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Abstract 
 

The CLUPI (CLose-UP Imager) instrument is a high-resolution camera mounted onto the Drill of the 
ExoMars 2020 rover mission carried out by the European Space Agency (ESA) and Roscosmos. The 
CLUPI development is under the responsibility of Thales Alenia Space Switzerland whereas the Principal 
Investigator is Dr. Jean-Luc Josset from the Space Exploration Institute. 
 
For the development CLUPI instrument, the CSEM developed and delivered three models of a flexure-
based Focus Mechanism. The CLUPI Focus Mechanism (CFM) design utilizes flexure guides to allow very 
accurate frictionless adjustment of the focal distance of the imager. Such design must also comply with 
very stringent requirement from the ExoMars mission, especially regarding the low Martian temperatures 
and the launch/landing load environment.  
 
This article presents the three main challenges encountered during the development of the mechanism and 
how these were addressed: resilience, performance and reliability. This article then draws the lessons learnt 
from this development including potential design improvements for a similar design and general rules to 
applicable to any development involving compliant mechanism.  
 

Introduction 
 

ExoMars 2020 is an ESA-Roscosmos led mission which will investigate the presence of past and present 
life on Mars. Equipped with a drill and a chemical analysis laboratory, it will be the first mission to sample 
and analyses the Martian underground down to two meters in depth. 
 

 
Figure 1: CLUPI Instrument mounted onto the ExoMars flight model 
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The Close-up Imager (CLUPI) on board the ExoMars 2020 mission is a high-resolution camera with the 
primary objective of providing close-up images of the collected samples before their chemical analysis. 
Detailed information on the CLUPI instrument was provided in a previous publication [1]. The instrument is 
developed by Thales Alenia Space Switzerland, under the PI-ship of Pr. Josset of the Space Exploration 
Institute. It is equipped with a focus mechanism which extends it capabilities and allows to acquire high-
resolution images of the surrounding geological environment. 
 

   
Figure 2: CLUPI Focus mechanism FM             Figure 3: CLUPI Instrument FM 
 
The CLUPI Focus Mechanism is developed by CSEM based on flexible structure technology and the use 
of Off-The-Shelf components. This approach was chosen to meet the tight schedule constrains of the 
mission without a significant impact on the mechanism reliability. 
 

Mechanism Design 
 
The CLUPI Focus Mechanism illustrated in Figure 4, needs to accurately position a mobile set of lenses 
with respect to a fixed one. It maintains the alignment between the two optics while adjusting the distance 
between them to change the instrument’s focal length. The main requirements driving the design of the 
mechanism are:  
• mass under 220 g 
• operational stroke from -4.3 mm to +4.3 mm 
• concentricity and co-alignment at reference position better than 50 µm and 0.1 degree 
• stability of the concentricity and co-alignment during operation better than 20 µm and 0.1 degree 
• compatibility with the ExoMars environment 

 
Figure 4. CLUPI Focus mechanism design overview 
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Flexible Guiding Structure 
The guiding function of the mechanism is carried out using a flexible structure system composed of three 
flexible guide plates.  
 
Each plate is a deformable parallelogram, having four flexure blades acting as joints as illustrated by 
Figure 5. By combining these three plates in an equilateral prism as illustrated in Figure 6, quasi-isostatic 
linear guiding is obtained. This guiding allows linear movement along the Z axis (optical axis) and blocks 
all other degrees of freedom. The obtained guiding has a non-linear rigidity along the main axis which 
increases from 34 N/m at rest position to 95 N/m at operational end-of-stroke 
 
The displacement stroke is limited by flexible end-stops made of a stack of two blades. These end-stop 
contact points are at ±4.6 mm and they dampen excessive displacement of the mobile stage up to ±5.0 mm. 
 

 
 Figure 5. Flexible guiding plate        Figure 6: Mechanism guiding structure 

 
COTS Actuator and Sensor 
In order to drive the mechanism, compact and contactless solutions have been implemented. To save costs 
and development time, off-the-shelf components were chosen:  
• a Voice-Coil Motor from Moticont 
• a Linear Variable Differential Transformer (LVDT) sensor from Singer Instrument & Control Ltd 

 

 
Figure 7: LVDT sensor & voice-coil actuator 
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Launch Locking System 
To prevent mechanism movement and to avoid excessive stresses in the guiding flexure blades during the 
launch and Mars landing phases of the mission, a launch locking system has been implemented. This 
system is illustrated in Figure 8.  
 
The launch lock consists of a non-explosive actuator (NEA) from Eaton actuating a grooved ring and locking 
stages. In the locked position, the locking stages keep the mobile stage under pressure exerted by the ring. 
When the NEA is released, it pulls on the grooved ring which rotates, aligning recesses in the ring above 
each of the three locking stages. Theses recesses allow the locking stage to retract thus freeing the mobile 
stage.  
 

 
Figure 8: Launch locking system 

 
Encountered Challenges 

 
During the mechanism development a great variety of challenges were encountered Many issues were 
resolved with solutions compatible primarily with cost and schedule constraints. These challenges can be 
classed into three main domains: resilience, performance and reliability. 
 
Resilience 
The biggest challenge of the CLUPI CFM development was to design a mechanism resilient to the ExoMars 
harsh mechanical environment. Such an environment can be summarized by the following points:  

• Random vibration up to 33 Grms  
• Sinusoidal vibration up to 25 g (between 30 Hz and 100 Hz) 
• Shock up to 1500 G’s 

When designing flexible structure, meeting strong vibration requirements is always a trial due to the 
intentional removal of friction and thus very low damping. For the CLUPI development, this task was made 
even more complex due a significant change in the random vibration specification which occurred during 
the detailed design phase (after PDR). Therefore, to meet the resilience required, multiple iterations of 
design were needed with associated analysis and tests. The complete process is described in Figure 9. 
 
The mechanical load specifications for random vibration were updated multiple times after PDR due to 
parallel progress in the overall instrument design. The specifications, their rationales and their random 
vibration levels are shown in the Table 1.  
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Figure 9: Improving resilience throughout the complete CLUPI focus mechanism development 

 
 

Table 1: CFM random vibration specifications 

Specification Rationale Random Levels 
Early specification Very early specification – Only quasi-static - 
PDR From the last issue of instrument specification which followed a 

mission configuration change (Pasteur Payload IRD v8) 
X: 19.05 Grms 
Y: 16.90 Grms 
Z: 18.00 Grms 

1st CFM 
specification 

Derived from PDR: the level at CFM interface are amplified by 
the instrument structure  

All: 36.04 Grms 

2nd CFM 
specification 

Following random test failures, a formal request was issued to 
reduce the instrument and CFM random levels. This led to the 
issue of the 2nd CFM specification.  

X: 17.56 Grms 
Y: 17.86 Grms 
Z: 27.49 Grms 

3rd CFM 
specification 

Testing of the rover drill box on which the CLUPI is mounted 
showed higher random level than expected. Along with 
instrument design update this led to the 3rd CFM specification. 

X: 19.27 Grms 
Y: 18.03 Grms 
Z: 33.44 Grms 

 
While the specification evolved, the design was improved and tested many times to ensure that the CFM 
would survive the mission mechanical environment. These design iterations were presented in detail in [2] 
and can be summarized in the following steps illustrated by Figure 10. 

1. Initial design with titanium blades. This design was implemented in the first breadboard (BB). 
2. Random vibration test of the breadboard (BB) led to rupture by fatigue. Investigation of the rupture 

is described in [3]. 
3. Updates of the design which were implemented in the Updated Breadboard. This update includes 

the following changes: 
a. Change blade material to stainless steel Marval X12 which is known to have good fatigue 

resilience as stated in [4] 
b. Implementation of anti-buckling pins which limit the off-plane displacements of the guiding 

plate, thus limiting the stresses in the blades. These anti-buckling pins are described in [3] 
4. Second random vibration test led to rupture due to the guiding plate arm vibration mode 
5. Updates to the design which were implemented in the Second Updated Breadboard. This update 

implemented transverse blades on the pivot flexures of the guiding plates to shift the first guiding 
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plate mode from 830 Hz to above 2500 Hz. Random vibration analysis of this solution showed 
very conservative (low) stresses. 

6. Shock test and analysis showed higher acceleration levels on the mobile stage, which may lead 
to excessive buckling of the transverse blades. While the test was successful, the design needed 
to be improved.  

7. The last update to the design consisted of a refinement to the transverse blades: shortened and 
thickened to raise their bucking limit from 9 N to 30.8 N. This update was implemented on 
Engineering Qualification and Flight Models (EQM/FM). 

8. Successful random vibration test on EQM.  
 

 
Figure 10: CFM guiding design update 

 
While making the CFM resilient to the launch and re-entry loads of the ExoMars mission was an arduous 
task, CSEM managed to meet the ever-increasing mechanical load requirements. 
 
Performance 
The CLUPI instrument is a close-up imaging system. On the Martian ground, it aims to replace the 
geologist’s eye and magnifying glass. To do so it is equipped with an opto-electronical system capable of 
acquiring high resolution color images of targeted objects from 10 cm to infinity. Furthermore, the instrument 
is equipped with a processing unit able to perform z-stacking of multiple images of the same object. This 
algorithm is used to compensate the short depth of focus of the instrument: CLUPI can acquire a set of 
images with various working distances and reconstruct a completely sharp image (along with a 3D-map) of 
the imaged object [1]. In order to fulfil these instrument capabilities, the CLUPI Focus mechanism has quite 
stringent requirements with respect to positioning precision and guiding performance. Performance 
requirements are listed in Table 2 along with their potential impact on the instrument performance:  
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Table 2: CFM performance requirement and their impact of the CLUPI performance 

CFM requirement  Impact on CLUPI performances 
Positioning repeatability of 20µm Poorer repeatability will impact the sharpness of the images 

acquired due slightly off-focus lens 
Positioning resolution of 5µm Poorer resolution may impede the proper functioning of the z-

stacking algorithm and of the auto-focusing algorithm.  
Mobile stage parallelism at rest 
position better than 0.1°  

Lack of parallelism at rest may impact the image quality  

Mobile stage concentricity at rest 
position better than 50µm 

Lack of concentricity at rest could impact the image quality 

Mobile stage parallelism stability along 
stroke better than 0.1°  

Lack of parallelism stability  may impact the image quality 
and the ability to perform the z-stacking due to erroneous co-
registration of successive images 

Mobile stage lateral shifts along stroke 
(concentricity stability) better than 
20 µm 

Lack of concentricity stability could impact the image quality 
and the capability to perform the z-stacking due to erroneous 
co-registration of successive images 

 
To achieve such performance the following approaches were implemented:  
 
1. Completely frictionless design along with a LVDT sensor and Voice-coil actuation: with such a 

configuration, the mechanism positioning capabilities are mainly driven by the control loop performance 
and the electronics used to drive the actuator and sensor. With a frictionless mechanism and 
considering that CLUPI operates only when the rover is immobile, the control loop can be very simple 
and achieve excellent performance, especially after a proper sensor calibration.  

 
2. Fine tolerance chain between the mobile and the fixed optics: the parallelism and concentricity at rest 

are guaranteed by a very stringent tolerance chain throughout the flexurized guiding structure.  
 
3. Axisymmetrical construction: the axisymmetry of the guiding structure improves the parallelism and 

concentricity at rest, since (undesired) lateral motions tend to counteract each other, instead resulting 
in very small (benign) rotation of the optics about the optical axis. The axisymmetry of the guiding also 
guaranties parallelism and concentricity stability throughout the movement as the errors induced by the 
movement in a perfectly axisymmetric construction also remain axisymmetric, i.e. normal and centered 
on the guiding axis.  

 
Such approaches were in general well implemented with the following exceptions:  
 

• The CFM design is not a perfectly axisymmetric construction. To fulfill this approach, the sensor 
and actuator should have been either centered onto the optical axis or repeated around the optical 
axis. Early in the design, the trade-off selected a single set of off-centered sensor and actuator for 
mass and cost saving. This resulted in an off-centered actuation force which generates a significant 
error of concentricity and parallelism stability. Such error was identified early as a potential non-
conformity, based first on FEM analyses and then on breadboard testing.  
 

• The LVDT sensor was selected for its compactness. Because of its miniature size, the radial gap 
between the mobile rod and the fixed coil body is very narrow (about 0.04 mm). With such a tiny 
gap, it is not possible to guaranty the absence of contact between the two parts during the 
movement especially with the errors introduced by the lack of axisymmetry. Therefore, even with a 
perfect initial alignment of the two parts of the LVDT, during the movement, the mobile and fixed 
part make contact, generating tiny friction forces which can climb up to 50mN. This residual friction 
force impacted the positioning performance, which thankfully remained within the requirements.  
 

In the end the compliance of the EQM and FM to performance requirements is provided in Table 3.  
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Table 3: EQM and FM compliance to CFM performance requirements 

Requirement (measurement) EQM FM 
Positioning repeatability of +/-20µm ~ At the limit  
Positioning resolution of 5µm ~ At the limit  
Mobile stage parallelism at rest position 
better than 0.1°   < 0.034°  < 0.043° 

Mobile stage concentricity at rest 
position better than 50µm  < 61 µm 

Exceeded by ~20%  < 30 µm 

Mobile stage parallelism stability along 
stroke better than 0.1°   < 0.068°  < 0.12° 

Exceeded by ~20% 
Mobile stage lateral shifts along stroke 
(concentricity stability) better than 20µm  < 68 µm 

Exceeded by x 4  < 114 µm 
Exceeded by x 6 

 
It is worth noting that after delivery of the instrument to ESA, the optical performance was assessed in the 
instrument calibration campaign to be acceptable.  
 
Reliability 
Reliability of systems for space is an essential requirement: the system must work reliably throughout its 
complete lifetime as no repair can occur after launch. In the case of the CLUPI mechanism the reliability of 
the guiding structure was quite straight forward once on Mars and safely released from its launch lock, 
since normal operation does not generate any stresses significant for fatigue consideration, the mechanism 
is safe from any risk of failure. Considerable efforts were made to ensure that the actuator and sensors 
were compatible to 300 sols in the Martian environment [3]. Additionally, all routing, soldering and contact 
crimping was made according to the relevant ECSS standard.  
 
Thus, the major of risk of failure of the mechanism is related to the launch lock system: if the launch lock 
fails to release, the CLUPI instrument capability would be considerably reduced as the instrument would 
only be able to image target at a fixed defined distance (about 26 cm). In order to reduce this risk, the 
following mitigations were implemented:  
 

• The locked position of the optics corresponds to a working distance at which some critical operation 
of the instrument can still be carried out: while locked, the instrument is capable to image the drilled 
core sample collected by the rover drill and placed into the sample drawer [1]. 
 

• The actuation system of the launch lock system is a space-qualified non-explosive actuator (NEA) 
manufactured by Eaton.  
 

• Extensive testing of the launch locking system was carried out at breadboard level in order to 
ensure that the coating of the friction surfaces and the actuation forces were selected with sufficient 
margin: not enough margin and the launch lock may not release; too much margin and the NEA 
released energy propagates to the guiding structure and may damage it. This early testing included 
many force measurements to assess the friction coefficient best and worst-case values. 
Furthermore, high-speed imagery of the unlocking process allowed for a better understanding of 
the propagation of the released energy onto the guiding structure [3]. 

 
Despite these efforts, the launch locking mechanism remained a very sensitive component with its reliability 
and efficiency excessively dependent on the resetting procedure. Two important observations were made 
during the qualification of the EQM, one of which led to a partial failure during the thermal-vacuum 
qualification test.  
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The first observation was made during the EQM qualification test to random vibration loads. During this 
test, it was observed that the mechanism sine sweep responses before and after a random cycle did not 
match as they should according to the applicable ECSS standard. Such phenomenon usually indicates a 
mechanical failure inside the tested item. After careful inspection of the mechanism, no damage was found. 
Further testing and investigation revealed that, under the random vibration environment, components of the 
launch lock system settled into a different position, thus impacting the sine sweep response of the 
mechanism. In the end, during the qualification test, the launch lock resetting procedure had to be revised. 
In this update the final pressure applied onto the locking ring is along the unlocking direction. When doing 
so, the ring moves back about 0.05 mm and is then in more stable configuration. While this observation did 
not impact the reliability of the mechanism, it illustrates how sensitive the mechanism is to the resetting 
procedure.  
 
The second and more critical observation was made during the thermal-vacuum qualification and 
acceptance test of the EQM and FM. In this test, after the first non-operational cycle, the units were placed 
at the low operational temperature in order to perform a functionality check. At the beginning of the EQM 
functionality check, a representative current was applied through the NEA leads to actuate it and release 
the launch lock. When doing so it was observed that the NEA fuse wire burned (electrical discontinuity). 
However, the launch lock did not release immediately. Following the failure, it was decided to warm up the 
thermal vacuum chamber to prepare it for opening and investigation. During the warming up, about 1h after 
the NEA firing, the EQM launch lock released as illustrated in Figure 11.  
 

 
Figure 11: Temperatures & LVDT reading during firing & release of the EQM launch lock 

 
The opening of the thermal vacuum chamber was then interrupted and the chamber placed again at low 
operational temperature in order to test the FM model similarly. In the case of the FM model the unlocking 
occurred 74 s after firing, and without any temperature change. Such an observation is even more complex 
to interpret since the observed delays are both very different and far from the expected behavior (<2 s). 
Following these observations, the thermal vacuum qualification test continued without any further issue and 
the unlocking failure was investigated.  
 
In order to investigate the issue, many unlocking tests at low temperature were conducted on the EQM. 
The first tests performed were done with a mechanical release system instead of the fuse spool. Such tests 
all had unlocking times under 1s. Then representative tests with fuse spools were done in order to 
reproduce the issue. In those tests, similar behavior was observed with very dissimilar unlocking times. The 
unlocking times for all the troubleshooting tests are described by Table 4.  
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The strong difference of behavior between the tests with a mechanical release system and the tests done 
with a fuse spool indicate that the issue was related to the spool and not to the locking ring and stage 
mechanism. This behavior was then discussed with Eaton, the NEA supplier, which identified two potential 
root causes:  
 

• The actuation current applied is under the required minimum. Actuation is still possible however 
the fuse wire tends to melt to slowly which has sometimes resulted into spool getting stuck closed. 
When the right current is applied, the fuse wire burns very fast (flashing behavior) and most of it 
sublimates. This issue has also been seen on other developments [5]. However, such a root cause 
does not explain how after some time the spool released. In similar cases, the spool remained 
stuck indefinitely.  
 

• The resetting procedure used could wear the surface of the spool. Such a wear could create barbs 
of plastic which prevent opening. After some time under the pressure of the plunger, the plastic 
barbs creep and the spool finally releases.  
 

Table 4: Unlocking test duration and temperatures 

Test description Unlocking 
duration (s) 

Test 
temperature 

Thermal vacuum chamber test EQM 3592 [-59°C; 21°C] 
Thermal vacuum chamber test FM 74 [-56°C; -49°C] 
Mechanical unlock 1 0.78 -56°C 
Mechanical unlock 2 0.49 -56°C 
Mechanical unlock 3 0.55 -56°C 
Mechanical unlock 4 0.20 -57°C 
Mechanical unlock 5 0.28 -71°C 
Spool unlock 1 3117 -57°C 
Spool unlock 2 0.42 -56°C 
Spool unlock 3 25 -57°C 
Spool unlock 4 4457 -57°C 
Spool unlock 5 with new reset procedure 0.42 -57°C 
Spool unlock 6 with new reset procedure 3.48 -57°C 
Spool unlock 7 with new reset procedure 250 -56°C 
Spool unlock 8 with new reset procedure 3.20 -57°C 
Spool unlock 9 with new reset procedure 106 -57°C 

 
In order to solve this issue, the approach implemented considering the very tight schedule and the quite 
advance status of the development was to update the launch lock resetting procedure. In this update, 
tooling was developed to avoid any wear of the spool during its installation into the NEA. With this solution 
implemented further testing was performed. It can be seen in Table 4 that the durations obtained with the 
updated procedure are significantly better than the ones before. 
 
While the implemented solution did not fully solve the issue, considering the mission schedule and the issue 
associated risk, the deviation from expected behavior was accepted. The main argument backing the 
acceptance is that despite the sometimes very long delay, the launch lock did not ever get stuck: it always 
released.  
 

Lessons Learnt for Future Development 
 
Looking retrospectively at the CLUPI focus mechanism development, it seems that many issues could have 
been averted and that better solutions could have been implemented to solve encountered issues. This 
observation is to be put into perspective with the mission major constrains which were: mass, cost and 
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schedule. Furthermore, these solutions may appear straightforward, now that the development is complete, 
but they were certainly not as obvious at the beginning of the project. That is precisely why it is important 
to look back to the now completed development and identify important lessons that would help future 
developments.  
 
These lessons learned presented here are two-fold. There are specific lessons about what could be done 
from the beginning if a very similar mechanism were to be developed. Then there are more generic lessons 
about aspects which had an important impact on the CLUPI Focus Mechanism but are also applicable to a 
lot of other mechanism developments.  
 
Improvement for a Future Focus Mechanism 
Solutions were found to answer the issues and address the challenges of the CLUPI Focus Mechanism. 
However, these solutions had to be compatible with the very tight mission schedule. For the development 
of a future focus mechanism such solutions could be implemented at earlier stage in the development and 
thus be better integrated in the design. In some case, alternative more elegant solutions could be 
implemented. All these solutions were presented in detail in [6] and are summarized hereafter:  
 

1. Improvement of mechanical interfaces: It would allow a reduction of the amplification and 
transmission of the mechanical load to the focus mechanism.  
 

 
Figure 12: Improvement of bracket design to improve mechanical interface 

 
2. Transverse Blades Integrated to the Guiding Plate Structure: A more symmetrical design of the 

guiding plate would allow a better optimization of the flexure parameters to increase resilience 
without impacting the guiding movement stiffness.  
  

 
Figure 13: Transverse blades integrated to the guiding plate structure 
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3. Coalignment of the Actuation: Centering the actuation would enable full symmetry on the design 
and drastically improve the guiding alignment stability performance.  
 

 
Figure 14: Actuation and sensing centered around the optical axis 

 
4. Implementation of a Model-Based Control-Law: With a model-based control law, the residual LVDT 

friction could be modelled as a known perturbation (measured in calibration or on-line) to improve 
the positioning accuracy 
 

5. Open Locking Ring to Reduce Friction During Unlocking: Such a solution maintains high friction 
loads in the locked position to dissipate vibration energy during launch but minimizes the friction 
during unlocking.  

 

 
Figure 15: Launch Locking System with Open Locking Ring 

 
Lessons Learnt for Future Mechanism Development 
Apart from potential design improvement, the CLUPI focus mechanism gave important insight about general 
development of mechanism. These lessons are numbered hereafter along with a brief description about 
how it became an issue within the CFM development.  
 

1. Resilience of Compliant Mechanism is Always Critical: Discuss the mechanical environment 
requirements with the mission and your customer. Mechanical requirements must be backed up by 
strong rationales and all must be done to minimize the loading applied to the mechanism. 
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In the CLUPI focus mechanism development, the mechanical environment specification severity increased 
drastically at a late stage of the project. This led to additional (and extensive) design iterations at CSEM in 
an already very tight schedule. Efforts were done to make sure that the mechanism would be compatible 
with the interfacing structure. Further improvements could have been implemented on the interfacing 
structure to reduce its impact on the amplification of random levels.  
 

2. In Compliant Mechanisms, Avoid Poorly Constrained Intermediate Stages: internal modes of the 
guiding structure are often the root-cause to compliant mechanism failure. While overall structural 
modes are dampened by the assembled structure and the mobile stage modes are dampened by 
a launch lock, intermediate stage modes cannot be easily locked and are not dampened. 

 
In the CFM development, the intermediate stage mode (originally at 830 Hz) was an important source of 
stresses in the mechanism. It is not damped by any phenomenon but the internal material damping. Thus, 
the intermediate stage arm behaves as a tuning fork and stresses the blades above their limit. The solution 
was to better constrain the arm with a transverse blade. This solved the problem but could have been 
implemented at an earlier stage of the project thus saving the cost and time of developing further 
breadboards.  
 

3. Most Compliant Mechanisms Need Launch Locks: This is especially true when the guiding rigidity 
is low, which is needed achieve long strokes. In these cases, the development of launch locking 
must be started early in the development of the compliant mechanism. This allows for a better 
integration of the locking system in the mechanism and may even allow for a locking of the 
intermediate stages. 

 
At the very beginning of the CFM development no launch lock was designed. Not that it was not foreseen 
as necessary by the engineering team, but because the cost of the launch lock development was not 
included in the first feasibility study. Furthermore, the feasibility study report did not mention explicitly the 
need for a launch lock. Due to this missing information, the customer was misled to believe no launch lock 
would be required. Thus, during mass budget negotiations, no allowance was made for such a system. It 
was only shortly before the instrument delta PDR that the need of a launch lock was identified and flagged 
as critical. The late-coming launch lock design was then highly constrained by an already very tight 
schedule and mass budget. 
 

4. Test as You Fly, as Early as Possible: While mission representative tests are often associated with 
extensive costs, they are the only way to anticipate issues with multiple root-causes.  

 
The failure of the CFM launch lock during qualification is a good example to justify the need for “test as you 
fly” method: many tests were performed to make sure that the unlocking would behave as expected:  
 

• Launch lock friction and force characterization measurements  successful 
 

• NEA tested alone, with representative actuation current and low temperature  successful 
 

• Launch lock mechanism tested at ambient with mechanical release representative  successful  
 

However, the first time the launch locking system was tested integrally in-flight representative condition was 
during the thermal vacuum qualification test, during which the system failed to unlock within an acceptable 
duration.  
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Conclusion 
 
Despite a very rocky path filled with potholes and obstacles, CSEM managed to lead the development of 
the CLUPI Focus mechanism up to delivery and integration within the instrument. The mechanism 
qualification campaign showed that it can survive all the mission environment requirements. Its mechanism 
performance was measured to be acceptable and this was confirmed during the instrument calibration 
campaign performed by ESA and the Space exploration Institute. The mechanism reliability was deemed 
acceptable even if it is greatly impacted by the sensitivity of the launch locking mechanism to the resetting 
procedure.  
 
Overcoming these issues lead to a successful development from which a lot of lessons were learnt. This 
was only made possible by an efficient collaboration between CSEM and its dedicated partners: Space 
Exploration Institute, Thales Alenia Space Switzerland, ESA, EATON, Singer Instrument Ltd, Petitpierre 
SA, Arcofil SA and Fisba Optics AG.  
 
Presently, the mechanism was successfully integrated onto the CLUPI flight model which was mounted 
onto the ExoMars rover drill. Hopefully, with a launch currently planned for July 2020, the first images of 
the Martian ground taken by CLUPI and its focus mechanism will be acquired in spring 2021. 
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