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ABSTRACT 

This paper presents the development and testing by 

the  OHB System AG of the Powdered 

Sample  Handling  Mechanism (PSHS) that is part of the 

rover of the European Space Agency 2018 ExoMars 

Mission, a cooperative mission with Roscosmos 

including a scientific instrument contribution from 

NASA. The task of this mechanism is to flatten 

and  position powdered Martian soil samples 

allowing  subsequent investigation of selected grains by 

different  optical instruments thus providing combined 

science in an  ultra-clean environment.  

 

The exceptional sensitivity of these instruments 

causes  extremely challenging requirements with 

respect  to  positioning performance as well as 

cleanliness and contamination control. The impact of 

these design drivers is highlighted  focusing on specific 

mechanism features such as  the  pre-torque device to 

minimize the backlash and the  dynamic feed- through, 

allowing a gas-tight  encapsulation of an ultra-clean zone 

free of drive-train components.  

 

Subsequently the results of the test  campaign of an 

elegant breadboard under Mars-like  conditions, as well 

as first QM test results are described. Furthermore the 

outcomes of combined  tests with an optical instrument 

are reported.  

 

1. INTRODUCTION 

Exploring whether life ever existed, or is still present  on 

Mars today, is one of the most exciting 

scientific  questions of our time. Therefore ESA, 

together with  Roscosmos, decided to conduct the 

ExoMars program,  which is divided into two missions, 

an orbiter to be  launched in 2016, and a lander with a 

rover in 2018.  The rover is equipped with a drill to take 

sub-soil  samples up to a depth of 2 m, which will be 

analysed in- situ by several instruments on the rover, the 

so-called  Pasteur payload. These are located in the 

Analytical  Laboratory Drawer (ALD) inside of the 

rover. These  instruments are: 

 

-  MicrOmega, a visible and IR imaging  spectrometer 

-  Raman Laser Spectrometer (RLS)  

-  Mars Organic Molecule Analyzer (MOMA)  consis-

ting of a Laser Desorption Mass  Spectrometer (LD-

MS) and a Gas  Chromatography Mass Spectrometer 

(GC-MS),  including a mechanism to seal ovens (the 

so- called Tapping Station)  

 

In order for these instruments to perform their 

analyses  accurately, the rover is equipped with the 

Sample  Preparation and Distribution System (SPDS) 

which is  also part of the ALD and represents one of the 

key  components of the 2018 mission [1]. It is developed 

by the OHB System AG as subcontractor to the mission 

prime Thales Alenia Space Italy. To ensure the 

required  cleanliness for the highly sensitive instruments, 

the ALD  and the SPDS form an enclosed volume, the 

so-called  Ultra-Clean Zone (UCZ), which remains 

pressurized until first  opening on Mars.   

 

 

Figure 1. SPDS and PSHS QM CAD models. 

_____________________________________ 
Proc. ‘16th European Space Mechanisms and Tribology Symposium 2015’,  
Bilbao, Spain, 23–25 September 2015 (ESA SP-737, September 2015) 



 

The SPDS (see Fig. 1) consists of four 

separate  mechanisms that interact with each other to 

transport the  sample within the UCZ. The Core Sample 

Handling System   (CSHS) transfers the sample to the 

Crushing Station (CS) where it is crushed to a 

certain  grain size. The Powdered Sample  Dosing and 

Distribution System (PSDDS) receives the powder 

and  doses it to defined quantities in different 

sample  receptacles which are brought to the instruments 

for analysis by the  Powdered Sample Handling System 

(PSHS, see Fig. 1 lower part). The design and  testing of 

the PSHS is the subject of this paper. This 

sample  handling mechanism has two main design 

features:  

 

-  It is designed to be  virtually „backlash-free“ 

to  allow for combined science between the  optical 

instruments, which means subsequent analysis 

of  the same grain by different instruments   

-  The design is gas-tight to preserve the 

UCZ,  preventing false measurements of 

the  instruments.   

 

The remainder of this paper is structured as follows: 

 

-  The design drives are described in chapter 2. 

- Chapter 3 provides a description of the design of 

key components of the mechanism 

- Chapter 4 presents the results of different test 

campaigns. 

- Chapter 5 contains a short summary and an outlook 

on further activities. 

 

2. DESIGN DRIVERS 

The design drivers for the PSHS can be divided 

into  three main groups:  

 

- Design drivers originated from the position-

ing  demands of the instruments especially due to 

the  necessity of combined science 

-  Design drivers derived from the cleanliness and 

contamination control requirements of the 

mission  and the sensitive instruments 

-  Design drivers imposed by the plane-

tary  environment on Mars 

 

The first group of design drivers all require a 

certain  positioning performance of the mechanism. In 

case that an optical  instrument discovers an 

interesting  grain within its field of view on the refillable 

container of the PSHS, the aim is to subject the one 

grain to a subsequent series of investigation by different 

instruments.  To achieve this, the PSHS has to position 

its sample  receptacles with an accuracy of 100 µm on 

its  circumference of 240 mm, which is equivalent to 

an  angular accuracy of 0.05 degrees. This motion 

needs  to be performed smoothly without any vibrations 

in order to  prevent any corresponding motion of the 

grain. Also the  positioning stability when stopped needs 

to be in the  range of +/-15 µm in all directions for a 

duration of at  least 20 minutes. To perform a complete 

analysis of  the sample, the instruments need to perform 

up to 25  measurements with a step width of 40 µm, 

requiring a  command resolution of 20 µm on the 

circumference (=   0.01 degrees).   

 

To simplify the instrument designs, the need of 

a  focusing mechanism has been avoided by 

introducing  a flattening device on the PSHS that flattens 

the  sample  on a determined plane. Also the 

concentricity and  planarity of the motion need to be 

guaranteed so as to not  lose sight of a grain and to 

ensure proper sealing of  the MOMA ovens via the 

tapping station, an external mechanism that presses a 

sealing stamp on the oven which requires a certain 

accuracy in all directions.  

 

The second group of major design drivers is imposed  by 

the cleanliness and contamination control 

demands  raised by the mission itself, and the sensitivity 

of the  instruments. It shall by all means be avoided that 

any kind of contamination originating from earth leads 

to  false measurements by the instruments that 

could  invalidate all potential findings on Mars imposing 

a maximum contamination of 0.01 spores per square 

meter. For this reason, an  UCZ was implemented in 

which the PSHS as well as  the other SPDS mechanisms 

shall operate.  

 

To keep  contamination out, this UCZ needs to 

be  pressurized from the moment of its closure 

during  integration in a highly clean environment (ISO3 

AMC-  9 glove box) until first opening on Mars. Since 

actuators  as well as sensors and other electrical 

components are  a high source of contamination,  SPDS 

electronics are not allowed inside the UCZ. This calls 

for the  need of dynamic feed-throughs that on the one 

hand  need to be gas-tight and, on the other hand, need 

to  avoid high parasitic torques to allow smooth 

motion  and a low system weight. These are two 

contradictory  requirements that require an optimized 

compromise.   

 

Furthermore all structural parts of the mechanism 

that  enclose the UCZ need gas-tight seals on 

their  interfaces requiring a stiff structure with a 

minimum  number of internal interfaces.   

 

Other origins of contamination are different types 

of  materials or coatings. Basically the only material 

group  accepted inside the UCZ is metals. When 

not  avoidable a very limited use of specific polymers 

and  low temperature grease is allowed. Also the choice 

of coating is limited by several factors as the 

chemical  compatibility to the instrument requirements, 



 

as well as the  demanded robustness and surface 

roughness   (Ra = 0.2 µm for all surfaces in contact with 

sample) to  be compliant to the ultra-cleaning procedure, 

which  includes bake-outs, ultra-sonic baths with 

different  solvents and CO2 snow-cleaning and the 

sterilization  process.  

 

Last but not least, the environmental conditions on  Mars 

impose several restrictions on the design, such as 

the  operative temperature range of -60°C to +40°C, 

and  the dry low-pressure CO2 atmosphere. Contrary to 

the  sterile vacuum in which most space 

mechanisms  operate, the sample processing produces a 

very dusty  environment, imposing many challenges for 

the  mechanism tribological elements. The dry 

atmosphere  causes additional triboelectric charging of 

the  particles which can cause them to stick to all 

surfaces  they come in contact with. The UCZ is thus 

converted into an extremely dirty (but 

uncontaminated)  environment during sample handling.  

 

3. DESIGN DESCRIPTION OF THE PSHS 

3.1. General Design 

The PSHS has the following main functions:  

 

-  To provide two kinds of sample receptacles, 

a  refillable container for the optical  instruments and 

35 I/F for one-time use ovens for  the gas 

chromatographer and calibration targets for the 

optical instruments  

-  To receive powdered sample material in 

its  receptacles for distribution to the instruments 

-  To flatten the sample in the refillable container for 

the optical  instruments   

-  To position the sample containers according 

to  instrument requirements for investigation 

 

The mechanism (see Fig. 2) is driven by a brushed  DC 

motor that is modified and  qualified by the 

manufacturer Maxon to cope with the  environmental 

conditions on Mars [2]. It is coupled to  a gear-box 

where a pre-torque  device is located on the gear-box 

output shaft, which divides the torque onto two 

spur  gears that are pre-torqued to minimize the 

mechanism  backlash. The counterparts of each spur gear 

are  located on the input shafts of two identical 

planetary  gear-boxes, also developed and adapted 

by  Maxon. Each output is summed up via a last 

gear  stage on an internal ring gear, which transfers 

the  torque for the carousel motion. To allow integration 

of  the drive-train after UCZ closure the entire drive-

train  and harness have their own frame, which can 

be  introduced as an entire unit into the hub. The 

rotary  degree of freedom (DOF) is provided by a wire 

race  bearing and the dynamic feed-through, 

which  guarantees the sealing and encapsulation of the 

UCZ with the entire drive-train remaining outside of it.   

The PSHS has on a diameter of 240 mm a 

refillable  container and 35 interfaces that can either 

be  used for one-time use ovens for the gas  chromato-

grapher or for a calibration target for one of  the three 

optical instruments. To prepare the sample on  the 

refillable container for the instruments, the PSHS is 

equipped with  an additional flattening device located on 

the  circumference of the carousel. The flattening blade 

has  an optimized geometry to flatten all kinds of 

milled  samples to a flatness of +/- 100 µm with respect 

to a  defined sample investigation plane. Thanks to 

this  device, a focusing mechanism for the instruments 

is  unnecessary. The vertical DOF of the blade is 

provided by  a solid state hinge that is realized by a thin 

metal sheet  to avoid sliding interfaces. The blade is 

passively  pushed down by springs and lifted by the 

carousel  rotation via a sliding shoe that runs on the 

coulisse of  the carousel.   

 

 

Figure 2. PSHS Cross Section. 

 

3.2. Pre-torque Device 

Pre-torqueing of drive-trains is a common approach to 

minimize the backlash within gear stages.  Zero backlash 

is not achievable since some backlash  originates from 

the elasticity of the drive-train  components, which may 

be low but never ideally rigid.  The theoretical backlash 

of the gears (excluding  elasticities) without pre-

torqueing would result in 38.8’  on the Carousel. This 

value can be reduced  theoretically to 0.3’ (improvement 

by a factor of 130).   

 

The pre-torque device (see Fig. 3) consists of two  gears 

that are located on the output shaft of the  actuator that 

are pre-torqued with a leg spring in opposing directions. 

One of them is fixed on the actuator  output shaft and the 

other one can be subjected to  relative motion. Both 

mesh with one of the  counterparts on the input shafts of 

the two gear-boxes. The output shafts of the gear-boxes 

are also equipped with spur gears that mesh with the 

same internal ring gear. During integration  the internal 

ring gear, on the output where the torques  are summed 

up, is fixed and both gears on the  actuator output are 

rotated in opposing directions until  all backlash of the 



 

gear stages in between is removed.  Subsequent to this a 

pre-torque is set by tensioning a leg spring  between the 

spur gear that is connected to the actuator and the pre-

torque cap  whose position relative to the free spur gear 

is fixed with screws.  When the desired pre-torque is set, 

the device can be  locked with the central screw. This 

locking ensures that  the pre-torque is set to a constant 

value and not  dependent on the spring elasticity.  

 

 

Figure 3. Pre-torque Device. 

 

When the actuator induces a torque in the system it 

is  divided onto the two parallel drive-trains. For one 

drive- train it is added to the pre-torque and for the other 

one  it is reduced. The system is “backlash-free“ as long 

as  the induced torque is smaller than the pre-torque. 

On  the internal ring gear both torques are 

again  summed-up to provide the necessary torque 

for  mechanism actuation.  

 

3.3. Bearing Selection 

The PSHS rotational DOF is provided by a single 

wire  race bearing that connects the moving part 

of  the  housing (the carousel) with the fixed part of 

the  housing (the hub). This bearing type was 

selected  because of the very stringent mass and 

envelope  requirements on the  mechanism. To achieve 

the  specified accuracy and resolution the PSHS 

requires  a relatively high  gear ratio on the last (external) 

gear  stage and the principle of the two counter 

preloaded  gears. To fit all this in the allowed envelope 

an internal ring  gear had to be chosen which leads to 

a  relatively large   “shaft diameter” of approximately 

70 mm.   

 

The only bearings that fit inside the available 

envelope  are thin section bearings or wire race 

bearings.  Wire  race bearings have the great advantage 

that  the inner and outer rings are part of the  structure 

and  they only consist of four races, rolling elements and 

the  cage (see Fig. 4). Therefore a wire race bearing  of 

the  same dimensions as the thin section bearing has 

much  larger rolling elements leading to a  significantly 

higher load  capacity, which is required since the weight 

of the  carousel equipped with ovens and  calibration 

targets is  more than 1 kg. The required preload can only 

be sustained  by the wire race bearing while a thin 

section bearing that  can bear the required preload would 

be much larger  thus violating the  envelope and also 

leading to a significant  mass increase.  

 

Since wire race bearings have the disadvantage of 

not  providing large space heritage (the only 

found  example  was a wire race bearing used for the 

space shuttle [3])  ESTL and the supplier  Franke have 

been addressed to  provide inputs to optimize the design.  

The main  concern is the risk of damage due to 

vibrational  loads.  The supplier however performed 

vibrational  tests with similar bearings used for 

military  applications that were  successful (results 

underlie  secrecy provisions and cannot be published). 

Further design  recommendations for the surrounding 

structure were  implemented to  guarantee an optimized 

behavior of  the bearing.  

 

 

Figure 4. Wire race bearing and dynamic feed-through. 

 

The bearing is dry lubricated by a PTFE cage. 

Wet  lubrication by grease was avoided since the 

bearings  do not have full raceways where the grease is 

kept and  redistributed into the bearing system. Other 

polymeric  cage materials such as the PGM-HT that can 

be  impregnated with lubricant are not an option 

since  they do not pass the criteria for the ultra-

cleaning  process and the demanded cleanliness and 

contamination control requirements. Furthermore  the 

supplier has no experience with this kind of 

cage  material introducing additional risks. PTFE cages 

are  however commonly used for this application, 

especially  considering the very slow motion of the 

mechanism   (between 0.2 and 3.5 deg/sec), the 



 

relatively  short operational  lifetime of approx. 100 h 

(compared to terrestrial applications where several 

10000 h are normal) and the  low operational loads 

(besides the launch loads).  The pre-loading is realized 

via the preload frame that  provides the contact surface 

for the inner upper race  and whose vertical position is 

adjustable via a shim.  The preload is measured 

indirectly via the bearing  torque which is the common 

practice for this type of  bearing.  

 

3.4. Dynamic Feed-through 

The dynamic sealing of the PSHS can be seen in Fig. 4. 

The sealing is accomplished with  Braycote 

601EF  grease that is placed in a labyrinth between the 

moving  carousel and the fixed housing. It is kept 

in  position by  two radial sealing rings made of PTFE to 

prevent the  grease from being pressed out of the  sealing 

when the  differential pressure of 0.1 bar is applied for a 

long  period or 0.25 bar for a short  period. The sealing 

rings have a  very low stiffness to minimize its parasitic 

torque. This  is acceptable because  the sealing function 

is entirely realized by the grease.   

 

Other sealing methods such as O-rings or 

polymeric  seals supported by springs had to be 

discarded due to  the relatively high parasitic torques and 

the limitations imposed by the mission  on the material 

selection for the UCZ. Breakable seals were ruled out 

since they do  not allow motion of the mechanism for 

testing and  lose entirely their sealing function after 

breakage, so  contamination from the drive-train and the 

interior of  the rover would be able to pass through it. In 

addition, the  breaking could create particles that 

constitute  additional contamination. Also magnetic 

feed- throughs had to be dismissed because they 

cannot  provide sufficient accuracy and strength within 

the  available envelope and mass budget to achieve 

the  required accuracy.   

 

Preliminary sealing tests showed that the 

dynamic  sealing provides a leakage rate (even after 

motion) of   6E-7 mbar*l(He)/sec at a parasitic torque of 

maximum 950  mNm over a temperature range between 

room temperature and -60°C which is the worst case 

operational temperature. 

 

3.5. Hard stop and Zeroing Concept 

Since the UCZ prohibits the use of a sensor on 

the  output shaft, the PSHS is equipped with 

an  incremental rotary encoder on the motor shaft 

that  consists of two Hall sensors that provide 8 quad-

 counts per turn. Together with the overall 

reduction  ratio of the drive-train the sensor resolution on 

the  output shaft results in 0.2’ (0.003 deg).   

 

To determine the zero position of the carousel 

a  physical hard stop (see Fig. 5) was implemented 

into  the design against which the mechanism drives with 

a  very slow motion. As soon as the motor 

current  exceeds a certain threshold, the sensor is zeroed. 

The proximity to  the hard stop is indicated by an 

external Hall sensor on  the end-shaft (but still outside 

the UCZ). It serves as a  confirmation that the 

mechanism is not blocked  elsewhere. This sensor 

concept allows for a simple (and  therefore more 

reliable) and compact design of the  sensor. 

 

The hard stop is designed to provide a stiff 

motion  limitation from both sides by at the same 

time  reducing the dead zone of the rotation. The dead-

zone  for the PSHS results in only 15 deg which allows 

for all  required motions without unintended passing of 

the  investigated sample underneath the flattening 

blade.  The material selection was made with 

colsterized  PH15-5 steel to provide hard and flat 

surfaces that have no tendency to deform or to adhere to 

each other during  intended and unintended use of the 

hard stop.  

 

 

Figure 5. Hard stop. 

 

3.6. Tribology 

Due to the Martian atmosphere and the prevailing 

dust  usual space tribology guidelines cannot simply be 

applied to  the mechanism. Application of grease to 

lubricate  sliding contacts cannot be used without 

dust  protection inside the UCZ since the existing dust 

content within might  create an abrasive paste. Also the 

only grease type  accepted for the project is Braycote 

601EF. However  the temperature requirements of down 

to -60°C exclude  the use of many wet lubricants 

anyhow. Also the usage of many  dry lubricants is 

restricted since they need to be  chemically compliant to 

the UCZ requirements and should  not delaminate during 

the extensive ultra-cleaning and  sterilization process. 

Furthermore the most common  dry lubricant MoS2 

cannot be used for tribological  contacts with frequent 

actuation since even the low  humidity in the Martian 

atmosphere accelerates  lubricant degradation [4].   

 

A tribological contact that is subjected to the 

extremely  dusty environment is the sliding shoe against 

the  carousel rail (see Fig. 6). The  shoe lifts the flattening 



 

blade when the refillable container is not  underneath it, 

so as to not endanger the mechanical integrity  of the 

instrument calibration targets that are at the  same height 

as the refillable container. Originally the contact was 

designed as a  rolling contact with a bearing, but tests 

under Mars-like  conditions showed that there is an 

increased likelihood of blockage of this rolling  motion 

due to the dust. Therefore a  simple sliding shoe was 

preferred, also leading to a  more simple and light-

weight design than with a dry  lubricated bearing with 

extensive seals. The shoe is  made of bronze and the rail 

of a very hard stainless  steel. Coatings to reduce friction 

and adhesion cannot  be used since they are very likely 

to delaminate when coming in contact with hard grains. 

Due to the  triboelectric charging particles tend to  adhere 

for lengthy periods to all surfaces. The  bronze material 

provides to some extent lubrication properties. The rail 

on the other hand is the hard counterpart of the contact 

to keep the friction as low  as possible.   

 

 

Figure 6. Flattening device with sliding shoe and rail. 

 

The shoe is fixed to the flattening blade that is  pushed 

down by 3 springs. This motion is guided by 

two  flexure blades to reduce the tribological contacts to 

a  minimum. During launch the flattening blade motion 

is  restricted with a launch lock that prevents 

excessive  motion that could destroy either the flexure 

blades or  lead to cold welding in the shoe/rail contact.  

 

Since the gear stages are outside the UCZ, they are  only 

subjected to debris coming from the drive-train  itself. 

Therefore they are lubricated with Braycote   601EF. The 

upper spur gears are made of colsterized  stainless steel 

to achieve a high hardness and sufficient  margin for the 

increased torques due to the pre-torque  device. The 

lower spur gears are subjected to much  lower loads 

permitting the use of bronze.  

 

4. TESTING AND LESSONS LEARNED 

Initial tests were conducted with an elegant  Breadboard 

(BB, see Fig. 7) of the PSHS that is  representative in 

material and component selection to  the QM model. It 

contains all main features such  as the flattening device, 

the pre-torque device, the wire race bearing and the 

dynamic feed-through. The only  difference is the sensor 

concept. Instead of the encoder  on the actuator shaft the 

PSHS-BB is equipped with a  resolver on the second 

gear-box. The difference on the resolution compared to 

the QM (BB = 0.04’, QM = 0.2’) is acceptable taking 

into account the required resolution of 0.6’. It was tested 

with the  other SPDS mechanisms in an End-to-End 

(E2E) test  campaign as well as with a BB of the RLS 

instrument.  

 

4.1. End-to-End Tests 

The E2E tests were conducted under ambient  conditions 

in the OHB test laboratory and under Mars- like 

conditions (-60°C, 7mbar CO2) in the Aarhus  AWTCII 

wind tunnel [5] (see Fig. 8). The test setup  allowed a 

flight-like arrangement of the SPDS  mechanisms as 

well as the accommodation of external  sensors which 

for the PSHS were the following:  

 

-  External rotary encoder to determine the angular 

positioning  accuracy 

-  Two 1D laser sensors to measure concentricity  and 

planarity of the receptacle motion 

-   2D laser sensor to measure the flattened 

sample  surface 

-  Cameras to film the motion 

-  Thermistors to measure the temperature of 

key  components such as actuators, gear-boxes 

and  the wire race bearing 

 

 

Figure 7. PSHS elegant BB. 

 

In a first stage the positioning performance was 

tested  with a profile that is representative of the 

nominal  operation of the mechanism including the 

zeroing  operation and small steps of 20 µm that 

represent the  scanning of a sample. Fig. 9  shows that the 



 

accuracy for the relevant measured  points is +/- 45 µm 

and therefore well within the  requirement of +/-

 100 µm.   

 

 

Figure 8. SPDS with PSHS-BB in the AWTCII tunnel. 

 

Especially the relative distance between the small 

steps  is of importance to the instruments to ensure that 

the  sample is scanned entirely via 20 µm steps. Fig. 

10  shows that from a certain starting point the sample 

can  be scanned with a reliable step size. The error 

between  two steps mostly lies between +/- 5 µm 

which  corresponds to an angular accuracy of 0.14’.   

 

 

Figure 9. Absolute positioning error of the PSHS-BB 

under Mars-like conditions (-60°C, 7mbar CO2). 

 

Further tests showed that the maximum backlash of  the 

mechanism is around 100 µm which corresponds 

to   2.86’. The original backlash of the mechanism 

was  reduced by a factor of 13.5. The theoretical 

minimal  backlash described in chapter 3.2 was not 

reached.  The reasons for this most likely lies in the 

elasticities of the  system.   

 

Regarding the positioning performance in vertical and 

radial direction, the mechanism achieved an evenness 

peak-to-peak  value of 120 µm (requirement +/- 75 µm) 

and a  roundness peak-to-peak deviation of 

~45 µm   (requirement +/- 100 µm) under  Mars-like 

conditions  satisfying both requirements.  

 

 

Figure 10. Relative accuracy of the relevant MOMA 

LD-MS positions. 

 

Also the flattening performance was assessed via the   2D 

laser sensor. It scans the sample with a resolution  of 

0.1 µm in vertical, 35 µm in lateral and 20 µm  in 

longitudinal direction. On the relevant surface of 1 cm² 

it results  to more than 140.000 measurement points 

(laser spot  diameter of 40 µm). The flatness is 

determined by the  percentage of measurement points 

inside a certain  range. Even for the most critical sample 

(gypsum) a  flatness of 47.5% within +/- 100 µm and 

75% within   +/- 200 µm (requ. 50% resp. 80%) around 

the sample  reference plane was achieved (all other 

samples were  well within the requirement). An 

example  measurement can be seen in Fig. 11.  

 

 

Figure 11. Flattened sample on refillable container with 

corresponding measurement. 



 

All tests were also performed with an inclined set-

up   (up to 15 deg around the two horizontal main axis) 

to  simulate a rover tilt. No performance degradation 

was  detected on positioning or flattening performance.  

 

4.2. Tests Of The PSHS-BB with the RLS 

Instrument BB 

A test with the RLS instrument and a 

simulated  MicrOmega was performed subsequent to the 

E2E  testing. It has been concluded that the PSHS-BB 

meets  the scientific needs for positioning and 

flattening  performance for reference and non-reference 

materials   [6]. Also the mechanism motion did not 

induce any  unwanted vibrations that would disturb the 

sample.  

 

Regarding the positioning performance it was 

shown  that the absolute positioning error can be 

reduced  by a constant S/W  offset due to the extremely 

high repeatability of +/-   5 µm (equivalent to 0.14’).  

 

 

Figure 12. Selected grain positioned by the PSHS-BB. 

 

Fig. 12 shows the optical results of a combined  science 

test with a selected grain that is positioned several  times 

underneath the MicrOmega FoV (left side) and  the RLS 

FoV (right side). Results confirm the direction-

dependent offset that can be compensated via the  S/W 

to enable reliable combined science.  Also the maximum 

mechanism backlash of 100 µm on the circumference 

(corresponding to 2.86’) is visible when the same grain 

is approached from both directions. 

 

5. CONCLUSIONS AND OUTLOOK 

The OHB System AG developed a sample handling 

mechanism that is capable to receive, prepare (flatten) 

and position powdered Martian soil samples for analysis 

by different instruments of the Pasteur Payload. The 

contamination and cleanliness control requirements are 

answered with a dynamic sealing the excludes all drive-

train components from the UCZ and provides a gas-tight 

barrier with minimum parasitic torque. The positioning 

performance is reached with a pre-torqued drive-train 

that reduces the internal backlash, which is necessary 

since no positioning sensor can be placed on the drive-

train output. 

 

The E2E tests and the tests together with the RLS-BB 

lead to the following conclusions:  

 

- Zeroing concept proven to be 

successful   (Positioning accuracy could be reached)  

- Positioning performance meets requirement.  Due to 

the high repeatability an offset  correction within the 

S/W can further optimize  the performance  

- Flattening performance satisfying  requirement 

although subjected to a certain  degree to statistics 

 

Therefore it can be stated that the sensor 

concept  combined with the pre-torqued drive-train can 

reach  the target performance.  The test with the RLS 

instrument BB showed that the  mechanism fulfills the 

instrument needs. Also the  sensors used in the E2E test 

campaign are suitable to  assess the mechanism 

performance from instrument  point of view.  

 

Also first sealing test with representative conditions and 

geometry show promising results for the dynamic seal 

concept. 

 

After the PSHS QM test campaign (see Fig. 13) at OHB 

which takes place  July/August 2015, the mechanism 

will be sent to TAS-I   (the mission prime) for a complete 

disassembly. After  replacement of parts worn out by 

sample material,  the extensive ultra-cleaning and 

sterilization process  will be performed with a 

subsequent integration into  the ALD-QM model inside 

an ISO3 AMC-9 glove box  respectively an ISO7 HC 

clean room for parts outside  the UCZ. After finalization 

of the integration process,  the ALD system qualification 



 

campaign is carried out, in  which, besides the standard 

test program (leakage,  vibration/shock and thermal-

vacuum), several blank  samples are processed by the 

entire SPDS and  analyzed by the instruments to 

investigate the  cleanliness and performance of the entire 

system.  

 

 

Figure 13. PSHS QM with test equipment. 
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