbitls 
2 kbitls 

128 Mbit 

Table 2 - Major system requirements 

• Reference orbit 525 km altitude, 28.5 inclination 
• Deploymentlretrieval orbit 160 nm/170 nm 

altitude, 28.50 inclination 

• Orbital transfer manoeuvres for change of 
altitude, orbital plane and phase 

• Eureca operational modes: 
- experiment operation 6 months 
- semi-dormant, thereafter until retrieval by 

Orbiter appr. 3 months later 

- miSSion contingency up to further 9 months 

• Lifetime: 5 missions or 10 years 
• Minimise length in launch configuration to 

minimise STS cost 

• Launch mass 4000 kg with a payload mass of 
1000 kg 

• Flight operations control from ESOC (Darmstadt) 
• Transportable with commercial aircraft 

(Boeing-747) 
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Figure 8 - Design and operational 
aspects 

fluid flowing directly to the interiors of the 
experiments. 

An electrical power subsystem generates, 
stores, conditions and distributes power 
(5000 W output) to all subsystem units 
and instruments. Deployable and 
retractable solar arrays are used to 
provide 1000'N of continuous power to 
the payload in both sunlight and eclipse. 

Attitude and orbit control is provided by a 
monopropellant system with eight 
hydrazine thrusters (20 Newton) for orbit
change manoeuvres, and a cold-gas 
system combined with reaction wheels 
with magnetic torquers for fine attitude 
control. Eureca will be three-axis stabilised 

The present system, as well as several 
subsystems, has growth capabilities, 
either because existing designs and 
hardware can be re-used or because the 
design of existing hardware is flexible 
enough to allow increases in performance 
without major redesign. Studies to 
investigate the requirements for various 
mission applications have led to a final 
design that facilitates adaptation to other 
missions, such as technology, Earth 
observation, solar-physics missions, and 
astronomy. In addition to serving its 
primary role as a re-usable 
payload carrier, therefore, the Eureca 
system will contribute considerably to the 
future Space-Station scenario in several 
respects: 

and Sun-pointing in its normal operating • The capabilities provided by Eureca 
in terms of power generation, heat 
rejection, orbit-to-ground 
communication, attitude control, and 
orbital transfer could be applied, with 
the necessary growth factor, to 
Space-Station elements once 
qualified on Eureca flights. 

mode, with an attitude accuracy of ± 10. 

The data-handling subsystem for Eureca 
is based on Spacelab hardware and has 
storage capacity of 128 Mbits (bubble 
memory) . Eureca will have its own 
communications system providing a 
telemetry high-rate channel with 256 kbitls • 
and 2 kbitls for the telecommand channel. 

In addition, Eureca constitutes an 
ideal test bed for in-orbit 

EURECA SYSTEM - TEST BED FOR SPACE STATION/COLUMBUS 
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Figure 9 - Rendezvous and docking 
demonstration 

Figure 10 - Eureca in the Columbus 
scenario. In-orbit-servicing demonstration 
mission, with Eureca in the 
Handling/Positioning Aid (HPA) 

Figure 11 - Spacelab Modules and 
Eureca attached to the Space Station 

demonstration of such technologies 
as inter-orbit communication, 
rendezvous and docking, and in-orbit 
servicing, all of which are essential to 
Europe achieving its long-term 
objectives in space (Figs. 8,9). 

• Eureca constitutes a demonstration 
mission for Europe in the fields of 
ground processing, launch, retrieval, 
in-orbit operations, and payload 
processing, all of which will be a part 
of the future Space-Station scenario 
(Fig. 10). 

• Eureca will be a co-orbiting Space
Station element, able to provide the 
advantages of an unmanned 
automatic platform. This platform, 
however, requires improvement and 
adaptation to be compatible with the 
Space-Station Programme's overall 
objectives (Fig. 11). 

The Long-Term Preparatory Programme 
(LTPP) 
In order to prepare for the major decisions 
that Europe has to take in deciding on its 
space-transportation elements for the 
1990s, ESA's Member States have 
entrusted the Agency with a so-called 
'Long-Term Preparatory Programme 
(L TPP) '. Major emphasis in the L TPP 
studies has been given to a nearer-term 
goal, to prepare for European 
participation in the US Space Station 
Programme, concentrating in particular 
on: 

a pressurised module, with emphasis 
on a laboratory module 
co-orbiting platforms to be serviced 
from the Space Station, and/or 
platforms in polar orbit to be serviced 
by the Space Shuttle. 

The Columbus initiative 
The offer made by the US President to 
participate in the development of the 
Space Station has, as already said, been 
carefully considered by Europe. On the 
basis of the experience gained from the 
successful Spacelab Programme, the first 
technical proposals have been 
elaborated jOintly by Germany and Italy 
and submitted to the Agency for further 
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action under the programme name 
'Columbus' (Table 3). 

The initial aim of the Columbus 
Programme was to investigate Europe's 
options for participation in the Space 
Station and to elaborate a first 
programme proposal. This activity 
resulted in a proposal to ESA for the 
Europeanisation of the project. Based on 
this initiative, and on the results of ESA's 
own Space-Station studies, the Agency 
was authorised by its Council to 
undertake a 'Preparatory Space-Station 
Programme'. 

The basic space segment of the 
Columbus Programme (Fig. 12), as 
proposed by Germany and Italy for 
inclusion in the cooperative venture with 
the United States, consists of: 

pressurised modules, derived from 
Spacelab elements, permanently 
manned when docked to the Space 
Station and man-tended when free
flying 

Table 3 - The Columbus initiative 

• German/Italian effort at national level resulted in 
Columbus Programme 

• COlumbus presented to ESA for Europeanisation 
(June 1984) 

• Columbus comprises: 

Space segmenl 
- pressurised module 
- resource module 
- platform 
- service vehicle 

Ground segmenl 
- payload Integration and control 
- ground support equipment 
- crew training/mission sim ulation 

DemonslrallOn missions 
- pressurised module docked to Station 

(mlcrogravlty) 
- free-flYing platform In polar orbit or 

co-orbi ting with Station 

• Being studied by ESA as preparatory Space 
Station Programme and as basIs for 
cooperation with NASA 
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Figure 12 - Columbus elements: Manned 
service vehicle docked to free-flying 
pressurised laboratory 

a payload carrier derived from 
systems already developed or under 
development in Europe (SPAS, 
Eureca, etc.) carrying a variety of 
experiments and serviced from the 
Space Station or the Space Shuttle 
when docked or free-flying, 
respectively 
resources modules providing 
resources to the free-flying 
pressurised modules or to the 
payload carrier 
a servicing vehicle to support free
flying modules or platforms is also 
included as a possible long-term 
extension to the Columbus 
Programme. 

Two demonstration missions are presently 
included in the Columbus Programme: 

a pressurised module, docked and 
serviced by the Space Station 
(Fig. 13a) 
a free-flying platform, composed of 
the payload carrier and the resources 
module, either co-orbiting with the 

Space Station or in a polar orbit 
(Fig. 13b). 

Figure 14 shows the planning for Eureca 
in the context of the Columbus scenario. 

Future activities 
The ESA Council, meeting at Ministerial 
Level in Rome on 30 and 31 January 1985, 
welcomed and endorsed the Agency's 
proposal to undertake the Columbus 
Programme, as a significant part of the 
International Space Station Programme. It 
is currently estimated that the Columbus 
Programme will cost 2600 Million 
Accounting Units up to 1995, including a 
three-year period of operation and initial 
utilisation. 

The major tasks during the coming 
months will be to make a preliminary 
definition of the European elements and 
to negotiate with NASA satisfactory 
conditions for the European participation. 
Candidate systems for inclusion in the 
cooperative Space-Station Programme 
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action under the programme name 
'Columbus' (Table 3). 
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the United States, consists of: 

pressurised modules, derived from 
Spacelab elements, permanently 
manned when docked to the Space 
Station and man-tended when free
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(June 1984) 
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- platform 
- service vehicle 

Ground segmenl 
- payload Integration and control 
- ground support equipment 
- crew training/mission sim ulation 

DemonslrallOn missions 
- pressurised module docked to Station 

(mlcrogravlty) 
- free-flYing platform In polar orbit or 

co-orbi ting with Station 

• Being studied by ESA as preparatory Space 
Station Programme and as basIs for 
cooperation with NASA 
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Figure 12 - Columbus elements: Manned 
service vehicle docked to free-flying 
pressurised laboratory 
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proposal to undertake the Columbus 
Programme, as a significant part of the 
International Space Station Programme. It 
is currently estimated that the Columbus 
Programme will cost 2600 Million 
Accounting Units up to 1995, including a 
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Figure 13. - (a) Pressurised module 
(intemallayout) to be docked to Space 
Station; (b) Pressurised module in free
flying configuration in conjunction with 
servicing vehicle 

Figure 14 - Time lines for the Eureca and 
Columbus scenarios 

and their utilisation will be studied. The 
contents of a preliminary definition and 
design phase (Phase-B) and a related 

Technology Programme have already 
been approved earlier this year. The 
Phase-B programme itself will be 
conducted in two parts: Phase-B1 will see 
the study of a number of options for 
European participation based on the 
Columbus elements study. The scope and 
final content of a participation will emerge 
at the end of 1985. The chosen Space 
Station will undergo detailed design 
during Phase-B2 and plans wi ll be 
prepared at that time for the industrial 
development phase. 

The European Phase-B activities will be 
conducted in parallel with the NASA 
Phase-B effort The conditions for the 
European participation in Phase-CI D 
(development) and Phase-E (operations 
and utilisation) will be negotiated with the 
United States and will result, at the end of 
1986, in an Agreement between the US 
and the participating European States on 
the cooperation in the Space Station 
Programme and its period of validity. A 
Memorandum of Understanding between 
NASA and ESA defining the mutual 
relationships and mechanisms for 
coordination and exchange of 
information during Phase-B is currently in 
preparation. 

Conclusions 
The major interest of an eventual 
European participation in the US Space
Station Programme is to continue the 
trans-Atlantic cooperation in manned 
space flights and to give the European 
user community access to the overall 
Space Station (Table4). This cooperation 
must, however, result in scientific, 
technical and economic benefits. The 
promise of commercial space processing 
is, in fact, one of Europe's major 
motivations for investment in man-tended 
research laboratories and free-flying 
platforms. In addition, a fundamental 
European consideration for the 
cooperation is the European element(s) 
that should be considered an important 
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Figure 15 - Unmanned co-orbiting 
platform 

RESOURCE TRANSFER INTERFACE 
ROTATION AND SWIVEL MECHANISM 

PAYLOAD 
SUBCARRIER TRAIN 
(EURECA DERIVED) - __ ~~ 

SUPPLY MAST 

PAYLOAD SUBCARRIER TRAIN 
(PALLET DERIVED) 

Table 4 - Europe 's interest in a Space 
Station 

PartiCipation in the Space Station Programme will 
allOW Europe to: 

• Continue the trans-Atlantic cooperation in 
manned spaceflight 

• Build on technical and management experience 
already gained 

• Evolve towards the long-term goal of 
autonomous European manned space activities 

• Provide access to the overall Space Station for 
the European user community, e,g, in the areas 
of: 
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- microgravity (life sciences, material sciences, 
space processing) 

- space sciences (in LEO and higher Earth 
orbits) 

- Earth observation (in particular, polar 
platform) 

- space technology 
- preparation for commercial space 

exploitation 

and essential part of the Space Station's 
Initial Operational Capacity (IOC), 

Certainly, Spacelab and Eureca represent 
solid investments for the future, and 
Europe can build on the engineering, 
technical and managerial experience 
gained from these two programmes, 
Spacelab lends itself to being developed 
as an essential part of the permanently 
manned Space Station and the basic 
Eureca principles can lead to an 
unmanned platform that can be visited by 
Shuttle astronauts, or which can be 
serviced at the Space Station when 
docked (Fig, 15), 

Only the results of future studies and the 
imminent negotiations will decide the 
actual content of ESA's future Space 
Transportation System programmes, 

RESOURCE 
MODULE 

Comprehensive activities are currently 
under way in Europe to prepare for trans
Atlantic cooperation in the Space-Station 
Programme and the coming months will 
be a challenging run up to the final 
decision, 
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Marecs 

Marecs-A, lance le 19 decembre 1981, a 
boucle avec succes sa troisieme annee en 
orbite et continue encore a rendre des 
services tres satisfaisants a INMARSA T. 

Apres le lancement reussi de Marecs-B2 le 
9 novembre 1984, le satellite a atteint sa 
longitude orbitale definitive de 177,PE le 
20 decembre 1984, la phase de prise en 
mains et d'essais de recette ayant ete 
menee a bien. 

Le contrat de location passe avec 
INMARSA T pour les services de 
telecommunications est devenu effectif le 
1 er janvier 1985; les services operationne/s 
ont commence le 8 janvier. Depuis cette 
derniere date, Marecs-B2 est le satellite 
operationnel pour la region de /'Ocean 
Pacifique et fonctionne parfaitement. 

Telescope spatial 

Activites de la NASA 
L 'ensemble du telescope optique, ayant 
ete livre a Lockheed Missiles Space 
Corporation, est maintenant en cours 
d 'integration dans le Module de servitude. 
Les essais d'intertace electrique avec les 
cinq instruments se sont deroules au 
ralenti du fait de problemes avec le 
logiciel d'essais au sol de la NASA. Le 
projet reste conforme au calendrier pour 
le lancement d'un telescope spatial d'ici a 
la mi-1986. 

Generateur solaire 
Les essais d' homologation des cellules 
solaires en vue de qualifier la nouvelle 
nappe de cellules jusqu' a 30000 cycles 
thermiques ont rencontre des difficuttes. 
Deux echantillons ont accuse des 
conditions de circuit ouvert apres 12000 
cycles, ce qui equivaut a deux annees de 
fonctionnement. La fabrication de 
I'ensemble des panneaux solaires a ete 
interrompue jusqu'a ce que ce probleme 
trouve une solution. 

Space Telescope's Optical Telescope Assembly 
being integrated with the Focal Plane Assembly at 
Lockheed's premises in California 

Integration de J'ensemble optique du Telescope 
spal1al a J'ensemble du plan focal chez Lockheed en 

CalJfornie 
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Les mecanismes de deploiement 
secondaires de vol1 et 2 ont acheve leurs 
essais de vibration apres que des 
problemes poses par le dispositif de . 
verrouillage du tambour aient Me resolus. 

Chambre pour objets faibles 
Apres I'etalonnage sous vide du 
detecteur a f196, le detecteur a fl48 a ete 
enleve et remplace par le detecteur de 
rechange.1I n'a pas ete besoin de nouvel 
etalonnage car ce detecteurlde rechange 
avait deja ete installe dans la chambre 
pendant I'etalonnage effectue en jUlllet 
1984. Celle-ci a ensuite ete transportee du 
Centre de vo/s spatiaux Goddard (GFSC) 
chez Lockheed Missiles Space 
Corporation, ou il subit actuellement un 
contr61e d' arrivee. 

Ulysse 

A environ quinze mois du lancement, on a 
entrepris de recertifier le satellite apres sa 
periode de mise en sommeil. T outes les 
experiences et tous les sous-systemes ont 
ete remis en etat et reessayes dans la 
mesure du necessaire, et la construction 
du satellite lui-meme est maintenant en 
cours. Dans les mois a venir, celui-ci 
subira une serie d'essais, y compris un 
essai de vide-temperature, la date 
d' acMvement etant prevue pour le debut 
septembre. Cela laisse une marge de trois 
mois avant expedition jusqu 'au lieu de 
lancement a la fin de /' annee. 

Une etude breve, mais tres intensive, a ete 
effectuee au cours de ces derniers mois 
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ete remis en etat et reessayes dans la 
mesure du necessaire, et la construction 
du satellite lui-meme est maintenant en 
cours. Dans les mois a venir, celui-ci 
subira une serie d'essais, y compris un 
essai de vide-temperature, la date 
d' acMvement etant prevue pour le debut 
septembre. Cela laisse une marge de trois 
mois avant expedition jusqu 'au lieu de 
lancement a la fin de /' annee. 

Une etude breve, mais tres intensive, a ete 
effectuee au cours de ces derniers mois 



Marecs 

Marecs-A, launched on 19 December 
1981, has successfully completed its third 
year in orbit and still continues to give 
very satisfactory services to INMARSAT. 

After the successful launch of Marecs-B2 
on 9 November 1984, the spacecraft 
arrived at its final orbitallqngitude of 
177SOE on 20 December 1984, with the 
commissioning and acceptance-test 
phase successfully completed, 

The lease contract with INMARSAT for 
communication services started on 
1 January 1985, while operational services 
commenced on 8January, Since this last 
date, Marecs-B2 has been the operational 
spacecraft for the Pacific Ocean Region 
and has been performing flawlessly, 

Space Telescope 

NASA activities 
The optical-telescope assembly, having 
been delivered to Lockheed Missiles 
Space Corporation (MSC), is now being 
integrated with the Support System 
Module (SSM), Electrical-interface testing 
with the five instruments has proceeded 
slowly due to problems with the NASA 
ground test software, The project remains 
on schedule for a Space Telescope 
launch by mid-1986, 

Solar array 
Cell type-approval tests to qualify the new 
blanket to 30000 thermal cycles have run 
into trouble, Two samples showed open
circuit conditions after 12000 cycles, 
equivalent to two years of operation, 
Solar-panel-assembly manufacture has 
been halted until this problem can be 
resolved, 

The flight-1 and -2 secondary deployment 
mechanisms have completed vibration 
testing after problems on the drum lock 
device had been resolved, 

Faint Object Camera 
Following the vacuum calibration of the 
FOC's f/96 detector, the f/48 detector was 
removed and replaced by the spare, No 
repeat calibration was needed as the 
spare had previously been in the FOC 
during the July 1984 calibration, The FOC 
was then transported from Goddard 
Space Flight Center (GSFC) to Lockheed 
MSC, where it is now going through 
incoming inspection, 

Ulysses 

With the launch of Ulysses some fifteen 
months away, activity has now started on 
the recertification of the spacecraft after 
its storage period, All of the experiments 
and subsystems have been refurbished 
and retested where necessary and the 
build-up of the spacecraft itself is now 
under way, During the coming months it 
will undergo a series of tests, including a 
thermal-vacuum test, with an estimated 
completion date of early September, This 
allows a three-month buffer period before 
shipment to the launch range at the end 
of the year. 

A brief, but very intensive, study was 
carried out during the last few months 
when analysis and test appeared to 
indicate that a minute possibility existed 
that, in the event of certain launch-pad 
explosions, an escape could take place of 
the radioactive material from the 
Radioisotope Thermoelectric Generator 
(RTG) used to power the spacecraft. 
DeSigns were prepared of a blast shield to 
protect the RTG from the explosion, 
However, more recent work has shown 
that the risk is less than earlier predicted 
and this work has been stopped, 

The major activity over the last months 
has been the build-up of the operations 
activity, both in planning the launch and 
in the preparation of software and 
procedures for post-launch operation of 
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Essai du mecanisme de deploiement du generateur 
sola ire du Telescope spatial a/' ESTEC 

Space Telescope solar-array deployment 
mechanism under test at ESTEC 

the spacecraft. All of these activities, in 
Europe (ESOC) and in the USA (JPL) , are 
proceeding on schedule, 

Hipparcos 

The autumn of 1984 was a period of 
intense contractual activity, Meetings 
between ESA, the industrial prime 
contractor, and the subcontractors were 
held, at which the first details of the future 
subcontracts were established as well as 
the terms of the prime contract. The prime 
contract was subsequently finalised and 
signed just before Christmas, 

Industrial problems and technological 
difficulties associated with some optical 
elements for the satellite development 
programme will have some schedule 
impact, particularly in the near term, A 
detailed analysis is currently taking place 
to assess the overall extent of the 
problem, 

After some delays in the delivery of 
payload optical hardware, it has been 
possible, after recovery actions by the 
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lorsque /' analyse et les essais ont semble 
indiquer qu' if existait un tout petit risque 
de voir se produire, en cas d'explosion 
d' un certain type sur I' aire de lancement, 
une fuite de matieres radio-actives du 
generateur thermo-electrique a radio
isotopes servant a alimenter le satellite en 
energie. 11 a ete etabli des formules de 
conception d' un bouclier antisouffle 
destine a proteger le generateur contre de 
telles explosions. Cependant, des travaux 
plus recents ont montre que le risque eta it 
moins grand qu'on ne s'y attendait, et 
ces etudes ont ete interrompues. 

L' effort majeur de ces derniers mois a ete 
consacre a la mise sur pied des activites 
relatives aux operations, aussi bien pour 
planifier le lancement que pour preparer 
le logiciel et les procedures d'exploitation 
du satellite apres son lancement. Toutes 
ces activites, en Europe (ESOC) et aux 
Etats-Unis (JPL), se deroulent suivant les 
previsions. 

Hipparcos 

L'automne de 1984 a ete une periode 
d' activite contractuelle intense. Des 
reunions entre I'Agence, le maitre 
d' oeuvre industriel et ses sous-traitants 
ont permis de fixer les premiers details des 
futurs contrats de sous-traitance, ainsi 
que les dispositions du contrat de maitrise 

d' oeuvre. Ce dernier a ete ensuite mis 
dans sa forme definitive et signe juste 
avant Noel. 

Des difficultes industrielles et 
technologiques liees a certains elements 
optiques prevus pour le programme de 
realisation du satellite auront une certaine 
incidence sur le calendrier, en particulier a 
court terme. Une analyse detaillee a lieu 
actuellement pour apprecier I' ampleur de 
ce probleme. 

Apres quelques retards dans la livraison 
du materiel optique de la charge utile, if a 
ete possible, apres que des mesures de 
rattrapage aient ete prises par le maitre 
d'oeuvre, de mettre en route le 
programme de soutien relatif a la partie 
optique. Ce programme a deja apporte 
une experience utile pour I' integration et 
I'alignement du modele technologique du 
materiel de la charge utile. 

La structure principale de la charge utile, 
qui est faite de matiere plastique armee de 
fibres de carbone, a Ble livree au maltre 

42 

d' oeuvre pour le debut des activites 
relatives a la partie optique, a la structure 
et a la regulation thermique de la charge 
utile. 

Un modele mecanique du combinateur 
de faisceaux a ete assemble et a subi des 
essais thermiques sous vide. Les resultats, 
qui sont en cours d'evaluation, sont 
encourageants. Des tubes dissecteurs 
d'images et multiplicateurs de photons 
ont ete livres, certains avec des 
performances nettement superieures a 
celles du cahier des charges. 

Des membres de I'equipe de projet ont 
participe a la seconde 'foire aux idees' 
FAST qui s'est tenue a Marseille du 21 au 
25 janvier 1985. Les contributions des 
membres du consortium FAST y ont fait 
ressortir des progres incessants dans la 
mise au point d'algorithmes et de logiciels 
pour la reduction des donnees 
d' Hipparcos. 

Giotto 

Les essais au niveau du systeme se sont 
acheves courant 1984 sur les installations 
d'lntespace au CNES, a Toulouse. Le 
programme d'essais a donne 
generalement satisfaction en ce sens que 
I'on n'a pas observe d'anomalies 
notables dans des conditions de 
vibrations mecaniques sinusoidales
aleatoires et de vide thermique. 
Cependant on a constate que, lorsqu'on 
faisait subir au satellite des essais de 
simulation sola ire, les temperatures 
semblaient superieures de quelques 

Giotto being prepared for final electrical testing at 
the Intespace facility in Toulouse 

Preparation de Giotto aux essais electriques finals a 
Intespace a Toulouse 
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prime contractor, to initiate the Optical 
Support Programme. This Programme 
has already provided useful experience 
for the integration and alignment of the 
engineering-model payload equipment. 

The payload primary structure, made of 
carbon-fibre-reinforced plastic, has been 
delivered to the prime contractor for the 
start of optical/structural/thermal payload 
activities. 

A mechanical model of the beam 
combiner has been bonded and 
subjected to thermal-vacuum tests. The 
results, which are at present under 
evaluation, are encouraging. Image
dissector and photon-multiplier tubes 
have been delivered, and some have 
performances well above specification. 

Members of the project team participated 
in the Second FAST Thinkshop, in 
Marseille, on 21-25 January 1985. The 
contributions of the members of the FAST 
Consortium reflected continuing progress 
in the development of algorithms and 
software for the reduction of Hipparcos 
data. 

GioHo 
System-level testing was completed 
during 1984 at the Intespace facilities at 
CNES, Toulouse. The test programme 
was generally satisfactory in that no 
significant anomalies were observed 
under mechanical sine/random vibration 
and thermal vacuum. However, it was 
found that when subjected to solar
simulation testing, the spacecraft's 
temperatures appeared to be a few 
degrees higher than predicted by the 
thermal computer model. Diagnosis 
activities led to the conclusion that 
adjustments could be made by trimming 
of thermal radiators, and that in the 
context of the total programme it would 
not be appropriate to subject the 
spacecraft to a second solar-simulation 
test. 

Spacecraft-level activities continued with 
the exchanging of experiment units for 
calibrated flight models, and preparation 
for the demagnetisation and magnetic 
testing activities. These will be conducted 
at IABG (Munich) during March 1985. 

Progress on the Experiment Payload has 
generally proceeded well, although some 

schedule difficulties have been 
experienced with the Halley Multicolour 
Camera (HMC). These schedule 
difficulties have stemmed from the 
inherent complexity of the HMC software 
development, but will not affect the overall 
programme schedule. 

Pathfinder navigation planning, using 
imaging data from the Soviet Vega 
spacecraft, was given impetus with the 
successful launch of Vegas-1 and -2 in 
December 1984. Concerning the baseline 
navigation concept using Halley 
ephemerides derived from ground-based 
observations, work is continuing in 
collaboration with the International Halley 
Watch (IHW), and ESA is also intending to 
secure the services of some additional 
observatories to provide direct support to 
Giotto. 

The focus of the project will move to 
Kourou at the end of April with the 
spacecraft's arrival at the launch site to 
start the launch campaign. All basic 
campaign planning and equipment 
schedule work has been completed, with 
the intention of making the first launch 
attempt on 2 July 1985. 

ISO 

The ISO Project took a significant step 
forward in January when submissions 
were formally made by the scientific 
community for the focal-plane 
instruments. In the event, there were four 
proposals, which were broadly 
complementary in terms of satisfying the 
established scientific goals of the mission 
and which absorbed in total somewhat 
more than the foreseen satellite resources. 
The task ahead is therefore not so much 
one of selection of instruments, as of 
refining the payload so as to optimise the 
scientific return of the mission within the 
available resources. To this end, scientific 
and technical evaluation panels have 
been set up by the Astronomy Working 
Group and ESTEC, respectively, and the 
intention is to submit a finalised payload 
for approval by the Science Programme 
Committee (SPC) in June 1985. 

Concurrently with the experiment 
proposals, members of the scientific 
community were invited to apply for 
positions as Mission Scientists for ISO. 
Their task will be to assist in structuring 
the mission so as to provide the greatest 
overall scientific benefit, as well as to 
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advise on specific areas of interest. A total 
of 15 applications were received and, 
following advice from the Astronomy 
Working Group and the Space Science 
Advisory Group, five have been appointed 
by the Director of Science to serve for the 
next three years. 

On the technical front, a number of 
studies are under way. In particular, the 
Phase-A study was performed on the 
assumption that the launch vehicle would 
be an Ariane-2. However, Arianespace 
have now announced that in 1992 
Ariane-2 will no longer be available and 
consequently it will be necessary to use 
Ariane-4. This vehicle is more powerful, 
but also more expensive, which raises the 
possibility of alternatives that could not be 
considered in earlier studies due to 
launcher constraints. 

Olympus 

The payload Development Baseline 
Review (DBR) was held at the end of 
December 1984 and the second part of 
the system-level DBR between the Prime 
Contractor and ESA has now been 
scheduled for 6 March 1985. 

The propulSion module for the structural
model spacecraft was delivered to British 
Aerospace at the end of December and 
integrated with the service and 
communications modules in the new 
integration facility during January 1985. 
The completed spacecraft was then 
prepared for its modal-survey test and 
installed in the excitation test rig on the 
seismic block in Stevenage. The first 
multi point excitation test with the 
spacecraft loaded with simulated 
propellants was completed in February 
and the whole test series is expected to be 
finished in March. The spacecraft will then 
be transported to Canada for the 
series of dynamic tests. 

After reconfiguration, the thermal-model 
spacecraft completed its second series of 
system-level solar-simulation tests 
satisfactorily at JPL during December 
1984. The spacecraft has now been 
transported to David Florida Laboratories 
(Ottawa) for the appendage release tests 
to be conducted under thermal-vacuum 
conditions later in the year. 

Final preparations have been made to 
start the main integration activities on the 
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degres a celles qui etaient prevues par le 
modele thermique sur ordinateur. Oes 
activites de diagnostic ont amene a la 
conclusion qu'il etait possible de 
proceder a des corrections en ajustant les 
radiateurs thermiques, et que dans le 
contexte du programme d'ensemble il ne 
sera it pas approprie de faire subir au 
satellite un second essai de simulation 
sola ire. 

Les travaux au niveau du satellite se sont 
poursuivis avec I'echange 
d'appareillages pour experiences contre 
des modeles de vol etalonnes, et avec des 
preparatifs en vue des activites de 
demagnetisation et d'essais magnetiques. 
Celles-ci auront lieu a I'IABG (Munich) au 
cours du mois de mars 1985. 

Les travaux sur la charge utile scientifique 
se sont generalement bien deroules, 
encore que certaines difficultes de 
calendrier aient ete eprouvees avec la 
camera multichrome. Ces difficultes 
tenaient a la complexite intrinseque de la 
mise au point du logiciel correspondant, 
mais seront sans influence sur le 
calendrier global du programme. 

Les projets de navigation au 'mouchard' 
a I'aide des donnees d'image fournies 
par les sondes sovietiques Vega 1 et 
Vega 2 ont rec;;u un nouvel elan avec le 
lancement reussi de ces deux sondes en 
decembre 1984. En ce qui concerne le 
concept de navigation de base utilisant 
les ephemerides etablies a partir des 
observations au sol, les travaux se 
poursuivent en conjonction avec le 
programme de veille internationale mis 
sur pied pour surveiller I' approche de la 
comete, et I'Agence compte egalement 
s'assurer les services de quelques 
observatoires supplementaires pour 
fournir un soutien direct a Giotto. 

Le centre de gravite du projet se 
deplacera a Kourou a la fin du mois 
d' avril avec I' arrivee du satellite sur le lieu 
de lancement. Tous les travaux 
fondamentaux de planification de la 
campagne et d'etablissement du 
calendrier du materiel ont pris fin, 
I'intention etant de proceder a une 
premiere tentative de lancement le 2 juillet 
1985. 

Thermal model of Olympus undergoing solar
simulation testing at JPL, California 

Essal de simulation solaire du modele thermlque 
d 'Olympus au JPL en Californie 
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ISO 

Le projet ISO a fait un important pas en 
avant au mois de janvier lorsque des 
propositions en bonne et due forme ont 
ete faites par les milieux scientifiques pour 
les instruments au plan focal. En 
I'occurrence il y a eu quatre propositions, 
qui etaient plus ou moins complemen
taires quant a la satisfaction des objectifs 
scientifiques de la mission, et qui 
absorbaient au total un peu plus que les 
ressources prevues pour le satellite. La 
tache restant a accomplir n'est donc pas 
tant une tache de selection des 
instruments qu'une tache d'affinage de la 
charge utile de fac;;on a optimaliser les 
retombees scientifiques de la mission 
dans la limite des ressources disponibles. 
A cette fin, des comites d'evaluation 
scientifique et technique ont ete institues 
respectivement par le Groupe de travail 
charge des questions d' astronomie et par 
I'ESTEC, /'intention etant de soumettre 
une charge utile definitive a I' approbation 
du Comite des programmes scientifiques 
(SPC) en juin 1985. 

Concurremment aux propositions 
d'experiences, des membres de la 
communaute scientifique ont ete invites a 
solliciter des postes de 'responsable 
scientifique de mission' pour 150. Leur 
tache sera d' aider a mieux structurer la 

mission de fac;;on qu'elle procure le plus 
grand benefice scientifique global 
possible, et d' autre part d' agir en qualite 
de conseillers sur des domaines d'interet 
specifiques. Un total de 15 candidatures a 
ete rec;;u et, suite a I'avis donne par le 
Groupe de travail charge des questions 
d' astronomie et par le Groupe consultatif 
de science spatiale, cinq personnes ont 
ete nommees par le directeur scientifique 
pour les trois prochaines annees. 

Sur le plan technique, un certain nombre 
d'etudes sont en cours. En particulier, 
/' etude de phase A a ete executee dans 
/' hypothBse d' un lancement par Ariane-2. 
Or, Arianespace a maintenant annonce 
qu'en 1992 ce lanceur ne sera plus 
disponible, et par consequent il sera 
necessaire d' utiliser Ariane-4. Ce dernier 
est certes plus coQteux, mais aussi plus 
puissant, ce qui rend possibles des 
solutions de rechange qui n'avaient pu 
etre envisagees dans les etudes 
anterieures du fait des contraintes de 
lanceur. 

Olympus 

La Revue d'ensemble des bases de 
reference pour le developpement de la 
charge utile a eu lieu a la fin decembre 
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Integration du module de propulsion de modele 
mecamque d 'Olympus chez BAe El Stevenage 

Olympus structural-model propulsion module at 
British Aerospace in Stevenage 

service module of the electrical 
integration-model spacecraft (ElM) early 
in March 1985. In the meantime, 
integration of the ElM repeaters onto their 
respective communications-module 
panels has continued at the payload 
contractor. 

Flight-model spacecraft manufacture is 
progressing and the structure has been 
delivered in readiness for thermal 
equipping. 

The issue and subsequent evaluation of 
Invitations to Tender (ITT) for ground
station equipment is continuing. 

ERS-1 
At the end of November, the Industrial 
Policy Committee (IPC) approved the 
award of the main development 
(Phase-CID) contract to Dornier System. 
The kick-off meeting was held on 
14 December, and a schedule was 
established for the detailed negotiations 
with members of the industrial 
consortium. 

A number of technical progress meetings 
have been held with Dornier and major 
co-contractors, to cover the current status 
of designs. Special emphasis has been 
placed on power, thermal aspects and the 
payload-mass situation. Work is 
continuing on the preparation and review 
of major project documents, such as the 
Satellite Systems Requirements. The 
procurement of some time-critical 
components has been initiated. 

Meteosat 

Pre-operational programme 
The preparation of Meteosat-P2 for 
launch with the first Ariane-4 flight in June 
1986 is progressing on schedule. 
Electrical testing of the spacecraft is being 
performed at SNIAS's Cannes premises, 

using the new set of checkout equipment. 
Most of the subsystems and spares have 
been checked and no problems have 
occurred. 

The Laser Synchronisation from 
Synchronous Orbit (Lasso) experiment, 
originally scheduled to fly on the Sirio 
satellite, is being adapted to fly on P2. The 
objective of this experiment is to carry out 
time-comparison measurements 
employing laser techniques with an 
accuracy of 1 ns or better. The testing of 
mechanical parts is presently being 
performed, and preliminary results are 
under evaluation. Preparatory activities by 
the project, ESOC and Telespazio (Lasso 
coordination centre) for Lasso operations 
have been re-started. 

Meteosat operational programme 
For the first three months, the Programme 
is financed on the basis of the 1984 

programmes & operations 

budget, which was much lower than the 
budget proposed for 1985. 

The Legal Adviser to the Eumetsat Interim 
Unit took up his duties in early January, 
and preparation of the legal texts 
necessary for the setting up of Eumetsat 
has commenced. 

Space segment 
Most of the subsystem reviews have been 
performed, and the System Design Review 
will take place in early March. The 
respective data packages are under 
review by the various review panel 
members, in Toulouse, ESTEC, and 
ESOC. The objective of the Review is the 
release of the engineering model for 
integration. 

The project is progressing on schedule, 
and the launch period (Augustl 
September 1987) remains unchanged. 
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1984, et la seconde partie de la revue 
correspondante au niveau du systeme 
entre le maitre d'oeuvre et l'Agence est 
maintenant programmee pour le 6 mars 
1985. 

Le module de propulsion destine au 
modele mecanique du satellite a ete livre 
cl British Aerospace cl la fin decembre et 
integre aux modules de servitude et de 
telecommunications dans les nouvelles 
installattons d'integration en janvier 1985. 
Le satellite complet a ensuite ete prepare 
pour son essai d'analyse modale et a ete 
place sur le dispositif d'excitation 
surmontantle bloc sismique cl Stevenage. 
Le premier essai d'excitation multipoint 
avec le satellite charge de propergols 
factices a pris fin en fevrier, et il est prevu 
que toute la serie des essais sera terminee 
en mars. Le satellite sera a/ors transporte 
au Canada pour les essais dynamiques. 

Apres reconfiguration, le modele 
therm/que du satellite a subi avec succes 
au JPL, en decembre 1984, sa seconde 
serie d'essais de simulation so/aire au 
niveau du systeme. Le satellite a 
maintenant ete transporte aux David 
Florida Laboratories (Ottawa) pour les 
essais de liberation des organes annexes 
qui dOlVent etre conduits dans des 
conditions de vide-temperature plus tard 
dans J'annee. 

Les derniers preparatifs ant ete menes cl 
bien pour commencer les activites 
d'integration principales sur le module de 
servitude du modele d'integration 
electrique de satellite au debut du mois de 
mars 1985. Dans J'intervalle, J'integration 
des repeteurs dudit modele sur leurs 
panneaux respectifs cl I'interieur du 
module de telecommunications s'est 
poursuivie chez le contractant 
responsable de la charge utile. 

La construction du modele de vol du 
satellite progresse et la structure a ete 
livree, prete cl recevoir son equipement 
thermique. 

Le lancement des appels d'offres relatifs 
au matenel de la station sol, ainsi que 
J' evaluation des reponses, se poursuivent. 

ERS-1 

A la fin novembre, le Comite de la 
politique industnelle (lPC) a approuve 
J'adjud/cation du contrat pour la phase 
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de realisation principale (Phase-CID) cl 
Dornier System La reunion de mise en 
route a eu lieu le 14 decembre, et un 
calendrier a ete etabli pour les 
negociations detaillees avec les membres 
du consortium industrie!. 

Un certain nombre de reunions 
techniques d' avancement se sonttenues 
avec Dornier et les principaux 
co-contractants, pour examiner I'etat 
actuel des conceptions. Une attention 
speciale a ete pretee aux aspects 
energetiques et thermiques et au bilan de 
masse de la charge utile. Les travaux se 
poursuivent pour J'etablissement et le 
passage en revue des documents 
majeurs du projet, tels que le cahier des 
charges des systemes du satellite. 
L' acquisition de certains composants 
critiques pour le calendrier a ete entreprise. 

Meteosat 

Programme preoperationnel 
La preparation de Meteosat P2 en vue de 
son lancement dans le cadre du premier 
vol d'Ariane4 en juin 1986 se deroule 
conformement au calendrier. Des essais 
electriques du satellite sont en cours 
d'execution dans les locaux de la SNlAS 
cl Cannes avec J' aide du nouvel ensemble 
d'equipements de verification. La plupart 
des sous-systemes et des pieces de 
rechange ant ete verifies, et aucun 
probleme n'est apparu. 

L' experience Lasso de synchronisation 
par laser cl partir de J' orbite des satellites 
geostationnaires, qui devait cl J'origine 
prendre place sur le satellite Sirio, est en 
cours d'adaptation pour voler sur 
Meteosat- P2. L' objectif de cette 
experience est de proceder cl des mesures 
de comparaison entre horloges en 
utilisant des techniques laser avec une 
precision d' une nanoseconde ou mieux. 
Les essais de la partie mecanique sont en 
cours d'execution, et les resultats 
preliminaires sont en cours d'evaluation. 
L'equipe de projet, J'ESOC et Telespazio 
(centre de coordination de Lasso) ant 
repris leurs preparatifs d'operations. 

Program me operationnel 
Ce programme est, pour les trois premiers 
mois, finance sur la base du budget 1984, 
qui etait nettement inferieur au budget 
propose pour 1985. 

Le conseiller jundique du groupe 

assurant J'interim d'Eumetsat a pris ses 
fonctions debut janvier, et I'etablissement 
des textes juridiques necessaires cl la 
constitution d' Eumetsat a commence. 

Secteur spatial 
La plupart des revues de sous-systemes 
ant ete effectuees, et la 'revue de 
conception du systeme' aura lieu debut 
mars. Les dossiers respectifs sont en 
cours d'examen par les differents 
membres de la commission de revue, cl 
Toulouse, cl I'ESTEC et cl I'ESOC." s'agit 
de donner le feu vert au modele 
technologique en vue de J'integration. 

Le projet progresse conformement au 
calendrier, et la periode de lancement 
(aoQt-septembre 1987) reste inchangee. 

Secteur terrien 
Depuis le dernier rapport de situation, le 
rendement des trois missions 
fondamentales est nettement superieur cl 
95%. 

Les activites de reamenagement du 
secteur terrien se poursuivent 
conformement au calendrier. L 'equipe 
meteorologique est maintenant complete. 

Pour le systeme de collecte de donnees, 
GO~S-4 remplacera en juillet 1985 
Meteosat-F1, qui a epuise ses reserves 
d' hydrazine. Cet echange n' aura aucune 
consequence pour les utilisateurs de 
Meteosat. 

Spacelab 

La preparation de Spacelab-3 se 
poursuit, avec une date de lancement 
fixee au 30 avri11985. 

Le vol Spacelab-2 n'aura pas lieu avant 
le 9 juillet 1985, du fait du probleme pose 
par les tuiles protectrices de la navette 
Challenger. Un defaut de conception 
ayant ete decouvert dans I'ordinateur du 
Spacelab lors des operations de 
verification de Spacelab-2 (en decembre 
et janvier), une modification a ete mise au 
pomt pour y remedier et est en cours de 
verification. Un programme de 
'rattrapage' est en preparation pour taus 
les ordinateurs de vol du Spacelab. A 
I' heure actuelle, les efforts se concentrent 
sur les essais relatifs au logiciel, aux 
interfaces entre le systeme de pointage 
d'instruments et les experiences et aux 
sequences de mission. 
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sur les essais relatifs au logiciel, aux 
interfaces entre le systeme de pointage 
d'instruments et les experiences et aux 
sequences de mission. 



Ground segment 
Since the last status report, the 
performance of the three basic missions 
has been well above 95%, 

The ground-segment refurbishment 
activities are continuing according to 
schedule, The meteorological team is now 
complete, 

In July 1985 GOES-4 will replace 
Meteosat-F1 for the data-collection 
system since the F1 spacecraft's 
hydrazine supply has now been 
exhausted, This exchange will have no 
impact on Meteosat users, 

Spacelab 

Preparation of Spacelab-3 continues, with 
a launch date of 30 April 1985, 

The Spacelab-2 flight will not take place 

before 9 July 1985, due to the Shuttle 
Challenger's tile problem, A design 
deficiency was discovered in the Spacelab 
computer during Spacelab-2 checkout (in 
December and January) and a design 
change has been developed and is in the 
process of being verified, A schedule to 
retrofit all Spacelab flight computers is in 
preparation, Presently, efforts are 
concentrated on testing in the areas of 
software, IPS/experiment interface and 
mission sequence tests, 

IPS 
The Spacelab Instrument Pointing System 
(IPS) has been mated onto the 
Spacelab-2 pallet and fit checks involving 
the IPS payload have been performed 
successfully, as have a number of 
functional tests, It was discovered that 
some springs used in the IPS are made 
from stress-corrosion-susceptible material 
and have to be replaced, Replacements 
are being procured, with the retrofit 

programmes & operations 

Meteosat-P2 en chambre d'essa/s a I'Aerospatiale a 
Cannes 

Meteosat-P2 in the test chamber at Aerospatlale In 
Cannes 

expected to take place in March 1985 
without impacting the schedule, The 
remaining activities at Kennedy Space 
Center are IPS payload and Optical 
Sensor Package (OSP) installation and 
checkout. 

The IPS mechanisms' remaining 
qualification tests have been delayed from 
December 1984 until February 1985, with 
the tests now in progress, The final test is 
expected to be completed by the end of 
March 1985, 

Follow-On Production (FOP) 
The FOP hardware is presently being 
integrated at Kennedy Space Center for 
the German Spacelab-D1 mission, 

NASA has continued to procure 
additional hardware for both Spacelab 
and its Instrument Pointing System (IPS), 
to a value of approximately 3,3 MAU, 
consisting of a ground multiplexer and 
spares to support the two IPS systems, 

The FOP IPS delivery has slipped one 
month, until the end of May 1985, due to 
additional problems with the Spacelab 
gyro package needed for FOP testing 
and delays in life-cycle testing, which uses 
FOP actuators, 

ESA/NASA and the Prime Contractor 
have developed a consolidated 
development-phase and FOP schedule 
for the repair/refurbishment of the 
computers and input/output units, but 
contractual issues still have to be 
resolved, 

Microgravity 

Biorack 
The interface testing of the Biorack flight 
model with Spacelab-D1 has been 
completed without problems, The 
cooler/freezer unit was exchanged in the 
last week of January, as planned, 
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IPS 

Le systeme de pointage d ' instruments 
(IPS) a ete adapte sur la palette de 
Spacelatr2 et des contr61es d 'ajustage 
faisant intervenir la charge utile de I'IPS 
ont ete effectues avec succes, de meme 
qu 'un certain nombre d'essais de 
fonctionnement. On s 'est ape((;:u que 
certams ressorts utilises dans I'IPS etaient 
faIts d ' un matenau sujet a la corrosion 
sous contramte et devaient etre 
remplaces. On est en train de se procurer 
les rechanges necessaires, le rattrapage 
etant prevu pour le mois de mars 1985 
sans modification du calendrier. Les 
autres activites au Centre Spatial 
Kennedy sont I'installation et la 
verification de la charge utile et du bloc 
de detection optique de I'IPS. 

Les autres essais de qualificatIOn des 
mecanismes de I'IPS ont ete retardes de 
decembre 1984 a fevrier 1985, et sont 
maintenant en cours. On s'attend ace 
que le dernier essai soit acheve d 'ici a la 
fin mars 1985. 

Production ulterieure 
Le materiel destine a la production 
ulterieure est actuellement en cours 
d 'integration au Centre Spatial Kennedy 
en vue de la mission allemande 
Spa cela tr 01 . 

La NASA a continue a acquerir du 
materiel supplementaire aussi bien pour 
le Spacelab que pour son systeme de 
pOintage d 'instruments, pour une valeur 
d ' environ 3,3 millions d ' unites de compte, 
ce materiel se composant d ' un 
multiplexeur au sol et de rechanges 
destinees aux deux systemes de pointage 
d ' instruments. 

La livralson du systeme de pomtage 
d 'mstruments a ete decalee d 'un mois, 
lusqu 'a la fin mal 1985, en raison de 
problemes supplementaires poses par la 
centrale gyroscopique du Spacelab 
necessaire aux essais dudit systeme, et 
par sUIte de retards dans les essais 
d 'endurance qui font appel a des 
elements relevant de la production 
ulterieure. 

L 'ESA, la NASA et la ma/tre d 'oeuvre ont 
mls au pOint une phase de 
developpement unifie et un calendrier de 
production pour la reparation et la mise a 
niveau des ordmateurs et des unites 
d 'entree-sortie, mais des questions 
contractuelles restent encore a 
resoudre. 
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Microgravite 

Biorack 
Les essais d ' interface du modele de vol 
du Biorack avec SpacelatrD1 se sont 
termines sans problemes. Le bloc 
refrigerateur-congelateur a ete change 
dans la derniere semaine de janvier, 
comme prevu. 

Le modele de familiarisation du Biorack a 
termine ses essais et a ete livre a I'ESTEG. 
L 'essai de deroulement des experiences, 
destine a tester toute la serie 
d 'experiences du programme avec le 
systeme Biorack integre (arrimage de 
I'installation, unites passives, etc.) a ete 
mene a bien a I'ESTEC dans la seconde 
moiM de tevrier. 

Les preparatifs d' une seance 
d 'entrainement de I'equipage qui doit 
avoir lieu debut mars ont ete acheves. 

Les problemes poses par les 'Unites 
passives de conditionnement thermique ' 
ont ete resolus; il a ete demontre que la 
capacite de maintien en temperature etait 
compatible avec la duree de la mission 
Spa celatr01. 

Module de physique des fluides 
Deux vols sur avion KC135, representant 

Spacelab crew members In the course of the Blorack 

training ses?lon at ESTEC 

EqUipage de Space/ab en enlrainemenl cl f'ESTEC 
pour /e projel Blorack 

un total de 44 para boles, ont parfaitement 
reussi. Une reunion de travail a eu lieu en 
janvier pour revoir les films et les donnees 
obtenus. La preparation du module en 
vue de son embarquement sur Spacelatr 
01 se deroule selon les previsions. 

Module autonome de physique des 
flu ides 
La reunion de mIse en route a eu lieu a la 
fin novembre 1984, le contrat demarrant 
en janvier 1985. Les aspects relatifs a 
I'assurance qualite ont ete passes en 
revue en janvier. 

La phase 2 du programme de 
microgravite a ete approuvee par le 
Conseil directeur du programme 
Spacelab en fevrier, et des proposItIons 
de fourniture ont ele soumises au Co mIte 
de la politique industrielle. 

Fusees-sondes 
La preparation des modules de charge 
utile pour les vols des fusees Texus 11 et 
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The Biorack training model has 
completed testing and has been delivered 
to ESTEC. The Experiment Sequence Test, 
to exercise the total Biorack experiment 
complement with the integrated Biorack 
system (Biorack facility stowage, passive 
units, etc.) was performed satisfactorily at 
ESTEC during the second half of 
February. 

A Biorack crew-training session took 
place in ESTEC in early March. 

The problems with the Passive Thermal 
Conditioning Units (PTCUs) have been 
resolved; the temperature-holding 
capability has been demonstrated to be 
compatible with the duration of the 
Spacelab-D1 mission. 

Flu id Physics Module (FPM) 
Two flights with the KC135 aircraft, giving 
a total of 44 parabolas, were very 
successful (see page 58 of this issue). A 
Workshop was held in January to review 
the films and data obtained. Preparation 
of the FPM for flight on Spacelab-D1 is 
proceeding according to plan. 

Autonomous Flu id Physics Modu le 
(AFPM/CUSP) 
The kick-off meeting took place at the end 
of November 1984, with the contract 
starting in January 1985. Quality
assurance aspects were reviewed in 
January. 

EqUipage de Space/ab en enlrafnemenl a I'ESTEC 

pour /e projel Biorack 

Spacelab crew members in the course of the Biorack 
training session at ESTEC 

Phase-2 of the Microgravity Programme 
was approved by the Agency's Spacelab 
Programme Board (PB-SL) in February, 
and procurement proposals have been 
submitted to the Industrial Policy 
Committee (IPC). 

Sounding rockets 
Preparation of the payload modules for 
the Texus-11 /12 rocket flights have 
continued and the module and 
experiment complements have been 
established for the two flights. Testing and 
integration of experiment cells/samples is 
continuing without major problems. Some 
experiments for re-flight have been 
modified in terms of parameters only, 
while others have been modified to 
obviate failures that occurred previously. 

As regards module development, a 
contract has been placed with Saab of 
Sweden for the preliminary design of an 
isothermal furnace module and a fluid
science/critical-point module, both 
intended for the Swedish Maser-1 flight in 
1986. Discussions with the Swedish 
authorities to define ESA's participation in 
the Maser-1 Sounding-Rocket Project 
have been progressing well. 

A new call for experiment proposals for 
sounding rockets is in preparation and 
will be distributed to potential 
experimenters in early 1985, including 
flight possibilities on either Texus or Maser 
launches. 

Eureca 

The Agency's Industrial Policy Committee 
(IPC) authorised the main development 
(Phase-C/D) contract for Eureca at the 
end of November 1984. By mid-December, 
a Preliminary Authorisation To Proceed 
(PATP) had been agreed with industry, 
with a view to the launching of Eureca by 
March 1988. 

PATPs have also been given for four of 
the Eureca core payloads, while the PATP 
for the Solution Growth Facility is 
expected in March 1985. 

programmes & operations 

Negotiations with NASA for the Shuttle 
launch have been conducted 
satisfactorily, and a legal Launch Service 
Agreement is expected in April 1985. 

Space-Stationl 
Columbus 
The Space-Station Preparatory 
Programme/Columbus may now proceed 
based on the decisions taken at the ESA 
Council Meeting at Ministerial level held in 
Rome on 30/31 January 1985 and at the 
Spacelab Programme Board (SP-PB)' in 
February. 

The Invitation to Tender (ITT) for the study 
phase (B1) has been released in mid
February. Response from industry is due 
in early April, commensurate with contract 
initiation in May 1985. 

• The Spacelab Programme Board has now been 
renamed the Columbus Programme Board 

Ariane 

Ariane-4 development 
The Ariane-4 development plan for 1985 
provides for ground qualification of the 
structure and of the propulsion systems. 

The propulSion test phase started at the 
end of 1984 with two test firings of the first 
stage propulsion bay (15 s and nominal 
thrust of 208 s) at Vernon in France, and 
one test firing of a solid booster at 
Colleferro in Italy (nominal thrust time of 
42 s). The results of these tests were 
completely satisfactory. They will be 
followed by four tests on liquid boosters, 
due to start in March at Hardthausen, 
Germany, a development test, and two 
qualification tests on the solid boosters. 

The fairing separation tests successfully 
carried out at ESTEC also provided an 
opportunity to test the operation of a 
system designed to minimise shock loads 
when the fairing is jettisoned. The 
environmental qualification of this soft 
release system and testing of the fairing's 
rainproofing are under way. 

The overall programme planning remains 
in line with a demonstration flight due to 
take place in June 1986. ~ 
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~ bulletin 42 

The Spacelab Instrument Pointing System (IPS) in 
the course of integration at Kennedy Space Center, 
in readiness for the Spacelab-2 flight 

Integration du Systeme de pOlntage d'instrument au 
Centre spatial Kennedy en vue du vol Space/ab--2 

12 s'est poursuivie; les modules et 
I'ensemble des experiences cl embarquer 
ont ete etablis pour les deux vols. Les 
essais et I' integration de cel/ules et 
echantil/ons destines aux experiences se 
poursuivent sans problemes majeurs. Des 
experiences faisant I' objet d' une reedilion 
ont ete modifiees soit en ce qui concerne 
leurs para metres, solt dans le souci 
d'eviter les defail/ances qui se sont 
produites precedemment. 

En ce qui concerne la mise au point des 
modules, un contrat a ete adjuge cl la 
firme suedoise Saab pour la conception 
preliminaire d'un module de four 
isotherme et d' un module de science des 
fluides et d'etudes des points critiques, 
tous deux destines au vol suedois 
Maser-1 qui doit avoir lieu en 1986. Des 
discussions avec les autorites suedoises 
pour definir la participation de I' Agence cl 
ce dernier projet de fusee-sonde ont 
progresse de maniere satisfaisante. 

Un nouvel appel aux propositions 
d'experiences sur fusee-sonde est en 
preparation et sera lance au debut de 
1985; il prevoit des possibilites de vo; sur 
I'un ou I'autre des lanceurs Texus ou 
Maser. 

Eureca 

Le Comite de la politique industriel/e de 
I'Agence a donne son autorisation pour 
le contrat de realisation prineipale 
(Phase CID) d'Eureca cl la fin novembre 
1984. A la mi-decembre, une 'Autorisation 
preliminaire de mise cl execution' avait ete 
convenue avee I'industrie, en vue du 
lancement d'Eureca d'ici au mois de 
mars 1988. 

De semblables autorisations ont 
egalement ete donnees pour quatre des 
cinq charges utiles centrales d'Eureca, 
tandis que celle concernant I' 'Installation 
de croissance en solution' est prevue 
pour mars 1985. 

Des negociations ont ete menees de 
maniere satisfaisante avec la NASA pour 
le lancement de la Navette, et un accord 
en bonne et due forme sur les services de 
lancement est prevu pour avri11985. 
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Station spatiale/ 
Columbus 
Le programme de preparation de la 
Station spatialelColumbus peut 
maintenant se derouler cl parlir des 
decisions prises cl la reunion du Conseil 
de I'ESA qui s'est tenue au niveau 
ministeriel cl Rome les 30 et 31 janvier 
1985, et cl la reunion du Conseil directeur 
du programme Spacelab en fevrier. 

L'appel d'offres relatif cl I'etude de phase 
81 a ete lance cl la mi-fevrier. La reponse 
de I'industrie est fixee au debut d'avril, 
date compatible avec un demarrage du 
contrat en mai 1985. 

Ariane 

Oeveloppement Ariane-4 
Le plan de developpement Ariane-4 
prevoit pour 1985 la qualification au sol 
des structures et ensembles propulsifs. 

La phase des essais de propulsion a ete 
abordee en fin 1984 avec la realisation cl 
Vernon en France, de deux tirs de baie de 

propulsion du 1 er etage (15 set duree 
nominale de 208 s) et cl Col/eferro en Italie, 
d'un tir de propulseur d'appoint cl poudre 
(duree nominale de 42 s). Les resultats de 
ces essais sont tout cl fait sa tisfaisants. 

I/s seront suivis par quatre essais de 
propulseurs d'appoints cl /iquides qui 
debuteront au mois de mars cl 
Hardthausen en Allemagne et un essai de 
developpement et deux essais de 
qualification des propulseurs d' appoint cl 
poudre. 

La coiffe a subi avec succes ses essais de 
separation dans les instal/ations ESTEC cl 
Noordwljk aux Pays-8as, qui ont 
egalement permis d'effectuer un essai de 
fonctionnement d' un sysMme qui diminue 
le choc au largage. La qualification en 
environnement de ce systeme de 
desanglage 'doux' ainsi que le test 
d'etancheite cl la pluie de la coiffe sont en 
cours. 

Le planning general du programme 
permet toujours de prevoir le vol de 

demonstration en juin 1986. ~ 
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The increasing complexity of the 
Agency's spacecraft and space 
platforms, the-greater sophistication of 
the new missions, and the larger 
volumes of data to be processed 
onboard the spacecraft or on the 
ground, are requiring more and more 
computing power, with more and more 
complex software to control hardware 
and to assist operators and crews 
during the critical phases of a mission. 
The traditional methods of software 
system control will eventually no longer 
be adequate, due to the very large 
number of potential courses of action to 
be considered simultaneously. 

Artificial intelligence promises practical 
solutions for these types of problems in 
the space domain, where decisions 
have to be made by manipulating 
complex information structures 
sometimes involving incomplete or 
unreliable data. 

artificial intelligence 

Artificial Intelligence - A Space 
Tool of the Future? 

C. Garrido, U. Kjaergaard Mortensen & T. Mondot, 
Mathematical Support Division, ESA Technical Directorate, 
ESTEC, Noordwijk, The Netherlands 

Artificial Intelligence (AI) theories and 
techniques have evolved slowly during the 
last fifteen years. Their most spectacular 
applications are to be found in the 
so-called 'Expert Systems', 'Rules-Based 
Systems', and 'Knowledge-Based 
Systems' proposed by some as the 
ultimate solution for a wide variety of 
technical, scientific, medical, and 
administrative problems. One of the best 
known medical-related examples is the 
'boat without a doctor', where medical 
advice would be provided by an Expert 
System in the case of an emergency. 

Any attempt to arrive at a formal definition 
of an Expert System triggers a long and 
passionate discussion between 
specialists, since there are as many 
definitions as there are specialists. To 
make matters even more confusing, what 
is designated by some under the general 
heading of an Expert System, is split by 
others into Expert Systems (ES), Rules
Based Systems (RBS), Knowledge-Based 
Systems (KBS) and Blackboard-Systems 
(BS) , etc. depending on the level of 
complexity of the rules, the internal 
mechanisms, the user interface, the 
connections to the outside world, and a 
few more emotional criteria. 

. In very broad terms, an Expert System is a 
combination of computer hardware and 
software that mimics human expertise 
within a well-defined field of knowledge. 
The system processes facts describing a 
particular situation, supplied by a human 
operator or by such external sensors as 
cameras, Sun sensors, star mappers, etc. 
The facts are stored as data structures in 
the base of knowledge, together with rules 

describing the human expertise. From the 
rules and the known facts ('causes'), it is 
possible to infer new facts 
('consequences') using forward chaining. 
Inversely, backtracking is the action of 
confirming or refuting a hypothesis by 
searching to determine whether the 
potential causes (facts) are known to the 
system. 

Artificial Intelligence is today one of the 
most actively pursued disciplines in the 
world of computer hardware and 
software, forming one of the major 
elements of Japan's fifth-generation 
computer programme, part of the Alvey 
programme in the UK, and one of the 
avenues of research of the Esprit 
programme being undertaken by the 
EEC. Within the framework of the ESA 

Technological Research Programme, the 
Simulation Section of ESTEC's 
Mathematical Support Division started 
activities on Artificial Intelligence in 1984, 
paying special attention to those Expert 
Systems (or KBS or RBS) that seem the 
most eligible for short-term application in 
ESA's field . 

The prime objectives of these activities in 
AI are threefold: 

to become familiar with the AI tools 
and techniques in order to achieve a 
sound level of knowhow and 
expertise within the Agency. The AI 
programming languages differ 
greatly from traditional computer 
languages and require a significant 
investment in terms of manpower for 
the training of future users; 
to analyse the potential benefits of 
these tools and techniques, when 
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~ bulletin 42 

applied to some carefully selected 
ESA fields of interest. 
to be able to evaluate correctly and 
objectively proposals from industry 
that involve expert systems. Examples 
could be systems (ground or 
on board) providing crews with 
assistance for experiment 
management, results interpretation, 
or failure assessment. 

Activities to date 
The Agency's activities so far have 
progressed in parallel along two paths, 
theoretical and practical. The theoretical 
work has involved the study of academic 
papers, theses, articles, tutorial books, 
attendance of Conferences or Workshops 
and the letting of study contracts to 
industry. The practical work has included 
the implementation of a prototype Expert 
System using different AI languages, 
techniques and hardware environments. 

External studies 
Two AI study contracts were awarded to 
industry by ESA in 1984, by ESTEC's 
Mathematical Support Division and the 
Data Handling & Signal Processing 
Division. The first, titled 'Study of Expert 
Systems Applied to Space Projects' is 
being executed in parallel by two 
aerospace/AI consortia, BAe and SPL 
and ESD and Cognitech. Its purposes are 
to issue a primer on ES, review the existing 
ES applications, list possible applications 
for ESA, select a particular one, and finally 
produce the Software Requirements 
Document (SRD) for later implementation. 
The contract deliberately restricts itself to 
ground applications, since a practical 
and convincing application is envisaged 
in the short term. The contract should be 
followed by the development of an ES 
prototype. 

The second contract, titled 'Study of 
Expert Systems for Spacecraft 
Management', has been awarded to a 
consortium that includes Laben, CRI and 
MBB/ERNO. Its purposes are to assess 
the feasibility with state-of-the-art 
technology of an onboard ES for the 
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management of an autonomous 
spacecraft, to specify the requirements for 
the design, development and testing of 
the ES, to assess the resulting onboard 
complexity, and finally to indicate areas of 
future research and investigation in the 
field. A breadboard ES is to be produced 
at the end of this contract. 

The two contracts started at the 
beginning of 1985 and will run for 
approximately one year. 

Software 
The first major step was to acquire an 
appropriate software environment by 
installing the two most popular AI 
languages, Lisp and Prolog, on the 
simulation laboratory's computers. Lisp is 
no newcomer to today's large family of 
programming languages, since it was 
created some 25 years ago! By contrast, 
Prolog can indeed be considered a 
newcomer, and a promising one, having 
been adopted by the Japanese as the 
language for their fifth-generation 
computer development. Both languages 
differ from the traditional ones such as 
Fortran, Pascal and Ada, in that they are 
designed to manipulate symbolic 
expressions, as well as lists, complex 
structures and numerical expressions. 

Hands-on experience 
Anyone entering the field of AI is faced 
with a situation similar to that confronting 
the potential buyer of a camera, hi-fi 
system, home computer or car: Where 
does one start? How does one select the 
best one? What is really needed? Of all 
the products on the market, which are 
meaningful and useful? 

We have opted to start with a particular 
application and to develop a prototype for 
training and evaluation. As some of the 
people involved were already working·on 
the Attitude and Orbit Control 
Measurement Subsystem (AOCMS) and 
Data-Handling Sub-System (DHSS) 
simulations for the Agency's Giotto 
spacecraft, a natural candidate for the 
prototype was one related to one of these 

systems, a good understanding of which 
was already available. 

The first prototype was subsequently 
developed, using the Giotto User Manual 
(GUM) as a guide, with the following 
capabilities in mind: 

Assess any problem in the AOCMS 
with the information derived from the 
telemetry and the initial conditions. 
Since the ES is not connected to the 
telemetry, the parameter statuses are 
obtained from the user, during the 
reasoning , via a man-machine 
dialogue. 
Once found , cure the problem by 
proposing to the operator the 
appropriate telecommands to be sent 
to the spacecraft (in our case the 
simulatorl) . 

Explain, when requested, why such a 
question is posed to the operator, by 
displaying the logic tree. 
Explain, on request, how a 
conclusion has been reached. 
Show, on request, all the known facts 
and the rules used to infer them. 

Example of an application 
Figure 1 shows an example of how 'expert 
knowledge' is integrated into a K8S. The 
system shown represents a typical 
architecture for a satellite subsystem. Four 
units are shown: AOCE1 , AOCE2, PDE1 
and PDE2. (AOCE = Attitude and Orbit 
Control Electronics; PDE = Power 
Distribution Electronics). In our example, 
the PDE controls the power of the AOCE. 
The ground will receive telemetry from 
both PDE units and from both AOCE 
units. The two branches are redundant, 
i.e. in order to function correctly, the 
subsystem must have either PDE1 , AOCE1 
or PDE2, AOCE2 switched on. Thus the 
first drawing in the figure shows a working 
configuration, whereas the second shows 
a configuration where telemetry 
apparently indicates AOCE1 to be on 
when it should be off. A rule derived from 
this knowledge of the system is shown 
and the KBS will use that rule to detect the 
error. 
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Figure 1 - Example of integration of 
'expert knowledge ' into a Knowledg€7 
Based System (KBS) 

For backup-mode operation of such a 
system, in Giotto's case about 200 rules 
describe the knowledge needed to 
conduct a failure diagnosis, make an 
analysis and correct the problem. 

Future plans 
The future activities that are currently 
planned can be summarised as 
follows: 

Software: Evaluate and eventually acquire 
an expert system shell with good 
performance for knowledge 
representation, flexibility, connection 
to the outside world, internal visibility 
and speed. The SAGE expert system 
shell, commercially available on both 
personal and mainframe computers, 
is a typical example of such a 
product. 

Evaluate a software environment to 
develop AI applications, offering the 
possibility to use a combination of 
languages (Lisp, Prolog, Pascal, C, 
Fortran, etc.) for different parts of the 
program. Poplog, also commercially 
available, is a typical example. 

Hardware: Evaluate an AI machine to 
assess the benefits of this approach 
for a complex problem. 

Training: Train a larger number of people 
in AI languages and tools. 

Organise seminars to inform people 
from other disciplines and projects of 
the potential benefits of AI. 

Studies: Complete the first round of 
studies with the specification of an ES 
for a carefully selected Agency 
application, and possibly the delivery 
of a prototype by the contractor. 
Continue the study with a second 
contract to develop the ES 
specified. 

Investigate the language interfaces 
available to ease the man/machine 
dialogue. 
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Internal effort: Extend the internally 
developed ES in such a way that it 
can diagnose and cure problems for 
both the Giotto AOCMS and DHSS 
subsystems. The ES will then be 
connected to the telemetry and 
telecommand streams of the Giotto 
software simulator to evaluate its 
performance in a real-time or faster 
than real-time environment. 

Other branches of AI: Investigate the 
natural language interfaces to ease 
the man/machine dialogue. Survey 
other applications of AI languages. 

Conclusion 
AI may greatly influence the way in which 
software is designed, coded and tested in 
the future, whether this software is 
intended for AI, scientific, technical, 
administrative or other applications. More 
specifically, AI will influence the field of 
discrete-event simulations, which are 
usually used to answer 'what if-type 
questions for the analysis of large, 
complex discrete systems. For instance, 
the back-tracking technique would be of 
great help for quickly spotting all possible 

causes of an abnormal state in a 
simulated system. 

To quote one of the world 's pioneers in AI , 
EA Feigenbaum of Stanford University: 
'The AI field tends to reward scientifically 
irresponsible pseudo-innovation. That is, it 
tends to reward individuals for reinventing 
and renaming concepts and methods 
that are well explored '. 

It is therefore in ESA's interest to build up 
the expertise needed to distinguish 
genuine improvements from pseudo
innovations, particularly as AI does not 
come cheap in the sense that it requires a 
substantial investment for the training of 
both designers and users. ~ 
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The accurate calibration of solar cells is 
an essential task in the process of 
analysing the electrical performance of 
photovoltaic generators in space. It is 
common practice to calibrate so-called 
'primary standards' for each solar-cell 
type and to use these as a reference for 
accurate solar-cell module and panel 
measurements under laboratory 
conditions. 

Several primary calibration methods 
had been developed in the past, 
including direct and global sunlight 
ground calibration and high-altitude 
aircraft- and balloon-flight methods. The 
Solar-Cell Calibration Experiment 
(SCCE) has been developed for direct 
calibration of solar cells in 
extraterrestrial sunlight onboard free
flying, retrievable, low-Earth-orbit 
plaUorms. 

This article discusses the main aspects 
of the SCCE's design and the flight 
results to date. 
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Space Calibration of Solar Cells: 
The Results from Two European 
Experiments on the Space Shuttle 
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Department, ESA Technical Directorate, ESTEC, Noordwijk, 
The Netherlands 

E.G. Suppa, Retrievable Systems Division, Directorate of 
Space Transportation Systems, ESTEC, Noordwijk, The 
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Experiment objectives 
The Solar-Cel l Calibration Experiment 
(SCCE) is a facility for calibrating solar 
cells in space. Designed to fly at regular 
intervals on the Space Shuttle, this facility 
was developed at Kayser Threde, in 
Munich, under ESA contract. The fi rst two 
flights of the SCCE were on the Shuttle 
Pallet Satellite (SPAS-01), developed by 
Messerschmitt-Bblkow-Blohm (MBB), in 
Germany. SPAS-01 was deployed and 
retrieved for MBB on each of Shuttle 
flights nos. 7 and 11 , in June 1983 and 
February 1984, respectively. 

The main objective of the experiment was 
to generate primary solar-cell standards 
for solar-simulation measurements on the 
ground and to compare the accuracy of 
and effort required for space calibration 
with those of conventional calibration 
methods, such as balloon flights and 
high-mountain or sea-level measure
ments, with subsequent corrections. 

Another objective, of a more general 
nature, was to explore to what extent 
indirect partiCipation in unmanned 
spaceflight opportunities can be made 
attractive to small scientific communities. 
Significant interest on the part of these 
groups can be stimulated in space 
experiments of short duration, involving 
only limited paperwork and low hardware 
and flight costs. 

Calibration principles 
The purpose of a primary calibration is to 
determine the short-circuit current (l sJ of 
the standard solar. cell under standard 
conditions, i.e. at 25°C under sunlight 
illumination at 1 Astronomical Unit (1 AU). 

This standard is commonly called 'Air 
Mass zero' (AMO). 

During the flight calibration, the Sun's 
intenSity and the cell's temperature, both 
of which affect the lse measurement, 
usually have different values from those 
used under the defined standard 
conditions on the ground. Results 
obtained during flight must therefore be 
adequately corrected to the standard 
reference conditions. 

The sunlight's intensity has a linear effect 
on the cell 's short-circuit current. Since 
the Sun-Earth distance, and hence the 
sunlight's intensity, is known with very 
high accuracy, this Ise correction is 
straightforward. 

Though the temperature-dependence of 
the cell 's short-circuit current is generally 
very small (typically around 0.01 % I°C) , 
measurements carried out over a wide 
temperature range may show variations. 
Corrections are performed without 
recourse to dedicated thermal sensors for 
each SCCE specimen, by measuring on 
the ground the cell's open-circuit voltage 
(V J and its dependence on temperature, 
which is very pronounced (typically 
around 2 mV/°C) . This dependence is 
highly reproducible, and largely 
independent of small variations in the 
Sun's radiation level. It is therefore 
possible to use the open-circuit voltage 
measured during flight as a temperature 
monitor. 

Major SCCE design features 
The SCCE was deSigned to measure the 
electrical performance of a maximum of 
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Figure 1 - The Shuttle Pallet Satellite 

(SPAS-Ot) 

32 solar cells, in terms of both short-circuit 
current and open-circuit voltage, as well 
as SCCE housekeeping data. For the 
reasons explained, the resulting 
calibration accuracy is acceptable, 
though final calibration results could be 
jeopardised if the correlation between cell 
open-circuit voltage and cell temperature 
is not determined during preflight testing 
with sufficient precision. 

In order to reduce costs, the SCCE's 
electronics had no autonomous data
recording system. The measurements 
were transmitted on line to the SPAS-01 
Data Handling System while orbit history 
and Orbiter vector data were provided by 
the Shuttle. Reference signals to identify 
and assign the relevant variable 
parameters to the measured specimen 
were provided by the SPAS-01. 

The mechanical design of the SCCE is 
extremely simple. One opto-electronics 
box was mounted on the top surface of 
the SPAS support panel no. 8, and one 
avionics box was mounted on the 
oppOSite surface of the same panel. The 
two boxes weigh a total of 12 kg. 

Figure 2 - The Solar-Cell Calibration 

Experiment in place on SPAS-at 

solar-cell calibration 
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Functionally, the SCCE consists of two 
subsystems: an optical assembly and an 
electronics assembly. The optical 
assembly, holding a maximum of 32 solar 
cells, is designed as a passive system, 
relying completely on the accuracy of the 
Shuttle's orientation and station-keeping 
systems for suitable Sun exposure. 

The solar cells are fixed in four 
geometrically identical rows, protected 
against parasitic and stray-light effects by 
a subassembly of 16 individual light 
baffles. This somewhat complex optical 
design was preferred to a more 
straightforward concept with a single 
baffle of larger dimensions because of 
clearance requirements for the Shuttle's 
remote-manipulator system. Moreover, the 
longer single baffle design would have 
occupied a larger volume of the Shuttle's 
cargo bay, thereby considerably 
increasing launch costs. 

The electronics assembly is modular. 

All functional blocks are located in the 
electronics assembly box, with the 
exception of the four cel l-row electronics 
units, which are located in the opto
electronics assembly. The functional 
blocks are on modular printed-circuit 
cards for ease of testing and 
maintenance. 

The open-circuit voltage of the solar cell is 
amplified to reduce measurement errors 
caused by electromagnetic interference 
on the signal lines. The short-circuit 
current is derived from the voltage drop 
across a load resistor housed separately 
in each cell holder. The output is 
converted to digital form in the central 
encoder (12 bit resolution). 

Composition of the pay loads 
Because of the experimental natures of 
both the SCCE and the SPAS carrier, as 
well as of the STS services (at that time 
not considered an established routine), 
ESA called for a complimentary flight 
opportunity at no charge for preflight 
testing, mission operations and results 
evaluation. 
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Figure 3 - The SCCE mounted on the 
experiment support plate on the SPAS, 
with the baffle subassembly in place 

Invited governmental institutes and 
industries in Europe and elsewhere 
provided more than 70 cell samples for 
the two flights (Table 1). The contributors 
included American and European firms 
and organisations, as well as recent 
newcomers to the photovoltaic field, from 
Japan, India and from the People's 
Republic of China. 

All cell suppliers documented their own 
fligh t hardware, which was prepared 
according to a detailed procedure 
provided by ESA. 

ESA's pre-flight testing was limited mainly 
to checking the mechanical and electrical 
integrity of the flight specimens provided. 

The STS-7 and STS-11 flights 
The first SCCE mission was flown on 
18June 1983 on Shuttle mission STS-7 
Before the Shuttle Orbiter's orientation to 
the Sun, the temperature of the SPAS 
carrier was extremely low. Fifteen minutes 

after the Sun-acquisition manoeuvre, the 
temperature of the SCCE opto-electronics 
increased from 3.4°C to 7.7°C. During the 
subsequent 15 min of the Sun-pointing 
and cell-measurement phase, the 
temperature increased to only 200C. 

Table 1 - Companies/ organisations that 
supplied solar cells for the Solar-Cell 
Calibration Experiment (SCCE) 

Organisation Country 

AEG-Telefunken Germany 
Chinese Academy of Sciences China 
CISE SpA Italy 
CNES France 
Comsat Laboratories USA 
ESA 
ISRO India 
Lockheed USA 
MBB Germany 
NASA/Lewis Research Center USA 
Royal Aircraft Establ ishment UK 
Sharp Corporation Japan 
Solarex Corporation USA 
Universi ty of Surrey UK 
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Because of this unexpectedly cool SCCE 
operational environment, accurate cell 
ground calibration for temperatures 
below 25°C became essential. 
Unfortunately, such data were not 
available for the majority of the specimens. 

After the first day of the SPAS-01 mission 
some intermittent malfunctions in the 
Data-Handling System (OHS) became 
more pronounced. Subsequent severe 
overheating of the SPAS's OHS led to 
deactivation of the carrier, followed by its 
reorientation to deep space. 
Consequently, a scheduled second SCCE 
measurement cycle with a 15 min Sun
acquisition manoeuvre and 15 min of 
measurements in sunlight had to be 
cancelled. 

Several problems with the decoding of the 
flight data tapes delayed the final 
evaluation of the measurement data, 
which could only be completed about six 
months after the flight. Consequently, at 
the time of SCCE refurbishment for the 
second flight on STS-11, the results of the 
first flight were not yet known and no 
potential improvements could be 
attempted. 

The second SCCE mission was flown on 
3 February 1984. On the fourth day of that 
mission, the SPAS OHS problems that had 
plagued the earlier flight recurred. The 
SCCE was commanded 'on', but failed to 
respond. Consequently, the complete 
SPAS carrier was switched 'off'. Following 
the resulting unscheduled cooling period, 
the carrier was reactivated on the fifth 
mission day and the SCCE was 
successfully commanded 'on' for a single 
measurement cycle. 

The SCCE flight hardware has since been 
returned to ESA and the cell specimens 
returned to their originators for post-flight 
inspection and analysis. 

Results 
About 50% of the cells flown showed 
deviations of less than 11'0 between flight 
and ground data. Three cells showed 

Figure 4 - Discoloration of the cell 
mounting plates after the STS-11 flight 

11 
• 

• • 
deviations of more than 10%, indicating 
erroneous ground calibration, improper 
sample integration or malfunctioning of 
the specific measurement channel. 

The reproducibility of the flight data 
between flight STS-7 and STS-11 was 
excellent (Table 2). Eight cells were 
reflown in different pOSitions within the 
SCCE facility and all gave reproducible 
calibration results within a 11'0 range. 

Conclusions 
The SCCE objective of generating space
calibrated primary solar-celi standards 
has been achieved for the majority of the 
flight samples. 

Our experience indicates that it is 
necessary to simplify the interfaces 
between the experiment and the carrier 
and Orbiter, by providing an autonomous 
data-handling and storage system, 
preferably together with an independent 
measurement of the experiment's attitude. 

solar-cell calibration 

• 

Table 2 - Grouping of calibration results 

STS-7 STS-11 

Good correlation between space 
calibration and ground 
calibration 16 16 
Possible ground calibralion 
inaccuracy 7 8 
Possible wrong sample 
integration and/or reference-
standard inaccuracy 5 4 

Voltage-saturated during llight 1 1 
Electronics assembly malfunction 2 2 
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The parabolic flight is a useful tool for 
simulating microgravity and for 
performing short-duration experiments. 
Its real value, however, is in the 
verification tests that can be conducted 
in preparation for space experiments in 
order to improve their quality and 
success rate. The low cost and the 
relatively short turnaround time (less 
than four months between decision to 
perform the flights and the presentation 
of the first results) make such aircraft 
flights very attractive for the preparation 
of microgravity missions. ESA therefore 
decided to make use of the NASA 
'Reduced Gravity Facility', a specially 
modified aircraft used for astronaut 
training, to verify some fluid-physics 
experiments that will be carried on the 
German Space lab 0-1 Mission. 
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Introduction 
The microgravity environment is very 
difficult to simulate on Earth. One method 
applicable to fluids, developed by the 
Belgian scientist JAF. Plateau, involves 
studying the interaction of immiscible 
fluids of the same density. This method is 
used for astronaut training in 'neutral 
buoyancy facilities '. Other methods are 
based on the free-fall principle using drop 
towers. However, the time of free fall, and 
hence reduced gravity, does not exceed a 
few seconds (4.3 s for the US Marshall 
Space Flight Center drop tube) . Rocket 
flights, for which the microgravity period 
can be of several minutes, are very useful 
for performing experiments with 
unmanned instruments. Aircraft flights, 
however, provide an effective means of 
simulating microgravity conditions for 
short periods, with the added advantage 
of allowing human intervention in the 
progress of the experiment when 
necessary. 

During a parabolic flight periods of about 
25 seconds of greatly reduced gravity can 
be obtained, sufficient to investigate a 
number of fundamental phenomena. The 
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basic properties of fluids in microgravity 
(Fig. 2) . It consists of an experiment 
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observed with two cine cameras. Different 
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can be applied to the liquid under study. 
Many of the investigations for which it is 
used are related to the properties of fluid 
columns, which are formed between two 
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During the first Spacelab mission, the 
instrument itself performed nominally, but 
several unexpected phenomena 
occurred. In particular the liquids were 
observed to wet the disc's periphery as 
well as its surface. After the flight several 
suggestions for eliminating these 
difficulties were proposed. Another 
anomaly involved the appearance of 
bubbles within the liquid column, which 
are difficult to remove in the absence of 
gravity. 

During the preparation of the scientific 
experiments for Spacelab 0-1 and the 
related crew training, it became clear that 
even a few seconds of reduced-gravity 
experimentation would allow verification 
of these proposed improvements, prior to 
the Spacelab reflight. In collaboration with 
the DFVLR 0 -1 ProjectTeam, ESA 
therefore made plans for two parabolic 
flights aboard NASA's KC-135 aircraft. 
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The tests would be performed using the 
Engineering Model of the FPM, an exact 
replica of the Flight Model, normally used 
for crew training and experiment 
preparation on the ground. This use of 
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The parabolic flight is a useful tool for 
simulating microgravity and for 
performing short-duration experiments. 
Its real value, however, is in the 
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in preparation for space experiments in 
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Parabolic Aircraft Flights 
- An Effective Tool in Preparing 
Microgravily Experiments 

D. Frimout & A. Gonfalone, Manned & Retrievable Systems 
Department, ESA Directorate of Space Transportation 
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Figure 1 - The KC-135 aircraft trajectory 

Figure 2 - ESA 's Fluid Physics Module 
(FPM) concept 

effort and cost, and would also allow 
actual spaceflight conditions to be closely 
approximated. 

Because of the mass of the FPM, two 
possible configurations had to be 
considered. One option was to attach the 
FPM to the floor of the aircraft. This would 
simulate spaceflight conditions in terms of 
crew operations, but would have the 
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disadvantage of transmitting aircraft
generated vibrations through the 
structure. Alternatively the FPM could 
have been left to float free inside the 
aircraft, assuring a better low-g level, but 
for shorter periods (5-15 s instead of 
25 s). Crew operations during the 
microgravity period would have been 
extremely difficult. The fixed solution was 
therefore preferred. 
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parabolic aircraft flights 

ESTEC's Design Office and Workshop 
manufactured a structure that would 
support not only the FPM, but also the 
power supply, the FPM data unit, a video 
recorder and a monitor. The structure 
also had a platform with foot-straps to 
assist crew operations. A set of three 
accelerometers was fixed to the structure 
to measure the prevailing gravitational 
force throughout the flight. A small video 
camera installed next to the cine camera 
recorded events inside the experiment 
chamber. All experiment equipment to be 
used inside the FPM was stowed in a set 
of specially constructed drawers. 

Except for the FPM itself, Spacelab 0-1 
flight hardware was used for the majority 
of experiments. For the fluid column 
experiments, however, closed containers 
had to be built to avoid spillage of the 
liquid (silicon oil) inside the FPM. The 
attachment discs were therefore mounted 
inside transparent cylinders (Fig. 2) , which 
allowed visual verification of the liquid's 
attachment to the discs. 

In addition to the driver FPM 
investigations, a number of other 
experiments were to be performed under 
the responsibility of the Principal 
Investigators (Pis). For these the Pis were 
required to provide the hardware, its 
stowage and the safety documentation. 
Where the astronauts would be called 
upon to take part themselves in the life
sciences investigations, approval by the 
0-1 Medical Board and NASA's Human 
Use Committee was needed. The 
complete set of experiments then had to 
be formally approved by a NASA safety 
committee. 

The number of operations that can be 
performed in a 25 s period is obviously 
limited. To make maximum use of this 
low-gravity period, special procedures 
were written, dividing operations into three 
phases - set-up, microgravity and shut 
down - dictated by the requirements of 
the FPM experiments. One FPM 
experiment was scheduled per parabolic 
trajectory to be flown, each parabola 
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commencing in response to a signal from 
the astronaut performing the experiment. 
The life-sciences and off-line experiments 
were scheduled to be performed in 
parallel. 

Since all the experiments required 
intervention or participation by the crew, 
much detailed planning was necessary. It 
involved rotation of the crew members so 
that each could perform a number of 
FPM experiments and all could participate 
in the life-sciences experiments. 

The duration of a flight on board the 
KC-135 is limited to about two hours. A 
normal flight consists of series of 
consecutive parabolas, which allows 
about 40 parabolic trajectories to be flown 
each flight. However, because of the need 
to set up a new experiment before each 
parabola, it was planned to limit the 
number of parabolas to about 20. 

The flights 
During the first flight, on 13 December 
1984, 21 parabolas were flown, with an 
average interval of 6 min 20 s. During the 
second flight, on 14 December, 23 
parabolas were flown with an average 
interval of 5 min 20 s. 

Operationally, both flights were a 
complete success. The nominal timeline 
for the experiments was followed almost 
exactly. In the course of the first flight, 
however, it became clear that it was 
impossible to create long, stable columns 
in the containers. For the second flight, 
therefore, the distances between the end 
plates was reduced to about 1 cm and 
better results were obtained. 

The campaign also provided an excellent 
flight-rehearsal opportunity for the 
complete science team of the 0 -1 miSSion, 

and the Payload and Mission SpeCialists. 

The experiments and their results 
The FPM experiments 
Specific verification tests were performed 
during the parabolic flights for each of the 
scientific investigations to be conducted 
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Table 1 

FPM EXPERIMENTS FOR REFLlGHT ON SPACE LAB 0-1 

CAPS, Capillary Forces in a low gravity environment (J.F. Padday, Kodak Ltd, UK) aims to 
identify and measure the strength of long-range intermolecular forces between a liquid and a 
solid. The new design uses attachment discs with extremely sharp edges. The purpose of the 
parabolic flight test was to verify this new configuration and results indicated that better 
attachment was achieved (Fig. 3). 

FLlZ, Floating Liquid Zone experiment (I. Da Riva, Univ. Madrid, E) , studies the outer shapes 
and the inner motion of a liquid bridge when precise mechanical disturbances are applied. The 
flights were again used to verify the attachment to the new plastiC discs, but here the results were 
not quite so clear. However, the test showed the importance of the surface finish of the discs and 
also indicated that some charging of the insulated parts may have occurred. These results are 
still being investigated. 

MAFL, the Marangoni Flow experiment (L. Napolitano, Univ. Naples, I) studies convection 
motions induced by Marangoni forces in a microgravify environment. Here the sharp-edged discs 
had been treated on the back with anti-spread material and equipped with a teflon ring to restrict 
the liquid. An improvement was observed compared with the Spacelab-1 results. 

FLlM, the Forced Liquid Motion experiment (J'p. Vreeburg, National Aerospace Laboratory, NL) 
is designed to evaluate the liquid/solid momentum transfer making use of diHerent shaped 
containers partially filled with liquids. The flight was to verify the use of new containers. The zero-g 
period obtained is normally too short to achieve an equilibrium state in the cylinder; however, the 

tests indicated that better resul ts could be obtained with the cylindrical than with the torus
shaped container. 

NEW FPM EXPERIMENTS FOR 0-1 MISSION' 

BUOY, Bubble Dynamics and the separation of fluid phases in a temperature gradient 
(R. Naehle, DFVLR, Koln, D). The flight was used to check the bubble production system (by glass 
covered nozzles) and the bubble distribution within the liquid. The test proved that the glass 
breakage system worked well , but the bubble generation could not be observed. An equivalent 
oH-line experiment, with a proper camera system, was very successful and the bubbles can be 
seen clearly (Fig. 4). 

STEM, the Surface Tension Minimum experiment (J.C. Legros, Free University of Brussels, B) is 
to study the convection motion originated by surface-tension forces due to temperature 
inhomogeneities. The aim of the parabolic flight test was to verify the filling of the cell and the 
creation of an interface. The interface created during the test had the form of a meniscus, but 
spurious wetting occurred in the corners of the cell. A similar off-line experiment, using a partially 
teflonised cell , was very successful (Fig. 5) . 

MACO, the Marangoni Convection experiment (AAH. Drinkenburg, Univ. Groningen, NL) is to 
measure the coefficient of mass transfer due to Marangoni convection at the interface between 
liquid and gas phases. The intention was to verify the interface topography during the parabolic 
flight. It was observed that the interface created by filling the cell from a corner is smooth but is 
not plane. 

STIF, Separation of Transparent Immiscible Fluids (D. Langbein, Battelle Inst. eV., D) is to study 
mixing and separation of transparent immiscible liquids during heating and cooling. The 
intention was to verify the basic column formation. This could be observed effectively, but the 
column created was slightly asymmetric. 

• These experiments are all performed in closed containers. 
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on the Space lab 0-1 mission. Four of 
these experiments will be reflights of 
experiments already flown on the 
Spacelab-1 mission in November 1983; 
four are completely new experiments. The 
results of the parabolic aircraft flights for 
all eight are summarised in Table 1. 

The off-line fluid-phys ics experiments 
The off-line fluid physics experiments were 
proposed and designed by twelve 
Principal Investigators, four of whom were 
on board during the flights: Dr. J. Padday, 
Prof. J.C. Legros, Or. O. Neuhaus and Mr. 
H. Kleingeld. These experiments are 
designed to study: 

attachment of fluids on different end 
plates 
stability of liquid surfaces 
mixing of hot and cold liquids 
fluid jets (Fig. 6) 
stability of zones 
critical-point experiments 
creation of an air zone in a liquid 
creation of structures with dipoles 
(Fig. 7) 
crystal growth 
bubble dynamics. 

A total of about 50 off-line fluid-physics 
experiments were performed during each 

Figure 3 - The CAPS experiment: 
formation of a fluid column in 
microgravity 
(Courtesy: Or J. Padday) 

Figure 4 - Bubble dynamics and the 
separation of fluid phases in a 
temperature gradient 
(Courtesy: Or O. Neuhaus) 

3 

parabolic aircraft flights 

Figure 5 - The STEM experiment: in 
microgravity capillary forces have a 
greater effect on fluid behaviour 
(Courtesy: Or. J.C. Legros) 
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Table 2 

The Neck Receptor experiment (R. von Baumgarten,Univ. Mainz, D) is designed to examine the 
influence of the neck receptors on the eye motor system and on subjective orientation in man. 
This experiment made use of the Sled helmet and needed two crew members. The subject had 
his head fixed in the helmet; the operator had to oscillate the body over 30 degrees in both lateral 
directions with the head staying fixed. The subject indicated his sensations by means of a joy
stick (Fig. 8). The purpose of the flight was for operational training and baseline data taking. 
Each crew member performed the experiment seven times as operator and seven times as test 
subject over the two days. 
Preliminary analysis of the data shows evidence that the subjects are aware of their orientation. 
The main benefit, however, lay in the operational training opportunity. 

The Tomex experiment (S. Draeger, Univ. Hamburg, D) is to measure the intra-ocular pressure 
of the human eye under microgravity conditions. The experiment is performed manually by one 
crew member on another. The objective of the KC-135 test was to evaluate the 0-1 flight 
procedures for test-subject and operator interaction. 
NASA's Human Use Committee considered direct measurement on the subject's eye too 
dangerous during a parabolic flight because of possible sudden movement, and the experiment 
had to be performed on a dummy. The crew were still able, however, to practice the procedures 
(Fig. g). 

The Gravity Perception experiment (D. Volkman, Univ. Bonn, D) is io evaluate the effects of 
gravity on the growth of the plant, cress. For germination and chemical fixation of culture 
samples, different chemicals are used. They are located in fluid-tight containers and are 
transferred to the samples manually via quick disconnects and syringes. The purpose of the test 
with the KC-135 flight was to analyse the filling procedures, to verity continuous fluid transport 
with no generation of bubbles, and to demonstrate the exchange of fluids. The experiment was 
performed successfully by several crew members during the flights (Fig. 10). 

Roots (G. Perbal, Univ. P. et M. Curie, Paris, F) is an equivalent experiment on lentils and forms 
part of Biorack. The purpose of the test was to verity the automatic injection of chemicals into the 
containers. A speCial set up was made using two sets of flight containers mounted on a base
plate together with a camera. The test revealed a potential problem in that the different 
compartments of the container did not fill equally and the results are now being analysed. 

The Respiration Belt test (R. von Baumgarten) consisted of a subject breathing into a 
respiration-measurement device. The purpose was to measure inspiration and expiration under 
high-g, low-g and during the change. 

Figure 6 - An off-line experiment 
studying fluid jets in microgravity 

Figure 7 - An attempt to create a thref7 
dimensional atomic structure with small 
magnetic dipoles 
(Courtesy. Or. J.P. Vreeburg) 

flight, most of which were of the 'look and 
see'type. 

The life-sciences investigations 
Five life-sciences experiments were 
performed during the two flights. Details 
of the experiments themselves and the 
results obtained from the parabolic flights 
are summarised in Table 2. 
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Figure 6 - An off-line experiment 
studying fluid jets in microgravity 

Figure 7 - An attempt to create a thref7 
dimensional atomic structure with small 
magnetic dipoles 
(Courtesy. Or. J.P. Vreeburg) 

flight, most of which were of the 'look and 
see'type. 

The life-sciences investigations 
Five life-sciences experiments were 
performed during the two flights. Details 
of the experiments themselves and the 
results obtained from the parabolic flights 
are summarised in Table 2. 
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The problem of power-distribution 
interfaces is a long-standing one. 
Voltages and other important 
parameters frequently change from one 
spacecraft to another. The result is often 
that existing hardware cannot be used 
and designers have to cope with new, 
sometimes unexpected, problems. 

As in all interface issues there are two 
main partners involved. The first is the 
spacecraft designer and industry who 
have to select the power-distribution 
interface taking into account all the 
constraints of the mission. The second, 
and in the author's view the most 
important, is the user ofthe power, 
namely the payload for an application 
satellite or the experimenter on a 
scientific mission. 
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The role of power distribution in a 
satellite 
The distribution of electricity within a 
country takes place in two stages. The 
first is the transport of electricity between 
a power station and local transformer 
stations or between several 
interconnected power plants. There, the 
distribution interfaces are tailored to such 
technical considerations as available 
technology, ohmic losses in high-voltage 
lines, etc. 

In the second step, from the local 
transformer station to individual houses, 
the design aims at providing the user with 
the widely accepted 220V AC interface, 
which is simple, efficient, safe, easy to 
modify by using transformers, and 
compatible with a variety of applications 
ranging from crude (e.g. heating) to the 
sophisticated (e.g. electronic applications). 

Unfortunately, the satellite world is far 
from mirroring this situation. Designers still 
try to merge these two steps into one, 
looking for the impossible compromise 
between cheap and efficient power 
generation and stable interfaces to the 
users. This situation could have been 
justified in the old days, when the ESRO-II 
power system, for instance, was made 
from about 1000 components. It can 
hardly be defended for today's 
sophisticated satellites, where the power 
systems may have as many as 20000 
components, not counting all the 
functions of the numerous integrated 
circuits. 

Before addressing design issues, it is 
perhaps wortbwhile to list, albeit in a 

somewhat subjective order of priority, the 
main characteristics for an 'ideal' power 
interface: 

a. The interface must be safe; i.e. it must 
protect the users against 
malfunctions of the power system, 
which could give rise to an 
overvoltage. It must also minimise 
interferences from other users. 
Conversely, the power system and 
the essential users (e.g. 
telecommand) must be protected 
against any fault occurring 
downstream. 

b. The interface must be power-efficient. 
This means that the switching and 
conversion losses must be minimised 
on both sides, and ohmic losses in 
the wiring kept to an acceptable level. 

This requirement may lead to a 
double system: one of rough power 
directly tapped from the power 
sources for very large users, and one 
more 'user friendly' for small 
electronic circuits. 

The importance of efficiency stems 
from the fact that the power system is 
actually its own best customer' This is 
illustrated in Figure 1, which shows 
that two thirds of the energy 
produced by the array on a low-orbit 
satellite will never reach the user 
circuits! 

Two more aspects must also be 
taken into account: 

The direct impact on the weight 
of the power subsystem. For 
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instance a 5% improvement in 
the efficiency of the power 
distribution on a 2.2 kW platform 
such as Eureca could save 18 kg 
on the array, the battery, and the 
electronics. 
The indirect impact of the heat 
generated by inefficient systems, 
when translated into radiator 
mass, spacecraft configuration 
changes or, even worse, active 
cooling power consumption. The 
same 5% losses on a 10 kW 
Space Station module could 
result in a 25% increase in 
power-supply heat-rejection 
requirements. 

c. The interface must be specified and 
described in a well-structured 
manner. 

People frequently think that having 
specified a 28 V bus they have said it 
all. It is true that the voltage is an 
important design aspect and dictates 
the ohmic power losses in the 
cabling, for example. For the circuit 
deSigner, however, and particularly 
the payload contractor, there are far 
more important aspects, such as the 
internal impedance, the response to 
transient loads, and the way 
regulation is defined. All of these 
aspects are interlinked by rigid 
engineering laws of electronics and 
common sense. 

d. The interface should avoid imposing 
unnecessary development costs on 
the users of power in the satellite. 
This very important requirement 
contains the main message of this 
article and will be expanded upon 
below. In fact, there are two aspects: 

The interface should be such as 
to allow the user to operate his 
equipment with the minimum of 
circuitry. The importance of this 
requirement becomes apparent 
if one observes that one large 
application spacecraft typically 

Figure 1 - Typical drains on the power 
produced by the solar array of a low-orbit 
satellite 
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contains between 50 and 100 
different power converters. 
The interface should remain 
constant from one mission to the 
next and therefore allow the 
re-use of already developed 
hardware with minimum 
redesign costs. It may be 

power for future spacecraft 

1000W PRODUCED BY 
THE SOLAR ARRAY IN SUNLIGHT 

.. 

.. 

..... J----------/ 

~~~---------------'~ 

~ .. ~---------/ 
POWER EVENTUALLY 
REACHING THE 
PAYLOAD ITSELF 

320 WATTS 

necessary, for example, in order 
to save millions of accounting 
units on future satellites, to 
convince a project to accept an 
interface that would not be 
optimum, and perhaps not the 
cheapest, for that particular 
mission. 
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A good example of the 
advantages of constant power 
interfaces is provided by the 
power-supply units for travelling
wave tubes (so-called 'Electrical 
Power Conditioners' or EPCs). 
These complex units are typically 
manufactured in series of 50 for 
a telecommunications project 
such as ECS. Experience has 
shown that changing the power 
interface may force the EPC 
manufacturers to change their 
design and may sometimes 
make them uncompetitive with 
US industry. 

e. Finally, the interface should be 
defined early, at the very start of the 
design phase (Phase-B). Too many 
choices, both in the power system 
and in the payload, depend on this 
choice. Any delay can seriously affect 
the development cost and schedule 
for the spacecraft. Late changes 
(Phase-C) in the specification of a 
power interface, particularly for 
'unregulated bus' systems, may lead 
to costly and time-consuming 
redesign. 

History of power interfaces in Europe 
Figure 2 shows the evolution in the bus 
voltages of European spacecraft since the 
launch of the first ESRO spacecraft in 
May 1968. A solid bar of variable length 
provides an impression of the voltage 
variation allowed under normal operating 
conditions. 

The pioneering period 
The first ESRO satellites were directly 
derived from US concepts and therefore 
based on existing US power-system 
concepts. The voltage was low, which was 
reasonable considering the low power 
demands. The main distribution bus was 
either unregulated (ESRO-I) or regulated 
(ESRO-II , Heos). The basic configuration 
of the units, which has changed little since 
then (although the design of the units 
themselves has made very impressive 
progress) , is illustrated in Figure 3. 
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Figure 2 - The bus voltages of past and 
future European satellites 
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Figure 3 - Essential features of the two 
concepts for spacecraft power 
distribution 
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However, the end result was good. The 
series of satellites that used the new 50 V 
standard enjoyed most of the desirable 
qualities described earlier. In addition, the 
clean, regulated interface to the user has 
helped to keep the Agency's ECS and 
Marecs satellites free from the spurious 
modulation effects that have plagued a 
number of telecommunications satellites. 
The ground controllers at ESOC have 
also benefited from the simplified orbital 
operations. 

The re-usability of the 50 V standard also 
allowed a number of items of platform or 
payload equipment to be installed on 
several satellites without modification. The 
standard was also accepted by most, but 
unfortunately not all national 
telecommunications projects. 

Although several US projects followed the 
trend to higher distribution voltage, little 
progress was achieved in bridging the 
gap between Europe and the wide variety 
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of incompatible, unregulated standards 
used in the USA. Only a couple of major 
manufacturers adopted the regulated-bus 
concept. 

During the same period, ESA's 
Technology Programme turned out a new 
product, the 'high-frequency inverter'. The 
idea was simple - instead of forcing all 
users to develop custom redundant 
converters for the voltages they need, it is 
much better to provide them with AC 
power which can Simply be fed through a 
transformer rectifier system. To make this 
idea viable, a new high-frequency 
(20 kHz), square-wave inverter technology 
was developed, with mass and power 
losses reduced by a factor of five, 
compared with the technology applied on 
the TO satellite back in 1972. 

So far, the Space-Telescope payload, the 
Hipparcos satellite and the Agency's On
Board Data-Handling (OBDH) and 
Modular Attitude Control System (MAC::» 

engineers have adopted it. All are 
seemingly fully satisfied. 

Lessons drawn from history 
This short review of 20 years of satellite 
power-distribution experience has four 
main messages: 

A standard interface system is 
possible, both for regulated DC and 
AC power 
The basic features of this standard 
can be maintained despite the 
changes in voltage (16 - 28 - 50V) 
imposed by the evolution in 
technology. 
Certain unfortunate exceptions have 
occurred, but they are the price to be 
paid for decentralised design 
responsibility. 
The US and European systems still 
differ in their approaches and result 
in incompatible user interfaces, 
analogous to the 115 V/60 Hz versus 
220 V/50 Hz situation encountered in 
domestic power distribution. 
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Figure 4 - The ' Power Tower ' baseline 
concept for the Space Station. One of the 
proposed co-orbiting platforms is also 
shown 

The future 
The previous sections have hopefully 
given a good impression of the reasons 
for and consequences of the present 
si tuation. The actions undertaken by ESA 
address the problem from three main 
standpoints: 

Preparing the next technology step 
Future ESA platforms in low Earth orbit 
(LEO) and geostationary orbit (GEO) will 
require power levels well in excess of 
10 kW. They will also reach a further level 
in the variety, number and 
interchangeability of payloads. More than 
ever, the simplicity and quality of power 
interfaces will become a dominating 
consideration. 

Finally, new components such as the 
power FET (Field Effect Transistor) and 
circuit concepts such as ESA's patented 
LC3 (Limit Cycling Conductance Control) 
and 'smart' regulators are available to the 
designer. It is now time, after the 16, 28 
and 50 V standards, to make the fourth 
step in voltage. ESA, having learned the 
lesson of the 50V technology, wants first 
to perform a careful study of the impact 
on components, circuits and solar arrays. 
It also wants to develop the necessary 
power-distribution hardware, principally a 
full range of reliable solid-state circuit 
breakers. 

A number of theoretical and experimental 
studies are underway and it is planned to 
implement the new high-voltage standard 
within three years. Needless to say, this 
new DC bus will remain fully compatible 
with and complementary to the 20 kHz AC 
standard for secondary distribution to 
small electronic loads. 

The enforcement of an industry 
distribution standard 
As explained earlier, a user interface is 
defined not only by a voltage, but also by 
the specification of a number of closely 
interrelated regulation , impedance and 
noise parameters. 

In 1978, an ESA contractor examined the 

relationship between these parameters 
and their implications for hardware. This 
exhaustive analysis led to the issue in 
1982, under ESA's authority, of two 
documents that specify and justify, in an 
unambiguous manner, the best way to 
define a power interface. For three years, 
ESA has kept this document as a 
guideline, in order to collect the 
comments of industry. It is now the 
intention to gradually enforce it formally, 
thereby offering future payload designers 
an additional guarantee of protection 
against interface changes. The gradual 
implementation of this system will also 
avoid the first user projects having to 
support any significant extra costs. 

The stepping-up of interface 
negotiations with the USA 
In June 1981, a joint NASA/ESA Working 
Group on power interfaces was 
appOinted with a mandate to issue 
recommendations applicable to both 
Agencies, in order to facilitate future 
cooperative missions and the re-use of 
hardware on both sides of the Atlantic. 

This Working Group, which is supported 
by NASA and ESA technology and 
engineering authorities, has first analysed 
the design practices in use in the USA 
and Europe, with the aim not only of 
understanding the differences, but also, 
more importantly, of finding and 
exploiting their common aspects. The 
Group is now proceeding with an analysis 
of several possible interface standards, 
among them the ESA two-level concept of 
regulated DC and AC, which was formally 
presented to NASA in April 1984. Both 
parties are regularly consulting with 
industry and, in ESA's case, with the 
national agencies also. 

The NASAlESA power-interface 
discussions are obviously dominated by 
one specific and major issue: the 
standard to be used for the Space 
Station. ESA needs an early definition of 
this standard, in order to reduce the 
range of options to be studied by industry 
during Phase-B. Moreover, important 

power for future spacecraft 

technology developments, such as that of 
solid-state circuit breakers, cannot start in 
earnest before an interface is defined. 

Whatever interface is chosen, it will be a 
dominating factor for most space 
hardware developments on both sides of 
the Atlantic. With the advent of 
multi mission platforms, payload 
interchangeability and in-orbit servicing, a 
high degree of commonality between 
European and US hardware will have to 
be achieved. These concerns have been 
well understood by NASA, who have 
recognised that the Spacelab 28 V 
interface is not suitable and are actively 
studying, among other options, the DC 
and AC standards proposed by ESA. 

Conclusions 
Power interfaces have been shown to be 
an important factor in the cost and 
performance of spacecraft. History has 
confirmed that the direction chosen by 
Europe back in 1965 was the right one 
and that, far from becoming obsolete, the 
advantages of regulated distribution have 
steadily grown with the progress in 
electronic technology. 

Although up to now the experimenters on 
and providers of payload equipment for 
European satellites have often been 
forced to accept what was offered, these 
users will clearly insist in the future on 
their right to 'plug in ' their equipment with 
the same ease as they would in their 
ground-based laboratory. 

The actions now being taken by ESA are 
aimed towards meeting this need, but they 
cannot succeed without the support of 
industry and the direct involvement of the 
payload world. In this respect it is 
particularly important that all future 
European projects, irrespective of who is 
sponsoring them, implement the 
commonly agreed distribution standards 
and thereby benefit from the accumulated 
European experience in this area. ~ 
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C? bulletin 42 

Construit a proximite de I'actuel 
Complexe de Lancement a Kourou en 
Guyane franc;aise, le deuxieme 
Ensemble de Lancement Ariane (ELA-2) 
tranche par les dimensions importantes 
de ses ouvrages. 

La realisation de ce nouvel Ensemble, 
entreprise depuis la mi-81 dans le cadre 
d'un programme de I' Agence spatiale 
europeenne auquel participent sept 
Etats membres, etait quasiment 
terminee fin 1984: seules restent a 
executer en 1985 les dernieres 
operations de validation en vue d'un 
premier lancement dans le deuxieme 
semestre 1985. 
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Le deuxieme Ensemble de 
Lancement Ariane (ELA-2) 

C. Dana, Direction des Systemes de Transport spatial, 
ESA, Paris 

L'ELA-2 est destine a devenir, a compter 
de 1986, le complexe de lancement 
europeen normalement utilise pour les 
lanceurs Ariane, I'ancien Ensemble de 
Lancement Ariane (ELA-1) etant conserve 
comme moyen redondant de secours. 

Deux raisons principales ont impose la 
realisation de l'ELA-2: 

disposer d'un complexe de 
lancement permettant d'accroTtre la 
disponibilite des moyens de 
lancement pour le lanceur Ariane-3, 
condition importante de la credibilite 
commerciale du lanceur, 
permettre le lancement d'Ariane-4 qui 
represente une evolution significative 
d'Ariane et qui n'est plus compatible 
avec l'ELA-1 . 

La conception de l'ELA-2 a pour objectifs 
essentiels de: 

augmenter la cadence de lancement 
grace a la separation de la zone de 
lancement, de la zone de preparation 
des lanceurs, 
optimiser les couts operationnels par 
reduction des contraintes en 
exploitation. 

L'ELA-2 est constitue essentiellement de 
deux zones distinctes: la Zone de 
Preparation des lanceurs et la Zone de 
Lancement. 

La Zone de Preparation des lanceurs est 
independante et situee a une distance de 
securite (950 m) de la Zone de 
Lancement. Les deux zones sont reliees 
entre elles par un chemin de roulement 
sur lequel se deplacent les tables de 
lancement mobiles. 

La separation geographique de la Zone 
de Preparation des lanceurs et de la Zone 
de Lancement est la caracteristique 
principale de l'ELA-2. Cette configuration 
permet de beneficier d'une grande 
souplesse d'utilisation des moyens de 
lancement puisqu'un lanceur peut etre 
erige, assemble et contr61e en Zone de 
Preparation, alors que le lanceur 
precedent: amene erige sur sa table de 
lancement mobile en Zone de Lancement, 
y subit les dernieres operations de 
contr61e en vue de son lancement 
imminent. 

L'utilisation en parallele des Zones de 
Preparation et de Lancement de l'ELA-2 
permet donc I'execution simultanee de 
deux campagnes de lancement et reduit 
I'intervalle entre deux lancements a un 
mois, alors que la conception classique 
d'ELA-1 , qui prevoit I'execution en serie 
des operations d'erection, d'assemblage 
et de contr61e du lanceur sur un meme 
site, conduit a des intervalles d'environ 
deux mois entre les lancements. 

Zone de Preparation 
Dans la Zone de Preparation de l'ELA-2 
sont effectuees les operations suivantes 
sur le lanceur: 

destockage et contr61e d'aspect des 
elements du lanceur 
erection des etages et raccordements 
contr61es d'etancheite 
contr61es moteurs 
preparation et montage des 
propulseurs d'appoint liquides ou 
solides 
contr61es electriques. 

Le temps de presence du lanceur dans 
cette zone est d'environ un mois. 
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Les principales installations de la Zone de 
Preparation des lanceurs sont: 

le Hall de destockage est un batiment 
metallique partiellement barde 
destine El recevoir les etages d'Ariane 
dans leurs conteneurs El leur arrivee 
en Guyane; il permet le stockage de 
deux lanceurs. L'inspection visuelle et 
la preparation El I'erection des 
elements du lanceur sont effectuees 
dans ce Hall muni de ponts roulants 
pour la manutention de ces elements 
en position horizontale; 

le Hall d'erection est un batiment 
metallique de dimensions 15 x 30 
x 34 m; barde, climatise, muni d'un 
pont roulant de 30 t, il perm et la mise 
El la verticale des conteneurs des trois 
etages et des propulseurs d'appoint 
ainsi que la manutention de la case El 
equipements en vue de leur erection 
dans le Dock d'assemblage; 
le Dock d 'assemblage est un 
batiment metallique barde, climatise, 
accole au Hall d'erection, de 
dimension 20 x 20 x 67 m; il est muni 
de plateformes fixes, escamotables, 
permettant I'acces aux differents 
niveaux du lanceur et equipe d'un 
pont roulant de 20 t et d'un palan 
rapide de 3,2 t et de deux potences 
de 16 t. Ce batiment permet la mise 
en place et les raccordements 
electriques et flu ides de la table de 

lancement, I'erection des etages, de 
la case El equipements, des 
propulseurs d'appoint et leur 
raccordement au Banc de Contr61e 
Dock; 
les moyens de Contr61e Lanceur et 
Systemes Sol 
Dans un batiment contigu au Dock 
d'assemblage est installe le Banc de 
Contr61e Dock d'ou sont conduites 
les operations de contr61e du lanceur 
en Zone de Preparation. 

Les principales servitudes du complexe de 
lancement sont regroupees en Zone de 
Preparation: 

Energie: 4000 kVA installes; deux 
groupes electrogenes de secours de 
440 kVA, et deux onduleurs de 
100 kVA. 

Climatisation: 11 groupes assurent 
une production de 1800 
kfrigories/heure et 600 
kcalories/heure sous forme d'eau 
glacee et d'eau chaude. 1660 m3 de 
stockage en 3 cuves, deux d'eau 
glacee et une d'eau chaude, 
permettent 4 heures d'autonomie en 
cas de coupure d'energie. Ces fluides 
servent El la climatisation des locaux 
et au refroidissement des 
equipements electroniques (sol et 
bord) et des ergols stockables. 
Les Installations flu ides: les 

ela-2 

installations de production et 
stockage des fluides conventionnels 
(air, azote, helium) communes El 
l'ELA-1 et l'ELA-2 ont une capacite 
de stockage de: 

pour I'air: 4,5 m3 El 200 bars 
pour I'azote liquide: 275 m3 

pour I'azote gazeux: 40 m3 El 
250 bars 
pour I'helium gazeux: 53 m3 

repartis selon les besoins 
operationnels en stockages 
specifiques de 200 El 350 bars. 

Les stock ages d'ergols UDMH et 
NP4 (de capacite unitaire 200 m3), 

sont communs et relies aux Zones de 
Lancement de l'ELA-1 et de l'ELA-2, 
permettent une utilisation commune 
au profit des deux Ensembles. 
Environ 5000 composants (vannes, 
clapets, soupapes .. . ) et 20 km de 
liaisons, permet\ent la distribution de 
ces fluides. 
Bureaux, ateliers, magasins 
Un batiment Bureaux d'une surface 
utile de 1650 m2 repartie sur 3 etages, 
accole au Centre de Lancement 
ab rite les equipes chargees de 
I'exploitation de l'ELA-2 et les equipes 
de lancement. 

Le Centre de Lancement est un batiment 
en beton arme, El deux niveaux, recouvert 
d'une dalle de beton de 2 m d'epaisseur et 
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Figure 2 - ELA-2: Zone de Preparation 
des lanceurs: le Dock d 'assemblage et a 
gauche le Centre de Lancement 

d'une couche de terre de 4 m protegeant 
les personnels et equipements lors du . 
lancement. Sa surface, de 2 x 900 m2

, se 
repartit en salles techniques, salles 
d'operation et d'observation, sal le de repli. 
Entierement climatise, il constitue la zone 
de repli du personnellors du lancement 
avec une capacite de 200 personnes. 

Depuis le Centre de Lancement, ou sont 
installes les equipements de contr61e et 
commande, sont assurees la mise en 
oeuvre operationnelle des equipements 
de surveillance El distance du lanceur, le 
deroulement des operations de mise en 
oeuvre finale et la chronologie de 
lancement. Deux systemes, le Contr61e 
Commande Electrique (CCE) et le 
Contr61e Commande Fluides (CCF) 
constituent les principaux elements des 
equipements de contr6le. 

Le CCF assure la mise en oeuvre et le 
contr61e El distance des moyens de 
I'ensemble des installations de lancement, 
plus particulierement la pressurisation des 
reservoirs et capacites, les remplissages 
en ergols, les assainissements, le 
deroulement de la sequence 
synchronisee, la conduite des 
automatismes de securite. 
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Figure 3 - Vue interieure du Centre de 
lancement avec ses equipements de 
contr6/e: depuis ce Centre sont executees 
les operations de mise en oeuvre finale du 
lanceur 

Le CCE assure la mise en oeuvre et le 
contr61e des chafnes electriques du 
lanceur, la mise en oeuvre de la phase de 
largage et le stockage, I'exploitation et la 
visualisation des donnees en provenance 
du lanceur. 

La Zone de Preparation des lanceurs est 
reliee El la Zone de Lancement par un 
chemin de roulement constitue d'une 
double voie ferree de 950 m de longueur 
allant du Dock d'assemblage jusqu'au 
Massif de lancement. Une plate-forme 
tournante (sur coussins d'air) et une voie 
de degagement permettent le croisement 
des tables de lancement. 

Pour son transfer! depuis la Zone de 
Preparation El la Zone de Lancement, le 
lanceur, assemble jusqu'au niveau de la 
case El equipements inclus, est pose El la 
verticale sur sa table de lancement mobile 
se depla<;:ant El I'aide de boggies sur la 
double voie ferree: le deplacement 
contr61e des tables de lancement entre les 
deux Zones est assure par un tracteur de 
350 CV en moins d'une heure. 

La table de lancement roulante, structure 
metallique en forme de caissons de 
dimensions 13 x 13 x 4 m et d'une masse 
d'environ 500 t supporte le systeme de 
largage du lanceur, identique pour les 
versions Ariane-3 et Ariane-4. Deux tables 
de lancement sont realisees: une pour les 
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Figure 4 - Vue interieure du Dock 
d ' assemblage 

lanceurs Ariane-3 et une pour les 
lanceurs Ariane-4. 

La table de lancement Ariane-3 est 
rehaussee d'environ 7 m par rapport.Ella 
table Ariane-4 afin de conserver la meme 
altitude au niveau des bras cryogeniques 
de la tour ombilicale qui assurent les 
liaisons ergols, fluides et electriques avec 
le 3eme etage du lanceur. La table 
Ariane-3 peut etre transformee en table 
Ariane-4 et vice versa. 

Zone de Lancement 
Dans la Zone de Lancement sont 
executees les operations suivantes: 

phase finale de controle du lanceur 
erection et controle de la charge utile 
assemblage de la coiffe 
raccordement des moyens sol, 
alimentation en ergols et fluides et 
controles/commandes 
preparation au lancement: 
chronologie et lancement 
eventuellement erection et 
deserection des propulseurs 
d'appoint. 

Figure 5 - Le chemin de roulement 
reliant la Zone de Preparation cl la Zone 
de Lancement ELA-2 

Le temps de presence du lanceur dans 
cette zone est de deux semaines environ. 

Les principales installations de la Zone de 
Lancement son!: 

Le Massif de lancement sur lequel 
vient s'ancrer la table mobile 
supportant le lanceur. Entoure de 
plates-formes de manoeuvre, le 
massif (12000 t de beton) supporte la 
table de lancement. le portique de 
servitude en position avancee, et se 
prolonge par le chemin de retrait 
permettant le recul du portique. Un 
deflecteur de jet. du type sec a deux 
versants revetu de beton refractaire, 
integre au massif assure le 
detournement des jets des moteurs 
du 1 er etage et des propulseurs 
d'appoint au decollage dans deux 
carneaux semi-enterres de forme 
incurvee. La recuperation et 
I'evacuation des ergols vers une cuve 
de retention, en cas de fuite, est 
prevue a partir des carneaux. 
La Tour ombilicale, de dimension 
8 x 15 x 74 m, assure les liaisons 
electriques et fluides entre le lanceur 
et les installations sol; constituee 
d'une partie en beton a 13 niveaux et 
d'une partie en charpente metallique 

ela-2 

a 10 niveaux, partiellement bardee et 
protegee cote lanceur, elle est 
accolee au Massif et situee a environ 
12 m du lanceur, elle supporte 
notamment les bras cryogeniques de 
liaison avec le lanceur. 
Le Portique de servitude assure la 
protection du lanceur sur le Massif et 
permet I'acces aux ditterents niveaux. 

Mobile, de dimensions 20 x 20 x 80 m, 
structure metallique bardee en partie 
superieure, d'une masse de 3000 t, il 
est accole, lorsque le lanceur est 
transfere en Zone de Lancement. a la 
Tour ombilicale avec laquelle il forme 
une enceinte fermee et climatisee 
dans sa moiM superieure. 11 perm et la 
mise en place sur le lanceur de la 
charge utile, de la coiffe ou du 
composite charge utile + coiffe. La 
partie du Portique situee au-dessus 
du niveau 62 m est une zone propre 
climatisee, pressurisee, permettant les 
operations finales sur la case, la 
charge utile et la coiffe avant le 
lancement. 

Le Portique est equipe d'un pont 
roulant de 32 t avec palan rapide de 
3,2 t et de deux potences de 16 t. La 
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Figure 6 - Zone de Lancement ELA-2: le 
Portique de servitude accole a la Tour 
om bilica le 

zone propre est equipee d'un pont de 
12,5 t. Un ascenseur exterieur dessert 
les niveaux table de lancement et 
zone propre. Le Portique est recule 

etalee sur environ quatre ans: 

Figure 7 - Le Portique de servitude: 
abritee par le Portique on aperyoit la table 
de lancement Ariane-3 

2eme semestre 1981 Fin des etudes et debut gros oeuvre 

sur rails de roulement a une distance 1982- 1983 Gros-oeuvre (chantier jusqu'a 450 personnes) et installation 
des equipements operationnels d'environ 80 m du lanceur lors du 

lancement. 
Un stockage d'oxygene liquide (L02) 
ainsi qu 'un stockage d'azote liquide 
(LN 2) et une piscine de brulage de 
I'hydrogene residuel sont egalement 
installee en Zone de Lancement. 

La realisation de l'ELA-2, menee a bien 
grace a I'excellente cooperation des 
industriels europeens participants, s'est 

74 

1984 Fin d'installation et essais de mise en service et validation 

1 er semestre 1985 Fin des essais de validation et recette globale de l'ELA-2. 

Le premier lancement Ariane-3 depuis 
I'ELA-2 est prevu dans le troisieme 
irimestre 1985, et le premier lancement 
Ariane-4 a la mi-1986. ~ 
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In Brief 

Recent Visitors to ESTEC 

Canadian Minister of Science and 
Technology 
The Honourable Thomas E. Siddon, 
Canada's Minister of State for Science 
and Technology, visited ESTEC on 28 
January. In Mr. Siddon's party were: 
His Excellency Mr. L.A.H. Smith, Canadian 
Ambassador to The Netherlands, Dr. 
Louis Berlinguet, Special Advisor to the 
Minister of State for Science and 
Technology, Mr. Kevin Macleod, Chief of 
the Minister's Staff, Dr. Jocelyn Ghent, 
Counsellor (European Space Affairs), 
Canadian Embassy, Paris, Or. Hendrik 
Weiler, Counsellor (Scientific) Canadian 
Embassy, The Hague, Mr. R. Seaborn, 
Counsellor and Consul (Political Affairs), 
Canadian Embassy, The Hague and 
Mr. J. Leng, Counsellor (Commercial) , 
Canadian Embassy, The Hague. 

After being welcomed by Prof. M. Trella, 
ESA's Technical Director and Director of 
ESTEC, and Mr. E. Mallett, ESA's Director 
of Applications Programmes, the party 
spent the morning touring the ESTEC 
facilities, including the spacecraft 
environmental test facilities and the 
materials laboratory. In the afternoon they 
were given presentations on the Agency's 
Earth-Observation and 

in brief 

Telecommunications Programmes, both 
of which are of particular interest to 
Canada. Mr. Siddon and his colleagues 
were also briefed on ESA's Future 
Scientific Programme and the Agency's 
Long-Term Plan. ~ 
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Delegation from the Ministry of 
Astronautics, People's Republic of China 
The Chinese Delegation, headed by Mr. Li 
Xu'e, First Vice Minister of the Ministry of 
Astronautics, visited ESTEC on 21 
February. His party included: Sun 
Jiadong, Chief Engineer, Ministry of 
Astronautics and President of the Chinese 
Academy of Space Technology; Zhang 
Jiqing, Director of Foreign Affairs Bureau, 
Ministry of Astronautics (Deputy Head of 
the Delegation); Li Boyong, Chief 
Engineer, Ministry of Astronautics; Shi 
Jinmiao, Deputy Director, Astronautics 
Office of Shanghai; Cheng Lusheng, 
Deputy Director of Foreign Affairs Bureau, 
Commission of SCience, Technology and 
Industry for National Defence; U Keli, 
Deputy Director General of the Great Wall 
Corporation; Mrs. Liu Fengqin, Director of 
International Relations Department, 
Chinese Academy of Space Technology; 
Zhang Hongxian, Deputy Head of the 
Planification Department, Ministry of 
Astronautics; Cao Xisheng, Interpreter, 
Chinese Academy of Space Technology; 
and Wang Zhongguo, Responsible for 
French Affairs, Foreign Affairs Office of 
the Ministry of Astronautics (Secretary to 
the Delegation). 

During the course of the morning, after a 
brief introduction to the ESTEC 
Establishment, presentations were given 
on the ESA Technology Research 
Programme, the Remote-Sensing 
Programme and the Microgravity 
Programme. 

In the afternoon the visitors inspected the 
ESTEC environmental test facilities and 
check-out laboratory, before attending a 
further presentation on the Agency's 
Spacelab, Eureca and Space Station 
Programmes. 

Marecs-B2 Officially Handed 
Over to Inmarsat for 
Commercial Use 

On 5 February, ESA officially handed over 
its second maritime communications 
satellite, Marecs-B2, to INMARSAT for the 
beginning of the satellite's commercial 
use in orbit As part of the ceremony, 
which took place at INMARSAT 
Headquarters in London, INMARSA T's 
Director General, Mr. Olof Lundberg, and 
the Director General of ESA, Pro!. Reimar 
Lust, held real-time conversations with 
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ships at sea and with a research station 
on the Antarctic continent 

The spacecraft, which has been in 
operational service since 8 January 1985, 
completes INMARSA T's first-generation 
satellite system, offering a worldwide 
service and covering three ocean regions: 
the Atlantic region, with Marecs-A 
positioned at 26°W, the Indian Ocean, 
with Intelsat MCS-A at 63°E, and the 
Pacific Ocean with Marecs B-2 at 

176HE. € 

Arabsat and Brasilsat 
Launched by Ariane 

The Ariane-V12 launch took place on 8 
February 1985 at 23:22:00 h UT, putting 
both the Arabsat and Brasilsat 
communications satellites into 
geostationary transfer orbit 

Arabsat-F1, with a mass of 1215 kg at 
launch, is the first of a series of three 
satellites built under the prime 
contractorship of Aerospatiale (Cannes) 
for the Arab Satellite Communication 
Organisation (ASCO). 
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Spacelab, Eureca and Space Station 
Programmes. 

Marecs-B2 Officially Handed 
Over to Inmarsat for 
Commercial Use 

On 5 February, ESA officially handed over 
its second maritime communications 
satellite, Marecs-B2, to INMARSAT for the 
beginning of the satellite's commercial 
use in orbit As part of the ceremony, 
which took place at INMARSAT 
Headquarters in London, INMARSA T's 
Director General, Mr. Olof Lundberg, and 
the Director General of ESA, Pro!. Reimar 
Lust, held real-time conversations with 

76 

ships at sea and with a research station 
on the Antarctic continent 

The spacecraft, which has been in 
operational service since 8 January 1985, 
completes INMARSA T's first-generation 
satellite system, offering a worldwide 
service and covering three ocean regions: 
the Atlantic region, with Marecs-A 
positioned at 26°W, the Indian Ocean, 
with Intelsat MCS-A at 63°E, and the 
Pacific Ocean with Marecs B-2 at 

176HE. € 

Arabsat and Brasilsat 
Launched by Ariane 

The Ariane-V12 launch took place on 8 
February 1985 at 23:22:00 h UT, putting 
both the Arabsat and Brasilsat 
communications satellites into 
geostationary transfer orbit 

Arabsat-F1, with a mass of 1215 kg at 
launch, is the first of a series of three 
satellites built under the prime 
contractorship of Aerospatiale (Cannes) 
for the Arab Satellite Communication 
Organisation (ASCO). 



Brasilsat-1 (SBTS-1) is the first of two 
satellites to be built by the Canadian firm 
SPAR Aerospace Ltd. for Embratel 
(Empresa Brasileira de 
Telecomunica<;:oes), a Brazilian firm. At 
launch this satellite had a mass of 
1140kg. 

This was the third Ariane-3 launch and 
Arianespace's fourth operational launch. 
The launcher campaign started on 4 
January 1985, and that for the satellites 
on 29 November 1984. No major 
difficulties occurred. 

Countdown took place in two phases; it 
started on Thursday 7 February from 

05.00 to 24.00 h local time with the filling of 
the first and second stages with 
propellant, and resumed on Friday 8 

in brief 

February at about 09.00 h local time. The Brasilsat-1 
countdown as a whole went without a 
hitch and resulted in ignition of the first-
stage engines at 20:22:00 h (23:22:00 h 
UT) at the opening of the launch window. The measurements received from the 

Data received by the Ascension Island 
radar stations showed that the resulting 
orbit parameters were as follows (target 
values in brackets): 

Apogee altitude 36042 km (35956) 
Perigee altitude 197.6 km (200.0) 
Inclination 7.10 deg (7.00) . 

Akakro station gave values even closer to 
the target values. 

The smooth progress of the campaign, 
the countdown and the V12 flight with the 
third Ariane-3 launcher confirmed once 
again the effectiveness of the launcher, 
the ground facilities, the procedures, and 
the teams that implement them. ~ 
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THE EUROPEAN SPACE AGENCY 

The European Space Agency has a number of vacancies in Scientific positions as follows: 

ASTROPHYSICS DIVISION, SPACE SCIENCE DEPARTMENT 
at ESTEC, Noordwijk, The Netherlands 

Research Fellowship Positions (PhD or equivalent) in: 

Optical Astronomy - Observational astronomy using the ESA photon counting system 
developed for the Space Telescope and the development of detector systems for future space 
astronomy missions. 

X-ray Astronomy - Development of imaging detectors for future space astronomy missions 
with participation in the analysis of EXOSAT data. 

Submillimetre Astronomy - Development of a super-heterodyne system for ground-based 
submillimetre astronomy, participation in observational campaigns and data analysis. 

Gamma-ray Astronomy - Development of the COMPTEL instrument for the Gamma Ray 
Observatory mission and data analysis. 

The research fellowship positions at ESTEC are normally limited to a duration of two years. 

Salary, will depend on qualifications, experience, marital status etc. 

A good knowledge of English or French is required, with a working knowledge of the other 
language. 

Applications should be directed to the Head of Personnel, ESTEC, Postbus 299, 2200 AG Noordwljk, 
The Netherlands, including detailed curriculum vitae and stating for which post(s) they wish to be 
considered. For enquiries phone 1719-83308 or 1719-83556. 
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Information Technology Limited -
meeting standards in satellite testing 
with ETOL, the European Test 
Operations Language, and establishing 
a formidable track record: 
G EOS 1 & 2 • ECS 1-5 
• METEOSAT 1 & 2 • EXOSAT 
• MARECS A/B/B2 • ULYSSES 
(ISPM) • IRAS • OLYMPUS (LSAT) 
• TELECOM 1 & 2. SKYNET IV 

advertisement 

• IRIS. ERS 1 • FOC (Hubble 
Telescope) • EURECA. GIOno ..... 

Information 
Technology 
Limited 

Aerospace Branch, Hempstead House, Hemel Hempstead, 
England HP2 4TN. Tel: (0442) 3288 Telex: 826642 

More flexible than the average giant . 
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Space exploration is starting to payoff by telling us 
far more about the world in which we live, and by 
providing better and cheaper communications than 
ever before. 

BTM's involvement started in the early days of the 
European Space Programmes and it supplies 
technology and equipment to numerous space 
ol'ganisations (ESA, French CNES, German DFVLR, 
Swedish Space Corporation, etc . . . ). 
BTM's space products are: 
D TTC&M systems 
D Advanced modulators/demodulators 
D Earth observation 
D Spaceborne equipment 
D EGSE & Data Systems. 

Bell Telephone Manufacturing Company s.a. 
Defence & Aerospace Group 
Francis Wellesplein 1- B-2018 Antwerpen (Belgium) 
Tel.: 32/3/23717 17 - Tlx: 72128 bella-b 

High perfol'mance demodu/[Ilol'
receil'el' dereloped ~\' 
Bell Telephone fol' 
ESOC deep- pace missions 

Bell Telephone Manufacturing Company 
A Belgian company associated With In 
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Your needs on earth, our solutions in space. 

Whatever your communications 
needs, Aerospatiale and its partner MBB 
have the answer: point-to-point 
telecommunications, stationary or mobile 
reception, DBS, or mixed missions. 

Already selected for Arabsat,TDF-1, TV-SAT 
and Tele-X, Spacebus 100, 200 and 300 
cover the range from 1200 to 3000 kg 
in GTO and supply from 1 to 6 kW 
of electric power. 

These versatile spacecraft are 
compatible with today's most economical 
launchers: Ariane and the Space Shuttle. 
That's special, that's Aerospatiale. 

~ 
=aerospatlale 
"!~ 
DIVISION SYSTEMES BALlSTIQUES ET SPATIAUX 
B.P. 96 - 78133 Les Mureaux Cedex - France 

that's special. that's aerospatiale. 
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Spacelab - Research in Earth Orbit 
DAVID SHAPLAND and MICHAEL RYCROFT 
This book charts the twelve-year programme 
of Spacelab 's development, from the spark of 
its conception to the blaze of its perfect launch 
on the Space Shuttle. It also describes, as 
never before, the behind-the-scenes activities 
essential to the mission. 
David Shapland has been with ESA in Paris for 
thirteen years and has been associated with 
the Space lab Programme from its inception in 
1971 . Michael Rycroft was one of the five 
British candidates for the position of Payload 
Specialist aboard the first Space lab flight. 
The unique colour photographs from the first 
Spacelab mission combine with the interesting 
and authoritative text to provide the definitive 
record of this major initiative. 

£11.95 net 

CAMBRIDGE UNIVERSITY PRESS 

Satellite Technology is a new monthly 
international magazine covering worldwide 
developments in the application of satellite and space 
technology. Every month Satellite Technology 
reports on the use of satellites in communications, 
defence, navigation, transportation, direct 
broadcasting and scientific research and on the 
industries, agencies, governments and financial 
institutions involved. 
Enter your subscription by completing the form below 
and receive your update on the satellite and space 
business every month. 

--------------------------------------------~-
Please enter my subscription as marked: 

U.K. Europe Rest of Name ________________ _ 

J year 
(J 2 issuesl 
2 years 
(24 + 2 FREE issues) 

world 
£39.000 $80.000 $90.000 

£78.000 $160.000 $180.000 

3 years £117.000 $240.000 5270.000 

Signature _______________ _ 

Tit I e _________________ _ 

Organisation ______________ _ 

(36 + 4 FREE issues) Address, ________________ _ 

Payment 
O Cheque enclosed, made payable to Satellite Technology 
O Please invoice my company 
O Please charge my Mastercard/Visa/Diners/Am Ex Card, 

________ Postcode _______ _ 

No. I I I I I I I I I I I I I I I I I Country ________________ _ 
Expiry date _______________ _ 

Return to: Satellite Technology, 
Tel _______ _ Telex, _______ _ 

Subscriptions Dept., 12-13 Little Newport Street, London WC2H 7PP, U.K. 
Tel: 01-437 4343 Tlx: 296275 
-----------------------------------------------~ 
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11 

means more cost effective engineering 

... five parametric cost estimating models 

provide the essential tools for the successful 

development of a new product 

fDlfDln/nJR Parametric 
Lr'l.JtJUl..J!:JL5 Cost Models 
For more information contact 
RCA PRICE Systems/RCA Limited/lincoln Way 
Windmill Rd/Sunbury on Thames/ 
Middlesex, Er.g ... !nd 
44-(9327)-855 t 1 

Elintech GmbH 
Kuckucksblumenstr 1 
8000 Munchen 50 
West Germany 
(089) 1503488 

Groupement de Consultants en Gestion 
8 Bis. rue Lemoine 
92100 Boulogne, France 
33 (1) 604.49.88 

SIMC 

Experience 
puts us on the 
leading edge 

TELDIX - your best source for advanced satellite 
stabilization wheels featuring unequalled reliability. 
Besides, your space design will benefit from our 
small- and large-angle antenna pointing 
mechanisms, bearing and power transfer 
assemblies (BAPTAs), microwave switches 
and associated electronics. 

TELDIX wheels support major programs 
such as: SYMPHONIE, OTS, 
TV-SATITDF-1, ECS/MARECS, 
ROSAT, DFS, TELE-X, TELECOM, 
MOS-1, INTELSAT V, IRAS, 
APPLE, PLANET-A, MS-T5, ETS-V. 

P.O. BOX 105608' Grenzhofer Wag 36 
D-69oo Heidelberg · W.-Germany 
Phone (06221) 51 2231 . Telex 0461735 

Paris Air Show Hall 1 B, E22 
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YOU have helped build 

EUROPE'S PLACE in SPACE ... 
. . . you are entitled to take 

advantage of technological 
know- how acquired through 
years of research and 
development! 

YOU have also helped build 
EUROPE'S PLACE IN ONLlNE 
INFORMATION RETRIEVAL .. . 
. . . ESA-IRS, the European Space 

Agency's own Information 
Retrieval Service, was born some 
15 years ago to provide Europe 
with a service badly needed. 
Due to its R&D orientation in 
the context of the Agency 's 
mandate, ESA-IRS is already 
operating in the future - where others 
just reached the present! 

TO BE A LEADER - USE A LEADER! 
Write or call us for more information on 

• our over 60 databases & databanks 
• how to use your PC to access ESA-IRS 

• our electronic mail service 
• how to create your own private file 

• our DOWNLOAD facility 
• how to order original documents online 

• our software, our prices, and many other services 

esa 
european space agency 

.~ Via Galileo Galilei 

I ......... 00044 - FRASCATI (ITALY) 
-.._ Tel.(39/6)94011 

-~ Twx. 610637 esrin i 

Online Services 
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Under the terms of its Convention, ESA has an obligation to 
'facilitate the exchange of scientific and technical infor
mation pertaining to the fields of space research and 
technology and their space applications.' 

The Bulletin is the Agency's quarterly magazine that helps to 
fulfil this obligation, carrying information on ESA, its activities 
and its programmes, on-going and future. 

The ten or so articles that go to make up each issue 
(approximately 100 pages) are drafted by professional 
scientists and technologists. They are original and signi
ficant contributions on space technology, space science, 
space missions and space systems management and 
operations. The goal is to bring the results of ESA's space 
research and development activities to the notice of 
professionals concerned with the exploration and exploi
tation of space, many of whom are senior politicians and 
those responsible for government contracts. 

Every Bulletin also carries some 16 pages of 'progress 
information' that comprehensively describe the last three 
months' developments in all the major European space 
programmes (telecommunications, meteorology, earth ob
servation, and scientific satellites, the Spacelab/Space 
Shuttle programme and the Ariane launch-vehicle pro
gramme). Newsworthy events, conferences, symposia and 
exhibitions associated with the European space programme 
are also featured in every issue. 

The Readership 
Through the nature of its content and the role that the 
Agency plays in shaping Europe's space research and 
development activities, the Bulletin has come to have a fast
growing (currently 10500 copies per issue) but select 
distribution among 'decision makers' in space matters not 
only in Europe but around the World. The Bulletin is now 
distributed in more than 100 countries. It is read by 
managers and senior staff in space-oriented organisations 
- both national and international - in ministries, in industry, 
and in research institutes. It forms a fUndamental part of the 
continual dialogue between ESA and its national counter
parts and between ESA and the industrial firms to whom the 
contracts and subcontracts are awarded that account for 
the major part of the Agency's $950 million per year budget 
(contract awards on a geographical-return basis linked 
directly to the financial contributions of the individual ESA 
Member States). 

AdvertiSing Potential 
The Bulletin therefore offers the commercial company -
large or small - which already provides space-related 
products and/or services or which wishes to develop its 
markets in that direction, a direct entree to a very special 
readership with a much higher than average rating as far as 
market potential is concerned. This commercial market 
potential is growing steadily each year with a constantly 
increasing percentage of readers being faced with a need to 
apply in their own environments the technologies that ESA, 
the national agencies, and industry have been developing 
to meet European needs. 

CIRCULATION 
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Argentina Germany Malayaia Singapore 
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Denmari< Japan New Guinea Uganda 
Ecuador Jordan Peru Uruguay 
Egypt Kenya Philippines United Kingdom 
El Salvador Korea Poland UpparVoIIa 
Ethiopia Kuwait Portugal USA 
Falkland ISiands Lebanon Puerto Rico Venezuela 
Finland Lesotho Ouatar Yugoslavia 
France Liberia Romania Zaire 
French Gulan. Uchtenstein Rwanda Zimbabwe 
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