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Exploration Medical Capabilities (ExMC)

Element Overview

The mission of the
Exploration Medical Capability
(ExMC) Element is to
advance medical system
design and risk-informed
decision making for
exploration beyond low Earth
orbit, to promote human health
and performance in space.

The ExMC is one of FIVE
research elementsic
NASA Human Research




* Design for
habitation module

(sizing/packaging)

e Medical

workstation/other
applications

Project Overview

An exploration and science outpost
in orbit around the Moon

GATEWA

Power and
Propulsion Element:
Power, communications,
aftitude control, and orbit
contral and fransfer
capabilities for the

Gateway.

U.S. crew module wth
ESA service module
that will take humans
farther into deep space
than ever before.

ESPRIT:

Science airlock, additional
propellant storage with refueling,
and advanced lunar
telecommunications capabiliies.

NASA-led architecture and integration

U.s.

International TBD: U.S. and/or
Intemnational

Utilization Element:

Small pressurized
volume for additional

habitation capability. Gateway Compared to the International Space Station

The International Space Station is
a permanently crewed research
platform that has 11 modules and
is the size of a football field.

The Gateway is a

< e o much smaller,
Robotic Arm: Logistics and Airlock: Sample Return B
Mechanical arm to Utilization: Enables spacewalks, Vehicle: platform for
berth and inspect Cargo deliveries of potential to A robotic vehicle capable extending initial
vehicles, install science consumables and accommodate of delvering small human activities
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-

Habitation  Pressurized volumes with environmental e equipment. Modues may  docking elements. samples or payloads into the area
Modules:  control and life support, fire dstection and double as additional from the lunar surface to around the Moon.
' suppression, water storage and distribution, LB iitin the Gateway.




IDEA Software

> sampark ][ IDEA : C:\Users\shpark1\Desktop\Habitat (AML IDEAJ\Habitat Models\DSG_Reference_Examine

S parentl parent2 conceptuenensionty  x-dim y-dim z-dim  density type [rectasngth - %avidth - %thw! - %radi x-rotation y-rotation z-rotation
habitat Crew Quarters 1 "Q:\\sam_ fixed = 1.0541 1.30302 2.032 cylindrical 11 %0 72 0 0 0 Model Options 0D 1D 2D 3D Coord Syst Grid Opt
habitat Crew Quarters 2 "Q:\\sam_fixed 1.0541 1.30302 2.032 cylindrical 11 180 72 90 B = = Uy E @
habitat Crew Quarters 3 "Q:\\sam_fixed 1.0541 1.30302 2.032 cylindrical 11 270 -72 180 = S - ===
habitat Crew Quarters 4 "Q:\\sam_ fixed 1.0541 130302 2.032 cylindrical 11 0 -72 270
habitat Life Support - Water "Q:\\sam_ fixed 1.0541  0.988 2.032 cylindrical ~ 28.5 90 -79 0
habitat Life Support - Air "Q:\\sam_fixed 1.0541  0.988 2,032 cylindrical  28.5 180 -79 90
habitat support - Environment Mod "Q:\\sam_fixed 1.0541  0.988 2,032 cylindrical ~ 28.5 270 -79 180
habitat Fire Safety "Q:\\sam_ fixed 1.0541  0.988 2,032 cylindrical ~ 28.5 0 -79 270
habitat Power "Q:\\sam_ fixed = 1.0541  0.988  2.032 cylindrical 90 -79 0
habitat Thermal "Q\\sam fixed 10541  0.988 2.032 cylindrical 180 90
habitat  Avionics/Flight Software "Q:\\sam_ fixed 1.0541  0.988 2.032 cylindrical 270 180
habitat ~ Medical Workstation "Q:\\sam_ fixed 2.04 1.53 1.625 cylindrical 0 270
habitat Equipment Stowage "Q:\\sam_fixed 0.5 0.988 2.032 cylindrical 90 0
habitat Food Stowage "Q:\\sam_ fixed 0.5 0.988 2.032 cylindrical 180 90
habitat Hygiene "Q:\\sam_ fixed 0.5 0.988  2.032 cylindrical 270
habitat Galley "Q:\\sam_fixed 0.5 0.988 2.032 cylindrical 0
habitat Astronaut 1 "Q:\\clyde fixed 1.7 0.3 0.3 cylindrical 90
habitat Astronaut 2 "Q:\\clyde fixed 1.7 0.3 0.3 cylindrical 90
habitat Astronaut 3 "Q:\\clyde fixed 1.7 0.3 0.3 cylindrical 90
habitat Astronaut 4 "Q\\clyde fixed . 0.3 0.3 cylindrical 90
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NASA Reference Model (I- Hab)

\ \

.I |.I I.I |l = a : )(‘1')
) \ < |

)

\

- 1

.

‘ | [

- |

-

=%
D)

)

* External: habitat dimensions, hatch locations

\ = 4

* Internal: racks/other objects

* Driven by information on pre-existing ISS modules, habitat design
publications, and current NASA architecture files (functional allocations,

CAD models)



NASA Reference Model (I-Hab)

* [tem Volume: 34.84 m?
* Vehicle Volume: 81.16 m?
* Usable Volume: 46.32 m?> (57%)

Space ztation node overall height
Space ztation node top diameter
Space ztation node body diameter
Space ztation node bottom diameter
Mode culinder length

Mode eccentricity

Mode taoer angle

Mode top cap height

Mode bottarn cap height

Space station node top angle

Space station node bottom angle

Space ztation node structural skin thickness

Space station node TPS zkin thickness
Space station node (ML walume

Space station node HS grouping factar list

10.E

10.E
0.0127
0.0254
<nbound:

(h=t 0.0 010323




Medical Workstation Modeling
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* Concept A: 2.81 m’
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ISS Node 2 (Harmony)

* [tem Volume: 33.14 m?
* Vehicle Volume: 98.81 m?
* Usable Volume: 65.67 m?® (66%0)

2 gtation node overall height
Space ztation node top diameter
Space station node body diameter
Space station node bottorn diameter
MHode cylinder length
Mode eccentricity
Mode taoer angle
Mode bop cap height

Mode battam cap height

Space ztation node top angle

Space ztation node bottomn angle

Space ztation node structural skin thickness

Space ztation node TPS skin thickness
Space station node [ML volume

e zhation node HS grouping factar list

106
IIEE

1.0355
10.6
10.6
omay
0.0254

< Unbound:

flist 0.0 0103 9844 01651707812







25% Larger Radius: ISS Node 2 (Harmony)

Space ztation node overall height
Space station node top diameter
Space ztation node body diameter
Space ztation node bottom diameter
M ode cylinder length

* [tem Volume: 33.14 m?3 Node eccentict

Mode taoer angle

* Vehicle Volume: 151.00 m? Node top cap heigh

M ode battom cap height
¢ Usable Volume: 117.86 m? (780/ O) Space station nods top angle
Space station node battom angle
tation node structural skin thickness nmzas
station node TPS skin thickness 0.0254

tation node [ML wolume <Unbound:

tation node HS grouping factor list (lizt 0.0 01032 9344 01651 7018139263753







Lockheed Martin Gateway Habitat
(Donatello MPLM)

Space station node overall height
Space station node top diameter
Space ztation node body diameter
Space ztation node bottorn diameter

[ ) Item Volume: 33.14 m3 Mode cylinder length

Mode eccentricity

¢ V@thle VOhlmCI 105.54 m3 Mode taoer angle
* Usable Volume: 72.4 m> (69%0)

Mode top cap height

Mode bottom cap height

Space ztation node top angle 106
Space station node bottorn angle 106
Space station node structural skin thickness 0.0127
Space station node TPS skin thickness 00264
Space station node (ML wolume < nbound:

Space station node HS grouping factor list 170395844 0.16517018139263




Parametric Modeling: EXAMINE

Category
Structure 2.490
Pressurized Yol. 780 m* |Protection 142
Habitable Wal. 385 m  |Propulsion 1]
® E x_ A l \/ I IN E — Atrnospheric Pressure 1014 kPa |Power 630
Crew Capacity 4 Control [ACSIHCS]) 1]
E 1 to Crewed Mizzion Duration 02 d Avionics 368
ECLSS 2,054
Xp Ora lon EOL Power Required 14k A Siglmpaniag? SEE
. Total battery energy starage 28 kEw'-h Medtar Siafeiaadian &I
ArChlteCture ] \/ I O del hurnber DF_EIatteries 3 Food Flrocesseng _ S
Depth of Dizcharge an Haman Accamymadiaioens &
Power load during battery oper TE ki Efar S
fOI_‘ IN- Sp ace and EVA systems 1,151
ECLSS Closure - 'Water Partially Closed Thermal Control System ¥20
$ ECLSS Clozure - Air Partially Clozed Crew Equipment 1,633
Eﬂfth—tO—Ofblt Utilization 630
Habitat Structure Figid Culinder Growth 1,765
Hahitat Length B3l m Radiation Protection [waterwall][Mot include ¥32
Habitat Diarneter 470 m DRY MASS SUBTOTAL 12,316
. Logistics 5.755
Graphlc not to scale Fazz Growth Allocation 205 Food [Including Trays & ‘Wraps) 433
. . Froject kManager's Reserve T YW azte Collection [Fecal Canizters, Urine Prefilk 195
o I h Descnption Perzonal Hugiene Fit 4
ﬁtegfatl()ﬁ Wlt Hugiene Consumnables 21
Mars Phobos Habitat provides crew habitation for long- Category Yol.. m* Clathirg I
ID EA duration stays at Phobos. It includes an internal Systems Yolume 6.9 Recreation & Personal Stowage 50
Shuttle-class airlock for EVAE. Crew Equipment 10.4 YWipes (Papen Tizzue [Houzekeeping] a1
Utilization 4.1 Trazh Bags 13
Airlock 0.0 Cperational Supplies 40
Dry Goods Storage 12.6 Survival Fit 1]
Water Storage 0.3 Sleep Accornodations 8
Yoids 51 Health Care Conzumables 26
Total Hon-Habitable ¥olun 395 Ermergency Breathing Apparatus ]
Habitable Yolume 385 Spares 4125
Total Pressurized Yolume 78.0 kaintenance lterns B2
ECLSS Consumables [Mominal + Contingen 383
Heserve and Resgidual Prop. 1]
INERT MASS SUBTOTAL 18.454
Propellant 1]
TOTAL WET MASS 18.454




Parametric Modeling:

* Integration of
EXAMINE +
IDEA

Step 1: Inputs

Open “VersionB_Sam Gateway Baseline” Excel file (Current version of EXAMINE)

Manipulate inputs listed below

“Sam Params” Sheet

Pressurized volume per crew (G2)
Habitat Geometry (G7-G14)
Crew Number (D18)

Nomunal Mission Days (D19)

“Element 17 Sheet
Mass Growth Allowance (Column AE)

“Crew Accommodations” Sheet

Type of vehicle (F189), (Details and customization at V210-AH210)
Specific mass (F190), (Details and customization at V256-A1256)
Mass per crew member (F196)

Step 2: Outputs

“Sam Params” Sheet

Click “Calculate™ on bottom left of Excel
Observe changes to following outputs

Export to CSV for use with IDEA
Systems Volume

Crew Equipment

Lilization

Airlock

CORE GEOMETRY MODEL OUTPUTS Dry Goods Storage

Habitat Core Length m £.31 Water Storage

Habitat Core Surface Area m2 96.69 \oids

Habitat Core IML Volume (Required) m3 7800  Total Non-Habitable Volume
Habitat Core IML Volume (Calculated) m3 7800  Habitable Volume

Fwd Dome Diameter m 4.10 Total Pressurized Volume
Fwd Dome Eceertricity — 0.9

Fwd Dome Lenath m 0.50

Fwd Dome Surface Area m2 1545 Category

Fwd Dome Volume m3 529 Structure

Core Cylinder/Conic/BiCaonic Max Diameter m 4.10 Protection

Total Barrel Length m 511 Propulsion

Total Barrel Surface Area m2 8578 Poner

Total Barrel Volume m 67.43 -
Conical Barrel Lenath (Conie/BiCoric only) m 0.00 i:;nr:::clsmcsmcal
Corical Barrel Surface Area (Conic/BiConicon  m2 0.00 EoLse

Corical Barrel Volume (Conic/BiConic only) m3 0.00 e ——
Cyiindrical Barrel Length (CylinderBiCoric onfy__ m 511 Al Stbsysten

Cyiindrical Barrel Surface Area (Cylinder/BiCor  mi2 6578 Water Subsystem
Cyiindrical Barrel Volume (Cylinder/BiConic ol m3 67.43 Food Processing
Aft Dome Diameter m 410 Human Accommeodations
Aft Dome Eccentricity — 0.95 Other

Aft Dome Length m 0.60 EVA systems

Aft Dome Surface Area m2 15.45 Thermal Control System
Aft Dome Volume m3 529 Crew Equipment

Vol pressiSw m 0.25 Utilization

Volumetric Efficiency 0.19 Growth

Vol, m3 Rack LenyMass
6.833971  3.774402 4
1043292 5.762104 1

414 2288522

a a
9.142485 5.0493%4 1
0.30137 | 0.166446
4.552407 2.530863
3543318
42566584

78

Mass, kg
2,475
142

1]

615
1]

368
2,054
966
611
36

80
360
1,151
674
1,544
630
1,725

Radiation Protection (waterwall)(Nat included i 737

393
544

B30
0

125

611
73T

EXAMINE

Step 3: Excel
Open “SAM CSV Examine” excel file
(lick “Copy from EXAMINE" macro button
Save current file as macro-enabled workbook
Save a copyasa CSV

Step 4: IDEA

Load “DSG_Reference Examine” from Utilities > Load Model from File

Expand name-generator-14597 and select space-station-node-configuration-type-4-class-0001
Find the “Excel +” submenu

(lick “Excel configuration file name” and select “VersionB Sam Gateway Baseline”

Make sure “Input sheet name” and “Excel param file type” are both set to “Sam Params”
Save and the close “VersionB_Sam Gateway Baseline™ (which was previously opened)
Click “Show/hide excel sheet”

Navigate to space-station-node-configuration-type-4-class-0001 > Packaging > sam

Load the CSV version of “SAM _CSV_Examine” in the “Comma delimited components file name” area
(lick “Add components from comma delimited file” to update IDEA

Right click “sam” branch and click “draw”

Right click “space-station-node-configuration-fype-4-class-0001" and click draw

Adjust transparency of habitat to show infernal items

Step 4: Parametric Sizing

Adjust inputs in “Sam Params™ sheet in EXAMINE

Click Calculate

Transter values to “SAM CSV_Examine” macro-enabled workbook file with macro bufton
Save current file as macro-enabled workbook

Save a copy asa CSV

Click “Add components from comma delimited file” to update IDEA

Draw habitat and infernal objects



Results in IDEA

* 4 Crew, 30 Days
Item Volume: 35.67 m?
Vehicle Volume: 81.16 m?
Usable Volume: 45.49 m> (56%0)

* 8 Crew, 60 Days
[tem Volume: 42.18 m’
Vehicle Volume: 159.32 m? e
Usable Volume: 117.14 m? (74%)




Future Work

Ranking for Medical Care Goal

* Logical Decisions (Trade

Study Software) AlternativeUtility
Level 1 0.509

Level 2 0476 NN
Medical Care Maximise Days of Care Days per Crew Level 3 0.451 T e e
1,000 0.364 0.364
Bl Maxdmise Days of Caffll] Minimize Volume il Minimize hMass
Total Mass [0 Minimize Power
0.227
0139 Utility uncertainty summary for Medical Care Goal
Minimize Volume Alternative ~ Mean Std. Dev. Median  Min. 504P 95%P Mazx.
0.273 0.273
J Level 1 0.488 0.193 0.473 -0.001 0.203 0.868 0.989

_ . . . ’ § ’ ’ ’

Minimize Mass
0227

Freference Set = NEW PREF. SET

Minimize Power
0,136

Level 3 0.430 0.193 0.415 -0.058 0.145 0.810 0.931

Preference Set = NEW PREF, SET




International Astronautical Conterence (2019)

Utilizing In-Space Assembly to Add Artificial Gravity Capabilities to the Deep
Space Transport for Use on Mars Exploration Missions

Nicholas M. Houghton!, Joseph Fulton?, Alexander Mazarr?, Samuel Park?, Dr. Phillip Williams’

NASA Langley Research Center, Hampton, Virginia, 23681-2199

For decades, mitigation tactics have been explored to minimize the negative effects of microgravity on
the human musculoskeletal and cardio-pulmonary system. Although significant progress has been made, there
are still substantial medical hazards that must be addressed before deep space exploration missions can be
safely performed. Skeletal muscle atrophy, orthostatic hypertension, and a loss of bone mineral density each
contribute to harsh gravity field re-adaptation issues that are experienced when returning from a long duration
stay in a microgravity environment. Artificial gravity vehicle concepts have long been considered as a solution
to the problems posed by microgravity, and various experiments conducted in low earth orbit (LEO) have
proven that artificial gravity created by centripetal acceleration can alleviate the detriments of microgravity.
The most salient application of an artificial gravity vehicle (AGV) is for long duration exploration missions
during which astronauts are exposed to microgravity for a period of 6 months or greater. However, an AGV
fit to house humans for such missions would require a centrifuge exceeding 50 meters to produce the necessary
gravity field without incurring a dangerously high rate of spin. The current assemble-then-launch process
cannot support the launch of objects of such great length or mass. Opportunely, in-space assembly \)
provides the capability to assemble large, complex structures in space that do not have to adhere to the
constraints of a launch vehicle. This study evaluates the technological gaps that can be overcome using in-space
assembly to make artificial gravity vehicles a realistic and advantageous option for future human Mars
exploration missions. NASA’s Deep Space Transport (DST), the current Mars vehicle design concept, is
introduced for use in comparison to an in-space assembled DST with artificial gravity capabilities. Conclusions
about artificial gravity vehicles are drawn from the mass, cost, and architecture differences between the two
vehicle designs.
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