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Why Uranus?

“The ice giants are one of the great remaining
unknowns of the solar system, the only class of
planet that has never been explored in detail.”

- NRC’s 2013 Planetary Sciences Decadal Survey

Voyager 2, 1986 1997 2004

MUSE is Mission for Uranus Science and Exploration: MUSEings of Uranus
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Uranus-Types in Extrasolar Systems
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Uranus is Unique
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Science Objectives at Uranus
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Science Traceability and Instruments
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Spacecraft and Entry Probe 

Visible Camera
IR Spectrometer
Doppler Imager

Baseline 
ASRG

Vector/Scalar Helium 
Magnetometers on boom

X, Ka and S-band HGA

Donated Probe
45° sphere-cone

5 Orbiter Instruments
4 Probe Instruments
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Interplanetary Trajectory

Launch: 3/2019 
Atlas V 551 

Total ΔV = 1526 m/s
Uranus Orbit Insertion ΔV = 800 m/s

DSM-2
ΔV = 312 m/s DSM-1

ΔV = 414 m/s

Mars Flyby 12/2020

Earth Flyby 5/2021

14-year TOF Mars-Earth-Jupiter Gravity Assist Trajectory
With two Deep Space Maneuvers

Jupiter Flyby 12/2022

Uranus Arrival 03/2033
ΔV = 800 m/s
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Approach, Ring Crossings, Flyby Opportunities
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Mission Cost 

• Reserves: 50% Phases A—D, 25% for Phases E and F
• Cost cap (FY2013 $): $1425 M

Current Best 
Estimate

Project Baseline 
Estimate
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Summary

• 2-year nominal science mission
• Cost $1.3 billion
• Five orbiter instruments
• Four probe instruments
• Fulfills 2013 Decadal Survey objectives

Enhanced New Frontiers class mission to Uranus
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MUSEings on Uranus

Unusual tilt of 98 degrees, what should I do?
But, this is what makes me so interesting;

I know you like it too!

Titania, Oberon, Miranda, Ariel, Umbriel, and many others
make me so cool;

The amazing discoveries to make in these, 
should make the scientists and engineers drool.

Bring in spectrometer, magnetometer, visible, and near infrared, 
and may be a Doppler imager too;

and make scientific discoveries about our own and extra solar systems, 
which are absolutely new!
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Questions?

Sarag J. Saikia
Ph.D. Candidate

sarag@purdue.edu
School of Aeronautics and Astronautics, Purdue University
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BACK UP
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Key Trades
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Medium Angle Camera Orbit Operations
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Science Orbit Operations
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Uranus Approach and Orbit Insertion
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Risks and Mitigations
• Ring plane crossing
• Constrained launch schedule
• ASRG Use: Protection and Power
• Lifetime reliability of parts
• Uranus Orbit Insertion: critical events
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Science Traceability Matrix
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Instruments Characteristics

Instruments Characteristics Similar Instruments Example Image

Probe • Pressure range:  100 mbar – 5 bar
• Provides measurements on noble 

gas abundances, isotopic ratios, 
temperature, pressure, gravity, 
density, cloud presence as a 
function of depth, radio tracking

• Galileo Probe
• Pioneer Venus Probe

IR Spectrometer • FIR: 17-333 μm
75 mrad FOV (4.3 deg)
single pixel

• MIR: 7-17 μm
50 mrad FOV (3 deg)
5 mrad/pixel
1x10 pushbroom

• Exposure Time: 2-250 sec

• Thermal Infrared 
Spectrometer (TIRS) 
(Modernized Cassini 
CIRS; Proposed in 
Decadal Survey Titan 
Mission)

Visible Camera • 8 filters (R, G, B, clear, alpha H, 
methane, violet, near IR)

• 2048 x 2048 CCD
• FOV = 2.5 deg
• Pixel resolution: 22 µrad
• Exposure time: 4 msec – 4 min
• Aperture = 0.09 m
• EFL = 458 mm

• Deep Impact MRI
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Instrument Characteristics

Instruments Characteristics Similar Instruments Example Image

Doppler Imager • Two 40 mÅ-width narrow band filters 
centered at 767 nm and 777 nm 
potassium (K) absorptions

• Two 2048 x 2048 pixel detectors
• IFOV: 80 mrad (4.6 deg)
• 2 min sampling frequency

• SOHO Michelson 
Doppler Imager

Radio Tracking and 
Occultations

• X- band (3.5 cm); Ka-band (0.94 cm)
• 2 way X-band Doppler with 

0.5 mm/s resolution
• 8 h/day tracking nominal
• Ka-band and Ultra Stable Oscillator for 

Occultations

• Cassini-Huygens
• MESSENGER 
• Venus Express
• Mariner 2-10
• Voyager 1,2

Magnetometers • Two Vector/Scalar He Magnetometers
• Range: ±2000 nT
• Resolution: 8 pT
• Absolute Accuracy: 20 pT
• 1-10 Hz measurements
• Low noise, precise offset stability

• Cassini V/SHM 
Magnetometer

• Ulysses
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Power
Baseline:  4 ASRG’s: each contain <1 kg Pu-238

– Provided as 2 GPHS modules per unit
– 140 W/each beginning of mission
– 121 W/each end of mission

2 Li-Ion batteries
– 100 A-h/each beginning of life
– 50 A-h end of mission (50% degradation over time)
– Deepest discharge down to 62 Ah once during mission (orbit 

insertion fault case)

• Electronics are MSL/SMAP design
• Batteries are DoD design
• Propulsion system is MSL/SMAP design with development 

for our configuration
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Telecommunications

 Support 2-way communication for critical events
 All equipment has flight heritage and redundant system
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Threshold Science Mission

• Loss of one ASRG
– Reduce power consumption by

re-scoping operations plan
– Downlink data reduced
– Loss of 20% of science data
– Can selectively prioritize data

• Loss of Doppler Imager
– Loss of Tier 2 scientific objective:

internal structure boundaries
– Get J6 from radio science
– Gain simultaneous operations of

remaining instruments
• Shorten Magnetometer boom

– Negatively impacts objective but
does not preclude it
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Descoping
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Flight System Cost Breakdown

27



Payload System Cost Breakdown
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Operations Cost Breakdown
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