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Why Mars?

There is scientific evidence that Mars was
once a warm and wet planet like Earth
and, therefore, it might have had the
conditions necessary for the origin of life.

Question: Was there life on Mars in the
distant past or present?

The main objective of Mars exploration
since Mars Pathfinder has been to
determine if the basic elements needed
for the origin of life were ever present in
Mars.

Future missions will attempt to find direct
evidence of past or present life.
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Entry, Descent, and Landing Phases
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MSL Aeroshell







A Heatshield at LMA




Bank

. . Angle
wind Velocity Wind Velocity

Ballistic Entry Lifting Entry
(Pathfinder/MER/Phoenix) (Viking, Curiosity)

14



Apollo Based Range Entry Guidance
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Entry, Descent, and Landing Phases
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Worlds Largest Supersonic Parachute




Entry, Descent, and Landing Phases
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Spirit Landing in January 2004
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How to land a 1 ton rover?

Pallet
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2003: The Skycrane maneuver is born







Towchdown Velocity:
* Vv=24m/sec
* Vh<1.4m/sec

Touchdown Velocity:
* Vv=12m/sec
 Vh<16m/sec

Towchdown Velocity:
* Vv=0.75m/sec
* Vh<0.5m/sec

* Robust to rocks

* Robust to local slopes

* Proven but hard rover egress
» Sensitive to winds

« Difficult to scale up

Robust to winds

Dedicated Touchdown Detection
Sensitive to local slopes
Sensitive to rocks

Difficult rover egress

Robust to winds

Robust to local slopes
Robust to rocks

Simple touchdown detection

No rover egress problem
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Continued Control Through Touchdown
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Decoupled Design, Development, & Testing
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Verification & Validation

/ Easy to Analyze

Easy to Test —>
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Phase Stablilization of SkyCrane Modes

1.0 Hz spring,
0.7 damping

~1000 kg I —{

mass

NN

0.2 Hz spring,

0.7 dampin
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Pendulum Mode: 0.1Hz

Axial Mode: 0.9 to 1.5Hz
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Mini-TDT Test
L ateral Mode
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Mini-TDT Test
Axial Mode
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Mars Landing Engine (MLE)

Terminal Descent Landing Sensor (TDS)
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Field Test Venues

China Lake Echo Towers

NASA Dryden Flight
Research Center F/A-18

Eurocopter AS350 AStar Helicopter
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Full Motion Test
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Touchdown Test
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LAUNCH
e MSL Class/Capability LV
* Period: Jul/Aug 2020

Mars 2020 Mission Overview

CRUISE/APPROACH

¢ 7.5 month cruise
¢ Arrive Feb 2021

ENTRY, DESCENT & LANDING

e MSL EDL system (Range Trigger
baselined, Terrain Relative Navigation
funded thru PDR): guided entry and
powered descent/Sky Crane

¢ 16 x 14 km landing ellipse (range
trigger baselined)

* Access to landing sites £30°
latitude,
<-0.5 km elevation

* Curiosity-class Rover

SURFACE MISSION

¢ 20 km traverse distance capability
* Seeking signs of past life
* Returnable cache of samples

* Prepare for human exploration of Mars
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Mars 2020 Instrument Payload
Accommodated on Rover
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The 2020 Mars Rover mission offers many
important advances relative to MER and MSL.:

The ability to collect compelling samples Payload designed to recognize
for potential future return potential biosignatures in outcrop

Mars meteorite
= Measurements
of fine-scale
mineralogy,
chemistry, and
texture in
- outcrop

_ (petrology) Prepare for the future human
>~ exploration of Mars




visible
imaging

Terrain Relative Navigation

Lander Vision System (LVS)

camera FPGA flight

o)

processor
IMU

:he

Terrain Relative Navigation
image landmark matching

e

Multi-X is enabled by Terrain Relative
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Mars Helicopter for 20207
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Conclusions

Mars has provided a challenging destination that has resulted in the
development of multiple EDL/GN&C architectures with different cost, risk, and
performance

Low cost solutions were successfully developed such as the MPF/MER airbag
landers and the Phoenix soft-lander

In order to meet the large improvement in landing accuracy and delivered
payload, MSL enlisted GN&C early in the design cycle and developed the
appropriate sensor and actuators required for the task

— SkyCrane: Tightly integrated mechanical/GN&C design. GN&C is part of the
Touchdown system

Future improvements in EDL performance (Hazard Detection & Avoidance,
Pinpoint Landing) will require the development of new, and maybe costly,
GN&C sensors and actuators, and new ways of testing the full end-to-end
system
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