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JUICE (Jupiter Icy Moon Explorer) spacecraft will provide a thorough investigation of 

the Jupiter system in all its complexity with emphasis on the three potentially ocean-bearing 

Galilean satellites, Ganymede, Europa and Callisto, and their potential habitability. 

The JUICE spacecraft will carry the most powerful remote sensing, geophysical, and in 

situ payload complement ever flown to the outer Solar System. The payload consists of 10 

state-of-the-art instruments plus one experiment that uses the spacecraft telecommunication 

system with ground-based instruments.  

The spacecraft is planned for launch in 2022 and is foreseen to perform a 7.4-year cruise 

toward Jupiter, based on several planet gravity assists. The Jupiter orbit insertion will be 

performed in October 2029, to start a tour in the Jupiter system followed by a final 

Ganymede 500 km circular orbit. 

The main design drivers of JUICE mission are the very harsh radiation in Jupiter 

environment, leading to shield individually or collectively all the sensitive components, the 

stringent Electro-Magnetic Compatibility (EMC) requirements to fulfil the magnetic and 

electrical fields’ measurement objectives and the low solar illumination received at Jupiter. 

This latter parameter drives both the size and technology of the solar arrays, and the 

thermal control, that is designed to cope with hot and cold environments. JUICE spacecraft 

thermal control has to cope with a large variation of external environment during the 

mission (Sun flux from 3323 W/m² in the inner Solar System down to 46 W/m² in Jovian 

environment) and long eclipses of up to 4.8 hours. 

 The JUICE thermal control is designed with the objective to minimize the impact of the 

external environment on the spacecraft through high efficiency Multi-Layer Insulation. 

Minimizing heating power demand especially during science and communication phases and 

minimizing hardware mass is a constant concern and solutions are found to build to a 

maximum extent a robust and passive design supplemented by heaters. 

The verification of the Spacecraft thermal control includes the test of a scale 1:1 Thermal 

Development Model in cold and hot environment, including the use of a Solar Simulator in 

May 2018. 

Nomenclature 

3GM  = Gravity and Geophysics of Jupiter and Galilean Moons 

AU  = Astronomical Unit 

BOL  = Beginning of Life 

CDR  = Critical Design Review 

CPS  =  Chemical Propulsion System 

CFRP  =  Carbon Fibre Reinforced Plastic 

EM  = Engineering Model 

                                                           
1 Thermal engineer, TEC-MTT, romain.peyrou-lauga@esa.int. 
2 Thermal architect, Airbus Defence and Space, severine.deschamps@airbus.com. 
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EOL  = End of Life 

ESA = European Space Agency 

ESTEC = European Space Agency Technical and Engineering Centre 

FM =  Flight Model 

GALA  = Ganymede Laser Altimeter 

HGA  = High Gain Antenna 

JANUS  = Jovis, Amorum ax Natorum undique Scrutator 

JMAG  = JUICE magnetometer 

JUICE  = Jupiter Icy Moon Explorer 

LP-RWI = Langmuir Probe of the Radio Wave Instrument 

LGA = Low Gain Antenna 

LSS = Large Space Simulator Vacuum Chamber (in ESTEC) 

MAG Boom = Boom carrying the JMAG magnetometers (and 2 RWI sensors) 

MAJIS = Moons and Jupiter Imaging Spectrometer 

MGA = Medium Gain Antenna 

MLI = Multi-Layer Insulation 

PDR  = Preliminary Design Review 

PEP  = Particle Environment Package 

PFM  = Proto-Flight Model 

RIME  = Radar for Icy Moons Exploration 

RWI  = Radio Wave Instrument 

RPWI  = Radio and Plasma Wave Investigation 

SADM  = Solar Array Drive Mechanism 

S/C  = Spacecraft 

SCM = Search Coil Magnetometer 

SLI = Single-Layer Insulation 

SRR   = System Requirement Review 

STM  = Structural and Thermal Model 

SWI  = Sub-millimeter Instrument 

TB/TV (test) = Thermal Balance / Thermal Vacuum (test) 

TCS  = Thermal Control System 

TDM  = Thermal Development Model 

TMM  = Thermal Mathematical Model 

UVS  = Ultra-Violet Spectrograph 

VDA  = Vacuum Deposited Aluminium 

I. Introduction 

UICE (Jupiter Icy Moon Explorer) is the first L class mission in the framework of the Cosmic Vision 2015‐2025 

programme of the Science and Robotic Exploration Directorate of the European Space Agency (ESA). It will 

investigate the Jupiter system with emphasis on three of its moons (Ganymede, Europa and Callisto). The Jupiter 

tour includes a final Ganymede circular orbit at 500 km altitude.  

ESA has the overall responsibility for the JUICE mission design and implementation including the procurement 

of the launch service, with payload contributions from the ESA Member States. Airbus Defence and Space, the 

industrial Prime Contractor, is responsible for the procurement, development, manufacturing, assembly, integration 

(including the Instruments provided by the Member States), test, verification and timely delivery of a fully 

integrated spacecraft fulfilling the mission objectives. 

JUICE contract with the Spacecraft Prime Contractor was kicked off in July 2015. After the System Requirement 

Review (SRR) (in March 2016), the Preliminary Design Review (PDR) was completed one year later in March 

2017. It is foreseen to complete the Critical Design Review (CDR) in 2 years time (March 2019). In between, the 

Thermal Demonstrator Model is tested in ESTEC Large Vacuum Chamber (LSS) in April 2018 and the Spacecraft 

Engineering Model (EM) test campaign starts a few months later. Instruments are all developed in parallel. 

Structural and Thermal Models (STM) are first delivered to the Spacecraft and the Instrument Flight Models are 

foreseen to be delivered during a period starting from April 2019 up to July 2020, just before the Thermal Vacuum 

Test of the Spacecraft (Summer 2020). Solar Arrays are integrated afterwards, in early 2021. 

J  
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Figure 1 presents an artist view of 

JUICE spacecraft in Jupiter orbit with 

its deployed Solar Arrays, booms and 

antennas. Most of the Instruments are 

on the top part (+Z side). The large 

white dish on the Spacecraft front side 

is the High Gain Antenna (HGA), 

which is mounted on -X wall and 

oriented as much as possible towards 

the Earth. During the cruise, and 

particularly in the inner part of the 

Solar System, the HGA is oriented 

towards the Sun and plays the role of a 

Sun shield for part of the Platform 

behind.  
 

Figure 1.  Artist view of JUICE Spacecraft. 

II. Overview of JUICE mission 

A. Baseline scenario to reach Jupiter 

The interplanetary transfer sequence is case dependent and relies on gravity assist with Venus, the Earth and 

Mars. Figure 2, Figure 3 and Figure 4 below present the baseline mission, which is based on a launch from Kourou 

with Ariane 5 with direct escape. The baseline launch is in May 2022 with a launch window extended up to 

beginning of June 2022.  

The first year after the Launch (⓪ in Figure 2), JUICE Spacecraft remains near the Earth orbit. During the first 

hours, the Solar Arrays are deployed. Later, the different booms and antennas are deployed, including the PL-RWI, 

which may require a specific Spacecraft orientation to use the Sun flux to warm up the mechanism and the harness 

and maintain them in the foreseen temperature range authorising the deployment. After a year, the Spacecraft flies 

by the Earth (①) and starts a second revolution around the Sun. 16 months after the Launch, the Spacecraft 

performs a fly-by of Venus (②). This fly-by represents one of the hot cases for the Spacecraft since some surfaces 

may receive Sun flux cumulated with albedo flux and Venus Infra-Red flux. 

  

Figure 2. Scenario of cruise from the Earth to Jupiter in the baseline mission (1/3). 

 

A couple of months after the Venus fly-by, JUICE Spacecraft comes to its Sun Closest Approach (③ in the 

Figure 3), at around 0.72 AU from the Sun, which represents an incident flux of about 2625 W/m2. This is clearly a 

hot non-operating case for the Spacecraft and its appendages. A 2nd Earth fly-by occurs in September 2024 (④), 

followed by a Mars fly-by in February 2025 (⑤). None of these two fly-bys is considered as a sizing thermal case. 
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Figure 3. Scenario of cruise from the Earth to Jupiter in the baseline mission (2/3). 

 

After a third revolution around the Sun and a third Earth Fly-by in November 2026 (⑥ in Figure 4), the 

Spacecraft takes the direction of Jupiter and is injected around Jupiter via a capture manoeuvre in October 2029 (⑦ 

in Figure 4) after 7.4 years of cruise. 

 
 

Figure 4. Scenario of cruise from the Earth to Jupiter in the baseline mission (3/3). 

B. Alternative scenarios to reach Jupiter 

 Overview of the alternative scenarios 

Several alternative options for a launch from 2022 to 2025 have been identified (3 in 2022, 3 in 2023, 3 in 2024, 

and 2 in 2025). The interplanetary transfer sequence is case dependent and relies on gravity assist with Venus, Earth 

and Mars. Several options include as well Lunar-Earth gravity assist. The time of flight is also variable (7.4 to 8.9 

years in 2022, 7.9 to 9.7 years in 2023, 8.0 to 9.0 years in 2024 and 8.0 years in 2025). The shortest cruise duration 

remains the one corresponding to the earliest launch date (May-June 2022, baseline scenario) and is the preferred 

scenario. 

 Sun Closest Approach 

Several alternative scenarios include a closer approach to the Sun as in the baseline scenario (0.72 AU), at a 

distance down to 0.64 AU, which represents a solar flux of 3322 W/m2. This worst non-operating hot case is always 

taken into account for the Spacecraft and subsystem thermal analyses and as much as possible in the verification by 

test of the Spacecraft and its Sun exposed components. 

C. Jovian tour 

The Jupiter tour is a relatively complex as it includes several Europa, Ganymede and Callisto fly-bys. It ends up 

with an orbit insertion around Ganymede, first with elliptical orbit and then with a 500 km altitude circular orbit. 
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 Europa Fly-By 

Once captured into Jupiter orbit, JUICE spacecraft flies-by several times Ganymede before to start the Europa 

science phase, which is composed of two Europa fly-bys with closest approach at 400 km altitude. This represents 

one of the most demanding cases in term of power since most of the Instruments will be active in addition to all the 

avionic units, particularly to ensure the complex attitude and pointing control required by several instruments. 

During these fly-bys, the Solar Arrays will not be permanently facing the Sun and the batteries will contribute to 

provide additional power if needed. For all these reasons, Europa fly-bys represent one of the hottest operational 

cases for JUICE, despite the relatively cold thermal environment. 

 Callisto Fly-By 

The Jupiter high latitudes phase follows the Europa science phase and includes several transfers with Callisto. 

The duration of this phase is around 6 months. More than 10 Callisto fly-bys are foreseen during the Jupiter tour, 

which give more opportunities for the Instrument to perform science measurement, which reduces the demand for 

the Instruments to be active at the same time. As far as thermal control and performance are concerned, these fly-bys 

are considered as less demanding than the Europa fly-bys. 

 Ganymede Circular Orbit 

The spacecraft is then transferred 

from Callisto to Ganymede: a series of 6 

close encounters with Ganymede is 

followed by a gravitational capture with 

the moon. A capture manoeuvre is 

nevertheless performed to reduce the 

apocentre to 10,000 km. The science 

phase around Ganymede is decomposed 

into an elliptic sub-phase with a period 

close to 12 hours and a low altitude 

circular sub-phase at an altitude of 500 

km as illustrated in Figure 5. 

 
Figure 5: Illustration of JUICE 500 km circular orbit around 

Ganymede, with Jupiter in the background. 

 Long Jovian Eclipses 

Jupiter tour and Ganymede orbit phases include eclipses of maximum duration 4.8 hours. This clearly represent 

the coldest case for the Spacecraft and its appendages. 

III. Overview of JUICE Spacecraft and its Thermal Control System 

A. Overview of JUICE Spacecraft 

The overall Spacecraft mass at Launch is around 5200 kg, which 2000 kg are dedicated to the Platform 

(including the structure, the tanks, the solar arrays and the units) and about 2900 kg correspond to the propellant. 

The payload overall mass is around 280 kg. The Figure 6 below presents an overview of JUICE spacecraft with all 

deployed appendages: 

- The 2 Solar Arrays are deployed on both +/-Y sides and made of 5 panels each: The total area is about 80 

m2 and the available power at Jupiter, End of Life is close to 725 W. 

- The MAG Boom, deployed from +X side, is 10 m long and has a 39 angle with respect to-X axis (Sun 

direction during cruise). 

- The RIME antenna is deployed on nadir side. 

- 4 LP-RWI probes at the tip of 3 m long booms (3 deployed from +X sides, 1 from -X sides) form a 

tetrahedron. 

- The Medium gain antenna (MGA), which has 2-axis rotation mechanism and allows the Spacecraft to 

communicate with the Earth while the HGA is Sun pointed in the inner solar system cruise. 
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Figure 6: JUICE spacecraft general view, with deployed Solar Arrays, booms and antennas. 

 

Figure 7 presents a closer view of the Nadir side of the Spacecraft, with the optical Instruments apertures, the 

RIME antenna and the 4 of the PEP sensors. 

 
Figure 7: JUICE Spacecraft external view (+Z side). 

B. Overview of JUICE Instruments 

Table 1 below presents JUICE Instruments and their units. 
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Table 1: JUICE instruments and Instrument units. 

 Instrument 

name 

Scientific purpose Units 

(illustrations correspond to the units in bold text) 

 

 

 

 

 

 

 

 

 

Remote 

Sensing 

1 JANUS 

(Jovis, Amorum ax 

Natorum undique 

Scrutator) (Jupiter & 

its moon’s observer) 

Moons geology, 

cloud morphology 

and dynamics 

 

Optical Head 
+ Proximity 

Electronic  

+ 1 Electronic Unit 

2 MAJIS 
(Moons and Jupiter 

Imaging 

Spectrometer) 

Chemistry – 

Atmospheric and 

surface composition 

 

Optical Head 
+ Main Electronic 

Unit 

3 UVS 

(UV Spectrograph) 

Atmosphere of 

moons and aurora of 

Jupiter 

 

UVS 

4 SWI 

(Sub-millimetre 

Instrument) 

Jupiter wind and 

moons atmospheric 

temperature and 

composition 

 

Receiving Unit  
+ Main Electronic 

Unit  

 

 

 

 

 

Geo-

physics 

5 GALA 

(Ganymede laser 

Altimeter) 

Moons shape and 

topography 

 

Transmitting and 

Receiving Unit  

+ Laser Electronic 

Unit + Electronic 

unit  

6 RIME 

(Radar for Icy Moons 

Exploration) 

Moons sub-surface 

study 

 

Antenna 

+ components + 

Main Unit 

7 3GM 

(Gravity and 

Geophysics of Jupiter 

and Galilean Moons) 

Gravity field and 

moon interiors (S/C 

position) 
 

Ka- Band 

Transmitter + 

Oscillator (USO) 

 

 

 

 

 

In-situ 

Particles 

and 

Fields 

8 JMAG 

(JUICE 

magnetometer) 

Magnetic Field (and 

Ganymede ocean) 

 

3 sensors on the 

MAG Boom + 

Electronic Box 

9 PEP 

(Particle 

Environment 

Package) 

Plasma environment 

and study of the 

neutral and ion 

composition of 

exospheres 

                              6 sensors + card rack  

10 RPWI 

(Radio and Plasma 

Wave Investigation) 

Plasma environment 

 

2 sensors on the 

MAG Boom 

+ 4 Langmuir 

Probes + 

Electronic Box 
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Figure 8 presents the Instrument location on the Spacecraft. MAJIS and SWI radiators are not visible (+X side). 

 
Figure 8: Overview of JUICE Instruments 

C. Thermal interface between the Instruments and the Spacecraft 

 Thermal categories for Instrument units 

Most of the Instruments sensing units (e.g. optical heads, transmitting and receiving units, sensors, antennas) are 

thermally decoupled from the Spacecraft, to make easier the parallel and relatively independent design activities, 

analysis, development and verification of both the Spacecraft platform and the Instruments. Interface temperature 

range and maximum allowed interface flux between the instrument and the Spacecraft have been defined early in 

JUICE development, and a reduced number of these thermal interfaces have been updated later to fit with lately 

appearing constraints or feasibility difficulties. Instrument unit categories were established to define their thermal 

interface with the Spacecraft and the different responsibilities of sizing and operating the thermal sensors and the 

heating lines. Table 2 below presents the 6 different unit thermal categories used to define and manage thermal 

interface between the Instruments and the Spacecraft. 

Table 2. JUICE instruments unit thermal categories. 

 Cat. Environment Definition  Which Instrument units? 

1  

Internal units 

Conductively controlled by the S/C.  All the Instrument electronic boxes except 

PEP CR 

2 Radiatively controlled by the S/C (and 

conductively insulated).  

LP-RWI pre-amplifiers 

3  

 

External 

units, partially 

coupled to the 

external 

environment 

Thermally decoupled from the S/C.  All remote sensing Instrument units 

+ All In-situ sensors 

+ PEP CR  

4 Thermally decoupled from the S/C with a 

separated radiator (also thermally 

decoupled from the S/C)  

SWI TRU 

5 Thermally decoupled from the S/C but 

requiring a cold finger (S/C provided) for a 

thermally decoupled part. 

GALA TRU 

+ SWI TRU 

6 Conductively coupled and controlled by 

the S/C with part of the unit coupled to the 

external environment. 

Not used (initially foreseen for PEP sensors) 

PEP sensors (nadir side) RIME antenna 

PEP sensors 

(zenith oriented) 

LP-RWI 

LP-RWI 

RPWI sensors  
MAG-Boom 

JMAG sensors 

SWI 
GALA 

JANUS 

MAJIS 

UVS 

Nadir 

Sun direction 

during cruise 

+X 
+Z 

+Y 
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 Conductively and collectively controlled units (category 1) 

Category 1 encompasses all the electronic boxes, which can be mounted away from the Instrument sensing part and 

which Unit Reference Point (URP) (located on the Unit baseplate of very close to the baseplate) does not require 

specific narrow operating temperature range or specific thermal stability. All these units are located in one of the 

two vaults to benefit of the shielding provided by the lead reinforced walls. They are collectively controlled with the 

Platform units and their operating and non-operating temperature range have to comply with the other units. As 

some avionic platforms remain permanently ON, they share their heat with the other electronic boxes to maintain a 

minimum temperature without any need of additional heating power. Conductive coupling between units is mainly 

performed with a network of heat-pipes. 2 or 3 surface heat pipes are used per unit, which ensures redundancy in 

case of an unlikely heat-pipe failure. The surface heat-pipes are then coupled to external wall embedded heat-pipes 

to spread the heat along a single radiator per vault. It is noteworthy that a few Instrument electronic boxes need local 

stable temperature. This is the case for the USO clock, insulated and actively maintained at a warmer temperature 

than the unit URP. On the other hand, JMAG electronic box uses a local Peltier Thermo-Electric Cooler to keep 

stable one of its components. 

 Conductively and individually controlled units (category 1) 

Several Instrument Proximity Electronics (MAJIS PE, JANUS PE) cannot be located inside one of the S/C vaults 

because of the restricted distance between the Instrument detectors and these electronics. They are mounted on a 

dedicated bracket close to the Instrument optical head and are coupled to their own radiator with a high conductance 

flexible thermal strap. The S/C ensures an active control with a dedicated heating line, three thermistors and a 

software control guaranteeing the units to be maintained within the required temperature range.  

 Radiatively controlled units (category 2) 

Only 1 set of Instrument units (the LP-RWI pre-amplifier boxes) is radiatively controlled by the S/C. As for the 

proximity electronics mentioned previously, each of the LP-RWI pre-amplifiers needs to be very close to the LP. As 

they have a very small dissipation (around 300 mW) when switched on, they can be simply mounted conductively 

decoupled on the external wall inner side and wrapped with MLI. Their thermal control is mainly driven by the 

various heat leakage through the harness towards the external probe, through the insulating washers and through the 

MLI. Individual heating lines are foreseen to keep them warm enough when non-operating and possibly when 

operating as well.   

 Thermally decoupled units (categories 3 and 4) 

All remote sensing Instrument optical heads (UVS, MAJIS OH, JANUS OH, GALA TRU and SWI RU) operate 

at various temperatures. Some of them are very cold and need to be thermally decoupled from the Spacecraft and 

particularly from the Optical Bench. The OB is maintained as close as possible to room temperature to limit 

thermos-elastic distortions, which could generate Instrument co-alignment unwanted variations. 

In-situ sensors (PEP, JMAG, and RPWI) have a much less stringent alignment requirement than the optical 

instruments but they are generally located on the most remote parts of the Spacecraft: 

- 4 LP-RWI are located on the edges of the Platform.  

- 3 JMAG sensors + 2 RPWI sensors are mounted on the last segment of the deployable MAG-Boom. 

- All the PEP sensors and the Card Rack (CR) are located of the external walls. 

Therefore, it was proven more effective to have these units decoupled from the Spacecraft with their own thermal 

control (heating lines for the operating mode whenever needed and/or for the survival mode –operated by the S/C). 

This choice facilitates the development and the verification of each unit thermal control, independently from the 

Spacecraft development. 

 Thermally decoupled units requiring a cold finger (category 5) 

GALA TRU and SWI RU are both thermally decoupled units mounted on the Optical Bench but they both have 

some dissipative components, which require each of them a radiator. However, two constraints were identified: 

-  Each radiator would protrude outside the dedicated volume for these instruments. 

-  The radiators are mounted on the nadir side of the S/C, which may have a complex geometry, inducing 

some fields of view, which S/C parts are not under Instrument team’s control. 

The responsibility of GALA TRU and SWI RU thermal control was thus transferred to the Spacecraft TCS. This 

leads to define early the interface, the heat load and the required temperature range. The thermal control of these 

components is performed with a flexible thermal strap, a radiator and a heating line. 
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D. Overview of JUICE Spacecraft Thermal Control System 

 Thermal Control System  main objectives 

The Thermal Control System (TCS) shall fulfil the main following objectives: 

- To maintain all spacecraft units and structures within their allowed temperature ranges during all mission 

phases. 

- To minimise the impact of the external environment variation on the Spacecraft units and subsystems. 

- To control heat loads and heat leaks from appendages (such as the Solar Arrays and their hold-on points, the 

antennas, the sensors) through conductive insulation and Multi Layer Insulation (MLI) blankets. 

- To minimise heating power demand especially during science and communication phases in Jupiter 

environment. 

- To contribute to instruments pointing performance by minimising temperature gradient fluctuation between 

instruments and star-trackers interfaces on the Optical Bench. 

Figure 9 presents a simplified cross section (along XY plane) of the Spacecraft main body to illustrate JUICE 

main Thermal Control System (TCS) principles.  

 

 

 

 
 

 

 

 

 

 

 

 

Figure 9: Illustration of JUICE platform thermal control principle (spacecraft cross-section) 
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Figure 10 presents another simplified cross section (along XZ plane) of the Spacecraft main body to illustrate the 

Thermal Control System (TCS) principles.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: JUICE cross-section with al deployed appendages 
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 Thermal Control System main principles 

The TCS manage separately different parts of the Spacecraft: 

- Most of the Instruments are decoupled from the Spacecraft and controlled independently, as explained in 

the previous chapter and illustrated in Figure 10. 

- The 2 vaults, where most of the electronic boxes are located, benefit of a collective thermal control.  

- The Chemical Propulsion System (CPS) including the Tanks, the Pressurant panels, the Propellant panel, 

Main Engine and the thrusters are controlled separately, mainly with MLI insulation and heating lines 

when it is needed. It is noteworthy that 2 sets of thrusters located on the sunny side (-X) need some local 

radiator to prevent them from over-heating during the cruise in the inner Solar System. The propellant 

tanks and part of the CPS components benefit of the radiative coupling between the vaults and the central 

tube which is favoured in order to use units dissipation to heat the CPS hardware. 

- The Optical Bench (visible in Figure 10) which supports all the optical Instruments, the 2 navigation 

cameras optical heads and the Star Tracker optical heads requires a stable and homogeneous temperature, 

particularly when the Instruments are operating together and need to keep their co-alignment. The Optical 

Bench is therefore radiatively and conductively insulated from the rest of the platform and from the 

Instruments. Several heating lines are foreseen in case it is needed to actively control its temperature 

and/or reduce the internal thermal gradients. 

- Several other units such as the batteries (visible in Figure 9), the Solar Array Drive Mechanism (SADM), 

the MGA and its pointing mechanism, the reaction wheels (visible in Figure 9) require their individual 

thermal control and sometimes use the surrounding environment. This is the case for the batteries, which 

are mounted on the warm panels of one of the vault but benefit of the colder Spacecraft cavity radiative 

environment to compensate and keep them below their temperature limit. 

As illustrated in Figure 9 and Figure 10, JUICE Thermal Control System mainly relies on passive thermal 

control (MLI, radiators, heat pipes, high conductive flexible thermal strap and insulating thermal washers) assisted 

by an actively controlled heating system via software and control thermistors. Full redundancy of the heating lines is 

provided. Each heater line is software-controlled using its own temperature sensor triplet and an average voting 

algorithm (middle temperature value is selected). The lines are simply switched ON or OFF if the actual temperature 

is respectively lower or higher than the respective temperature set point, which is adjustable by ground command. 

Fine heater control with precise proportional integral algorithm is available when required. Each individual thermal 

control loop can be enabled and disabled from ground. 

Both Figure 9 and Figure 10 illustrate the different levels of thermal insulations, which are a key factor for the 

TCS performance. To reduce the heat loads through the large appendages (HGA, antennas, Launcher adapter 

ring…etc.), external coatings and conductive couplings through interfaces are optimised. In particular, the HGA acts 

as a thermal sunshield, particularly during the cruise to Jupiter and the Sun closest approach. The Spacecraft is 

insulated with MLI blankets to the maximum extent; the external covered surface represents more than 40 m2. When 

necessary some sunshields are installed to protect sensitive thermal parts such as the launcher adapter ring, the 

thrusters and the Instruments on nadir side to keep them shadowed during the Sun closest approach. 

Thermal decoupling is implemented in-between structural parts when no sensitive thermal elements are installed 

on the structure to limit the conductive heat leakage from the central cylinder, the CPS parts including the tanks and 

the piping to the external colder walls, reducing thus the need for heating power. 

 Multi-Layer Insulations 

A high performance MLI is used to protect the 

Spacecraft in all extreme cases: Hot cases (Sun 

closest approach and Venus fly-by) and cold cases 

(Jovian tour). JUICE MLI is designed and 

manufactured by RUAG Austria. The external 

blankets cover the whole Spacecraft platform except 

the instruments (which come with their own MLI), 

the radiators and the Launcher adapter ring. It is 

made of 25 layers, as illustrated in Figure 11. 
 

Figure 11. JUICE external MLI layout. 

External layer of Sun exposed MLI during Sun closest approach phase is StaMet coated black kapton 160XC to 

guarantee a high electrical conductivity while the ratio solar absorptivity / emissivity leads to tolerable temperatures 

on the first external layers during the Sun closest approach. The other sides, which remain in the shade during the 

hottest part of the cruise, could be simply made of black kapton 160XC as external layer but StaMet was also chosen 

to maximize the electrical conductivity and better meet the EMC stringent requirements. 
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A high insulation efficiency is required for the 

MLI to limit heat leaks in cold Jupiter environment 

and thus limit needed heating power to keep JUICE 

units within their temperature ranges. The targeted 

MLI efficiency is presented in Table 3. It relies on 

past project such as GAIA or on-going project such 

as EUCLID. Besides, preliminary MLI 

characterization tests have confirmed the feasibility 

of such MLI efficiency.  

Table 3. Targeted MLI efficiency for JUICE external 

MLI. 

Median MLI 

temperature 
 -200°C -100°C 0°C +100°C 

Linearized 

efficiency 

[W/m2/K] 
0.004 0.0085 0.018 0.038 

 

A real scale Thermal Demonstrator Model of JUICE MLI has been manufactured and will be tested in ESTEC in 

April 2018 to correlate the efficiency of all the different MLI foreseen for the Spacecraft. 

 The preferred way to model MLI efficiency in 

the mathematical thermal model is to use a 

combination of linear coefficient (equivalent surface 

conductance) and a radiative coefficient (equivalent 

emissivity). Large MLI and small MLI (typically 

smaller than 100 cm2) use different sets of 

coefficients as presented in Table 4. These 

coefficients cover the targeting MLI efficiency 

(presented in Table 3) in a conservative way: 

Table 4. Radiative and conductive MLI coefficients for 

JUICE external MLI thermal analysis. 

 
Linear 

coefficient 

Radiative 

coefficient 

Large MLI 0.0014 W/m2/K 0.007 m2/m2 

Small MLI 0.0028 W/m2/K 0.014 m2/m2 

 

 Vaults 

Most of the platform and Instrument electronic units are accommodated inside the vaults, which are visible in 

Figure 10. These vaults are made of an aluminium honeycomb structure protected from radiation by a lead layer 

directly glued on the walls. In order to optimize the mass, this box structure has been made as compact as possible. 

The link between radiators and units is ensured thanks to a network of bended surface heat pipes coupled to 

embedded heat pipes underneath the radiator. These heat pipes are maintained in a single plane (Y, Z). This design 

presents the following advantages: 

- It concentrates the radiators on +Z and –Z sides, which are never steadily Sun illuminated during the cruise. 

- It ensures the Spacecraft testability when X walls are in horizontal position. 

- It reduces the heating power budget by transferring dissipation from constant dissipative units to transient 

dissipative units when these latter are OFF. 

The units have been arranged to take into account functional but also thermal constraints. Each vault 

accommodates constant dissipative units such as the Power Control & Distribution Unit (PCDU) (vault -X), the 

Command and Data Management Unit (CDMU) and the Remote Interface Unit (RIU) (vault +X) combined with 

transiently active units (radio frequency units in the vault -X and payload units in the vault +X). Most of units are 

fixed on heat pipes, which are glued on the panel’s internal skin. Low dissipative units are accommodated on the 

central cylinder to limit vault size and mass. The unit’s heat pipe network is composed of surface heat pipes, three 

under each unit to most extent (two only for small and lower dissipative units). Surface heat pipes are baselined for 

mechanical accommodation reasons leading to less stringent inserts position rules in that case. Thermal fillers or 

bondings are used to increase the conductive exchanges. Heat pipes of two different shear walls are connected 

directly to the radiator embedded heat pipes. White paint (MAP PCBE) is foreseen for both radiators, which remain 

shadowed most of the time during the cruise. The radiator area is designed such that the mean electronics unit 

temperature does not exceed +35°C (calculated value). 

 Chemical Propulsion System (CPS) thermal control 

The CPS thermal control design is a mix between individual thermal control for the tanks and the piping and 

collective control for the propulsion plates. The propellant tanks are covered with a classical ten layers VDA MLI 

blankets and fitted with a heating system. MLI heat leaks and conductive flow through mounting skirts make the 

main thermal exchanges between the propellant tanks and the central cylinder. This design is inherited from classical 

telecommunication spacecraft. Moreover, the CFRP skirt of the tank contributes to the thermal decoupling. The 

thermal control of the pressuring tanks is similar to the propellant tanks one. Piping lines are individually controlled 

to reduce as much as possible heating power budget. Accommodation has been defined to route pipes as far as 

possible on warm areas of the central cylinder. They are conductively decoupled from the central cylinder by means 

of low conductive stand-offs and covered with a VDA tape (for a single pipe) or an MLI (in case of several pipes) to 

reduce the radiative exchanges with the cold Spacecraft cavity. Each pipe is equipped with spiral or Clayborn 

heaters when needed and covered with Chofoil tape. The pipes routing is performed to benefit at a maximum extent 

of the warm vaults environment. In particular, the thruster structure elements are decoupled from the cold walls 
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while their thermal link with the vault panel is favoured. The propulsion panels accommodating the CPS units are 

covered with a MLI tent and equipped with heating lines offering a collective control of the units. They are 

accommodated close to the vaults in order to benefit from a warm environment and reduce the heating power. The 

Reaction Control Thrusters (RCT) are accommodated on the structure parts where thermal link with the main 

structure and the vaults is favoured. For the thrusters on the Sun side (-X), radiators are needed to evacuate the Sun 

flux input through the nozzle and to keep the valve temperature below +60°C. These radiators are installed on the 

thruster’s brackets with similarity with Venus Express design. Each valve motor body on each thruster is equipped 

with a heating line. 

 Optical Bench for the optical Instruments 

Accommodation of a group of Instrument optical units (GALA, SWI, MAJIS, UVS and JANUS) has been driven 

by the Instruments pointing performance requirements. To limit the thermo-elastic disturbance of the Instruments 

line of sights, the optical units have been gathered together with the star trackers and the navigation cameras on a 

CFRP optical bench fixed on the vault. In order to satisfy the thermo-elastic stability and to reduce gradient 

fluctuations inside the optical bench, the Instruments are conductively and radiatively decoupled from the bench. 

They have their own thermal control either provided by the spacecraft (cold fingers, for the unit category 5 as 

defined in Table 2) or by the Instrument itself (unit category 5 as defined in Table 2). The optical bench is covered 

with MLI blankets to reduce temperature variations. MLI blankets are also wrapping the Instruments. MAJIS and 

SWI, which require passive cooling of some of their components, are accommodated so that their +Z side is exposed  

to the cold external environment, without any parts of the Spacecraft in their radiator field of view (at the exception 

of the RIME antenna). Due to their low steadily dissipation levels and exposure to deep cold Space, the star-trackers 

and the navigation cameras do not need thermal radiators. 

 Appendages thermal control 

Several external appendages create heat leaks or a heat input (for those which are Sun illuminated during the 

cruise in the inner Solar System). A proper thermal control has been studied to limit these flux exchanges while 

keeping a suitable temperature range.  

- HGA 

High Gain Antenna experiences the largest environment fluctuations during the mission. When close to the Sun 

it acts as a Sunshield for the vaults and receives Sun illumination normal to the dish. On the other side it can be in 

the shadow for a long period in Jovian environment. The antenna is fixed to the vault and the central cylinder by 

means of titanium bipods. The back of the reflector and the bipods are insulated with MLI blankets. An additionnal 

MLI is installed on -X wall in-between HGA and the Spacecraft platform. These insulations tend to reduce thermal 

gradients within the HGA in order to ensure required performance pointing. The antenna front side is white painted 

(MAP PCBE) in order to minimize heat flux in hot case. From past experiences (such as Cassini HGA) and 

preliminary tests in laboratory, it is expexted the white paint solar absorptivity will not exceed 0.45, which allows 

the HGA to remain within its temperature at the Sun closest approach. Later ageing (while approaching Jupiter or 

during the Jovian tour) is not seen as an issue because of the very low Solar flux at this distance from the Sun. 

- Launcher adapter ring 

The Launcher adapter ring is another principal source of heat exchange with the external environment. In order 

to limit heat flux incoming or exiting, a dedicated sunshield is accommodated on the spacecraft sunny side. The 

possibility to implement a removable MLI mechanism to better insulate the ring after the separation from the 

Launcher is currently assessed to limit the heat leaks from the Spacecraft structure to cold Space. 

- Solar Array 

The Solar Array temperature range is ensured by the implementation of a tilt when close to the Sun and no 

special thermal coating implementation is needed. The cold temperature seen in Jupiter environment and particularly 

at the end of the 4.8 hour’s long eclipses require qualification tests which are currently performed at ESTEC. 

IV. JUICE preliminary thermal verification with the Thermal Development Model 

A. Description of the Thermal Development Model (TDM)  

A Thermal Development Model (or TDM) was developed and tested in May 2018 so that passive heat loss are 

well characterized for JUICE Flight Model CDR (starting end of 2018). The TDM representativeness relies on a few 

main requirements: 

- The TDM is a full-scale model of JUICE Flight Model platform, without the appendages (MAG-Boom, 

Medium Gain Antenna, LP probes…) and without the protruding instruments. 

- It is representative of the passive heat loss, with all flight model similar external MLI, internal SLI and 

similar structural conductive paths. 
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- Sun exposed -X side is particularly representative in term of MLI blankets configuration and geometry, in 

order to validate its capacity to withstand the worst hot condition of the Sun closest approach. 

A few thermal control features can be simplified for the purpose of the TDM: 

- No heat pipe and no radiator are used. As heat-pipes behaviour and performance is relatively well known 

and the radiator thermal properties are generally not subjected to significant uncertainty. 

- Units dissipation is simulated with test heaters, to reproduce similar temperature maps on the TDM 

structure. As the unit cavities are fully cocooned with MLI, the equivalent heating power is dramatically 

reduced and adapted to generate equivalent temperature similar to flight. 

Figure 12 below presents the Thermal Geometrical model of the TDM, with the different external materials. 

                           
Figure 12: TDM thermal geometrical model  

 

 Figure 13 presents the TDM structure without the MLI. It is a simplified version of the Flight Model structure. 

The central cylinder is replaced by a simpler prismatic structure and the HGA is simulated by a simple white painted 

aluminium disc of the same diameter as the HGA flight model. Figure 14 shows the TDM main structure, with all 

the internal SLI and MLI but without the MLI and the dummy High Gain Antenna which are not yet integrated. 

 
Figure 13. TDM structure without MLI. 

 

 

 

 

Figure 14. TDM before external MLI integration at 

ESTEC. 
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Figure 15 shows the TDM with part of the StaMet coated external MLI (+X wall is well visible). 

 

Figure 15. TDM with part of the StaMet coated external MLI (+X wall is well visible). 

Figure 16 shows the TDM during the MLI integration at ESTEC. Nadir side StaMet coated external MLI (+Z) 

and the dummy HGA are well visible. 

 

Figure 16. TDM with part of the StaMet coated external MLI (+Z nadir side and dummy HGA visible). 

 Objectives of the Thermal Development Model test 

The objective of the Thermal Development Model (TDM) thermal balance test is to characterize and validate the 

Spacecraft thermal control passive concept early enough to consolidate the thermal prediction and the heating power 

budget. The Thermal Balance Test provides key insulations efficiency correlated data for the Spacecraft thermal 

mathematical model before the CDR analysis campaign. Passive insulation is the main thermal design parameter, 

inducing an uncertainty that has been assessed to be around ±10°C before the TDM test. Besides the MLI efficiency, 

the TDM test validates -X sunny face MLI blanket design versus worst solar flux.  
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 Description of the Thermal Development Model test 

The TDM Thermal Balance Test duration is about 1 week, including the pumping phase and the pressure 

recovery final phase. The whole test is performed in the Large Vacuum Chamber in ESTEC with liquid nitrogen 

cooled thermal shrouds. Figure 17 presents a simplified view of the TDM inside the LSS vacuum chamber. 

 

 

 
 

Figure 17: JUICE TDM inside LSS chamber (ESTEC Test Centre). 

 

     
Figure 18: JUICE TDM lifted inside LSS chamber (left) and installed in the LSS chamber (right). 

 

Two steady state thermal phases will be simulated:  

- one cold phase: 

The cold phase is performed with a constant dissipation of the test heaters on both -X and +X sides of the TDM 

(simulating -X and +X vaults units dissipation). Test heater dissipation aims at simulating an operational Science 

mode in Jupiter environment, with maximum predicted temperature inside the S/C and very cold environment 

outside the S/C. Such a case corresponds to the maximum temperature gradient across all side’s MLI with hotter 

temperature inside the S/C cavity. 

Mirror 

JUICE TDM 

LSS chamber 

Sun simulator 

flux (for hot 

phase) 
5.8 m 

9.4 m 
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- one hot phase: 

The hot phase corresponds to the simulation of the Sun Closest Approach during JUICE cruise in the inner Solar 

System using the LSS Sun simulator. Ideally, it was planned to simulate the worst scenario case, corresponding to 

several Launch dates after the baseline date (May-June 2022), where the spacecraft can be at 0.64 Astronomical Unit 

from the Sun, which corresponds to an incident solar flux of 3323 W/m2. However, the LSS has a tight schedule and 

TDM was delivered later than foreseen to the Test Centre. This lead to consider testing the TDM with the existing 

LSS lamps and mirrors configuration, optimized for 1 solar constant and limited to 2500 W/m2 maximum (it would 

have taken 4 weeks to modify the Sun simulator set up and another 4 weeks to come back to the nominal 

configuration for the next Test Centre customer). On the other hand, JUICE PFM will be tested with the maximum 

solar flux corresponding to the worst hot case (3323 W/m2). 

 TDM test profile 

Figure 19 presents the TDM Thermal Balance Test profile. The overall duration of the test is foreseen to be 

about 1 week. Each end of phase requires a temperature stability better than 0.5C over a period of 4 hours. 

 

 
Figure 19: JUICE TDM test profile 

V. Conclusion 

JUICE is currently on its way the Critical Design Review (CDR). All the thermal control system performances 

(temperature predictions for all units and for the various thermal interfaces, heating power) are so far based on 

thermal analysis, which main sets of hypothesis rely on MLI sample tests and experiences on similar inter-planetary 

missions. Thermal analysis as presented in the paper ICES-2017-1(1) showed the performance is fully satisfactory, 

for both the temperature objectives and the heating power budget, including when considering uncertainties on MLI 

efficiency. But only the thermal balance test on the scale 1 thermal demonstrator will give a fairly good confidence 

in the overall behaviour of the external insulations for both the cold cases in Jupiter environment and the hot cases in 

the inner Solar System.References 

1R. Peyrou-Lauga and A. Darel., “JUICE thermal architecture,” ICES-2017-1, 2017, Charleston, 2017. 

< 10-5hPa 

Ambient 

pressure 

Chamber Pressure 

Sun flux 

0 W/m2 

2500 W/m2 

Internal          

test heaters 10 W 

55 W 

Expected –X  

MLI temperature 

Expected typical 

structure temperature 
20°C 20°C 

< -180°C 

> +200°C 

≈ +35°C 

≈ -20°C 

Thermal shroud 

temperature 

Hot Phase 

Time 

Time 

Cold Phase 

0 W 

Pressure 

Flux / 

Heaters 

Temp. 


