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• Process of delivering a vehicle from the top 
of the atmosphere to the surface and 
landing safely

• Three phases of flight
 Entry – Hypersonic flight: Guide to the target 
 Descent – Supersonic flight: Turn on engines 
 Landing – Subsonic flight: Extend landing 

gear and throttle engines for touchdown

• EDL is riskiest part of Mars exploration

Entry, Descent and Landing (EDL)
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Size: 1/2

Atmosphere: 1/100

Temperature: Cold

Distance: Far

Mass: 1/3

Why is Landing on Mars Hard?

Presenter
Presentation Notes
Atmosphere…or, rather, lack of atmosphere!Launch vehicle sizesMars’ distance from the Sun and EarthLack of infrastructureLack of in-depth knowledge about the environmentLong trip, to get thereAnd many other reasons…



NASA’s Mars Landing Missions
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Pathfinder 
1996

Spirit and Opportunity - 2004

Phoenix - 2008
InSight - 2018

Mars 2020 - PerseveranceCuriosity - 2012

Viking 1 & 2 
1976
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What’s New About Perseverance EDL?

More Precise Landing
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More EDL Views!

Courtesy NASA/JPL-Caltech



Landing Footprint Size Comparison

6
Courtesy ESA/DLR/FU-Berlin/NASA/JPL-Caltech



The Next Step: Mars Sample Return
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Image Credits: NASA/JPL-Caltech
Image Credit: NASA/LaRC

CHALLENGES: “Pinpoint” landing, MUCH heavier than M2020



We Can’t Test it Together, So We Model

Earth-based Tests          Models         Computer Simulation

Mars
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Presenter
Presentation Notes
Models of all the EDL component systems are brought together into this end to end EDL System simulation.This simulation exercises both the flight vehicle and the algorithms that autonomously fly the spacecraft in a virtual environment, which is representative of the conditions that might be encountered at Mars.  Literally 100s of millions of runs are made in the development and verification of EDL systems. Sometimes the only complete system performance verification for the EDL system is this simulation.



Forebody 
Heatshield (70 deg 

sphere-cone)

Aftbody Heatshield

Heat-flux Sensors

Thermocouples & 
Pressure Sensors

Structure: Composite facesheets
over Aluminum honeycomb

Adhesive Layer (limit 250 deg C)

Thermal Protection 
System (SLA-561V or PICA)

Traditional Heatshield System

Did we design it correctly?
Did it do what it should?
Can we make it lighter?



Aeroshell Instrumentation on Mars 2020
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Mars Landers: Comparison
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• Viking-heritage Entry, Descent, and Landing (EDL) technologies cannot land 
masses required for human Mars exploration

• Supersonic parachutes cannot be extended to high-mass EDL
• Propulsive descent and landing are enabling for human-scale EDL at Mars

to 1 t

Payloads up to 1 t Payloads 22-26 t



Mars Landing Sites are at Low Altitude
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Perseverance



Inflatable Heatshields Open Possibilities
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Mars 
Science 
Laboratory
4.5 m 

Inflatable 
Heatshield
8.3 m 

Courtesy NASA/JPL-Caltech

To slow down a big Mars lander, we need a larger heatshield than will fit inside a launch vehicle

The inflatable 
heatshield is 
packed to a small 
diameter for 
launch, then 
deploys outside 
the atmosphere 
to full size.



Anatomy of an Inflatable Heatshield

T1

T2
T3

T4

T5

T6T5.5
T7

T8

Inflatable Structure: Stacked torus design with 
straps to establish shape and distribute loads  

Inflatable Structure

F-TPS

Flexible TPS: Robust high-temperature outer layer, 
tailorable multi-layer insulation, and flexible gas 

barrier to protect the structure from heating

Instrumentation
(as needed)

Flexible
Insulation
(n layers)

Ceramic
Outer Fabric

(2 layers)

Gas Barrier
(1 layer)



What Does the Future Look Like?
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Small, Science-Focused?

Image Sources: (1) https://www.lpi.usra.edu/meetings/marsconcepts2012/pdf/4142.pdf (2) https://nssdc.gsfc.nasa.gov/ (3) https://www.lpi.usra.edu/meetings/marsconcepts2012/pdf/4219.pdf

(1)

(2)

(3)

Large, Human-Forward?

https://www.lpi.usra.edu/meetings/marsconcepts2012/pdf/4142.pdf
https://nssdc.gsfc.nasa.gov/
https://www.lpi.usra.edu/meetings/marsconcepts2012/pdf/4219.pdf


Summary

• Mars landers have increased in size and complexity over 
the past 50+ years but are limited by Viking technology

• Challenges remain, for Mars Sample Return and beyond
– Increased mass
– More precise landings
– Higher altitude terrain
– Access to hazardous locations

• New EDL systems will be needed for landing humans and 
their cargo (large aeroshells, efficient propulsion)

• Numerous options exist for delivering small science 
payloads that may fill Strategic Knowledge Gaps
– Planetary CubeSats will play a prominent role
– New delivery methods are worth consideration 16



Thank you!
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