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SPACEFLIGHT DATA RECORDER

Product Spotlight

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

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

Capacity

The newest member of the FDR-8000 family
is the FDR-8500C. The capacity of the
FDR-8500C is 5 Gigabytes of uncompressed
data. Hardware compression is typically 2:1,
yielding 10 Gigabytes of storage space.
Depending on data content, compression
rates of 50:1 are attainable. Peak data rates
are 10 Mbit/s per channel into a 4 Mbit
buffer. Multiple input models are available.
Total sustained data rates from combined
channels are from 4 Mbit/s to 12 Mbit/s
depending on compression efficiency. The
error rate is less than one in 102 bits read.

Mechanical

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

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

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

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

Electrical

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

Interface

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

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

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




Giving you the keys to a total system.

When Aerospatiale supplies a satellite, it doesn’t only supply a satellite in orbit. It supplies total
expertise. A total system backed by almost thirty years experience; from satellites and
launchers to ground stations, the software to control them and training for local personnel.

. With all of it specifically designed to meet individual customer requirements. Aerospatiale can _ai—

2 even go one step further and provide assistance in program financing and insurance, thereby e
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Z covering every aspect of your communication system needs. Because Aerospatiale understands ———

=| that the only way of mastering the complexities of satellite communication is to master every _—

#s step of the planning, conception and realization of your project. And then give you the keys. AEROSPATIALE

A CHTITEVEMENT H A S A N A M E. ESPACE & DEFENSE



.
L]
.
' %
. B
.
[ ] . .
. L ]
-
- ®
a . -
-
.
.
]
L
. ‘
L ]
L
L]
.
o B
& v
o
.
. L]
L]
L]
L]
.
® .«
. .. .

In our field, requirements are almost infinite but
space on board is finite. Integrating more functions in
that space is our way of thinking big.

The space industry demands absolute integrity,
from liftoff to end-of-life. Sextant Avionique’s Space
Division calls on over 25 years of experience to meet
these exacting requirements. From design to integra-
tion of space-qualified equipment, we offer a compre-
hensive range of services to meet your exact needs.

Sextant Avionique has already =
equipped some 50 launchers and 70 ;
satellites - a total of over 300 compo- AV

Design small, Think big.

nents and subsystems that operators can rely on
throughout mission life.

Thanks to our acknowledged expertise, advanced
technology and in-depth synergy between aeronauti-
cal and spac ctant Avionique is a key
partner in some of the biggest space programs of this
decade, including Ariane 4 and 5, Hermes, Columbus,
Spot, ERS, Helios, Meteosat, Topex-Poseidon, [SO,
Eutelsat II and Telecom 2.

Concentrating know-how into a finite
s m A m inner space is our way of helping you meet

ONI!l QUE

the infinite demands of outer space.

Space Division

25, rue Jules Védrines - 26027 Valence Cedex - France - Telephone (33) 75

8511 - Telex SXT 345807 F - Fax (33) 757986 60



ALCATEL ESPACIO: Quality in time.

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

ALCATEL ESPACIO'S main technologies
and products are:

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

Fiber Optical Buses, etc).

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

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

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

ALCATEIL
ESPACIO

Alcatel Espacio, S.A. Einstein S/N. Tres Cantos 28760 Madrid. Spain
Tel. {(341) 803 47 10. Fax. (341) 80400 16
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mtuhpean Space Agoncy’s Artemis Program
i has represented another major challenge for CASA.
CASA is developmg the Common Large Reflector Dish for
communications links between Artemis, other Leo users and Earth.
The 2.8 x 3.3 meters Antenna Reflector is designed with the latest CFRP
technology, achieving a very low level of Thermal Distortions.
Yet another good reason why CASA is the best choice
for light structures with high-dimensional stability in space.

SPACE DIVISION
CONSTRUCCIONES AERONAUTICAS, S.A. Avda. de Aragn, 404 - 28022 MADRID Tel.: 586.37.00 - Fax: 747.47.99 - Télex : 48540 CASA E



small satellite missions

Small Satellite Missions in the Context of the
ESA Scientific Programme

D.C. Dale & G.P. Whitcomb

Scientific Projects Department, ESA Directorate for Scientific Programmes, ESTEC,

Noordwijk, The Netherlands

Introduction

During the early phases of the space age,
satellites tended to be small, being limited by
both the available technology and launch
capability. As the technology improved and as
launchers became more powerful, the size of
the payloads naturally grew apace. In the
expanding economies of the time, there was
a public desire to explore the new environ-
ment, and a feeling that space activities
were at the cutting edge of engineering and
scientific development. Funds were therefore
made available to support the growth. The
much-changed environment of today - an
austere funding climate — is now encouraging
a strong user interest in cheaper and more
frequent missions, an interest that is forcing
the established space agencies to rethink their
approach to spacecraft procurement and mission
design.

The merits of Small Satellite missions have been assessed by the
Agency’s Scientific Projects Department looking, specifically from
the science viewpoint, at means for implementing such missions in the
complex environment within which multi-national agencies such as ESA
must operate.

The ESA Science Programme has a strong
interaction with the scientific community and is
well aware of the latter’s wishes. Consequently,
the Agency has expended considerable effort in
recent years on exploring several options for
small scientific satellite missions, but so far
without reaching any definite conclusions as to
how to implement such missions in the context of
the ESA scientific programme.

Historical background

The first relevant mention of small missions was
associated with the approval of the Space
Science:Horizon 2000 strategic plan for
European space science, in 1985. Within this
plan, a small-mission programme was foreseen in
addition to the use of the Space Station and the
European Retrievable Carrier ‘Eureca’ As a
consequence, consideration was given to the

possible procurement of ESA's Cluster-mission
spacecraft using similar procurement rules to
those employed for the AMPTE mission. It was
concluded at that time, however, that the changes
needed to apply a similar ‘small satellite’
approach to Cluster were too wide-ranging and
so different from current practice that they were
unlikely to be approved by the ESA funding
authorities in time for that mission. The Cluster
project has therefore proceeded along more
classical lines

Nevertheless the Agency, ever mindful of the
need to increase the frequency of mission
opportunities, continued to seek, in accord-
ance with the planned objectives of the Horizon
2000 plan, means of introducing smaller, cheaper
missions into its programme. A special users
group was set up within the Science Directorate
to identify means of increasing the number of
flight opportunities and to foster interest in and
develop an approach by which small missions
and individual payloads could be flown at low
cost. At that time, flight opportunities on Space
Station/Columbus and Eureca were being given
high priority, as well as potential small
‘self-contained’ missions.

In 1990, the Pinkau Committee, which had
been conducting a policy review of the ESA
Science Directorate, confirmed that small
missions should be included in the ESA
programme with the promise that 10 MAU of
savings would be freed for that purpose. One
idea was that Member States could procure
missions under the overall management of the
Agency, but without the normal constraints such
as an equitable geographical return on an
individual-mission basis

Later that year, therefore, the Agency issued a
‘Call for Ideas’ for small missions in an attempt to
assess the potential interest. Some 52 proposals
were received and evaluated by the ESA advisory
groups. From this menu, two missions were
selected for further study by way of being
good typical examples of small missions in
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two different areas of science:

— SOLID, a mission to measure solar oblate-
ness, irradiance periodicities and diameter
variations, and

— CUBE, a mission to survey the cosmic ultra-
violet background

The aim of the study was to explore technical
feasibility, to verify the scientific return, and to
assess the potential cost

The response to the Call for Ideas and the
resulting study of the SOLID and CUBE
examples showed that there were some
genuine, scientifically justifiable, small-mission
ideas seeking a launch opportunity (Table 1),
and so in March 1992 a Workshop was organised
to explore the possibilities further.

From the study, and also from the conclusions of
the Workshop, however, it emerged that there
were a number of fundamental technical,
managerial and policy subjects that had to be
addressed before such a programme of missions
could be considered for practical implementation

They included the need for a European small
launcher, the constrained industrial procurement
policy applied by the ESA Member States (the
‘geographical return’), and the need for a more
flexible personnel policy within the Member
States, ESA, and Industry

All of this led ESA to the conclusion that the
setting up of a smaill-mission programme would
be a lengthy process, precluding any short-term
start to such a programme. Nevertheless, in
recognition of the community interest, it was
proposed that ESA would continue to consider
small-satellite programmes within the Member
States and would pursue  small-mission
opportunities  with the Member States on a
case-by-case basis. In addition, the Agency
included a specific request for small-mission
proposals in its November 1992 ‘Call for Mission
Proposals'’

Although some 13 small-mission proposals had
been received for consideration by April 1993,
and were carefully evaluated by both the ESA
Science Working Groups and the ESA Space

Table 1 — Design characteristics of the proposed SOLID and CUBE missions

Parameter SOLID CUBE
Mission type Solar Physics Astronomy
Objectives To measure solar oblateness; the ratio A survey of the cosmic ultraviolet
of radius variations; periodicities background
in solar irradiance and solar diameter
variations
Payload Solar Diameter Sensor (SDS) Long slitimaging spectrograph
1200—1800A
Solar Irradiance Measurement (SIM) Broadband 2' camera 1350—1900A
Orbit 700 km Sun-synchronous 700 km circular equatorial

Launch mass
Payload mass

Dimensions: Length
Diameter

Power

Data rate

Spacecraft type

(3-axes, spinner, etc)

Launch vehicle

Other features

140 kg
40 kg

1.8m
11m

0.8 m®array, 80 W (BOL), 65 W (EOL)

10 kb/s on board, 500 Mb onboard
memory. 1.7 Mb/s downlink (max)

3-axes, 2 arc-min LOS pointing, 0 5 deg
in roll. Cold gas jet, reaction control
subsystem

Pegasus

Uses instrument as primary
attitude sensor

186 kg
50 kg

1.5m
136m

2 m?array, 200 W (BOL), 140 W (EOL)

26 kb/s onboard, 260 kb/s calibration
mode, 1.7 Mb/s downlink (max)

3-axes, slow scanning and pointing
modes of operation. Cold gas jet,
reaction control subsystem

Pegasus

Orbit tracking to <10 km. Experiment
operation during eclipse only
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Science Advisory Committee, none were recom-
mended for further study

Current developments

Joday, the term ‘small satellite’ means different
things to different people and, depending on
whom you ask, can range from the extremely
simple to the relatively complex. If the individual
scientist is asked to propose a small mission,
many replies will be received. If, however, a group
of scientists is asked, a discussion is started on
the relative merits of small satellites, but without
having a proper definition of what truly constitutes
a small-satellite mission

Having asked the individual (via a Call for
Proposals) and having asked the group (via the
ESA Advisory Bodies), the Agency now finds itself
in the middle of such a discussion and faced with
the questions:

— How do we define small?

—~ What should a small-mission programme
contain?

— How would it be implemented?

In order to answer them, the ESA Science
Directorate is presently making a wide-ranging
study of the issues involved — both scientific and
organisational (see panels on following pages) —
with a view to developing a Directorate policy
towards the procurement of small satellites for, or
by, the European scientific community. This study,
which  will  eventually embrace a wide
cross-section of the European scientific
community, is being carried out in three distinct
phases, as shown in Figure 1.

The first phase of activity has now been
completed. During this phase, several meetings
have taken place within ESA, each concentrating
on a particular topic:

— Definition of ‘small satellites’

— The sounding-rocket experience
— Experiment selection

- Review of procurement approach
— Launcher options

- The legal framework

— Small-satellite operations.

The initial findings can be summarised as
follows:

Definition of ‘small satellites’

This topic has proved to be the most elusive in
that, despite all the studies made in the Executive
and elsewhere, and the plethora of opinions
expressed, there is still no universally accepted
definition of what constitutes a ‘small satellite’
Some authors use mass, others cost and short
development times, while still others use relative
complexity. The conclusion of the group is that
the best criterion for defining a small mission is
cost, from which all other parameters may be
inferred.

As a reference for discussion, a total mission
cost of about half a medium-mission budget, ie
less than 160 MAU, has been assumed as the
small-satellite threshold. Other, lower, financial
thresholds could also be considered. One such
set of parameters derived using this approach is
shown in Table 2. It is consistent with the current
definition of a small science mission.

Figure 1
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Science-Related Issues

ESA has a wide customer base - the
scientific community — which needs to be
supported. How can a small-mission
programme help in this respect?

The main argument is that a small-mission
programme should be used to enhance the
total programme. However, it is not obvious
that a small-mission programme will satisfy
more of the ESA community. With a small
mission every two fo five years, only a few
additional Principal Investigators (Pls) will have
a flight opportunity.

Related questions are:

— Would the scientists not selected continue
to support the programme?

— Would the science be complementary to
the main programme’s science, replace it
or simply a ‘nice to have' adjunct?

In the latter case, can the diversion of the
funds be justified as, due to the fixed level of
funding available, the main programme of
activity would be delayed to accommodate the
small-mission funding?

The answers to these questions need careful
assessment by the community, so that there is
a full understanding of what small missions
mean and so that the benefits and the
drawbacks are understood and accepted by
all interested parties.

How many small missions can reasonably be
expected over say a ten-year period?

It has been suggested, without confirmation,
that funding to a level of about 25 MAU per
year could be appropriate. Assuming this,
probably between two and five small missions
could be flown over a ten-year period, in
addition to the normal series of Cornerstones
and medium-size missions in Horizon 2000.

What is the scientific merit of one ‘ten-PI
mission’ costing 500 MAU, as opposed to
ten ‘one-Pl missions’ costing 50 MAU each?

One answer could be that it provides greater
diversity and more opportunities within a given
field of science. By working together to satisfy
a set of common mission objectives, the
contributions of the individual Pls should be
greater than the sum of their individual efforts.
Good examples of such cooperation are
ESA’s Soho and Cluster missions, which
accommodate some 21 Pls in a coordinated
programme of activity. These Pls were chosen
with complementarity in mind. If the individual
payloads were to be flown as individual ‘small’
missions, it is most unlikely that all of the
elements would fly in the same time period,
with a consequent loss in overall scientific
return

While this is a rather specific example, and
recognising that a small-satellite programme
could be structured to give coordinated
science results, it nevertheless serves to high-
light the need to ensure that the limited
funds that may be available for small missions
are used effectively, The chosen missions
must enhance the overall science return and
provide opportunities at the individual level
that are at least as good as those presently
provided by the larger missions.

How would missions be selected?

There are several options that need to be
studied. One of these is that a complete
programme of missions could be selected.
This would allow coordinated science with
maximum commonality of hardware and test
facilities within a well-defined programme of
activity. An argument against such a block
selection Is that it would in effect become a
single mission with limited flexibility to adapt to
new scientific requirements.

An alternative approach could be to fix the
spacecraft design at the start and to offer Pls
fixed accommodation and resources. Then,
some flexibility may be possible in that the
experiments could be selected during the
programme and not all at the start. An
advantage of this approach would be that all
spacecraft hardware would be identical.
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Organisational Issues

The procurement of small satellites by ESA
is not a technical issue, but one of
organisation and management.

There s no doubt that Europe has the
knowledge and expertise to procure small
satellites — given the mandate and appro-
priate tools to do so. The experience gained
during the sounding-rocket programme of the
late sixties is still relevant, the key issues
being small co-located teams, simple build
procedures, use of standard kits of parts, and
access to a cheap and reliable launcher.

To implement a small-satellite programme,
many changes to current practice would be
needed to approach the sounding-rocket
philosophy. These changes would require the
attention and approval of the ESA Council to
ensure compliance with European policy.
Careful preparation is needed to ensure
that the proposed changes are indeed
appropriate. The present study will specifically
challenge established practice to prepare for
eventual discussion at Council level.

ESA is a multi-national organisation which
must be impartial when dealing with
national/industrial authorities.

Being impartial implies that well-established
procedures are instituted. Such procedures
may not be appropriate to small-satellite
programmes as they are presently geared
towards the large-scale procurement that
have, until now, been the dominant element
in European space activity. The question that
arises Is: To what extent must the procedures
be changed to facilitate the implementation of
small missions, but at the same time retain
impartiality?

Having answered that, the next question Is:

Does the working environment need to be
changed to allow for small missions, and if
so what elements should be changed and
by how much?

Changes may be wide-ranging and
fundamental,  including  new  working
practices, new mission-selection procedures,
and a new approach to the management
of industrial contractors, all of which would
require careful consideration before imple-
mentation.

Which launchers will be available to ESA?

This is presently an open question. Many
free-market options are available, or are
expected to be available in the near-term.
Whether or not free access to this market
will be allowed for European small-satellite
missions is a point for discussion at national
level, taking into account the existing launch
capability and potential new European
developments.

How would small satellites be operated?

The questions here are.

— To what extent is the existing mission-
operations infrastructure suitable for small-
satellite operations?

— Can it be adapted easily?

— Would it not be beiter to leave the
operations to the science community? If
so, could they cope with the increased
responsibility that this would imply?

Finally, a commonly heard remark is that

‘ESA Member States should be left to carry
out small missions on a national basis, as
they are better equipped to deal with their
own community and are not so constrained
by industrial policy as ESA.

This might be true for the larger nations, but
the smaller nations may not have the
infrastructure needed to design, build and
launch a small missfon. For them, ESA could
perhaps provide access to flight opportunities
for individual scientists in the smaller countries
either through an ESA programme or by
acting as a ‘go-between’ for national
programmes

11
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Table 2 — Small science satellite characteristics

Cost <160 MAU in total

Mass «1000 kg

Orbit LEO equatorial or polar
Launcher Pegasus/Taurus/LLV class

Payload instruments Use of existing technology

Spacecraft subsystems — Standard with minimum development during project
— Limited redundancy
— Modular design and construction
— Commonality of modules from project to project

Software Common for development and operations as far as
possible; the EGSE software could be the basis for the
operations software, or vice versa

Procurement Single contractor with a minimum of industrial structure,
or ESA in-house
Management — Project manager has control of all funding (including
Pl funds)

— Integrated team, including PI's, co-located or ESA
delegation of project to National Authorities or other
parties

— Reduced formal paperwork (specifications, PA/QA)

— Reduced model philosophy

— Use of commercial or MIL parts

— No industrial return constraints

— Foreign purchase allowed when cost-effective

Schedule 3 years from instrument selection

Table 3 — Principal Characteristics of the Sounding Rocket Programme

Organisational — Team at ESTEC with capability to integrate and test full
payload system
— Rocket motors purchased from Industry

— Launch campaigns organised by ESOC

Science Instrument — AQ’s issued about twice per year
selection — Initial payload screening made by ESTEC in-house team
— Several programme options proposed to Launch
Programme Advisory Committee
— SPC approval

— ESTEC-held stocks of standard units

— Difficult payloads integrated in-house; otherwise industry
could bid on non-competitive basis (pre-shared on basis
of tender)

— Allindustry proposals evaluated by team, no
independent evaluation

— Development phase agreement to launch 6—9 months

Industrial aspects

Key cost savers — Very limited paperwork
— No formal configuration control
— No PA for in-house build, minimal for industry build

— No geographical distribution constraints

The sounding-rocket experience

The sounding-rocket model is a good starting
point for any discussion of small satellites in the
context of the ESA Scientific Programme as, over
the period 1968 —~ 1972, some 183 launches were
conducted with a 75% success rate. The
procurement approach taken is summarised in
Table 3

Many of these early concepts could be applied
today to a small-satellite programme, given the
will to take the risks and to accept this level of
success rate It is worth noting that, although it
was accepted initially that the sounding-rocket
programme was a ‘high-risk’ venture, failure was
treated sufficiently seriously that additional costs
were eventually incurred in an attempt to
preclude future failures!

Experiment selection

The selection of the Pls would be simplified
It could be the case, for example, that proposals
that did not meet the technical constraints would
not be accepted for scientific evaluation. The
project team would be responsible for the initial
screening  (the sounding-rocket approach)
Another constraint could be that only instruments
that used established payload technology would
be considered, to avoid development risks and
consequent programme delays

Review of procurement approach

The current approach to procurement will

certainly need to be modified if small satellites are

to be procured by ESA. To this end, some

suggestions are to:

— reduce the requirement for an equitable
industrial return

— leave science operations to Pls

— ensure a minimum of operations interaction
with the spacecraft

— reduce the procurement time-cycle

— guarantee a long production run (at teast five
missions?)

— pre-procure a number of units/subsystems for
a series of missions

— accept risk by means of a reduced model and
testing philosophy, reduced redundancy, and
the use of MIL-standard components.

The practicality of these suggestions needs
careful assessment by all interested parties.

Launcher options

This aspect is the most uncertain as the only
assured source of suitable small launchers so far
is the United States, although there have been
discussions on the possible use of Russian
vehicles launched from European launch sites. In
addition, a possible European small launcher is
under study, but it is in a very early stage of
definition. Ariane is not really a suitable vehicle in
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this context, as launch opportunities would be
dictated by the availability of space with the ‘big
users’ (shared launches); it could, however, be
considered for ‘one-off’ types of small mission,
using the triple-launch configuration

For the moment, therefore, the conclusion is that
launchers such as LLV, Taurus and Pegasus
would be the most viable.

The legal framework

Successful implementation of a technically- and
cost-effective small scientific satellite programme
would require, a priori, a critical examination
of the procedures under which the hardware
and services, including launches and ground
services, are procured, Above all, a rapid
decision-making process must be ensured so
the development work is not hindered or
complicated. Other elements that need to be
considered are: the access to small launchers;
ESA's role vis-a-vis that of the Member States and
Industry; and the timing and conditions of
approvals

A detailed examination of the various applicable
texts — in particular the ESA Convention, the
terms of reference of the Agency's Science
programme Committee (SPC) and Industrial
Policy Committee (IPC), and the General Clauses
and Conditions of Contract — will have to be
made. If necessary, changes or waivers will have
to be agreed.

Small-satellite operations

The operations process from inception to
execution needs to be kept simple. Options range
from full, but simplified, involvement of ESA's
European Space Operations Centre (ESOC), to
complete delegation of the task to the Pls. The
decision as to where the boundary point lies will
be determined by the level of responsibility that
ESA has for a particular mission.

Conclusion

While the ESA Science Programme Directorate
has, as yet, no fixed policy on the practicality and
potential for the introduction of a small-satellite
programme, there is a recognised need to reduce
the overall costs of missions, which would allow
more flight opportunities and a small-spacecraft
programme. Studies are therefore continuing,
together with an exhaustive dialogue in the
coming months with all potential participants — in
the agencies, industry and institutes — to arrive
at a definitive conclusion. If a small-satellite
programme does emerge, all well and good,
but even if it does not the European scientific
community and ESA’'s delegate bodies will at
least have a better idea of what can and what
cannot be done within the boundaries of the ESA
Science Programme. Any necessary changes will
have been quantified and the basic data will be
available for continued reference &
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ariane-5 qualification tests

Status of Ariane-5 Main Development

Tests

A.L. Gonzalez Blazquez
Launchers Directorate, ESA, Paris

Introduction

The development programme for the Ariane-5
launcher began in 1988 and since then, the
configuration of the launcher has changed
greatly in response to the evolution of system
requirements. The main configuration para-
meters are currently frozen. The critical design
review has already taken place and the
qualification phase is now underway

The launcher qualification can be divided into
two parts. The first part consists of the test and
analysis activities that will permit ground
qualification. The second part includes the first

The Ariane-5 launcher

is now

in the qualification phase of its

development programme. That phase mainly involves the testing of the
various components of the launcher. Testing is well underway. Upon the
successful completion of all tests, the launcher will be ground qualified
and ready for two demonstration flights in 1995 and 1996 that will mark
the end of the Ariane-5 development and the start of the operational life

of the launcher.

Note: For background
information on Ariane-5
and the testing campaign,
see ESA Bulletins 68
(November 1991) and

69 (February 1992)

Figure 2. Preparing for the
testing of the booster joints

two launches, which will mark the end of the
development of the launcher and the start of the
operational phase

The ground qualification, in turn, is made up of
quailification programmes at the different
launcher-element levels. The status of the
individual programmes varies, some are nearing
completion while others are less advanced. All
however are progressing in keeping with the
general planning which foresees a first
demonstration launch at the end of 1995.

The status of the main testing activities for the
various launcher elements is summarised here.
The main elements of the launcher are shown in
Figure 1.

Booster testing

Two large and very powerful solid boosters will
provide the main propulsion during the first two
minutes of Ariane-5's flight. The structural
qualification of the booster involves the testing
of its casing, joints, lower skirt and forward
cone. Firing stage tests are also part of the
qualification.

Being made of steel and carrying 236.5 tonnes
of solid propellant, the booster's casing is mainly
dimensioned by the pressure achieved during
the combustion of the propellant. Therefore the
most relevant tests of the casing are two
hydraulic pressure tests performed until the
casing ruptures. In both tests, the safety margin
obtained has been shown to be about 1.4 times
the maximum operating pressure

The design of the booster’s joints has been of
particular concern since the beginning of
development because of the catastrophic
problems that the Space Shuttle ‘Challenger’
encountered, A testing programme using
flat-plate  connections was undertaken to
optimise the design by changing the initial gaps,
missing pin, etc. Pressure tests were then
performed with two full-scale cylinders and
closed domes using different load cycles under
nominal and downgraded conditions (Fig. 2)
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Figure 3. Test set-up for the
static test of the booster’s

lower skirt (on bottom)

Figure 4. M3 booster firing

test in Kourou in June
1994, with flight-type
hardware and the booster
supported in its flight
position
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Finally, the casing rupture tests mentioned above
have demonstrated the safe behaviour of the
joints

Lower skirt and forward cone

The booster’s lower skirt supports the launcher
while the launcher is waiting to be fired. The
stiffness and strength tests of the lower skirt have
been completed, and the safety margins
obtained were found to be suitable (Fig. 3).

Work on the forward cone is not as advanced
This structure transmits thrust to the launcher
main body and provides for aerodynamic
booster  shaping Combustion  pressure
oscillation detected during the booster firing
tests required the late introduction of a softening
device to attenuate the transmission of the
low-frequency thrust oscillation to the main

launcher body. The definition of this device is
now being finalised, and the configuration of the
forward cone can then be frozen

Booster firings

Firing tests began using a reduced-scale
configuration of the booster, composed of a
forward segment, a central segment and an aft
segment. The purpose was to begin testing the
booster's internal ballistics. The results showed
the presence of combustion pressure oscillation
and, as previously mentioned, a softening device
has had to be introduced in the booster to
cryogenic stage interface.

The full-scale tests are performed with the
booster in a vertical position in a test-stand, with
the nozzle firing downward. The tests can be
divided into two parts:

— Development tests intended to characterise
the operation of the engine and to adjust the
specifications: the first test, the so-called B1
test, performed with a heavy-walled casing
before the development of the casing is
completed, and the M1, M3, M4 and M5 tests
performed with a flight-type casing (M2
experienced manufacturing problems and
thus it was dedicated to system and material
testing).

— Qualification  (Q) tests for the proper
qualification of the booster. Two entire flight
solid-propellant stages will be used

The aim of the B1 test was to verify the behaviour
of the nozzle and the segmented propeliant
configuration. The test was successful: the
proper behaviour of the internal ballistics, the
thermal protection and the nozzle actuation was
demonstrated. It also confirmed the level of
thrust oscillation of about 4%

After demonstrating the satisfactory behaviour of
the casing and joints, and after the success of
B1, the next firing test, the M1 firing, was
authorised. That test was performed using
flight-type hardware but as in B1, the forward
cone was replaced by a structure allowing the
thrust reaction along the boaster axis, The firing
was well performed and showed a thrust
oscillation of about 3%, lower than in B1

During the subsequent M3 test (Fig. 4) and the
M4 test, the booster was supported laterally, as it
will be in flight Another M test will still be
performed before the two Q firings that mark the
end of the qualification phase.

Cryogenic stage testing

The cryogenic main stage stands 30 metres high
and carries 156.2 tonnes of liquid oxygen and
hydrogen. It is ignited at lift-off and provides the
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only thrust after booster separation. Its main
elements are the oxygen and hydrogen tanks,
the upper skirt, the thrust frame and the Vulcain
engine

The development of the Vulcain engine is in itself
a complete programme and thus it is not
described here. The tests, however, are ongoing
and hours of firings on several engines in two test
benches are accumulating (Fig. 5).

Main tanks

The two main tanks, the oxygen and hydrogen
tanks, are made of 2219 welded aluminium
sheets with a common bulkhead and spherical
domes. As with the testing of the booster casing,
the most relevant test of the tanks relates to their
pressure performance. The test, which has
already been successfully performed, has
validated the tanks’ dimensioning, and has
provided the information required for a future
mass-saving analysis.

Upper skirt and thrust frame

The upper skirt provides the link between the
cryogenic stage and the upper composite. The
qualification tests of the skirt have been
completed (Fig. 6). The rigidity and safety
margins were found to be well in accordance
with predictions. As the structural margins
obtained were higher than necessary, a mass-
saving analysis has been performed,

The thrust frame supports the Vulcain engine. Its
configuration has evolved several times because
of its complexity and the great number of
interfacing elements, but its design is now frozen

(Fig. 7). A vibration test was performed to
confirm the acceleration levels at the different
equipment locations. Rigidity and strength tests
are being prepared and an acoustic test is also
planned.

Stage test

The stage tests will start with the ‘Battleship’
(BS) version at the Ariane-5 launch facilities in
Kourou, French Guiana. This version consists of
two industrial cryogenic tanks, a lower part of a
flight representative stage and the main
functional electrical equipment. The main
purpose of this campaign is to test the stage

Figure 5. The Vulcain
engine during a firing test

Figure 6. The cryogenic
stage’s upper skirt during a
static test

Figure 7. The cryogenic
stage’s thrust frame
(yellow) with the Vulcain
engine installed (silver
cone)
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Figure 8. The vehicle
equipment bay and L9
stage awaiting the
combined vibration test

Figure 9. The two halves of
the fairing during a
separation test

Figure 10. Preparing for the
Speltra static tests

18

functions that will be used for the M and Q tests,
to validate the electrical interfaces as well as the
ground equipment and operating procedures.
The complete stage qualification includes BS, M
and Q tests.

Upper composite testing

The upper composite includes the fairing, the
Speltra, the vehicle equipment bay and the L9
stage. Although each element of the launcher
must be qualified individually, some tests are
performed using a combination of several
structures

Combined tests

Since the upper composite is not a unit, testing
of each structure can be difficult without proper
representation of the adjacent structures.
Therefore, some tests are performed with a
combination of two or more structures. This is the
case for the vibration and shock tests of the

vehicle equipment bay with the L9 stage (Fig 8)
and the shock test of the Speltra with the fairing
pyrotechnic system.

However, the most important test in terms of
structures contribution will be the shock and
acoustic test using the vehicle equipment bay,
the L9 stage, the Speltra and the upper skirt of
the cryogenic stage

Fairing

The fairing structure is made in two halves: it
will open to allow the payload to be released
into orbit. It also protects the payload and
provides for the launcher aerodynamic shaping
Two qualification models of the whole structure
have been manufactured. One of them has been
used for two in-vacuo separation tests (Fig. 9),
and is now being used for the acoustic tests with
a third separation test envisaged afterward. The
second model has been used for the static tests
which have been successfully completed.

Speltra

The Speltra is used for multiple satellite launches
It is located above the vehicle equipment bay. It
holds one of the payloads while it supports the
fairing and another payload. The stiffness and
strength tests have already been completed
(Fig. 10). A shock test with a horizontal
separation system of the fairing has also been
performed, and finally the separation tests will
finalise the qualification phase

Vehicle equipment bay

The vehicle equipment bay is a structure
containing the launcher’s main electrical boxes.
A major testing activity concerning this structure
has been the shock programme performed to
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properly define the dampers of the equipment
platform (see ‘Shock Induced at Separation’
below).

Preparations for the static tests were already
being made when the system tests confirmed the
presence of radial deformations induced by
eccentric transmission of the booster thrust. That
implied that a change in the design of the lower
part of the structure was required. In addition,
the strength tests will be performed with an
upper skirt model instead of a simple adjacent
structure, to properly introduce the booster
loads

L9 stage

The structure of the L9 stage has undergone
major modifications throughout the development
process. Presently, the configuration is frozen
and the static tests are under preparation

A development model of this structure was used
during the shock tests of the full-scale vehicle
equipment bay. A model of the complete stage is
shown in Figure 11.

Successful firing tests with the Aestus engine
have been performed. Stage firing tests followed,
with the last one being undertaken on 5 October
1994 and lasting for 1075 seconds.

System mechanical testing

The system mechanical activities include static
and modal tests and acoustic and shock
programme testing. Their results allow the
verification of the system mechanical inputs and
the validation of the dynamic mathematical
models that will be used in the remaining system
studies.

Static and modal testing

The tests have been divided into three
campaigns corresponding to the different main
launcher assemblies: the cryogenic stage, the
upper composite and the booster.

Three kinds of tests have been performed with
the cryogenic stage: stiffness tests, overflux tests
(non-homogeneity of stress distribution), and
modal testing. In general, the stiffness and
overflux obtained in testing are in agreement with
predictions.

The upper composite tests have been performed
with the vehicle equipment bay, the upper stage,
the Speltra, spacecraft mock-ups and an
adjacent structure at the lower interface. The
same three types of tests as for the cryogenic
stage have been performed: stiffness, overflux
and modal tests. The stiffness found in testing is
globally higher than foreseen, as are the radial
deformations. The frequency is as expected

ariane-5 qualification tests

The test campaign relating to the booster has
been performed using the third full-scale test
model (M2) with a reinforced upper structure and
a representative thrust frame. Lateral modal
tests have been performed in a clamped con-
figuration. The results correlate well with the
predicted characteristics of the first modes

Acoustics

Maintaining the acoustic environment inside the
spacecraft compartments, fairing and Speltra at
the time of launch is a problem that had to be
addressed from the beginning of launcher
development. Experience with previous launcher
programmes showed that this question required
an early effort to characterise the external sound
field and the acoustic behaviour of the upper
structures

The external field has been defined using test
data obtained with reduced-scale models. Water
injection at different locations on the launcher
pad was tested at the same time as a method of
attenuating the high levels of sound expected.

Fairing acoustic tests are being performed. The
test article is one of the two full-scale structures
used in the fairing qualification, equipped with
foam panels including special acoustic
absorbers (resonance cavities). The use of
helium for noise attenuation is also being
evaluated.

Another test campaign with the upper structures
is planned. The test configuration includes the
vehicle equipment bay, the upper stage and the
Speltra from the upper part of the launcher, and

Figure 11. The L9 stage
being installed in its
container
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Figure 12. MDO1 campaign:

20

the cryogenic stage and
booster mock-ups in the
integration building

the upper skirt of the cryogenic stage. The aim of
this campaign is to evaluate the vibro-acoustic
performance of the structures and the supported
equipment.

Shock induced at separation

The shock produced at the time of the
pyrotechnic separations has also been taken into
account very early in the development,
especially for the vehicle equipment bay. Shock
induced at separation appears at the upper and
lower interfaces between the boosters and the
main launcher body, at the vehicle equipment
bay where the upper composite separates, in the
lower part of the Speltra and at the fairing
horizontal and vertical separation planes.

Testing of flat articles was initiated as part of the
shock evaluation programme for the vehicle
equipment bay. It was very soon realised that the
accelerations induced at the equipment level
were very high and that a damper was required.
Such a system was implemented at the interface

between the platform support and the cone and
was validated through testing.

The fairing-separation shock was measured in an
early test using a cylinder with a height of
2 metres and a diameter of 5.4 metres. The
levels transmitted from the fairing’s horizontal
separation system through the Speitra cone to
the payload adaptor have been measured on the
qualification structure of the Speltra with the
fairing system.

Shock testing is also to be performed with the
upper structures and cryogenic skirt, the
configuration already mentioned in relation to the
acoustic tests. Shock will be induced at the
booster to cryogenic skirt level, vehicle
equipment bay separation system and Speltra
horizontal pyrotechnic chord device.

Operational deployment

In order to validate the mechanical integration of
the launcher (at the Guiana Space Centre), the
following test campaigns are scheduled:

— MDO1 for the boosters and cryogenic stage

— MDQO2 for integration of the vehicle equip-
ment bay and the L9 stage on the lower
composite

— MDPH to validate the integration of the
fairing, SPELTRA and payloads.

The first MDO1 test campaign took place in
September 1993 (Fig. 12).

Conclusion

With the configuration of the Ariane-5 launcher
now frozen, the testing activities required in the
ground qualification phase are proceeding
without any major problems. The flight elements
for the first two models are now being
manufactured to be ready for the flight part of the
launcher qualification in 1995 L g
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Micrometeoroids and Space Debris
— The Eureca Post-Flight Analysis

R. Aceti & G. Drolshagen

European Space Research & Technology Centre (ESTEC),

Noordwijk, The Netherlands

J.A.M. McDonnell
Unispace Kent, United Kingdom

T. Stevenson
Mare Crisium, United Kingdom

Introduction

Every spacecraft in Earth orbit is exposed to a flux
of space debris and meteoroid particles.
Currently more than 7000 large man-made
objects orbiting in near-Earth space can be
tracked from the ground with radar or by
optical means. A much larger number of smaller
man-made debris items and micrometeoroids
that are orbiting the Earth cannot be detected
from the ground. These particles are a hazard
for both long-term missions and large spacecratt.

The retrieval of Eureca has given the Agency a rare opportunity to study
the fluxes and resulting effects of meteoroid and space-debris impacts on
exposed spacecraft surfaces in Low Earth Orbit (LEO). With its fixed
Sun-pointing attitude, large areas of identical surface materials, and
1992 - 1993 exposure period, Eureca has provided impact data that are
complementary to those from LDEF. The detailed optical survey of all outer
Eureca surfaces, which was the first main task of the impact analysis, has
now been completed.

While the risk of collision with a large piece of
debris or a large meteoroid is very small, particles
less than one millimetre in size cause craters
visible to the naked eye. Typical impact velocities
are 10 km/s for space debris and 20 km/s for
meteoroids. Larger particles can penetrate the
outer shielding of a spacecraft and can damage
its internal equipment. As a result of this threat,
designers have to consider the risk of particle
impacts in the planning of every space mission. In
addition, particle fluxes in space are also of
considerable scientific interest.

Knowledge of the solid-particle population of
millimetre- and micron-sized particles is gained
either from dedicated space experiments or
through the analysis of material that has been
returned from space. After just a short period of
exposure to the space environment, surfaces are

covered with impacts from small pieces of debris
and meteoroids. Investigating the nature and the
morphology of the impact features on ESA's
European Retrievable Carrier ‘Eureca’ is
therefore an exercise crucial to the understanding
of the meteoroid and the evolving debris
environments. This activity extends the analyses
that NASA performed in the late eighties on the
Solar Max, Palapa and Westar satellites and the
Long-Duration Exposure Facility (LDEF), after
they too had been recovered from space

Compared to LDEF Eureca has a large
Sun-pointing surface, resulting in different types
of meteoroid and debris impact signatures
Impact data from the Eureca post-flight analysis
will therefore contribute to the validation and
improvement of the current meteoroid and debris
models for low Earth orbit.

Eureca’s configuration

Figure 1 shows Eureca in the cargo bay of
Space Shuttle ‘Atlantis’ prior to launch. The
external surface of the Carrier, which provides
accommodation and resources for 1000 kg of
payload, is almost entirely covered by thermal
Multi-Layer Insulation (ML) blankets. The only
exceptions are the radiators and some boxes
mounted on the bottom of the spacecraft, which
are painted, and the solar-array wings. The total
area of the exposed external surface is about
140 m?, including 99 m? of solar arrays (front and
back surfaces), which span 20 m tip-to-tip when
deployed.

The Shuttle Atlantis lifted off on 31 July 1992 and
subsequently released Eureca into a nearly
circular orbit, with a 508 km initial altitude and
28.5 deg inclination. The Carrier was retrieved
again in June 1993, after 326 days of space
exposure. Throughout the mission, it had been in
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Figure 1. The European
Retrievable Carrier ‘Eureca’
in the payload bay of the
Space Shuttle prior to
launch (STS-46)

Figure 2. The Eureca space-
craft’s configuration, and
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the numbers of impact
events recorded on its
various components

pointing towards the Sun and its ‘y-axis’ in the
orbital plane (Fig. 2)

The impact analysis programme

In early 1993, the Agency initiated a Post-Flight
Investigation Programme to make a detailed
analysis of the effects of long-duration exposure
to space on the Eureca hardware It included a
micrometeoroid and debris analysis of all of the
Carrier’s exposed surfaces, with the goal of:

— recording the impact features

- analysing the impacts and assessing the
damage caused by space debris and
meteoroids

- validating and improving current models of
meteoroid and debris populations in Low
Earth Orbit (LEO)

The main steps in this micrometeoroid and debris

analysis were:

— a first optical survey of
immediately after retrieval

— a detailed optical survey of the solar arrays
and radiators

— a chemical and morphological analysis of
selected samples

— evaluation of results and construction of a
database

— validation and updating of meteoroid and
debris flux models

the spacecraft

Having retrieved Eureca, on 1 July 1993 the
Space Shuttle ‘Endeavour’ landed at Kennedy

Space Center (KSC), where a full inspection of the
Carrier's upper surface was made in the Orbiter
Processing Facility. Eight days later, Eureca was
placed in its transport container, which provided
an opportunity to make the first full visual and
photographic survey of the complete spacecratft.

The general impression was that there had been
a significant change in the colours of the exposed
surfaces, where outgassing products had been
deposited on the thermal blankets. Areas of paint
delamination and many micro-meteoroid impacts
were clearly visible.

On 14 July, Eureca was transported to the
Astrotech Facllity in Titusville (Florida) in order to
depressurise  the Carrier’'s  propulsion and
attitude-control systems, to remove the remain-
ing propellant, and to remove the payloads.
During that payload de-integration, the 35 m? of
thermal blankets that had covered the majority of
Eureca’s external surfaces were removed and put
at the disposal of the micrometeoroid and debris
investigation team for scanning. The other main
exposed surfaces were the solar-array panels, the
two scuff plates used for protection and housing
Eureca in the Shuttle's payload bay, the two ESA
logo plates, and the grapple fixture,

Over a six-week period during the summer of
1993, an investigation team formed by Prof.
T. McDonnell of Unispace, led by T. Stevenson
and made up by B. Carey (SAS), S. Deshpande
(Unispace), W. Tanner (Unispace) and C. Maag
(T&M Engineering), inspected and scanned
the thermal blankets, the two scuff plates, the two
ESA logo plates, and the grapple fixture. The
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Eureca solar arrays were not

Netherlands, between December

Mandeville (ONERA)

The scanning procedure

The best methodology for crater location and
identification proved to be visual inspection under
good illumination by an experienced observer.
Often this procedure was used to identify sites for
magnified inspection at high resolution in a later

stage

Scanning at Astrotech

The thermal blankets were visually examined and
those containing impacts were set aside for
scanning with the aid of a Photometric CCD
camera system linked to an Apple Macintosh Il

running a commercial software package,

record the digital images. Standard lenses could
be attached to the CCD camera and thus a
low-resolution scan (10 cm x 10 cm field of view)
made of the entire sample to identify features to
be revisited for recording at higher resolution

(1.5 cm x 1.5 cm FOV)

The thermal blankets have an outer layer made of
Beta-cioth, which is a very fibrous synthetic
material. Scanning this cloth proved to be difficult
because only features larger than 100 microns
penetrating the outer layer could be recognised

sites
team

as hypervelocity impact
scanning, the investigation

During

sites of special interest

Solar array wing 1: ~X
358 impacts

Wing 1: =X
Rear surface kapton insulation
94 impacts

Time Band Capture Cell Experiment
126 impacts

deployed at
Astrotech: they were scanned at Fokker, in The
1993 and
March 1994, by the same team that had worked
on the thermal blankets, who were joined by J.C

took 3445
low-resolution and 100 high-resolution images of

Scanning at Fokker

The solar arrays were the largest exposed
surfaces on Eureca, having a total area of about
99 m?. The glass-covered cells mounted on the
front side of the solar arrays are very sensitive
‘impact detectors’ in that impinging particles
shatter the glass and cause a damaged area
much larger than the central crater size. Impact
features caused by particles as small as
10 microns are visible to the naked eye on the
solar-array cover glasses. On the rear side of the
array, only impacts from much larger particles are
visible because the panels are covered by Kapton
foil and other more ductile material

The solar-array survey was documented with a
Nikon 35 mm camera for the global scanning
(24cmx16cm or 24cmx 17.5cm field of
view), and with an HIROX microscopy system with
20-100x magnification zoom optics for the
detailed appraisal. The images were again
acquired and stored on a PC equipped with
picture-archiving software. The left-hand strip
of each solar panel was scanned recording
all features that could be detected with the
naked eye under optimal illumination, which
corresponded to a pit diameter of about
50 microns. Due to the high number of very
similar impact features on the solar-cell glasses,
the remaining swaths were scanned recording
high-resclution pictures of impact features with a
minimum size of about 650 microns, which is half
of the solar-cell electrode spacing

Approximately 3000 low-resolution images from
both the front and rear faces of the solar arrays
have been transferred to Photo-CDs. All of the
high-resolution images of selected impact sites
have been transferred to CD-ROM

Results
An overview of the results is presented in Table 1
in terms of total crater counts. The distribution of
the numerous impact events recorded is shown in
Figure 2,

Table 1. Total crater counts

Solar Array
Front Rear (Kapton) Rear (wiring)
Circular Elliptical Circular Elliptical Wires Interconnect
478 225 120 15 1 8
Other Surfaces
TICCE (Exp.)

Beta-Cloth ESA Logo Scuff Plate Radiators
Mesh Foil (MLI) (aluminium) (aluminium) {aluminium)
24 94 71 3 11 =5
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Figure 3. Typical thermal-
blanket puncture hole

Main-body survey
The main results of the Eureca main-body survey
are as follows:

— 71 confirmed impact sites on the thermal
blankets

— 3 impacts on one of the two ESA logo plates,
including a 2 mm-diameter hole as the largest
impact site

— 11 confirmed impact sites on the two scuff
plates.

Figure 3 shows a typical impact hole in the
thermal blanket. The weave structure of the outer
Beta-cloth layer, which is 200 microns thick, is
clearly visible. There are up to 20 layers of
aluminised Kapton behind the Bela-cloth. Figure
4 shows the 2 mm impact hole through one of the
ESA logo plates, which are made of painted
aluminium.

Solar-array survey

More than 1000 impacts are visible to the naked
eye on the front side of each wing. The impact
features range in size from about 100 microns, to
the largest crater which is 6.4 mm across (Figs
5-7).

A typical impact feature can be described via the

following parameters:

— Pit diameter: dark area usually with a raised
rim. The pit dimensions reflect the project-
ile's size. Typically, a projectile is 2 or 3 times
smaller than the pit diameter.

— Shatter diameter: area of finely shattered glass
immediately surrounding the pit.

— Conchoidal spallation diameter: zone sur-
rounding and including the shatter zone, with
radial and circular cracking. The conchoidal
damage zone usually determines the visible
impact feature size

Figure 4. A 2 mm impact
hole in one of the
aluminium ESA logo
plates

24




— Maximum diameter: diameter of maximum
detected damage at an impact site

Figure 8 shows the spatial distribution of impacts
on the front side of the 10 solar-array panels, for
two surveys with different limiting crater sizes
Panels F1 and F6 were the closest to the Carrier's
main body, while F5 and F10 were the furthest
away. Fluxes of the higher resolution scan (upper
curve), which include smaller impacts, appear to
increase towards the spacecraft, whilst the larger
impact features are fairly evenly distributed

Comparisons indicate that, in terms of feature
sizes larger than about 0.5 mm, Eureca
encountered a higher impact flux than the LDEF.
Some caution is required in interpreting these
data, however, because of the low total number of
impacts. To make a true comparison with
the LDEF data, calibration tests are needed to
translate the Eureca thermal-blanket and
solar-cell data to aluminium targets. These tests
are currently in process

Overall damage assessment

Impact damage to Eureca hardware caused no
system or subsystem failures. This is partly
pecause the multi-layer (MLI) structure retains
particles up to a certain size very efficiently. The
critical size for complete penetration of the 20
layers of insulation was only exceeded in two
places, luckily causing no further damage at
either site. Any loss in thermal-control function
due to the particle impacts was negligible.

As far as the solar arrays are concerned, due to
the massive redundancy and cross-strapping,
even the most extensive form of damage — for
example if a cell was completely cracked
perpendicular to the current flow — would have
caused only a small power loss, There is no
evidence to suggest that extreme damage of this
sort occurred anywhere on the Eureca arrays
Rather, it was confined to localised shattering of
cells and cell cover glasses, thereby removing a
tiny fraction of the sunlight-collecting area
(curiously, it is possible to increase the output of
solar cells slightly by introducing centres of
scattering which bring in Earth albedo radiation
not naormally seen by Sun-pointing arrays). A
significant number of impacts penetrated cells,
and in some cases the structure. Despite the
large number of impact sites recorded, their
overall effect at system level was trivial, There is,
however, evidence from elsewhere o suggest that
impacts may cause electromagnetic and shock
effects such as those seen on ESA's Giotto
spacecraft during its Comet Halley encounter and
on the Olympus geostationary telecommuni-
cations satellite. No link has yet been established
between the failures seen on Eureca and the
disruptive effect of any impact. Nevertheless,

Figures 5 — 7. Typical solar-cell impact features

micrometeoroids and space debris
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Figure 8. Spatial

distribution of the impacts
on the front side of the ten
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solar-array panels

Spatial Distribution

work in this field continues, and definitive resulis
may depend upon further measurements of
n-orbit phenomena.

Conclusion

The main findings of the detalled visual survey of

Eureca’s external  surfaces can be sum-

marised as follows:

— There was no functional faillure on Eureca that
could be related to an impact.

— On the front sides of the solar arrays, more
than 1000 impact {eatures can be seen with
the naked eye.

— 71 Impact punctures in the outer layer of the
thermal blankets were detected on the main
spacecrafl body (non-penetrating impacts
could not be detected on these surfaces).
Three impacts were found on the ESA logo
plate and 11 more on the scuff plates.

- The impact features idenlified range in size
from 100 microns to several millimetres, The
largest crater diameter on the solar arrays is
6.4 mm. The largest feature on the main body
Is a2 mm hole in the ESA/ERNO logo plate.

— A surprisingly high proportion of the impacts
on the solar-cell cover glasses — about 30%
- show signs of directionality by having a
non-spherical crater shape,

All images and data have been slored on
Compact Disc (CD) or magnetic tape, and will be
made available to both the engineering and
scientiiic communities.

Questions like the number of Eureca impact
features that can be related to natural micro-
meteoroids  and the number caused Dby
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man-made debris are still being investigated. It is
planned io use the ESABASE/DEBRIS analysis
tool developed at ESTEC to compare the
observed impact data with the predictions of the
currenl reference flux models, It will also allow the
micrometeoroid and space-debris fluxes to be
computed In the future for user-specified
spacecraft geomelries and mission parameters.

Presently, additional analyses are being carried
out on the thermai-blanket impact holes to identify
the chemical compaosition of the impact residues
with a view to distinguishing between meteoroid
and space-debris damage. Impact calibration
tests are also being performed, on both
thermal-blanket and solar-array samples, to relate
the observed impact features to the parameters of
the impacting particles. These tests will allow the
Eureca survey results to be compared with
existing flux models.

A similar posl-flight analysis has just been started
by ESA for the Hubble Space Telescope solar
array that was retrieved during the first HST
servicing mission in December 1993,

Once the Eureca and HST studies are complete,
the present meteoroid and debris flux models will
be re-examined and, if shown to be necessary,
updated and/or refined. <
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The DICE Multi-site Satellite Videoconference

System

C.D. Hughes & J. Horle
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Matra Marconi Space, Titchfield, United Kingdom

0. Koudelka
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In the early 1980s, the European Space Agency and a number of its
partners in industry and academia, recognised the value of satellite
communications in the growing field of video-teleconferencing. It was
decided to develop and demonstrate equipment and techniques that
could become the platform on which an eventual, operational European
Satellite Videoconference Network could be established. A project,
called Direct Inter-establishment Communications in Europe (DICE),
was initiated on an experimental basis as part of the utilisation programme
of ESA’'s Olympus satellite. The subsequent product and service
development have led to the establishment of a high-quality video-
conference service, using commercial satellite capacity based on
European technology.

Development of the DICE system

The DICE concept was driven by a number of
key requirements. Firstly, the system should
exploit the inherent advantages of satellite
communications in comparison to terrestrial
communications:

— It should permit direct communication
between user premises without the need for
long, terrestrial tails.

— It should permit a number of users (up to
four locations) to communicate simulta--
neously with each other, without the need for
circuit switching.  This requirement should
produce as much as possible the same
natural atmosphere as at a round-table
discussion

— |t should be very flexible in design and allow
easy and fast installation, particularly in areas
where the communications infrastructure is
poor.

— It should allow the use of several transmission
speeds: low data-rates for economy and high
data-rates for users requiring superior quality
transmissions

Secondly, it must be easy to use:

— It should not require specially built conference
rooms, but be able to fit into the existing user
environment

— The sound system should be of a high
quality and resistant to misuse and even
misalignment. This requirement stemmed
from ESA’s previous experience in mounting
satellite  communications and broadcasting
demonstrations in which the user’s perception
of an event was found to be critically
dependent on the sound quality to a much
greater extent than on the video quality

— A multi-point conference should be possible
without switching. Terrestrial communications
systems are essentially of a point-to-point
nature. When a conference between multiple
sites is needed, the interconnections between
sites become complex and to enable all
speakers to participate, it is usually necessary
to switch between sites.

Development of a a viable system based on the
above requirements was undertaken. Indoor
videoconference equipment suitable for use in a
normal office environment was developed (by
Joanneum Research, Austria) and resulted in a
range of products that achieve high quality
coupled with ease of operation. The Earth station
and modem facilities required for the system were
developed by Matra Marconi Space (UK), TRL
(UK), and Newtec (B).

Following the initial experimental phases of the
project, development has been concentrated in
two main areas:

— Broadening the product range for the indoor
equipment

— Developing and
network control.

introducing  automatic
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Figure 1. Location of DICE
installations in Europe and

Yx Existing locations
A Potential Swedish DICE stations
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Russia
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This second feature has, in particular, enabled the
monitoring of each station’s status and the control
of access to the satellite to be regulated on a
network-wide basis.

The DICE network

DICE was originally deployed in 1990 as an
experimental system using the Olympus satellite
For the first three years, it was operated in the
20/30 Ghz frequency bands. Earth stations
for the system were located at ESTEC in The
Netherlands; Joanneum Research in Graz,
Austria; Matra Marconi at Portsmouth in the
United Kingdom; Newtec in Belgium; British
Aerospace at Stevenage in the United Kingdom
and Matra Marconi at Toulouse in France. During
those three vyears, the experiment operated
successfully and considerable experience was
obtained both in the technical and operational
areas.

During that experimental phase, the system was
demonstrated to the public at several large
international conferences: the IAF Congress in
Dresden in 1990 and in Graz in 1993;
TELECOM-91 in Geneva and TELECOM-92 in
Budapest; and the Olympus Conference in Seville
in 1993. In addition, trans-Atlantic links were
made during the World Environmental
Conference in 1991 to and from Rio de Janeiro
via Olympus'’s 20/30 GHz payload.

The most spectacular applications were during
the Austrian AustroMir-91 and the German
Mir-92 missions to the Russian Space Station
‘Mir'. The Mission Control Centre near Moscow

Kiruna

Stockholm
Goteborg 1, 2
Linkoping

London
Portsmouth *

. Amsterdam

* Cologne
Faiis 1, 2

Graz +

Toulouse 1, 2

*

was connected via satellite and DICE to several
sites in Western Europe. Experimenters were able
to monitor the conduct of space experiments
and speak interactively with the astronauts on
poard Mir. In addition, discussions between
German, Russian and Austrian high-level
politicians were conducted via DICE during the
missions.

Following the end of the Olympus programme
in 1993, ESA leased Ku-band capacity on a
Eutelsat satellite and transferred DICE operations
to that capacity. The existing sites were modified
to work in the Ku band 14 GHz up path/11 GHz
down path and the Earth stations had to be
replaced at each location.

The network was put on a more operational
footing and Matra Marconi took over the system
as service provider That company was also
encouraged to form a commercial alliance with
Joanneum Research, whereby Matra Marconi
would supply the Earth stations and the overall
service provision and Joanneum would supply
the indoor videoconferencing equipment.

This arrangement has worked well and there are
now numerous DICE sites throughout Western
Europe and in Russia (Fig. 1). The sites in Russia
and Germany were established when ESA
became involved in the EuroMir project with
Russia (Fig. 2). To allow all the control centres
associated with the mission to maintain contact
with each other, DICE was selected to provide
simultaneous multi-point links using video, voice
and data services.

Potential sites using Intelsat satellites:
China, Sumatra
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In  addition, discussions have
recently been held with the Swedish
Space Corporation, which operates
a network of four  video-
teleconference sites in Scandinavia,
concerning the possibility of joining
the two systems together to make an
overall European network of stations.

The whole network operation and
management operation is now being
made commercial. ESA will continue
to provide development support to
bring new products and service
improvements intc the system
However, the deployment of new
stations and the sale of the standard
service will be a task for the
companies involved.

DICE equipment

In a DICE teleconference, any four
sites may be simultaneously linked
by satellite with  ‘continucus
presence’ video, audio, computer graphics and
data faciliies. With ‘continuous presence’, all
participants can see and hear each other
throughout the videoconference. This helps to
create an environment similar to that of a
conventional round-table meeting. Notes and
sketches may also be distributed using the
document transmission facilities. Figure 3 shows
a typical DICE conference in progress

The audio and video system

In the standard DICE configuration, the
videoconferencing equipment is housed in two
compact, transportable roll-about units, one for
the video and sound, and the other for the
graphics. In this way, videoconferencing facilities
can be easily and quickly set up in ordinary
offices, meeting rooms or laboratories.

Particular attention has been paid to the sound
system for DICE. By using special deskiop
microphones, a 7 kHz bandwidth audio channel
and acoustic echo suppressor, it has been
possible to achieve a good sound quality that is
resistant to the local environment. The system is
therefore not sensitive to the type of room used
and provides a relaxed atmosphere for the users.
The picture quality available is consistent with the
best commercially available encoders/decoders
(codecs)

The picture quality is regularly upgraded to
incorporate the latest codec technology available
on the market. The transmission speed can be set
1o a wide range of bit rates, from 64 kbit/s up to
2048 kbit/'s. The bit rate normally used is
384 kbit/s

Features of the current DICE equipment:

— Multiple locations, continuous presence

dissemination
— Uses small Earth terminals (VSATs)
— Transmission in Ku- or Ka-band

— All parties can speak freely to each other (there is no switching)

— A normal office environment can be used (a special studio is not required)

— Three different versions are available: a roll-about system, a special conference
room system, and a PC-based desktop system

— Uses the international CCITT H.320 (H.261) compression standard

— High-quality video reception (128 — 2048 kbit/s)

— High-guality sound system with acoustic echo canceller

— Unique interactive computer graphics system for high-resolution document

— Compatible with terrestrial networks such as E1, fractional E1, ISDN 6 and ISDN 2.

Figure 2. A DICE Earth
station being installed near
Moscow
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Figure 3. A DICE
videoconference in
progress, using the

conference-room version of
the system

Figure 4. The desktop
version of the DICE
equipment, showing two
remote sites
simultaneously
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A desktop version has recently been added to the
DICE range of equipment (Fig. 4). Itis based on a
standard, tower-type personal computer (PC) into
which the video, audio and graphics equipment
Is integrated. The PC's video monitor is adapted
to become a multimedia monitor by the addition
of a small camera, dual loudspeakers and a
microphone. All the equipment is integrated into a
unified design. The PC’s screen functions in a
Windows environment and is able to provide, on
one screen, single or multiple pictures from up to
three remote locations as well as remote
graphics. DICE's continuous presence capability
is thus available with the desktop
version, when required

Another product in the DICE
equipment range, the conference
room system, is designed for use in
existing conference rooms. In this
version, all the electronic equipment
is housed in a small cabinet which
can be stored in a corner of the
room. The conference room's
existing audio system s used to
interface with the DICE system. This
enables all of the room’s audio
facilities, such as simultaneous
translation, to be used without
modification. If the room does not
have an audic system, radio
microphones are provided for table
use so that trailing wires are
avoided. Video is displayed on
standard monitors or via the room’s
existing projection system. The
camera is wall-mounted and uses a
remote-controlled pan/tilt head. As
with all DICE equipment, the

equipment Is very simple to install and operate
Cabling has been minimised so that the
conference room decor and atmosphere are not
disturbed

DICE wuses the latest technology in video
compression. The codec boards, fully compliant
to the international H.320/H 261 video-
conferencing standard, are integrated in a PC
into which the software configuration is loaded.
This allows easy adaptation to special user
requirements and future enhancements, Up to
three codecs can be installed in each PC
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All user equipment is connected by fibre-optics
cable to the indoor equipment that is part of the
VSAT (modems). The fibre interfaces are installed
in the codec. No heavy linking cables are
needed, which makes the system easy and
straightforward to set up and use

The graphics system

In contrast to conventional videoconference
systems in which document cameras are used,
DICE has special computer graphics facilities for
document transfer during a meeting. The system
can be used as a high-quality fax machine to
broadcast sketches, drawings or text to the
remote screens or printers for reproduction. A
resolution of up to 300 dpi is supported. The local
mouse position is sent to the remote stations and
displayed there to support interactive discussions
Documents can be scanned in or, if already
available in electronically readable format, directly
transferred as files. DOS and UNIX file formats are
supported. A selective ARQ protocol has been
implemented for efficient use of the satellite
channel and error-free transmission. A 64 kbit/s
data channel multiplexed with digital video and
audio in the codec is used. To minimise transfer
times, data compression techniques are used

Electronic viewgraph presentations are also
possible on a multi-site basis. The transparencies
to be used in the presentation are transferred
page by page before the meeting, stored on each
remote station’s local disk, and retrieved from the
local disk during the presentation. Using clicks of
the mouse, the presenter may flip both forward
and backward through the pages, without any
significant transmission delay

The transmission system

The majority of the Earth stations for the system
have been manufactured and installed by Matra
Marconi Space The Matra Marconi Ku-band
VSAT Earth station is coupled to three satellite
modems, all of which are remotely controlled from
a Station Supervisory Unit (SSU) and a data
receiver/demodulator.

The VSAT

The VSAT consists of a Radio Frequency (RF) unit,
Intermediate Frequency (IF) unit and Solid State
Power Amplifiers (SSPA). The RF unit is
positioned at the focus of a 2.4 meter, offset-fed
antenna. Together with the SSPA, this produces 8
watts of power giving an EIRP of 57.7 dBW. The
RF unit also contains the LNB and, together with
the antenna and feed, gives a G/T of 24.4 dB/K.

The IF unit is an up-and-down converter from 70
MHz to the L-band and vice versa. It also contains
a monitor and control microprocessor that can be
controlled locally or by remote control over the
satellite link via the Station Supervisory Unit

Table 1. Summary of the VSAT parameters

Transmit
Transmit power (EIRP) 57.5 dB/W
Figure of merit (G/T)
RF frequency range 14,0—145GHz
IF frequency range 70+ 18 MHz
Tuning 1 MHz steps
Tuning in the modems 22 5 kHz steps
IF interface level -30dBm

Table 1 provides a summary of the VSAT
parameters

Satellite modems

For a four-way conference, three satellite modems
are necessary. The modems are standard IBS
types with a 70 MHz interface. They are variable
in rate, ranging from 64 to 2048 kbit/s, and
provide QPSK half-rate forward error correction
(FEC) Viterbi encoding/decoding

Station Supervisory Unit (SSU)

The SSU is the remote controller of the VSAT. It
receives commands from a Network Manage-
ment and Control Centre (presently located
in Portsmouth, UK) on a 9.6 kbit/s carrier which
is received at the VSAT by a data receiver/
demodulator. The SSU was developed by Matra
Marconi Space and has proven most successful
in the field. The unit supports a number of
multi-drop buses that are used to control the
VSAT, the three modems and a third separate
bus, which could be used to control any other
customer-furnished equipment

The status of the units connected to the SSU is
monitored and passed back to the control centre,
using the IBS Engineering Service Circuit (RSC)
of the satellite modems. This means that a
separate carrier for status monitoring is not
required.

Frequency plan and link performance

The DICE network is presently using fractional
transponder capacity on Channel 41 of Eutelsat
II-F4 at 7° East According to the lease
arrangement, one sixteenth of the transponder
bandwidth and power, corresponding to
225 MHz and 2776 dBW respectively, is
available to the satellite network. The transmission
system has been designed such that the available
transponder resources are used in a well
balanced fashion, taking into account reasonable
size of the Earth-station antenna and transmit
power and a satellite link margin of approximately
2dB

In a total bandwidth of 2.25 MHz, four carriers
with an information bit rate of 384 kbit/s can be
allocated, which enables one four-site or two

Receive

24.4 dB (1/K)
12.5—1275GHz
70+ 18 MHz

1 MHz steps
22.5 kHz steps
+22 dBm
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independent point-to-point  videoconferences.
Each carrier is QPSK modulated with a half-rate
forward error correction (FEC) and occupies a
bandwidth of 536 kHz, with a 16/15 overhead
rate for the engineering channel.

The required link performance (Eb/No > 7dB) and
propagation margins of 2 dB, can be achieved
with Earth-station antenna diameters of 2.4 m and
a transmit power of 8 watts, which can be
considered as a good compromise between
Earth station investment and transponder lease
cost. The satellite link performance is, to a large
extent, determined by interference noise caused
by other users operating on the cross-polar
transponder or on adjacent channels, or even on
adjacent satellites in the same frequency band

Future developments

The DICE network is fulfilling a valuable function
by  interconnecting numerous  European
establishments, However, it can only continue to
be successful if it grows and accommodates
more videoconference addresses.

To this end, the DICE participants are actively
discussing with other European satellite
videoconference operators the possibility of
integrating their networks with DICE so as to form
a network of major proportions. Compatibility
trials have already taken place and have shown
that such interactivity is possible. The
establishment of an overall operating organisation
to run the system is now being considered.

Improvements to the connectivity to the terrestrial
system, the ISDN, are also currently underway.
Satellite videoconferencing can provide a
powerful overlay to the terrestrial network by
extending its reach to areas not presently
covered. Conversely, the ISDN will greatly
increase  the  videoconference locations
accessible from DICE

A further useful feature now being introduced, is
to add automatic scheduling to the system's
Network Management Control Centre (NMC).
Reservations for videoconferences can then be
programmed into the NMC, together with the
network configuration required. At the appointed
time, the NMC will automatically configure all
stations participating in the conference and
switch them on. At the end of the session, they will
automatically be switched off

Conclusions

The DICE system has been a valuable spin-off
from the work carried out in ESA’'s Olympus
utilisation programme. It is an operating system
with many sites, it has a good reputation for

quality of sound and video, and the level of
convenience that it provides to users continues to
be demonstrated daily

As codecs continue to develop, it is foreseen that
their price will fall, allowing further reductions in
the cost of videoconferencing. Also, with the
launch of more commercial satellites such as
PanAmSat 3 and Orion, it is expected that space
segment costs will also decrease. Depending on
the distance between the two communicating
sites, satellite time is already cheaper than time
on the terrestrial-based system ISDN 2. The
crossover point at present is approximately 1000
km depending on the carrier and the routing. It is
forecast that the ISDN prices will also fall so it will
be interesting to watch the development of future
tariffs.

It is most probable that the terrestrial and the
satellite-based systems will continue to co-exist,
each providing service in the areas in which
it offers particular advantages and with
considerable interconnectivity between them. @
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A Security Policy for ESRIN’s Services
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Introduction

Access to application services on a computer
system is normally controlled by the system
using traditional operating-system protection
measures. Those measures are in accordance
with predefined policies that vary from
maximum openness to strictly controlled
identity- and role-based access.

ESRIN provides a large number of online services to users all over the
world via a complex telecommunications network. As the number of
services offered grows and their geographical coverage expands, the
network becomes increasingly vulnerable to a security threat.

ESRIN has therefore developed a security policy to protect all of the
resources connected by the network. Operational roles and
responsibilities for security have been established, and measures to
heighten awareness of an installation’s security exposure have been
implemented. In addition, the ESRIN networks have been reorganised
based on an assessment of each host computer’s required security
level. Further measures, such as authentication and access control
measures, will be phased in as deemed necessary.

The introduction of computer networks adds a
new dimension to the problem of securing
access to computer services The security of
worldwide interconnected networks becomes
increasingly important as a service’s
geographical coverage grows and it becomes
more exposed to ‘attacks’ by ‘hackers’ who,
safely sitting in their offices or homes anywhere
in the world, can wander through ‘cyberspace’,
bypassing all barriers and posing a serious
threat to the integrity and privacy of computer
systems and the networks

Network operators will face a great fight in the
years to come as they attempt to secure their
networks. Unfortunately, the efforts of those
responsible for fighting against ‘trespassers of
the computer frontier’ are not always duly
acknowledged by the general public. The
victims of computer crime try to avoid any
publicity as well as the embarrassment and

negative effect of being known as the subject of
an attack, thus revealing the vulnerability of their
installations. This makes computer crimes
harder to fight since it involves fighting an
unknown enemy. In addition, a romantic halo
surrounds the hackers: they appear to be
freedom fighters. A few recent books describing
some real incidents, however, have tried to shed
light on the computer hacking ‘underculture’,
revealing the true, more prosaic side of what is
now considered to be a criminal activity.

ESRIN, the ESA establishment located in
Frascati, Italy, is particularly concerned about
network security. ESRIN is responsible for the
provision of user services associated with data
and products from many Earth observation
and astronomy satellites, with bibliographic
information on space and space-related
domains and with information systems in
support of ESA activities. To do so, ESRIN
operates a complex telecommunications
network that connects the establishment with a
large number of ground facilities and user
entities distributed all over the world, offering
on-line accessto anumber of services. ESRIN is
also responsible for the European nodes
connected to international Earth observation
and scientific networks.

By definition, these services are open to any
users in the world. Therefore, the problems of
network and system security, not only for the
ESRIN facilities but also for the other entities
linked to it through the network, are of prime
concern.

ESRIN has therefore established a consistent
security policy to protect all the resources
connected by the network, in keeping with the
general principles on protection of information
assets defined by ESA. The focus is on network
security since the network is considered to be
the medium through which attacks on the
resources and services offered by ESRIN may
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