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Titan Orbit & Science Tour

Post-TOI: 2-yr pumpdown 

to achieve science orbit

Science Tour Duration:

Requirement: 3.6 yrs

Capability: 4.6 yrs

Disposal: targeted disposal 

on Titan’s surface

Total Mission 

Duration:

19.4 yrs

Instrument
Science 

Requirement

Instrument 

Capability

Vis-IR 

Spectrometer

Spatial Resolution ≤ 10 km 5 km

Spectral Bandwidth 0.93 – 3.2 μm 0.4 – 4.3 μm

Spectral Resolution ≤ 25 nm 10 nm

SNR/wavelength ≥ 30:1 ≥45:1

Radar – SAR Mode

Spatial Resolution ≤ 125 m 100 m

Swath Width ≥ 20 km 31 km

Sensitivity –20 dB –26 dB

Radar – Altimeter 

Mode

Vertical Precision ≤ 1 m 20 cm

Along Track Resolution ≤ 500 m 300 m

Swath Width ≤ 10 km 6.0 km

Sensitivity –20 dB –22 dB

Radar –

Radiometer Mode

Spatial Resolution 149 km 124 km

Sensitivity 0.75 K 0.60 K

Gravity Science Spherical Harmonic Degree ≥ 15 Degree ≥ 15 Total 

Coverage

≥42% to meet 

science requirements

≥83% to meet 

science requirements

≥83% to meet 

science requirements

Mission Objectives

Minimum Coverage by Objective & Instrument Concept of  OperationsInstrument Suite
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Flight system is designed for a high-performance launch vehicle 

(w/ 5-m fairing) and launch C3 = 29.4 km2/s2

Mission SignificanceSpacecraft DesignMission Timeline

Subsystem Key Features

Propulsion
Segmented fuel system: only one heated tank 

during science tour to save on heating power

Thermal
Loop heat pipe system to handle opposing temp. 

extremes during Venus flyby and Titan orbit

Power

Solar-powered: required to operate radar instrument 

for total mission duration

Lithium-ion battery for power storage

Attitude 

Control

Spacecraft is three-axis stabilized

Reaction Wheel Actuators (RWAs) + backup 

Reaction Control System (RCS) thrusters

Command & 

Data Handling

64 Gbits storage (>100 days worth of  science data: 

370 Mbits/day)

Onboard data compression

Flight Software F Prime software (55% reuse from past missions)

Mechanical

Avionics embedded around prop system for 

improved thermal management

Radiation Shielding: 50 krad

Telecomms.
High-rate science downlink: 12 kbps (@ 11 AU)

Dual frequency (up/down): X- and Ka-bands

Mode 1: Radar - SAR

Viewing Angle: 

30° port or 

starboard

Mode 2: Recharge

Mode 3: Vis-IR + Radar - Altimetry

Viewing Angle: 

nadir

Viewing Angle: 

Earth-facing

Mode 4: Comms or Gravity Science

SAR

Altimetry

Vis-IR

Comms/

Gravity Science

All instruments 

off

Titan’s Hydrocarbons: Uncovering New Dimensions of  

Evolutionary pRocesses (THUNDER) is a dedicated geology 

and geophysics mission to trace Titan’s hydrocarbons from the 

inside out, assessing whether hydrocarbons move through Titan’s 

water ice bedrock to cycle from the subsurface ocean to the 

atmosphere. This Titan orbiter will use surface mapping (via 

radar and spectrometry) and gravity science to advance 

geophysical expertise for Saturn’s most Earth-like moon.

Mode 1 2 3 2 3 2 3 24

Orbit 1 Orbit 2 Orbit 3 Orbit 4 Orbit 5 Orbit 6

2-m High Gain Antenna:

Used for Telecomms and 

Radar instrument

UltraFlex Solar Arrays:

9.5-m diameter;

2 points of  articulation

Vis-IR

Main 

Thruster

Launch

C3: 29.4 km2/s2

Cruise:

10 years

Saturn Orbit 

Insertion

Titan Orbit Insertion 

(TOI): 2.75 years

Objective 1: Determine if  Titan’s ice shell has a convective 

layer that can facilitate material transport between the 

surface and ocean.

Convecting Ice Shell Conducting Ice Shell

Objective 2: Determine whether Titan’s major liquid 

hydrocarbon bodies are connected and exchanging material 

with each other through a subsurface reservoir.

Objective 3: Determine if  Titan is losing its atmosphere 

and surface liquids.

Admittance

Tectonic 

Fabric

k2

High: ≥ 15 mGal/km 

at degree ≥ 15

Convergent tectonics

(folds, thrust faults)

High: ≥ 0.55

Low: ≤ 15 mGal/km

at degree ≥ 15

Extensional tectonics

(rifts, normal faults)

Low: < 0.55

Mission Objectives

THUNDER Team:
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Lake Surface 

Elevations

Relative 

CH2:CH4

Liquid Volume

Locally equal, negative 

gradient towards maria

Locally equal, negative 

gradient towards maria

Uneven between poles: 

greater empty vol. in S pole 

than filled in N

Locally variable, uncorrelated 

w/distance to maria

Locally variable, uncorrelated 

w/distance to maria

Topographically controlled: 

higher/equal empty vol. in S 

than filled in N

Uniform 

Crater Counts

Lake Depths

No: fewer craters in 

topographic lows

Decreasing: evidence of  

liquid loss

Yes: consistent crater size, 

number across topography

Stable: no evidence of  

liquid loss since Cassini

Titan 1 Gya

Titan today
Ontario Lacus

Loss:
receding global ocean

No loss:
constant surface liquid volume

liquid coverage

topography

Mare

High Elevation Lakes

through alkanifer
Methane transport

Titan: Alkanifer-Fed

Mare

High Elevation Lakes

Ethane Rich

Methane Rich

No alkanifer to enable methane transport

Titan: Rain-Fed

Normal Faults+ Rifts

Water OceanWater Ocean

Thrust Faults

Convecting Layer
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