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The decision to implement Mars Sample Return will not be made until NASA's completion of the National Environment Policy Act (NEPA) process. This document is being made 
available for information purposes only.
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Mars Sample Return (MSR) Study Campaign 
Architecture Elements

• Three flight elements and one ground element

Flight Elements Ground Element

Sample Caching Rover
(Mars 2020)

• Sample acquisition 
and caching

Sample Retrieval Lander 
(SRL)

• Fetch Rover
• Orbiting Sample 

container (OS)
• Mars Ascent Vehicle

Mars Returned Sample 
Handling

• Sample Receiving Facility
• Curation
• Sample science 

investigations

Earth Return 
Orbiter

• Capture/Containment 
Module

• Earth Return Module
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MAV BAY

PRESSURANT TANKS
(4X)

FUEL TANKS
(275 kg hydrazine)

(2X)

MAV

FETCH ROVER

SAMPLE TRANSFER
INSTALLATION

LANDING GEAR DIFF
(2X)

SOLAR ARRAYS (8m^2)
(2X)

VIKING SH
(4X)

MLE
(6X)

ELEX PLATES
(3X)

LANDING GEAR
(4X)

1225 mm

735mm

• Currently Configured As A Powered Lander (vs Skycrane Delivered)
• Lander Mass (with Fuel): ~2300 kg With Growth Allowance To 2650 kg
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*** ~ +500 kg Extra EDL Lander Mass Needed Over MSL/M2020 ***
*** EDL Performance Augmentations Will Be Needed ***

Concept Drawing(s) Shown
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Stowed MAVStowed RoverSpherical Orion Style 
4.7m Heatshield
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Total Entry Mass ~4000 kg
(MSL/M2020 ~3500 kg)

Concept Drawing(s) Shown
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Backshell
Separation
Entry + 6:44

Landing

Heatshield
Separation
Entry + 4:30

Hypersonic 
Aero-maneuvering

Radar/LVS Data
Collection

Cruise Stage  a
Separation Entry Interface

Altitude 125 km
Speed 21,000 km/hr

Peak Heating
Entry + 1:15

Peak Deceleration
Entry + 1:25

Parachute Deploy
Entry + 4:01

~300 - 600 m

Precision Landing Target

< 10 m

Possible Hazard Detection
and Avoidance (HDA)

Up to 4 kilometers for Pinpoint Landing

< 100 m
(error) Possible Large Divert 

in Powered Descent

Skycrane or Lander

Possible Variations From M2020 During PD

• Very Similar EDL Event Sequence Compared 
To M2020 BUT WITH ~500 kg MORE MASS

Pre-Decisional Information -- For planning and discussion purposes only.

Powered 
Descent

(PD)

Concept Drawing(s) Shown
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Lead Collaborator: 
NASA Ames

Larger Diameter Aeroshell With Spherical
Heatshield & Extended Backshell

Trim Tab(s)Deployable Drag Skirt

4.5 / 4.7 / 5.0 / 5.2m

“Small” Hypersonic Inflatable 
Aerodynamic Decelerator

(HIAD)

Lead Collaborator: 
NASA LaRC

~6m

~6m

Pre-Decisional Information -- For planning and discussion purposes only.Concept Drawing(s) Shown
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• Spherical heatshield reduces heating
• Spherical heatshield + larger aeroshell

improves packing density
• Larger aeroshell reduces entry Bc
• Caveat: Would have to fit inside 

current launch vehicle fairing sizes
– Upper limit ~5.0m??

Aerothermal graphics/analysis courtesy of NASA Ames

Concept Drawing(s) Shown
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MES 1 

LAUNCH CONFIGURATION
DIAMETER = 4.7 m

ENTRY CONFIGURATION
DIAMETER = 5.7 m

LAUNCH

CENTAUR SEP

PLF JETTISON
L + 03:45

SRB JETTISON
L + 1:50

CRUISE

CHUTE DEPLOY
~450 m/s, ~MACH 1.7

HEATSHIELD SEP

BACKSHELL SEP
~100 m/s

POWERED DESCENT

GUIDED ENTRYCRUISE STAGE SEP

MECO 2 
& SRL SEP
L + ~44:00 MIN

MES 2 

Drag Skirt Deploy Prior 
to Booster Separation

5/29/2019 8

Drag Skirt 
attached to BS

0deg AoA and 
Symmetric Aeroshell 

@ Chute deploy

Symmetric Drag 
Skirt, L/D = 0.24

Ballast mass eject for 
CG offset

Graphic Courtesy Of NASA Ames

• Can be stowed within standard fairing sizes
• Could be deployed exo-atmospherically while still 

attached (or soon after detachment) from the 
upper stage booster

Concept Drawing(s) Shown
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Hypersonic: Notional 
HIAD CONOPS    

Backshell
Separation
Entry + 6:44

Heatshield
Separation
Entry + 4:30

Hypersonic 
Aero-maneuvering

CBMD
Separation

Radar/LVS Data
Collection

Cruise Stage  a
Separation

Entry Interface
Altitude 125 km
Speed 21,000 km/hr

Peak Heating
Entry + 1:15

Peak Deceleration
Entry + 1:25

Parachute Deploy
Entry + 4:01

~300 - 600 m

• Can be efficiently stowed during cruise to Mars
• Deployed prior to entry and must stay inflated for 

several minutes through the entry phase
• Must be rigid enough to enable non-zero angle of 

attack (i.e. lifting) maneuvering during entry
• Flexible TPS technology required to protect the 

inflatable device from entry heating

HIAD 
Deployed At 
Or Prior To 
Entry

Pre-Decisional Information -- For planning and discussion purposes only.

Powered 
Descent

LandingConcept Drawing(s) Shown
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Cruise, Stowed

Cruise, Deployed

Entry, Start

Entry, Peak

SUFR

Parachute Descent

• ~1 x 1 m trim tab
• Provides lifting angle of attack during 

entry
• Eliminates entry balance mass
• Eliminates cruise balance mass

Concept Drawing(s) Shown
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Larger Diameter Parachute
And/Or Deployed At Higher Mach Supersonic Trailing Ballute

(drag augmentation)

4.4m+ 
Deployed at 

~Mach 2.5 – 3.0
(LDSD Heritage)

21.5m
Mach 1.7

<= 25m
<= Mach 2.5 (3s limit)
(~red lines for chute design)  

Supersonic Inflatable 
Aerodynamic Decelerator (SIAD)

6m Diameter

Pre-Decisional Information -- For planning and discussion purposes only.Concept Drawing(s) Shown
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Supersonic: Notional 
SIAD CONOPS    

Backshell
Separation
Entry + 6:44

Landing

Heatshield
Separation
Entry + 4:30

Hypersonic 
Aero-maneuvering

CBMD
Separation

Radar/LVS Data
Collection

Cruise Stage  a
Separation

Entry Interface
Altitude 125 km
Speed 21,000 km/hr

Peak Heating
Entry + 1:15

Peak Deceleration
Entry + 1:25

Parachute Deploy
Entry + 4:01

~300 - 600 m

Powered 
Descent

• Usual hypersonic guided entry followed by SIAD 
deployment around Mach 3

• Zeroing angle of attack (i.e. SUFR) would occur just 
prior to SIAD deployment

• Subsequent event sequence remains unchanged

SIAD Deploy: Mach ~3.0

Pre-Decisional Information -- For planning and discussion purposes only.

Concept Drawing(s) Shown
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OPTION 1:
staged for extended period 

of time as a deceleration 
enhancement

OPTION 2: 
deceleration + 

chute extraction

(1)

(2)

(3)

(4)

(5)

(6)

(7) (8)

(release length is tailored)

PDD Mortar Fire to PDD Line Stretch PDD Bag Strip and Inflation

PDD Triple Bridle Release and Parachute Bag Extraction, Riser Line Pulls up Parachute Tripe Bridle

Parachute Line Stretch to Bag Strip

Parachute Inflation Parachute Inflated

Equivalent 
To Mortar 
Deployed 
Chute

• 4.4m ballute demonstrated successfully on LDSD
• Benefit: enhanced deceleration + (possible removal of chute mortar subsystem)
• Will require flight test(s) to qualify the specific SRL deployment strategy

Pre-Decisional Information -- For planning and discussion purposes only. 13Concept Drawing(s) Shown
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Augmentations Under Study:
Need ~ +500kg Total Mass Benefit

14

Category
(regime) Possible Augmentation Ignition Mass Benefit

(preliminary estimates)

ENTRY
(Hyper-sonic)

Hypersonic Inflatable Aerodynamic Decelerator (6m HIAD) ~ +400 kg

Larger drag area using drag skirt (6m) ~ +375 kg

Trim Tab (single; includes drag area and balance benefit) ~ +300 kg (under review)

Larger capsule diameter:  5.0 / 5.2m ~ +125 / +200 kg

ENTRY / 
DESCENT

(Super-sonic)

Increase Mach at chute deploy to 1.85 / 1.95 ~ +175 / +275 kg

Ballute drag (~Mach 3 deployment): 5.4 / 6.4m ~ +125 / 225 kg

Supersonic Inflatable Aerodynamic Decelerator (6m SIAD) ~ +150 kg

Increase chute diameter to 23m ~ +125 kg

DESCENT
(Sub-Sonic)

~10s timeline relief via upgrade sensor strategy ~ +200 kg

Possible Solution Sets (FYI)

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6

10s relief 10s relief 10s relief 10s relief 10s relief 10s relief

23m chute 5.0m capsule 5.4m Ballute Tab Drag Skirt

Mach 1.95 Mach 1.85 Mach 1.85 Mach 1.85

Performance Benefit: ~ +475 kg ~ +500 kg ~ +500 kg ~ +500 kg ~ +500 kg ~ +525 kg

Chute Dynp: +25% ~ +25-30% ~ +15% ~ +5% ~ 0% ~ -10%

Reference
• M2020 timeline
• 21.5m chute
• 4.7m capsule
• Mach 1.75 chute 

deploy

Pre-Decisional Information -- For planning and discussion purposes only.
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BACKUP
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Ejecting And Igniting MAV Above Lander Platform 
Avoids All Plume Interaction Issues

(concept used extensively in military applications)

Pre-Decisional Information -- For planning and discussion purposes only. 16Concept Drawing(s) Shown
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Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)

Pre-Decisional Information -- For planning and discussion purposes only. 17
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EDL Max Ignition Mass 

(Forebody Augmentation Only)

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)

Iso-M2020 
Chute Timeline

Pre-Decisional Information -- For planning and discussion purposes only. 18
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EDL Max Ignition Mass With 10s 

Chute Phase Relief

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)
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EDL Max Ignition Mass With 20s 

Chute Phase Relief

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

EDL Max Ignition Mass With 10s 

Chute Phase Relief

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)
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Chute Dynp = M2020 

% Increase Chute Deploy 
Dynp From M2020

% Decrease Chute Deploy 
Dynp From M2020

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

EDL Max Ignition Mass With 20s 

Chute Phase Relief

EDL Max Ignition Mass With 10s 

Chute Phase Relief

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)
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+5%

+10%

+15%+20%+25%

-5%

-10%

-15%

-20%

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

+30%+35%

Chute Dynp = M2020 

% Increase Chute Deploy 
Dynp From M2020

% Decrease Chute Deploy 
Dynp From M2020

EDL Max Ignition Mass With 20s 

Chute Phase Relief

EDL Max Ignition Mass With 10s 

Chute Phase Relief

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)

Chute 
Dragons

Pre-Decisional Information -- For planning and discussion purposes only. 22
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+5%

+10%

+15%+20%+25%

-5%

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

+30%+35%

% Increase Chute Deploy 
Dynp From M2020

% Decrease Chute Deploy 
Dynp From M2020

EDL Max Ignition Mass With 20s 

Chute Phase Relief

EDL Max Ignition Mass With 10s 

Chute Phase Relief

Chute 
Dragons

-10%

-15%

-20%

Chute Dynp = M2020 
M2020 Chute

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)
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+5%

+10%

+15%+20%+25%

-5%

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

+30%+35%

% Increase Chute Deploy 
Dynp From M2020

% Decrease Chute Deploy 
Dynp From M2020

EDL Max Ignition Mass With 20s 

Chute Phase Relief

EDL Max Ignition Mass With 10s 

Chute Phase Relief

Chute 
Dragons

-10%

-15%

-20%

Chute Dynp = M2020 
M2020 Chute

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)

M2020 Chute, Forebody 
Augmentation Only
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+5%

+10%

+15%+20%+25%

-5%

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

+30%+35%

% Increase Chute Deploy 
Dynp From M2020

% Decrease Chute Deploy 
Dynp From M2020

EDL Max Ignition Mass With 20s 

Chute Phase Relief

EDL Max Ignition Mass With 10s 

Chute Phase Relief

Chute 
Dragons

-10%

-15%

-20%

Chute Dynp = M2020 
M2020 Chute

EDL Max Ignition Mass 

(Forebody Augmentation Only)

M2020 Chute, Forebody 
Augmentation Only

M2020 Chute, ForeBody Augmentation Only, and 
Launch On Atlas 551 (With Conv. Cruise Stage)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)
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+5%

+10%

+15%+20%+25%

-5%

Launch Capability and EDL Capability vs 
Entry Diameter (Chute Mach/Diam = 1.75/21.5m)

+30%+35%

% Increase Chute Deploy 
Dynp From M2020

% Decrease Chute Deploy 
Dynp From M2020

EDL Max Ignition Mass With 20s 

Chute Phase Relief

EDL Max Ignition Mass With 10s 

Chute Phase Relief

Chute 
Dragons

-10%

-15%

-20%

Chute Dynp = M2020 

EDL Max Ignition Mass 

(Forebody Augmentation Only)

Max Atlas 551 Launch Capability 
(Conventional Cruise Stage)

Ign Mass Current
Ign Mass Challenge

~+500kg
M2020 Chute

M2020 Chute, Forebody 
Augmentation Only

M2020 Chute, ForeBody Augmentation Only, and 
Launch On Atlas 551 (With Conv. Cruise Stage)
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