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What Do We Need to Get to Mars?
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The Cost of the Data

« NASA has invested $100B in ISS; current
p-—-arehrtec'l'uremssesnpportumty to exploit thls
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Space Station Phoneix (SSP)

solutions currently exist to
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Space Station Phoenix Goals

Decommission the International Space Station

Reuse as many existing components as possible

Construct a “Space laboratory” — (SSP)

says on both Mars and the Moon p
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Solution: Space Station Phoenix
L 4
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Space Station Phoenix
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General Requirements

"+ SSP interior pressure shall operate
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General Requirements (cont.)

exposure. [#19]
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ISS Related Requirements

~« All crew interfaces shall adhere to NASA-
m 30(_)&.@Man Syste,m Integratlon
_Standards. [#
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Safety Requirements

 All structural systems shall provide non-
margins of safety for all loading
m%au mlssmp phases [#26]
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Safety Requirements (cont.)
P

* Analyses shall use NASA-STD-5002,
oad Analysis of Spacecraft Payloads.
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Timeline Requirements

e SSP-shall-only use technology currently at or

Whnology Readiness Level (TRL) 3
~and'at TRL 6 by.2012 [#11]
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Cost Requirements

mﬁﬁéﬁ‘nshall use NASA standard
m'iﬁj algorithms. [#15]
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Orbit Location
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Choosing a Rotation Rate

Lackner 2003 0.10 10

Y-T?'rpm chosen to strike a balance between minimizing the
Mforce q_gg‘bance to thg crew and m|n|m|zmg the
Slzme rotﬁ_@mrm& r—
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Rotational Orientation

Max Radius

Radius

Center of of Rotation
Rotation

(fixed frame)

Center o
Habitat
(rotating frame)
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Limits of Construction
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Configuration Stability

radii to determine differences between the
e Iar_g_st@nd middle principal moments of
—— inertia-foradumbbe Hwth stablllty arms
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Dumbbell Approach
»

mass vs. radius for each stability arm

— 1% margin
5% margin
— 10% margin
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Dumbbell vs. Three Spoke

Station mass vs. radius for each stability arm

— 1% margin
5% margin
— 10% margin
—— three split 100,000 kg each
—— three split 75,000 kg each
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Decision
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PDR Option 1: Full Wheel
L4

S\
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PDR Configuration
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New Configuration
L
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Non-rotating Section

— High precision maneuvers

F—_—-&h&m&o—e#eeﬁweness of thrusters

axis to accomplish these goals
e
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Central Axis
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Central Axis (Top)
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Central Axis (Bottom)
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Counter Rotating Assembly

o

ation environment

Image: http:/Awww.fmctechnologies.com
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Stability Arm
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Stability Arm (Left)

N 4
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Russian MLM
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Stability Arm (Right)

N 4
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Crew tank
package
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Stability Arm Analysis
v
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Stability Arm Support Structure

e Tensile strength 290 MPa
Density 2700 kg/m3
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Connections
NE 4

Image: http://www.boeing.com/defense-space
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Limits of Construction
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Townhouse A
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Townhouse B
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Module Loading Analysis

na}mn of Iongltudmalr»and tangential
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Module Loading Analysis
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Maximum i

e/
eactiondor

University of Maryland
Space Systems Design

Space Station Phoenix
Structures (Blaine)

1.89 x 103
1.59x 10*| 8.73x 10° 1.56 x 103
1.53x 10* | 4.13x 10° 1.50 x 103
1.53x 10* | 5.03x 10° 1.50 x 10° =
L SSXT04 | 5.10x105 |~ 1.52x 10°
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Module Loading Analysis

- ;5
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*Local Buckling Yield Strength
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(Ref: Roarks)
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Node propertie

Internal Pressure (Pa)

Node Radius (m)

Berthing Radius (m)

B

Cll

Ct

Y

Node thickness (m)

Material property

\ 0.330

E 7.31 X 1010

~—

*Aluminum (Al 2219-T8)

exeeeds yield strésses and failure occurs

e —
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Townhouse Deflection
N5

mass of townhouse support structure

o ~ __,——-—4?. _— 3
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Cable Selection

s
.
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Townhouse Support Structure
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|I-Beam Crossection Design

0 0.1 (00~
THASB2 . . . . .

| THAICB2* | 8| 43| 04| 1| 0.11

THBICB1* 09 09 0.07

0.12 | | THBICB2* 4 6 0.12

‘ \;‘ J{ * denotes crossection for configuration with
- I stress relieving cables

ki 0%
8 =

o

e~ —
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Box Beam and Strut Crossections
\F

6 4 8 4 0.01 : -
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Element Lengths

.

5/S35 Jruss
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Material Selection

50

specified in Stress 152000 | Pa
_p———c . Density 2700 kg/m2
e Gl S e
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e 4 T . = ? —" Y ~ N
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Mass Table

91

| Total Mass (10% Margin)

Y

40000 -

19
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Townhouse Cables

— Max tension: 4.97 x 10°

F————Gubled'rarrre*terﬁ&OZ m

ength: 12 m each @ 30° X-Z plane

“3

—
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SSP Truss Analysis

these Ioads? S5 12,598
————-— » S3/4 17,900
——— | S1 15,598
e~ @ = & SO \ 14,970

e = S s
University of Maryland Space Station Phoenix Critical Design Review

Space Systems Design Structures (Corbitt) April 25, 2006




94

SSP Truss Analysis (cont.)

0.5 5 x 10 40

0.5 5 x 10 30

S e 5 x 109~ 10
e R
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SSP Truss Analysis (cont.)
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components o

S5 0 2 0
S3/4 0 2 0
el 0 1 0
\‘. — -
- 7’\ 0 0 0
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SSP Truss Analysis (cont.)
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SSP Truss Analysis (cont.)
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Rotation
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SSP Truss Analysis (cont.)

mid-point of the SO segment

e —— *Discrete lumped mass

- o corresponding to the geometric

= Bt ] e - A =
e e S — — S _ ~~.center of the component
T gt SR el S
- :;{n&‘f‘“ -4'»‘ e - -
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SSP Truss Analysis (cont.)

Radial Force (N) (N)
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SSP Truss Analysis (cont.)

Dimensions of the truss
= | (m#) 2.8
J
= Cross-sectional area (m?) 0.79
— == 3 . -
: —_—— = _ s | = El (N'-m2 2 x10M
s - — — .ﬁ\ O'b&_‘ \‘L ( 4 ~)
R = > — S
e T - B . — S = e J (m ) 28
: EERTE *‘Q*" ?";j - = ————
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SSP Truss Analysis (cont.)

A 4

Mz 3.0x 104

HW_MX .
“[mSiradim) | Shear stress (Pa) |
: < — |

S TOSRE > | S [— ~

=y -
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Transfer Tube - Constraints
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Inflatables for Crew Transfer

Wall 6.048 mm 0.840 mm
Thickness
s | Module 120 kg 8.55 kg
e s - s R —
e *“"“ i - =
University of Maryland Space Station Phoenix Critical Design Review

Space Systems Design Structures (Korzun, Meehan)

April 25, 2006




-

-2

Materials Selection

Total interior surface area: 304.0 m?
..._Ig;tal softgoods mass: 618.8 kg

-

ns - -Q%ne launch

e~ —
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Plying Up
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Vectran
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Transfer Tube Support

« Maximum deflection angle less than 0.5° at midpoint

. ’ ;—-’\
—'A-““
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Wall Depth
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Wall Construction

\F

~« Attaches via hard-point

N

at regular

- ,, =
N '{_I
. a—
~ L o —
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Lifting Mechanism
e

e 9 daraware

IS significantly cheaper
than developing new

e

"'ﬁé'fﬁ Ware "=~ " 5
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Credit: http://www.tkaccess.com
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Mechanism Modifications

from walls)
—— *Onboard restraints can be
= -;,_édded for crew safety
~ - ;-;_,_f,é-?. 5“;“ ~y _;‘:'\:F‘_.\- - \'t\‘\"‘ S ——
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Integration
T

PLATFORM
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Backup Transport System
L
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Micrometeoroid shielding

‘t

e~ —
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Margin of Safety Table

N 4

In. of Safe

S/ 7

. 1.4 0.43
‘\> —— -
- 0.43
- —
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Center of Gravity
v

,.——halm«-t-he—eeﬁ%er—of Node 1
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Moments of Inertia

0| 4.54 x 108 0| axes are within 1° of

s — the geometric axes

E ey R 467 x108] =
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Evaluating Stability
S

alimit ] through active or passive damping

F._.._—_N.I.llaﬂﬂﬂ-dllﬂ-@mjsalignment of axes can be
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— ell___nai or short durations through active control
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Instability Issues

Functlonal Ievels

R s

— **Commun@ﬂ@ns*iess than.2° of nutation
- —Docking: 0%of nutation” .~

T ——
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Stability Calculations
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Stability Calculations
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SSP Performance

— Maximum inertial truss angular deflection:

o

-requency of truss deflection:
e e Sy
- _‘:.,.M.@ ;D‘ "ﬁ‘ — R e

—_— — - N
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Final Assessment
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Spinning (cont.)
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e
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Orbit Maintenance

» Total AV of 80 m/s each year requires 1.14 N of
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P&W T-220HT

T s e T—r——
high p-ducer I‘E-i'-l'ip:ducer

latch valve OG Newd
splitter

Propellant Delivery System

for T-220HT
: { - 4 :\& Image: Electric Propulsion ActivitiesIn U.S.
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P&W T-220HT (cont.)

O thrusters will be usea 1or spinning,

p-—-s-l-a-trm-keemng—and attitude control
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Orientation Options
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Processing Orientation

negligible propellant every

_’ = - .
| — revolution using
e & = -_~=electrical thrusters
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Inertial Orientation
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inertial caps for solar
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Inertial Angle
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ACP Truss
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ISS Attitude Control Components

— Both U.S. and Russian systems use chemical thrusters

" of various thrust capabilities

thtude maneuvers and fired to desaturate
- CMGs - =
z;_;'#‘ =ik "3" = = "';
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Perturbations

,,—-Dees—not affect attitude control, only a factor for
lga?rsl‘atle‘@%p,tom.\ %

—
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Perturbations (cont.)

« Far fewer realignments needed while spinning
~ than while not spinning due to high angular
Mmentu%j of the station

B o, e T o
SR *‘9‘ ‘?“;' - o
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Perturbations (cont.)

ranster mission

— -
p—— ‘f;‘——‘;—: = ":‘-%;;* - — -
2 ——— S e N -
" o e
- ““'—“ N e
University of Maryland Space Station Phoenix Critical Design Review

Space Systems Design Avionics (Mackey) April 25, 2006




97

Docking Perturbations

— To realign after a dock requires 5.5 kg of xenon

fgg-Reaﬁgh’ment reguwes 1.0 kg of xenon whlle not
=

gomnmg | =_ =
- e 4“‘ “5;. "".\ i oy
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Docking Stability

* Reuse ISS chemical thrusters and tanks and

mount_,ham along Z axis _
W’rH~requ1r 1,250 ngf*p‘f’Qpellant (N O, /MMH)

S W
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Xenon

Docking

780 kg

11,000.kg
. _‘,‘&
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With 30% Margin

14,000 kg

University of Maryland
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Tanks

— Top tank approximately 1,100 kg (including xenon)

= Bottom tank approximately 14,000 kg (all xenon

,.,..._—-s--ffororblt malntenance)

E e -

B ‘ ' - S 74
- e _ —~—a = -
= r;-ﬁﬁ "“"‘" J”; “ e e—
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State Determination

101
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Attitude/Rate Determination

 All secondary attitude sensors are incapable of

F—-ﬁuneﬁemng—m—%%lldue to nutation
=+ RLGs must Qe mpved to SSP center of gravity

S

il __'.,-v*_ '-"
7 = _’_",fea %‘ §§ o _,_l\ d‘
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Powering the Station
I

— VYV JOWCEC d LIC AU J C

p=-Will-provide emergency power

University of Maryland
Space Systems Design
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Sun Exposure

> L o . e =
o — o % —
2 o — — - ~ \, " ‘-

= e . R 5
- —— - - — = il

— -y = S Boc
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Power Breakdown

* Oversized solar panels

F'-"-""I:'I'gm"lght and cost effective

R e --—‘— > \ e 3-
- ( ~ ——' -'" ~
: 4«.‘ j - "‘; S——
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Power Breakdown (cont.)

* I'his saves 40 KVV Of power comparec

p———-te-eereh-system having a separate

er aIIotment

'~.f S . = \:S\
3 = “”"'\ N
e me—
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Solar Panels
5 4

solar array structure
producec Qy_ABLE

Stretched Leres Array (SLA) Prototype Wing
e' (Comprising 4 Rigld Panels, Each 0.5 mx 1.0 m)
. ) Noavemnber 2002
e S ge: ENTECH, Inc.
S
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Power Budget
L 4

nance & Attitude Control > 40 kW -

et - Ji —
KW._ == y
= @~ ~ S
= — _ — - W
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Solar Panel Sizing

University of Maryland Space Station Phoenix Critical Design Review
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Solar Panel Sizing (cont.)

&\ ‘\.» \ \_‘,‘&

- - ——— S - \
B - il T e

L g SR e 4:.'-\. «:_ o 5
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Solar Panel Location
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Optimal Sun Alignment

University of Maryland Space Station Phoenix Critical Design Review
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Optimal Sun Alignment (cont.)

- 7_"' —~ é—-‘ 1 ~ dv-f;;‘-t -’*&. . — {\\\ \R.L\‘ |
et ool SR - =Rl
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Battery Sizing
L 4

University of Maryland Space Station Phoenix Critical Design Review
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Power Margin
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Fields)

e29% power margin
P -
?_:— B - —~—— fx%\ ‘\. \_“.
R - ! N T -—-‘.* » — -
: —— 3 ~ — = >
= :/[—R‘SQ“ ~<-,\‘ “_?4’;" e -
University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Power, Propulsion, & Thermal (Lloyd, April 25, 2006




116

PMAD

— Wiring network

University of Maryland Space Station Phoenix Critical Design Review
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PMAD (cont.)

US Modules

Station Ground

. v
\ ~ All conductors at
~ | Loads

> common potential
— -
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PMAD (cont.)

- Battery Charge Discharge Unit (BCDU)
- One for each battery

E! €§pﬂtrele mlﬁte andﬂut of grld as needed
o S Y ‘;—'M{ =
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PMAD (cont.)

« During docking maneuvers, a system of brushes will

F____saial.)hdlsspa@he_charge potential between the

- incoming vehicle and the station before physical
. “‘CQntagt b@merrmehlcles‘x
="

--.‘,.

- p—— D" >
24 == S e
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PMAD (cont.)

1,500 kg

2,770 kg

. e
~=

—
S

——

- e ——
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PMAD (cont.)

Attitude and Station Keeping
P
Thruster Package

University of Maryland
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SSP Multiplexer/Demultiplexers (MDMs) |
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SSP MDM Layout

"
:
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Tier
C&C SMCC
3) ®)
| EEL | ]
. | |
PL INT EXT | [PMCU RWS GNC SMTC | |CPC
2) 2) 2) 2) 2) 2) (3) 2)
LAB TRUSS
3) (2)
AL
(2)
| INODE
(2)
I
PVCU
)
Acronyms: U.S.A | Russia
AL - Airlock PL - Payload
C&C - Command and Control PMCU - Power Management Control Unit
CPC - Control Post Computer PVCU - Photovoltaic Control Unit
EXT - External RWS - Robotics Workstation
GNC - Guidance, Navigation and Control SMCC — Service Module Central Computer
[INT - Internal SMTC - Service Module Terminal Computer
B e o = _
- ~— =an T —
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MDM Tiers

-:.>

> l. o . - — \
v g—— - "'-?;.s:
o — ———— — . _~\ \

-_r-\\
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“
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MDM Operation

— N 34-‘
*’e‘? M;»,‘ = *"‘\ = «--s

»
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Truss MDMs

e ““'—“

-:.>

o » .
———— - ""7%2:
o — ———— — . _~\ \

-_r-\\

;‘,x

“

S
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Truss MDM Hardware

« The MDM will be housed in a 0.3 m?®
mr'n—ube that is coated with epoxy

University of Maryland Space Station Phoenix Critical Design Review
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Accelerometers
N

128

University of Maryland
Space Systems Design

Space Station Phoenix
Avionics (Robinson)

Critical Design Review
April 25, 2006




129

Accelerometer Requirements

— Internal power: 6.1TW

> Inte ._aee RS 485

— ———~—::r , o

= _ > 4 S
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Tension Cable Load Cells

— Coating: Epoxy Black Paint
rnaI Power: 4.79 W

— — Internal
P~ 7’—-’—;3;‘ — '%‘ \ —— -
- o — ~ ~
R PN . . — =3 “ =
S 0T 1 ?“; - e
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Thermal Environment

= - %‘

S 'Q_,——-—‘?. — :\ \' \“3 -
- - : ~ ~ \‘t\-\ - S
e ik «?; . - e
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Thermal Environment

al sphere the absorbing

rea is 818 m?
-_7.%-_,\ - \,‘3

X Y —— ’
T S = < ~
- = ‘_‘\ ﬁ h
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Heat Flux

Radiated

133

638

354

155

157
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Radiators

— Radiate 11.8 kW

T =1120kg
mzfmx.?%@m -

.~ ",;-"_‘ \“3
4- ~ o ,4\ . e
e ? ;
= ;m *‘“" “’h’ d —
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Radiators

= Total radiator mass: 14,400 kg
= -‘; 4“‘; j;““’\ \'}‘l
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Placement of Radiators

I P SS trusses

oints on the |
e

e = e O —
S — - ! N ""."~ T - o S
- e 4 T . - T T
- *‘9‘ -l e
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Radiator Support

e ““'—“

-:.>

S

-_f-‘\ \ “
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Radiator Support

”~
Load vs. Location Along Array Moment vs. Location Along Array
430 E T T T T T T T T T i BDDD i T T T T T T T T T |
/ 7
7000 .
420+ .
6000 - N .
sof ] /
— 5000 .
E 5
£ £ e
= 400 F . « 4000+ - .
s / g v
g £ 2
S 3000 P .
390} 1+ = ¥4
// 2000 //" _
~ I
380 P 1 et
— X 1000 p i i
_-—""'-_/F -
" . 0F .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

Location Along Array (m) Location Along Array (m)

- - - - ~—

e — _
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Radiator Support

A 4

o

o

= i ’M —
..o\ .__—-—?‘
Lo —Vi ”
_& 'd

- -

S
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Radiator Support

140
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Deployment

8 |8
X

‘
% =
Ak
Hi
Al
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Surface Coatings

In,O,/Kapton/aluminium 0.40 0.71

Quartz fabric/tape 0.19 0.60

‘ FEP(5mil)/silver 0.11 | 0.80
W‘T 3 | FEP(2mil)/silver 0.05 | 0.62
. - - %.

7

e — B = = \
- - - ~ ~ \?-\ . S
T ta «3?.; = T =
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Radiator Gimbaling

~ - %‘

e — B = \
- : ~ ~ \‘t\-\ - S
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Communications — Station to Ground

e e~ % \» ——
- _— e
m ‘ {'-"ﬂh . —— Ty
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Communications — Omnidirectional

F-——Penvel—requwetHeTDRSS 70W
— Lowe wmh (~120 kHz)

S -~ . - 4 - ’-"
- - - - “— ~
- - P> g ﬁ' — d
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Communications — Directional

« Very high pointing accuracy required
* Limited observation site availability

,- .:Ejptde%%ed for constant communications

: #%‘ ﬁ;*”"'\“ﬁ-

s —

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Avionics (Ries) April 25, 2006




147

Communications — Antennas

F.__M.a.ss_J.QD_ngrOtal (conservative est)
:gebnrrrtéﬁ’rgg_n(iancy 30° band

b . - ,_., '\\-\ =
m *‘“‘ j —= o S
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Communications — Overview

University of Maryland
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Communications Configuration

o"-.," S — —— .
-l

v-: = ~ - *_‘ 3 N, — _..‘".ﬁ"“‘:‘:—? '-’.,*
™ o o Oy
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University of Maryland
Space Systems Design

Space Station Phoenix
Avionics (Ries)

Critical Design Review
April 25, 2006




150

Antenna Locations

= —Communication Antennae
———

-~

S— — {\\_\* . -
—— - — =
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Intermission

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design April 25, 2006
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Station Atmosphere

« Carbon dioxide partial pressure will be

\»
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Station Atmosphere (cont.)

103.1 (15)

96.2 (14)
89.3(13)

82.5(12)

75.6 (11)

68.7 (10)

61.9 (9)

55.0(8)

48.1 (7)

41.6 (6)

Absolute Total Pressure, kPa (psi)

34.4(5)

27.5(4) Minimym RN B B
Tolerablcﬁessum

20.6 (3)

13.7 (2)

0 10 20 30 40 Oxygef;opercemz 70 80 100 where numan
e rformance

al Control and Life Support Systers - “Figuressass™ P@

NTD!@' ReX . Isimpaired

e — —
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Station Atmosphere (cont.)

10.0 (50) 4+
43.3(110) +
48.9 (120)

Temperature, C (F)

i |t =

1C -!:.‘.'.’.==l

-
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Living Space Requirements

(2571
OO} SSP—»
OPTIMAL
8.4
Z
< [ >
S P EARTH ORBITING__»0 X
" SPACE STATION >
3 sof 2
PERFORMANCE =
& 37 3
L
% o5l TOLERABLE 23
O | L I L 1 L ] 1 L 1 1
0 > 7 5 & o E
TIME, MCNTHS
FIGURE 2.2LIVING SPACE PER MAN(AREA
€ f‘_ ,"?U,’!EV:%'! Dai -'-"f:_‘;j‘ p_éde:—: Volume II, November e - -,
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Space Requirement Breakdown

e Exercise Area: 1.4 m? — assuming no more than
m rew.will occupy |L@t one time

_‘, .

e T —- - -."\ \t
= i 47‘" —=“‘5 d e

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Crew Systems (Alessandra) April 25, 2006




157

Space Requirement Breakdown (cont.)

i w

. \/ .- ay N AN AY -

icipated bouncing associated
ced gravity |

T
-—-"‘s e —
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Townhouse A Module Functions

Cupola
Paminy

Leonardo MPLM: = — Raffaello MPLM:
Sleeping/Personal Space | Node 3A |  Food Preparation/Galley

| Donatello MPLM: Node 3B RM: Sleeping/Personal Space
Exercise/Medical Facility =

-c" -

e .',;:;.:l

s _ — .
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Columbus:

Mars EVA Simulation Node 2

= .

JEM-PM: Science/Storage

Townhouse B Module Functions

\

Q]

Destiny

. Science

Node 3C| JEM-PS: Storage

University of Maryland
Space Systems Design

Space Station Phoenix
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Sleeping Modules
“\?

* At least 1.4 m° of additional personal storage per
mrerew member will be provided under the floor of the
e oa S e ” ==
University of Maryland Space Station Phoenix Critical Design Review
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MPLM: Leonardo Floor Plan

A

Curtain dividers
[

i

I
|

To Node 3

| b~
x
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Research Module Floor Plan
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< 579 m >
|
Bed #3 Bed #4
= i
o |
(Q\| |
CY). ___________________________________ -]
___________________________________ e
|
Bed #5 / i Bed #6
' i
L/
Curtaln n Dividers
@‘ S S
e
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MPLM: Donatello Floor Plan

Medical Bed

..................................

Entranc

Ergometer

3.2m ‘\‘

al/Exercise
lies Rack

Space Systems Design Crew Systems (Alvarado)

| [
s Jania B =i
- o emme
— 0.97 M Hyman Research Facility | Rack S -
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Donatello Module

» Floor Rack Storage Space

acks contain extra medical supplies

mﬂ.,— eamngé@glles -

_* 4‘ {-*"‘\\'& s
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Exercise Equipment

. Rowing Machine

’_ ' Caralovascular workout of upper body

™ el Q__,——-—J?.' — %--:‘:\. \;‘ —
- 3 ‘é — "‘E:', - o :o—\ \?- — e
e o R ‘?“;' B
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Medical Supplies

— Partiallx partitioned from exercise area to provide
prlvacy |

EE menSI@gﬂ mx1.9m).

\
- ,_.-'~ ~
3 e 3
e T — -
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On-Station Medical Care

— Viral or bacterial infections and many other health

F"F“plﬂbﬁfﬂ?th‘a’tﬁa? develop

L —
. N ¥ . <=
. - - . =
~E' a—— - %

- S '-.__,_.__4?, —_— m— \' \“3
- o L ~ ,4\ ~
2 e N i? R — = Ny b
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Acoustic Environment

around 74 dB

P—-Mmﬂmﬁim&dlﬁﬂiu not be occupied by the crew for long
~_periods of time

f—

et 2
5’__& e o=
g " ———

e — B - O :
- : ~ ~ \‘t\-\ - S
e ik «?; . - e
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Acoustic Environment (cont.)

University of Maryland
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Galley Design — Raffaello

— Ceiling height: 2.6 m
— Floor space: 6.7 m?2

EE I6 Cre@gﬁaﬂw 4 of B,Qan eat together

. . . =
- 4«.‘ T d —om —
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MPLM: Raffaello Floor Plan

Microwave
/Heater

Trash
Compactor

Foldable
Table
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Station Sanitization

— Biocidal cleanser - Disposable gloves

F———-General-purpvsrﬁvipes - Vacuum cleaner

S N - e ——
. SRR e & 5
24 ——= -~ ==
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Trash Collection

narated Il

« Vacuum cleaners (1 primary and

Trash 329 k 6.57 m3 2 spares) will help pick up things
H-__-'_ﬂags . and clean the station. They have

—r— : - a hose and extension, several

- |Vacuum |1 10.07 m® | . attachments, and a muffler to
- Icleaners® |~ .= _|»_ ~ _ _|> Teduce noise -
e - = —
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Storage

Cleaning Supplies 19.7 13
_ﬁ - .
| Solid Waste 18 Outside JEM-PM
g‘:" = — SR —= :
S TTasker ~ @S 5 e Outside JEM-PM
S — 'i o —_— Co——ay
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Storage Modules
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Storage Breakdown

=Note:"Waste/trash stored through alrlock
M@PM untlL@ supply

- ,_.,.ﬁ-"— —
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Consumables: Food

* 1.55 kg/p-day of food (with packaging

mﬁﬁﬁtermediate moisture,
ral form foods abqgrd SSP

)

?.4“" F‘j;“"\ TN —
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Consumables: Food (cont.)
4

(a) 2 x 1 Module

-&.A.
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Consumables: Food (cont.)
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Water Provision

Drinking Water [kg/p-d] 2

| TOTAL WATER [kg/p-d] 22.1
ey e
- - - - _,_?._--f: p W —— ~
R PN . e —_— =3 “ =
S 0T 1 ‘?“;' - e
University of Maryland Space Station Phoenix Critical Design Review

Space Systems Design Crew Systems (Ling) April 25, 2006




181

Water Provision (cont.)
I

Oral Hygiene Water [kg/p-d]
Hand / Face Wash Water [kg/p-d]

Urinal Flush Water [kg/p-d]

Shower Water [kg/p-d]

University of Maryland Space Station Phoenix Critical Design Review
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Water Provision (cont.)

Fﬁna.ne.ﬁ:a.t.inn.Ehoemx will use disposable clothes

« 2.3 kg/p per change of clothes
EE r—6{)08 m3/p ,@ﬁhange of cIothess
= .aCIDthei wom\z.'e-day& S
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Water Provision (cont.)

183

Drinking Water [kg/p-d] 2

R

TTTTOTAL WATER [kg/p-d] 9.63

-~ - -
N «:a-“%E- s S
~ = ! ~e NG f..-;* ~ >
: PR - e, S
- *"" W

Space Station Phoenix
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Water Reclamation: WRS
N

SsSsor AsS

—

~rocessor Assembly ana Urine

WPA RACK #1 ASSEMBLY  WPA RACK #2 ASSEMBLY

AT WO ded ICated FRONT ISOMETRIC VIEW FRONT ISOMETRIC VIEW =

‘_ NOQC es% ~ ‘{é‘ _Image: 1991-01-1950 ISS Water Reclamation Sy stem Design
—— 2 - " y .

2 T —
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W

Urine

Water Reclamation: WRS (cont.)

SsSsor AsS
Y P

All other
waste water

Urine
Processor
Assembly

q

University of Maryland
Space Systems Design

\Water
Processor
Assembly

. ~ S—

e ——

Space Station Phoenix

Crew Systems (Ling)
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y
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Water Reclamation: UPA
V\?er Recovery System (WRS)

( and Water Proc

ase change" process - liquid phase to vapor phase to liquic
» Recovered water from urine is then combined with all other

— wastewaters and sent to the Water Processor Assembly
m Egrpmma&ly 85% -

‘ : -3 ff — i —~—
m _ *‘ _."’h - —
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Water Reclamation: UPA (cont.)

V\Eer Recovery System (WRS)
(

and Water Proc

University of Maryland
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Water Reclamation: WPA
V\Eer Recovery System (WRS)

(Urine Processor Assembly and

high-temperature catalytic reactor assembly

Pﬁ.&lﬁiﬂmﬁ.\uﬁﬂt@h@s@d by electrical conductivity sensors.
Un

— acceptable water reprocessed. Clean water sent back to storage

ST
| — \\

S~ —. W e = = : —
— Eﬁﬁeniyn‘eva._ ‘ s o
O . - —.-‘7\ "
SRS e ‘?;@6 - —
University of Maryland Space Station Phoenix Critical Design Review

Space Systems Design Crew Systems (Ling) April 25, 2006




189

Water Reclamation: WPA (cont.)
V\Eer Recovery System (WRS)

(Urine Processor Assembly and

University of Maryland Space Station Phoenix Critical Design Review
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Water Provision (cont.)

Construction Gravity Test Mars Simulation

W#ﬁpeople, 10 months) | (6 people, 30 months)

z 2,650 kg 7,930 kg
— = _
. T~ TOTAL: 11,400 kg

- -
e N
M e
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Emergency Water Sources
= 4

— NO wAate aCcV J aVdlldDIC

emergency situations
— Total needed: 40 contingency water

191

http://spaceflight.nasa.gov/living/f actsheets/wat

er2.html

Space Systems Design Crew Systems (Ling)

:l_ - ~’ : ‘\P . ;‘;}
e N,
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Water System Maintenance

192

Space Systems Design Crew Systems (Ling)

Gas Separator 360 days
P—-MIEI'UUIEI'CH'ECRWW 360 days
*Wange - = 60 days

e e ~—~— N 3
~ « Old filters will be discarded == _. ~
a — m %i '—-"-"5‘- - e
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Waste Management System
@

Maximum of 1.3 m° (1,340 kg) of solid

._’\ r;_

- _*Waste contin eney bags will be prowded .
olhs
B,T - - -
""'ﬁ.‘-:‘ - all , —— S \\‘5 - Image:http://www.snds.com/ssi/ssi/Applicatio
= o '@‘d - ns/SpaceHabitat/WCS.html

J ‘ﬁ‘ T ——
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Hygiene

Reduces water consumption

e preferred
vity conditions

‘d ogtatlon,;_s > oy

IS method

|

.

- Inage: E pﬁfmsfc nasa.gov/Shared/News2001/StationPlumbing/HygieneCenter-larg
e —
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Cabin Atmosphere Parameters

University of Maryland
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Cabin Atmosphere Control System 19

6
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1. Atmosphere Control and Supply

* Detects/recovers from decompressmn

;tects_hazardous atmosphere
S T S
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1. ACS: Nitrogen

Requwed to

in
- (14.7 psi, 20 °C)

1,850 kg

Loss of N, | -=  9.48kg.
- - -- ““ - ?i""\ gﬁ -

University of Maryland Space Station Phoenix Critical Design Review
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1. ACS: Nitrogen Sources Study

*Includes:

- 5% leakage loss per day

e safety-facior and 28 day ‘emergency supply
mmc.lﬂd%'s CLyOge Ni
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1. ACS: Nitrogen Source : N,H,

 Two independent process units to be located
F—'-UI'I'EXIETHEFN;FI;Tank to for heat d|SS|pat|on

\‘. \ =
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1. ACS: Nitrogen Source: N,H,

~—absolutely pure of hydrogen to avoid lethal

~—__trace amount cabin contamination
e e = Y _Sap :

W e B g, —— 4
“,"—'.7 % N \‘t\-\ - e
e ——

e e —
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SSP Hydrazine Mission Requirement

k" 3
»
-

Mar

2,591 kg 4,085 kg

11,560 kg

University of Maryland
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1. ACS: Oxygen

Max Amount of

— Oxygen Required to
M"Pressu% Cabin - | - kg \

i~ 3. P— ‘\“3
: ‘;..3* @ Eﬁ 20.°C) ~ E= —
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1. ACS: Oxygen Sources
NN

Total kg ro‘i’ Compound‘ S ——— —
'nrea:s ngwﬁad-ﬁs—ﬁm expensive to launch
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1. ACS: Oxygen Sources

-

.5% leakage loss per day
« 1.15 safety factor and 28 day emergency supply

@ Includes cryogenic boil off of 0.5% a day

- < R

masses involved are expensive-to launch

- — “— ~a ".' 4 ,.\\_
u-p".a . . e M— w—‘\ 3 d’
e ““9*‘ P S
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1. ACS: Regenerable O, Sources

Power
kg), | (KW)
. .f I

E; \‘3 ~
N W
University of Maryland Space Station Phoenix Critical Design Review
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Production Need

1. ACS: SPWE O, Generation

8.97 kg-O,/day

10.08 kg-H,O/day

=

University of Maryland
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1. ACS: Pressure Control Assemblym
<

» and G

-~ NIV Manual Override
with Guard

=< 0IV Manual Override

Mass (kg) | Vol. (m3) | Power (kW)

. 004 | 012 1
—3 T
e
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2. Atmosphere Revitalization (AR) 2

09

University of Maryland
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2. AR: Carbon Dioxide Production

6.14 kg CO,/day

e, “ﬁ'- N
e o e -

e T e ———
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2. AR: CO, Removal Systems
I

IR

Solid Amine Water Desorption (SAWD) 55 0.04
Electrochemical Depolarization Concentration 4 42 0.06 - 0.04 | 0.34 No
[ E—— N " S e
e~ - R~ \
e QI gl — S
0 V“‘"@ “a’i ‘-"'A; - - S ——
University of Maryland Space Station Phoenix

Critical Design Review
Crew Systems (Chandra) April 25, 2006
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2. AR: SSP CO, Removal System

- THC system must dissipate EDC heat
o)

that passes through IS consumed
e

o ———
- ,(

: i j ". - \ - N S
««i — e
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2. AR: CO, Reduction System

University of Maryland
Space Systems Design
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2. AR: Sabatier CO, Reduction

Daily CO, Reduction 6.14 kg-CO,
“vmﬁ; éggductlon . 4.88kg-H,0

= ;-' — -;;""* e e e
m 3 — s
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2. AR: SPWE-EDC-Sabatier

N,H, Disassociation

SPWE

——

Sabatier

T 0w
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2. AR: SPWE-EDC-Sabatier — H,O

O Day Emergency g g . g g
Safetx Factor 1.15 1.15 1.15
E | I~ 2,118 kg 5,706 kg
: N _
— E
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2. AR: Trace Contaminants

*Freon *Octamethyltrisiloxane
*Hydrogen *Propanol

‘ *Hydrazine *Toluene
w_. ——— . : -
< : - ——

e — B = = :
- : ~ ~ \‘t\-\ - S
B «?; . - e
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2. AR: Major Constituent Analysis
<

(it Sl dessmom bizes EISLIL

ol B —
Ny

e 485 mm

: ¢ S ' . Al Rl
A b S 7
Q II Fad y [l
(7 2 / Asseni bliee DR
Q — o Q \ / Sample Pumps 10RUY
’

A "

.
711 mm
128,00 in

. O K \ Herification Tank ORI
- ‘3. HOMInI, o N
S — 2
) <
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3. Temperature/Humidity Control

* Dissipates the 137 W of heat each crew

P"""'I'ﬂ'""b"em er produces

- 'Q‘"““T‘E;‘ s ..'%‘\ ‘\ \“3
- 2 =
m *‘“‘ j -
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3.THC-Common Cabin Air Assemblfio

0.45

3.15 (7 units on) |-

-~

—— - — =

University of Maryland Space Station Phoenix
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3.THC: Inter-Module Ventilation (IMV)221

y

s

__\‘,—""

"'{ — = = = ' E‘hmgg&_wmran Unit” and “HEPA Filter, Hamilton Sundstrand Space Sy stems International, 2004
. 2 ", e e

= d *ﬁ‘ S — - — =
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3. THC: Module Ventilation Layout 2

Liquid Sensor . —=
74 \/
s /
/"
‘\/

Transition

Duct Assembly Return Air and
/ Bacteria Filter Assembly

\

Duct Damper
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Oxygen Generation Assembly

Viallc DYV C U UL TO al 1U

=gt 0N i5r|mary Townhouse A — Node 3A
g = rp e s . Sec&ry Townhouse B Node 3C

”ﬁem& Wsﬁ \
_:;_‘ _:‘3 » Both-units will 1 run at 55% of full capacity
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Atmosphere Revitalization Rack

Trace Contaminant —
Control Subassembly

Carbon Dioxide
Removal Assembly

S 3 L,
7 y“‘ .
T \/ Structure
I Y

NE—
N

o>

Y

‘\ v, '.4
D
DG

il ~ Avionics
{1 Air Ducting

:
|
|
i
i
i
i
i
i
i
i
i
i
|
i

Major —— [ !
Constituent
Analyzer

AR Distribution
Components

TCS Manual

e g
\ < :
Ao~
23
Avionics Air 3

Assembly

Rack Power
Distribution
Assembly

Maintenance Switch
Assembly

- Two AR Racks on SSP:
AR Rack Front Isometric View

(Rack Faceplate Not Shown for Clarity) - B ° Node 3A ’ " o — ~—
; o0 Ol e -
-, - * Node 3B

3\

e e
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Emergency O, Sources

pure inspiration

yermanently on each townhouse,

: tedas @Lor?to carry\whgn moving

Image: “PBA”, Whitaker, Overview of the ISS US Fire

bé}@ |nﬂita b]@gi embes B e Detection and Control Sy stem

T e ——
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Emergency CO, Removal

—— Image: STS-55, >recourt changes LiOH cat
University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Crew Systems (Chandra) April 25, 2006




227

Fire on Space Station Phoenix

« Atmosphere is non-quiescen

= g;t.ventnhum Cut fuel (02) to the fire

E T L S _,_l\ \t

- m *“““ a' __ = —
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Fire Detection

Electronics

Photodiodes

Scatter Path —T |

Obscuration Path

{  Airflow

;‘.

hitaker, Ov erview of

.,‘,ﬂ\ *"Wem—iSC = X \,3

e (TS e ~ s R Image: NASA/TM-1998-206956/VOL 1
S S G =g
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Fire Suppression

Units on SSP 12

N
F_A N itaker, Overview of ISS U.S. Fire Detection and Suppression Sy stem ,
JSC

S,.Bemnue.tllurge contamlnated module atmosphere

. ﬁ. -

(Actwgt‘e‘a‘h@?ﬁms‘teuo né'utrahze excess CO,)

- ——
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Cabin Depressurization
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Caution and Warning System
@

TO CAUTION AND WARNING o
| el Lo ] o] foeme]
5.00 in|

o TEST

Displays the exact nature and position of an
emergency from cabin sensors

Image: NASA/TM-1998-206956/VOL 1

~——

S - S S -
m rrently on-the ISS, and will continue to
< B A :
8% = - beusedonSSP _
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Total Life Support System Consumables

3
W 13.6 m3 Total N,H, Volume 11.4m
Tank = _,,.,H 116,370 kg;; _|Tank and N,H, 13,870 kg
= _.‘"‘r ,'.’,'_;.eé —= "i — e Sl > ——
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Crew External Tank Package

Radius 1.00 m
Length 4.34 m

== -7 . > __ | Mass |3280kg (16,370 kg filled)
Cedh, S =
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Mission Profile
-y

—— - — =
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Mission Goals

e

— Spin up station as quickly as possible to
simulate landing on Mars surface

IEES— ——— S
-
- - : T - ~— ,‘-
P o —— : -
C i L T e,
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Science Objectives: Overall

experiments, using partial gravity levels, focus on

F—-—-Mama-n-eeeﬁee%lmulanon mammalian response to

avity, and growth of edible biomass
- e -‘3
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Science: Payload Racks

University of Maryland
Space Systems Design

~Image:-http://stationpay]c .jsc.nasa.gov/E-

basfeaccomodations/E1
= - .
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Science Module: Destiny

Viars research equipment tests

F—_B.iﬂﬁkﬁ.‘-Mamma#aﬁ—Research Facility

sample stowage

-

. —

—
—

_facks re-all i
ack -allocated fo crew systems

238

Image:
http://www.boeing.com/defense-
space/space/spacestation/componen
ts/us_laboratory .html

Space Station Phoenix

University of Maryland
Mission Planning (Brookman)
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Science Module: Columbus
F

Image: http://www.esa.int/esaHS/ESAAY 10VMOC_iss_0.html
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Science Module: JEM-PM “Kibo”

— Remaining racks allocated to crew systems

,~- — — '-’__,_—-—:-— — — % \» \“3
—— - - “_! n. s .‘ — o~
- w:»".@ ™ o _— ‘\ S d‘
T *‘9‘ — “’h —_—
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Science: HRF

homeostasis

- Requires stowage of sample_sﬁ:

- =
h&p /7'hrf jse;.nasa : {\\-\\ - P —
- http: f/spacefﬁ@ilﬂm W/f actsheet rffact.pdf ™ i

- -
o T

. B ~ce[ti® o}
B it st i

241

. o'-
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Science: HRF (cont.)
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Science: MSG and PBF

00

- - \ -~
' lmage http’#wvy,:@n—ﬁsaHS/ ESAJVY G
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Science: Mars Equipment Test

* 1esSl Sensors, sensituvity aeterioration, errors

=

,ﬁ. - "; -"“3'" . %‘ \' —

F—_—n—Baﬁs-len-g—teFm%ndurance and functionality tests

" — : ;'—.\ ~
P D S
ST - *‘9‘ ?“; e —
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Science: Mammalian Research Facility
"y

for analysis

W _— ~ '__‘
e -~—?
~ Image: httg_/l"" m |ch,@/‘i1/newsp
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Science: MEF

University of Maryland
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Science Mission Accomplishments

o

N
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Main Radiation Sources

= - %‘

e ,_..,.:\ \ e
. ‘_‘_,_-w_é - . . \'t\..\d_ —
S 0T 1 ?“; e
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Radiation Exposure Limits

- — ’& Ve, \»
- s f o~ \E\L\‘i -
.a s >
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Deep Space Radiation

Deep Space- Dose vs. Depth

GCR Dose Equivalent for SOLAR MIN
1D A3
110 -#- Polyetherimide
‘0 i —&— Polyethylene
L\ —»— Methane ()
0 iz —s— H/nanofbers
a0 - 5..‘ —o—LH2

Dose E quivalent, cSv/yr

= Scaled Thidmes. gm/cm*2 ~
oo o@a )@ Atwell, Will pacecraft deratiens fo hhﬂ'ﬁadlamn Shielding and Protection Issues.” AIAA SPACE 2005
e erence
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Deep Space Radiation Shielding

University of Maryland
Space Systems Design

Space Station Phoenix
Crew Systems (Hendrickson)

Critical Design Review
April 25, 2006




252

Deep Space Shielding Mass

i d B - —
X 5 A o=
— —_— - %‘

gy
- — I —
( \»

-2

— \» \“3 ~
- ; - ~

e P j — = -
-l W _‘ ; ~—m—

== “'5 —
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Cost for Deep Space Mission
4

* | Otal aaditional Cost 10r

miSsion
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Low Earth Orbit

approximately 0.3 Sv/yr

~+"Beds will'be built out of polyethylene to
= further reduce overall gxposure \

- -

. a-o' ‘*"'d

f"
aﬁ*“" j""\\«
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Proposal to Meet Goals

e %‘ o : x,
T "~ —
i B

~—

- s s :
- - -— N - 9 N
e, = : ?‘ - :_'_\ \‘\\-“ S
S 0% =

2959
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Proposal to Meet Goals

- 4

http://ds9.ssl.berkeley .edu/LWS_GEMS/5/images_5/phantor.jpg
- == N
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Engine Maker

Transport — Phantom Torsos

257

Thrust (KN)

Propellants

RL-60 Pratt and Whitney

289

LOX/LH2

Merlin SpaceX

409

LOX/Kerosene

MB-60 MHI / Boeing

267

LOX/LH2

about twic

- - Sl -
’ - -

University of Maryland Space Station Phoenix

Space Systems Design Power, Propulsion, and Thermal
(Schroeder)
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Transport — Phantom Torsos

 Length=3.8 m

T m——
5 : A =5 o=

- -~ a Q___.__o?. —_— z,\ \’ \“3
T . — -
2 e N i? R — = Ny b
ST ‘ — ey
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Estimated Cost of Proposed Mission

Total estimated cost of proposed mission $2.55B

[
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Overall Advantages of LEO
Sy

w g@mtmlcatleg systems.

- _F.-.. S
"‘m *‘Q*" N -"&. ‘ —
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Variable Gravity Constraints

mission per year can be afforded
| _ea:equwed for construction and Mars
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Variable Gravity Testing

“=

— Just enough time to become acclimated to gravity vs.
Ionger QeI’IOdS to study effects |

—— —_-__,,,_( — ‘%é: N \
-2 ~ - —_— 3 - ,4\ \?-\ = >
u—:»".@ A .‘ > "\ d
SN e — -‘"h —
Critical Design Review
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Variable Gravity Options

—=-Type.of gravity levels (low, high, both?)
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Facts Regarding VGT

264
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VGT Overview

 Test operability of SSP before Mars
;gg:M.LS.SmSmulatlon
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Variable Gravity Timeline
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Mar. ZZI 2023 G exp. 3 9 months Ya
- | Dec. 22,2023 | Spin Down 11 hours Y2 20
| De 22‘,_2392& = ;;?Eiyeek 0
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Mars Mission Simulation

e —

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Mission Planning (Khoury) April 25, 2006




268

MMS Option 1 : Short Stay

— High cost for low Mars gravity experimentation

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Mission Planning (Khoury) April 25, 2006




269

MMS Option 2: Long Stay

— Overall long microgravity time, adaptation

e .. S
3 ke ™ e e S \
et ool g SEN—
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MMS Option 3: Fast Transit

lay in Mars gravity may be detrimental to

~— boneregeneration =

- - ~ A S '\\_\ ~ v

e 4 T . = —_—— .
e o R ~ - — =
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MMS Options

Long-Stay
(Minimum

Energy)

Long-Stay
(Fast-Transit!
E.lhc.rt_E‘.[EI:r -H

0 100 200 300 400 500 600 70O @00 900 1000

Vizsion Duration, Days

B cutbound Transit [0 Time at Destination 0 m=tum Transit

x -ﬁ- S =
. W of Mars: The Reference Mission of the NASA Mars Exploration
y pg 122. :
e ——
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MMS Overview
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MMS Timeline

>
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~~——

%ﬂﬁase 4 months 0
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Mars EVA

Mars gravity and atmosphere to prepare crew
.. for a Mars surface mission |

R Nt S
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Mars EVA
W

spend their time walking around the
pending, squatting, and carrying

’ )
— m one side of the habltat to the mage =
b P e - http://www .ilcdover.com/products/aerosp
" g - ‘ ace_defense/pdfs/Evaluation%200f%20a
:.-:‘_‘k- ’f ‘@ q—%' B— ﬁ \:‘ S— ~ %20Rear%20Entry%20System %20for %2
| —— ~ e ~ . ' e W ) = 0an%20Advanced%20Spacesduit.pdf
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Mars EVA

e 2 racks : Suits

P'_'"I—"Rrac Storage
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Space Systems Design Mission Planning (Needham)
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Mars EVA
I

cre’ treng’gh _— :

. :

—— - — =
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Mars EVA
5 4

w7

CO”eCtlng Sam pIeS Image: http://spacecraft.ssl.umd.edu/design_lib/TP61—

209371.Mars_surfaceDRM.pdf
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Mars EVA
Sy

Image:
http://spacecraft.ss.umd.edu/design_lib/TP01209371.Mars_surfaceDRM.pdf ..
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Mars EVA
5 4

. Th_e crew wiI_I als_o_ become

environment that is highly
and dust ——
- ~ — A \\\::5-
University of Maryland Space Station Phoenix

Space Systems Design Mission Planning (Needham)
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Mars EVA Simulation Suit

G

~,
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Mars EVA Simulation Suit (cont.)

approximately 3 m water dep

.3 hrs) of safe work time without
-~ needing staged decompression, so long as there
———__are 12*hours be.tweeLLEvMA simulations

T ,,feEi.
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External EVA Suit
&

A
-
.

Image:
http://www.nasa. gov/m ultimedia/imagegallery /image_feature_382.html
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External EVA Operations

Jepressurization epressuriZation

F———-Maaa-ﬁa-te-e%psi/s

cy repressurlzatlon 1.0 psi/s
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External EVA Denitrogenization

ours

F_.._.a.E’.isk-to-fan%eeled electronics limits extent of depress

te exermse durlng pre- breathe period
- %
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Post EVA Maintenance

~ - - - L ‘
==, — %‘ N \,‘3 -
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Long Term Maintenance
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Astronaut Composition

Onboard systems maintenance
 Mission objective support
» Oversee any additional construction or repairs

- P - — ’&;\ ‘\ :\, =
—— e 1 - . .. —
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Astronaut Composition

* Provides medical care to crew, under direction of a ground-

T based specialist if necessary
o ‘ ‘~--""__ put
EE S e = 3 =

':-‘ - ‘_.__’_—f? — ﬂ‘%'.’f—'—' - . 3 .
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Astronaut & CEV Rotation

— Any necessary re-supply could take place

— luring these rotations
M —— ‘:___,‘.4:. = &\ - T

—
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- - Y . . ~ ~¢ o . ) i S—
RPN *"" - e —
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Astronaut & CEV Rotation

University of Maryland Space Station Phoenix Critical Design Review
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Crew Exploration Vehicle

f—

g p—— %‘ -
- ~ -

- -
. .
; T < —

— Direct applications to (SSP) missions without
s‘ig_nific,ant changes in the vehicle design
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Crew Exploration Vehicle

University of Maryland
Space Systems Design

s
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346m

6.22 m

Cycle 4 CEV

Apollo-Derivative CM
5.5-m diameter
32.5-deg sidewall angle
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CM Avionics
&

o ——
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le flight control
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CM Avionics

« 4 GPS antennas

F—_—ﬂ-&-ﬁf&ﬂraelfers

e ... * 2 video guidance sensors

g oS —-

— ,ZB-D%QR units to prewde AR&D -
3 -_‘_ " - ‘ = _t-\ \
R = e
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Communication and Tracking

— Ultrahigh Frequency (UHF)

— Network signal processors
F-E'Wc)-r?nEﬂoJr%storage units
e rations recorder _

_ - =

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Avionics (Azariah) April 25, 2006




298

Docking

F___Remnte-Mampulator System

- —=8SP-CEV UHF communlcatlon
——— e — :‘:'5:;5;.

;:..,-".8‘ -‘D‘ J- _:-\ = “
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Sequence

Direct Entry
Land Landing

IR S CEV 0
— —

T
-

e
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SM Expended
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LEO Launch Parameters
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Emergency Protocol

— CEV retreat

""""" Permanent/severe emergencnes could requwe
mon ' evacuation or rescue mission
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Emergency Evacuation

supporting crew until return
mission
e Completed Emergency < 2 hours Very small time required in station
B — ™™ . . . -
mwatlon_ — if safe evacuation environment
e e -~ e ~—e | exists )
v_~ - — A"& ! - -‘-f--t: ‘,?".-‘ - i\i\‘ - }
B *‘9‘ ™ - =
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Rescue Mission

Crew Rescue 20 min - 4 hours | Dependant on docking location,
P—-—-—— a crew conditions, etc.
—— ' 2d Rescue Mission < 16 days 28 days of contingency supplies for
o p—— - =~ - - e : ‘-1‘ astronauts; rescue mission possible
- — e ——— —
e o R ~ - — =
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Emergency Station Access

“pbailout” location in critical environment

1 ua_flon

——~

B ——
-l .
- - - E
e 4 T .
IR *‘9‘
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Rescue Vehicle
W

vV [TV e JC anedad wo
nt or extra tanks must be
and stored on st station

R ‘v;—-;;-.“ - — . 3‘ -
e W -
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Atmospheric Re-entry
D

-~

a flight path angle of -2° [
* Requires a AV of ~ 115 m/s|

“-LT. ) “ ) - ;
P T - Inia-ge: http://en.wiIA(ipedia.o\r/W/Atmospheric_reentry
S5 -~ e
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e —
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CEV Replacement
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Construction Options

S5102E5166 2001/03/13 0625 50
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Robotic Construction
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Mobile Servicing System

aaa |on‘assem‘bbdalements/mss/mdex html
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Mobile Servicing System
4 r

University of Maryland Space Station Phoenix Critical Design Review
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Mobile Servicing System

ower: o0OU VV

» Capable of handling
Qelicate asgembly tasks
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Mobile Servicing System
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Benefits of Using MSS
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European Robotic Arm
b FI 8

Extra Yehicular \

Sctvity handraill

Limb

End Effector
Camera
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European Robotic Arm

4 < U VU U U

" No launch or design costs

- In answ topic/european-robotic-arm
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- ~<.-_~.‘ S e
University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Mission Planning (Carroll) April 25, 2006




317

Ranger TSX

University of Maryland Space Station Phoenix Critical Design Review
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Robonaut
<y

DOK o D DA DIES USEe O RODOTIIAdu

,.—.-ai.d-i-n-sens#a%tion/upkeep of SSP
m needs {o be Iaungped
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Summary of Robotic Assembly

R
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Construction

, 23 pressurized

VAs to complete conversion
—— ~— )
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Launch Vehicles

University of Maryland
Space Systems Design

— 8,500 kg to 24,000 kg payload to ISS orbit
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Space Station Phoenix
Mission Planning (King)
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Construction (cont.)

olume remains usable
N — -

R, .
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Construction (cont.)

~— —Zarya discon gcted and de- orblted with trash

e S Q_,——-—J?. — e “3
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24 ——= -~ <
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Construction (cont.)

Construction requires fewer than 3 EVAs per month

f—
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Cargo Launches
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Reliability for launches

&1l

Confidence vs Reliability for the D elta IV with 4 launches

1 +—

confidence

ofs o.ls 1
reliability
e —
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Construction Propulsion

~many restarts as necessary Image: www.spacex.com =
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Disposal of Remaining ISS Equipment

* Other equipment placed into or attached to

F-Eary'a'tspate-ﬁﬁm"ster) for containment durlng

struction and until de-orbit
== S
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Disposal of Remaining ISS Equipment

* Dense Earth atmosphere drags parts to zero altitude
— Total AV =113 m/s

, 'Ke ‘Mir, m I’an,dlng lﬁunpopulated ocean area

-~ I \t
= m %*‘ ,1795 ’-\ " _
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De-orbiting Propulsion

Mass Propulsion (Kg) [ Engines

60 2113 =2

, ~.289] = 2758 1

-~ 1 . S
4495 025 . 2116 2
i e
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Mass Distribution

Townhouse A Beams 2,500

P___thus&.@ble . 30
V Spin Up Package A 375

f—

g - s Batté% - e - 3,300

Em—

e O T e 77,800
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Mass Distribution

Townhouse B Cables 30
___ﬁnin_un_lzankaggﬂ . 375
— ~ Total 87,800
— |
:’:" -~ .“""‘:3': — %\ N \ —— -
e = S e
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Mass Distribution

Orbit Maintenance & Attitude 1 1,350
mintenance & Attitude 2 16,500
e | 1,280
- P —
i - — 97,060
L —— W
S R 1 _ - e
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Mass Distribution

Crew Tank Package 30,240
_——aﬁbimﬁé‘mﬂmﬂ 100
— - = Total 86,270

——a E - '-\\‘\«. =
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Mass Distribution

7,080

11,350

6,700

14,400

A= 143,800
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Mass Distribution

———Mﬁiﬂlr“SS - 143,800

g [Total — 493,000
,ﬁ-""—. - "; ‘..__,——-—4?.' — %\ - \“, -
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Reusing ISS hardware
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Total Unused ISS 100,750

_— - | Completed ISS 456,000

| ReusedISS-components = 360,000

e -TP === -(;f - N :S\ 760/

owem o | Perc , used™ . o
e PN 1 = . —

University of Maryland
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Structures (Eckert)
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Mass Budget

Maximum operational mass 493,000 kg

F_'
| Mini perational mass 452,000 kg

University of Maryland Space Station Phoenix Critical Design Review
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Cost Goals

University of Maryland Space Station Phoenix Critical Design Review
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Cost Allocations
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Cost Formulas

h — 0.55 0.66
= - — 0.5 02074 | o7 |
fe : s - | s U. R : .
o~ A — ¥ “X:S‘ : - -
— umd.Edu/academios/483F05/483L07.cosing/483L07 costing.2005.pdf
: T —
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Research & Development Costs

W. CEV Docking Adapter 1,200 197.5 0.1975
. Non Spin Bearing/Motor 500 122 0.122
1,700 319.6 0.3196
T
e —

University of Maryland
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Manufacturing Costs

Ws of
= nufacjg@d ~Scientific instrument in

University of Maryland Space Station Phoenix Critical Design Review
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Manufacturing Costs (cont.)

| T
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-

CEV Docking Adapter 1,200 48.5

Non Spin Bearing/Motor 500 27.2

Xenon Tank 1 23 3.56 3.03

Xenon Tank 2 1,735 61.8

Xenon Tank 3 150 12.3 10.4
| Bearing (inertial cap) 500 27.2 23.1
l Motor (inertial cap) 500 27.2 23.1 - 50.3

= Tot I($By= | 0208 | 00507 | 0.267

e = i\

University of Maryland
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Systems Integration (Moskal, Metzger)
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Manufacturing Costs (cont.)

A 4

Transfer Tube

Module support structure A 2,500 96.2
h Module support structure B 2,500 96.2 96.2
> B il | Total($B) | 0.241 0.0415 | 0.283
—*-3-‘ S S— n
J “Ax - . @ . e
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Manufacturing Costs (cont.)

A 4

i Pirs (replacement)

Total ($B) 0.516 0315 | 0.831
- - — » -
e =
e —
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Manufacturing Costs (cont.)
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»"!' 3 £

Solar Panels 650 27.7 23.5

Batteries 3,330 86.9

Canadarm 2 1,650 53.2

Eg‘;ti‘;'t‘é?'staic 1,220 43.1 366 | 333 | 31.1 205 | 283 | 273 | 264

poste Collection 1115 806 | 685

g;iteﬁeggg;qors 1,220 43.1 366 | 333 | 31.1 295 | 283 2019 |
0.0590 | 0.0565 | 00273 | 0.0264 | 0.663
I S
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Launch Costs

* Delta IV Medium = $133M
F—FEUWWB
Mfal al launches = $7.033B
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Ground Control Costs
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De-Orbiting ISS Mass Costs

o ——

R ____.__4—~ —
—_— .

e s .
Y

7

%\

- \“3

TR e, =

—

350

University of Maryland
Space Systems Design

Systems Integration (Moskal, Metzger)

Space Station Phoenix

Critical Design Review
April 25, 2006




351

Summation of Budget

"« Resulting Mar in
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Year by Year Costs

5>
9

14.81
End of Construction -
1.65 1.35 .
0.84 0.84 0.54 0.54
e I B e -
2021 - 2022 2023 2024 .2025 2026 TOTAL
- YSSTES -
T o . WS
= — =
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Cost Discounting

2025 0.54 0.10 3.00

“:”s
*ConsﬂDlsc:ﬁunt Eaﬁ‘(,r‘)'so -
University of Maryland Space Station Phoenix Critical Design Review

Space Systems Design Systems Integration (Moskal, Metzger) April 25, 2006




354

Worst Case Scenario

— Resulting Total Cost = $15.87B

- — Resulting Margin = 21%

~ oy o -~ “_\. - S

University of Maryland Space Station Phoenix Critical Design Review
Space Systems Design Systems Integration (Moskal, Metzger) April 25, 2006




Problems with Cost
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Solutions to Cost

» Spread launches out for year 2024
F"'""I:UWET‘CGW?O% while meeting less than
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Summary

« Can support six people for three years

without re-supply
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Conclusion

orientation
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Main Goals
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Difficulties
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Achievements

 Full attitude control and orbit maintenance

~capabilities
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Conclusion
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Driving Force

doing so improves our lives and lifts our
" national spirit”
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