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The XMM Project*
The XMM (X-ray Multi-Mirror) spacecraft is a
space-borne observatory covering the soft 
X-ray portion of the electromagnetic spectrum.
XMM is to be launched by Ariane-5 in 1999. By
virtue of its large telescope collecting area and
its highly eccentric orbit, it will permit long
observations of X-ray sources and achieve an
unprecedented sensitivity. The on-board
scientific experiments are conceived and built
by scientific institutes in ESA’s member
countries as well as in the USA. Once XMM is
in orbit and checked out, time will be made
available to the scientific community applying

– the Mirror Support Platform (MSP) carrying
the three Mirror Modules with their various
baffles and the two RGS grating boxes, the
Optical Monitor and the star trackers

– the Service Module (SVM) which carries the
spacecraft subsystems and provides
resources.

The Service Module consists of a closed-box
structure with a central cone surrounded by
side panels and equipped with a deployable
Telescope Sun Shield. Most Service Module
electronic units are mounted on the inside of
the side panels. Foldout solar arrays, two
antennas and one of the two batteries are
mounted on the outside of the box structure.
The four propellant tanks and four thruster pairs
are located at its corners. The Mirror Support
Platform mounted on the box is supported by
the central cone.

It is readily apparent that splitting the satellite
into a Service Module and a Payload Module
does not solve the problem of size limitations in
environmental testing facilities since the
payload is distributed throughout the length of
the spacecraft. Furthermore, analysis
determined that mechanical qualification of the
Service Module alone was unrealistic because
the mechanical behaviour of the lower part of
the spacecraft is largely determined by the
presence of the three Mirror Modules which
together with the two Reflection Grating
Assemblies (RGA) account for more than 
1300 kg of mass mounted into the Mirror
Support Platform. Proper load introduction into
the Service Module from the Mirror Support
Platform fully equipped with Mirror Modules is
indispensable.

For environmental test purposes, the
spacecraft was therefore split at roughly mid-
height. This resulted in a configuration which
lent itself to accommodation in the largest
existing European test facilities, namely those
at ESTEC:
– ESTEC’s Large Space Simulator with its 

6m-diameter solar beam for thermal
testing

The XMM (X-ray Multi-Mirror) spacecraft, a space-borne X-ray
observatory to be launched by Ariane-5 in 1999, stands 10 m-high and
measures over 4 m in diameter in launch configuration, for a launch
mass of just under 4 tonnes. Such a tall spacecraft challenges the
capabilities of existing European environmental testing facilities. The
spacecraft design does allow for a relatively straightforward splitting
into modules. The Structural and Thermal Model (STM) of the XMM
spacecraft has successfully undergone mechanical environmental
testing at the European Space Research & Technology Centre
(ESTEC). This article briefly introduces the XMM project, presents an
overview of the XMM configuration constraints, explains the
spacecraft-level model philosophy and mechanical test flow, and
summarises the present status of the tests performed.
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for observing periods on a competitive basis.
The heart of the mission is the X-ray telescope.
It consists of three large mirror modules and
associated focal plane instruments held
together by the telescope central tube. The
scientific instruments are the European Photon
Imaging Camera (EPIC), Reflection Grating
Spectrometer (RGS) and Optical Monitor (OM). 

Configuration constraints
The satellite mass at launch is about 3900 kg.
XMM is configured in a modular way and
consists of:
– the Focal Plane Assembly (FPA) mounted on

a platform carrying the EPIC and RGS
detectors, as well as the units ensuring the
data handling and power distribution

– the Telescope Tube (TT) maintaining the
relative positions of the FPA and MSP

* More information on the XMM
project is available via the
Internet at
http://www.estec.esa.nl/
spdwww/xmm/index.html



– ESTEC’s 280 kN electro-dynamic shaker for
vibration testing

– ESTEC’s mass-properties measurement
machine with its recent L-4600 arm

– ESTEC’s Large European Acoustic Facility
for acoustic, modal survey and clampband
release testing of the complete spacecraft.

Spacecraft-level model philosophy
The Structural and Thermal Model (STM) was
used to qualify the complete spacecraft primary
structure and thermal design. The STM can be
separated into a Lower Module and an Upper
Module as described above; the structural and
thermal designs take into account that the two
are tested separately. The STM was also used
to prove the Lower Module-to-Upper Module
mating/de-mating procedures, verify the
behaviour of the Lower Module-to-Upper
Module interface, verify alignment and light
tightness design and test procedures, verify
compatibility with the shock inputs, and
exercise assembly and handling procedures
and the Mechanical Ground Support
Equipment.

The Electrical Model (EM) was used to verify the
electrical design, internal interfaces, software,
check-out procedures and the Electrical
Ground Support Equipment. Tests will be
performed on the Electrical Model to verify
Electro-Magnetic Compatibility (EMC) and
Electro-Static Discharge (ESD) behaviour, both
radiated and conducted.

The Proto-Flight Model (PFM) is the actual
satellite to be flown. Its structural qualification
has been achieved on the STM, the ‘Proto’ part
of the name concerning only limited electrical
aspects and minor configuration changes.

Additionally, there is a RF Suitcase Model that
will be used to test radio-frequency
compatibility between the spacecraft and the
ground stations.

Mechanical test flow
The test flow of the Structural and Thermal
Model is optimised by making use of the
modular split of the spacecraft: parallel testing
is conducted whenever the two modules are
not mated. Integrations of the Upper Module
and Lower Module also took place separately.
Subsequently, the two modules were mated,
aligned, submitted to a thermal distortion test
and alignment check, de-mated, and shipped
to ESTEC for environmental testing. Each
module underwent, in turn, mass-properties
measurement, thermal balance and sine
vibration. The remaining tests could be carried
out on the complete spacecraft, and therefore
the Upper Module and Lower Module were

mated and the assembled STM spacecraft
underwent a modal survey, acoustic testing, a
clampband shock test and functional tests of
mechanisms. At regular intervals between tests
throughout the gruelling qualification environ-
ment, checks verified the spacecraft’s ability to
maintain full integrity, alignment and light
tightness – all crucial to the scientific mission.

Thermal testing
The purpose of the thermal balance test
campaign with the XMM spacecraft Modules
was to verify the performance of the thermal
control subsystem and to validate the thermal
mathematical models used by the thermal
engineers to establish the design. The tests
were performed in the Large Space Simulator
(LSS) at ESTEC, the largest solar simulator
facility in Europe. The test programme was
conceived to demonstrate that payloads and
spacecraft equipment are always kept within
specified temperature limits under simulated
orbital conditions that are the extremes of the
expected mission envelope. While the Upper
Module was mounted inside the chamber in its
upright position (as it will stand on top of the
Ariane-5 launcher), the Lower Module was
‘upside-down’, with the 2700 kg mass of the
Service Module and Mirror Modules on top of
the lower half of an extremely light-weight
Telescope Tube. This rather surprising set-up
offered the possibility of realistically simulating
the thermal environment of the bottom part of
the spacecraft where the Mirror Module
apertures had an unobstructed view to cold
space. The correct simulation of the heat fluxes
lost into space was of paramount importance
for the verification of the temperatures and
gradients of the Mirror Modules and the Mirror
Support Platform. This would not have been
possible if a more conventional mounting of the
spacecraft by means of its launcher interface
flange had been selected.

Once the last entry door of the Large Space
Simulator was sealed, the pump-down
sequence started to bring the pressure level
inside the chamber down from one atmosphere
to less than the 5x10E

-6
mbar required to

suppress any convective heat transfer and
simulate the high vacuum conditions of outer
space. Soon after, the black shrouds that cover
the inner walls of the Large Space Simulator
were flushed with liquid nitrogen to bring their
surface temperature down to -180°C in order
to reproduce the cold black sink provided by
space. The 6m-diameter solar beam of the
Large Space Simulator was then switched on
to complete the orbital simulation. The solar
flux provided by the Large Space Simulator
reproduces the spectrum of solar light, the
parallelism of its rays and its intensity, which
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* The external skin of XMM’s
thermal blankets is made of
carbon-filled kapton and
displays a semi-gloss black
finish. This material was
selected because its thermo-
optical properties do not
change under solar irradiation.
This will help to keep the
temperature of the telescope
stable throughout its expected
10-year lifetime. In addition,
with this material being
electrically conductive, the
build-up of electrostatic
charges under solar irradiation
is avoided.

losses through the cabling. 21 power supplies
provided the power for the Upper Module test
and 74 power supplies for the Lower Module.
In order to have a detailed temperature
mapping of the various parts, 370 temperature
sensors were installed on the Upper Module
and 600 sensors on the Lower Module. To
connect heaters and sensors, about 8 km of
electrical wiring had to be routed for the Upper
Module test and 15 km for the Lower Module.

The spacecraft was equipped with 3 STM
Mirror Modules with 58 mirror shells of non-
flight-standard optical quality. The Mirror
Modules and Mirror Support Platform were
finely instrumented in order to verify that the
stringent requirements on their temperature
uniformity were actually met. (They have to be
kept at 20°C with deviations of less than 2°C.)
The Service Module was equipped with thermal
simulators of the solar arrays that reproduced
the correct heat rejection capability of the
lateral radiators. The thermal blankets* and
radiator coatings had a flight-standard quality. 

Lower Module test phases
The Lower Module’s thermal-balance test
lasted 11 consecutive days (Figs. 1 and 2).
During this test, the unit heat dissipations were
increased or decreased from their nominal
values to force ranges of temperatures as wide
as possible and provide clearer cases to be
compared with the mathematical model results. 

Two hot steady-state cases with nominal
attitude (pitch 0, roll 0), maximum solar flux
(1420 W/m

2
) and with two different unit power

dissipations were performed to verify the sizing
of the radiators and to measure the spacecraft
sensitivity to unit dissipations. Under the
simulated sunlight, the thermal blankets
showed very good performance in insulating
the Telescope Tube and the spacecraft. Across
the few-millimetre-thick blanket, the
temperature dropped from 130°C on the
illuminated skin to the 16°C average of 
the Telescope Tube. The temperature
difference between the illuminated side of the
Telescope Tube structure and the shadow side
was only 3°C (or less). The temperature of the
external skin on the shadow side dropped 
to -150°C. 

Three cold steady-state cases with minimum
solar flux (1320 W/m

2
) and various combina-

tions of pitch and roll angles and unit power
dissipations followed, with the purpose of
checking the heater system, the minimum
temperature levels, the Mirror Modules’
temperature control system and to characterise
the thermal stability of the telescope elements
with respect to changes of attitude. The Mirror

was made to vary during the test to reproduce
the various seasonal conditions (from 1320 to
1420 W/m

2
).  Albedo and Earth radiation did

not need to be simulated because of their
negligible contribution along the very-high-
altitude orbit of XMM.

Due to the peculiar architecture of XMM, it was
rather simple to simulate the thermal interface
provided by the missing part of the spacecraft.
In fact, because of the low thermal
conductance of the long thin-walled Telescope
Tube that is entirely made out of carbon-fibre
composite, the two Modules cannot exchange
heat by conduction. The flux exchanged by
radiation (less than 25 W flowing from the
Lower Module to the Upper Module) was
simulated by controlling the temperature of a
plate placed inside the test adapter that held
the two Modules. It is worth mentioning that an
optical aperture stop (one of the two installed
inside the Telescope Tube) is mounted near the
interface plane where the Telescope Tube is
split, and provides a physical separation
between the upper and lower tube cavities. 

The two Modules were mounted by means of
the same test adapter on the Large Space
Simulator gimbal stand that also provided the
possibility of changing the attitude of the
spacecraft with respect to the solar beam
direction, as was required by the simulation of
the various orbital phases.

Because of the stringent cleanliness
requirements imposed by the optics of the
telescope system, a pure nitrogen purge line
was located inside the test adapter and used to
directly vent the interior of the Telescope Tube
during the repressurisation phases. The cryo-
panels inside the facility were used to trap
contaminants.  The thermal balance test also
had to verify the effectiveness of the cleanliness
measures and procedures adopted. They are
aimed at providing the cleanliness level required
for the thermal vacuum test of the flight
spacecraft as it will be performed with the
same set-up and the same mechanical
equipment. 

The STMs of the two Modules were equipped
with dummy units; heat dissipation was
simulated by means of heaters inside the units.
The dissipated power totalled 450 W for the
Lower Module and 300 W for the Upper
Module.  For the thermal control of the Mirror
Modules and the Mirror Support Platform 
400 W were used, and 90 W were used for the
thermal control of equipment. In addition, test
heater lines were used to control the test
adapter, the solar array simulators, as well as
the guard heaters which balanced the heat
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Figure 3. XMM Upper Module inside the Large Space Simulator thermal-vacuum test
chamber. The Module has been turned to attitude +20deg roll, +20 deg pitch. The
five camera radiators are visible on top of the spacecraft

Modules were controlled by their pulse-
modulated heater system without inducing
temperature oscillations that would have
perturbed the stability of the optical system. 

Finally, a 1.8-h eclipse with the subsequent
recovery phase was simulated. The Mirror
Modules were boost-heated before eclipse,
then their heaters were switched off during
eclipse and eventually brought back to their
operational temperature during the recovery
phase. In general, the temperature drops were
in line with, or less than, the predicted ones so
that the time needed to resume scientific
observations is minimised (observations can
only be made when temperatures and
gradients are within the thermal stability
requirements). 

The thermal balance test was also very
successful in detecting areas where the thermal
design had to be improved and corrected on
the flight model, such as the larger-than-
predicted cooling effect of the large Telescope
Sun-Shield on the Service Module. 

Upper Module test phases
The Upper Module thermal-balance test lasted
9 consecutive days (Fig. 3). Two hot steady-
state cases with maximum solar constant 
and increased unit heat dissipation were
performed with nominal and slewed attitudes.
The radiator sizing was verified and the
sensitivity of the platform to gradients when the
attitude was  changed was confirmed to be
small. In any case, the camera radiators

r bulletin 94 — may 1998 bull

Figure 1. XMM Lower Module inside the Large Space Simulator
thermal-vacuum test chamber, with deployed thermal simulators of
the solar arrays

Figure 2. XMM Lower Module inside the Large Space Simulator
thermal-vacuum test chamber. The three Mirror Module doors and
the Optical Monitor door (all closed) and the two Star Tracker
baffles are clearly visible



– Proof of correspondence between
hardware-dynamic characteristics and
mathematical models at modular level. This
is necessary to validate the launcher-XMM
coupled analysis.

– Proof of strength for those parts that did not
see strength verification beforehand such as:
• Focal Plane Platform and Service Module

equipment panels and their interfaces to
the equipment

• Focal Plane Assembly secondary
structure

• Service Module shear walls
• Service Module secondary structures

such as thruster brackets and Telescope
Sun-Shield (TSS).

In each of the three orthogonal axes, each
module was sine-vibration tested following 
the classical sequence: low-level, intermediate-
level to define notch profiles, qualification-level
followed by low-level again in order to check
that modal characteristics have not been
affected by the tests.

Shaker input levels for the Upper Module could
not be taken directly from the Ariane-5 user’s
manual because of the transfer characteristics
of the Lower Module.

A system-level response analysis was 
run to determine these transfer characteristics,
and the resulting inputs from the Lower 
Module into the Upper Module at the interface
between the Lower Telescope Tube and the
Upper Telescope Tube. These levels were used
as input for the Upper-Module testing (Figs. 4
and 5).

managed to cool the CCDs (Charge Coupled
Devices) down to the desired -130°C. Two cold
cases followed with minimum solar constant
combined with nominal and slewed attitudes
and nominal unit dissipation, allowing the worst
cold-case condition to be reached. 

Finally, a long eclipse was simulated, with cool-
down of experiments and units during a 1.8 h
eclipse when switched off. This was followed
by an eclipse recovery, which simulated a
failure of the electrical power sub-system in
switching on the unit substitution heaters after
the eclipse. In this case, it was verified that the
spacecraft could be rescued by the low
temperature guard thermostats which would
automatically switch the heaters on. 

The test configuration with the test adapter
used for the STM programme will also be used
for the PFM tests. The objective of the thermal
vacuum tests is to verify that the spacecraft
performs correctly in all operational modes at
the extreme temperatures that can be
withstood by its equipment. In addition, some
thermal balance test phases will be inserted in
the thermal vacuum programme in order to
verify the thermal control performances after
the modifications introduced between the STM
design and the final Flight Model design. For
cleanliness reasons, the test will be carried out
with the STM Mirror Modules installed in the
PFM of the spacecraft Lower Module instead of
the Flight Model Mirror Modules.

Structural testing
Shaker tests
The test objectives were:
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Figure 4. XMM Upper Module being prepared for the lateral sine
vibration test, on the slip table of the 280 kN shaker 

Figure 5. XMM Upper Module ready for the axial sine vibration test,
on the dual head expander of the 280 kN shaker 



Figure 8. Mating of the XMM
Upper Module and Lower

Module to form the
assembled spacecraft 

For the Lower-Module testing, the input levels
found in the Ariane-5 users’ manual were used
(Figs. 6 and 7). In spite of the absence of the
Upper Module, the Lower Module has many
modes corresponding to the complete system
dynamics so that a system-level notch profile
could be established. This notch profile has
been found to be acceptable (also to launch
authorities).

The testing of both Modules demonstrated that
the desired response levels were reached at the
foreseen resonances.

Modal survey
After the tests on the shaker, the Upper and
Lower Modules were mated (Fig. 8) and
alignment measurements were performed 
(Fig. 9). This opened the way for modal-survey
testing on the complete spacecraft to confirm
system-level modes.

The modal-survey testing, performed by a team
from the Deutsches Zentrum für Luft- und
Raumfahrt (DLR) - Göttingen, has shown that
the overall lateral mode corresponds well with
computer predictions (11.7 Hz measured
against 11.8 Hz calculated) and has confirmed
the recurrence, on the complete spacecraft, of
local Service Module modes as found in the
Lower-Module test.

The objective of identifying below 100 Hz all
modes with an effective mass above 5% of the
total mass, has been met.
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Figure 6. XMM Lower Module ready for the axial sine vibration test,
on the dual head expander of the 280 kN shaker. One of the solar
array dummies and the Telescope Sun-Shield are clearly visible

Figure 7. XMM Lower Module being prepared for the lateral sine
vibration test, on the slip table of the 280 kN shaker
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This test was rounded off with a so-called
‘boosted’ run in which high lateral inputs were
given to the Focal Plane Platform such that
response levels reached flight levels times a
qualification factor. This dwell test at 11.7 Hz
demonstrated the load capacity of the fully
built-up central core in both lateral directions, as
well as the stability of the first lateral resonance
under increased loading.

For reasons of practicality, the modal-survey
testing took place in the Large European
Acoustic Facility (LEAF) (Fig. 10) where acoustic
testing was to be performed next.

Acoustic testing
Thanks to the impressive dimensions of the
available acoustic facility, acoustic testing could
be performed on the complete spacecraft. It
particularly involved the structures with low
mass per area such as the Telescope 
Sun-Shield, the Service Module upper and
lower platforms, the Telescope Tube, and the
Focal Plane Assembly secondary structures.
Dummies represented solar arrays; flight solar
panels were submitted to separate acoustic
tests. 

Figure 9. Alignment
operations on the
assembled XMM spacecraft 

Figure 10. Modal survey
testing of the assembled
XMM spacecraft in the
Large European Acoustic
Facility. The sound horns
used for the acoustic test
are visible on the left side



Although the Telescope Sun-Shield went
through an acoustic verification at unit level
earlier in the programme, this test was of
particular interest since the Sun-Shield was
now mounted on the Service Module edge,
which modifies the lower resonances.

The specified launch environment (plus 4 dB
qualification margin) determined the qualifica-
tion test levels and tolerances (Table 1).
Responses at the level of the Service Module
units were recorded in order to be compared to
the unit level specifications. After qualification,
further test runs provided supplementary
information as to the margins available.

This spacecraft-level acoustic test series was
successful in demonstrating qualification of the
structure and also in identifying those units for
which further unit-level qualification data had to
be acquired.

Clampband release
An Arianespace team performed this test with
the complete spacecraft clamped to its launch
vehicle adapter. After a fit-check with the
adapter, it involved the release of the φ2624
clampband. The objectives were: 
– to prove correct fit to the adapter includ-

ing    accessories (e.g. clampband, clamp-
band extractors and catchers, umbilical
connectors, purge ports, release springs,
and separation switches)

– to demonstrate feasibility of mating the
Telescope Sun-Shield to the spacecraft after
clampband installation

– to show proper clampband release without
interference with any part of the spacecraft
including the Telescope Sun-Shield

– to measure shock levels induced by the
clampband pyrotechnic release on both
sides of the separation plane and at selected
equipment levels.

Subsequently, a release of the Telescope 
Sun-Shield was performed to verify that its
deployment mechanism functioned properly,
even after clampband-release shock and under
adverse thermal gradients.

This series of tests was fully successful in as far
as the results gave rise to no particular concern.

Mass properties
The objectives of this test were to measure the
mass, Centre of Gravity (CoG) and Moments of
Inertia (MoI), along all three axes of the XMM
Upper and Lower Modules.

To measure the CoG and MoI of space items,
the ESTEC combined centre of gravity and
moment of inertia machine WM 50/6 was used
(Fig. 11). The measurements along the
specimen horizontal axes were performed on
the same machine by means of an L-shaped
adapter identified as L-4600 (for a specimen
diameter of up to 4600 mm) (Figs. 12 and 13).
The characteristics of the WM 50/6 machine
are not compatible with the whole XMM
spacecraft in terms of maximum admissible
mass and maximum admissible overturning
moment, especially in horizontal configuration.
Therefore, the measurements of CoG and MoI
were performed at module level. The mass of
each module was measured with a Schenk
bridge-weighing machine, with an accuracy of
± 200 g.
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Table 1

Octave centre Qualification Tolerances
frequency (Hz) level (dB) (dB)

31.5 132 -2 / +4
63 134 -1 / +3
125 139 -1 / +3
250 143 -1 / +3
500 138 -1 / +3
1000 132 -1 / +3
2000 128 -1 / +3
Overall level 146 -1 / +3
Duration 2 minutes

Figure 11. XMM Lower
Module undergoing axial
mass properties
measurement, on the WM
50/6 machine 
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The measurement results confirmed the
predictions made on the basis of calculations.

Conclusion
The Structural and Thermal Models of XMM
have been successfully tested to flight
qualification at the ESTEC Test Centre within
seven months, from September 1997 to March
1998. 

Large spacecraft such as XMM stretch or
surpass the capabilities of current operational
environmental test facilities in Europe. The
XMM environmental test programme combines
testing on the complete spacecraft wherever
possible with modular testing when
unavoidable. The resulting satisfactory
qualification and acceptance is possible thanks
to a split into modules that was taken into
account during the design stage. 
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Figure 12. XMM Lower Module undergoing lateral mass properties
measurement, with the L-4600 adapter arm on the WM 50/6 machine 

Figure 13. XMM Upper Module undergoing lateral mass properties
measurement, with the L-4600 adapter arm on the WM 50/6
machine


