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ABSTRACT
Solar Orbiter is an ESA Science mission dedicated to
solar and heliospheric physics. SENER has developed,
manufactured and verified the Instrument Boom
Subsystem (I-Boom) for Solar Orbiter Satellite which is
being led by Airbus DS UK and ESA. The function of the
Instrument Boom Subsystem is to support several
magnetically sensitive instrument sensors far from the
spacecraft in order to allow them to take precise
measurements minimizing the spacecraft disturbance.
The paper describes the solution reached for the I-Boom
mechanisms to comply with the required functions under
severe thermal, magnetic and mechanical requirements.
It also describes the solutions and lessons learnt of
different problems appeared during the development.
1. INTRODUCTION
The Instrument Boom (I-Boom) subsystem is launched
stowed on the –X and +Z panel of the SpaceCraft (S/C)
and deploys four instrument sensors up to 4.4 m from the
S/C:
- The Magnetometer Inboard Sensor (MAGIBS).
- The Magnetometer Outboard Sensor (MAGOBS).
- The Search Coil Magnetometer of the Radio and
Plasma Wave Analyser (RPW-SCM).
- The Electron Analyser System of the Solar Wind
Analyser (SWA-EAS).

Figure 2. Deployed I-Boom, Instrument Sensors
2. REQUIREMETNS AND DESIGN DRIVERS
In this section, the main requirements and design drivers
of the I-Boom Subsystem are summarized.
2.1. Operational requirements
The I-Boom main interface with the S/C is the tripod on
the –X panel of the S/C. During launch the two movable
segments of the I-Boom are stowed on the +Z panel of
the S/C by means of two HDRM interfacing the S/C and
another one holding the two boom segments together.
Once in orbit, the I-Boom has to fully deploy 195 degrees
the two segments in two phases by releasing the HDRM’s
and locate the four instruments far from the S/C
maintaining them in its shadow for the entire mission.
All the harness of the payload (a total of 15 bundles) is
part of the design of the I-Boom and has to be routed and
supported through the deployment mechanisms.
2.2. Performances requirements
The Instrument Sensors pointing accuracy shall be lower
than ±0.5 degrees with a sensor to sensor co-alignment
accuracy of ±0.2 degrees.
The Instrument Sensors pointing stability shall be lower
than ±0.1 degrees with a sensor to sensor co-alignment
stability of ±0.05 degrees.

Figure 1. Stowed I-Boom
The I-Boom is deployed in the Near Earth
Commissioning Phase (NECP) and is maintained in the
shadow of the S/C for the entire lifetime.

In general, nonmagnetic materials shall be used, the
magnetic field generated by the I-Boom on the
instrument sensor locations shall be lower than:
- MAGIBS and MAGOBS: 0.7 nT.
- RPW-SCM: 10 nT.
- SWA-EAS: 2 nT.
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The deployment mechanism shall:
- Confirm the successful deployment via end switches.
- Monitor the boom position in case the deployment is
not successful.
The deployment mechanism shall be secured once it is
deployed by means of a latching system.
The deployment mechanism has to comply with the
motorization margin required by the ECSS rules. For
that, resistive torque coming from the latching system,
payload harness and DM internal friction is considered.
The HDRM’s shall have non-explosive actuators due to
the shock emission limitation requirement, a maximum
SRS level of 1000 g is allowed up to 10 kHz. This
requirement also applies to the deployment and latching
sequences.
All the space exposed surfaces have to be electrically
conductive (< 3 kOhm/sq).
During the deployment phase the power consumption
shall not exceed 30 W.
2.3. Environmental requirements
The launch loads that the I-Boom shall withstand are 10
g in sine vibration, up to 14.3 grms in random vibration
and a SRS shock level of up to 540 g.

Once all the NEA devices and viscous dampers are
demagnetized and characterized, the ones with the best
performance are selected for the flight model.
3.1. Instrument Boom Structure
The structural concept of the boom is composed of three
parts: Tripod assembly, inner boom assembly and outer
boom assembly. The two booms and the tripod tubes of
the I-Boom are made of Carbon Fibre Reinforced Plastic
(CFRP) tubes and several titanium brackets bonded at
each end, instrument location and HDRM location.
The advantages of the CFRP tube structure are the
strength, stiffness, low mass density, low coefficient of
thermal expansion (CTE) and the fact that it is nonmagnetic.
These three assemblies are joined together by means of
the two deployment mechanisms and the interconnection
HDRM (during launch). The two booms are fixed to the
S/C in one point each one, by means of two HDRM.
The CFRP tubes are manufactured by filament winding
with wet impregnation. The lay-up design is based on the
heritage of Cluster and Rosetta booms were a very good
performance of the bonded joint was demonstrated at low
temperature. The diameter of the tripod tubes is 50 mm
and the one of the booms is 80 mm.

In stowed configuration the I-Boom shall withstand the
thermal environment with any S/C orientation at 0.95
AU. In deployed configuration the I-Boom shall
withstand the thermal environment with any S/C
orientation between 0.95 AU and 1.4 AU and also shall
withstand the thermal environment with the S/C heat
shield oriented towards the sun (I-Boom in its shadow)
down to 0.28 AU, including Venus flyby.
3. DESIGN DESCRIPTION
Solar Orbiter will be launched with the three rigid
segments of the I-Boom folded in the +Z panel of the
spacecraft. Once in orbit, the I-Boom will be deployed by
releasing the three HDRM sequentially so that the two
DM’s will perform the boom deployment in two phases.
Once deployed, the 4.4m boom stands in the shadow of
the spacecraft.
The stringent magnetic cleanliness requirements for the
Solar Orbiter mission have imposed on its components
constraints leading to the development of non-magnetic
elements.
Nevertheless it has not been possible to fully avoid
magnetic materials. Some of the commercial components
like the viscous damper for the deployment mechanism
and the Non Explosive Actuator (NEA) release device for
the HDRM. These components contain some parts made
of stainless steel which are slightly magnetic.
For these components, a dedicated demagnetization and
screening process has been developed

Figure 3. I-Boom Structure
The CFRP tube and the bonded joints have been qualified
at representative test strut level with the following tests:
Table 1. CFRP tube and bonded joint Qualification Test
D = 50mm Strut
Thermal Cycling
Bending Proof
Load Test
Tensile Proof
Load Test

D = 80mm Strut

8 cycles between -163 ºC / +113 ºC
138 N·m

340 N·m
> 50 kN

3.2. Deployment Mechanisms
Each deployment mechanism rotates around one hinge
consisting of an isostatic configuration of two spherical
bearings. This way internal loads in the hinge due to
thermo-elastic effects and additional resistive torque are
avoided. The DM is driven by four clock-springs and the

speed is controlled by means of a passive viscous damper
in order to limit the end of deployment shock.

during assembly to avoid the torque uncertainty after
assembly.

Once the DM is deployed, the movable part is secured by
means of the redundant latching system to maintain the
instrument sensors pointed with the required accuracy.
The end of the deployment is monitored by means of
redundant microswitches. Redundant potentiometers are
also provided to have the knowledge of the instrument
positions in case the deployment fails.

Figure 6. CuBe2 Clock Spring
Viscous Damper
The deployment is damped by a 1025 SG series Viscous
Damper provided by DEB. This damper is a previously
qualified and flown design.

Figure 4. I-Boom Deployment Mechanism
Spherical bearings
The selected type of bearing for the I-Boom DM is a
double lined spherical bearing. This option is simpler
than a ball bearing and can be manufactured in nonmagnetic materials.
The spherical bearing used for these mechanism is the
result of a dedicated development for this programme due
to the lack of the available non-magnetic spherical
bearings in the market.
The spherical bearing is made of A286 and Inconel 718
alloys. The contact between the spherical parts and
between the inner race and the shaft are self-lubricated by
a liner composed by glass fibre and PTFE.

The function of the Viscous Damper is to control the
deployment speed in order to comply with the
deployment
requirements
without
increasing
significantly the friction. This way the deployment
mechanisms are totally passive and only thermal control
is required to maintain the dampers at their operational
temperature during the deployment. Each damper is
coupled to the axis of each hinge by means of a flexible
coupling to avoid high radial and bending loads on the
damper shaft.
Each damper provides a pair of magnetically
compensated redundant heaters and a triplet of
thermistors to heat the damper to its operational
temperature for the deployment operation. It is also
thermally isolated from the structure by thermal washers.
Both, damper and coupling are placed inside of the
harness routing drum in order to save space and protect
them from the environment.

Figure 5. Self-lubricated double lined spherical bearing
Actuator Springs
Each deployment mechanism is actuated by four clocksprings (two springs per hinge), preloaded in order to
deploy the boom with enough torque margin. Each spring
is made of CuBe2 (non-magnetic material).
The spring cover allows to adjust the torque of the spring

Figure 7. Viscous Damper and Flexible coupling
Deployment Mechanism Monitoring
The deployment of the I-Boom subsystem is monitored
by redundant microswitches and potentiometers in each
hinge.

Each deployment mechanism has a pair of redundant
Honeywell 11HM30-REL-PGM/JS-249 microswitches
installed on the fixed part of the DM, which are activated
once each of the I-Boom deployment mechanism is fully
deployed.
Additionally, in case of failure of the mechanisms during
the deployment, the redundant potentiometers give the
feedback of the actual position of the I-Boom to avoid the
complete loss of the mission of the instruments on board
the I-Boom. The potentiometers give the angular position
feedback of the hinges with an accuracy better than ± 1
degree.

Latching
system

Figure 9. I-Boom latching system
Harness routing system

Wiper

Resistive
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Figure 8. I-Boom Potentiometer
The potentiometer assembly is a development of this
programme based on a commercial potentiometer
manufactured by Novotechnik and has been qualified
separately prior to the deployment mechanism
qualification. This frameless potentiometer is mounted
on an aluminium bracket, with two aluminium journal
bearings with glass fibre and PTFE composed liner.

One of the main difficulties during the design of the
deployment mechanism has been the management of all
the harness to be routed around it to reduce its resistive
torque as much as possible.
The inner hinge deployment mechanism is the one with
more harness routed around it. The harness to be routed
are 15 bundles for all the payload harness, 4 bundles for
the I-Boom mechanisms and a bundle with the bonding
wires.
The bundles are attached in two rows to minimise the
torque at the hinge and routed around a conical structure
in the axis of the hinge.

Additionally, the potentiometer has been thermally
designed in order to avoid excessive temperature prior
deployment and also to allow its thermal control during
cold stages. This has been achieved by isolating the
potentiometer from the DM by thermal washers, coating
the parts in white and installing a pair of redundant
magnetically compensated heaters.
The potentiometer assembly has been designed by using
only non-magnetic materials.

Figure 10. Bundles disposition in the inner hinge DM

Latching System
The system requirements impose the need of locking the
boom in the deployed position. The locking function is
performed by the action of a pair of CuBe2 leaf springs
that in the last few degrees of the deployment range
overcomes by bending deflection, and it engages in a
titanium cam. The deployed position is fixed when the
end stop screws contact to the end stop plate. Leaf spring
final position is slightly deflected in order to avoid any
backlash and to provide the sufficient bending load to
survive the shock and operating loads components in that
direction.
Figure 11. Harness routing in the IH DM

3.3. Hold Down and Release Mechanism
Each HDRM consists of:
- Structure and contact spheres.
- NEA (Non-Explosive Actuator) release Nut and the
Titanium release rod.
- Bolt catching mechanism.
In each HDRM attachment point, the I-Boom is fixed on
a support or bracket. In order to avoid high thermo-elastic
loads, two type of supports of the HDRM fixed to the S/C
are considered:
- Rigid support for the HDRM placed near the tripod
IF.
- Flexible support (along longitudinal X axis) for the
HDRM placed far from the tripod IF, in order to
absorb thermal distortions of the S/C panel.

Table 2. Performance characteristics
Dimensions:
Stowed/deployed
- X axis
2440/ 4400 mm
- Y axis
800 / 1200 mm
- Z axis
720 /761 mm
Mass:
- I-Boom
36 kg
(includes 3.8 kg payload
harness)
- Sensors
5.4 kg
Stiffness:
- Stowed
87 Hz
- Deployed
1 Hz
Minimum Motor torque
10 N·m
Deployment duration
20 s - 70 s
Delatching torque
>47 N·m
5. QUALIFICATION TEST CAMPAIGN
The qualification plan of the I-Boom has been tailored to
verify all the requirements in a feasible way, performing
some of the tests at subassembly level.

Figure 12. HDRM Supports
The attachment between the two parts of the HDRM is
made by means of a high preload in three contact spheres.
This preload is defined to avoid gapping in any of the
preloaded contact spheres during launch and can transmit
the 6 components of the force restraining it in the 6 DOF.
The contact spheres are made of coated aluminium and
titanium alloys.
The selected release device is a NEA Split-Spool Device
(SSD) based on a fuse wire element. This device is a low
shock electromechanical release mechanism.
The preloading interface is a M12 nut, and the preloading
system is designed in such a way that no torsion is
introduced through the bolt when it is preloaded.
The reasons of the NEA SSD selection are, very low
shock generation which is required for the I-Boom; wide
operating / non-operating temperature range; high
preload capability for the high dynamic qualification
vibration inputs (up to 75 kN) and a wide space
application heritage.
The bolt catching mechanism extracts the bolt from the
NEA once it is released by using a CuBe2 spring.
4. PERFORMANCE CHARACTERISTICS
The final performances of the boom are summarized in
the next table:

Figure 13. Test plan
During all the test campaign, special care has been taken
to avoid high magnetic fields around the I-Boom to not
magnetize any demagnetized component. This has been
performed by demagnetizing the used tooling and
checking the test facility equipment prior to the tests.
5.1. Potentiometer qualification
The developed potentiometer assembly has been
successfully qualified in advance to minimise risks. The
correct performance of the potentiometer and its
accuracy (±1 degree) have been verified along the test
campaign:
- Vibration test: Sine 50 g Random 30.5 grms.
- Shock test: 1500 g SRS.
- Thermal cycling and functional test at temperature
and vacuum (-40ºC / +111ºC).
- Life test: 80 cycles.

within the vacuum chamber, a small dummy inertia has
been used connected to the DM by means of a gearbox.
Moreover, the torque between the DM and the gearbox is
measured to correlate the deployment with the actual
torque of the inertia and the gearbox friction.
I-Boom Inertia dummy

Figure 14. Potentiometer vibration test
5.2. Hold Down and Release Mechanism qualification
A dedicated MGSE for the qualification of the HDRM
has been designed. This way, the worst case deployment
kinematics, and worst case misalignment and thermoelastic lateral loads are simulated. The MGSE represents
the flight configuration of contact spheres, the release
device and bolt-catcher system.
The HDRM assembly has passed successfully the
following tests:
- Preload life test: 18 tightening cycles.
- Thermal cycling (-134ºC / +104ºC) and release with
the worst case parameters:
 Temperature: -111ºC / +101ºC
 Misalignment: 1.2 mm
 Lateral load: 1743 N

Gearbox
Flexible coupling
Torque transducer
Optical encoder
I-Boom DM

Figure 16. DM Deployment test setup
During the initial qualification test campaign of the DM,
the spherical bearings of the hinge suffered a failure.
The spherical bearing supplier initially proposed a slotted
spherical bearing lubricated with MoS2, using nonmagnetic materials: A286 alloy and Inconel 718 alloy.
The slotted design of the bearing was adopted to ease its
manufacturing and achieve better tolerance in the
spherical contact surface.

Figure 17. Slotted spherical bearing
Figure 15. HDRM release at temperature
5.3. Deployment Mechanism qualification
The deployment mechanisms of the I-Boom have been
qualified at the inner hinge mechanism subassembly
level as it represents the worst case of same design
mechanisms with higher deployment angle and harness
quantity. The following qualification tests have been
performed on the inner hinge DM.
- Thermal cycling (-120ºC / +110ºC) and Motorization
margin measurement at temperature (-55ºC / +100
ºC).
- Shock test at 540g SRS.
- Deployment test in vacuum at +20ºC and +70ºC.
- Life test: 69 deployments.
The measured motorization margin in the worst case
(cold case) is 4.4 so a big margin is demonstrated.
The DM deployment tests have been performed by using
a dummy inertia. In order to represent the inertia of the
complete I-Boom during the deployment and to fit it

During the torque measurement tests at temperature the
failure occurred in the bearing and it got jammed.

Figure 18. Spherical bearing inspection after failure
During the root cause investigation several tests were
performed. The conclusion is that the discontinuity of the
slot under external loads initiated the failure of the
bearing due to a high stress concentration, becoming
catastrophic in a few cycles.
Due to that, the spherical bearing was modified to the
current baseline which is the self-lubricated double liner
non-slotted spherical bearing.
Once this modification was introduced, the DM has been
qualified successfully.

5.4. Functional test at Subsystem level
The functional test of the I-Boom consists of a
deployment test of the complete boom. The following
parameters are verified during the functional test:
- Deployment angle vs time by means of an optical
encoder.
- Bending moment at the hinge vs time by means of
strain gauges.
- Induced SRS shock level at the interfaces (S/C and
instruments) by means of several accelerometers.
- End-deployment natural frequency by means of the
accelerometers.
In order to be able to perform the functional tests under
gravity, a dedicated zero-g device has been designed
using non-magnetic materials. The I-Boom is assembled
on a hinged MGSE to allow the alignment of the rotation
axis for each deployment.

The I-Boom functional tests have been carried out before
and after the vibration test successfully.
5.5. Vibration test
The vibration testing included sine and random excitation
apart from the resonance survey for eigen-frequencies
determination.
Due to the big size of the I-Boom, a big vibration test
adaptor has been used, pushed by two shakers in parallel
to be able to reach the required levels during the sine and
random test in each of the three axes. Before and after
each test, a sine survey was performed to verify that no
damage occurred to the boom.
The first detected eigen-frequency is at 86 Hz.
The I-Boom was tested up to 10 g in sine and up to 11
grms in random.

Figure 21. I-Boom vibration test Z configuration
Figure 19. I-Boom first deployment phase (left) and
prepared for 90 degree tilt (right)

The modal parameters variation during the vibration test
was within the acceptable limits and the test was carried
out successfully.

During the first deployment phase, the two deploying
segments are hanged from a counterweighted rotating
structure.
To prepare the second hinge deployment, the semideployed I-Boom has to be tilted 90 degree around X axis
(longitudinal to the boom) and 16 degree around Y axis
(rotation axis direction of the inner DM), while it is
hanged from a counterweighted frame.

Figure 22. Sine survey comparison example
5.6. Magnetic Measurement test
The magnetic measurement test consists of measuring the
magnetic field generated by the I-Boom on the
instrument sensors interfaces in deployed configuration.

Figure 20. I-Boom fully deployed
During the second deployment phase, the inner boom is
hanged from a counterweighted frame and the outer
boom segment from a counterweighted rotating structure.

This measurement has to be carried out within a
magnetically extremely quiet area as the values to be
measured are below 1 nT. Due to that, the test has been
carried out in the IABG Magnetic Field Simulation
Facility (MFSA).

During the test, the I-Boom is placed in deployed
configuration on a dedicated non-magnetic support and
the magnetic field at the instrument sensor locations are
measured. The measurement was carried out with the
boom heaters ON and OFF.

Figure 23. I-Boom deployed in the MFSA
Prior to the test, a montecarlo analysis was performed
based on the magnetic measurements done at component
level. This analysis considers all the potentially magnetic
components of the I-Boom with a statistical variation on
their magnetic moment depending on the uncertainty for
each component and variation in the dipole directions.
The analysis statistics showed a very good correlation of
the actual measurement.

The test was carried successfully and the boom was
cooled down to -145ºC.
6. LESSONS LEARNT
The scientific missions are requiring more demanding
requirements for deployable booms for magnetometers at
the same time as the instruments performances are being
improved. The required length, magnetic cleanliness
level, electrical ESD requirements, harness quantity and
payload weight (9.2 kg including harness) are much more
demanding than previous booms designed before.
Moreover it shall be noted that this requirements have to
be amalgamated with high temperature excursions and
challenging dynamic behaviour of such a long
appendage.
Due to that, a big effort has been required during the
design phase of the structure and mechanisms of the
boom to find solutions and components compatible with
all of these requirements.
During the design initial phases, non-magnetic solutions
of different components have been found and a technique
to demagnetise the I-Boom components has been
developed identifying the most problematic ones.
In such a singular mission, special care shall be taken
when any kind of modification has to be implemented in
a standard or wide heritage part in order to make it
compatible (i.e. for magnetic cleanliness purpose) by
performing early tests to minimise the risks during the
qualification test campaign.
It also has to be remarked that such a big deployable
subsystem requires complicated MGSEs and big test
facilities as the ones used for satellites to perform any
kind of test, being this a very relevant input to prepare a
proposal of this kind of subsystems.

Figure 24. Magnetic montecarlo analysis correlation
5.7. Thermal balance test
Finally a thermal balance test of the complete deployed
I-Boom in 3 cold thermal cases has been performed in
order to correlate the thermal model of the I-Boom. Due
to the large size of the equipment, the test has been
performed in a CSL 6.5m diameter vacuum chamber. A
dedicated shroud tent has been designed for this test.

7. CONCLUSSION
The particularity of the demanding Solar Orbiter mission
I-Boom requirements has led to the improvement of the
deployable boom design.
The structural design has been optimized to obtain a light,
rigid and robust boom compatible with the thermal
environment of the mission.
The deployment mechanisms exhibits high motorization
margin, reliability and redundancy whereas the boom
deploys smoothly at low speed. The Hold Down and
Release mechanism has also demonstrated its robustness
being capable of releasing a highly preloaded appendage
under very demanding conditions.
The boom has been submitted to an exhaustive
qualification campaign that has confirmed the validity of
the design to fulfil the mission requirements.

Figure 25. The I-Boom within the 6.5m TVAC

