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Space Policy Directive-1 (Dec 11, 2017)

NASA shall:

“Lead an innovative and sustainable program of exploration with commercial and
international partners to enable human expansion across the solar system and to
bring back to Earth new knowledge and opportunities. Beginning with missions
beyond low-Earth orbit, the United States will lead the return of humans to the
Moon for long-term exploration and utilization, followed by human missions to
Mars and other destinations.”
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FY 2019 President’s Budget Request

Human Exploration and Operations

Budget Authority ($ in millions)

Human Exploration and Operations

Deep Space Exploration Systems

Exploration Systems Development
Orion Program
Space Launch System
Exploration Ground Systems
** Advanced Exploration Systems
Adv Cislunar and Swface Capabilities
FEFExploration Advanced Systems
TLunar Orbital Platform - Gateway
Power and Propulsion Hlement
Habitation
A irlock
Logistics
LEO and Spaceflight Operations
International Space Station
Space Transportation
Commercial Crew Program
Crew and Cargo Program
Space and Flight Support
21st Century Space Launch Compkx
Space Communications and Navigation
Human Space Flight Operations
Launch Services
Rocket Propulsion Test
Commercial LEQO Development

Actual CR Request Notional
2017 #2018 2019 2020 2021 2022 2023

4,184.0 4,222.6 4,558.8 4,859.1 4,764.5 4,752.5 4,769.8
3,929.0 3.902.3 3.669.8 3,790.5 3,820.2 3,707.5 3.845.6
1.230.0 1.340.8 1.163.5 1.137.7 1.134.2 1.117.8 1.117.8
2.127.1 2.135.4 2.078.1 2.062.9 2.165.1 2.131.0 2.276.0
471.9 426.1 4282 589.9 520.8 458.7 451.9
255.0 = 889.0 1,068.6 044.4 1.045.0 924.1
- - 116.5 146.0 163.7 300.0 320.3
255.0 - 268.2 260.7 240.6 186.1 144.7
- - 504.2 662.0 540.1 558.9 459.1
- - 3279 2109 108. 4 43.4 -
- - 1763 i19i.5 1107 95.0 57.0
- - - 89 1 L2 221.6 267.0
- - - 1705 196. 3 1959 I4i 7
4,942 .5 4,850.1 4,624.6 4,273.7 4,393.3 4,430.3 4,438.0
1.450.9 - 1.462.2 1,453.2 1,471.2 1.466.2 1.451.2
2.,589.0 = 2,108.7 1,.829.1 1.858.9 1,829.2 1.807.3
1.184.8 - 173.1 35.8 36.3 36.3 36.3
1.404.2 - 1.935.6 1.793.2 1.822.6 1.792.8 1.771.0
902.6 = 903.7 841.4 888.2 934.9 954.6
20.0 - - - - - -
630.1 - 634.1 568.8 615.6 652.9 670.6
123.1 - 135.4 136.4 136.4 145.9 147.8
85.7 - 86.6 88.6 88.6 88.6 88.6
437 - 47 .6 47.6 47.6 47.6 47.6
= = 150.0 150.0 175.0 200.0 225.0




Space Launch System
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Launch Abort System Uncrewed Orion Crewed Orion
Test Article — Orion SLS Block 1 SLS Block 1B

Launch date - April 2019 Launch date — FY 2020 Launch date - 2023
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LUNAR ORBITAL PLATFORM-GATEWAY DEVELOPMENT

Establishing leadership in deep space and preparing for exploration into the solar system

2022 2023 2024+

Habitation Logistics Airlock

40kW
Power/Prop
Bus

These foundational gateway capabilities can
support multiple U.S. and international partner
objectives in cislunar space and beyond.
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* Supports exploration, science, and commercial
activities in cislunar space and beyond

* Includes international and U.S. commercial
development of elements and systems

* Provides options to transfer between cislunar
orbits when uncrewed

OPPORTUNITIES

* Logistics flights and logistics providers

* Use of logistics modules for additional available volume
* Ability to support lunar surface missions

INITIAL ACCOMMODATIONS ,’
4 K
o000 ”
"" 4 Crew Members o .L\_,
’ /.ﬂ.
At least 55 m? ,/ I
Habitable Volume /7

U | /

|=='(9 30 Day Crew Missions /

rbit of the Moon -———

- - O
——-’-
-
-

Bus shown for scale



Gateway Core Functionality

 Power and Propulsion Element
- First gateway capability targeted for launch readiness in 2022

- Spaceflight demonstration of advanced solar electric propulsion spacecraft for industry and NASA objectives; developed
through public-private partnership

- Power to gateway and externally accommodated elements
- Orbital maintenance and potential to transport the uncrewed gateway between cislunar orbits
- Attitude control for the gateway in multiple configurations

- Communications with Earth, space-to-space communications, and radio frequency relay capability in support of extra-
vehicular activity (EVA) communications; accommodations for an optical communications demonstration in the future

» Habitation
— Provides habitable volume and short-duration life support functions for crew in cislunar space
— Docking ports allow for attachment to the PPE, other Gateway elements and visiting vehicles
— Offers attach points for external robotics, external science and technology payloads or rendezvous sensors
— Provide accommodations for crew exercise, science/utilization and stowage
» Airlock

— Provides capability to enable astronaut EVAs as well as the potential to accommodate docking of additional elements,
observation ports, or a science utilization airlock

* Logistics

— Deliver cargo to enable extended crew mission durations, science utilization, exploration technology demonstrations, potential
commercial utilization, and other supplies



Power & Propulsion: First Element in the Gateway "(Q\”J‘

e July 2017: NASA issued a reguest for
iInformation to capture U.S. industry’s
capabilities and plans for spacecraft concepts

that potentially could be advanced to power an

advanced SEP system for the gateway.
o August 2017: NASA issued NextSTEP

Appendix C, Power and Propulsion Studies
seeking U.S. industry-led studies on leveraging

commercial spacecraft, plans, and risk reduction
for 50 kW-class SEP vehicle capabilities._Five

Sierra Nevada Corporation,

Lockhee;;j Martin ' Aerojet Rocketdyne, Draper
companies began four-month studies in late
/- - November 2017.
> * February 2018: NASA issued synopsis for a
(. Spaceflight Demonstration of a Power and
{ b Propulsion Element. Draft BAA to be issued
SSL, DSS, Draper, Un/yérs:ty April 2018. 9
of lllinois-Urbana ijampagn



https://www.nasa.gov/feature/nasa-power-propulsion-rfi
https://www.nasa.gov/feature/nasa-seeks-industry-studies-for-deep-space-power-propulsion
https://www.nasa.gov/press-release/nasa-selects-studies-for-gateway-power-and-propulsion-element
https://www.fbo.gov/index?s=opportunity&mode=form&id=15ab14305e174295d8713e5ef41e48de&tab=core&_cview=1

Gateway Concept Investigations
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- NASA Exploration Cam b.ai'gh'

MID TO LARGE LANDER INITIATIVE TOWRD HUMAN-RATED LANDER
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LUNAR ORBITAL PLATFORM—GATEWAY
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Timelines are tentatwe and will be developed ﬁﬁer !m FY 019 — = MARCH 2078
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Advanced Exploration Systems (AES) ISRU Technology Project

1 1 1 1 1 1 1
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1 1 1 1 1 1 1 1

Excavation and Soil Processing Component Maturation

Excav. and Soil Proccs&_
Notional ISRU
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NextSTEP-2 Appendix D (ISRU Technology) BAA

 NASA is soliciting proposals for firm fixed price contracts for
trade studies and design, fabrication, and testing of critical
components and subsystems for acquisition and processing of
extraterrestrial resources into water, oxygen, and fuel

» Track 1 — Trade Studies: provide guidance and rationale on critical
open questions that need to be addressed for ISRU development
and incorporation into mission architecture plans

» Track 2 — Component Development: development and testing, in a
relevant environment, critical components whose operation within
an ISRU system requires unique capabilities not available in state-
of-the-art hardware

* Track 3 — Component and Subsystem Development: fast-paced

development of a critical component(s), followed by development * Solicitation Released:  12/4/17
and testing of the subsystem in which the critical component(s) e Industry Forum 12/11/17
resides. « Proposals Due: 3/12/18
 Technologies and processes that leverage and support space or « Awardee Selections: Early May, 2018
terrestrial commercial activities (approximate)
« Terrestrial technologies and capabilities that can be spun-in to * Contract Awards: Early August, 2018
space ISRU needs (approximate)

« Components and subsystems developed under this BAA can be
commercialized or spun-out into terrestrial markets 13



Draft Deep Space Interoperability System Standards —
Posted for Feedback on March 1, 2018

 NASA, in collaboration with International Space Station partners, has developed a draft set
of deep space interoperability system standards in seven prioritized domain areas:

Avionics

Communications

Environmental Control and Life Support Systems
Power

Rendezvous

Robotics

Thermal

space that would be compatible aboard any spacecraft, irrelevant of the spacecraft devel ',
on endeavors; and

- engaging the wide-ranging global spaceflight industry, and encourage feedback on
potential stakeholder audiences. i .-

www.internationaldeepspacestandards.com



Mars Study Capability Team — Keeping a Focus on Mars
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/_surface to Mars orbit
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Surface Utilities

Power, In Situ
Resource
Utilization
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