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Beginnings of the Space Age

-~ “We do these things
not because they are e
- easy,butbecause
they are hard.”




Looked impossible...




Constraints drive innovation

Mariner '64 (First Mars miss’ion,VZ S/C) S
Mariner '71 (First Mars.‘quiter,-z S/C) E
" Viking '75 (2.Mars Lande] % Orbiters)
ﬁ:?,nets, 25/C):
"Galileo '89 (Jupiter Orbiter w/proiae)
Eassini '98 (Saﬂrrn Orbiter w/probe) e,
Mars Pathfinder='96 (Mars Lander w/rover)
Deep Space 1'98 V(Techn‘ology demo)
\ETS 'Qé {Mars Orbiter +Lander)
Stardust '99 (Cor;net,ﬂyby, return to earfh)
“Mars Odyssey '01 (Mars Orbiter)

: Mars E;plokation Rovers '03 (2 Rovers)

Voyager. '77 (Outer

_Deeb Ir'n‘pact ‘05 (Comet flyby w/probe)
Mars Recénnaissance Orbiter '05
Mars Séier{ce Laboratory '11-(1 Rover) . $2,1R0 |

& : e $0 $1,000 - $2,000 $3,000 $4,000 - $5,000  $6,000

» ° Deep space mission cost comparisons (SM FY’ 16}




Know what your customer wants .

Demonstrate a simple, reliable and low cost system for placing science
« payloads on the surface of Mars -

Démonstrate__NASAfs' comfnitment to low cost planetary exploration

) 5

Demonstrate the }nobility a-nd usefulness-of a microrover on the surface of
VETS et L :
Assess the structure of the Martian atmosphere, determine elemental
. composition of rocks and soil, investigate surface geology and mineralogy
. of rocks and acquire meteorology data at the surface
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The
Vision




Mars is hard...




Entry, Descent & Landing P N

Cruise Stage Separation
CBMD Separation Seven minutes
IVE‘ntry Interface Of ter ror -’ -’

Entry +4:30 min

< ) Altitude: 5 miles
Entry +1:25 min Velocity: 300 mph
-~ >,
e,

1 Entry +6:04 min
irllt;y;-4g1 nfllln Altitude: 1 mile
titude: 7 miles P Velocity: 180 mph

Velocity: 900 mph
Entry +6:30 min &‘
Pl




Entry, Descent & Landing

Cruise Stage Separation

é"- CBMD Separation

\’: Entry Interface

N Peak Heating

[ 4

— Peak Deceleration

Heatshield Separation

Velocity: 900 mph

Leadership

Glue &
grease

Seven minutes
of terror!!
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Innovation:
Ideas,
Constraints
& Execution

_-3 Generations of Innovation -
BEL TR HES oy _f_,w ne
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Disruptive &
evolutionary




Technology

Need driven
and test proven




The Team

Talent,
ownership &
trust

Diversity

Skills,
experience
& networks




Emotional -
Intelligence %

(EQ)

Drive,
. &resilience

AR -
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Clear &
effective




Identify, Uhderst_and, Communicate & Mitigate Risks

ARISK-73 ARISK-66 ARISK-71 ARISK-32 ARISK-55 ARISK-29
ARISK-13 ARISK-10 ARISK-8 ARISK-11 ARISK-1

ARISK-30 ARISK-27

ARISK-20 ARISK-19
ARISK-59 ARISK-57 RIS SRR ARISK-60 ARISK-17

ARISK-5

ARISK-50 ARISK-48
ARISK-47 ARISK-46
ARISK-45 ARISK-44
ARISK-24 ARISK-21
ARISK-16 ARISK-14

ARISK-38 ARISK-35
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Question Assumptions

»

Launch! |




Precision
Execution!

thfinder (~200kmx ~70km)

vSample Rétqm ]
0-20 m, pin-point)

Viking (~300km x ~300km)







Sedimentary
Rock by Mars
Exploration
Rovers

Active Features
by Mars Global
Surveyor




Curiosity Discoveries

Mars 2020 Tube Delivery

il ————— B &g
Tube Collection & . Tube Ret_‘rieval Fetch Rover = i
= e |
8 ‘ s > Retrieve OS

Break Contact

Relay Support with Mars

Avoid Earth

1 [l Earth Entry
4 Vehicle

]

Mars2020 Earth Return Orbiter Sample Retrieval Lander .| | Sample Return and Science
2020 : . (ERO) 2026 | (SRL) 2026 i 2031




Mars 2020-

Earth Entry Vehicle
"

J

CCRS
(rasa)

Main Module
(Esa)




Evolution of the Journey to Mars

You are
here!!




