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Mars Sample Return

Mission Design

3. Mars Orbit Insertion
On arrival at Mars, it uses its
chemical propulsion module to
perform a chemical Mars Orbit
Insertion (MOI) into a highly
elliptical orbit around Mars

11. Earth Avoidance
Manoeuvre
ERO performs an Earth
avoidance manoeuvre to
prevent any potential contact
of residual Mars particles on
the spacecraft with the Earth’s
atmosphere

6. MAV Launch Coverage

4. EP Spirals to Low
Mars Orbit
Again using its SEP in order to
save propellant mass, it
spirals down into a circular
target rendezvous orbit
approximately 400 km
above the surface of
Mars

2. Outbound Cruise
ERO makes a continuous
low-thrust transfer to
Mars, using Solar Electric
Propulsion (SEP)

At the end of the surface mission prior to
the Northern hemisphere autumn and
subsequent potential global dust storms, the
ERO is positioned to provide tracking and
monitoring of the launch of the Mars Ascent
Vehicle (MAV) and release of the OS

5. Relay
Telecommunications
The transfer is timed to provide
relay telecommunication support
to the SRL mission including the
ESA provided Sample Fetch Rover
(SFR), launched in the same
opportunity

7. OS Detection, RdV & Capture
The ERO optically detects the OS, determines
its orbit, rendezvous with and captures the
OS. The Capture, Containment, and Return
System (CCRS) on-board the ERO isolates the
OS from any Mars material and transfers the
samples into the EEV. Subsequently all
potentially contaminated and unneeded
portions of the CCRS are jettisoned

10. EEV Release
Upon arrival at Earth,
the ERO releases the
EEV

8. Mars Departure
1. Launch
ERO is launched by
Ariane 6 from
Kourou in 2026

MSR Campaign context

The return module and the
retained parts of the CCRS
not jettisoned in Mars
orbit, then begin the Mars
departure by using the SEP
to spiral out of its
operational orbit

9. Inbound Cruise
Leaving Mars, the ERO
makes a continuous lowthrust transfer back to
Earth, using Solar Electric
Propulsion (SEP)

Earth Return Orbiter (ERO)
Anatomy

The Capture, Containment,
and Return System (CCRS)
Earth Return Module (ERM)

CCRS

Earth Entry Vehicle
(NASA)

(NASA)

Earth Entry Vehicle (EEV)

• Carries the EEV
• Returns to Earth
• Protects the EEV from
micrometeoroid impact
• Spins up and ejects the EEV

• Carries the OS
• Enters the Earth’s
atmosphere and safely
land the OS

Capture and Orient
Module (COM)
• Captures, secures
and orients the OS
• Jettisoned at Mars

Main Module
Orbit Insertion Module
(ESA)
Provides high performance
Chemical Propulsion (CP) system
Separated at Mars

(ESA)
Uses an Electric Propulsion (EP)
system with 4 x 8.5 kW thruster
powered by > 40 kW SA

ERO is a modular EP/CP hybrid spacecraft consisting of three modules:
The Main Module, the Orbit Insertion Module, and the NASA provided
Capture, Containment, and Return System (CCRS, including the Earth
Return Vehicle, EEV)
The total stack will be around 4.5 m tall and have a wingspan of > 40 m.

Orbiting Sample (OS) Detection
and Rendezvous
The orbiter uses an optical
sensor suite to detect and
locate the target Orbiting
Sample (OS) in Mars orbit

Orbiting
Sample (OS)

Containment Module (CM)
• Completes the first containment
stage
• Transfers the encapsulated OS into
the EEV
• Applies second containment when
OS is in EEV
• Jettisoned at Mars

Relay Telecommunication Support

Earth Return
Orbiter (ERO)

Planetary protection

SRL EDL

UHF communications
links to Mars surface

X-Band link to
Earth

SRL and MAS launch
ERO

Sophisticated optical hardware and
elaborate image processing
techniques are required for the
detection of the small, moving OS in
front of the noisy star background

SFR

Mars 2020

The ERO then matches the orbit and
starts to rendezvous the OS, demanding
a high degree of on-board autonomy

• The ERO provides relay telecommunications support to Mars 2020, the SRL
mission, including EDL, the SFR mission and the MAS ascent
• The high levels of autonomy and mobility required will depend upon reliable
and repetitive communications service
• Potentially ERO will provide additional support to further surface assets in
the frame of the Mars Relay Network

• The ERO mission is classified as COSPAR Category V, restricted Earth return
• Preventative measures are adopted to minimising potential contamination
of Mars and to ‘break the chain’ of contact between Mars and the Earth
• A sealing between ‘dust contaminated’ and ‘sterilised’ sides within the
CCRS is provided, ensuring that possible residual Mars material external to
the OS does not enter the ‘sterile’ side of the CCRS
• Strict adherence to Planetary Protection principles is enforced in order to
not compromise the scientific return of samples and to prevent potential
contamination of the Earth’s biosphere by unsterilized Mars material
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Disclaimer: The decision to implement Mars Sample Return will not be finalized until NASA’s completion of the National Environmental Policy Act (NEPA) process. This document is being made available for information purposes only.

