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PROTECT & IMPROVE 

LIFE ON EARTH & 

IN SPACE

SEARCH FOR LIFE 

ELSEWHERE

DISCOVER SECRETS 

OF THE UNIVERSE

NASA’s Key Science Themes
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Are we alone in the universe?

Where and how do we search for life?





Dingo Gap, from Curiosity

Mars Today: A Cold Desert



Mars has the potential to answer fundamental questions about our Solar System

• The potential for life

• A geological record of the first billion years of planetary evolution

• A drastically changing climate through time

• A compelling target for Human Exploration

Why Mars?



Aug 5, 2012 22:23 PDT
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Mission Success — 28

Newest Arrivals — 5

Mission Failure — 27

Future Missions — 4



Exposed Mid-latitude Ice Cliff

C. Dundas USGS /  U. Arizona / JPL / NASA

Observed Outcrops of Minerals Formed in Liquid 

Water Ehlmann & Edwards (2014)

2018 Planet-Encircling Dust Event  

Cantor & Malin, MSSS / JPL / NASA

What Have We Learned?

Modern Mars ~ 3.6 billion 

years ago

http://mars.nasa.gov/msl/mission/science/results/



Curiosity 1st SELFIE

November 1, 2012

https://photojournal.jpl.nasa.gov/ca

talog/PIA16239

Image Credit:NASA/JPL-

Caltech/Malin Space Science 

Systems

Image Addition Date: 2012-11-01



Curiosity SELFIE

March 30, 2021

NASA/JPL-Caltech/MSSS
https://www.jpl.nasa.gov/news/nasas-
curiosity-mars-rover-takes-selfie-with-
mont-mercou



Curiosity’s Science Payload

ChemCam
(Chemistry)

Mastcam
(Imaging)

REMS
(Weather)

DAN
(Subsurface

Hydrogen)

SAM
(Chemistry

and Isotopes)

CheMin
(Mineralogy)

MARDI
(Imaging)

APXS
(Chemistry) MAHLI

(Imaging)
RAD

(Radiation)

Drill

Scoop

Brush

Sieves

Wheel Base: 2.8 m

Height of Deck: 1.1 m

Ground Clearance: 0.66 m

Height of Mast: 2.2 m

Mass: 900 kg
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Sample 
Analysis at 
Mars (SAM)



The Sample Analysis at Mars (SAM) Investigation



Powder 

from drill 

or scoop

SAM analyzes atmospheric gas 

or vapors extracted from solids 

for analysis in 3 instruments

Mass spectrometer 

(QMS)

Gas chromatograph 

(GC)

Tunable laser 

spectrometer 

(TLS)

Hydrocarbon 

trap

SAM sample 

manipulation 

system

Oven
Gases are released as samples 

are heated in SAM’s oven

Measurement order for tpically

• EGA with QMS

• TLS 

• Combined GC and 

QMS

He carrier gas for both EGA and 

GCMS



Engineering Thoughts
• All of the equipment launched in the all the years in the 

history of the space program equates to less than 1 day of 
worldwide auto production

• Behind the scenes: a lot of hard work
• Great leadership

• Teamwork

• Forward thinking architecture – hardware and software

• Testing and re-testing, redesign, more testing
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Scope of challenges

• Pack a labful of science instruments, plumbing, and pumps into 
a box the size of a microwave oven

• Challenging Technical constraints
• Challenging Power and Energy budget
• Challenging Thermal conditions
• Challenging Schedule
• Dispersed Across 10 time zones and multi-cultural and multi-

institution teams
• Challenging operational conditions

• Survive launch, cruise, landing
• 2 Earth year operational time
• Challenging Conops (limited communications, terrain challenges)
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Designing for Space Flight to Mars and Mars Ops

Launch environment and Mars 
Orbit Insertion

• Vibration

• Acoustics

Cruise Conditions

• Thermal considerations

• Spacecraft charging

• Radiation Environment

• Communications
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Operations conditions

• 687 earth days operational life

• Power limitations

• Thermal constraints

• No repairability

• Operations last up to 15 hours

• Communication limitations

• Radiation 

• Low pressure (7 Torr)

• CO2 environment

• Low gravity

• Planetary Protection



VIBRATION Testing

The Vanguard 1, one of the 

first satellites ever launched 

into orbit and the oldest 

satellite still orbiting Earth, 

was tested on a vibration 

table built by Team 

Corporation in the late 

1950s, shown in this picture. 

Innovations incorporated into 

those early devices are still 

used to this day.

Credits: Team Corporation





Thermal 

Testing SAM



SAM
• Quadrupole Mass Spectrometer

• Tunable Laser Spectrometer

• 6 GC Columns

• Sample Manipulation System

• Electronics stack

• 600 m wires, 1200 wires

• Software

• Sample Processing System

• 74 Cups

• Wide Range Pumps 100krpm

• Gas Lines heated by 100 heaters

• Valves to control gas flow

• Hydrocarbon trap (-61C to 400C)

• Pyrolysis Ovens (1100C)

• 14 gas processing system Manifolds

• 2 high conductance valves

• 52 microvalves

• 51 gas line heatesr

• Combustion and calibration gas

• 2 Scrubbers and 2 getters

• 2 He Tanks @ 2400psi

• 4 heat pipes

• Solid Sample Inlet Tubes

• Thermal Shields

• 1071 vacuum interfaces

• 756 EB Welds

• 146 Braze Joints

• 125 Platinum O ring interfaces

• 40 C Seal Interfaces

• 4 Pinch off seals

• 40 electrical harnesses, 2000 feet wiring, 1200 solder 

joints
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Quadrapole Mass Spectrometer parts
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Gas 
Chromato-
graph 



Gas 
Chromatograph 
Column repair 
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Tunable Laser Spectrometer
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Wide Range Pump (WRP) Lifetime Issues

Gold Plated Rotor  

(spins at 100k rpm)



Microvalve 
Installation and 
Availability



Plaque on 
SAM Panel



Helium 
Reservoir Leaks



First Turn-on of 
Quadrapole
Mass 
Spectrometer  
(QMS) – a Major 
Milestone



Showing off the 
first QMS 
Spectrum



SAM’s Harnesses



Tight Mechanical fit – every bit 
of space is taken
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SAM integration



Rework to fit 
extra power 
busses and 
switches
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QA on the job



SAM Integration 
into Rover at Jet 
Propulsion 
Laboratory
Jan 2011



SAM 
integrated 
into rover at 
JPL January 
2011



Rover Testing @ 

Kennedy Space 

Center (KSC)

June 2011
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November 26, 2011 the Atlas V launch @ KSC
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We Did It!!! 
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Just after touchdown the next day

NASA/JPL-Caltech
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Navigation camera image showing the surface scour marks and 

rocks on the rover’s deck

NASA/JPL-Caltech
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Mars Sol (Day)

Mars rotates once every 
24 hours, 37 minutes

NASA/JPL-Caltech



Operation schedule

• 10:00 – Receive Data From Rover

• 11:30 – Science Team Gathers to Report Status

• 12:30 – Put together plan for tomorrow

• 15:30 – Meet again to verify plan works

• 19:30 – Review each detail of the plan

• 24:00 – Uplink the data
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Operations

• First couple months, we had to tweak SAM yellow alarm 
settings

• Our limits were too conservative and caused SAM to “Safe” 
because we didn’t understand temperatures and pressures and 
operations on Mars
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The Rover’s Schedule
51



Commands to Curiosity
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Commands to Curiosity are simulated
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We mistakenly measured Florida Air or 

“Flars” and thought we had discovered 

Methane on Mars



Martian Sunset

NASA/JPL-

Caltech/MSSS/Texas 

A&M Universityhttps://solarsystem.nasa.gov/news/925/what-does-a-sunrise-sunset-look-like-on-mars/



Happy Birthday Greetings
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Curiosity is now on its way to study the 

Layers, Canyons, and Buttes of Mount Sharp

NASA/JPL-

Caltech/MSSS

We need to try to do the right thing 

every time, to perform at our best, 

because we never know what moment 

in our lives we'll be judged on. 

– Capt. Chelsey “Sully” Sullenberger



QUESTIONS?



CURIOSTIY and SAM Status
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