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Cardiac Rhythm
Problems (Arrhythmia)

3x4

Sleep LossWork
Overload (Sleep)

3x3

Reduced Muscle Mass
(Muscle)

3x3

Reduced Aerobic
Capacity (Aerobic)

3x3

Orthostatic Intolerance (O1)

3x2

Exploration Atmospheres
(ExAtm)

Team Performance (Team)

Host-Microorganism
Interactions (Microhost)

3x3

3x3

Occupant Protection (OP)

3x3

Altered Immune
Response (Immune)

Bone Fracture
(Fracture)

Human-System Interaction
Design (HSID)

Intracranial Hypertension/
Vision (VIIP)

Unpredicted E ffects of
Medication (Stability)

Inadequate Food
and N utrition (F ood)

InFlight Medical Capabilities
(Exi

Vestibular/Sensorimotor
Impacts (Sensorimotor)

Behavioral Conditions
(BMed)

Intervertebral Disk Damage
(vo)

3x3

3x3

Pharmacokinetics
(PK/PD)

Inadequate EVA Suit (EVA)

3x3

Decompression
Sickness (DCS)

3x3

Exposure to Dust & Volatiles
(Dust)

Renal Stone
Formation (Renal)

Radiation Exposureon
Human Health




(Starwars.wikia.com)
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« Spacecraft Drag g
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COMMERCIAL CREWED Space  PROPULSION | MISSION

CARGO AND CREW SPACECRAFT = HABITAT

MISSIONS: 6-12 MONTHS MISSIONS: 1-12 MONTHS MISSIONS: 2-3 YEARS

RETURN: HOURS RETURN: DAYS RETURN: MONTHS
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Capability Gap FY14 |FY15 [FY16 |FY17 |FY18 [FY19 |[FY20 [FY21 [FY22 |FY23 [FY24 |FY25 |FY26 [FY27 [FY28
ECLSS
Reliable CO2 Removal + ppC0O2<2 mmHg m

Smaller, simpler 02 Gen

High pressure 02 (3000 psi) for EVA & medical use

Reliable urine processing =85% recovery PCPA upgrade next gen UPA

Reliable water processing w/ reduced expendables MF bed d

Common biocide with on orbit replenishment

Compact waste & trash mngmt, stable, 90% water recov. UWMS] HMC

Additional 02 recovery from CO2 »75% |

>90% recovery of waler from urine brine demo

Condensing HX robust anti-microbial coating

10:1 volume reduction logistical & clathing dv clo logistics Awareness /\ laundry/sanitation

Monitoring

Trace Gas (an orbit, na grab sample return)

Targeted Gases (fire products, NH3, hydrazine)

Water (individual compounds)

Microbial (ID & gty species)

Major Constitutents (small, no maintenance n)

Particulates nitor

Acoustic (automated, alerting, no crew time)

EVA

Exploration PLSS/Microgravity Suit I | [ [ | [ /Apeploy on 155 I I [ |

Fire Safety and Response

Emergency Mask {single cartridge) le

Contingency Air Monitar {overlap with targeted gas) Saffr

PP

Smoke Eater & IV-V1

[
Water Mist PFE 1SS size/\ [Expl. Size

Large fire behavior in ug Saffire-1-1IT |

Crew Health & Performance es

Exercise Equipment

Medical Equipment ]
Food System | o o o o o 0
Thermal (including Cryo

Zero Boil Off Cryo

Phase Change Material

Variable Heal Rejeclion radialors, single loop'
Power & Energy Storage

Salar arrays ROSA 30 kW Common agency array | | | |
Energy Storage cell _% [

Comm & Navigation
High speed commyinternetwarking S
Pasition, navigation, and timing T

Structures & Materials

Materials/In-space manufacturing 3D pri anuf./\mtls reuse, "fab lab"

Structures & Health Monitoring

Radiation Monitoring & Shielding | I

ISRU (trash pi i resource prospecting, itu manufacturing) Plans under construction.
Operations MO ExpRES/ YISS crew autonomy 2.0

Automated Rendezvous & Docking RAVEN |

Robotics

Robotic refueling

includes cryo mass %auge)

Free flyer robots (IVA & EVA)

Human assist robots obotic Caretaker |

Telerobotics

Entry, Descent, Landin

|
]‘RED-da‘ S Atmosphere re-entry deployers

I o committed funding Funded 155 demo
some %, but insufficient funding far 1SS demo Proposed 1SS demo (not yet funded)
I sufficient funding to 1SS demo



» Warp Drive
» Teleportation

* Muscle

» Exercise

* Bone

» Exercise
« Pharmaceuticalse

* Behavioral Health
* Virtual/autonomous systems

* Radiation

» Shielding?
« Pharmaceuticalse




High Efficiency
Large Solar
Arrays

Exploration
=AV/2N
Capabilities
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IN-SPACE POWER &

PROPULSION:

* High efficiency 40kW SEP
extensible to Mars cargo
missions

* Power enhancements feed
forward to deep-space
habitats and transit vehicles
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Deep-Space
Rendezvous Sensors
& Docking Capabilities







We want to have our cake and eat it too.




WE WANT IT ALL, AND WE WANT IT NOW...
We want space weather to be predictable...

We want all of the good and none of the bad...

We want to know
When we can safely launch
When we can safely operate
When will an event happen
How big will it be
How long will it last
Will it adversely impact humans
Will it adversely impact space-based and/or ground-based systems




WHAT CAN BE DONE?

Continued research and development
Improved propulsion may reduce human and systems exposure

Improved shielding may improve our protection for humans and
systems

More and improved space weather models and forecasting will
benefit both humans and systems

Space Weather Operations Research and Mitigation Strategic Plan
and Action Plan point to the importance of R20 and O2R

Close collaborations across directorates, centers, agencies, nations







