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Saturn and its Moons
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Our Destination

But why?
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Open Questions 

● Elemental composition poorly known 

● Cassini scratched the surface 

→ SEAFARER designed for habitability

● Low resolution → higher resolution for 

future landers

● Large scale circulations to be 

addressed

● Complement Dragonfly

○ Lakes (properties remain unknown 

after Cassini)

○ Habitability

Mission Statement 77
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Heritage

● Characterized Saturn’s 

atmosphere

● Discovered Enceladus’ plume
○ CHNOPS & organics

● Enceladus mapped

● Huygens landed on Titan

○ Atmosphere

○ Lakes

● Dragonfly to land on Titan

○ Dry equatorial land

○ Habitability

1997-2017

2028-

Motivation
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Expert Committee Report for the Large-class 

Mission “Moons of the Giant planets”:

1) The issue of habitability of ocean worlds 

and the interaction between the surface and 

the interior

2) The issue of habitability of oceans worlds

and the interaction with the external 

environments

3) The identification of prebiotic chemistry

and the search for biosignatures on ocean 

worlds.

Most interesting target: Enceladus 

2nd place: Titan 

Lander and Orbiter

Motivation
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Objective 1: How and where did Saturn form?

Objective 2: What is the nature and diversity of the potential habitats?

Objective 3: What is the peculiar nature of the Titan climate   

variability?
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Science objectives Science questions

SO1: How and where 

did Saturn form?

● Q1.1: What is Saturn's formation history, composition 

and implications for the present-day Solar System 

architecture?

● Q1.2: What are the physical, dynamical and 

radiative conditions of the upper atmosphere of 

Saturn in the pressure range between <1 bar and 

10 bar?
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● Measure in situ isotopic ratios of noble gases and 

elements (H, He, Ne, Ar, Kr, Xe, C, N, O, and S)

● Quadrupole mass spectrometer

○ Mass range [1,150] amu

○ Resolution >1000 M/ΔM

● Measure in situ mixing ratios of CO, C2H6, PH3,, NH3

● Tunable Laser Spectrometer

○ Resolution 105 λ/Δλ
● Measurements <1-10 bar

→ Atmospheric probe VESPUCCI
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Science objectives Science questions

SO2: What is the 

nature and diversity

of potential habitats

in the Saturnian 

system?

● Q2.2: What is the geomorphology and composition of Enceladus’ 

surface, namely in the moon’s south polar region (Tiger Stripes)?

● Q2.3: What is Enceladus’ plume activity variability (location, 

composition, time, interaction with magnetosphere)?

● Q2.5: What is the nature of the potential subsurface ocean on 

Mimas?

● Q2.7: What is the current state of interior-surface processes on 

Titan, their global distribution, geological history and 

implications for organic material transport across the icy crust?

● Q2.9: Are there biogenic elements present in the organic 

chemistry in Titan, and, if so, what are their abundances?
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● Measure spectra of the south polar terrain to 

extract composition and physical properties 

of water ice

○ resolve smallest feature → spatial 

resolution of 100 m/pixel

● Visual and Infrared Spectrometer

○ range 0.5-5μm (two multi-band 

spectrometers: VIS & IR)

○ spectral resolution ~10nm

● Minimum of 10 flybys to cover the whole 

south polar area at an altitude of 100km

→ Orbiter 

(Porco et al., 2006)

(Poulet et al., 2024)

(Sciopini et al., 2007)
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Science objectives Science questions

SO3: What is the 

peculiar nature of the 

Titan climate 

variability?

● Q3.1: How do the large scale atmospheric features on 

Titan(superrotation, polar vortex) evolve? 

● Q3.2: What is the meteorology (temperature, surface 

winds, pressure, methane humidity precipitation, heat 

flux) in the northern polar region of Titan?

● Q3.6: What is the complete distribution, physical and 

dynamic properties of lakes and river networks on Titan 

and their temporal variability across different latitudes?

● Q3.8: What are the local physical and dynamical 

properties of Kraken Mare as a proxy for Titan’s lakes 

and seas?
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Mare as a proxy for Titan’s lakes and seas?
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● Measure the sea depth and 

sound speed

● 1% sensitivity with 1000 to 2000 

m/s range

● Depth accuracy of <5m at 

nominal distances of 10 to 500m 

from instrument

● Operate at <50 dB/Pa2/Hz

● SONAR

→ Lander COLUMBUS

Credit: NASA / JPL-Caltech / Agenzia Spaziale Italiana / USGS

Credit: Americanoceans.org
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COOK 
Collaborative Orbiter for 

Observing Kronos

Orbiter

COLUMBUS
Chemical and Organic Lander for 

Understanding Methane-Based 

Underwater EnvironmentS

Lander
VESPUCCI

Vertical Entry probe for Saturn’s 

Upper Cloud Chemistry and 

habitability Investigation

Probe
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Galileo 

Atmospheric 

Probe

MAJIS (JUICE) SWI (JUICE)

Credit: MPS

JANUS (JUICE)

Credit: LDO

NASA/Ames Research Center
IAS, LDO, IAPS, CNES and ASI

IGEP/TUBS

J-MAG (JUICE)



Green Team – Mission SEAFARER

Science case

Julia Wiltenburg

Engineering

Vincent Affatato

Programmatics

David Placke

Mission 

Analysis

Colm Daly



Green Team – Project Seafarer 27

Ariane 64 EVO

Launch

Saturn Probe 

Injection + 

atmosphere 

analysis

Enceladus flybys 

plume analysis

Titan Orbit 

Insertion + 

Lander 

splashdown

EOL 

crash       

into Titan

Mimas flybys

EEES Trajectory
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Phase 1 – Interplanetary Cruise

PHASE 0 PHASE 1 – INTERPLANETARY CRUISE

Launch

1/11/43

SEP ARC 1

EGA 1 EGA 2

SEP ARC 2 SEP ARC 3

Interplanetary Cruise

- Proved by CDF studies

- Launch with an ARIANE 64 EVO

SEP: Solar Electric Propulsion

EGA: Earth Gravity Assist

CDF: Concurrent Design Facility

- Solar electronic propulsion (SEP) 

- Launch window of ~21 days, with limited to no 

variations of 𝑉∞, and launch opportunities every 

12.5 months

Green Team – Project SEAFARER

Entire cruise phase: 

8.5 years

28

519 days 2 years
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Earth orbit

Asteroid Belt

Ballistic Arc

Solar Electric Propulsion Arc

Trajectory

Earth Encounter (300 km altitude)

SEP Maneuver

AU

AU

AU

AU

49 days

49 days

180 days

SEP 2 end
EGA2

𝑉∞ at departure

𝑉∞ at arrival

𝑉∞ =5.56 km/s

Launch

SEP 2 start

SEP 1 start

EGA1

SEP 1 end

SEP 3 end

SEP 3 start

Manoeuver Duration Max. Sun distance

SEP ARC 1 49 days <1.2 AU

SEP ARC 2 180 days <2.2 AU

SEP ARC 3 49 days <1.2 AU

Adapted by Rocchi and Khan, SOLAR 

ELECTRIC PROPULSION BOOSTED TRANSFERS 

TO THE OUTER SOLAR SYSTEM, 2023

𝑉∞= 3km/s
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PHASE 0
PHASE 1 –

INTERPLANETARY 

CRUISE

PHASE 2 – SATURN APPROACH

Probe ReleaseSaturn Entry Traj.

1/3/52
Saturn Orbit Insertion

Action Sequence

• Jettison of the SEP → Switch to 

RTGs

• Entry Trajectory to Saturn with 

a 55° inclination

• Probe Release 5 months before

perikrone

• SOI in a safe orbit with 

perikrone at 2000 km altitude

from 1-bar level

Green Team – Project SEAFARER 30
SEP: Solar Electric Propulsion

SOI: Saturn Orbit Insertion

15 days 4.5 

months

Phase 2 – Saturn Approach



Phase 2 – Saturn Approach
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Key Aspects

- The SOI shall also: 

1) reduce the velocity of the 

spacecraft

2) increase the altitude

→ wait for the entry of the probe into

the atmosphere and maximise the 

communication window

- The early close approach has been

proved safe by Cassini but still

needs particular attention for 

communication overload

Altitude: 2000 km

Seafarer trajectory

VESPUCCI trajectory

Side View

SOI: Saturn Orbit Insertion
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PHASE 3 – MOON TOUR

Periapsis Raising Man. 1

24/10/52

Mimas Flybys (5)

20 months

Periapsis Raising Man. 2

30/11/54

Titan Flybys (8)

70 days
Encel. Flybys (10)

96 days

PHASE 2 –

SATURN 

APPROACH
PHASE 0

PHASE 1 –

INTERPLANETARY 

CRUISE

Action Sequence

• PRM at the apoapsis of 

the first Saturn orbit to 

enlarge the periapsis at

Mimas

• Flybys to Mimas at

different altitudes

• Inject in 7:1 resonance

flyby sequence of 

Enceladus using Titan

swingbys for the second 

PRM

PRM: Periapsis Raising Maneuver Green Team – Project SEAFARER 32

Phase 3 – Moon Tour



Mimas Flybys

PRM 2

Green Team – Project SEAFARER
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Key Aspects

- Mimas flybys require 4 

months each due to the 

high initial 𝑉∞ from the 

cruise

- Possible visit to other

medium-size moons is

based on opportunity

windows

- Reduction of the 

inclination wrt equatorial

plane to <20°

33PRM: Periapsis Raising Maneuver

Enceladus Orbit

COOK Orbit

Titan Transfer

Top View

Saturn

Phase 3 – Moon Tour
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PHASE 3 –

MOON 

TOUR

PHASE 2 –

SATURN 

APPROACH
PHASE 0

PHASE 1 –

INTERPLANETARY 

CRUISE

Action Sequence

• Entry trajectory to Titan

to release the lander

• TOI into a safe, circular

orbit at 2500 km altitude

• One-year-long station-

keeping with the 

possibility of mission 

extension

• Disposal on Titan caused

by Saturn perturbations

PHASE 4 – TITAN ORBIT

COLUMBUS Drop

10/1/56

Titan Orbit Insertion

13/1/56

Titan Orbit Station-Keeping

1 year

End of 

Life

13/1/57

TOI: Titan Orbit Insertion 34

Phase 4 – Orbiting Titan
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Lander Key Aspects

- Lander drop ~3 days before orbit

insertion

- Landing site constraints:

1) Cassini mapped three large 

lakes within 70° and 78° N 

latitude

2) DeltaV budget and mitigation of 

perturbations

- Final Choice: Kraken Mare 

(70° N, 50°E)

- The orbit provides coverage to 

the lander for operative life

Separation point

Seafarer trajectory

COLUMBUS trajectory

Top View

Phase 4 – Orbiting Titan
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PHASE ΔV [km/s]

(5% margin)

Propellant Mass 

[kg]

Propellant Mass 

[kg]

10% margin

1 – Interpl. Cruise 3,11 520 572

2 – Saturn

Approach

0,72 1107 1218

3 – Moons Tour 0,45 676 744

4 – Titan Orbit 0,81 986 1084

AOCS allocation 0,1 198 218

TOTAL 5,1 3489 3838

Propellant System Isp [s]

Xenon propellant 4400

MMH+𝑁2𝑂4 321

Dimensioning constraints

- ΔV for SEP cruise   → Solar panel size110m2

- ΔV for Saturn Tour → Total bipropellant mass

→ Iteration on maximum initial 

spacecraft mass: 7.5t

ΔV budget and dimensioning
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Key features: 
● 6,9 m height

● 10 m long magnetometer boom

● 3 GPHS-RTGs

● 110 m² SEP Solar Arrays

● 4 m stiff gimbaled High Gain 

Antenna (HGA)

● Gimballed low gain antenna 

(LGA)

Mission Design 49

Green Team – Mission SEAFARER



Orbiter System Architecture

UHF

AOCS Power Subsystem Thermal Subsystem Propulsion Subsystem

Communication Structure

Science Payload

Solar array 

HDRMs

S/C structure

Structure

Probe deployment

Lander 

deployment

Launcher adapter

Mechanisms

Passive system 

(MLI)

Thermal Management

Radiators

Heat pipes

Saturn probeX-Band LGA (8 – 12.4 GHz)

(transmitter + antenna)

Data + Comm.

Ka-Band HGA (26.5 – 40 GHz)

(transmitter + antenna)

Data handling & storage

2xOBC
UHF 

Receiver

Solar Arrays

3x RTGs

PCDU

Umbilical to Probe 

and Lander

Sun sensors + 

Star trackers

Sensors & Control

IMU

Reaction wheels

RCS thrusters

Actuators

AOCS Controller

Probe + Lander

S/C system

Power management

Fuel tank(s)

400N thruster(s)

Pressurizing tank

Sub-mm wave 

instrument

S/C instruments 

CDSM 

Magnetometer

Radar

Multifilter Camera

UV & IR  

spectrometer

Mass spectrometer
SEP

SEP System

Fuel tank(s)

X-Band 

Manoeuvre Sys

Titan lander

Dust Analyser

Green Team – Mission SEAFARER

50

ESA Ground 

Station Network

Ka-band, X-band 

backup
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Subsystem total
Mass (kg) Mass fraction to 

M_dry

Communication 216 7,9%

SC Instruments 297 10,8%

Titan lander 298 10,9%

Saturn probe 269 9,8%

AOCS 97 3,5%

Power 216 7,9%

Thermal 63 2,3%

Solarelectric prop. 394 14,4%

Chemical prop. 210 7,7%

Structure 679 24,8%

Subsystem Mass (kg)

Dry mass total 2739

Dry mass with 30% margin 3698

SEP propellant 573

Chemical propellant 3265

Total wet mass at launch 7538

Dry mass after array jettison 2849

Dry Mass after Probe Ejection 2519

Dry Mass after Titan Splasher Ejection 2220

Orbiter Mass Budget

All components tagged with margins depending 

on maturity (5%, 10%, 20%)

51
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Phase/Mode Mode description

LEOP Commissioning of the spacecraft, communication with Earth using X-band.

Safe mode Spacecraft kept in safe state, pointing to Earth for comms.

Recovery/Reboot mode Recovery from safe mode.

SEP cruise SEP cruising using Solar arrays and SEP fuel

Cruise Cruising following SEP

Probe Internal Checkhout Biannual check of probe and lander instruments during cruise

Standby Instruments powered ON at low power.

Science mode Instruments powered ON at full power, data recorded to onboard storage

Manoeuvre Trajectory changes using chemical propulsion

Earth Comms Communication with Earth using Ka-band (or backup X-band)

Science Comms Communication with probe/lander using UHF and X-band respectively

Orbiter Mission Modes 52

Green Team – Mission SEAFARER
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Power Budget LEOP
Safe 

mode
Reboot

SEP 

cruise

Chem. 

cruise

PIC 

mode
Standby Science Man.

Earth 

comm.

Science 

comm.

Communication 289 268

SC Instruments 372

AOCS 82 64 64

Thermal

Solar Electric Propulsion

Chemical Propulsion

Structure

Low Med. High

53

Margins taken into account, according to ESA ECSS margin standards

Driving modes: 

Science ~ 454W

Earth comms w/ 

Ka-band HGA 

~353W

Science comms w/ 

probe and lander. 

Most power when 

using X-band 

MGA ~332W

Green Team – Mission SEAFARER
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Orbiter-Earth Budget Orbiter-Payloads Budget

Frequency (Ka-Band) [GHz] 32 Frequency (X-Band) [GHz] 8.5

Maximum range [AU] 10.5 Maximum range [km] ~ 3000

Orbiter Transmitter Power [W] 40 Lander Transmitter Power [W] 15

Data rate [kbps] 0 Data rate [kbps] 40

Final EB/EN [dB] 3.6 Final EB/EN [dB] 5.7

● ESA DSN Network: 35m dishes at Cebreros, New Norcia, and Malargue

● Saturn moon tour: single 4-hour DSN pass per day

● Titan orbit: expect 5h to 8h DSN pass per day → data downlink every 4 orbits.

● Min. datarate: 40 kbps (total between: 720 Mb/day and 1.15 Gb/day)

Green Team – Mission SEAFARER
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Structure

Structure material Composite, Aluminium

# articulated structures 1 HGA, 2 Solar Arrays

# deployed structures 2 solar arrays, 3 RTGs, 1 magnetometer boom, 1 

radar antenna, Lander deployment mechanism, 

Probe deployment mechanism

Communications

Antennas and gain 4m stiff gimballed HGA for Ka-band, 61dBi 

16cm Horn MGA X-band , 22.6 dBi

25cm UHF Antenna

Data rates 50/40 kbps to Earth (40 W transmitter  power)

40 kbps relay link (lander)

1000 bps relay link (probe)

Orbiter Design

Challenges: 

Stow orbiter + SAs + SEP system + probe + 

lander + adapters in Ariane 64 EVO fairing. 

Keeping sufficient data rate  between Earth and 

Orbiter (to manage on-board science and relay 

links)

● When close to Earth (8.5AU) - expect rate    

50 kbps

● When at maximum distance (10.5AU) - can 

only sustain rate of 40 kbps.

Inspiration:  Mars Reconnaissance Orbiter, PEP probes, 

SPRITE, TSSM, EPIG 

STR-1 : Launch with Ariane 64 EVO.

COM-1 : Shall sustain Telemetry, Science downlink, and relay links.

56
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Trade-off: 

Solar Arrays vs Nuclear power vs RTGs (higher 

TRL & less moving parts)

Challenges:

Selection of duty cycles for Power Modes

GPHS-RTG heat dissipation with fins with a fin root

temperature of approx. 200°C. Astroquartz insulation.

How to manage RTG 

booms and heat?

Especially with 

temperature sensitive 

Instruments?

SEP Power

Solar array type and size, m2 Ga-As, 110

Expected power generation, W/m2 375,75 (BOL) and 77,63 (EOL)

Expected power consumption, W 7500

Science Power

Power Source 3 GPHS-RTGs (New Horizon, Cassini)

Battery type LiSO2 to stabilise RTG power

Driving power mode, W Science ~500W & Telecoms ~400W

Thermal Control

Type of thermal control MLI, Heat Pipes and RHUs

Heat output of RTGs, K 3 x 3850

POW-1 : Shall sustain the S/C during the SEP and nominal mission lifetime.

POW-2 : Shall provide power and charge the batteries of the probe and lander prior to release. 

TC-1 : Maintain temperature of instruments between ~250 K and 280 K. 

TC-2 : Maintain temperature of batteries between 278 K and 298 K. 
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Trade-off: 

Current 100 m/s in delta-V budget to 

account for pointing requirements.

Issues: 

Challenge in deriving pointing accuracy 

of instruments.

Pointing requirement for Earth & Science 

Comms (w/ Lander).

Prior to probe release, CoM expected to 

be unbalanced - increasing delta-V for 

manoeuvers and AOCS pointing. 

Attitude Control

Control methods 3-axis (w/ Inertial, Nadir, Solar references)

Attitude knowledge limit Sun sensors (radial accuracy <±0.5 deg), Star trackers 

(pitch/yaw accuracy within ±18 arcsec), IMUs (bias 

stability within ±0.015 arcsec/sec)

Articulation #axes 2 axes for HGA

Sensor and actuator information 4 RWs with 25 Nms angular storage, 16 4,5-N RCs 

thrusters for desaturation of reaction wheels

Command and Data Handling

Data storage capacity 3 Gbits (2 days worth of orbiter titan science & lander 

data)

Heritage/Inspiration: MRO, Enceladus Orbiter, 

TSSM

AOC-2 : Shall orient orbiter to ensure at least 13 min of Orbiter-Lander communication (after handshake).

AOC-3 : Shall maintain ponting loss to less than 0.11 deg (same as Mars Reconnaissance Orbiter).

OBDH-1: Shall handle, process, and store all Scientific data produced during 2 Orbits.
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Fairing Diameter (Internal) 4.7 m

Fairing Height (Internal) 18 m



RTG (1/3)
4m HGA

2x 400 N thrusters

Titan lander

Saturn probe

Magnetometer

Solar arrays (110m²)

SEP stage main 

body

Orbiter main body

Orbiter model 60

Green Team – Mission SEAFARER
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Sub-mm wave 

instrument

Chem. propulsion tanks

Radar instrument

Camera

UV spectrometer

Mass spectrometer

IR spectrometer

Battery, EPS, OBC, 

DH

SEP Xenon tank

Xenon thruster

SEP stage main 

body
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Instrument Complexity Thermal score Size score Science score Total score

Weight 2 2 5 10 190

UV-spectrometer 8 2 7 3 85

Infrared spectrometer 7 1 5 10 141

Mass spectrometer 7 7 5 7 123

Camera 8 8 5 9 147

Magnetometer 4 8 4 6 104

Radar 8 4 3 10 139

sub-mm wave instrument 7 9 7 10 167

Dust Analyser 7 4 7 3 87

Gravity science experiment 6 8 8 3
98

Average 6 5 6 7 128



Lander
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Lander has no movement capabilities:

Maximum possible drift shown above

Landing location in Kraken Mare 

confidence: +/- 50 km

Mission Concept: Land on Kraken Mare (70 deg inclination) and perform analysis of 

atmosphere and the liquid methane lake for ~10 days.

Green Team – Mission SEAFARER
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Lander released 

from orbiter

POWER ON and 

Commissioning

Lander enters 

atmosphere

BC release

Main parachute deployed

Aim: Soft Landing on Liquid Methane Lake Kraken Mare 

SPACE

M~20 M~1.5

ATM SCIENCE
C

O
DES CENT

v~100m/s

SCIENCE

Kraken Mare 

Landing

FS release,

Re-entry science,  uplink 

back to orbiter

Commissioning,

Stability acquisition, 

Lander/buoy separation

Science  uplink when orbiter in 

FOV (~13 min every 6 hrs)

EOL

Battery 

support sized 

for ~10 days 

Comms:

● X-band Transceiver

● Helical, omni-

directional antenna on 

lander

Key Features: 

● Huygens-like descent w/ drogues and 8.3 m main parachute

● Data uplink during descent following BC removal

● Once landed on Kraken Mare → Lander separates 

○ “Warm” top buoy: batteries, heaters, and atmospheric 

instruments

○ “Cold” bottom buoy: GCMS and  sonar

Drift of lander due to winds 

& waves

Green Team – Mission SEAFARER
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STR-1: Shall survive Titan atmospheric re-entry (~18gs, 14,000K) & perform a soft landing on the Kraken Mare.

STR-2 : shall stay upright (waves, wind, drift, landing)

TH-1: Shall resist a Titan’s atmospheric (91 K) and liquid temperature (91 K), and hydrostatic pressure.

SCI-1: Shall drop sample sensor and collect the data from it. 

Trade-off: 

• 5 m maximum 

deployment depth

• Can not measure the 

entire temperature profile

Challenges: 

• Thermal management: 

warm batteries & 

instruments vs. cold 

outside.

• Impact of hot lander on 

environment being 

measured.

• Hoist mechanism for 

lowering the bottom “cold” 

buoy.

• Cryogenic temperatures →

compliance of material.

Part Spec

Mass (kg) 297

Power (W) Max 150

Thermal (K) 14000 Heat 

shield

Data Rate (kbps) 40

Base Diameter (m) 1.3

Operation in cryogenic 

lake environment

Operation in surface 

environment

Data + Power link
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Instrument Complexity Thermal score Size score Science score Total score

Weight 2 2 5 10 170

Upper buoy

Sonar 8 8 9 8 141

Nephelometer 6 5 3 9 115

Camera 8 2 5 10 129

GCMS 7 6 3 10 127

Atmospheric Structure Instruments 10 4 4 7 98

Lower buoy

Thermometer 10 10 10 7 140

Dielectric constant sensor 10 10 10 7 140

Pressure sensor 10 10 10 7 140

Average 8 6 7 8 133



Probe



Descent Control
Power Subsystem

Communication Thermal 

Subsystem

Structure

S/C structure

Structure

Drogue Parachute 
Deployment

HDRM/Dispenser

Mechanisms

Passive system 
(MLI)

TPS

Active Heating 

Front Shield ~110kg

Data + Comm.

Data handling & storage

OBC

LiSO2 Battery

PCDU

Sun sensors + Star 
trackers

Sensors & Control

IMU

Power management

Data buffer

Science Payload

Thermometer

S/C instruments

Pressure

Flux Radiometer

Nephelometer

Axial/Lateral
Accelerometer

Lightning and Radio 
Emissions Detector

Mass spectrometer

Tunable Laser 
spectrometer

Probe System Architecture

ORBITER

Patch antenna (Back cover)

Helical antenna (Probe)
UHF (transmitter + antenna)

Back Shied 
~30kg

TSP Mass Fraction 
~30%

Heatshield for Extreme 

Entry Environment 

Technology (HEEET)

Green Team – Mission SEAFARER
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STR-1: The probe shall reach at a depth where the pressure is of at least 10 bar.

POW-1: Probes power system shall be able to provide 140 W throughout the measurement phase.

OBDH-1: The probe OBDH shall be able to handle 32 bps.

TH-1 : The probe shall survive a maximum temperature of 2000 K.

TH-2 : The internal temperature shall not exceed the instrumental temperature range of 253.15 K - 323.15 K. 

Challenge: 

Thermal shielding as probe descends 

through Saturn’s cloud

Communication window with S/C

Components: 
Descent: 2 parachutes with main parachute D=2.5 m 

Communication: UHF transceiver to orbiter, 0.5 m patch antenna 

on back cover and helix antenna during descent. 

Thermal: expected at entry: 2000 K

Part Spec

Mass (kg) 270

Power (W) Max 140

Thermal (k) 14,000

Parachute Diameter (m) 2.5

Base Diameter (m) 1.3
Heritage/Inspiration: PEP probes & Galileo
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Payload Instrument Instrument Requirement

Mass spectrometer Shall have a resolution of >1000 

M/ΔM

Shall measure in a mass range 

between 1-150 amu

Tunable Laser Spectrometer 

(TLS)

Shall have a resolving power of 

~105 λ/Δλ

ASI Unit (Temp. / Press. / Accel.) Shall measure every 4&2, 6 seconds

Net Flux Radiometer Shall measure every 4&2, 6 seconds

Nephelometer Shall measure every 5 mins

Lightning and Radio Emissions 

Detector

Shall measure every 256 s

Green Team – Mission SEAFARER
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Instrument Complexity Thermal score Size score Science score Total score

Weight 2 2 5 10 190

Temperature sensor 10 8 10 4 126

Pressure sensor 10 4 10 5 128

Mass spectrometer 6 4 3 8 115

Nephelometer 6 8 5 6 113

Accelerometers 10 7 5 5 109

Net Flux Radiometer 7 4 5 3 77

Lightning and Radio Emissions 9 7 10 5 132

Tunable Laser Spectrometer 6 10 8 7 142

Average 7 6 7 6 126
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Science Case

Julia Wiltenburg

Engineering

Vincent Affatato

Programmatics

David Placke

Mission 

Analysis

Colm Daly
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Technology Readiness Level

Green Team – Project Seafarer

Payload Component TRL

Sonar (Lander) 4

Tunable Laser Spectrometer (Probe) 4

Level Technology Readiness

4
Component and/or broadband functional verification 

in laboratory environment

5
Component and/or broadband critical functional 

verification in laboratory environment

6
Model demonstrating the critical functions of the 

element in a relevant environment

7
Model demonstrating the element performance for 

the operational environment

8
Actual system completed and accepted for flight 

("Flight Qualified")

9
Actual system "flight proven" through successful 

mission operations

System Component TRL

Thermal Control System (Lander) 1

Structure 2

All components TRL >6 except: 
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Risk ID Risk Likelihood Severity Mitigation

1
Communication system 

failure on S/C
Possible Very High

Test all subsystem 

on Earth

2
No power (lost of solar 

array, RTG problems)
Possible Very High

3
Planetary 

Contamination
Rare Impact

Follow Deep Space 

build requirement 

(ISO3)

4
Communication issues 

at ground station
Unlikely Very Low

Fix or use another 

Ground Station

5
Collision with micro 

meteoroid
Rare Low

Use proper MLI on 

S/C

Consequence

Very Low Low Medium High Very High

Highly 

Probable

Probable 1,2

Possible

Unlikely 4

Rare 5 3

Li
ke

lih
o

o
d

Risk Inventory Risk Matrix
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Planetary Protection

● Titan: Harsh environment kills 

microorganisms

● Enceladus: Fly By

● Saturn: Disintegrate Upon Entry

Spacecraft Protection

● ISO 3 cleanroom (Fed. Class 1) 

Mission SEAFARER = Category II 
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Begin: 2024 

Requirements: 2032 

Design: 2039

Qualified: 2042

Launch: 2043

Science: 2052 

End Mission: 2057

Key Dates

Phase A: 2.5 Years 

Phase B: 3 Years

Phase C: 4 Years

Phase D: 6.5 Years

Phase E: 15.5 Years 

Phase F: 1 Years

Durations
30% Safety Margin

Mission Duration 
33 Years

Ready to Launch 
20 Years 
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Cost (€) ESA NASA/JAXA

€2.5 Billion
Orbiter
Lander
Probe

€2.0 Billion
Orbiter Probe
Lander

€1.5 Billion
Orbiter Probe

Lander

Total Cost: 

€2.7 Billion
Instrument Cost: 

€200 Million

Cassini-Huygens: €3.6 Billion

L Mission Costs

Juice = €1.6 Billion

Athena = €1.9 Billion

Options

SEP Stage

Orbiter

Lander

ProbeRTG’s

Project Team

MOC & SOC

Safety 
Margin

Launcher

Mission Cost Breakdown
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Probe De-Scoping Options

Instrument Measures Probe Science Fraction Saving (kg)

Lightning Detector Storm Activity 10% 2.5

Radiometer Atmospheric Dynamics 20% 3.15

Nephelometer Wind Speed + Cloud Properties 20% 4.4

Laser Spectrometer Heavy Molecules 50% 3.5

1.   De-Scope probe instruments 

De-Scope Probe
Save €500 Million
25% Science Lost



2.   De-Scope Lander Instruments

De-Scope Lander
Save €500 Million
25% Science Lost

Descoping Options 83
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Lander De-Scoping Options

Instrument Measures Probe Science Fraction Saving (kg)

Atmospheric Instruments Atmospheres Structure 15% 2.5

Thermometer Temperature

30% 1.5Dielectric constant sensor Permittivity

Pressure sensor Pressure
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• Scientific Community
Publications & attending scientific conferences
Different calls for observation proposals
Invite Students to participate in mission 
meetings

• General Public
Social Media, website & press releases
Provide educational resources
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“To study and characterise the diversity of habitats in the Saturnian systems”

COOK

(Orbiter)

COLUMBUS

(Lander)

VESPUCCI

(Probe)
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Thank You For 

Listening

We are happy to 

answer your 

questions

Summer School Alpbach 2024
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Lander



Lander batteries
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Battery type LiSO2

Specific energy 450 Wh/kg

Energy density 550 Wh/L

Capacity 2900 Wh

Mass 6.5 kg

Science Mode 5% duty cycle



Thermal
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→ estimate that most planetary spacecraft would use at most 500 W of heat for thermal management
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● Fin heat dissipation Q  through radiation: 

● Assuming rectangular fin shape with width w and thickness t:

● Given total heat dissipation  we can calculate the number N of fins needed:

● Calculating the thickness of astroquartz-insulation needed:         

Four aluminium fins with a 8 cm astroquartz insulation layer of 2 kg.
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PuO2Aluminium fin
Astroquartz III ® 

insulation layer

Q
L

W

t

L = 35 cm

w = 1 m

t = 10 mm



Thermal protection 



Track Lander trajectory

Green Team – Project HORUS 97



Protection
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Structure
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Orbiter Lander Probe

- Solar arrays deployment x2

- Boom for the RTG x3

- Boom for the magnetometer

(10m)

- Radar antenna deployment (4m)

- Probe separation subsystem

- Lander separation subsystem

- Lander separation 

subsystem

- Parachutes deployment

- Upper cover 

deployment

- Heat shield deployment

- Drop de lower buoy part

- Probe separation 

subsystem

- Parachutes deployment

Cameras are used on the orbiter to confirm the deployment.
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• Scientific Community
Publications & attending scientific conferences
Different calls for observation proposals
Invite Students to participate in mission meetings

• General Public
Social Media, website & press releases
Podcast
VR/App design to follow the orbiters observations
Provide educational resources
Touring, interactive exhibition



Planetary Protection
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Risk of carrying bacteria from Earth or pollute Titan?

● Given the fact that Titan is too cold and that there is no liquid water for life as we know it to

evolve, the risk of contamination is practically non-existing. The harsh environment is

expected to kill microorganisms that may have hitchhiked from Earth on board the clean space

probe.

Planetary protection

Risk of carrying bacteria from Earth or pollute Enceladus?

● Care has been taken to ensure that the orbiter does not crash into a body which has a

significant chance for hosting life, such as Enceladus.

● Enceladus’ plumes will be studied with fly-bys (no lander or probe).

Risk of carrying bacteria from Earth or pollute Saturn?

● Scientists have decided to impact the probe into the atmosphere of Saturn to ensure biological

contamination will not occur. Although the possibility that Saturn might host life is unlikely, the

spacecraft will not risk even that unlikely scenario.

● The probe will disintegrate and be scattered into the giant gaseous planet’s atmosphere,

preventing possible contamination from Earth



Deep Space satellites demand greater consideration for
microbe counts. The requirement is ISO 3 cleanroom (Fed.

Class 1) or better: partitioned cleanrooms with air lock entry
systems, HIPA filters, special protective clothing for people
assure that entry and exit does not introduce contamination.

Tools, raw materials and packaging must be wiped down and
enter through integrated passthrough chambers. Items are
sterilized with IPA wipedowns, autoclaves or by gamma
sterilization.

Cleanroom Design for Deep Space Satellites

CONTAMINANT: any unwanted molecular or particulate 

matter (including microbiological matter) on the surface or in 

the environment of interest, that can affect or degrade the 

relevant performance or life time.

CONTAMINATION:  An unwanted material or substance that 

causes degradation in the desired function of an instrument or 

flight hardware.

Reason

It’s possible that rogue earth microbes (fungus, bacteria, viruses) could

colonize or even cannibalize other life on distant planets and

spacecraft.

Green Team – Project HORUS 104



A satellite cleanroom prevents earth-borne contamination from invading
extraterrestrial environments, so the project must undergo a review to
establish a threshold of allowed microbial counts based on a risk
assessment. See: COSPAR Planetary Protection Policy

105

Preventing Extra-Terrestrial Contamination

Green Team – Project HORUS

Committee on Space Research

https://planetaryprotection.nasa.gov/file_download/65/IAA_COSPARPPPolicy%28v32411%29human_w_ExplAnnotations.pdf
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Category II missions comprise all types of missions to those target bodies where there is

significant interest relative to the process of chemical evolution and the origin of life, but where

there is only a remote 1 chance that contamination carried by a spacecraft could compromise

future investigations. The requirements are for simple documentation only.

Preparation of a short planetary protection plan is required for these flight projects primarily to

outline intended or potential impact targets, brief Pre- and Post-launch analyses detailing

impact strategies, and a Post-encounter and End-of-Mission Report which will provide the

location of impact if such an event occurs.

Category II Flyby, Orbiter, Lander: Venus; Moon; Comets; Carbonaceous Chondrite Asteroids;

Jupiter; Saturn; Uranus; Neptune; Ganymede*; Callisto; Titan*; Triton*; Pluto/Charon*; Ceres;

Kuiper-belt objects > ½ the size of Pluto*; Kuiper-belt objects < ½ the size of Pluto; others TBD

https://cosparhq.cnes.fr/assets/uploads/2021/07/PPPolicy_2021_3-June.pdf

https://cosparhq.cnes.fr/assets/uploads/2021/07/PPPolicy_2021_3-June.pdf
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