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• Summary

MSR = Mars Sample Return;  ERO = Earth Return Orbiter;  CCRS = Capture, Containment, and Return System
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Need: 

NASA and ESA intend to return Martian samples safely 

to Earth for scientific research.

❖ Science:

• Understand our solar system history & evolution.

• Past & current habitability of Mars.

❖ Technology:

• Limitation of in-situ instruments. 

• Proven capability to return planetary samples with robots. 

Overall:

• Education & inspirational impacts to the public.

Why MSR?
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NASA = National Aeronautics and Space Administration;    ESA = European Space Agency
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MSR Campaign Elements
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(Mars Exploration Program)
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MSR Program Structure
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ARC = Ames Research Center; GSFC = Goddard Space Flight Center; JPL = Jet Propulsion Laboratory;

JSC = Johnson Space Center; LaRC = Langley Research Center; MSFC = Marshal Space Flight Center
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• Joint endeavor: NASA & ESA

• International partners: Airbus, Lockheed Martin, etc.

MSR Organizations Geography
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2
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MSR Architecture Overview
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28-27-33

• 2028 = SRL launch, 2027 = ERO launch, 2033 = Earth 

Return (nominal)

• Contingency return < 2035

MSR Campaign Timeline
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Rendezvous Mission Scenario
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EES Delivery Mission Scenario
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EES = Earth Entry System    

EDL = Entry, Descent & Landing

UTTR = Utah Test & Training Range
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ERO-CCRS Mission Overview
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Goals:
• Capture the OS and 

bring it back to Earth

• Relay support for 

Mars assets

MOI = Mars Orbit Insertion

OIM = Orbit Insertion Module
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1.Return the OS from Mars 

inside the EES.

2.Perform detection & 

rendezvous of the OS in 

the Mars orbit.

3.Provide surface 

communication relay at 

Mars.

4.Support CCRS during the 

transfer to Mars and at 

Mars.

ERO Objectives
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EES = Earth Entry System; OS = Orbiting Sample;  NACs = Narrow Angle Cameras
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ERO Phases
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Capture & Config Earth Entry System

(EES) Assembly

Containment Enclosure

Jettison

EES Release & 

Entry, Descent, Landing

CCRS Goal: 

To bring back the Orbiting Sample 

from Mars orbit to Earth safely and 

aseptically.
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CCRS Goal
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• Perform overall robotic operation at Mars orbit in a 

cleanly and timely manner (all CCRS phases)

• Capture & Configure the OS (C&C phase)

• Perform On-Orbit Assembly of  EES (EESOOA phase)

• Partial Jettison of CCRS to reduce mass for return and 

reduce contamination (PJR phase)

• Protect EES from meteorite collision and release the 

EES (PJR phase)

• Perform EES Approach, Entry, Descent and Landing 

on Earth (AEDL phase)

• Provide Ground and Operations support. 

CCRS Objectives
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C&C = Capture & Configuration; EESOOA = EES On-Orbit Assembly; 

PJR = Protection, Jettison & Release; AEDL = Approach, Entry, Descent and Landing
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Major system components of CCRS (interior, front view)

CCRS Payload Overview
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OM-G = Orientation Mechanism Guard; RD = Restraining Door; SCV = Secondary Containment Vessel

LTM = Linear Transfer Mechanism; SEM = Spin Eject Mechanism;  MMPS = Micro-Meteorite Protection System
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Functions:

• Execute direct commands from ground.

• Process commands from stored command files.

• Perform fault management functions.

• Generate and transmit housekeeping and engineering telemetry and 

images to ERO.

High-Level 

Block Diagram:

CCRS Payload Overview (cont’d)
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CCRS Ground Architecture
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1. Launch, Commissioning & Outbound Transfer (LCOT)

2. Capture & Configuration (C&C)

3. EES On-Orbit Assembly (EESOOA)

4. Protection, Jettison & Release (PJR)

5. Approach, Entry, Descent & Landing (AEDL)

CCRS Phases
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LCOT Phase
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C&C Phase
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EESOOA Phase
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PJR Phase
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AEDL Phase
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CCRS Critical Events
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Red box (Containment timeline allocation) = 30 days (720 hrs)

• Starts after confirmation of full LTM deployment and ends 

with closeout of the fully assembled EES and jettison.

• 50-50 allocation between CCRS (360 hrs) & ERO (360 hrs).

CE = Capture Enclosure; AE = Assembly Enclosure;  OS = Orbiting Sample

LTM = Linear Transfer Mechanism; SCV = Secondary Containment Vessel
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Operational Scenarios – LCOT phase
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Operational Scenarios – In Flight Rehearsal
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Operational Scenarios – C&C phase
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Operational Scenarios – EESOOA phase
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Operational Scenarios – PJR phase
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Operational Scenarios – AEDL phase
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• With ERO, CCRS would have many firsts

– Orbital rendezvous and capture in Mars orbit

– In-space sterilization and containment

– On-orbit spacecraft (EES) assembly at Mars

– Precise and fully passive entry, descent, and landing

• NASA is taking a “safety first” approach to MSR safety 

engineering and sample handling

– Consistent with Category V / restricted Earth return requirements

Summary
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