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Figure 9: Overview over the Remote-Sensing instruments (1). 

  
Figure 10: Overview over the Remote-Sensing instruments (2). 

  
Figure 11: Overview over the Remote-Sensing instruments (3). 
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Figure 4: Payload Accommodation Overview (4) 
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4.2.1   Platform 
The Spacecraft structure is derived from the MEX / VEX / Aeolus programmes. Internal shear panels 
provide mounting locations for instruments and bus equipments.  There are external mounting locations 
on face panels and an instrument boom.   Two-sided solar arrays provide the required power throughout 
the mission over the wide range of Sun distances.   The distribution of the RCS is inspired by the MEX 
mission and rear-panel thrusters provide torque and primary thrust control.  There is no main engine 
because the mission does not suffer from gravity losses, and the overall delta V requirements of the 
mission are comparatively modest.  There are additional thrusters on side panels to enable delta V 
manoeuvres whilst maintaining a Sun-pointing attitude when close to the Sun. 

 
Figure 4-2 Structure Schematic 

 
The two propellant tanks are accommodated within the box structure and a pair of solar arrays are 
mounted on the sides. There is significant use of CFRP for structural items and the panels are aluminium 
skinned with honeycomb core. 

 
Figure 4-3 Propellant Tank Mounting 

4 quadrants with small venting holes
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SOLO_3_CFRP: The central structure cylinder is built from this CFRP material, and the 
corresponding outgassing test was explicitly performed for Solar Orbiter. A total of 28 kg of 
SOLO_3_CFRP material was assigned to the central cylinder in the outgassing model (see Figure 
123 below). Further, both the bottom and top tube of the I-boom (see Figure 121) were modelled 
based on SOLO_3_CFRP by assigning a total of 4.38 kg of this material under the MLI. 

  
Figure 123: S/C structure with shear walls and central cylinder.  

  
M55J_RS9D_RPW, K13D2U_RPW:  For the RPW antennas, the Carbon tube is modelled 
using Black Kapton MLI (BKapton_alum_BO) on the main part. Additionally, it contains the 
CFRP material M55J_RS9D_RPW on the inside of the tube as well as on the end piece and 
cone link in order to capture the outgassing of CFRP material under the Black Kapton MLI. In 
total, 84.5g of M55J_RS9D is assigned on each RPW antenna. Note that the bake-out of this 
material is not representative. On the antenna and disc support as well as on the outwards 
bound side of the RPW Bigbox, K13D2U is used a surrogate for DAG213 coating (10g on each 
antenna). Details of the material assignment of the RPW antennas are shown in Figure 124. 
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4.1.43   Contamination results for EUI_EXT_HW_PY 
During the considered mission time, the target 'EUI_EXT_HW_PY' is subject to temperatures 
ranging from 273 K to 304 K with an average of 279 K. The EOL value for the total contamination 
(black dotted line) for this timespan is 20 577 ng/cm² with a maximum value of 45 708 ng/cm² 
occurring after 3 days, i.e., during the Pre-NMP. The main source material at the EOL is 
SOLO_Harness_int. 

 
Figure 213: Contamination on EUI_EXT_HW_PY. 

 
Figure 214: Mean temperature of EUI_EXT_HW_PY. 

  



Instrument overview
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EUI Functional Diagramme
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3. INSTRUMENT DESCRIPTION 

The EUI instrument suite is composed of two high resolution imagers (HRI), one at Lyman-α and one at 
174Å, respectively named “HRILy-α” and “HRIEUV”, and one dual band full-sun imager (FSI) working 
alternatively at the 174 and 304 Å EUV passbands, named “FSI174/304”. 

Figure 3-1 shows the functional diagram of the HRI and FSI telescopes. 
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Figure 3-1 : EUI functional diagram. 

The mechanical configuration is shown in Figure 3-2, with the three EUI channels mounted on an 
Optical Bench System (OBS) with dedicated isostatic mounts, and the Common Electronics Box (CEB) as 
a separate unit. This concept has been optimised for mechanical and thermal constraints. One additional 
advantage of two separated units (OBS and CEB) is to allow parallel optical and electrical developments 
and sub-systems testing. 

The electronics system is split into two major functions, the telescopes detector readout in dedicated 
Front End Electronics (FEE) per channel, and the image processing (compression, storage) in a Common 
Electronics Box (CEB). The CEB will also provide the control for high voltage power supply for the 
HRILy-α, the mechanisms control (filter wheels and door mechanisms), and the detector heaters and 
instrument temperature sensors. 

   
 Figure 3-2: Overview of the optical bench system (OBS) – top cover not shown - and of common electronic box 

(CEB) 
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EUI Calibration Concept

■ Calibration of subsystems
■ Calibration of the flight instrument

==> collaboration with PTB (Berlin)



Calibration of EUI subsystems
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• Primary source standard, calculable precise intensity 

• special operation of electron storage ring 

• Continuous wavelength spectrum

Calibration with white light  
synchrotron radiation
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Setup of vacuum vessel at the MLS calibration beamline
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Fig. 21. Relative response of the HRILya camera versus voltage applied
to the MCP of the intensifier normalized at 560 V.

8.2. Relative Spectral response

Because of the rise of the solar spectrum at long wavelengths,
integration of o↵-band radiation over a large spectral range can
result in sigificant contamination of the total signal. The instru-
ment subsystems (detectors, filters, mirrors) have therefore been
characterized over a very large wavelength range, such that the
item’s spectral response is not only determined at the working
wavelength but also outside the spectral band of interest.

For HRIEUV, the baseline was a spectral purity greater than
90% for two subsequent ionization states for Fe IX (17.11 nm)
and Fe X (17.45 nm and 17.72 nm), when observing quiet Sun
and active region. In Fig. ?? we show the expected spectral
response of HRIEUV, based on mirror coatings simulated data,
measured entrance filter transmission, and measured detector
QE.

Fig. 22. Expected spectral response of HRIEUV, assuming rear filter in
open position. A detailed description can be found in Gissot & EUI
consortium partners (2019).

For FSI, the single bounce inherently provides less o↵-band
rejection than two-bounces designs like that of HRIEUV. When-

ever possible, the FSI optical components have thus been mea-
sured from 10 nm to 100 nm. The design of the FSI makes it
sensitive to local sensitivity variations of the optics (Sec. 3.1).
The spectral resonse was specified to be uniform to within 5 %
on each component.

Fig. 23. The relative spectral response of the EUI/FSI channel from
15 nm to 34 nm showing in red the 17.4 nm channel and in blue the
30.4 nm channel. A detailed description can be found in Auchère &
EUI consortium partners (2019).

For HRILya, because of the broad-band reflectance of the mir-
rors, two interference filters were necessary, in addition to the
solar blind detector, to achieve the desired spectral purity: an en-
trance filter with 20 nm FWHM bandwidth and 20 % peak trans-
mission, and a narrow-band focal plane filter with 10 nm band-
width and 8 % peak transmission. All components have been
characterized individually for their in-band and out-of-band per-
formance before integration into the instrument.

To further suppress the signal longward of Lyman-↵, the im-
age intensifier is using a multichannel plate with a potassium
bromide photocathode. For the stabilization of the MCP gain
the intensifier was irradiated by a Lyman-↵ lamp for about two
weeks. In order to characterize the long-wavelength suppression
of the strong solar continuum, which is mainly achieved by the
KBr photocathode deposited on the MCP, the camera was cali-
brated at PTB over a large wavelength range, from 115 nm, lim-
ited by the cuto↵ of the magnesium fluoride, up to the signal-
to-noise limitation above 300 nm. The spectral calibration of the
camera was performed with a voltage of the MCP of 400 V. The
response of the camera at any other setting of the MCP volt-
age can be obtained by scaling with the gain function shown in
Fig. 21.

In Fig. 24, we show the relative spectral response predicted
by the measurements of the components between 115 nm and
300 nm. Note that the peak of the response (solid line in the fig-
ure) is shifted by 2.6 nm with respect to the Lyman-↵ line as a
result of the narrow-band focal plane filter maximum transmit-
tance at 119 nm. The dashed line corresponds to the relative re-
sponse calculated with e�ciencies from literature values while
the solid curve has been shifted to coincide with the measured
data.
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Fig. 21. Relative response of the HRILya camera versus voltage applied
to the MCP of the intensifier normalized at 560 V.
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Fig. 24. Relative spectral response of HRILya as predicted by the mea-
sured (black solid) and the theoretical e�ciencies of the components
(red dashed). A detailed description can be found in Schühle & EUI
consortium partners (2019).

8.3. End-to-end Calibration

The end-to-end radiometric measurements have been performed
at the Metrology Light Source (MLS) of the Physikalisch-
Technische Bundesanstalt (PTB) in Berlin. The electron storage
ring provides calibrated radiation at the desired wavelengths for
EUI. The instrument subsystems (detectors, filters, mirrors) have
been characterized over a very large wavelength range, in or-
der to determine their spectral response not only at the working
wavelength but also outside the spectral band of interest. The
model of the combined e�ciencies of the subsystems were then
compared with the response of the instrument derived in the end-
to-end test.

The end-to-end calibration of the complete instrument was
made in a dedicated vacuum tank at PTB that could be mounted
at the beamline of the MLS. Future papers are in preparation
that will give in depth information on the ground calibration re-
sults of each telescope’s specific performance assessment and
calibration results (Auchère & EUI consortium partners 2019),
(Schühle & EUI consortium partners 2019), (Gissot & EUI con-
sortium partners 2019).

9. Concepts of Operations

In contrast to most previous solar space observatories, Solar Or-
biter should be thought of as a deep space encounter mission for
which observation opportunities are strictly dictated by the phase
in the regularly changing orbits. Full operation of the remote-
sensing instrument package of Solar Orbiter, including EUI, will
be restricted to 3 periods of ten days per 168 days orbit, corre-
sponding to perihelion and to maximal solar latitude north and
south. In between these 3 periods, EUI will take part in a pro-
gram of much reduced, synoptic remote sensing observations
(Auchère et al. 2019).

Each day in the mission will thus provide a di↵erent, if not
unique, science observation opportunity as a combination of the
solar distance (hence spatial resolution of the EUI images), so-
lar latitude (hence opportunities to observe the solar poles), so-
lar activity (as the solar cycle progresses) and relative position
with respect to Earth and other observatories (e.g., for joint cam-
paigns during quadratures). As every day in the mission provides
unique opportunities, science planning from mission timescales

down to individual observations is essential (see Subsection 9.3)
and must be coordinated across all Solar Orbiter instruments and
collaborating observatories.

As a deep space mission in the inner heliosphere, particu-
lar constraints apply to Solar Orbiter with respect to telemetry.
The telemetry can be interrupted during extended periods (So-
lar Orbiter-Sun-Earth coalignments) and is strongly limited both
in the upward and downward direction. For EUI, this implies
strict requirements on the instrument autonomy (Subsection 9.1),
onboard calibration functionalities (Subsection 9.4), and on the
ability of the instrument to prioritise the most important subset
of the produced data (9.5).

9.1. Autonomy

Because of the limited availability of ground stations, the light
travel time to the spacecraft, and frequent "joint-position of
spacecraft and sun", there is nominally no real-time command-
ing or continuous communication contact with Solar Orbiter and
hence with EUI. So the EUI operations software is designed
to fix or work-around problems itself and keep the instrument
observing. The software retries on communication errors and
mechanism moves, skips incorrect exposures, reboots and re-
sets the cameras if they malfunction. Reliability is good on the
ground but the radiation environment of deep space will in-
evitably cause data errors and slow degradation.

Observing is mainly autonomous as only 150 telecommands
are allowed per day. All nominal observation programs (see 9.2)
and on board calibration programs (see 9.4) are stored in the
CEB memory as configuration tables (also called "Science Ta-
bles") containing all required exposure sequences and parame-
ter sets. As these Science Tables also include loops and waits,
they fully characterize the observation programs. As a result,
once ready in “Sci” mode, the software requires only a single
telecommand to start an observation program on each EUI tele-
scope. Throughout the mission, these tables can be modified, ei-
ther adapting parameters for a specific observation program, or
adding extra observing programs. The Science Tables thus pro-
vide both autonomy and flexibility.

9.2. EUI observation programs

As explained above, the EUI Observation Programs are defined
in onboard Science Tables that can be executed with a single
telecommand and that can be modified at any time through dedi-
cated telecommands. At the time of instrument delivery, the fol-
lowing sample observation programs were loaded in the Science
Tables of the CEB:

– The Synoptic program takes FSI 17.4 nm and 30.4 nm im-
ages at 15 minute cadence, binned 2 ⇥ 2 and with a high
compression (0.32 bits per pixel). This program is intended
to be running continuously during all Remote Sensing Win-
dows.

– The Global Eruptive Event program takes FSI 17.4 nm or
30.4 nm images at 10 s cadence without binning and with a
low compression (1.20 bits per pixel), and is well-suited to
study e.g., dimmings and EIT waves.

– The Faint High Corona program integrates 60 one-minute
exposures in FSI 17.4 nm or 30.4 nm into a long 60 minute-
exposure, with the FSI occulter in place. It is intended to
study the faint high corona.

– The Coronal Hole program takes HRIEUV and/or HRILya im-
ages at 30 s cadence without binning and with a very low
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EUI Cleanliness Concept

■ keep degradation at a minimum
■ keep calibration stability

==> design for cleanliness



■ New door design 
○ Simpler mechanism ! no sealing
○ Labyrinths sized for depressurization and purging ! purge 

rate increased to ensure positive ΔP during purge
○ NB: Interface with bench structure with GoreTex ring

17

EUI doors design

Radial 
labyrinth 

around the 
door lid



○ Purge computation results

EUI design



■ Purge inlet interface
○ SS-400-1-4 to S/C
○ OBS external pipes for flow distribution to three channels

19

EUI purge system design



Purge inlet filter and distribution

designed by PMOD/WRC, Davos



• purge interface Swagelock stainless steel model
– EUI agrees to use SS-400-1-4 (smallest)

! Only one inlet for the three channels and a dedicated piping system under bench 
(Swagelok/Festo parts)

! Total flow rate is 12 – 80 l/h for the only inlet)

21

Purge inlet & outlets

purge outletspurge inlet



Distribution of purge gas

22
Set screws to adjust individual  flow rate

Adjustment of the set-screws until following flow-rates are achieved:
 
•HRIEUV → 0.64 l/h
•HRILy-α → 1.28 l/h 
•FSI.1 → 0.32 l/h
•FSI.2 → 0.32 l/h



EUI venting

■ Launch
○ External pressure 

• 1 to 0 bar with peak of 6200 Pa/s
○ Venting holes

• 2 / 4 labyrinths in HRI / FSI channel
• 2 mm² venting cross-section per litre volume 2 outlet per channel (drilled in 

dedicated inserts)
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Venting valves for Lya Channel

9



■ New door design 
○ Door labyrinth sizing

• 2 venting outlet in the bench
• door labyrinth ⬄ one additional venting outlet

○ CFD analysis
! Limited ΔP around entrance filters (< 2 mbar) during launch and purging
! Overpressure (0.001 mbar) during purging (compromise with launch venting)
! Few hours to fill cavity with N2 (> 80% in 10 hours)

EUI design update

Door labyrinth head loss coefficient 
computation

Filter labyrinth head loss 
coefficient computation

19
Venting outlet head loss coefficient 

computation
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■ Launch
○ Impact on filters

• ΔP around filter wheel and entrance filter << 1mbar

EUI venting simulation



Venting of CFRP structure panels
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Uncovered front face Outer face sheet

Inner face sheet

Covered front face

Venting under the MLI:
through face sheets
or side faces



Venting of CFRP structure panels



Venting of CFRP panels

• venting inserts on outer faces
• perforated Kapton tape on open side faces
• venting  of internal panels through top panel



MLI venting
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■ EUI OBS MLI 
= 2 layers of Mylar ! no micro-perforation ➔ venting by 
bottom part, around unit), as per on STM



CFRP housing structure



EUI purging requirements
■ EID-B requirements

○ The prime contractor shall ensure after EUI delivery almost continuous purging of the EUI structural 
housing with clean and dry nitrogen gas until launch. 

○ The longest duration without purging shall be limited to 30 minutes per any 24 hours, except during 
the vacuum tests sequences. ==> was extended to 60 minutes by Prime request.

○ The Prime Contractor shall purge EUI, after delivery, with gas quality grade 5.0, i.e., 99.999% vol N2, <3 
ppm O2, <5 ppm H2O, < 0.5 ppm hydrocarbons. Synthetic air of the same quality may be used. Before 
delivery, gas quality used will be Grade 6.0 (or BIP 5.2)  ==> was changed to MIL-PRF Grade C quality by 
prime.

○ The purging flow rate shall be in the range 12 – 80 l/h. ==> was implemented by flow restrictive capillary.
○ The maximum purge pressure spike shall be 0.003 bar. ==> changed to 30 mbar/minute
○ The purge shall be maintained with a log of all purge interruptions.
○ During AIV of the spacecraft and on the launcher inside the fairing a gas supply is required to sustain a 

flow rate in the range 12 – 80 l/h.
○ The Prime Contractor shall ensure that after re-pressurisation of vacuum chamber, the clean gas is 

supplied through the purge inlet connector on the spacecraft. ==> changed to a slight overpressure to be 
maintained.

NB: during vacuum chamber repressurization, the purging system can be used but shall not be the only 
source of re-pressurization. If used, the purge flow shall be controlled to have a maximum of 0.5 l/h. ==> 
changed to 12 l/h.

○ The spacecraft test plan shall not include a specific opening of the internal EUI-OBS doors, except when 
under vacuum.  ==> changed to never opening.
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✦ Purging during flight to the launcher to be maintained
✦ Purging on the launcher to be maintained



EUI cleanliness monitoring

■ Particular and molecular witness samples
○ Will follow the unit all along its AIT activity
○ Allows cleanliness monitoring (after assembly, vibration, 

vacuum/bakeout tests…)
○ Some witness samples also on S/C MY panel during AIT

■ Types of witness samples
○ Particular: 

• PFO
• Monitored @CSL

○ Molecular: 
• Metallic witness plates (ECSS Q-70-05C – indirect method)
• Monitored by FTIR  @CSL
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EUI vacuum tests
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OBS STM unit in vacuum chamber



Vacuum thermal bake out

■ Bake out with monitoring by RGA, witness 
plates and 

■ Temperature-controlled Quarz- Crystal 
Microbalance TQCM

■ with SUCCESS CRITERION:
■ monitor the TQCM frequency f / Hz
■ until rate of change of frequency f“ /Hz/h/h 

is < 1%



Bake out analysis
 

EUI FM – Cameras Bakeout 
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8.2. TQCM criteria 
The TQCM record over the bakeout is show in next figure.  
 

 
Figure 8-2: EUI FM cameras bakeout – TQCM frequency record  

The deviation of linearity (f”/f’) success criterion is shown in next figure, and is lower than 1% at end of 
bakeout.  
 

 
Figure 8-3: EUI  FM cameras bakeout –Δlin(1/h) using fitted TQCM data 

 



■ Inner (‘primary box’) and outer (‘external box’) 
containers
○ OBS wrapped in clean anti-static bag, and fixed on a transport 

plate in the primary box 
○ Primary box on a damping system in the external container
○ External box equipped with purging system for primary box 

(same inlet interface SS-400-1-4 than in OBS)

EUI OBS transport container
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EUI OBS transport container

■ Primary box
○ It can be use in clean room class 100. 
○ It is equipped with a breathing valve, a desiccant box and a 

humidity indicator to provide the ambient environment. 
○ The breathing valve regulates the pressure inside the 

primary box at ± 17 mbar.
■ Secondary box

○ It an be use in clean room class 100.000. 
○ It is equipped with monitoring of humidity, temperature and 

pressure.
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EUI OBS transport container

■ Outer container



■ With STM unit

40

EUI OBS transport container



S/C transportation and launch site activities

✦ Purging during flight to the launcher to be maintained
• was major concern because of re-pressurization of airplane during decent.
• Antonov aircraft takes 10 minutes decent phase. makes 100 mbar over-pressure 

possible inside container.

✦ Purging on the launcher to be maintained
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