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Habitat Sizing Tool
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The habitat sizing tool began in 2007 with
reference material found in the book “Human
Spaceflight: Mission Analysis and Design” [1] and
has since expanded to include integrated sizing
methods for every major discipline.

Key attributes include the ability to size the
outfitting for any mission using the most common
pressure vessels.

Key variables include instant output from crew
size and mission length.

Examples:

1. Mars transit habitat configurations
2. Lunar base module configurations



EXampIe 1: Mars T‘ré'h"‘s'mit.{'Hébi}tat""é'ohcepts

Gateway concept by Bigelow
Aerospace (4]

Government reference for a Mars S
Transit Habitat [2, 3] 4F a5

Gateway concept by Siéfra Nevada [4]
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A Agency team estimate & Tool Calibration

| HYBRID | Launch  Outfitted
2018 Design Constraints / Parameters Mass Breakdown Siase Mase
Operation
o ot Mass (ig)
1.0 [BOOY STRUCTURES 10,625 -
20 |CONNECTION & SEPARATION SYSTEMS 958 .
30 [LAUNGH/TAKEOFF & LANDING SUPPORT SYSTEMS m
40 |NATURAL & INDUCED ENVIRONMENTAL PROTECTION SYSTEMS 653 "'\’
50 |PROPULSION SYSTEMS 449 Habitable Volume 8481 m' 6.0 Radéation Protection - -
6.0 |POWER SYSTEMS o2 Operating Pressure 101.30 kPa 7.0 ECLSS 4142 4142
7.0 |COMMAND & DATA HANDUNG (CADH) SYSTEMS L2} Oxygen Fraction 2100 % 80  Crew Systems 3254 3254
8.0 |GUIDANCE, NAVIGATION & CONTROL (GN&C) SYSTEMS i Life Support Closure - Water Closed 9.0 EVA 1,116 1,116
90 COMMUNICATIONS & TRACKING (CRT) SYSTEMS 340 Life Support Closure - Air Ciosed 100  Research 764 764
100 |CREW DISPLAYS & CONTROLS Fm) = 1o - -
11.0 [THERMAL CONTROL SYSTEMS (TCS) 2086 Habitst Structure Aninum 0 Robotics
120 | ENVIRONMENTAL CONTROL SYSTEMS (ECS) 1508 Habitat Overall Length 1150 m [ |Ory Mass 25,676 25,676
13.0 |CREW/HABITATION SUPPORT SYSTEMS 21937 Habitat Diameter 720 m 120 Stowed Provisions - 12,935
140 | EXTRAVEMICULAR ACTIVITY (EVA) SUPPORT SYSTEMS 1317 Radiation Protection 0.00 kg 130  Consumables . 15,319
Mabetat weth Mybrid Propuluon 15.0 [IN-SITU RESOURCE ACQUISITION & CONSUMABLES PRODUCTION SYSTEMS ° |EVA Capabiity 10 140  Nonpropelant Flukis 70 70
16.0 |INSPACE MANUFACTURING & ASSEMBLY SYSTEMS 0 i Hybeid Propulsion | |Crew 8.324
The Mars Transit Habitat s the primary 17.0 |MANIPULATION & MAINTENANCE SYSTEMS 1988 MO TR L I RCS W::/ ? 440, 90 3§ N :‘:mn -.l” 25.1: :4.001
crew vessel for transportation to Mars. 180 [PAYLOAD PROVISIONS (OPERATIONAL MASS) ° sngueiype T
The habitat will be launched independent 19.0 [PAYLOADS & RESEARCH (OPERATIONAL MASS) 1,500 RCS Propellant Hydrazine, N204 Altached Payloads
of the propuliive slemant needed for MANUFACTURER'S EMPTY MASS The Mars Tramsit Habitat & the primary crew vessel for | | Power Generation 2684 kW Propulsion Stage
ey S B g O s AW |OPERATIONAL ITEMS - CREW [TEMS 231 ation to Macs. s desgrad to susport s rew | |Engrgy Stora 593 W || 150  Propetant 1,396 300
docking, as well as logisitics upload. 1 |OPERATIONAL ITEMS - EQUIP SPARES & MAINT ITEMS 6,764 of 4 for up t 1200 days. The habitat will be liunched o ge ' Y :
For attachment to the hybeid propulsion KL |OPERATIONAL ITEMS - CONSUMABLES (INCLUDING RESIDUALS) “ independent of the propulsive element needed for Keep Alive Power (uncrewed) 583 kw 160  Payload Launch Adapter 1.772
clement, the habitat requires solar panels M |OPERATIONAL ITEMS - CLOSED SYSTEM FLLNDS (REPLENISHABLE) [ Interplanetary traved, requiring element docking, as well Solar array area 24289 m' 17.0 In-Space Stage Adapler 1,249 1,249
and batteries for keep alive power and 2 N-P |OPERATIONAL ITEMS - PYROTECHNIC/ORDNANCE ITEMS & BALLAST as loghitics upload. This assembly is assumed to ocowr ot | | Thermal Radiator Area 10033 m®
small transfer propulsion stage to reach OPERATIONAL ITEMS - MULTI-PURPOSE CONTAINERS & CARRIERS ®e Gateway station in s Junar space wheve twilbe | |00y, ) Eotimated Loss of Mission 2.25%
the cis-lunar orbR where it will be QS |OPERATIONAL ITEMS - PROPELLANT o “ e Average TRL 7.87
assembled to the hybrid propulsion T O e O s SAERATORA B TY S Mass Growth Allowance (MGA) 15.54% 00% Project Mgt. Reserve - -
clement. joct Man nt Reserve (PMR) 0% Total Gross Mass 30,163 55,550
GROSS MASS ageme LL.
Government Reference Design [2] from Government Reference Design [5]

Agency wide Subject Matter Experts from Habitat Sizing Tool

LauncHeD BY ¢ ALAA



A Dry mass and operational mass comparison

Recent updates have aligned the

TRANSIT HABITAT REFINEMENT ID numbers with AES / NextSTEP Mass Breakdown g °“';2'::"
[} standards System (kg)
DESCRIPTION D FUNCTIONAL CATEGORY ml (kg) 1.1 Structures 9,225 9,225
1.0 |BODY STRUCTURES 10,625 2.0 Propulsion 1,573 1,573
2.0 |CONNECTION & SEPARATION SYSTEMS 958 3.0  Power 874 874
3.0 |LAUNCH/TAKEOFF & LANDING SUPPORT SYSTEMS 4.0 Avionics 1,621 1,621
4.0 |NATURAL & INDUCED ENVIRONMENTAL PROTECTION SYSTEMS 653 50  Thermal 2,165 2,165
5.0 |PROPULSION SYSTEMS 469 6.0 Radiation Protection - -
6.0 |POWER SYSTEMS 692 70  ECLSS 4,142 4,142
7.0 |COMMAND & DATA HANDUNG (C&DH) SYSTEMS 895 80  Crew Systems 3,254 3,254
8.0 |GUIDANCE, NAVIGATION & CONTROL (GN&C) SYSTEMS 173 90 EVA 1118 1118
9.0 |COMMUNICATIONS & TRACKING (C&T) SYSTEMS 340 ' '
10.0 [CREW DISPLAYS & CONTROLS 213 LU ) U Lot
11.0 | THERMAL CONTROL SYSTEMS (TCS) 2,086 11.0  Robotics 943 943
12.0 |ENVIRONMENTAL CONTROL SYSTEMS (ECS) 1,538 | |Dry Mass 25,676 25,676
13.0 |CREW/HABITATION SUPPORT SYSTEMS 3,937 12.0 Stowed Provisions - 12,935
14.0 |EXTRAVEHICULAR ACTIVITY (EVA) SUPPORT SYSTEMS 1,317 13.0 Consumables n 15,319
Habitat with Hybrid Propulsion 15.0 |IN-SITU RESOURCE ACQUISITION & CONSUMABLES PRODUCTION SYSTEMS 0 140  Nonpropellant Fluigs 70 70
crew vessel for transportation to Mars. 18.0 |PAYLOAD PROVISIONS (OPERATIONAL MASS) 0 S e oL
The habitat will be launched independent 19.0 |PAYLOADS & RESEARCH (OPERATIONAL MASS) 1,500 Attached Payloads
::‘tter:e propulsive element ngeded for MANUFACTURER'S EMPTY MASS LT Propulsion Stage
planetary travel, requiring element A-H |OPERATIONAL ITEMS - CREW ITEMS 21,223 |
docking, as well as logisitics upload. 14 | OPERATIONAL ITEMS - EQUIP SPARES & MAINT ITEMS 6,764 Propellant 1,396 300
For attachment to the hybrid propulsion K-L |OPERATIONAL ITEMS - CONSUMABLES (INCLUDING RESIDUALS) 64 1,772 b
element, the habitat requires solar panels M |OPERATIONAL ITEMS - CLOSED SYSTEM FLUIDS (REPLENISHABLE) 0 1,249 1,249
and batteries for keep alive power and a N-P |OPERATIONAL ITEMS - PYROTECHNIC/ORDNANCE ITEMS & BALLAST 0
small transfer propulsion stage to reach OPERATIONAL ITEMS - MULTI-PURPOSE CONTAINERS & CARRIERS 0
the cis-lunar orbit where it will be Qs gprAngNAL ’TEMi - PRgPE’-LlSAgT Cons S 0
assembled to the hybrid propulsion T-V |OPERATIONAL ITEMS - PROPULSION CONSUMABLE. 0 .
element. ybrid prop OPERATIONAL EMPTY MASS BT 27 0.0%  Project Mgt. Reserve - -
GROSS MASS P tT il [Total Gross Mass 30,163 55,5
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Initial Inputs and Summary Output -
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A. Inputs

A O=n A -— Pa s (- - £ -y [ pome
; D% oy v | A % - AN M= Y- Bweka. Custon - B G- TN S S e
Crew Size 4 . ey B I Ye He GeAv EETE ST Dwewscmme $% 9 o 8§ o s [T N et v o
Mission Duration in Days 1200 — : =~
Crew Mission Days 4800 - ‘
Extravehicular Activity (EVA) e g
Number of EVA's 10 NASA Marshat Space Fight Carter L s Output from e b Output from
Crew per EVA 2 EDO4 / Advanced Concepts Offce ::'v: LLOW :;(m::;";‘v‘;:"(:““z Discipline SiZing R MEL
Location (Select from List) Mars 1 Sol Orbit Seterved 4 need addtonal work : e
Gravity Level (g) 0 —_— —
Max Distance from Earth (km) 402,000,000
Heliocentric Distance (AU) 2 Crow Size i
. Mission Duration in Days 1200
Habitat mass Min Solar Charge Time (min.) 1,077 Crow Mission Days 103
projection curve Max Eclipse Time (min.) 400 P 10
Max Thermal View Temperaturd 290 P L L — e - R
Solar Flux Level (W/m?) 591 i e JROROR e T ] 70 % [| 80 Ourtyme
Mass Projection (kg) 41,805 M S Coargs Time i) a7 Coses 00 Reseash
Pressurized Volume Projection (m?) 250.00 Max Scpve T frin) L Robotics
Program Manager's Reserve 0% Soter P Lovel (W) 591 Stowed Provisions
> | | Target Mission Success 98.0% :',w,, v,:'w - ) | B Norgropetant Fuss
Program Marager's Reserve [ Mars Tranvst Habitat wi Hybed Proputsion
I'f_u!l Mason Success 96.0%

Description

The Mars Transt saditst & e prmary corw veusel for
Vamsportaton 15 Mary W s engred s tpoort ¢ rew
o & for 49 %0 LI00 dewn. The Nabitar wil be wanched

* User Input | =
— Number of crew et e
— Mission duration
— EVA activity
— Primary location

Input impacts
Spares mass

Actual Estimated Loss of Mason
Average TRL ™
Mass Growth Alowance (MGA)

I Discipline
Worksheets

auncHed B ¢LALAA °

MEL input from
Disciplines
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Master Equipment List (MEL)

» User Input
— Automatic input from all discipline tabs
— Quantity adjustments
— Technology Readiness Level (TRL) estimate
— Mass Growth Allowance (MGA) estimate

I o et e

» QOutputs to Summary Tab
— Systems mass
......... — Stowage mass
— Vehicle mass
— Average TRL
— Average MGA
— Equipment, Stowage, and Habitable Volumes

, » Capabilities

_ : . = — Equipment and stowage volumes based on average
I N\QCD mass density estimates for each system

il — Launch mass adjustments available for payload

| = —— T e limits

TR TE N

! — Outfitted mass provided for mission requirements




0.0 Mission Analysis

- User Input s oa = N - —
— None — E s m= - = -
* Automatic calculations based on destination input. fz,"?:::“‘ E o ,Eﬁ 2 f: :;, ,E ;z’
+ Automatic input to discipline worksheets E}E‘“"“ E. EEE § % § E §
 Locations include: « Data provided includes:
— Earth Surface — Lunar DRO* _ _ — Gravity Level (g)
— Lunar Surface : ;?J?] kE:rlt‘r:JBr Equatorial Orbit — Max. Distance from Earth (km)
— Mars Surface - 12AU Typical NEA — Max. Heliocentric Distance (AU)
— Phobos Surface — 500 km Mars Equatorial — Min. Solar Charge Time (min.)
— Deimos Su.rface _ — Mars Phobos Orbit — Maximum Eclipse Time (min.)
— Space Station Orbit — Mars Deimos Qrbit _ Max. Thermal View Temperature (K)
— Earth-Moon L1 — Mars 1 Sol Orbit

- 2
_ Earth-Moon L2 Solar Flux Level (W/m?2)

*Update needed to include NRO

LauncHeD BY & ALAA °



» User Input

— Pressure vessel length, diameter and end dome
shape, or...

— Standard pressure vessels from available tooling
— Number of Airlocks and type

— Number of Docking Ports and type

— Number of Windows and type

« Outputs
— 1.0 Pressure vessel mass
— Volume, surface area, and radiator cylindrical
area provided for input into other disciplines
« Capabilities
— Lengthy menu of over 75 pressure vessel and
attachment options

— Generic rigid pressure shell masses are
estimated from a database of finite element
models which are mass-optimized using the
HyperSizer FEA program.

— Generic inflatable pressure shells are estimated
using areal densities developed by ACO.

JAIAA

Custom sized rigid
and inflatable
pressure vessels

Numerous ISS, ISS
derived, and Russian
module pressure
vessels

Rigid and inflatable
airlocks

NDS and CBM
docking systems
Windows and
cupolas

Generic Rigid
Pressure Shell

Generic

Infiatable
Pressure Shell

EAM Docking
Module (0 rack
bays)

Node 1 (1 rack
bay)

1SS Node 1 fully
outfitted

Nodes 243 (2
rack bays)

STS Alrlock

ISS Alrlock

Alrlock

Russlan Docking
P

Russian Mini-

Re h Module

2 (MRM2 with

capabilities)

1.4 Alrlock
Totals

NDS Active

NDS Passive

1.5 NDS Ports

Observational

Research Facility
(WORF)

1.8 Windows

Truncated 8.4m | 1

Eliptical Ends.
(Define Dome  With Mid-Deck | 0
Height)

A

See also
Resecarch
Systoms
work s hoet

f gE

ff

470

5.50

5.50

6.70

2%

550

4.90

4.9

061

1.00

2.96

9.00

0.00

0.00

0.c0

0.00

0.00

2%

720

6.70

4.30

430

4.3

4.30

1.5

400

255

255

0.50

0.40

3.00

7.20

0.00

0.00

0.00

0.00

0.00




2.0 Propulsioh

2.0 Propuision 136748 | 2000% M50 1640398 2 3 4
21 MPS 135748 136743 2000% 27350 184058 500 lom Mars, | = 0 deg 1 239 1127 1882 1158 472
22 Reaction Control System (RCS) 000| 2000% 0.00 0.00 500 lom Mars, | > 0 deg 2 239 1151 1862 473 2066
Mars Phobos 3 12y 151 143 m =
14.0 Propellant 139529 1,395.89) Mars Deimos 4 les2 1882 42 £25
14.1 MPS (bipropellant) 1,3965.29) 139589 139589 Mars 150l orbit, i = 0 deg 5 1 E&73 = 227
14.2 RCS 0.00 0.00) Mars 150l orbit, | > 0 deg 6 I 2068 a2 o2 287
User DeSined 7 3
14.0 NonPropsliant Fiuids .79 .79 | mcs | wes *
141 MPS (bipropellant) 69.79 89.79 £9.79) Mono Prop Hydrazine lsp 225 sec 225 sec
14.2 RCS 0.00 0.00) Biprop NTOMMH Isp 310 sec 340 sec
From Inputs Summary LOWLCHS Isp 335 sec 360 sec
Arnitind Maee 28 201 M a3R 21N AMDS ber v

* User Input

— Orbital transfer requirements
- TLItoNRO
+ Mars 500 km orbit to Mars 1 Sol orbit

* QOutputs
— 2.0 Propulsion hardware mass
— 14.0 Propellant mass

» Capabilities

— Designed for low delta-v orbital transfers within Earth, Lunar and Mars orbits

LauncHeD BY ¢ ALAA

Dry Mass (kg)

2000

1800

1600

&8 888 8 8

200

400

Propulsion Bus Dry Mass vs. Propellant Mass

600 800

1000

1200 1400
Propellant Mass (kg)

1600

1800

2000

2200

10




3.0 Power

 User Input I Solar Array Power Sizing I I Wiring Harness Sizing I

— Solar Arrays

— Options
+ Solar Arrays
* Fuel Cells

Ground Rues & Assumptions Lang®h  # Circuits Mass

Desgn Magn (%) o S026. 7782 935 212 1062879
Bus Volage 120 21782705 35 "0 9 0980898
Esvumate Cabie Parameten Y teg 4 22000532 1] 93% L] 14.886051

20 1.9 L] 19022

- Nuclear ST R R S e
— Automatic power requirements Saney o e () 593 [t PG B0
from other disciplines v S A Ducats b '
Fusl-Coll Powered System ’m;:::::‘w
* Outputs Smmm——— e By [
— 3.0 Power mass including... s Yo — Teme s e o
_ Aut fi tout to oth H2/O2&CI—!4_/OZ nassr aoer e
utomatic output to other Fuel Cell Sizing oo 10000
disciplines 0%0
» Capabilities — _ -
Kilo-Power Nuclear Nt
— Solar array area Power Sizing o Sttt

— Operational power requirements

. : Power Requirements from
— Keep-alive power requirements a

other subsystem'’s sheets including

 Power hardware mass o Operationa| power
« Wiring harness mass + Keep-alive power
« Solar array mass * Heat rejection

e Fuel cell fluid mass

LAUNCHED BY ¢ ALAA
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* User Input

— Select from menu of subsystem components for...
— » Guidance Navigation & Control (GN&C)
- r ' . + Command & Data Handling (C&DH)

A1 ACS - LoweDeck 20 am

AT hc peeten —aw  — + Communications & Tracking (C&T)
Qm am
At cutns , U s I O ey Variables Unit » Crew Displays and Controls
Fryey-vewses 2 o - :
i S Ebctrerica 0 % am ) 0% Crew size 4 g
borteon Sarsars o " am Pres i WMaximum distance from Earh 444000 — Number of internal deck levels
S Trechor o - am a%n ws i q
i 0 am am byl by Habitat Location Earth-Moon L2
MPS 1
[=SCTE Y am RCS 1
- : - I:m - - Habitat Volume 496 * Output
Sun Server Edactronices 0 0% am a5 w0 Number of docking ports 2
S T o 5% w0 7 1 H
- A am by = Additional Deck Levels 0 — 4.0 Avionics mass
Additional Safe Haven Decks 0
s 2ty gocy Sarcn Modula oo ] Number of Science workstations 1 :
mwm,ﬁm, : f: 3$ ’:: ﬁ Maintenance workstation 1 wt - Power reqUIrementS
Mourting and Isckeion sysdem (] nw am am 0% Robotic-Arm workstation 0 C b. I .t.
Tele-Robotic workstation 0 ° | | |
4880 - Lowaeck 2o ] , Virtual Presence workstation 0 a pa €s
Prcctve refdector L} L im am oS
Tage 2 2% S00 am % H H
s Pleba i a Eo8 Vabitat Funcion — Mass derived from Orion, ISS, and Shuttle
Gyt s - “ Transit Lunar Mars H
Shrt Foarge Lider 1 a0 ™) T2 %
L e it g o am \,\ o Orbital DRO Mars hentage SyStemS
Short Furge Opticd 1R Carrvendd ; :;, 3: ‘:: \:&"\ Taxi .
pimomigureyiimigy | am o o Cunar Wars — Quantity and type of components depends on
Surface Habifaf'\u,u;@r\ Mars . . T
440 ozt a0 Surface Rover | Lunar——f——lars | mission definitions
Prectva refbactor 0 as am am o Surface Elements e . .
bt o A am o o = ' * Some quantities are automatic based on input
Liker Aviorics Sysdan o Mmoo am 0 o am t bl
Short Rage Lde o "o am m L) am a e
Loy g Lider o wom am m o am
Opticd Aviarscs Sysdeamn o wom am 0 o am
e . e . o - - + Others are selected manually
Loy Rage Opticd Camnes 0 am am nm o am g
*  Number of decks selected adds additional mass
Rt Numperof .
LR wanveck Ll e DM o — Power profiling of avionics components based on
including Safe (kg) . . .
| o v secks SR major mission phases
Wtichs Masggamet Corputer 3 an 4.1|Guidance Navigation & Control 100.78 0 0.00 100.78
FU-Outs Acgaedion Urdt 4 P Power (w) 59.28 0 0.00 59.28
Ot Foacorder 3 im 4.2|Command & Data Handling 178.93 0 53.11 178.93
Ot Bure Fpader 4 | Power (w) 745.10 0 147.70 745.10
POUCY U] o801 4.3|Cockpit’‘Command Center 65.89 0 65.89
POUCY " “x Power (w) 220.50 0 220.50
POUCS o nHn 4.4|Communications 135.60 0 . 135.60
POUSY o ansr Power (w) 658.90 0 0.00 658.90
1 4.5|Intercom and Video 32.06 0 32.06 32.06
Power (w) 166.10 0 166.10 166.10
4.8|Instrumentation 27.21 0 . 27.21
Power (w) 50.00 0 50.00
4.9|Avionics Cabling 227.61 0 . 227.61 1 2
LAUNCHED BY dAMA PGWEHVIV) 0.00 0 0.00 0.00




5. Thermal

* User Input
— In-Space or Surface System

— One-sided fixed or Two-sided deployable radiators
;::Iteh::i’s:ing thermal control system MEL by power. Existing MEL from Ref. 1.
Input power 4100.00| W
eference input power I [ ]

:‘c:ive TCS [‘i)n!:nau basic mass 3320:50 i\:; O u t p u tS

Active TCS (external) basic mass 80.95 kg

= 5.0 Thermal system mass

ctive TCS (external) basic power 136.67 |
Method 1 .
E—— Use empirical equations based on estimated areal heat rejection and density _— P owe r re q u I re m e n tS
Quantity l\ﬁ:is!s :::ill;elileail:vgl surface area I ‘2‘4‘2;2| :* — Rad i ato r a rea
ks

Active Thermal Control (Internal) : Radiator type Dne-si;led fized TIO-SidedN e
:ig;zg i:::::ulatoys § g:g I if:al heat rejection 1;15 1?: ‘sz ® Ca pa b I I ItIeS
H20/PG Lines with Coolant 1 1670 Qveal :ednsitu’ . 4 ;Osz 8;5 f\glm’ . ] .
St S | I s — Active TCS based on dual pumped fluid loops (internal/external)
Coldplates (SS) E 400 Radiator area 25.84 25.84 m o ] . .
T SR t ol A s n "‘ * Mass and Power sizing of internal and external TCS achieved via power
Liquid Level Sensors 2 0:25 I Additional deployable area Notstte;:ired on:'; mt Scal I ng Of a refe re n Ce M E L
Pressure Sensors 3 0.10 Total radiator area X .. m .
Filters 3 040 | Total radiator mass 273.89 0.00 kg . .
qu‘lmLviqlum.*wemnge. bl * Reference MEL taken from previous NASA MSFC ACO study, "Habitat
Isolation Valves ¥
Check Vlues A I e veraoe Radiotor Temfppiot Heat Aeest Safe Haven Configurations Study", 2017, with mass and power numbers

mEons L adiator application and type b o’ ' .

:::z::iz :::t Exck : ﬁgg Mear Earth orbit - stationnary radiator 2?0 VSlO fo r I OO p CO m po n e n tS b ased O n O rl O n TC S .

Active Thermal Control (External) 290 131 g e .
HEE 7200 Coolant Pumps 2 | eml HearEath ot tacking it 2 o4 * Quantities for specific components can be adjusted.
AL AT, o : I Moon - low latitude (vert. relative to surf.) :gg 185 . . .
pidisrrounrirutl B B — Passive TCS (insulation, heaters)
Coldplates g 131 I Moon - low latitude (horiz. relative to surf.) Zg :g: L ) ] ]
i C o | W ol (o ) am m * Mass and Power sizing of passive TCS achieved via module surface
T e s ot | [ sursoe en orvors) zm o area scaling of the above-mentioned reference MEL.
Filters 4 040
e T e | I o 5 — Radiators
ol B B Ridiator sreal densits (ReF 2] + Emitting area calculated from average Areal Heat Rejection values
Check Valves 3 024 I Fixed rad?alov. 1-si§19d (e.g. surface mount) 106 kglm: . g
FilPorts 2 | os Domtonsti aion vaided ol (W/m?) based on typical thermal environment (e.g. NEO, Lunar surface,

Deployable radiator, 2-sided 8.5|katm® M a rS S u rfa Ce)

* Mass calculation based on radiator effective areal density, which
depends of radiator type: fixed or deployable, single- or dual-sided.

JAIAA b



5% Radiation Protaciomn

6.0 Radiation Protection

Provide Number of

Radiation Protection Protection? e

SPE protection rule of thumb 333 kg / crew member 4 333 1332

TM-2012-217361 “Evaluating Shielding Approach
to Reduce Space Radiation Cancer Risks,” by
Francis A. Cucinotta, et al.

Density of 1 ume tobe  Width /

= Covered (m’) Length/
Helght (m

3m coverage in regolith for surface

GCR protection rule of thumb ats

3 1600 316.85 2,073,596

Mass of Material Required (mt)

2,073.60

Surface provides half of protection. Mass is
usually d d from in situ i

5m coverage in regolith in for space

ats 5 1600 316.85 4,840,616

4,840.62

" mn7

* User Input

11,777.72

Usually provided as water or asteroid materials.

— Automatic calculation based on number of crew
quarters to be protected

— Optional GCR protection available

* QOutput
— 6.0 Radiation Protection mass

» Capabilities

— Solar Proton Events (SPE) assumes a polyethylene panel mass wrapped around ISS like crew quarters
— Galactic Cosmic Rays (GCR) assumes mass of water or regolith required for either in-space or surface habitat

LauncHeD BY ¢ ALAA
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7.0 Environmental Control éhd'LifeSupport System

* User Input
— Automatic inputs from number of crew and mission days
— Open vs closed loop systems are selected automatically but selection can be toggled manually
— ISS ECLSS and Advanced ECLSS options available from ES62 collaborations

* Outputs « Capabilities
— 7.0 ECLSS hardware mass — Includes water, air, food, and waste balance
— 12.0 Stowed Provisions mass calculated from crew needs and habitat inputs

— 13.0 Consumables mass

15
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8.0 Crew Systems

Sppor! sincture o orciosaron 1 ‘
Fonm amvom o % o oiwm 2
Wrer depemuwr wyver 1 l
B14  Tresk sompeckr | 150 L0 3
G145 Ve Sad prep s ipe i 1 N N
&1 Frowe (| o500 “oh0
° User InPUt ue;ﬂ Sppor! oinet ore arcdosare J 1 | W ::
. . . . . H3D  Vewtoyfibonm boie v | i aw
— Shopping list of items based primarily on ISS systems 53 G R ¢ s na
. . . e . LF ) Uty e Uit 3
experience including specific equipment for the...
u::'ﬂ' Boppor! 2ok re. srebosare, oousbo sesdabor 1 | Rl ::
+  Galley 1 g ¢ | wm e
[ 55} 3.9 Sop Fostraret (struchrs ard rastrart 1 am ax
O Wardroom B34k fpkeiy) o | % aw
. Morsony |
Crew Quarters e —— ] —
* Personal Hygiene Compartment 5 :;wm‘.;.n. ' = =
+ Crew Health Care for Medical and Exercise r st S e
. HEA i wah 2 | win o
* Maintenance 047 aww r ace
SAT.] Sxpot stroct ard encloors 0 *0.m ax
RAT T Lgpinfom bl budrms o | % ax
BATY Swower head ard coeras 1] a0 A
N | -
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User Input
— Number and type of EVA suit

— EVA equipment options include...
+ Tools
* Free-flyer systems

LauncHeD BY ¢ ALAA

Outputs
— 9.0 Extra-Vehicular Activity (EVA) mass
— 13.0 EVA consumable mass
Capabilities
— Shopping list or primarily heritage ISS, Apollo, and
Russian systems, and Orion systems
— Automatic consumables calculation based on nhumber of
EVAs anticipated
Airlocks included in 1.0 Structures section

— Options include ISS, Shuttle, and custom inflatable
airlocks
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10.

100 Revssrch

0 Research

Space Habitat Sclence and Maintenance Workstations

Breakdown Structure
100 Resaarch

10.1 Life Sclences
1011 Mcroscope
10.12 Moleodar Arelyzer (Mass Spsc TOF)
1013 Malecudar Arvlyzer (Gas Crvarratogrpah)
1014 Freezer
1015 Refriger e
10.18 Mass Measurament Device
1.7 Specrren Canrifge
10.18 Fterface for Gan Andysis
10.19 Cell Cure System
10.1.10 Small Admal Reserch Faclity (ABM Vivarium Glove Bax)
10.0.11 BotanyPlant Biology Resaxrch
10.1.12 Consummations (Medx Hydroponic Nutrient Fludt Feed Gasoes: ot
10.0.12 Moo Defecton (Medcy micrabiology and Astratiaiogy )

102 Physical Sciences
1021 Haavy lon Tracker
1022 Materials and Envirarment
1023 Rolafvistic Cravity Experiment

10.3 3.D Printer workstation
1041 3.0 pricter
1032 Foed stock
1033 Revydler
1034 Verdcaton Sadion (struchred light scarming box)
1035 Glove Bax

B e T T T S S Y

e

» User Input

— Select from shopping list of research
equipment

LauncHeD BY L ALAA

» Output
— 10.0 Research Equipment mass
» Capabilities
— Based primarily on ISS research systems

18
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11.0 Robotic Systems [ — === ==

* User Input
— Custom Shuttle derived robotic arm 0 e e e N
selected e s o -

* Output am R O R B
— 11.0 Robotic systems mass Fud Tt B | - N

» Capabilities _—
— Shuttle, ISS, and surface robotic
systems options available oy o |var| o P ey

— Mobility systems included for various 1 e
surface mobility options s o

i

Robxatic Arm Custom. Shutthe derived. 1 an an ne

i
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13.0 Consum'ables",'

* User Input » QOutput
— Automatic input based on number of — 13.0 Consumables mass
crew and mission days - Capabilities
— Estimates based on ISS experience and outputs from 7.0
ECLSS section

1.0 Consumabies

130 Consumabies

13+ Food nchudng packegirg (crew daya!

132 Food waste codection syalem (per day)

RN Lrm Sappoet Corsamadias [par rtay)

18N LIFE SUPAOMT TTRMS AND CONSLMNE BS

5511 COCKINZEAT NG SLPPLES
3512 HDO
N1 O,
3314 N,
2315 LIDH CANISTERS (30 DAYS)
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14.0 Spares

<
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444
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i

et

2

Uu
.

* User Input
— Automatic input based on number of crew and
mission days

— User input on Summary tab for Target Mission
Success

* QOutput
— 14.0 Spares mass
» Capabilities (Work in progress)
— Higher Mission Success rates will increase
number of spares and associate mass

— Mass will vary according to number of crew,
mission duration, mean time between
failures, and hardware repair capabilities

— Data is based on LaRC model from ISS
experience

LauncHeD BY ¢ ALAA
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0
Mars Tearut Habitat w Hybeid Proputiion b 28324 Bgelow Module wi Myteid Proputsion Craw par EVA 2 Inert Mass L2 mais
Subtotal

iR 54,001 RCS Engine Type 440, %0, 30 N m159 6413

o | N st

e Mary Trart absbot 5 the gremary rew sl for The Mars Traneit Mabitat & the primany Crew el for Power Generation 2270 W Propaison Stage

TIRpOrtaton 50 Man. 1t & deugned 19 gpont & oew 129 00 omporianon b0 Mes. 1 & desgned o igport & crew Energy Sicrage S04 W 150 Prepelant 1,684 30
e vl L

4krm o LI dn. T Nebtat o be Buschad 112 ot e o en et ot e E | |rcnmp e Power (uncrewd) 598 W || 160 Payosd Launch Asaster 1507

mterplanetary Uil reguirng slement dockng, i wel 1264 1263 e ety Vel veg ey cevest doching. i et Sclar array ares 2434 W 170 n-Space Stage Adapter 1,304 1504

L el TR MAnTlly & Mared 0 i & 0 logaitics upload. This susembly & susumed % actwr Thermad Radator Aves 1008 m'

P Gatrway Ration © 00 A 10008 where 4wl be

Actusl Eatimated Loss of Mason 225%
B e T 200 et rteaned o Ut PaOnL
[Average TRL ex
- - Mass Growth Alowance (MGA) RLEL LY
L AL 55,850 [Progect Management Reserve (PMR) 200%

Deaign Constraints

- Transit habitat configuration options [5] “m o S
— Government reference o H RN

— Bigelow configuration option T — il

— Sierra Nevada configuration option i et P —(———

— (3 other cases were run using ISS derived — e [
module) e T P I
S T .
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Mass Comparison

Government Reference

Mass Breakdown

Launch

Outfitted

Bigelow Derived Concept

Mass Breakdown

Launch

Outfitted

Sierra Nevada Derived Concept

Mass Breakdown

Launch

Outfitted

Mass Mass Mass Mass Mass Mass
System (kg) (kg) System (k@) System (k) g
1.1 Structures 9,225 9,225 11 Structures 10,992 11 Structures 14,843 14,843 >
2.0 Propulsion 1,573 1,573 2.0 Propulsion Bus 1,875 2.0 Propulsion 1,178 :
3.0 Power 874 874 3.0 Power 1,207 3.0 Power 998 998
4.0 Avionics 1,621 1,621 4.0 Avionics 1,621 4.0 Avionics 1,782 j
5.0 Thermal 2,165 2,165 5.0 Thermal 1,911 5.0 Thermal 1,930 1,930 >
6.0 Radiation Protection - - 6.0 Radiation Protection - = 6.0 Radiation Protection - -
7.0 ECLSS 4,142 4,142 7.0 ECLSS 4,393 4,393 7.0 ECLSS 4,144 4,144
8.0 Crew Systems 3,254 3,254 8.0 Crew Systems 3,254 3,254 8.0 Crew Systems 3,254 3,254
9.0 EVA 1,116 1,116 9.0 EVA 1,116 1,116 9.0 EVA 1,116 1,116
10.0 Research 764 764 10.0 Research 764 764 10.0 Research 764 764
11.0 Robotics 943 943 11.0 Robotics 943 943 11.0 Robotics 943 943
Dry Mass 25,676 25,676 Dry Mass 28,076 28,076 Dry Mass 30,951 30,951
12.0 Stowed Provisions - 12,935 12.0 Stowed Provisions - 12,935 12.0 Stowed Provisions - 12,935
13.0 Consumables - 15,319 13.0 Consumables - 15,319 13.0 Consumables - 15,319
14.0 Nonpropellant Fluids 70 70 14.0 Nonpropellant Fluids 83 83 14.0 Nonpropellant Fluids 52 52
Inert Mass 70 28,324 Inert Mass 83 28,338 Inert Mass 52 28,307
Subtotal 25,746 54,001 Subtotal 28,159 56,413 Subtotal 31,003 59,258
Attached Payloads Attached Payloads Attached Payloads
Propulsion Stage Propulsion Stage Propulsion Stage
15.0 Propellant 1,396 300 15.0 Propellant 1,664 300 15.0 Propellant 1,045 300
16.0 Payload Launch Adapter 1,772 16.0 Payload Launch Adapter 1,937 16.0 Payload Launch Adapter 2,136
17.0 In-Space Stage Adapter 1,249 1,249 17.0 In-Space Stage Adapter 1,304 1,304 17.0 In-Space Stage Adapter 1,370 1,370
0.0%  Project Mgt. Reserve - N 0.0% Project Mgt. Reserve - P 0.0% Project Mgt. Reserve - 7 -
Total Gross Mass 30,163 | (_ 55550 ) [Total Gross Mass 33,065 | (58,018 |) [Total Gross Mass 35,554 | \ 60,927

JAIAA



LR
el

Comparisons to Government Reference

* Primary difference was in 1.0 Structures for use of different pressure vessels

» Structures mass for inflatables went up

— In general inflatable systems do not decrease the mass in comparison to rigid pressure vessels due to the multiple
layers required for micrometeoroid shielding, deployment systems, and inflation systems

» Power mass went up due primarily to larger thermal load from larger surface area for the
inflatable module

 Thermal mass went down on inflatables

— Government reference used surface mounted radiator panels that doubled as micrometeoroid shielding which
increased the thermal mass and decreased the structures mass

— Inflatable systems used 2-sided deployable radiator panels which decreased the thermal mass

L A
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‘ Example 2: Lunar Surface Base

* AIAAASCEND 2020: “Concepts for Phased
Development of a Lunar Surface Base” by D.
Smitherman, S. Canerday, J. Perry, D. Howard

« Initial Sizing with Tool utilized to create
— 2-crew Operations module
— 2-crew Laboratory module
— Closed loop ECLSS module
— Mobile lab (by adding mobility base)
— Airlock module
— Logistics module
— Node (by adding radial ports and cupola)

» Primary differences in each module
— Two module lengths utilized
— Internal outfitting based on function

Lunar Surface Base Government Reference Design [6]
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