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~ Mission Statement ¥

'MEDUSA WI|| mvestlgate the mechanlsms of formatlon

"-'composmon and seasonal changes of dust storms on- _
Mars; this: will be achleved through Radlometers and Multl- :
angle Imaglng SpectroRadlometers - %




SC|ence Background

The Slgnlﬂcance of studylng Mart|an Dust Storms ‘
e Better understanding of Martlan Cllmate b el - ’

. Better undérstanding of the mechanlsms of cllmate o
change for Earth- appllcatlons ' : i

Mars Exploration Program Analysis Group mterests
e : Locations and tlmes of |nterest for the creatlon of
~_dust storms '

o Analysis of aerosol type, concentratlon and
' ‘mdvement through dust storms =

. e How dust storms carry dust and’ water through the ' . 3 .
Sl atmosphere and. across the:surface < v g : g
LeadmgTheory i s g : e - | _ A
. e Atmospheric Factors (heat pressure) cause dust S i _C.r'édi_t: NASAZJPL /ME5S. i w. s b

.storms to form
. e These dust storms transfer water ice



MEDUSA Science = ¢
Goa/ EXpIore the formatlon and |mpact of dust storms on Mafs

Object/ves : Sol 1997 |
‘e .Determjne how and under what :
conditions Martian dust storms form
. and propagate usingMCS,and MISR -
- Determlne how particles move W|th|n '
- the dust storm using MISR

.j.'_, o 'Determme the comp05|tlon of Martlan
' dust storms usmg MISR -
. S ;
e Determine if ond how H20 is - L
stransferred via dust storms on Mars s
: usmg MISR .

,' Credit: NASA / JPL /-MSSS / Justin Cowart / Emily. Lakdal.'/va/la :



NASA Science Goals

1) MEPAG Ref: Goal IV,
Investigation B3.1: Globally monitor
the dust and aerosol activity
continuously and simultaneously at
multiple locations across the globe,
especially during large dust events,
to create a long-term dust activity
climatology (>10 Mars years)
capturing the frequency of all
events (including small ones) and
defining the duration, horizontal
extent, and evolution of extreme
events. (High Priority)

»

. B

S"ci.e nce.Tracea bi lity i

:: : s 7 ; ; > L . . o :
Investigation Science Science Measurement Requirements Instrument Performance Mission Requirements (Science
Objectives Driven)
Pal

Topographic Features Morphological Feature Vertical Horizontal measure topographical feature |topographic map of mars Satellite with an orbital
Resolution Resolution size, longitude, and latitude inclination angle of 75 degrees
with at least 5 km size

Tomperatrs [Wavelengi nared _[Temperawe _|-153C10350 TCwo3

1) Determine the Humidity Wavelength: Visible, Infrared |Humidity 0-10 g'm"-3 0-20 g*'m*-3 Establish Link with DSN
e hte oo Presswe  |Wavelength: Visible, Infrared [Presse  [o-1200Pa  [o4sooPa |

atmospheric conditions Pressure Wavelength: Visible, Infrared |Pressure 1200 Pa 1500 Pa

that create dust storms |Wind Speed and Direction Wavelength: Visible, Infrared m Velocity 0-70 km/hr 0-150 km/hr Handle data rate 9.0 Mbps

2) Characterize the Movement of Dust Storms Movement of storm center of |Change in

motion and evolution of mass along surface of mars | position

dusLaioms Growth of Dust Storm Surface area coverage Vertical nzomal diameter and surface area diameter and surface area Global Coverage every 6-7 days
change Resolution esolution data over time data over time

3) Determine Visual, temporal Vertical oriz | Identify dust storms as they're |ldentify dust storms as

regularity of dust storms | Frequency of dust storms Resoluti esolutio! created they're created

4) Determine whether Angular velocity of Mars with Location of Mars on it's orbit | Instrument and Telemetry Mars orbital conditions with There have been predictions || Mission lifespan of >10 years
the characteristics of respect to the Sun, Communications Data respect to the Sun that as Mars approaches

Mars' orbit around the perigee of orbit the dust

sun affect the storms increase

development of dust

storms.




NASA Science Goals

2) MEPAG Ref: Goal I,
Investigation A1.2: Measure water
and carbon dioxide (clouds and
vapor) and dust distributions in the
lower atmosphere and determine
their fluxes between polar, low-
latitude, and atmospheric
reservoirs. (Higher Priority)

3) MEPAG Ref: Goal IV,
Investigation A1.2: At all local
times, make long-term (>5 Mars
years) global measurements of the
vertical profile of aerosols (dust
and water ice) between the surface
=60 km with a vertical resolution
<=5 km and a horizontal resolution
of <300 km. These obeservations
should include the optical
properties, particle sizes, and
number densities. (High Priority)

Investigation
Science Objectives

. B

ience Measurement Requirements Instrument Performance Mission Requirements (Science
Driven)

s aremeee oo

5) Determine
composition and
distribution of
particles in the lower
atmosphere

6) Characterize the
vertical and
horizontal movement
of dust, water, and
carbon dioxide
through the Martian
atmosphere

Verticle movement of
particles

Horizontal movement of
particles

Dust Particle Composition |Light absorbtion:

Concentration
of dust

Concentration
of water

MISR: 400-900 nm
MCS: 0.3-45 um

Percent chemical
composition about 0.001 %

Wavelength: Visible, Infrared 0-30 m/s 0-50 m/s Vertical Resoulution: <5 km
Horizontal Resolution: <300km

Visual Movement of dust - 0-50 m/s Mission lifespan >5 years

Percent composition makeup (.
01%)

clouds
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MuIt| angle Imaglng SpectroRadlometer

.-_9 angled pushbroom spectroradlometers o

‘Captures images in 4 spectral bands from

_Science Instruments

‘infrared to-visible -~ -, o
. Allows anaIyS|s of aerosols W|nds and

clouds : ' e

/""'-b : . :

Gredit: NASA / Caltech/ JPL -

19



SC|ence Instruments

Mars Cllmate Sounder (MCS)

;_Captures images |n 9 spectral bands from
'mfrared to VISIb|e |

:Measures ternperature pressure water
- vapor, and dust in layers of the atmospher"e,

*" Credit: NASA / Caltech / JPL

1



Spacecraft Overview

Fllght Computer -

,' Communlcatlons DISh /'

~ Star Sensor ~ i

; Pressurant /""
\ s Tanks

T e
Solar Panels - e g
F ' - Propellant\/

el [ Tanks

Orb|tal Inser‘uon : >
Thrusters - .

12



oncept of Operations

: 1. SEPARATE FROM LV AND .
FOLLOW MARTIAN TRAJECTORY .
\\\\\
\\ .
; : DSN COMMUNICATION LINK ~~}< _ o ey R T G N o e 7
: w . S \ 3B. SCIENCE DATA ACQUISITION ~  ~ o<
-_— .
= . 3n. MONITOR DUST STORMS. ™~~~ _ OF PARTICLE COMPOSITION, DISTRIBUTION, - .
- — i sl pdaiiny AND MOVEMENT IN ATMOSPHERE - 55
. & 47END OF LIFE. ' '
2. ACHIEVE SCIENTIFIC ORBIT ~ : PAUTE: SN
- . ~ DECOMMISSION INTO
e \ ; — HIGHER ORBLT
~ _
7~ :
-
b
S
3
S A
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Tra ] ecto ry

; j.o' Type 1l hellocentrlctransfer orblt -

e Estimated TOF: 287 days e
Siiiie 3Ma|n Burns "o e o

_ o " Total Av of major burns ~1.6- km/s
9 Addltlonal 0 1 km/s added for correctlons

- .
-

oAV (km/s)

&

..& - ; '. = . . - - -
0 e 095 ; 0.5 075 He | X 125 e 157 - 175
* B Mars Cap.ture ' Aerobrake and Incllnatlon Change l SC|ence Orblt B Corrections *



' "Capture In hlghly elliptical - -
insertion-orbit ShelaE Sl N\

Capture Orbit
----------------- Aerobraking Orbits

LOW@V periapsis, raise siis e i
inclination | |

'Ralse perlapS|s C|rcular|ze :
orblt

o 700 km = 75° |
01 710 year Ilfespan
> _EOL».Vre[ay satellite . -

E
<
c
S
‘D
(o}
a
N

..;_ : 5 .

10% : : 15 2 253
’ Y Position (km) ) X Position (km)




GNC & ADCS

‘. Att|tude cotiol e Sensors
FO 4x Reactlon Wheels e e iveslead o - 22X Inertlal Measurement Unlt (IMU)
Slew rate: O; 045 deg/s e 5, S0 LXK Star tracker

o 12x Sun Sensor

" Reaction Wheel. i e : T s~ - . Startracker S SR
* .+ Credit: SpaceTeq S e - = Credit: Leonardo Company e



. Orblt e S
» % . ¥ 9.8% - i - W _"
5o Perlod 133 mlnutes PR B
‘.o -11.otbits per day == . : At
” . S 5 2 - C&DH 55W = Sl
o Time per. Eclipse: 41 e 12.3% -
minutes B o e : 2
o Three Power Modes: o e : .
o Standby/Ecllpse Data Collectlon Mode 745 W Commumcatlon Mode 790 W ;
. Thermal Control 44 w P Thermal Conlr.ol 44W Ai)CS 107 W
=i W2 ayload 128W L
“»o ' ‘Communications "% - 2] 7% S5 e
-0 - = PatgCollection’ s i = - Povier Subsystem 266 W Sy
e ; s : Pewer Subsystem ZSGW - _ADCS107W 33:?/0 '
X . " 4?'1-% : Communlcallonsq"l?:\ﬁ Cnmmunlcatmns:HBW
' . b c&ougsgv’a CBDHE5W e
Z 9"/ *7.0%
- ‘ : ;
4 . 19




Tnple Junctlon Solar Cells § :
o * Area: 20 m? e e AT TR ‘u ;
.0 Mass: 17 kg ; : G She : L S% . e S e o
© o PowerGenerated: 1200W' T e s g S AT ey
‘e Lithium lon Batteries o : ' e : ;
o 10 years:~40,000 Cycles
o Depth of Discharge::30% _ :
g Numberof-Cells: 99 cells’: . '»- ¥ tatas SO R S ; )
o - Mass: 11kg: o ‘ . ' e el , -
.® - Power Management and Dlstrlbutlon System s : 3
o Regulated Direct- Energy Transfer i R - : et
haiad m  Higher Efficiency el . ‘ : . v e
] m - Large powervarlatlon £ : R (T C'1argers -'
o . Power: 160 W - - e . : e AR e R
e O MaSS.. 54 kg : : ' : l : : Resghuug:or Batteries
- \Wiring . =8 : o 2 L ) . : :
o  Power:60W Ry : 2 Rl : :
o Mass:_33kg.- rody : o TAETC L e .
¥ 3 . S g & 2




PropuIS|on

| 3 Propellant Hydrazme
: Pressunzer - Hellum

'Thrusters e

, - Four MR 107S @ 270 N used for Complete |nsert|on burn in 24 m|n
- o - Four MR- 106E @ 22 N used for Trajectory corrections :

D Eught 7 MR 103D @ O 9 N used for Attltude control redundancy

chapksie v e o ‘
oo 2 Propellant Tanks W|th mass of 20 kg each
o 2 Pressure Tanks with rnass ‘of\1:.3 kg each

Credit: Aerojet Rocketdyne 21



Fill and
.-Drain Valve

.Pyrotechnic
Valve

e

Latch Valve (Dual Coil)
--Pressure Transducer
* CFilter ‘
<

Venturi |

Pressurant Tank |- " Propellant Tank

Ma

Orifice
2 : h 4
- : =7
> x : " Pressurant.Tank - Propellant Tank
MR-103D ' ; v 2 A
F

MR-106E - s X N T 7 i —D>—1><1-|::: o '

o Valve diagram = G



iy propulsion_tanks, antennas glmbals IMU

| 'Ideal operatlng temperature 0 C
Pre. trrmmed thermal baIance temperature
=367 K=194"€ ' |
:Radrators used to tr|m temperature to :
perm|55|ble component range g
5 Iayer MLI blanket used on outsrde of
' 'spacecraft
' ‘-Heaters applled to solar panels

star tracker: - .5+

.. Credit: John Rossie of AerospaceEd.org 5

o5



e applred for addrtronal support |

Structu raI Propertles

. Potentlal loads: Launch, gravrty, radlatron
'_pressure derelraking. o ol g

Aluminum aIon honeycomb structure

:Carbon composites such as graphlte epoxy

: Trtanlum alloys used for fuel tank and smaIIer
- components

"Cfedit: Argosy International .

24



Mass Breakdown

Allocated (kg) Level 1

| Dry Mass Range 500- 1000kg
Dry Mass 801 kg
Propellant I\/Iass 1000 kg :
¥ LV Adapter: 166 5 kg g
LV -Capa'city;_aoookg

" 1.0Payload

2.0 Spacecraft Bus (dry)

2.1 Propulsion
22 ADCS

2.3 Communications

2.4 C&DH

2.5 Power
2.6 Structure
2.7 Thermal Control

- 3.0 Spacecraft Dry Mass

4.0 Consumables

5.0 Propellant
6.0 Loaded Mass

. 7.0 Kick Stage

8.0 Injected Mass

- 9.0 Lauch Vehicle Adapter
. 10,0 Boosted Mass

11.0 Margin
120 Total LV Ca pacity

1727

50.19
56.17
60.72
352
121.73
24044
2404

1727
62849

801.19
0

1000
1801.19
0
1801.19
166.5
1567.69
1032.31
3000

- 95



T .
-
o

. e -

,,'I.Payldad = : '.lPrdpuls'i'oh IADCS ~ mComms -

‘WC&DH .~ . mPower . ° - wStructure’ . mThermal Control >, 267



=
.

"

Earth
Atmospheric |Bandwidth
Loss - '* 3

Uplink. | Downlink -

Uplink Downlink | Transmitter {Recéiver  |Free Path-
| CIN. " [CN

R ey 2 ) : ? Dafa-Rate» Link Margin
Frequency [Frequency (Gain Gain - |Space Loss ; : Vg .

Ka-Band s N R - . B A - |14.3- : -

(HGA) *  |N/A " "[31.16Hz [57.9dBi - |79.014-Bi|282.3-290.2 dB- |2 dB 1500 MHz |N/A  .|28.79 dB |.005:6 Mbs |6.1 dB
X-Band ; o ' ' ; : 3 ; : ;

(HGA) ~  17.1GHz |[84GHz |49dBi  |67.64dBi |269:276.6dB |<1dB  |20Hz"  |18.79 dB|28.84 dB -|.001-4Mbs |18.6 dB .

Lo iiiane s Bk Bldger T

27



. Link Schedule
“ Launch: : %
e Downlrnk lifeline communication-begins ~ 1 hr after Iaunch ~5 mrnutes
_ prior to launch vehicle separationon LGA . "~~~ . .
° When srgnal iS received, DSN upllnk is conflrmed doppler/turnaround _
. ranglng is defined, and commandablllty is conflrmed '
Tran5|t : - : :
- e. Downlink I|feI|ne communrcatron contlnues |nclud|ng trajectory data and
- spacecraft health on HGA 4
° Command upllnk fortrajectory correctron and anomaly adjustment 0)Y] DSN
Mars Orbit Insertions S
e  Downlinkinsertion progress health and anomaly data by the LGA

e  Command uplink to perform |nsert|on maneuvers and anomaly adjustment‘

-

; . by DSN :
‘Mars Orbit = i : s
e Spacecraft downlrnk heaIth data (X- Band) and and coIIected rnstrument
s data (Ka—Band) when Irne of srght is visible on HGA (LGA if in low power
mode).
.. Command uplinked for trajectory correction, anomaly ad]ustment and to ‘
' transrtron between mission phases by | DSN : . ; .

.
. Eve S

28



High-gain Antenna
e _ KaBand and X band
2x Low-Gain Antenna
o - X- Band ;
-® . Only used for msertlon and
emergencies RS
4x Amplifiers - - - S
e  Traveling Wave Tube Ampllflers

e Two for Ka-band (35W) -
e . Two for X=Band (100)

2x Transponders . - S
~ e . General Dynamics Small Deep

Space Transponder

. Ultra Stable Oscilators A
- e Take on causes for frequency '

o instability in circuits:
B ngh stability vs. temperature

. 2x Electra Proximity Payload » .

e .;.Government provided
_telecommunications platform

.

] T : Diplexer 1 b
_ Electra 100W- '\
Tranciever Amplifier : j
. - . g bt . .
: 1 X:-Band 100W
§ WDk Coupler Amplifier
_C&DH 7 : > [ v R R T et St e e L R S St (7S R i I | PR ST [T
i 1 . 2 : -DlplexerZ
— 35W
: - Ka-Band o
‘ SD§T2 Coupler Amplifier
Electra 3 T‘
| Tr_anciever T\ 4 i e — 3BW -
o : S "| Amplifier
.
A : HGA
- .

|

- LGA1

29



Oven Controlled Crystal
Oscillator (OCXO)
‘Data Processmg 5] | i

: Integrated ElectFonlcs
Module (IEM)
SpaceWire

Memory

A

SpaceWire
Data Bus (A & B)

ADCS:
2 Star Trackers
2 IMUs

Schematic

OCXOA

A J

A

OoCcXoB

Propulsion:
Propulsion Subsystem
4 Reaction Wheels
6 Active Sun Sensors

L1 |6 Backup Sun Sensors

Communications

Power Distribution



Processor: RAD5500 T
‘ POWGI’ DIStFIbUtIOﬂ Un|t . Integrated Electronics Module
: (PDU) : ,- : : 2 N ‘. _ Motherboard | s

: : R ;: g AL . Power: C&DH: ADCS: TT&C: C&DH: e C

. s DC/DC Process ADCS Software Process -
x Oven ContrO”ed CryStal S Converters Si)cf'tc\;ve;?:r software Fgrr#aatltzr Sgt);ﬁ;;?r Converters

: & 3 . R T 3 Bus Controller | |and tracking | |X-band Bus Controller

1 R Ka-band
Oscillator (OCXO) - .~ .« .
-
. SpaceWire %
.- o =% OCXO

2nd SpaceWire Bus
2nd IEM

31



Spacecraft Integ ratlon"-

System Testlng & Assembly Order e Structural Assembly
L ol Glmbals . o
ZAEDS T __j_:-y_‘. o
3. Science Instrtiments™" " S s o Lo Solar arrays -
4, -Structure:: . R YT 2 HGA
5. Solar Array e &
6. *Communication ! _
7. -Propulsion - - | .

MRO Science Instrument Integration * Type 22 H|gh Gain Antenna Pomtlng Assembly Type 1 Solar Array Drive Assembly
Credit: NASA N : Credlt MOOG ; _ Credit: MOOG - “ 95



- Medium Class Launch
Vehicle = ‘

‘Employ 5m Falnng

: Poten.tlal pron.AtIas N

BXX- -

. Two stage expendable |

- rocket system |

Flexible-with SRB usage; .'

engine conﬂguratlons

. and payload falrlng

selection

.. L

Atlas V ; : : .
Credit: ULA ' . : 33



Goddard Space Fllght Center Operatlons Room ’
. Credit: NASA Goddard/Pat Izzo

*

: Ground Statron (|e Goddard Space Fl,lght Center) e

sendrng commands .'
anomaly. resolution
spacecraft health monrtor
4. data processing _
RS Eleven 90 mlnute passes per day

LN H

Drstrrbuted Actrve Archrve Center (NASA S DAAC)

1 data storage



Category System/Structure Tested

Solar Panels

Antennas/Communication

Electrical

Structural Material

Entire Spacecraft

Functional

Environmental

Test Type

Solar Energy Absorption

Folding/Unfolding/
Maneuverability

Data Uplink/Downlink

Enxtending/Retracting/
Maneuverability
External Radio Signal
Sheilding
Thrust Stand
Exhaust Duct
Life/Fatigue
Power Output
Wiring Checks
Resolution
Tensile
Torsional
Space
Thermal ' . ' - k ) =
SpacaDust Managamant e Credit: Nanonal Technical Systems
Solar Radiation

Pyroshock oo s .
Lo 4 : 35

Accoustics
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Management
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~ Organization

Andrew Silverstein

.

Program Office
Dr. John Christian

Project
Manager/PI 2t/

Michael Moody

} Project System

Engineering
Ananth Reddy
Zachary Parham

Science Payload
Michael Moody
Zachary Parham

Andrew Silverstein

Communications

Zachary Parham
Ananth Reddy

Schedule and
Cost
Andrew Silverstein
Matthew Cook

Ground Systems
and Operations
Tim Chow
Matthew Cook
Andrew Silverstein

Trajectory and
GNC/ADCS
Alex Seigel . :
Tim Chow : ”
Suhail Singh

Structures and

Mass Properties |

Tim Chow

Alex Seigel
Andrej Sulek

b SC and Mission

Visualization
Suhail Singh
Michael Moody

Alex Seigel
Andrej Sulek

Power,

SIC Integation
and Testing
Matthew Cook

Propulsion, and S8
Thermal
Andrej Sulek
Suhail Singh

Alex Seigel

Software and Safety and
Onboard Mission
Computing Assurance
Michael Moody
Zachary Parham

Zachary Parham

al Structure

37



Mars MEDUSA Orblter

Cost & |
Scheduling

Georgia Tech College of léngineeril:g A
* Daniel Guggenheim School -
of Aerospace Engineering

Gr
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CO8kE

' Unmanned Space Vehlcle Cost Model (USCM8) parametnc
estimation A . - . SRy ey
‘NASA Instrument Cost Model (NICM) for smence mstruments | e

FY2021 Estlmated Cost
5 o $491,425375.1

Mission Cost Estimation o
$500 million cap

FY2021

FY2010

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000

Cost (3K)

1.1.1/1.1.2 Structure/Thermal Subsystem m1.1.3 ADCS

1.1.4 Electrical Power Subsystem m1.1.5TT&C

1.2.1 Communications 1.2.2 MISR (Optical Planetary Payload)
m1.2.2 MCS (Optical Planetary Payload) m 1.3 Integration, Assembly, and Test

m 4.0 Program Level m 5.0 Launch Operations and Orbital Support
m 6.0 Aerospace Ground Equipment

39




T Almbsf - “Unlikely Could Occur Known to Common ot :
Impossible v

Occur. : $

Catastrophic

Major

" Moderate

~ Minor

Insignificant

Yo S L S PROBABILT Y& R e 0




'Rlsk 1 - ADCS Failure (Rrsk Value: 20)
.~ o - Redundancy in system components

- Testing to simulate operational environment

"Ris’k 2 - Transponder Failure (15) |
. MEDUSA contains a backup transponder

cross linked into the system should one faile il

Risk 3 - Failure to Deploy Solar Arrays

: (Rrsk Value: 15) b L
-,0.. -More accurate- envrronmental testrng
o Whlle in orbit; .
: r ‘Move mechanlsm up and down to
‘ unsnag : o |
e ‘m Firé thruste_rs to shake orbiter

*| Moderate -

Alrnost
| Impossible

: Unlikely

Could

Occur

Known to
| O©ccur -

| Common

: Catastrophic,

Insignificant

41




o RISk 4 - Fallure of Smence Instrumentatlon

- (Rlsk Valties10). . A A
~ One fails:- S

[ Contlnue mission usmg

- remaining payload

" o Both fail S

m Revertto relay satelllte ;
Risk 5 -"Unreatistic Budget,(Rlsk Value: 10)
Mission descope - threshold smence
_mission :

: Catastrophic,

Almost
| Impossible

Unlikely

Could
Occur

Known to
| O©ccur -

| Common

Moderate -

Insignificant

42




~ DDTBE—

- Operations— -

. Design ©  Development.

Prelim Technology = . g
A .Final Design-‘Assembly.

R e e

Cruise  Transitio: Mission

VHEST IR

'Q1'22 Q3'22 Q1'23 Q3'23 Q1'24-Q3'24 Q1'25 Q3'25 Q1'26 Q3 '26 {Q1 27 Q3'27 Q1'28 Q3'28 Q1'29

- ; ; i -
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_ Mass Budget

Level 2 2.2.3 Sun Sensors (x12) 24.36 10% 26.8
CBE (kg} Cont. Allocated Level 1 2.2.4 Reaction Wheels (x4) 20 10% 22
1.0 Payload 1727 2.3 Communications 60.72
1.1 MISR 148 10% 1628 2.3.1 X-band Transponder
1.2 MCS ) 10% 53 2.3.1.1SDSTs (x2) 5.8 10% 6.38
2.0 Spacecraft Bus (dry) 618.40 2.3.1.2 4x Frequency Multiplier 0.1 10% 0.11
2.1 Propulsion 9013 2.3.1.3 Additional Components 0.5 10% 0.55
2.1.1 Propellant Tanks (x2) 404 1% 4444 2.3.2 Traveling-wave tube amplifiers
2.1.2 Pressurized Tanks (x2) 26 10% 286 2.3.2.1X-band TWTA (x2) 1.9 10% 2.09
2.1.3 Insertion Burn Thrusters (x4} 4.04 10% 444 2.3.2.2 Ka-Band TWTA (x2) 1.6 10% 1.76
2.1 4 Trajectory Correction Thrusters (x4) 1492 10% 211 2.3.2.3 X-Band Power Converters 3 10% 3.3
2.1.5 Attitude Adjustment Thrusters (x8) 264 10% 249 2.3.2.4 Ka-Band Power Converters 1.5 10% 1.65
2.1.6 Pressurizer 7 10% 7 2.3.2.5 Diplexers 1.8 10% 1.98
2.2 ADCS 56.17 2.3.2.6 Waveguides 1.5 10% 1.65 :
221 1MU (x2) 15 10% 1.65 2.3.2.7 Other Microwave Components 1.4 10% 1.54 .
2.2 .2 Star Trackers (x2) ] 10% 572 2.3.2.8 Misc. TWTA Hardware 0.2 10% 0.22
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2.3.3 X-band & Ka-band Antennas 753 PMAD A 56 10% 6l6
2.3 3.1 HGA Prime Reflector 191 10% 2101 2.5.4 Wiring 2913 10% 37 04
2.3.3.2 Antenna Feed Assembly 16 10% 176 3 6 Structure 240.44
2.3.3.3 LGAs and Polarizers 08 10% 0.88 2.6.1 Primary Aluminum Prism 162 10% 1782
2.3.3.4 Misc. Antenna Hardware 11 10% 121 2.6.2 Gimbals and Secondary Structures 56.58 10% 62238
234 UsS0s 17 10% 1.87 2.7 Thermal Control 24.04
2.3.5 UHF 2.7.1 Heaters, Radiators, Insulation 21.85 10% 24.04
2.3.5.1 Electra Transceivers (x2) 101 10% 11.11 3.0 Spacecraft Dry Mass 72836 801.19
2.3.5.2 UHF Antenna & Radome 14 10% 154 4.0 Consumables o )
2.3.5.3 String Switch 01 10% 011 5.0 Propellant 1000
2.4 CEDH 35.2 6.0 Loaded Mass 180119
2.4.1DPU (x2) 10 10% 11 7.0 Kick Stage 1]
242 IEM (x2) 18 10% 198 8.0 Injected Mass 1801.19
2.4 3 Misc. Computer Components 4 10% 4.4 9.0 Lauch Vehicle Adapter 166.5
2.5 Power 12173 10.0 Boosted Mass 1967.69 :
2.5.1 Batteries 92 10% 10.12 11.0 Margin 1032.31 s
2.5.2 Solar Panels 16.34 10% 17.97 12.0 Total LV Capacity 3000
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WBS Element
1.1.1/1.1.2 Structure/Thermal Subsystem

1.1.4 Electrical Power Su
Ve 1.1.5TT&C

1.2.1 Communications

1.2.2 MISR (Optical Planetary Payload)
1.2.2.1 Fabrication

1.2.2.2 Management

1.2.2.3 Systems Engineering

1.2.2.4 Product Assurance

1.2.2.5 Integration and Test

1.2.2 MCS (Optical Planetary Payload)

Non-recurring ($K)
30276.31984

12094.83

42827.4

Recurring ($K)
6264.72

5379.887465
13097.7

Total Cost ($K)
36541.03984

18189.27
32295.88746
55925.1

NRE + 1st Unit
Cost

40597.98891
4048.722626
4753.211734
3137.306378 "

6377.999112
NRE + 1st Unit
Cost

1.2.2.1 Fabrication 7431.850077

1.2.2.2 Management 702.3193334

1.2.2.3 Systems Engineering 1095.212286

1.2.2.4 Product Assurance 633.5363089
1.2.2.5 Integration and Test 1153.5629

1.3 Integration, Assembly, and Test

6.0 Aerospace Ground Equipment
2 Total Cost (FY2010)

30275.0876

28040.89308
402493.4704

19251.85058

Total Cost (FY2021

45526.93818

4.0 Program Level 66234.90512 15879.50562 82114.41074
5.0 Launch Operations and Orbital Support 5850 5850 .

28040.89308
491425.3751
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: ADCS Failure (Risk-Value: 20)

G _ Rlsk Mltlgatlon

‘a. « Redundancy in system compongn_ts g g ; : e
b. = Testing to simulate operational environment = - s : i : : .

- Transpondet Failure. (15) - X iy

-L'

. a.  MEDUSA contains a backup {ransponder cross. linked into the system should one fail
Faiture to Deploy Solar Arrays (RISk Value 15) : E

a. . More accurate: envwonmental testlng
b.. While in orbit: *-

i.  .Move mechanism up and. down to * unsnag s O B S Aty 21
ii. Fire thrusters_to shake orblter ; $ ? ; i ‘
Failure of Smence lnstrumentatlon (Rlsk Value 10) .
a.  One falls: & . SEgs .
L e, * Attempt to.continue mission using ot_her payload VL A = 3 :
b. Bothfail: - * e . i
: i. . Revert to being relay satellite g ' : I ..
“Unrealistic Budget (Risk Value: 10) o : '
.a.  Mission descope - fallback to threshold mission’ « ; . .-
Unplanned Loss-of: Contact (Risk Value:. 6) o el
a. Extended Data storage - f j e
b.-  Atthreshold enter Safg Mode : e siE e e : il
c.. Commis.system.to Wideband,mode" o A e : j ' :
d. Emergency use of 70-m DSN : ;
Biological Contamination Risk (Risk Value'l) St .
a. = Assembly in-clean room : X 2
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