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MAJOR TRADES
WILL MCGEHEE

IMAGING
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IMAGING
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Vis/NIR
PAYLOAD
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IMAGING
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Add CAD Views of the Camera, 
Full and Exploded - Oliver is on it!
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DATA HANDLING
HARRISON LAMBERT

IMAGING
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MAJOR TRADES
ZACK DAVIS

COMMUNICATIONS
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MAJOR tRADES
AUSTIN pRATER
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C&DH
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GUIDANCE & 
NAVIGATION

MICHAEL SALINAS

COMMON BUS
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Mass Budget Supplement

https://docs.google.com/spreadsheets/d/1sIYPR86Y1hjR6PUWh-E-sb2vN92t_BgFoju38-y83OA/edit#gid=0
https://docs.google.com/spreadsheets/d/1sIYPR86Y1hjR6PUWh-E-sb2vN92t_BgFoju38-y83OA/edit#gid=0
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ATTITUDE 
DETERMINATION SYSTEM

Michael Salinas
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* X-axis through optics
** Errors from gyroscope scale factor, and GPS position/clock are negligible in this phase.



σ

Comms: Monte Carlo Simulation 3-σ

* X-Axis through patch antenna
** Errors due to Gyro Scale Factor GPS position/clock negligible during repeater operation



PROPULSION
ANTHONY CRUZ

COMMON BUS



Driver Propulsion Type

Engine Mass

Thrust

Power

Dimensions

Propellant Type
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POWER
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COMMON BUS



●
○

○
●

○

○
Idle 6 W



●
○

○
●

○

○
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5%

5%

5%

<1%

100%

1.5

1.9

100%

Total (W) 40 35 6 16 42



5%

5%

5%

<1%

100%

1.5

Total (W) 42 21 6 42
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Imaging Operations

Image Processing

Downlinking

Realign with ECI

Power Generation 
Begins
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Repeater Passes
and TT&C

Power Generation 
Begins
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Batteries fully charged

Maximum Depth of 
Discharge
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Batteries fully charged

Maximum Depth of 
Discharge
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KIAN CROWLEY
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CONFIGURATION
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Main Thrusters x4 Umbilical 
Connection

GN2 TankLMP 103S Tanks

RCS Thrusters x8

Electronics Relay



Corner brackets x4

LMP Piping

RCS Piping

Ceramic 
Thruster 

Housing x4

Honeycomb 
Panel



Electronic Relay 
connecting to 

Electronics Deck

Umbilical providing 
power and data from 

Launch Vehicle





TT&C 
Antenna x4

Solar Panel

PDU

Electronics 
Relay

TT&C Radio

Gyro
CPU

GPS Receiver
Battery

GPS Antenna 
x2

Solar Panel 
Support 
Bracket



Electronic Relay 
connecting to 

Propulsion and 
Payload decks

PDU

Solar Panel

Computer





Star Tracker

Electronics 
Relay to 

Electronics 
Deck

Extra batteries x2

UHF Radio

Patch Antennas x3



Electronics 
Relay to 

Electronics 
Deck

Ka Transmitter

Star Tracker

Image Processor

VISNIR optics



Electronics 
Relay to 

Electronics 
Deck Image ProcessorKa Transmitter

Star Tracker

MWIR Optic x2

LWIR Optic x2
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Boundary Conditions

Stress Displacement







Boundary Conditions
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MAJOR TRADES
MICHAEL WILLIAMS

LAUNCH VEHICLE
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TRAJECTORY
NATHAN GEHRKE

LAUNCH VEHICLE
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Best Case Trajectory Inertial Speed







PAYLOAD 
INTEGRATION
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FAIRING
OLIVER MORRISON

LAUNCH VEHICLE
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GN&C
AARON LEVIS

LAUNCH VEHICLE
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Injection Accuracy
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TT&C
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STRUCTURES
NIC LEWIS

LAUNCH VEHICLE
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Superimposed Von Mises Stress and 
Loading Diagram  (Pascals)
Note: Loading and Stresses radially 
symmetric about vertical axis
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THERMAL
JAVIER BUSTAMANTE
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CONFIGURATION
BEN KRAGT

LAUNCH VEHICLE
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GROUND 
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LAUNCH SITES
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Australia Launch Range
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LAUNCH PAD
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GROUND STATIONS
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MANUFACTURING
JERALYN GIBBS

MISSION LIFECYCLE



0 1 2 3 4

LV Motor

LV Component Shipping

LV Component Testing

LV Flight Testing

LV Full Speed AI&T

Satellite Component Shipping

Satellite Component Functionality Testing

First Satellite Set Qualification Testing

Next 5 Satellite Sets Acceptance Testing

Satellite Component Shipping

Satellite Component Functionality Testing

Satellite Full Speed AI&T

System Shipping

System Launch Site Integration

Year
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SATELLITE AI&T
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MISSION LIFECYCLE
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LAUNCH VEHICLE AI&T
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RELIABILITY
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COST
NIK POWELL

MISSION LIFECYCLE
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CONCLUSION
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THANK YOU
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Back to Trade

Time to Orbit Radiation Dosage Payload Requirements Deorbit Number of vehicles SUMS

WEIGHT 0.8 0.5 0.7 0.3 0.8

LEO 4
Best option, but still 
takes time (~12 min)

4

Lowest available, 
but still some. 

Short mission, so 
no rad hard

4

Lowest available 
payload reqs. Need 
high field of view, 

but low power, low 
zoom, for IMG, low 

power, low gain, low 
freq for COM

4

Lowest available, 
but still reqs prop to 
do in <5 years. Ideal 

is natural deorbit

2
A lot required, but 

not infeasible
10.8

MEO 3
Slower than Leo, 

faster than 
GEO/GTO

1 Lots (Van Allens) 2

Medium. Need 
zoom, high power, 
med gain, but low 
badwidth/field of 

view

2
Better than GEO, 

but way worse than 
LEO. High DV reqd

3
Less than Leo, but 
still probably more 

than 1
7.3

GEO 1

Slowest option. 
Unreasonable 

(approx 4 hours, and 
slow phasing time)

1 High 1

Highest for comm, 
high gain, high 

power. Img needs 
zoom, but low field 
of view. Hardest for 
pixels, hight power, 
thermal more or less 

impossible

1

Unreasonable DV, 
need to go to 

graveyard (customer 
not okay with)

4

Theoretically could 
be 1 for image, 2 for 

Comm if tailored 
orbit

5.5



Back to Trade

Satellite Complexity Optimal Orbit Feasibility Number of Vehicles Unit Cost Dev Cost SUMS

WEIGHT 0.8 0.8 0.7 0.5 0.6

Separate 
Imaging 
Satellites

4

SEPS are much 
simpler than a big 

multi purpose 
satellite, but not 
cubesats perse

5
Comm and Img can 
go where they are 
the most effective

2
A lot, but optimal 

config
4

Smaller, 
inexpensive with 

COTS parts
2

Two seperate dev 
costs

11.8

Same 
Imaging 
Satellite

2

Pretty complicated, 
multiple payload 

systems and orbit 
reqs

2

Need cross 
coverage, adding 
sats and meaning 

sats have 
downtime. 
effectively 

impossible to have 
1 sat hit the same 
target nadir more 
than once per day

2

Seemingly less, but 
need more that 
waste passes to 
meet comm reqs 

and gap times

2
Larger, probably 

fairly complex with 
redundancy

3
1 dev cost, and 
probably a large 

one
7.4



Back to Trade

Number of Vehicles
Number of Orbital 

Planes
Launch Site 

Location
Wasted Coverage System Complexity

Launch Vehicle 
Requirements

SUMS

WEIGHT 0.9 0.8 0.7 0.6 0.5 0.6

Variable 
Orbits

4

Requires Less 
vehicles, as the 

orbits are 
optimized

3
Many, and 
different

3

Requires 
many, probably 

around the 
world

4

Lowest feasible 
wasted 

coverage, 
designed to 
target area

2
Many Sats, 

Many Planes, 
Many Schemes

2

Different, need 
to accommodate 
a large range of 

launches

12.7

Complete 
Global 

Coverage
2

A lot required, 
very non 
optimal

3
Many, the 

same
3

roughly the 
same

2

Covers entire 
globe, most 
coverage is 

wasted

3
1 scheme, but 
very detailed 

and need maint
4

Same launch 
every time, 
optimized

11.0



Back to Trade

Time DeltaV Required Number of Maneuvers
Launch Vehicle 

Complexity
Satellite Complexity SUMS

WEIGHT 0.8 0.8 0.6 0.7 0.5

Launch 
Vehicle 

Distribution
2

Has to do each 
individually. Time 
consuming series 

deployment. Hard to 
make constant 

across all scenarios

1

More DV required 
per LV, so more 

overall (LV carries 
enough for multiple 

sats)

2
Lots by one 

Vehicle
2

High, Multi restart, 
requires Mono or 

LBP, high accuracy 
injection

4

Medium, needs all 
the same systems for 

stationkeeping, 
deorbit

7

Satellite 
Distribution

4

Each Sat does it's 
own, can start once 

it is in the right 
orbital plane

3

Sat carries it's 
own, so pretty low 

(think staged 
rockets)

4
2 By each Vehicle, 

max
4

Low, can do with 
all solids and 

minimal GN&C
2

Medium, needs all 
the same systems for 

stationkeeping, 
deorbit (more 
propulsion)

11.8



Back to Trade

Thermal Imaging Decision Number of Launches Excess Coverage Satellite Complexity SUMS

WEIGHT 0.8 0.5 0.5 0.7

Separate 
Satellites

4

If no thermal is wanted, 
no thermal is launched. 
However, it is still built 

and staged

2
More launches if 
thermal is wanted

4

Can be tailored to cover 
exactly what the 

customer wants (or 
doesnt want)

4
Each sat has only a 

single payload
9

Same Satellite 1
May launch thermal 

satellites without 
needing to

3
Same amount either 

way
2

Will be covering the 
same as VIS/Nir every 
day with no deviaiton

1
Sats have 2 payloads, 
and very different reqs 

and sizes
4



Back to Trade

Development Cost Operational Differences Bus Excess Capability SUMS

WEIGHT 0.8 0.7 0.6

Common Bus 4
Payload Dev Cycles 

and a Single Bus Dev 
Cycle

4
Common operations 
with the exception of 

payload
2

Some excess capability 
to deal with drivers on 

different payloads
7.2

Dedicated Bus 1 6 Dev Cycles 2
Totally different 
spacecraft ops

5 None 5.2



ARCHITECTURE



COMMON BUS



Back to Presentation
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Back to Presentation



Boundary Conditions

Stress

Displacement

Prop Panel



Stress

Return



Return



Return



https://docs.google.com/file/d/0B0xa81JMIF5dN0RjWmRwZ0tNNFU/preview




ELECTRONICS 
RELAY

LIQUID 
MONOPROPELLANT

VALVE (12V)

GASEOUS 
NITROGEN

VALVE 
(12V)

GASEOUS 
NITROGEN

VALVE 
(12V)

LIQUID 
MONOPROPELLANT

VALVE (12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

MAIN THRUSTER
VALVE (12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

COLD GAS 
THRUSTER
VALVE(12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

COLD GAS 
THRUSTER

VALVE 
(12V)

T

P

GASEOUS 
NITROGEN

TANK

LIQUID 
MONOPROPELLANT 

TANK

LIQUID 
MONOPROPELLANT 

TANK

TP TP

TP

Return



CPU (18V)

PDU (18V)

SP ARRAY (18V)

GPS 
RECEIVER (9V)

GPS 
ANTENNA 
(9V)

IMU 
(9V)

SOLAR SENSORS

TTC 
RECEIVER 
(5V)

BATTERY

TTC ANTENNAS 
(ALL) (5V)

ELECTRONICS 
RELAY

Return

GPS 
ANTENNA 
(9V)



ELECTRONICS 
RELAY

VISNIR OPTIC (12V)

STAR TRACKER (5V)

Ka-BAND 
TRANSMITTER (8V)

IMAGE PROCESSOR 
(12V)

VISNIR OPTIC (12V)

Return



ELECTRONICS 
RELAY

STAR TRACKER (5V)

Ka-BAND 
TRANSMITTER (8V)

IMAGE PROCESSOR 
(12V)

THERMAL OPTIC (5V)THERMAL OPTIC (5V)

THERMAL OPTIC (5V) THERMAL OPTIC (5V)

Return



ELECTRONICS 
RELAY

COMMUNICATIONS PAYLOAD (18V)

BATTERY 2

BATTERY 1

STAR TRACKER (5V)

Return
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VISNIR TIR

Metrics Weight Pushbroom Pushwhisk Matrix Starer Weight Pushbroom Pushwhisk Matrix Starer

Dwell Time 0.4 7 6 8 0.5 7 6 10

Mechanical 

Complexity 0.6 7 5 4 0.7 6 4 3

Pointing 

Requirements 0.3 7 8 5 0.5 6 9 8

Optical 

Complexity 0.5 5 6 5 0.4 4 6 4

Cost 0.4 3 4 3 0.4 4 5 3

Smear 0.3 5 4 3 0.6 4 3 5

Reliability 0.7 8 6 6 0.5 8 6 5

Power 0.3 9 8 7 0.3 8 7 6

Useful Data 

(%) 0.7 7 7 9 0.4 8 8 10

Operational 

Delay 0.4 8 6 8 0.4 5 4 6

Total 30.7 27.5 27.5 27.9 26.4 27.6
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Back to Pointing Budget
Pointing Budget: Downlink
Pointing Budget: Solar Generation
Pointing Budget: Orbit Maintenance



σ

 

* X-axis through optics
** Star Tracker not used during this phase due to high angular rates. Errors from GPS 
position/clock are negligible.



σ

 

* X-axis through optics
** Star Tracker turned off during eclipse for power consumption, given requirements are lax.  
Errors from gyroscope scale factor, and GPS position/clock are negligible in this phase.



σ

 

* X-axis through optics
** Errors from gyroscope scale factor, and GPS position/clock are negligible in this phase.



Back: IMG Comm
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COMMUNICATIONS
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Back to Comms: Pointing Budget

Pointing Budget: TT&C
Pointing Budget: Sun-Gathering



σ

Comms: Monte Carlo Simulation 3-σ

* X-Axis through patch antenna
** Star Tracker not use during operation due to low pointing requirements. Errors due to Gyro 
Scale Factor GPS position/clock negligible.



σ

Comms: Monte Carlo Simulation 3-σ

* X-Axis through patch antenna
** Star Tracker not used during eclipse. Errors due to Gyro Scale Factor GPS position/clock 
negligible during repeater operation
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What we do:

-Carmelle’s results
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Capacity degrades on a yearly 
basis

Can be stored for long 
periods of time without 

maintenance

High Amp/Watt capability for 
long time period

High Amp/Watt, not able to 
maintain amount for 
required flight time

Lightweight Lightweight

Small Small

Allows for testing of 
components during storage

Can only be activated 
once, no testing capability
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Taurus

Neutron

Back to Presentation
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MANUFACTURING
JERALYN GIBBS



●

○ Test electromagnetic interference to not adversely 
affect its own subsystems and components

○ Test for externally induced shocks greater at all 
frequencies than the envelope of external events

○ Temperature Cycling between temperature extremes to
      check performance at temperature gradient shifts
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LV Motor Production

LV Component Shipping

LV Component Testing

LV Full Speed AI&T

Satellite Component Shipping

Satellite Component Functionality Testing

Satellite Full Speed AI&T

System Shipping

System Launch Site Integration

2Year
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RELIABILITY
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