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ABSTRACT 

An overview is given of the Core Sample 
Transportation Mechanism (CSTM) as a mechanism 
placed on the ExoMars 2018 Mars rover to be used for 
receiving a drill sample and transferring it to sample 
preparation units and to the analysing instruments. 
As well as the actuation of the Sample Carrier to the 
location of sample transfer from the Rover’s drill, also 
the release of the sample to other systems became very 
challenging. Especially the environmental 
circumstances on Mars with its dusty and windy 
ambience result in high demands on the reliability of 
the mechanism. 
The total development consists of mechanical 
functionality tests and leak tightness tests in addition to 
the design work and the structural analysis. The paper 
will discuss the development and test validation in 
relation to the mission aims and the specifications 
which are arising out of it. 

1 INTRODUCTION 

Hoch Technologie Systeme GmbH (HTS) has 
developed the Core Sample Transportation Mechanism 
(CSTM) as a sub unit of the Sample Preparation and 
Distribution System (SPDS) of the ESA ExoMars 2018 
Mission (a cooperative mission with Roscosmos 
including a scientific instrument contribution from 
NASA) under subcontract from OHB Systems AG 
Munich and TAS-I as prime contractor. The ExoMars 
mission objective is the search for signs of past and 
present life on Mars. As an interface between the 
Rover’s drill and the instruments, the CSTM not only 
has the task to deliver the drilled sample for further 
processing but also to hermetically seal the Rover 

aperture. 

 
Figure 1.Location of CSTM within the ExoMars rover 
module 

In order to not compromise the experiments of the 
mission, the entire sample path is encapsulated in a 
highly clean, sterile and pressurized Ultra Clean Zone 
(UCZ). 

2  DESIGN OVERVIEW 

The general design of the mechanism is shown in 
Figure 2. The overall dimensions of the mechanism are 
200mm x 280mm x 95mm (in stowed configuration) 
and it has a total weight of 2.7kg. 
The CSTM receives the drill core from the rovers drill 
at the sample discharge point and  transports it to a 
defined position for dropping it into the milling unit of 
the Crushing Station (CS).  

Figure 2.CAD model of CSTM in stowed configuration 

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



 

3 REQUIRED FUNCTIONS ON THE CSTM 

The required functions to be provided by the CSTM 
are:  

- Provision of the Analytical Laboratory 
Drawer (ALD) external door including sealing 

- Opening (and closing) of external ALD door  
- Provision of UCZ for the areas, in which the 

drill samples are  handled until start of mission 
on Mars 

- Receiving the drill sample at the drill interface 
point (see operated CSTM with the Sample 
Carrier at the interface point)  

- Transportation and release of the drill sample 
to the CS 

A Sample Carrier to carry the drill sample is driven by 
two retractable metal belts to drive it to the sample 
discharge point of the drill. 
From the CSTM design and arrangement of other 
system components (drill tool, etc.) the following 
geometrical constraints on the Sample Carrier result: 

- Sample position (dynamic sample envelope) 
- Angle of container 26.5° (75.5° wrt. moving 

direction) 
- Open cross section of the container min. 

16mm x 45mm 

 
Figure 3.CSTM with Sample Carrier at the drill I/F point  

4 DETAILED DESIGN SOLUTION 

In the frame of the mechanism development process, 
several detailed design solutions have been created and 
analysed. Some of them will be explained in the 
following chapters. 
The Sample Carrier must receive and contain the 
sample in deployed position (see Figure 1), must be 
able to release the sample in the stowed position and 
allow for the Blank Sample Dispenser (BSD) to deliver 
blank calibration samples through the CSTM directly 
to the CS. 

 
Figure 4.Cutaway view of the Sample Carrier 

The main parts of the Sample Carrier are: 
- The Sample Carrier structure to accommodate 

the dredger and to transfer the launch lock 
loads 

- The dredger mechanism with the shovels to 
transport the sample  

- The Sample Carrier flange to seal the UCZ 
until first opening on Mars 

4.1 The Sample Carrier Structure 

During launch the CSTM is locked by a Frangibolt 
release system provided by TiNi Aerospace. The 
actuator is arranged outside of the UCZ and mounted 
by a counter nut at the CSTM main structure.  



 

 
Figure 5.Cutaway view of the Sample Carrier within main 
structure of the CSTM 

The release bolt is threaded inside the Sample Carrier 
and transfers the load from the counter nut over the 
Sample Carrier and the seal to the CSTM main 
structure and deforms the sample carrier until a small 
gap of approximately 200µm is closed (for deformed 
Sample Carrier see Figure 6). 

 
Figure 6.Deformed Sample Carrier main loaded by launch 
lock load 

4.2 The Dredger Mechanism 

In the launch configuration a compression spring (view 
Figure 7) presses the lever (orange) to a hard stop in 
the CSTM main structure. Since movement of the lever 
is blocked, the shovels are open to release the sample 
to the Crushing Station. 

 
 
Figure 7.Dredger mechanism of the Sample Carrier 
Assembly (ASM) in stowed configuration 

During actuation of the Sample Carrier assembly the 
lever is guided by a roller on a so-called guide track 
(painted light green in Figure 8) to compress the spring 
and to close the shovels for being disposed to receive 
the sample from the drill. 

 
Figure 8.Cutaway view on main parts of the dredger 
mechanism 

 
 
Figure 9.Dredger mechanism of the Sample Carrier ASM 
operated for receiving the drill sample 

4.3 Sample Carrier Flange 

One of the main design challenges resulted from the 
required tightness and the performance of the seal 
between the Sample Carrier and the CSTM main 
structure. The limited installation space of the system 
linked to the processed design solutions created 
unexpected faults which were identified during first 



 

test campaign. The main design issues to integrate a 
seal in the existing design were: 

- Rectangular shape of the seal with small radii 
at the corners 

- One load application point by the release bolt 
of the Frangibolt system 

- A rather tight envelope caused by the  
complex dredger mechanism 

Caused by the only little spring back behavior of the 
used metallic seal, especially the improvement at the 
load application played an important role. By a design 
optimization analysis the outer shape of the sample 
carrier was enhanced (see Figure 10) that the load 
could be distributed in sufficiently equal way to the 
seal.  

 
Figure 10.Optimised Sample Carrier design 

Figure 11 shows the seal displacement caused by the 
improved design (blue line) compared to the baseline 
which did not fulfill the required leakage rate. 

 
Figure 11.Seal displacement old design vs. optimized design 

5 TESTING 

5.1 Leakage Test Campaign 

The goal of this test was to validate the leakage 
performance of several seal alternatives for the 
interface between Sample Carrier and the CSTM main 
structure. The test items have been manufactured to fit 
into the design presented at the Preliminary Design 
Review. The setup (presented in Figure 12) was fully 
representative to the Qualification Model with respect 

to design, seal and groove dimensions and load 
introduction. 

 
Figure 12.Test setup of the leakage test 

Figure 13 illustrates the acquired leakage rates during 
all the performed tests with the second seal provided by 
Technetics Group. For the measurements, the leakage 
rate has been lower than the threshold (upper red line 
in Figure 13). At test EXM-TES-ALD-02-02-10 the 
results have been slightly higher for some seconds than 
the threshold. During lifetime (operational and not-
operational) this conditions (-60°C and 200mbar) will 
not be achieved. For the residual time the leak rate 
stayed very stabile and compliant to the specified 
values (threshold value: 2.04E-7 mbar.l/s). 
 
 

 
Figure 13.Test results of the leakage test 

 

5.2 Functional Testing 

The Sample Carrier Breadboard Test was performed in 
order to verify the function of the Sample Carrier lever 
mechanism under various conditions. 
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The tested design showed good reliability when the 
sample material stayed close to the sample input 
reference point from the drill. Over the course of the 
test campaign no influences of the actuation speed or 
the inclination of the system on the Sample Carrier 
functionality were observed. The low temperature tests 
proved the good operation of the Sample Carrier under 
temperatures up to -80°C. As surrogate material has 
been used this conclusion must not be extented to the 
real mechanism using the design materials. 

 
Figure 14.Failure case within closing procedure of Sample 
Carrier 

It has to be noted that the test was carried out under 
severe contamination conditions and many of the 
identified failure cases were caused by extreme 
contamination (volume and quantity) or by 
intentionally blockage (see Figure 14).  The 
comprehensive testing campaign went beyond the 
specified conditions related to temperature and 
contamination. 

6 LESSONS LEARNED 

6.1 Leakage Testing 

During the test it became apparent that the pressure in 
the Helium reservoir does not stay constant over the 
time. The reason for this was that the preload by the 
M4 screws was not high enough to reach the nominal 
displacement, the nominal preload for the metallic o- 
ring and so the expected leakage rate. To avoid a huge 
time impact on schedule by hardware rework the 
Helium inlet was manipulated in the way that a very 
small flow rate of Helium was introduced in the system 
to reach a stabile pressure over the 30 min of testing. 
The measurement was performed with a pure Nitrogen 
(purity of 99.999%) flow to secure that a constant 
Helium pressure gradient of 100mbar inside the 
reservoir and behind the ALD Door seal was set up.  

6.2 Functional Testing 

Despite the reliable functionality some shortcomings 
could be identified. As to be expected, parts in contact 
with potential sample material need a design update. A 
redesign loop will address the identified problems. 

7 CONCLUSION 

The Sample Carrier as a part of the CSTM was 
designed, analyzed and optimized to retain the UCZ 
free from contamination over the non-operational 
lifetime of the Sample Powder Distribution System and 
to ensure successful sample delivery during its 
operational scenarios. Therefore an appropriate 
mechanism in the Sample Carrier was developed, 
tested and optimized to release drill samples when the 
Sample Carrier has reached its end position. The 
development and breadboard testing campaign of the 
Sample Carrier was finished successful. Additional 
functionality and lifetime tests are planned within the 
qualification campaign in the end of 2015. 


