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Challenge: Bring unpressurized payloads to the International Space
Station (1SS), cis-lunar, low lunar orbits, and beyond

Action: Examine feasibility and capability of CEV Service Module to
accommodate payloads

— Take advantage of excess CEV “delta-v” capacity on ISS mission

— Meet ISS cargo need

— Possig)ly facilitate Low Impact Docking System (LIDS) use (adapter as

cargo

Study Timeframe: October and November of 2006

Deliverable: Present to the Crew Exploration Vehicle (CEV)
Systems Requirements Review (SRR) Board

— Proposed Level Il Requirements

— Operations Concept

— Cost and Risk Assessment
Why Now?

— Make the case while requirements are being defined and vehicle
scarring can be planned
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CMG used as
reference size for
carrier capacity

— Mass = 270.86 kg (~600
lbs)

— Volume =1.82 m"3

— Dimensions (without
iInterface hardware):
52.0in X47in X455 1n




e User case

— ldentify and collate potential payloads that
may utilize CEV Service Module provisions to
Low Earth Orbit, ISS Orbit and Exchange,
Translunar Orbit, Lunar Orbit and beyond,
iIncluding deployment

— Poll payload developers, payload
organizations, ISS, science, technology points
of contacts

* Payload configuration options



Payload Name
Payload Objectives

Payload Developer / Organization / Point
of Contact

Customer (e.g. NASA, Other Agency,
DoD, Commercial, Institutional)

Payload Type (e.g. Science, Technology,
Engineering, Education)

Current Technical Readiness Level (TRL)

Flight Repetition (e.g. Pathfinder,
lterative, ISS Repair/Replacement)

Mass (kg)

Average Power (W)
Peak Power (W)
Length (m)

Width (m)

Height (m)

Volume (m3)

Heat Load (W)

Data (Kbps)

Data (Mbps)

Viewing (N/A, Space, Earth, Moon)
Pointing (degq)

Jitter

Stability

Gravity Load Dependent (Y/N?)
IVA Crew Time (Hrs)

EVA Crew Time (Hrs)

Return to Earth?

Crew Systems

Robotic Systems

Structure

Power

Thermal

Communications and Data Handling



ISS Orbital Replacement Units

« 69 ORU types reported
« 88 ORUs to be exchanged or pre-positioned
 91.43% of ISS ORUs can be accommodated






Low Earth Orbit:
Transfer to and Operate on ISS
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e 94 payloads listed (includes ORUs and other
engineering and science payloads)

 93% of payloads reported mass and volume



Lunar Orbiting Payloads

Composed of a vast array of attached and
ejected payloads for Constellation
engineering development and science

43 payloads listed
51% of payloads reported mass

100% of currently listed payloads can be
accommodated (considering mass only)






Lunar Surface and Return




Percent of Total Number of Lunar Payloads
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Science and
Astrobiology
10.3%

Education
6.5%0

Technology and

Engineering*
16.8%

Lunar
Engineering and
Applied Science*

18.5%




Worked with NASA Glenn Research Center to establish
existing CEV/SM capabillities & available interfaces (e.qg.,
mass, power, volume, data, etc.)

Conducted accelerated concept design studies via
Integrated Mission Design Center - focused on first order
trends only

Selected bounding cases for evaluation based on GSFC
use case analysis

Applied knowledge gained during study to guide:
— Interface evaluation

— functional flow

— operations concepts

— requirements development

— cost



Payloads

Service Module




Preliminary Results for External
Carrier Cases Evaluated (12 Nov 06)

Payload Ejectable # Axes Releasable
Payloads Articu- Carrier ®
‘ lation

Total
Volume

Payload/ Payloa‘d Payload
Req’d ®

Mission Mass Power? | Volume?
Type (W Avg) (m’)
Exploratory Trade Study Cases for External Carriage (Mass & Power Shown Exclude Contingency) Preliminary Results
- Payload Mass: Cases 1a & 1b bounded by CMG mass, Case 2a bounded by modest use case (Includes Contingency on

- Payload Power: Case 1a uses 100% duty cycle on CEV downlink (+400W), Case 2b used 50% (+200W) Mass/ Power)

- Articulation/Ejection/# Payloads: Selection was somewhat arbitrary & for instructional purpost
-- Deleting/reducing these options typically will reduce total mass & volume

- Case 1b Total Volume: To stay within 3.6 m®, payload volume must drop; articulation h/w requires 0.4 m*

- Payload Densities assumed may be disproportionately high; i PRSI

GSFC Unpressurized Carrier Study
ISS Cases 1a & 1b

GSFC Unpressurized Carrier Study
. Lunar Cases 2a & 2b

Configuration 1a

GSFC Unpressurized Carrier Study
ISS Case 3 (CMG Cargo)

Configuration 3

Configuration 2a

&

Notes:

1)  SPDM shown fitting is not required

2)  Small encroachment into 5.1 cm (2.0 in) shroud envelope clearance; will increase with 7.6 cm
(3.0 in) required clearance. Structural optimization may help mitigate.




~ Requirements A

* Proposed requirements for inclusion in CARD/SRD

— The CEV shall deliver unpressurized cargo from the Earth surface to the ISS with
each ISS crew and pressurized cargo mission.

Rationale: This unpressurized cargo requirement is based on ESAS (NASA-TM-
2005-214062)

The CEV shall deliver at least 590 kg (1,300 Ibm) of unpressurized Cargo from
the Earth to the ISS with each ISS crew and pressurized cargo mission.

Rationale: The cargo capability is possible for ISS missions only due to
propellant offloading of the Service Module. An unpressurized cargo capability is
required to enable transport of ORUs to ISS post-Shuttle retirement. This
requirement applies to each ISS mission (Crew Transport and Pressurized
Cargo). The structure to accommodate this cargo is anticipated to be minimized
to prevent mass penalties to lunar missions

The CEV shall deliver a volume of 125 ft3 of unpressurized cargo to the ISS with
each ISS Crew and pressurized cargo mission.

Rationale: The cargo capability is possible for ISS missions only due to
propellant offloading of the Service Module. An unpressurized cargo capability is
required to enable transport of ORUs to ISS post-Shuttle retirement. This
requirement applies to each ISS mission (Crew Transport and Pressurized
Cargo). The structure to accommodate this cargo is anticipated to be minimized
to prevent mass penalties to lunar missions
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Feasibility = positive
Upmass issue

More mature design options and accommodations data
required

Continue to devise and refine concept of operation
Discussions underway to accommodate the need/desire

Further study Is expected, in whatever capacity, after
requirements mature

Proponents

— NASA Administrator supports having a CEV “trunk”, capability
equal to if not exceeding Apollo capability

— March 2007 NAC Workshop Science Working Groups
— International Space Station program
— Other government institutions, e.g. Department of Defense



Will enable and advance Lunar science and outpost
design and development?

Learning from the Past

— Hitchhiker program began as ballast but became missions of
opportunity and quick turnaround method to fly “last minute” and
contingency payloads

— The need for an infrastructure to accommodate the vehicular
transportation and implementation of Lunar science and outpost
payloads to, from, on, and about the Moon

Derivation of priority and ranking scheme considering
factors such as technical readiness, market, mass, etc.
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