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ABSTRACT
The MTG is EUMETSAT's next generation of
geostationary satellite series being developed by ESA. It
will provide an evolution of the imaging service,
including a new Lightning Imager, and a state-of-the-art
atmospheric sounding service providing measurements
in the infrared and ultraviolet spectrum. MTG will see the
launch of six new geostationary (imaging and sounding)
satellites from 2021 onwards. The satellite series will be
based on 3-axis platforms and comprise:
- Four Imaging Satellites (MTG-I) (20 years of
operational services expected)
- Two Sounding Satellites (MTG-S) (15.5 years of
operational services expected)
The imaging satellites, MTG-I (mission prime TAS),
carries the Flexible Combined Imager (FCI) and the
Lightning Imager (LI) instruments. The sounding
satellites, MTG-S (mission prime OHB System), include
an interferometer and the Infrared Sounder (IRS) and the
Copernicus Sentinel-4 instrument, a high resolution
Ultraviolet Visible Near-infrared (UVN) spectrometer
This paper describes the influence of the different MTG
instrument mechanisms on the overall MTG instrument
performance as well as the influence of instrument
performance requirements on the mechanisms. MTG is
following a communality approach on both instruments,
FCI and IRS, as also for mechanisms as far as possible.
All the mechanisms are subcontracted under TASF/OHB specifications:
- Scan Assembly (SCA) – SENER Spain
- Calibration and Obturation Mechanism (COM) –
SENER Spain

-

Refocusing Mechanism (REM) – RUAG Austria
Solar Baffle Cover Mechanism (SBCA) - RUAG
Austria
The paper will outline for a subset of mechanisms (the
ones under direct OHB subcontract, the Cornercube
mechanism CCM and the cryo-cooler CCU are not
considered in this paper) the main design drivers and
criticalities with their impact on instrument performance.
It will include the challenges on mechanism as well as
instrument AIT, in particular testing instrumentation,
envelope & operational constraints and high cleanliness
needs.
One of the main challenges in MTG, not only for
instrument performance but also
mechanism
performance, is to assure the high performance
requirements within the long life time and in particular
the long term storage of recurring flight models. This
overall instrument/mechanism life is divided into 5 years
AIT time on ground, up to 17.5 years storage for
recurring models plus minimum 8.5 years in orbit
operation.
The authors acknowledge that this work was supported
under an European Space Agency (ESA) MTG
Programme contract.
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Figure 1:MTG-S IRS (left) and MTG-I FCI-TA (right)

INTRODUCTION
MTG Mission Description
The objective of the MTG mission is to continue and
enhance the capabilities Meteosat Second Generation
(MSG) in terms of nowcasting, global and regional
numerical weather prediction and climate and
atmospheric chemistry monitoring. An advanced
operational satellite system is under production and will
provide an improved imaging and new infrared sounding
capabilities for both meteorological and climate
applications.
The MTG is based on a stabilized platforms, the
instruments will be pointed at the Earth for 100% of their
in-orbit time. The satellite series see the launch of six new
geostationary four imaging and two sounding from 2021
onwards. These satellites will no longer be stabilized by
the spinning of the platform, as this was the case for first
two generations of Meteosat satellites, but by three axes
stabilized platforms.
The satellite platforms will host instruments that will
scan and probe the Earth surface and the atmosphere with
additional channels and better spatial, temporal and
radiometric resolution.
The imaging satellites, MTG-I, will fly the Flexible
Combined Imager (FCI) and the Lightning Imager (LI).
The sounding satellites, MTG-S, will include the Infrared
Sounder (IRS) and the Sentinel-4 instrument (the high
resolution Ultraviolet Visible Near-infrared (UVN)
spectrometer).
The MTG-I mission is comprehensive of:
 Flexible Combined Imager (FCI)
 Lightning Imager (LI)
 Data Collection System (DCS) and Search and
Rescue (GEOSAR)
the Flexible Combined Imager (FCI) covers a full disk
imagery every 10 minutes in 16 spectral bands and Fast
imaging of European weather every 2.5 minutes while
the Lightning Imager (LI) provides a real time lightning
location and detection (cloud-to-cloud and cloud-toground lightning, with no discrimination between the two
types). The LI is an assembly of four independent optical
heads and uses detector elements arranged in a detector
array covering the whole Earth (no scanning

mechanism).
The MTG-S mission is comprehensive of:
 Infrared Sounder (IRS)
 Ultra-violet, Visible and Near-infrared Sounder
(UVN)
The Hyperspectral Infrared (IRS) instrument makes a 3D
mapping of water vapour and temperature in the
atmosphere while the UVN monitors the Air quality and
atmospheric chemistry. The UVN is a Copernicus
Sentinel 4 instrument designed for geostationary
chemistry applications, it is a spectrometer measuring in
the ultraviolet (UV: 305–400 nm), the visible (VIS: 400–
500 nm) and the near infrared (NIR: 755–775 nm), with
a spatial resolution of better than 10 km.
INSTRUMENT KEY REQUIREMENTS AND
MECHANISM´S IMPACT
FCI
The Flexible Combined Imager (FCI) on the MTG-I
satellite will continue the operations of the Spinning
Enhanced Visible and Infrared Imager (SEVIRI) on
Meteosat Second Generation (MSG).
Requirements for the FCI have been formulated by
regional and global Numerical Weather Prediction
(NWP) and Nowcasting communities to support the
operational weather forecast services.
These requirements are reflected in the design which
allows for Full Disc Scan Service (FDSS), with a basic
repeat cycle of 10 minutes and a Rapid Scan Service
(RSS) which covers one-quarter of the full disc with a
repeat cycle of 2.5 minutes. While the intended standard
operation is to place this Local Area Coverage (LAC)
domain to allow a closer monitoring of the wider
European region, it is also possible to allow rapid
scanning over other areas of the full earth disc in case of
need.
The FCI takes measurements in 16 channels, eight of
which are placed in the solar spectral domain between 0.4
μm to 2.2 μm, delivering data with a 1 km spatial
resolution. The additional eight channels are in the
thermal spectral domain between 3.8 μm to 13.3 μm,
delivering data with a 2 km spatial resolution.
In the RSS mode two channels in the solar domain will
be disseminated with advanced spatial resolution of 0.5
km. In the thermal domain two channels will have an
advanced spatial resolution of 1 km.
IRS
The Infrared Sounder (IRS) on MTG-S will be able to
provide information on horizontally, vertically and
temporally (4-dimensional) resolved water vapour and
temperature structures of the atmosphere.
The IRS acquires a number of spectral soundings
simultaneously over a dwell using a two dimensional
detector array. It uses a ‘step-and-stare’ mode of the SCA
mechanism to probe the Earth´s atmosphere.
The dwell coverage is stepped in an east/west direction
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to form a line of dwell spectral soundings, before moving
northward to form the next line, covering the local area
coverage (LAC) within the repeat cycle duration (‘stepand-stare’ principle of probing the atmosphere).
Four separate LAC zones are defined covering together
the full earth’s disc and the LAC zones scanned in any
order with maximum sequence length of 96 LACs before
repetition of the sequence.
The spectral soundings are transmitted to the ground as
interferograms and transformed to spectral channels as
part of the ground processing, before dissemination to the
end users as Level 1 datasets.
The IRS is based on an imaging Fourier-interferometer
with a hyperspectral resolution of 0.625 cm-1 wavenumber, taking measurements in two bands, the LongWave Infrared (LWIR) and the Mid-Wave Infrared
(MWIR), with a spatial resolution of 4 km.
To accomplish with these tasks both instruments are
equipped with the following mechanisms:
 SCA (Scanner Mechanism) - respectively SCAI and SCA-S
 COM (Calibration and Obturation Mechanism)
– respectively COM-I and COM-S
 REM (Refocusing Mechanism) – respectively
REM-I and REM-S
 SBCA (Solar Baffle Cover Assembly) –
respectively SBCA-I and SBCA-S
With the exception of the COM all the other mechanisms
are a common procurement for both instruments. This
means that the design of the mechanisms is done in a way
that satisfy both requirement specifications for FCI and
IRS (in the SCA the mirror and its positioning are the
only major differences while REM and SBCA are
identical).
The figure here below shows the instrument together with
the relative position of the mechanisms.

(FCI) and over the dwell time (about 10s) (IRS), pointing
accuracy to achieve a high repeatability for each
observed earth observation target, very high pointing
knowledge information operational flexibility to allow
for easy adaptation of the earth observation pattern per
dwell and LAC. The SCA design requirements are driven
by the need to sustain extended times (several hours) of
direct sun illumination, to be compatible with satellite
launch loads, to be low susceptible for micro-vibrations
and to ensure that the mechanism motion profiles are well
defined and pre-characterized to enable satellite pointing
compensation by counter-wise motion of reaction wheels
during Fine Pointing Mode.
COM-I and S: blocking the sun intrusion to the
instrument most sensitive parts considering the fact that
the sun spot is nearly focussed at the COM location
which result is very high energy density, movement of
the COM mechanism thousands of times over the mission
lifetime to different calibration sources with highest
reliability as in case of mechanism failure the instrument
optical free beam could be blocked resulting in mission
loss or significant degradation.. The COM design
requirements include a limited generation of microvibration as the mechanism is located on the instrument
optical bench. For the COM-I the area in which the
COM-I is located as well as the fact that all calibration
units are accommodated directly on the mechanics puts
very high requirements on the physical accommodation
of the mechanism.
REM-I and S: as the REM is used on-ground and in space
to adapt the focal length to compensate optical bench
shrinkage the accuracy of motion and stability from
ground to space considering the launch loads is the most
driving requirement. Operationally the REM mechanism
is used only a few times, therefore not requiring a high
lifetime.
SBCA-I and S: protection of the instrument optical parts
especially the SCA mirror from contamination during
launch and from uncontrolled sun intrusion during the inspace transfer phases until final GEO position is reached
are the main instrument requirements towards the SBCA.
As a single point of failure the SBCA reliability needs to
be exceptionally high requiring a simple but reliable
design solution

Figure 2. FCI instrument, mechanism´s overview.

The influence of the instrument´s performance
requirements from FCI and IRS on the mechanism´s
requirements can be summarized in the following way:
SCA-I and S: pointing stability over the full disc coverage

MECHANISMS DESIGN DESCRIPTION
Scanner Assembly
The main objective of this subsystem is to move the M0
mirror of the Telescope Assembly (TA) in two axis with
a dedicated scan law. This function must be achieved
according to the requested performances (pointing,
optical quality etc…) and in the defined operational
environment.
In achieving its functionality, the MTG-SCA flight
system will encompass the following main elements:
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 The SCAU, Scan Assembly Unit – Hosts the
respective mechanisms of N/S and E/W axis
plus the respective position sensors and the
mobile harness. It hosts as well the mirror and
its thermal control HW
 The SCAE, Scan Assembly Electronics – It is in
charge of controlling and powering the SCAU
mechanisms (the SCAE like all the electronic
boxes of the mechanisms, are deported inside
the Platform to avoid direct power dissipation to
the Optics)
 Harness – SCAU-SCAE-Instrument Control
Unit
 Control algorithms – These algorithms will
implement the SCA control laws adapted to the
SCA system modelisation.
The SCA systems to be developed for IRS and FCI
instruments are initially conceived as a common design
valid for both of them.
The SCAU consists of two separate single axis rotation
mechanisms: North/South (N/S) mechanism and
East/West (E/W) mechanism. E/W mechanism is
mounted into the N/S mechanism.
Both the E/W and the N/S rotation shaft are connected to
actuators (voice coil motor) and angular position sensors
(optical encoder). Each shaft is supported by two flexural
pivots (FP), and the E/W carries the scan mirror (M0).
The mirror is the object to be moved and precisely
positioned during the scan movement.
The main general function of the E/W and N/S
mechanisms is to smoothly rotate a scan mirror to scan
the Earth in two sirections. In order to minimize friction
sources, no sliding surfaces are used, as flexural elements
hold the rotational axis.
Two scan instruments are required: one for FCI and one
for IRS. At SCAU level, the differences between the two
instruments are:
 Mirror X dimension: the axial length-X of FCI
is slightly smaller than the IRS.
 Initial position of the mirror: at 30º for FCI and
at 45º for IRS (due to the different inclinations
of OBA between FCI and IRS).
 Range of motion:
 IRS: E/W ± 5.4 deg and N/S ± 9.7 deg.
 FCI: E/W ± 5.37 deg and N/S ± 6.87 deg.
The system is completed with the launch Locking Device
(LLD) able to fix and release the mirror and the complete
E/W axis with a unique actuator. The figure here below
shows a Photo of the SCAU FM mechanism.

Figure 3. SCAU Hardware view.

Calibration and Obturation Mechanism
The Calibration and Obturation Mechanism for the IRS
instrument (COM-S) provides source selection for
observation, calibration (Black body and Deep space)
and Obturation tasks by inserting an optical element (Flip
In Mirror or FIM) in the light path.
The COM-S mechanism is based on a rotating mirror
(FIM) driven by a stepper motor to stable predefined
positions by means of a four bar linkage transmission.
The mechanism provides information about the position
of the FIM by an absolute optical encoder. The
mechanism is locked during launch by a pin puller that is
retracted in orbit to allow the FIM movement.
The COM-S black body provides a calibration radiance
source with high emissivity performance.
The COM-S provides the following functional positions:
 FREE BEAM POSITION (FB): Free passage of
the light beam.
 BLACK BODY POSITION (BB): The FIM
orientation points the black body to the detector
for calibration of the instrument.
 SHUTTER POSITION (SH): The shutter
located at the back side of the mirror shuts the
optical path.
 DEEP SPACE POSITION (DS): The FIM
orientation points the Deep Space to the detector
for calibration of the instrument.
The COM-S consists of three independent bodies: The
mechanism unit, the blackbody and the connector’s
bracket. Each of these units is independently bolted to the
optical bench by means of Titanium Alloy made bipods
or blades specifically designed in order to minimize
thermoelastic induced loads while providing the required
stiffness to meet the eigenfrequency requirements.
The mechanism unit is joined to the optical bench by
means of three identical bipods. These bipods are bolted
to the support bracket using two M5 bolts per bipod and
to the optical bench using one M5 bolt per bipod leg.
The support bracket is made of Aluminium and it
incorporates the housing of the motor and the mirror
support structure to reduce the number of interfaces to the
minimum.
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The FIM rotates around a shaft mounted in the support
bracket in the reverse direction of the motor shaft to
compensate induced torques. The FIM shaft is linked to
the support structure by means of a preloaded pair of
angular contact ball bearings.
All the components involved in the mechanism chain are
made of aluminium (except the bearings which are made
in stainless steel and the bearing housing made of
Titanium alloy) in order to reduce mass and to avoid any
possible distortion in the mirror due to the presence of
different coefficients of thermal expansion.
A pinpuller locks with a retractable pin the output bar at
the front of the mechanism.
Reed switches are used to located the FIM.
The COM-S parts that are exposed to the light beam will
be black painted in order to avoid reflections. The figures
here below shows a 3D CAD and hardware view

Figure 4: IRS COM including calibration unit

 BLACK BODY POSITION (BB)
 SHUTTER POSITION (SH)
 MNDn POSITION (calibration with Sun)
 MNDref POSITION
The mechanism unit is bolted to the interface plate by
four M6 bolts which are accessible from the top of the
mechanism. Additionally, two alignment pins between
the mechanism and the interface plate guarantee that the
alignment is maintained when the mechanism is removed
and reintegrated on the interface plate.
The actuator housing holds the outer rings of the motor
bearings and the stator of the motor. The actuator shaft
holds the motor rotor and the inner rings of the bearings.
A pinpuller located under the actuator housing locks the
MFW with a retractable pin.
Reed switches are located in the filters shield for the
detection of the free beam and shutter functional
positions.
The multifunctional wheel is made of Albemet in order
to achieve the first eigenfrequency requirement while
reducing the inertia. The MFW is balanced using an
adjustable Tungsten Carbide counterweight. The MFW
includes a nominal and a reference metallic neutral
density filters (MND).
The COM-I parts that are exposed to the light beam will
be black painted.
Titanium Alloy thermal washers are implemented in the
interface bolts to the OBA in order to reduce the thermal
flux transmitted to the optical bench.

Figure 5: IRS COM (STM) without calibration unit

The Calibration and Obturation Mechanism for the FCI
instrument (COM-I) is based on a rotating
multifunctional wheel (MFW) directly driven by a
stepper motor to stable predefined positions. The MFW
links the different optical and calibration elements to the
optical bench by two pair of bearings mounted in a
housing which allow by rotation the positioning of the
elements on the optical path. A four bit absolute optical
encoder provides feedback of the actual selection of
function. The MFW is locked during launch by a pin
puller that is retracted in orbit leaving the MFW free for
rotation. The COM-I provides both IR and VNIR
calibration functions.
The COM-I provides, by rotation of the MFWA, the
following functional positions for the observation,
obturation and calibration tasks:
 FREE BEAM POSITION (FB): Imaging and
deep space calibtation

Figure 6: FCI-TA COM

Figure 7: FCI-TA COM

_____________________________________________________________________________________________
Proc. 18. European Space Mechanisms and Tribology Symposium 2019, Munich, Germany, 18.-20. September 2019

Refocusing Mechanism (REM)
Both instruments include a refocusing mechanism, on
which the M2 mirror is mounted. The purpose of this
refocusing mechanism is to ensure the overall optical
quality of the system by correcting the defocus effects of
image degradation due to bias effects. It is also used
during alignment to correct any defocus error introduced
by mirror manufacturing or telescope alignment.
The REM is a fully common part between the two
instruments. It is a one-axis linear displacement
mechanism which is capable of moving M2 in a linear
direction with a travel range of +/-150μm and with an
angle of approximately 8° with respect to the optical axis
of the telescope.
It is mainly composed by:
 Main Structure
 Kinematic Mounts
 Geared Actuator Assembly (GA)
The REM is based on a monolithic parallelogram drive,
where the main structure itself, based on a number of
hinges, is moved by a dedicated actuator. A preload
assembly ensures a high precision positioning of the M2
interface.
The refocusing mechanism is based on a 6-pole, 2-phase
high detent torque stepper motor (30° per full step) with
a gearbox (ratio 1:600) and a reduction kinematic (ratio
about 1:6) to be able to make steps with a maximum
resolution of 0.25 μm with an accuracy of +/-50% as per
requirement. Mechanical stops are implemented at both
ends, which are complemented by electrical stop signals
(limit switches) to protect the mechanism. Two different
type of bearings are used:
 2 angular contact ball bearings with inner
diameter 20 mm for the actuator support
 2 angular contact ball bearings with inner
diameter 15 mm for the eccenter
Both types of bearings are dry lubricated by sputtered
lead and also a Lead-Bronze cage is used.
The geared actuator assembly is designed as a building
block in order to allow preassembly of the whole unit
including limit switches, temperature sensors, harness
and connectors.

Figure 8: MTG Refocus Mechanism (REM)

Figure 9: MTG REM wrapped in MLI on transport plate

Figure 10: MTG REM without MLI on transport plate

Solar Baffle Cover Assembly (SBCA)
A cover mechanism is included in the design of both
instruments to limit the contamination and solar
intrusions during launch, LEOP and commissioning and
to ensure a minimum degradation of instrument
performance due to environmental effects.
The main function of the SBCA is the protection of the
IRS and the FCI instruments. The cover is designed as a
spring driven “single shot” device. Two configurations
are foreseen for the SBCA, the stowed and deployed
configuration.
In stowed configuration, the SBCA shall protect the
instrument and especially the mirrors from direct light
and protect the instrument against particulate
contamination. As this is a one shot mechanism, the
design needs to focus on high reliability and robustness
of the system.
In deployed configuration, the SBCA has to be placed out
of the field of view of the instrument. This position
equally needs to be highly reliable.
The SBCA follows the hereafter listed orbital
deployment sequence:
 The cover is locked in stowed position by the
HDRM
 The release actuator is powered and released
within msec
 The preloaded cover (via two snubbers), kickspring and the spring actuator are initiating the
cover deployment
 At about 274° the progressive end stop spring
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engages and stops the cover deployment
 The cover oscillates between the end stop spring
and the deployment springs until the motion is
damped out by bearing friction and end-stop
spring friction and structure internal dissipation
 The cover remains in an equilibrium position
between deployment spring and end-stop
spring. This configuration prevents the cover
from uncontrolled motions.
The Solar Baffle Cover Assembly (SBCA) is connected
to the Entrance Baffle (EBA) of the FCI and IRS
instruments. The cover is a simple but mission critical
item, requiring highest robustness, reliability, and
contamination security.
The design of the SBCA is driven by several stringent
and critical requirements
- Thermal: emissivity and absorptivity
- Temperature range:
non-op (qual) -180°C/+120°C
op (qual): -180°C/ +120°C
- Latching: no latching function implemented
- Stowed & deployed Stiffness
- Hammering avoidance
- Outgassing and surface contamination
- Envelope and mass constraints
- Mechanical Environment:
QSL: 104g in plane, 56g out of plane
- Reliability: >0.999999

Figure 11: MTG SBCA

Figure 12: MTG-I SBCA FM1

PLANNED AND ACHIEVED VERIFICATION AT
MECHANISM LEVEL
All the MTG mechanisms have been successfully
qualified and the first flight units properly accepted. Here
below some test results that show the compliance status
to the main requirements.
Scanner Assembly
Due to the high complexity of the subsystem, a detailed
verification procedure has been established from the very
beginning of the project. In particular besides the 6 FMs
(4 FCI and 2 IRS) the following models have been put in
place for both instruments:
- DM
- STM (I and S)
- EM-I
- QM-S
The DM was a fairly representative early development
model and provided invaluable first performance and
feasibility data. The EM and QM are identical to the
flight models, in addition to this and with the scope to
early discover potential hardware problems, also the two
STMs have been established as flight like models, (only
the two mirrors have been manufactured with reduced
optical performances). The two STMs have been
assembled and tested as a qualification models. This gave
the possibility to early detect design weaknesses and
modify the design of the subsequent units together with
improvements of the design to easy the assembly
procedure. All the feedback coming from the STM
models have been flown into the flight design.
In general terms, pointing performance will encompass
several requirements both for FCI and IRS, which can be
sorted out into two groups:
- Pointing performance errors – these are the errors on
the realized angle (actual position minus commanded
angle), the LoS pointing, either relative or absolute
- Knowledge errors – these are errors on the estimation
of the realized angle (estimated minus actual angle)
The assessment of the pointing performances is
performed by compiling the error budget of the system.
This process involves identification of the error sources
contributing to each error, quantifying the contribution of
such sources and then combining them to estimate the
behaviour of each performance error, which can then
compared to the original requirement.
Contributors to the pointing performances are
- Mounting and alignment
o Reference systems
o Characterization budget
o Correction budget
- Thermo-elastic effect
- Sensor Errors
- Torque Errors
- Mechanism - mechanical Structure.
- Microvibrations contribution (susceptibility to
microvibrations)
- Calibration contribution

_____________________________________________________________________________________________
Proc. 18. European Space Mechanisms and Tribology Symposium 2019, Munich, Germany, 18.-20. September 2019

-

Launch effects (gravity release, micro-slippage,
settling)

In addition to the performance tests, the mechanism was
successfully tested in TV and on the shaker (all at
qualification level and duration for QM and STMs).
In addition and due to the fact that the mechanism will be
directly illuminated by the sun, it was important to:
- cover completely the mechanism (with exception of
the mirror) with black MLI
- show that the mechanism was not introducing any
permanent degradation due to sun intrusion
The last point has been tested and it was shown that at the
transition from operational temperature to sun intrusion
and back to operational no change in the WFE of the
mirror has been measure.
The mechanism is high performing in flight and of course
is strongly affected by the gravity effect. Particular
attention has been put in testing and then predicting the
inflight corrections based on on-ground measured values.
In order to cope with the operational life of the instrument
(8 years) the most critical elements of the mechanism
subjected to fatigue have been already tested showing
adequate design margins with respect the needed life.
Calibration and Obturation Mechanism
Both COM mechanisms were subjected successfully to
life tests in ambient and thermal-vacuum conditions. This
test was important because the COM is mission critical
and both COM mechanisms use lead lubricated bearings.
The table below gives an overview of the cycles tested on
each mechanism under ambient and thermal-vacuum
conditions.
The max operating temperature during thermal-vacuum
conditions was for both +58°C and minimum operating
temperature was -10°C (incl. qualification margin).
Table 0-1: COM Life cycles incl. ECSS margin factors

Ambient
TV cycles

COM-S
2.420
515.089

COM-I
7.780
1.140.698

One cycle for COM-S is defined as following: FreeBeam
 Blackbody/Shutter DeepSpace  FreeBeam On
COM-I side the definition of test cycles is more complex
but the dominating cycle is the one from FreeBeam
position to Blackbody and back (> 1million cycles in
TV). The rest is split more or less equally between
FreeBeam to one of the other elements on the COM-I
wheel.
The next two figures show the threshold current
evolution during thermal vacuum life testing. The green
lines defines the nominal current while the red line is the
minimum threshold current which shall not be exceed.
Threshold current is the maximum allowable current to
be compliant with ECSS margins.

On COM-I, the minimum current to drive the mechanism
was more or less constant over tested lifetime while on
COM-S side the needed current was slightly increasing.
It can be concluded that the COM-I design is more
favourable in terms of long life time. The COM-S is by
design more complex and has more bearings which are
also more loaded during movements.

Figure 13: COM-I Threshold current evolution during life test
in vacuum.

Figure 14: COM-S threshold current evolution during life test
in vacuum

Important for instrument performance are the
results on pointing/position accuracy and
repeatability of the COM-S Flip-In-Mirror and
the COM-I Wheel for its different functional
positions.
Table 0-2: Pointing accuracy measured on COM-S QM

Requirement
+/- 0.5°

SH_BB
-0.081°

DS
-0.159°

FB
-0.262°

Table 0-3: Position repeatability of COM-S QM

Requirement
+/- 0.2°

SH_BB
+/- 0.124°

DS
+/- 0.012°

FB
+/- 0.140°

All COM-S QM values are within the requirement
limits. Same applies for the COM-I QM values shown
in the next two tables.
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Table 0-4: Position accuracy in mm of COM-I QM (values are
averaged)

BB
SH
FB
MNDn
MNDref

Out of plane
Measured
Req.
-0.07
0.5
-0.12
0.5
-0.15
1
-0.08
0.5
0.11
0.5

In plane
Measured
Req
0.16
1.86
0.25
1.07
-0.35
1
0.52
0.6
0.34
0.6

Table 0-5: Position repeatability in mm of COM-I QM optical
elements measured. All values are plus/minus values.

Out of
plane
In
plane

Req.

BB

SH

FB

MND
nom.

MND
red.

0.30

0.10

0.09

0.00

0.00

0.00

0.5

0.08

0.05

0.04

0.01

0.03

Refocusing Mechanism
The main REM design drivers were high accuracy, high
repeatability, high reliability and high thermal stability.
This can be summarized as overall high pointing
performance under various conditions. Therefore, a
characterization of the REM pointing performance over
the whole movement range will be done for every model.
The pointing performance is determined by measuring
the orientation of the M2 Mirror Assembly Interface
normal vector indirectly via a dedicated measurement
device. This characterization is done at the beginning and
at the end of each test campaign. The so called look-up
tables for pointing performance vs mirror position (along
REM x-axis) are determined in six different orientation
for each model in order to get information about the
gravity impact.
Below the test results of REM FM1-I pointing
characterization at 20°C. The red lines indicate the
requirement limits. The REM was moved 3 times over its
full range.

Figure 15: Lateral displacement REM FM1-I.

Figure 16: Rotational displacement REM FM1-I

The rotational displacement around REM Z-axis
(perpendicular to REM mounting interface plane) shows
a slight offset. Two sources contributing to this
acceptable effect were identified:
 unsymmetricalparallel alignment of the wire
eroded flexure hinges in the monolithic
structure
 assembly tolerances for load introduction of
Geared Actuator Assembly into kinematics of
monolithic structure.
The results from the already tested flight models are in
good agreement to each other and also in line with results
from qualification model.
Beside this also the step resolution was measured,
because the step width along x-axis depends on the
deflection of the main blades. The bigger the deflection
from the centre position, the smaller the step width.

Figure 17: Step Resolution REM FM1-I.

Based on this characterization data and due to the very
good stability of the REM pointing performance, it is
possible to determine the best position of the REM for
alignment within the instrument. On the other hand, the
REM is ensuring the overall optical quality of the
system by correcting the defocus effects of image
degradation due to bias effects like gravity and moisture
release.
Solar Baffle Cover Assembly
At SBCA subsystem level all main functions were
verified like motorization margin, HDRM function and
preloading of Baffle structure.
One important test on SBCA level was the
characterization of the induced loads into the Baffle
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structure when hitting the end stop. These loads are
driving the local stiffness in the Baffle around the end
stop. The two figures below show the shock response
spectrum measured on SBCA QM. The first figure shows
the SRS at the bottom of the end stop close to its
mounting interface while the second figure shows the
SRS on the GSE simulating the Baffle structure. At both
locations the loads were within specification.

Figure 18: SBCA QM - SRS at bottom of end stop bracket

Figure 19: SBCA QM - SRS at GSE close to end stop interface

In the next figure, the SBCA opening sequence is shown
with the position switches at the top and the cover angle
at the bottom (pink line). One can clearly see the
oscillations of the Baffle Cover until it finally reaches its
end position.

Figure 20: SBCA deployment characteristics. Two lines at the
top are the switches for deployed position. The next two lines
are the switches indicating closed position. The pink line at the
bottom shows the position angle of the baffle cover.

At higher level also combined vibration and functional
tests are implemented to ensure full performance in the
end configuration.
PERFORMANCE AND VERIFICATION IMPACT
ON INSTRUMENTS

After full characterization at subsystem level, here below
a description of the influence of the different MTG
instrument mechanisms on the overall FCI & IRS
instrument performance is described.
Scanner Assembly
The final design of the SCA is a high sophisticated
mechanism compliant with the requirements. However,
three aspects need to be treated with special attention at
instrument level:
 characterization of the SCAU position and LOS
w.r.t. to the instrument as gravity is present
during integration and alignment of the SCAU
on ground. Due to the flexible elements
supporting the mirror special activities are
needed to characterize the SCAU LOS
 encoder calibration: due to the high resolution
and accuracy required for the SCAU encoder a
regular in-orbit calibration activity needs to be
carried out to recalibrated the encoders. A
procedure has been defined which needs to be
executed during operational in-orbit life time
ensuring that the instrument availability is not
impacted during the recalibration activity
 Launch-Lock handling: due to the specific
design with the flexible elements and the
induced gravity sag on-ground the locking of
the SCAU mechanism cannot be performed in
all instrument orientations. In addition (see also
next bullet) the mechanism in unlocked
configuration cannot withstand “high” handling
loads. Work around procedures have been
defined that need to be respected during all onground testing and verification activities.
 Effect of the gravity: at the same time due to the
fact that the mechanism can only be safe
operated with gravity along three directions
(+X, -Z and –Y) the instruments cannot be
tested independently to the gravity but all the
testing activities need to be focused on the safe
operational of the SCA.
Calibration and Obturation Mechanism-S:
The qualification test campaign of the COM IRS showed
non-compliance to the required micro-vibration
emission. The mathematical modelling of microvibrations for a mechanism using a stepper motor showed
to be very difficult and the original modelling was not
predicting the reality and was far too optimistic. Late
design changes on COM mechanism level have been
investigated. An additional risk mitigation outside of the
perimeter of the COM-S itself is also being investigated
which could be achieved by suspending the whole COM
mechanism by elastomer elements or modified
operational scenarios with longer mechanism motion
times.
Calibration and Obturation Mechanism-I:
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The COM FCI final design final design did not result in
any restriction on the design. However, during testing it
was remarked that when unpowered, the COM wheel is
not completely stable, which led to a higher
characterization effort on instrument side to be able to
ensure correct accommodation of the mechanism inside
the instrument.

3.

Symposium, September 2019, Munich
“METEOSAT THIRD GENERATION (MTG)
SCAN
ASSEMBLY
QUALIFICATION
TESTING”, 18th European Space Mechanisms
& Tribology Symposium, September 2019,
Munich

Refocusing Mechanism:
The REM final design did not result in any restriction or
dedicated work-arounds for usage in both the IRS and
FCI instrument.
Solar Baffle Cover Assembly:
Due to the impressive size of the cover itself either a
gravity compensation device is needed for specific
development tests and SBCA rotation axis orientation
has to be aligned with gravity so that the mechanism is
able to move the cover to the open position. This
restriction had to be accepted as the spring loaded
mechanism could not be oversized to compensate gravity
as this would result in a too high acceleration in-orbit
with a significant shock to the supporting baffle structure.
CONCLUSION AND OUTLOOK
The two MTG instruments (FCI and IRS) have been
described together with the two relative missions MTG-I
and MTG-S.
The impact of the main requirements at instrument level
to the mechanisms has been evaluated as also the impact
of the development of the mechanism themselves onto
the instruments.
The High challenges present in the MTG performance
requirements have been reflected in the mechanisms.
The handling of the SCA mechanism on ground at
instrument level put a lot of constraints to the whole AIT
phase. These constraints have not raised up during the
design phase but only late after the first STMs were
manufactured and assembled. This obliged the system
activities to be rearranged in order to cope with the
constraints of the mechanism under gravity and with
different gravity vector orientations.
The COM-S µvibration problematic if discovered during
the design phase would have required a mechanism
redesign. The late understanding of the impact needed to
be managed internally to the mechanism but also at
system level where elastomers and dedicated time
operations have been developed and implemented.
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