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ABSTRACT 

The Mars Science Laboratory Robotic Arm (MSL RA) 

is a critical, single–fault-tolerant mechanism in the 

MSL science mission that must deliver 5 of the rover’s 

12 science instruments to the Martian surface.  

 

This paper will describe the design, build, and test 

methodology which evolved as the science payload 

matured over the course of the 4-year project.  Lessons 

learned based on the EM and Flight unit testing will 

also be discussed. 

 

 
 

1. INTRODUCTION 

The Mars Science Laboratory mission is NASA’s most 

ambitious science mission to another planet.  MSL 

incorporates many lessons learned from the Pathfinder 

mission and Sojourner rover, the twin Mars 

Exploration Rovers, and the Phoenix Lander.   

 

The Robotic Arm will be a key part of the Sample 

Acquisition, Processing, and Handling (SA/SPaH) 

system.  The RA will be responsible for  accurately 

placing the 5 turret-mounted instruments on their 

respective targets and acquiring samples.  These 

instruments are a drill capable of capturing rock 

samples, MAHLI camera, Dust Removal Tool (DRT), 

Alpha Particle X-Ray Spectrometer (APXS), and 

CHIMRA.  After a sample has been acquired by the 

drill or the scoop on the CHIMRA, the sample will be 

transferred to the CHIMRA processing unit and use 

gravity, assisted by induced vibration, and coordinated 

movement of the RA to process samples to deliver to 

the rover-mounted science instruments for soil tests.   

 

The MSL rover will carry the most advanced payload 

of scientific gear ever used on the Martian surface, a 

payload more than 10 times as massive as those of 

earlier Mars rovers. Its primary scientific goal will be 

to investigate whether past conditions had been 

favorable for microbial life and to accomplish 

acquisition and handling while preserving clues in the 

rocks about possible past life. 

 

Over the last 10 years, MDA-US (formerly Alliance 

Spacesystems, Inc) has designed and built every 

robotic arm successfully deployed and operated on the 

surface of Mars.  The IDD robotic arms from the Mars 

Exploration Rover have been working on the twin 

rovers Spirit and Opportunity since 2004 and each 

played a large role in the discovery of the existence of 

water on the Martian surface.  The Phoenix robotic arm 

was successfully deployed to the Martian surface in 

2008 and was instrumental in the discovery of frozen 

surface and subsurface water. 

 

The MSL robotic arm program leverages the 

experience garnered from the MER and Phoenix 

programs to produce an instrument capable of 

surviving a lifetime 7 times longer than any previous 

in-situ planetary mission. 

 

The main attributes of the MSL Robotic Arm are: 

• 5 degrees of freedom 

• 2.2 meters outstretched length from base to 

center of instrument turret 

• 67 kg mass without turret instruments 

• 5 turret instruments with mass of 34 kg 

• Electrical cabling system with 920 signals 

traversing the length of the arm 

• Two dual-use caging mechanisms capable of 

surviving landing loads of over 20g, passively 

re-stowing the RA after deployment, and 

surviving rover driving loads of 8g 

• Capable of surviving temperature range of -

128ºC to +50ºC and operating within a 

temperature range of  -110ºC and +50ºC 
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