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Outline

Mars Sample Return — Capture, Containment and Return System

« MSR campaign overview * ERO-CCRS mission

— Motivation overview

— Campaign elements — ERO goal & objectives

— Program structure — ERO phases

— Organizations geography — CCRS goal & objectives

— Architecture — CCRS payload & ground

— Campaign timeline — CCRS phases

— Scenatrios related to CCRS — CCRS operation scenarios
e Summary

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



Why MSR?

Mars Sample Return — Capture, Containment and Return System
e

Need:
NASA and ESA intend to return Martian samples safely
to Earth for scientific research.

s Science:

« Understand our solar system history & evolution.

» Past & current habitability of Mars.

s Technology:

* Limitation of in-situ instruments.

* Proven capability to return planetary samples with robots.
Overall:

« Education & inspirational impacts to the public.

NASA = National Aeronautics and Space Administration; ESA = European Space Agency



MSR Campaign Elements
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Capture, Containment and Return System
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MEP
(Mars Exploration Program)

| | NASA
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Mars Sample Return Program

Sample Retrieval Lander
(SRL)

+ Orbiting Sample (OS)

+ Sample Recovery
Helicopters (SRH)

« Mars Launch System (MLS)

« Sampling Transfer Handiing
System (STHS)

-
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Earth Return Orbiter
(ERQ)

» Capture, Containment, and
Return System (CCRS)
+ Earth Entry System (EES)

MSR

Sample Recelving Project
(SRP)
 Sample Receiving Facdiiity

« Curation
« Sample science
mvestigalions

MEP

Ground
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MSR Program Structure
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Mars Sample Return Program

Mars Sample Return Program Director (NASA HQ)%

Mars
Exploration
Program

Mars 2020 @
Project

___________________

| Returnable @
. Sample Tubes |

[INASA []ESA
®ARC @ LaRC

GSFC @ MSFC
®JPL O KSC
@ JSC

Mars Sample Return Program Office (System Level)

Program Management

Mission Assurance
Planetary Protection

Lander Project @
e @

* Mission System

Capture, Containment and Return System

Sample Retrieval @

System O

'Sample Recovery @
. Helicopter @@

Payload Project _

System Engineering & Integration + Interface to Mars2020 Mars.
* Interface to Sample @ Exploration
Receiving Project 7] Program
Earth Return Orbiter Sample
Project Receiving 0
Project
. Capture, ; Curation & @
. Containment, & @: Sample
. Return System @ Distribution

ARC= Ames Research Center,
GSFC= Goddard Space Flight Center,
JPL= Jet Propulsion Lab (Cal Tech),
JSC= Johnson Space Flight Center,
LaRC= Langley Research Center,
ESA= European Space Agency

KSC= Kennedy Space Center

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




MSR Organizations Geography
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« Joint endeavor: NASA & ESA
* International partners: Airbus, Lockheed Martin, etc.

(':'esa (Netheriands)

STA Management (;NP’ s < S
*  ERO Management o5 | /:\
*  SFR Management 25
§b¢ﬁ K
\,-/'/ /

Ames (cA)—,
*  Aerothermal
Support

JPL

A
2 Propsen Lisonstary (CA)

. Flight Dynamics
Support

*  MSR Program Management
*  Project Management

*  Sample Return Lander-1 (w MLS) .« MLS KSC iru)
*  Mission Operations *  Launch
*  Mars 2020




MSR Architecture Overview
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MSR Campaign Timeline
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28-27-33

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

Return (nominal)
« Contingency return < 2035

2030 2031

2032
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Launched 2020, arrived 2021

. ERO

(with CCRS)

Science Mission and MSR Support

Earth to Mars

MOI

Earth to Mars

SRL arrival Ls 46", MLS launch Ls 150°, conjunctions SEM < 10* & 5°, dust storm seasons Ls 165-345°, N winters Ls 225-315
| . |
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CRS = Capture, Containment, and Return System
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Rendezvous Mission Scenario
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EES Delivery Mission Scenario
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2028 2029

30 20131 2032
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Science Mission and MSR Support

(with CCRS)
Earth to Mars

Earih to Mars

—

LMO (Relay)

28-27-33

EES Delivery
Phase

Capture, Containment and Return System

From Inbound
Transfer Phase

m Interplanetary
- Trajectory
—

i

\

Mansuver
(ETRa)

s
Earth Targeting

Tracking/Planning
EES Release

Final Cleanup
Manouver (FCM)
A

Carth Avoidance

Maneuver (EAM)

Y
Subphase: Target and Release

Subphase: Earth Avoidance

e

Timeline

+ ETMGo/No-Go 1 day before ETM .

¢ ETM: *3 days before FCM (2 days tracking + 1 day planning) Su bphase' EES App roach and EDL st UTTH
FCM: 2 hours before release

+ EESRelease:  Entry-3 days (nominal), up to -36 hr (contingency) EES = Earth Entry System

¢ Baw EES Release + 1 r EDL = Entry, Descent & Landing RO Enters

+ FAMX: Entry - 31 hr = ini Heliceniric

+ ERODisposal: ~ Perigee +4 days (long term Earth avoidance, BPP) UTTR = Utah Test & Trammg Range Orbit P

To Retirement Phase «—

J
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ERO-CCRS Mission Overview
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CCM jettisoning
(after OS capture)

Goals:

» Capture the OS and ( )
bring it back to Earth

* Relay support for
Mars assets [ ousouns

Transfer
Phase

2

Spiralling

oM ,/ "1 spiraling
’ Up Phase

’
) Down Phase
’
1y T T TT

UHF relay support -
(SRL EDL and MAS Launch). b
OS detection, rendezvous and capture

ESTRACK 9
&, Inbound
Transfer
Phase

Launch from
Kourou with 10 \
ARIANE 64,
direct injection M
Earth
Targeting
Manoeuvres

-__ Earth Avoidance MOI = Mars Orbit Insertion
i Manoewre N OIM = Orbit Insertion Module




ERO Objectives

1.Return the OS from Mars
inside the EES.

2.Perform detection &
rendezvous of the OS in
the Mars orhbit.

3.Provide surface
communication relay at
Mars.

4.Support CCRS during the
transfer to Mars and at
Mars.

CCRS - L~ NACs

Arrays

Orbit

EES = Earth Entry System; OS = Orbiting Sample; NACs = Narrow Angle Cameras
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ERO Phases
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¥~ ERO Launch Earth Flyby MOI Burn  OIM Jettison Capture OS CVemson Leave Mars EES Release Delivery
a - -
b Outbound Transfer H Spiral Down LMOSP m ¢ nbound Transfer A
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ERO Phase
Launch & Early Operations (LEOP) Mars Orbit Insertion Phase (MOIP) Rendevzous Phase (RVDP) Inbound Transfer Phase (ITP)
Near Earth Commissioning Phase (NECP) Spiral Down Phase (SDP) Containment Phase (COP) EES Delivery Phase (EDP)
- Outbound Transfer Phase (OTP) Low Mars Orbit Support Phase (LMOSP) Spiral Up Phase (SUP) - Retirement Phase (RP)




CCRS Goal

Mars Sample Return — Capture, Containment and Return System

CCRS Goal:
To bring back the Orbiting Sample
from Mars orbit to Earth safely and
aseptically.

EES Release

Subphase: Earth Avoidance
/
_J Earth Avoidance

Maneuver (EAM)

2ase /

proach and EDL ~ essuands _
atUTTR

Capture & Config Earth Entry System  Containment Enclosure EES Release &
(EES) Assembly Jettison Entry, Descent, Landing
14



CCRS Objectives

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.

C&C = Capture & Configuration; EESOOA = EES On-Orbit Assembly;
PJR = Protection, Jettison & Release; AEDL = Approach, Entry, Descent and Landing
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CCRS Payload Overview
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Major system components of CCRS (interior, front view)

Aerothermal Closeout 0s Micrometeoroid
(ATC) + SCV Lid + SOLAR MM EES Enclosure
Capture .
Enclosure | 20 OM-G == N, SEM
- 7’ / = “ *
—\ , ) %

~w—
“Vision

N

Capture Cone _ .~

\!\ ;

Capture Lid

\ MI\APS Plate

r

Gantliy ’

Assembly
I ‘ Enclosure

Qvionics

\ |
\
Jettison A\ UV Rings T~ Lid Assembly Launch
RD Mechanisms End Effector Restraint Mechanism
(LRM)

/

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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CCRS Payload Overview (cont’d)
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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 t0 ERO. == |[= |

= == = Temporary Interface
s 80-100V Power (survival + Main Op Htr) Visual
Mechanical

s 28V Power (op power + Jett Op Htr) SpaceWire TIm/Cmd

= 100-135V Power (UV TBC)

. Earth Entry
ngh-LeveI Rttt { o
. I =

Block Diagram: .
: : Assembly
i - e Enclosure
: : Sample (OS) : Capture T
I Enclosure |
| 1 <o —
I i T TUT T Lsettison Main
: I p- X Avionics Avionics

1 S

[ I

Earth Return Orbiter (ERO)
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CCRS Ground Architecture
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Capture, Containment & Return System (CCRS)

Telemetry 1 1 Commands
1

Enroute to Mars:

= 2-hr daily contacts with Earth

= B8-hr weekly contacts with Earth
At Mars:

= ERO orbits Mars 12 times a day

Freq: X-band

Antennas: HGA, MGA & LGAs
Max TLM Rates:

* 2.5 Mb/s near Earth

* 250kb/s at Mars (2.2AU)

= Each orbit has ~40 min contact with Earth Light Time Delay: 4-21 min
Deep Space Network (DSN) ? ?ESTRACK

Command t : | Command

|
& Telemetry 1 | J & Telemetry

ERO Mission Ops Center “MOC” (ESOC)

1 I Planning CCRS Stored 4 1
' : 1 1 Payload Ops :
Telemetry I Products Commands 1 I Requests Voice

1 Remote © Remote

] 1 A
1 1
: Access : Acosss Products *CMD ‘ . LM | LM

NASA Laptops Backup POC Payload Systems Test Bed MSR Program {JPL]




CCRS Phases
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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)

ITP EDP RP

LEOP + oTP MOIP  SDP LMOSP RDVP Containment SupP
(335d) (30d) (4d)

NECP (30d) (694d) (13d) (299d) (274d) (152d) (30d) (321d)

*‘ 10/26/2031 11/25/2031

<
10/25/2027 °

* PR (683d) AEDL (3d) =

o LCOT (1458d) with OS (4d) q EESProtection (@) Deliver EES
£ : Capture OS CE Jetti
= + Commissionin g B ettison 10/11/2033

¢ Cruise Checkouts + OM orients OS < MMPS Open
= *  Aliveness Checks © cesrelease
- *  In-Flight Rehearsal * Takeimage of 05 * 05 Pickup

e «  0SEndcap UV «  LOSbody UV

2 illumination () lllumination
S *  LOS Install
O *  Retract and Stow RTAS
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LCOT Phase
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LEOP + oTP MOIP SDP LMOSP RDVP
NECP (30d) (694d) (13d) (299d) (274d) (152d)

N N— @026/

6 10/25/27 LCOT 10/22/31 C&C

suep ITP EDP RP
(321d) (335d) (30d) (4d)

Campaign Phase MLS Launch and Rendezvous
ERO Phase Pre-Launch LEOP | OTP, MOIP, SDP, LMOSP
CCRS Phase Launch, Commissioning & Outbound Transfer (1458 d)
CCRS Subphase Pre-Launch Launch Commissioning Cruise Alive Cruise Checkout In-Flight Rehearsal
0 during ERO Rel.
Timeframe TBDtoL-3 hr L-3 hr to L+7 days  L+7 days to L+30 days Every 4 months Once a year nee !.mng ey
Operations
- Aliveness tests of CCRS + Release Launch Locks*
components on launch - Survive Launch + ROM on reversible « ROM on reversible
- Temperature &
Key Functions Pad + No CCRS actuators + Small Actuator Moves actuators

sensor polling

- Confirm ready to Commanding - Full functional checkout - Flight Calibrations
launch of system
ERO arrives at the Launch 5/Cis configured to ERO is complete with
Entry Criteria . / € o p o ERO not busy ERO not busy ERO not busy
Site Internal Power mission critical activities.
Ground confirms
ERO is complete Ground confirms
s S/C is configured to ., L P . Ground confirms system Ground confirms ) system functionality
Exit Criteria with mission eritical . Mechanism
Internal Power L functionality post launch  CCRS Health & Safety ) . and powers CCRS OFF
activities functionality

until arrival at HIP
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C&C Phase

Mars Sample Return — Capture, Containment and Return System

LEOP + QTP MOIP SDP  LMOSP  RDVP
NECP (30d) (694d) (13d) (299d) (274d)  (152d)

*‘10131/29 @10/26/31

; ‘ 10/25/27 LCOT 10/22/31 C&C

SUp ITP EDP RP
(321d) (335d) (30d) (4d)

Campaign MLS Launch and Rendezvous Containment
ERO Phase RDVP Containment (COP)

CCRS Phase Capture & Configuration

CCRS Subphase Pre-Capture Capture Funneling Orientation

35min+4hrsground  UVstep #1 =~30hours +

about 2.5 days* + 8 hrs 40 min + 4 hrs ground

Duration . . 186 min 8 hrs . .
ground reviews review review ground review
1. 0S triggers sensor 1. OM grasps 0OS and 1. Take image of OS end-
1. Open capture lid ) . )
2 LTM capture arrays, actuation of LTM manipulated into correct cap 1. Open OM-RD
U P swing arm & lid 1. LTM funnels OS thru  orientation 2. 0S constrained in OM ~ _ P
operation checkout L . 2. Power on UV System
Key Functions 2.LTM arm fully the capture cone; stops 2. Move LTM to Beginning with RD closed .
3. Power ONCS5 & . 3. UV lllumination Step #1
Capture Sensor deployed* (0S at OM bulkhed of Travel 3. Pre-Load OM against (Ring-1) of Endca
Ca::i'braﬁm Captured) 3.Preload OS against  OM-G with OM-RD & P
3. Capture Lid Closed* oOM-G 4. Power OFF CSE
Entry Criteria ERO isat HIP Previous exit criteria Previous exit criteria Previous exit criteria Previous exit criteria Previous exit criteria
LTM reach d of Ground verifies OS End-
Ground “Go” for Ground confirms 0S is rea‘ esen _o_ . Ground verifies 0S round vertties . "
Exit Criteria " travel with OS within ~ OM-G is rotated clear . o Cap has completed it's UV
capture at SK4 within capture cone orientation via images

oM lllumination
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EESOOA Phase
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LEOP + oTP MOIP  SDP LMOSP RDVP
NECP (30d) (694d) (13d) (299d) (274d) (152d)

- @:0126/31

¢ @ 10/25/27 10/22/31 Cc&C

sup ITP EDP RP
(321d) (335d) (30d) (4d)

ERO Phase Containment (COP)
CCRS Phase EES On-Orbit Assembly
CCRS Subphase OS Pickup UV lllumination
Non-thrusting time: ~178 h
Duration 2.5 hours + 3 GITL Ep e e il 2.5 hours +3 GITL

Thrusting Allowed: TBD duration for 12 GITL

1. Initialize RTS/PIE

2. Extend RTS Gantry towards OS in OM
Key Functions 3. Latch SOLAR to OS * (irreversible)

4. Retract OM Paddles

5. Retract RTS Gantry with LOS

1. Position LOS For Installation
1. UV lllumination Step #2 - 13 2. Angularly & Axially Align LOS to EESA
2. Power off UV System 3. Assemble EESA into Landing Config*
4. Retract and Stow RTAS

Entry Criteria 0OS Endcap has completed UV illumination Previous Exit Citeria Previous Exit Citeria

Ground confirms successful assembly of EES
aeroshell into landing configuration, with
RTAS stowed

Ground confirms UV illumination of LOS body

Exit Criteria EEis in Full Grip ) ) ) -
is complete, Gantry is in final position
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PJR Phase
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LEOP + QTP MOIP SDP LMOSP RDVP copP ) SUP ITP EDP RP

NECP (30d)  (694d) (13d) (299d) (274d)  (152d) (30d) ) (321d) (335d)  (30d) (4d)
* @i :

1/29 /

] @10/26/31
« @ 10/25/27 LCOT 10/22/31 C&C

MSR Phase Containment N/A EES Delivery
ERO Phase Ccap SUP ITP EDP

CCRS Phase Protection, Jettison & Release (683 days)

CCRS Subphase Jettison Transit EES Release

< 20 msec for cable cutters actuation 678 days From uplink cmds - release (5 days)
< 20 msec for separation system actuation Note: EES ejection duration (min-
B Plus time waiting for ground confirmation max): 0.242 - 0.312 seconds (ERO-
of telemetry CCRS-IRD-70)
Plus time waiting for ground
confirmation of telemetry
1. Cut Cables connection between both 1. Provide protection against 3
Key Functions (CE and AE) and (RSS and ERO) MMOD ; E::?d?::it:::: capability to
2. Separate CE from AE 2. CCRS Aliveness Checks during
3. Kick CE off AE/ERO SUP & ITP release EES from ERO/CCRS

Telemetry confirms successful installation

Entry Criteria of SCV in EES aeroshell Previous Exit Criteria Previous Exit Criteria

Telemetry confirms successful separation ERO reaches planned ETM
s (Fre EES released from ERO
BHEHESE of CE from ERO/AE location
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AEDL Phase
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LEQP + oTP MOIP  SDP  LMOSP  RDVP
NECP (30d)  (694d) (13d) (299d) (274d)  (152d)

N — @:026731

¢ @ 102527 LCOT 10/22/31

Sup ITP EDP RP
(321d) {335d) (30d) (4d)

Program Phase EES Delivery
ERO Phase
CCRS Phase Earth Approach, Entry, Descent & Landing (3 days)
CCRS Subphase Approach & EDL Subphases
Duration 3 days
. Deliver EES on free-flight through space until atmospheric entry and landing at the
e landing site
Entry Criteria Immediately after EES release

Exit Criteria EES lands at the landing site



CCRS Critical E t
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CCRS CCRS Not- ERO ERO ERO MSR MSR
Event Mission Time Reversible Critical Safety Cameras Key Decision

CCRS
Phase

Critical Critical Phase Critical Monitoring  Event Point

Launch Lock Releases (E3| LCOT
OS Capture = Xl X C&C
Deploy LTM X X C&C
Close Capture Lid El * EI ~ C&C
Complete OS base illumination X C&C
Latch OS to Integrated Lid X X EESOOA
Complete OS body illumination EESOOA
LOS Radially Aligned to EES Aeroshell (B EESOOA
SCV Latch hardstop Engaged (EESA Closeout) X l EESOOA
Sever Cables Between CE & AE Xl PIR
Jettison Capture Enclosure (CE) Ed| PIR
Open MMPS Lid E E E PJR
Release EES X X1 1 x] x] X1 x PJR

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



Operational Scenarios — LCOT phase
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Capture, Containment and Return System

N\

* = release event

*= non-reversible event

B
= Ground-In-The-Loop

Action via ground
command

1. Pre-Launch (Aliveness Check on Launch Pad)

Phase starts with

CCRS/ERO
arrival at the

3
[Amms.kﬂlvivallms

)mou)‘ b)mou}x‘ c)Aﬁveness\(é\\‘( d) Power

A cheds JA LOFFAvionks]

Launch Site

2 Commissioning 3. Cruise Aliveness
power| 2 [alfeeme( o | BES | o c)VS d)uv\% e]m \ O BRIPE) o h)Pwer ' A
oN = usum Mechanism =N ‘.& Mechanism N
Avionics Locks ROM Tests “ ROM Tests m
Repeat every 4 months during I
One-Time Event During NECP OTP, SDP & LMOSP |
|
i ; Phase ends with
4. Cruise Checkout 5. In-Flight Rehearsal ERO at Homing N
._\\ b) ccs C)VS (d)W] (elﬂscaﬁ(ﬂscvud* (ﬂPomr 2 Interface Point ]
= Chedmut N Pickup Ops N . N (HIP)
, )L “‘)L JL K ) g
Every 12 months during OTP, SDP & LMOSP One-Time Event During LMOSP )
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Operational Scenarios — In Flight Rehearsal

Mars Sample Return — Capture, Containment and Return System

= non-reversible event ()
N om Orientation

Paddles

‘- Ground-In-The-Loop Lid Restraint
Y (GITL) Mechanism UV System

*= release event [ RTAGantry ] [om Rgstralninq ]

In-Flight Rehearsal
Power ON CCRS CCS Full Functional Checkout UV System Checkout
Subphase g =
. ) i R
begins with Ma'_" & Op Heaters Temp & ’-ﬂ\ ROM Test on @ Back to ‘ CSE @ Ring 1 Ring 2 }
CCRS Ops Team Jettison Sensor Polling actuators P Stow Checkout P~y Checkout Checkout
Ready Avionics ON k k J
\_
4 SCV Lid Pickup N\
1. Position EE and Cage Lids on LRM
. a)Power ON N b)Rotate c)Free Space d)Move to e)Cage PSA ) a)ReIeas.e LicH =
RSCE  |-We» Gantryto approach to nominal pose w?th = i . Restraint N
(EE op htr) align with LRM Lids on LRM in contact Mechanism

3. Remove Lids from LRM and Align/Block AE Opening

c)Rotate d)Extend ]
a)Retract RTS b)Fully Grasp Gantry to align Gantry Feed to e)shutdown a3
’ »

with SCV lid Lids with EE to AE block AE RSCE
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Operational Scenarios — C&C phase

Mars Sample Return — Capture, Containment and Return System
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Operational Scenarios — EESOOA phase

Mars Sample Return — Capture, Containment and Return System
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Operational Scenarios — PJR phase

Mars Sample Return — Capture, Containment and Return System
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Mars Sample Return — Capture, Containment and Return System
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Summary

Mars Sample Return — Capture, Containment and Return System

« 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



