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MER Mobility Design 
• The Rocker-Bogie 

mobility suspension 
is comprised of 6 
driven wheels, with 
the outer 4 wheels 
steerable 
 

• The Rocker-Bogie 
suspension utilizes a 
differential and 
linkages to 
effectively 
equilibrate the 
wheel loads during 
drives 
 

• The first rover to 
Mars, Sojourner, 
also utilized a 
rocker bogie 
suspension 

The rover Spirit shown behind Marie Curie from the Mars Pathfinder 
mission 
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MER Mobility Requirements 

• Last 90 “sols” on 
Mars 

• Drive up to 1 km 
• Traverse 

obstacles up to 
25 cm in height 

• Traverse over 
very soft soils 

• Be statically 
stable while tilted 
in any direction 
up to 45 degrees 

• Not be “torque 
limited”,  

• Perform precision 
drives to Science 
targets 

• Wheels designed 
to achieve a low 
engineering 
ground pressure 
on soft terrain 

 

View from the rover Opportunity of the Burns Cliff formation, Endurance crater 



~6 m 
Sol 133 

Sol 134 
Sol 135 

Sol 137-150 

Future 

Curb 

Opportunity Example: Karatepe Ingress  
Crater Slopes exceeded all previous Testing and Analysis 

Ingress Point 
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Spirit’s Predicament  
Since Sol 1871 

View from the Front Hazard Avoidance Camera on 
Sol 1871.  Note that Spirit has been driving in reverse, 
dragging its right-front wheel behind it. The right-
front wheel has been un-drivable since ~ Sol 1000. 

View from the Rear Hazard Avoidance Camera on Sol 
1871.  This image shows the reverse driving direction 
of Spirit with the right-rear wheel nearly fully 
embedded, and with the left-rear wheel buried up to 
the radius of the wheel. 
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Details of Spirit’s Embedding 

Ground support software visualization of Spirit’s embedding 

Rover color images, generated on the 
ground, from the Panoramic 

Cameras, showing the deployment of 
the robotic arm and the science 

instruments to the disturbed soft soils 
that having caused Spirit’s 

embedding 
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MER Mobility Testing  
Ultra-Soft Deformable Soil, Simulating Embedding Event 

SSTB Rover driving in Ferric Sulphate sand simulant, at a 12 deg slope, and 
covered with 20 cm of dry, loose Diatomaceous Earth and Fire Clay 
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MER Mobility Testing 
Rigid, Frictional Terrain 

• Testing under 
mobility conditions 
was performed on a 5 
meter square tilt-able 
platform called the 
Variable Terrain Tilt 
Platform  (VTTP) 

• The slope of the VTTP 
could be set between 
0 and 30 degrees 

• The surface was 
initially bare, and 
later covered with dry 
and loose quartz sand 

• Obstacles could also 
be attached to the 
platform 

Dynamic Test Model rover driving up a 15 deg slope, climbing a 25 cm obstacle 



RL - 12 DTM Rover driving cross-slope on the VTTP, at a 20 deg slope, and covered with 20 cm of dry, loose quartz sand 

MER Mobility Testing  
Soft Deformable Soil 
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Rover Slip while driving Down Slope on Sand 
MER Rover Driving directly Down Slope on Dry, Loose Sand : Mars Wt
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Curve for Interpolation:
generated from cubic splines



Rover Slip while driving Up Slope on Sand 
MER Rover Driving directly Up Slope on Dry, Loose Sand : Mars Wt
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Rover Slip while driving Cross Slope on Sand 
MER Rover Driving Cross Slope on Dry, Loose Sand : Transverse Slip, 

Mars Wt
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Overview of MSL/CHIMRA 

CHIMRA Tool Frame 

Last orientation of gravity 
vector relative to CHIMRA 

Desired new orientation of 
gravity relative to CHIMRA 
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View of turret when looking at the front of rover as 
shown below 



Path 1: Drilled sample sorted with 150um sieve 

2) 

Top Section View 
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Front Section View 

Top Section View Side Section View 

- Drill percussion motivates sample 
through sample transfer tube into 
CHIMRA reservoir 

- 90° wrist rotation moves sample 
onto sieve 

- Vibration Mechanism sorts sample 
through the 150um sieve 

1) 



Path 1: Drilled sample sorted with 150um sieve 

Side Section View 
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Opposite Side Section View 

Portion Generation Process 

- Rotation of CHIMRA forward 
allows particles to flow through 
tunnel into mixing chamber 

- Portion generated by motivating 
(through vibration) sample into 
portion tube, and then leveling off 
tube  

4) 

3) 



Path 1: Drilled sample sorted with 150um sieve 

- Portion generated away from rover 
while turret is in ready position 

- Turret moved to deck inlets while 
keeping the axis of portion tube 
aligned with gravity vector 

6) 

5) 
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