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Mars Exploration in This Decade

MARS MISSIONS

- U.S. Missions . non-U.S. Missions




Mars 2020 Mission Objectives

centimeters
10 20 30

GEOLOGIC
EXPLORATION

* Explore an ancient
environment on Mars

» Understand processes of
formation and alteration

HABITABILITY AND
BIOSIGNATURES

» Assess habitability of ancient
environment

» Seek evidence of past life

» Select sampllng Iocatlons

PREPARE A
RETURNABLE CACHE

» Capability to collect ~40
samples and blanks, 20 in
prime mission

* Include geologic diversity

PREPARE FOR HUMAN
EXPLORATION

* Measure temperature, humidity,
wind, and dust environment

. Demonstrate In Situ Resource
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Mars 2020 Scientific Payload

GEOLOGIC EXPLORATION

HABITABILITY & BIOSIGNATURES
PREPARE A RETURNABLE CACHE
PREPARE FOR HUMAN EXPLORATION
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A laser that can investigate
_ chemical compositions of
RIMFAX Martian rocks and soil from
A ground- A plutonium a distance

penetrating power source

radar to explore supplies

beneath the electricity to

surface. the rover.

OO0 W >

MASTCAM-Z SHERLOC
: »j— A zoomable panoramic camera. An ultraviolet spectrometer to
study mineralogy and chemistry.
MEDA EIN (Its camera is named WATSON.)

The rover's weather station, to
measure temperature, wind speed
and other meteorological factors.

PIXL

" An X-ray spectrometer
for probing the chemical
composition of rocks and

= dirt close up.
CACHING SYSTEM ROBOTIC ARM P A s SRR I N -
i % ,“ﬁc. >
. ¥ . The rover arm can extend x =

\ ! Collects and deposits outwards to make scientific

A on the surface of Mars measurements and gather
e tbeearten e n sea e tubes o ook e dolall o e 3t
chgMartian B s as and soil samples for " study, in detail, an area about
test for creating resources for future return to Earth MoghactaiposhRe P e -
future astronauts. p % ~ . .+ = Image credit: Nature magazine
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Seeking Signs of Ancient Life

Jet Propulsion Laboratory
California Institute of Technology

3.4 billion year old
fossil microbial mat

PIXL SHERLOC

dolomite
organic carbon

Mars 2020 can recognize
potential biosignatures as /ife-
like patterns in the exploration
environment

1. Concentrations of
biologically important elements,
minerals and/or molecules

Particularly when they are

2. Spatially associated with
biologically suggestive
morphologies

Confirmation of a biosignature
likely requires analysis of
returned samples
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Where Are We Going?

Olivines

.
Fe/Mg-smectite]

Olivine +
Pyroxene
JEZERO CRATER NORTH EAST SYRTIS COLUMBIA HILLS
and MIDWAY
« Deltaic/lacustrine deposition with * Extremely ancient igneous, « Carbonate, sulfate, and silica-rich
possible igneous unit and hydrous hydrothermal, and sedimentary outcrops of possible hydrothermal
alteration environments origin and Hesperian volcanics
- Mineralogic diversity including * High mineralogic diversity with « Potential biosignatures identified
clays and carbonates phyllosilicates, sulfates, carbonates, + Previously explored by MER

olivine
* Shallow water carbonates? _ S
» Possible serpentinization and

subsurface habitability

Final Landing Site Workshop scheduled for October 2018
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Mars 2020 Mission Overview

LAUNCH CRUISE/APPROACH ENTRY, DESCENT & LANDING SURFACE MISSION

* Atlas V 541 Rocket * ~7 month cruise * MSL EDL System: guided entry, * Prime mission of 1.5 Mars years

« Period: Jul-Aug 2020 « Arrive Feb 2021 powered descent, and sky crane + 20 km traverse distance capability
» Augmented by range trigger: 16 x 14 « Seeking signs of past life

km landing ellipse

* Augmented by TRN: enables safe
landing at a greater number of
scientifically valuable sites

» Returnable cache of samples
 Prepare for human exploration of Mars

» Access to landing sites +30° latitude,
< - 0.5 km elevation

* Delivered a ~1050 kg rover safely

Mars 2020 leverages the MSL design, residual hardware, and experienced team
to reduce cost and risk; particularly in the EDL system
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Mars 2020 EDL

Rover Sky Crane Details

.. Separation
Time: E — 10 min Time: ~E + 380 s
- \(’% & Altitude: ~21.3 m
\3' ’w Vel: ~0.75m/s
9.

Y

Flyaway

Mobility
Deploy

Alt: 20.7 —14.5 m
Vel: 0.75 m/s

ime: E + 0 min

i
¥

Touchdown

Time: ~E + 400 s
Vel: 0.75 m/s vertical

Time: ~E +70s * ',

Time: ~E + 80 s {.7 ' @
| 2\

Hypersonic "\K_ :
Hype ) : a ‘ p
ero-maneuvering Parachute Deploy ¢ "

Time: ~E + 240 s Heatshield - Backshell
Alt: ~6.5 — 11 km MOLA Separation = Separation

and Safe Target Selection
Time: ~E + 340 s
Altitude: ~ 2 km

Vel: ~70 — 100 m/s

Vel: ~370 — 440 m/s Time: ~E + 260 s Radar
Alt: ~4.4 - 9.4 km MOLA Gund
Vel: ~160 m/s Solution

and
Lander Vision
System Solution

Powered Descent

=

Flyaway

Sky Crane




Site-Specific Gravity Modeling

Reducing Risks from MSL
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Inaccurate local gravity
modeling caused a
softer than expected
touchdown for MSL

Developed high fidelity
terrain-implied gravity
model

Incorporate necessary
software updates to
utilize model

surface Gravity Anomaly (m/s2)
| ol

Latitude (deg)
! '

0.004

0,003

=

0.002

0.001

0,000

~0.001;

-0.002]

-0.003

~0.004)

~0.005;

~0.006

Parachute Deployment Induced Navigation Error

Sabot and confluence fitting
snatch induced a disturbance
that caused the IMU to detect
non-body rotational rates and
accelerations

Concerned about potential
saturation and/or navigation
errors

Implementing mechanical
mitigation options to reduce the
disturbance input

Developing GNC filtering option
to mitigate the impact

Parachute Inflation Stress Risk Reduction

M2020 Built-to-Print

The LDSD program revealed
shortcomings in our understanding

of supersonic inflations

Key risk reduction activities:

1.3 ozlyd? Polyester
0 pli

(60 pli)
1.1 oz/yd? Nylon
(42 pli, 100 cfm)

2500 Ib Kevlar Web

2100 Ib Technora cord \

Mass: 58 kg
Nominal diameter: 21.31 m
Geometric porosity: 12.8%

O Developed strengthened parachute

0 Supersonic test campaign in progress

4000 Ib Kevlar Web

“—




Jet Propulsion Laboratory
California Institute of Technology

Successful Supersonic Parachute Test

Jet Propulsion Laboratory
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Advanced Supersonic Parachute Inflation Research and Experiments (ASPIRE)
Flight # 002

Date: 31 March 2018
Location: Wallops Flight Facility, Wallops Island, VA
Payload: 21.51 m D, Disk-Gap-Band Supersonic Parachute

GENERAL DYNAMICS

a =g =l|=1{= Ordnance and Tactical Systems

This research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under
contract with the National Aeronautics and Space Administration. © 2018 California Institute of
Technology. Government sponsorship acknowledged.
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2020: A Great Time to Go to Mars

B Pressure cycle very favorable for 2020
arrival season

[0 Mars orbit eccentricity transfers CO, from
polar caps to atmosphere

[0 Atmosphere significantly more dense
compared to MSL opportunity

[ Low risk of dust events

Mean Atmos Density (kg/m3) @ 10 km

B More atmospheric density = more stopping
power

150 180 210
Ls (deg)

. 2020 atmosphere prOVIdeS Slgnlflcant no NorthernSprln@iumoxi)s‘!outhernAutumn Equinox!

Chance of global dust!
storms in any given year!
about 1 in 3 - statistics of!

small numbers!!

cost” improvements to landing elevation for
same landed mass

&
i
~g

Northern Winter Solstlce'

B Alternatively, can trade landing elevation Soaer Wi Sotcer 20" 70T Sl S s
improvement for increase in delivered 85 Sorms conret ont
maSS & Q:: perihelion!

Planet-encircling Dust Storms!
NV Regional Dust Storms did not occur!
® 1,,=2T" 40K! 0 1807 Local Dust Storms occur at all seasons

Northern Autumn Equinox!
Southern Spring Equinox!
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New Capabilities for Mars 2020

landing sites

Enables access to hi

TRN gives Mars 2020
“eyes” to avoid
identified landing
hazards

-\

MISP (BS) MEADS (BS)
6 Sensor Plugs (7 T/Cs) One Pressure Transducer
(SLA - Heritage) & 3 Heat ¥% on the Backshell (COTS)
Flux Sensors -
(2 total & 1 radiative -
WL, ~  MEADS(HS)
o 1 PT for Hypersonic
regime (MEDLI Spare)
MISP (HS)
11 Sensor Plugs

(17 T/Cs) SSE

(PICA - Heritage)  Data Acquisition & Signal Conditioning System| 6 PTs for
(Modified Heritage); & all mtra-mstrument Supersonic
g Regime
(New)

Parachute
Support
7% Structure
Up-Look
Cameras
(x3,1.3 MP
Color CMOS)

Descent
Stage

USB3 Hub &
Data
Storage Unit

Rover
Up-Look
Camera |

(1.3 MP Color
CMOS)

Rover

Down-Look

4 Camera

EDL Camera Data (1.3 MP Color

Omnidirectional Storage Unit cmos)

Microphone (Rover Internal)
Capsule

Collect data to see the EDL syste|

€
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Range Trigger Increases Landing Precision

Range trigger deploys the parachute
based on navigated range instead of
navigated velocity

Using range trigger significantly shrinks

the landing ellipse

Key benefits:
— Makes previously inaccessible landing
sites accessible

— Could save ~1 Earth year of driving

Range trigger is not a new idea
— Oiriginally considered for MSL

— After MSL landing, more comfortable
with guided entry performance

Latitude (deg)

Curiosity Best Estimate Landing Location
-4.59° Latitude, 137.44° Longitude

A
w

&
kS

Actual Velocity = Approximate Ran,
Trigger Ellipse Trigger Ellipse

&
o

&
[

-47 =
wit. Snarp Direction

05-Aug-2012 22:38:50 PDT

137.2 1373 1374 1375 1376 137.7
Longitude (deg)

99%-tile Ellipse Comparison
T T
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T.g/raln Relative Navigation

Heatshiel

Separation \.? / Terrain Relative Navigation
AItltude: ~8 km = ) .
veloclty: ~125m/s - o Jar Dat +  Takes images during parachute descent and
Time: Entry + ~278 s agdar Data
Collection i matches them to an onboard map
_— .
(L — Uses a dedicated computer and camera
— Yields a position solution
Prime MLEs \~® . . . . .
Alttude: -3 km &L ‘.) Terrain Performs terrain relative navigation while the

Velocity: ~80-100 m/sg spacecraft is priming the descent engines

Relative
Navigation«,

Executed by the Lander Vision System (LVS)

22;';?23!1” Safe Target Selection
Atuce: -2 km caf *  Uses position solution and list of safe landing
elocity: ~80- m afe a n
, I ion I safe landing target
o %@ Target ocations to select a g targ
Avoidance Divert Sglectlon _ .
N"e” «  Augments original MSL backshell avoidance
I divert
o Powered
= Descent
. Lives within MSL fuel and control constraints
Flyaway &% M© sy . o :
. Not “pinpoint” landing

TRN gives Mars 2020 “eyes” to avoid identified landing hazards 14
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Challenging Landing Sites

B Three of the final four Mars 2020

landing sites were deemed unsafe for
MSL

Approx Elev
{km)

B The addition of range trigger and TRN
enable safe landing at these sites

Jezero 18.44 77.50 -2.64
NE Syrtis 1788 7716  -2.04
Columbia Hills -14.55 17545  -1.95
Midway 1816 7705  -200

O Can now avoid dangerous rock fields,
slopes, and inescapable hazards

[0 Science targets can now be located within
the landing ellipse, significantly expediting
the landed mission

B Terrain and atmosphere — _
C h araCte rl Z ati on eﬁo rtS ne arl n g - s i .: ¥ fraction of(a__r;.:;r‘i‘(Ja‘EtI%’)t3
completion ;

Slopes (JEZ)

B Ready to support final site selection
in the fall

100 200 300 400 500
Pixels (bin size=150m)

EDL enhancements enable Mars 2020’s science objectives

15
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Current Development Status Highlights

B Hardware deliveries flowing in throughout this year Vision Compute

Element and Lander
Vision System Camera

B Residual heatshield from MSL failed static test
O Differed from heatshield flown by MSL
O Failure root cause under investigation
[0 No damage to the backshell
O Building a replacement heatshield for flight

[0 No resulting schedule impact

B Helicopter now part of the project baseline

O Increases chance of belly pan strike at landing due to
reduced ground clearance

Mars Helicopter Deployment System & Stowed
Helicopter (MHDS)

[0 Decision to include the helicopter informed by EDL risk LA
analysis &

B [ntegration and test has begun
[0 Descent stage and cruise stage nearly complete

[0 Vast majority of avionics delivered or near delivery

16




Jet Propulsion Laboratory
California Institute of Technology

Key EDL Challenges Remaining

2018

2019

2020

Landing site safety assessment in support of final
landing site selection

Completion of parachute inflation stress supersonic risk
reduction testing

Resolution of parachute induced IMU disturbance issue
Verification and validation of the EDL FSW behavior

EDL system tests on the flight vehicle

Verification and validation of the spacecraft interactions
with the Martian environment

Operations preparation

Stress testing
Operations verification and validation
Risk review and launch
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Summary

B Mars 2020’s EDL system builds upon MSL'’s successful EDL system
[ Given the opportunity to fix things we learned about on MSL

[0 Extended our landing capability with key additions to the system

B Mars 2020 EDL development remains on track
[J Landing site safety assessment process nearing completion
[0 Hardware is being delivered for integration
[0 Deep into our verification and validation campaign and system test preparation

[0 Parachute risk reduction efforts in progress; so far so good

B 969 days until landing!

18
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Backup

19
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Mars Helicopter

B Mars Helicopter is now officially part of the Mars 2020 Mission

. Helicopter Base Station Electronics (HBE)
. OVe rV I eW : Located in starboard aft enclosure
.

Helicopter Base Station Antenna (HBA)
Mounted on Rover Exterior on RPFA Thermal Enclosure

0 Mass: ~1.8kg

0 Approx. 1.1m x 0.25m x 0.02m

[0 Dual counter-rotating blades (L = 1.21m)
[ Solar powered with lithium-ion battery |
[0 B&W camera for nav; color camera for terrain .

Mars Helicopter Deployment System & Stowed
Helicopter (MHDS)
Integrated into aft rover bottom panel

B Concept of Operations

[0 The helicopter will be “dropped off” at a
relatively flat location.

[0 5 tech demo flights in 30-sol period of 30-
120 sec each

B EDL Impact: due to its location, the
helicopter increases the risk due to a
rock strike by ~0.5-1%

Credits: NASA/JPL-Caltech
20



High Level Schedule
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CY 1

9 CY 20

.
r i
ojec ' ATLO System Tests
' 1: LIC/E, FSW C4.0, Jan 2019
i 2: LIC, FSW C4.0.x, May 2019
‘/\ frr—— 4 : 3a: LIC/E, FSW C4.X, Aug 2019 H
H ' 3b: Rvr, FSW S5.0, Aug 2019 i
KDP A KDP B KDPD ! 4 : Rvr-STT, FSW S5.0, Sep 2019 KDPE
< 12Nov2013 A ' 5a: L/C/E FSW C4.L, Nov 2019
. ............ ‘ ‘ ' 5b: Rvr, FSW S5.0.x, Nov 2019
H | 6: FSW C4.2, S6.0, Jan 2020 A%
MCR SRR/MDR Heritage System Rvw CDR SIR ' 7: LICIE, CA.L, Mar 2020
6-7 Aug 2013 28-30 Oct 2014 15 Sep 2015 2-4 Feb 2016 28 Feb - 2 Mar 2017 Feb2018 ORR Launch EDL
: May 2020 Jul 2020 Feb 2021
<] [ emmes [ emeeo | e
'
: T — e :
i \\1.7 \z/ Y'I \3-7 i
: : '
‘ ! NN !
: | 1/2019  5/2019 82019 11/2019  3/2020 |
A4 Al N4 77 i i i
7 . oy iy <oz
74 7 \% \ | W WA | ATLO System Tests
v v : v 4
15t PSG Meeting 2nd PSG Meeting 3rd PSG Meeting Science Team Meeting #1 ; b oo w2019 11010 }
26 - 28 Aug 2014 23-24Mar 2015 8-10Jun 2016 Jun 2017 ' ! 912019 12020 |
: ! ATLO System Test :
'
EDL Milestones '
vEDL Concept Review vEDL Req. Review vEDL PDR vEDL CDR v Z’;‘g:g:;ﬁ :3::" v Ez';ussR:heck vEDL Risk Review
17 July 2013 13 August 2014 25-26 Aug 2015 15-16 Nov 2016 1 3.4 Octobor 2018 August 2019 April 2020
TRN PDR TRN CDR ILVS Delivery LVS Field Test
10-11 Nov 2015 Aug 2017 Nov 2018 Spring 2019
CIX 2.0 FSW '\'7 “\" C/X3.0FsW NI/ C/x 4.0 Fsw Y'] MEDLI2 Go/No Go
Jun2017 N \/ Dec2017 N/ Jun 2018 /' June2019
Terrain CapabilityRev. ~ 7 N 7% 7 Ter. Rev. \777 EDL SegmentReviews
sanz201s N NN saisois \/ Jan2020
Atm."Rev. S w7 ——r s
Apr 2018 V4 NV \\ 7 \\ /?\\ 7 CORT-5
\i'"7 X _/'7 ;Y_/‘/ \\/ AV v V' / Jan2021
v \, PV EDL Thread Tests COS-2  CORT-4 COS-3
ASPIRE SR01 SR02 | SRO3 July 2019 Mar 2020 Sep 2020 Dec 2020
4 0Oct 2017 31 Mar 2018 Jul 2018
H
% Landing Site 3
' 7 K % G | %
7 < Y o 7 o Y %
1st Callfor Imaging 2nd Call for Imaging M2020 1st Landing Site M2020 2nd Landing Site Workshop M2020 3rd Landing Site M2020 4th / Final Landing Site Backup Workshop LSW5
Future Landing Sites  Future Landing Sites Workshop (~25 sites) (~8 sites; ~4 or 5 selectable) Workshop(~4 sites) Worh:shop (~1 site) Launch-1year, July 2019
28 Oct 2010 11 Oct 2013 14-16 May 2014 ~Jun 2015 8.10 Feb 2017 16-18 Oct 2018 M2020 Landing Site
! Selection
i Jan 2019
i

Key activities

O 2018:

EDL FSW V&V
Landing site selection
Parachute risk reduction

2019:

+  Systems tests
« EDL functional certification V&V

Operations planning

U 2020:

Stress testing
Operations V&V

Risk review 21



