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LAUNCH 
•  Atlas V 541 Class Rocket 
•  Period: Jul-Aug 2020 

CRUISE/APPROACH 
•  7.5 month cruise 
•  Arrive Feb 2021 

SURFACE MISSION 
•  Prime mission of at least one Mars year 
•  20 km traverse distance capability 
•  Enhanced surface productivity 
•  Seeking signs of past life 
•  Returnable cache of samples 
•  Prepare for human exploration of Mars 
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ENTRY, DESCENT & LANDING 
•  MSL EDL System: guided entry, 

powered descent, and sky crane 
•  Augmented by range trigger: 16 x 14 

km landing ellipse 
•  Augmented by TRN: enables safe 

landing at a greater number of 
scientifically valuable sites 

•  Access to landing sites ±30° latitude,   
≤ - 0.5 km elevation 

•  Deliver a 1050 kg rover 
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MEDLI2 Instrumentation on the Backshell and Heatshield 
EDL Cameras On the Backshell, Descent Stage, and Rover 



Mars	2020	Project	

Jet	Propulsion	Laboratory	
California	Ins5tute	of	Technology	EDL Timeline  

Backshell  
Separation 
and Safe Target Selection 
Time: ~E + 380 s 
Altitude: ~ 2 km 
Vel: 80 – 110 m/s 

Powered Descent 

Sky Crane 
 Flyaway 

Heatshield  
Separation 
Time: ~E + 280 s 
Alt:  ~6–10 km MOLA 
Vel: ~160 m/s 

Peak Heating 
Time: ~E + 70 s 

Hypersonic  
Aero-maneuvering 

Entry Interface 
Time: E + 0 min 

Peak Deceleration 
Time: ~E + 80 s 

Parachute Deploy 
Time: ~E + 260 s 
Alt: ~8 – 13 km MOLA 
Vel: ~440 m/s 

Cruise Stage Separation 
Time: E – 10 min 

CBMD 
Separation 
 Mobility  

Deploy 
 

Rover  
Separation 
Alt: 21.3 m 
Vel: 0.75 m/s 

Flyaway 

Touchdown 
Time: ~E + 430 s 
Vel: 0.75 m/s vertical 

Sky Crane Details 
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Alt: 20.7 -  14.5 m 
Vel: 0.75 m/s 

Radar  
Ground  
Solution 
and 
LVS Solution 
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Backshell  
Separation 
 

Powered 
Descent 

Sky  
Crane 

Flyaway 

Altitude: ~2 km 
Velocity: ~80-100 m/s 

Heatshield  
Separation 
Altitude: ~8 km 
Velocity: ~125 m/s 
Time: Entry + ~278 s 

Prime MLEs 

Radar Data 
Collection 

Backshell  
Avoidance Divert 
 

Safe Target 
Selection 
Divert 

Terrain  
Relative  
Navigation 

Terrain Relative Navigation 
•  Takes images during parachute descent and 

matches them to an onboard map 
–  Uses a dedicated computer and camera 
–  Yields a position solution  
 

•  Performs terrain relative navigation while the 
spacecraft is priming the descent engines 

•  Executed by the Lander Vision System (LVS) 

Safe Target Selection 
•  Uses position solution and list of safe landing 

locations to select a safe landing target 

•  Augments original MSL backshell avoidance 
divert 

•  Lives within MSL fuel and control constraints 

•  Not “pinpoint” landing 

Altitude: ~3 km 
Velocity: ~80-100 m/s 

TRN gives Mars 2020 “eyes” to avoid identified landing hazards 
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•  Preliminary design is complete 

•  LVS development status 
–  Prototype developed and 

tested in real-time field test 
(2014) over a wide range of 
Mars analog terrains and 
operational conditions 

–  Algorithms and software 
provide 40 m position estimate  

–  Vision Compute Element 
development at PDR level 

•  Safe Target Selection 
development status 
–  Prototype developed and 

integrated with heritage FSW 
–  Tested in EDL end to end 

simulation and testbed 
environments 

 

TRN Development Status 
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•  Pressure cycle very favorable for 2020 
–  Mars orbit eccentricity transfers CO2 from 

polar caps to atmosphere 
–  Atmosphere significantly more dense 

compared to MSL opportunity 
–  Low risk of dust events 

•  More atmospheric density = more 
stopping power 

•  2020 atmosphere provides significant 
“no cost” improvements to landing 
elevation for same landed mass 

•  Alternatively, can trade landing 
elevation improvement for increase in 
delivered mass 

20
20
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•  Landing site selection process for 
Mars 2020 is well underway 
–  2nd workshop held in August 2015 
–  3rd workshop planned for January 

2017 

•  Down-selected to eight candidate 
landing sites 
–  Principally driven by scientific 

objectives 

•  Continuing to evaluate top sites for 
landing safety and expected 
surface productivity 
–  Site specific atmosphere and 

terrain products developed 
–  Developing tailored surface 

operations scenarios for each site 
–  Significantly accelerated relative 

to MSL site selection process 

•  Majority of sites require TRN for 
safe landing 

Landing Site Selection Progress 

13th International Planetary Probe Workshop Cologne, Germany | June 2015 

yellow: <1.5m   
red: >2.25m 

ES
P_

01
64
43
_1
98
0,

blue-red: all counted rocks 
cyan:[1.5 – 2.25m] 

map resolution:150m 
rock counts in:150m x 150m tiles 

Density 
All sizes 

NE Syrtis 

NE Syrtis 

Site w/o TRN w/ TRN Comments 

Columbia Hills (Gusev) Can likely land near Columbia Hills with or without TRN 

Eberswalde  Near complete terrain data products available; likely 
requires TRN; potentially difficult traversability 

Holden (TRN target) Data product coverage is excellent; Southern latitude 
may be a surface productivity and longevity concern 

Jezero +3.75% Requires TRN; traverse difficulty may impact surface 
performance 

Mawrth +1.93% Near complete terrain data products; requires TRN; 
etched slopes will impact surface productivity 

NE Syrtis +1.75% Requires TRN; surface situation good 

Nili Fossae Data product coverage is good; TRN not required; 
surface situation good.  High site elevation. 

SW Melas +1.22% Safe with TRN; surface looks good as long as ellipse 
shrinks somewhat 
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•  LDSD parachute test results 
have heightened awareness of 
risk regarding parachute 
inflation 

•  Investigating a potential 
supersonic test program to 
address inflation related risks 
–  Studying sounding rocket 

based test campaign 
–  Evaluating test opportunities 

for Summer 2017 

•  Developing both MSL build to 
print and strengthened 
parachute designs in parallel 

Parachute Status 

13th International Planetary Probe Workshop Laurel, MD | June 2016 

WFF	Launch	Site	

1st	stage	burnout	
L+5.2	s	
Alt:	1.7	km	
Vel:	610	m/s	

2nd	stage	burnout	
L+47.4	s	
Alt:	24.4	km	
Vel:	821.5	m/s	

Payload	
SeparaHon	
L+115	s	
Alt:	51.6	km	
Vel:	351	m/s	

Fin	
Deploy	
L+117	s	

Chute	Deploy	
(selectable)	
Alt:	42-34	km	
Vel:	Mach	1.75-2.25	

AtlanHc	Ocean	

~50	km	

Despin	
L+110	s	

Apogee	
L+123	s	
Alt:	52	km	
Vel:	343	m/s	

Splashdown	
Vel:	4	m/s	
L+2950	s	(~50	min)	

Nosecone	ballast	
drop	
Alt:	3	km	

load at this instant was only 3000 lbf, not the 15875 lbf used in the simulations.  Using the appropriate loading, 
CANO predicts a maximum diameter of 25.9 ft while CALA gives 27.8 ft (a prediction from TENSION was not 
available at the time of this publication).  The estimated height of the Phoenix canopy is 11.9 ft while the predictions 
from CANO and CALA were 12.9 ft and 11.4 ft, respectively.  Of these two codes, CALA provided a better match 
to the observed Phoenix DGB dimensions.  Yet, overall good agreement was observed between the predicted and 
measured parachute shape using all three codes.       

   

 
Figure 2. Predicted parachute shape and stress distribution for the Phoenix DGB parachute at the Design 

Load Limit x 1.25 or 15875 lbf. 
 

V. Conclusion 
A comparative study of several structural analysis codes was performed to better assess their predictive 

capabilities regarding peak parachute stress and parachute shape.  Several DGB parachutes were used as test-
subjects, each with different constructed shapes and material properties spanning the typical design envelope.  
Overall good agreement was observed with each of the codes regarding the predicted parachute shape.  However, 
CALA seemed to provide the best match to the available data, followed by TENSION, and then CANO.  It was 
difficult to assess the accuracy of the stress predictions due to a lack of stress measurements.  In general, the 
predictions from CALA and TENSION were comparable to one another while CANO provided values that were 
either higher or lower than the other predictions.  Also, CANO incorrectly predicted failure of the MER canopy 
when it was tested to a peak load in excess of 25000 lbf.  The MER parachute displayed no signs of damage and 
another identical canopy was later tested to 30000 lbf without experiencing damage.  Of the three codes, CANO is 
the least user-friendly, the least reliable, and had demonstrated sensitivity to certain inputs and the vent boundary 
condition.  CALA was found to be the easiest to use and provided predictions that were comparable to TENSION in 
nearly every test case considered.  However, TENSION provides superior and more visually pleasing post-
processing capabilities than found in CALA.  Based upon the findings of this study, the authors plan to continue 
using both CALA and TENSION as stress analysis design tools.     

 
American Institute of Aeronautics and Astronautics 
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•  Successfully passed CEDL system, TRN, and Project PDRs 

•  Key upcoming milestones 
–  Parachute Go-Forward Plan Review 2  September 2016 

–  TRN CDR         October 2016 

–  CEDL CDR         Early November 2016 

–  Project CDR         November 2016 

–  MEDLI2 PDR        December 2016 

–  Landing Site Workshop #3     January 2017 

Programmatic Status 

13th International Planetary Probe Workshop Laurel, MD | June 2016 

Launch: July 17 – August 5, 2020 
Landing: February 18, 2021  



Mars	2020	Project	

Jet	Propulsion	Laboratory	
California	Ins5tute	of	Technology	

•  MSL EDL design and heritage remains largely intact as the project 
heads into CDR season 
–  Continuing to maintain our head start from MSL 
–  Working to address LDSD-related parachute risk 

•  Landing site science and engineering evaluation rapidly maturing 
 
•  TRN incorporated into the baseline 

–  Major EDL augmentation that will improve landing site access and 
surface productivity 

Summary  

12th International Planetary Probe Workshop Laurel, MD | June 2016 
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