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SVOM (Space-based multi-band astronomical Variable Objects Monitor) is a mission 

developed within a Chinese-French cooperation context and dedicated to the detection, 

localization and study of Gamma Ray Bursts (GRBs) and other high-energy transient 

phenomena. Four scientific instruments (ECLAIRs and MXT provided by CNES: National 

French Space Agency, GRM and VT provided by CNSA: China National Space 

Administration), operating in different wavelengths, constitute the flight segment of the 

mission. A ground segment (several telescopes and a data center) contributes also to these 

GRB observations. This paper addresses the MXT instrument, developed by CNES in 

collaboration with different scientific partnerships (CEA, MPE, LAL and the University of 

Leicester) and dedicated to the observation of GRB afterglows in the soft X-ray band. SVOM 

is a Low Earth Orbit mission with a specific pointing law thanks to which the spacecraft can 

quickly change its orientation in order to observe GRB events as soon as they occur. This leads 

to a very variable and unfavorable external environment for low and stable temperatures. 

Indeed, the MXT detector (CCD) needs a temperature at -65 °C or lower. Passive cooling 

cannot achieve such a low temperature. As a consequence, Thermo-Electric Coolers (TEC) 

insure the additional active cooling. This leads to a significant heat dissipation to be evacuated. 

A thermal bus with propylene heat-pipes transports this amount of heat from its source to a 

radiator. Moreover, optical performances (alignment and focus), derived from scientific 

observations needs, require high performances in terms of temperature stability and 

uniformity. The paper focuses on the Thermal Control System of the MXT instrument, and 

more specifically on its design, validation and verification. 
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Nomenclature 

ADS = Airbus Defence and Space 

CCD = Coupled Charged Device 

CEA = Commissariat à l’Énergie Atomique et aux Énergies Alternatives 

CNES = Centre National d’Études Spatiales (French National Space Agency) 

CNSA = China National Space Administration 

DA = Detector Assembly 

EHP = Euro Heat Pipes 

FEE = Front End Electronics 

FPA = Focal Plane Assembly 

GMM = Geometrical Mathematical Model 

GRB = Gamma Ray Burst 

GRM = Gamma Ray Monitor 

LAL = Laboratoire de l'Accélérateur Linéaire 

MPE = Max Planck Institute for Extraterrestrial Physics 

MCAM = MXT CAMera 

MDPU = MXT Data Processing Unit 

MOP = MXT Optic 

MPO = Micro Pore Optic 

MRA = MXT Radiator Assembly 

MST  = MXT STructure 

MXT = Microchannel X-ray Telescope 

OOC = Optic Operating Cold 

OOH = Optic Operating Hot 

PFM  = ProtoFlight Model 

PM  = Performance Model 

RNC  = Radiator Non operating Cold 

RNH = Radiator Non operating Hot 

ROC = Radiator Operating Cold 

ROH = Radiator Operating Hot 

SHM = Safe Hold Mode 

STM = Structural and Thermal Model 

SVOM = Space-based multi-band astronomical Variable Objects Monitor 

TEC = Thermo-Electric Cooler 

TMM = Thermal Mathematical Model 

UoL = University of Leicester 

I. Introduction 

HE MXT (Microchannel X-ray Telescope) instrument is a part of the SVOM (Space-based multi-band 

astronomical Variable Objects 

Monitor) mission payload dedicated to 

observation and study of GRBs 

(Gamma Ray Burst) and other high 

energy transient phenomena in the 

universe. The MXT instrument is 

dedicated to GRB follow-up 

observation in soft X-ray band (0.2 keV 

to 10 keV). With a small field of view 

(1°), it can provide GRB localization 

better than a few arcseconds (~20 

arcsec) after the spacecraft pointing 

towards the GRB. 

T 

 
Figure 1. Overview of SVOM spacecraft. 
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In addition to MXT, the SVOM payload is composed of (Erreur ! Source du renvoi introuvable.):  

• ECLAIRs, dedicated to GRB detection and localization, having a large field of view which can detect GRB 

in the hard X-ray energy band (4 keV to 250 keV). It can localize GRB with the position accuracy of a few 

arcminutes (~10 arcmin), 

• VT (Visible Telescope), optical instrument for GRB observation in the visible spectrum, 

• GRM (Gamma Ray Monitor), instrument dedicated to the GRB observation in the Gamma spectrum 50 keV 

– 5 MeV, 

• VHF (Very High Frequency), Radio Frequency assembly for real time transmission of GRB alerts to an earth 

ground antenna network. 

The MXT instrument is designed to detect and image X-ray photons in the soft X-ray energy range with good 

source localization, time resolution, and spectroscopic capabilities. Thus for the SVOM mission, it is important to 

identify the GRB positions derived on board by ECLAIRs and to permit spectral and timing studies of the afterglow 

emission in X-ray band. 

The spacecraft accommodation constraints impose a relatively short focal length (around one meter), allowing for 

a total effective area of the order of 22 cm2 at 1.5 keV. The short focal length also limits the effective energy range to 

the soft X-ray band. In addition to that, considering the mass and power budget allocations (~40 kg and ~60 W), the 

best solution is an X-ray focusing telescope consisting of a low mass micro-channel plate. 

CNES (Centre National d’Études Spatiales) is in charge of the project management for the MXT instrument. Then, 

it ensures the instrument’s development and delivery to the spacecraft in close relation with the MXT PI (Principal 

Investigator) from CEA Saclay, in charge of the scientific objectives of this instrument. French and European 

laboratories have a large contribution to the instrument development at optical and camera modules levels. 

CEA Saclay having a large heritage in scientific focal planes is also in charge of the development of the MCAM 

(MXT Camera) integrating the detector, provided by MPE Garching (Max Planck Institute for Extraterrestrial 

Physics). The UoL (University of Leicester), already involved on Bepi-Colombo with a similar kind of optics and 

having experience with micro-pore optics technology, develops the MOP (MXT OPtic). 

In addition, French or European companies have been chosen (after a call for tender) to manufacture several parts 

of the instrument. In particular, EHP (Euro Heat Pipes) and ADS (Airbus Defence and Space) are in charge of 

developing, manufacturing and testing the MRA (MXT Radiator Assembly). 

At the end, with a large project team, CNES is in charge of the overall system and architecture of the instrument. 

The integration and the validation of the MXT physical models take place in Toulouse. 

II. MXT instrument TCS 

A. MXT instrument 

MXT instrument is composed of the following functional 

modules (Figure 2): 

• MXT OPtic (MOP) able to focus X-rays on the 

telescope focal plane thanks to the its 25 MPOs (Micro 

Pore Optic), 

• MXT Camera (MCAM) composed of: 

o A FPA (Focal Plane Assembly) which aims to 

collect photons, ensure the possibility to 

calibrate the CCD (Coupled Charged Device) 

with a radioactive source and protect it during 

observation. The FPA is composed of a DA 

(Detector Assembly), a shielding, a TEC 

assembly and two heat pipes (Figure 3). 

o A FEE (Front End Electronics) associated to 

the FPA (Figure 3). It ensures FPA power 

supply (excepted for TEC) as well as a first 

level of data-processing.  
Figure 2. MXT instrument constitution. 
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Note: The mass of MCAM is 9 kg for a volume of 19000 cm3 (19 liters) (cylinder:  30cm x height 27cm) and a 

maximum power of 18 W. The different parts are made of aluminum alloys. The coatings are principally black paint 

and gilding. 

• A MST (MXT STructure) which aims to support mechanical loads, guarantee alignment and allow flushing 

of the instrument. This structure is mainly composed of a tube equipped with a flange that ensures the 

mechanical interface with the spacecraft and with a radiative cone ( MST-Cone on Figure 2) that helps for the 

MOP thermal control, 

• A MRA which ensures the camera heat dissipation transport and rejection to the cold space, 

• A MDPU (MXT Data Processing Unit) which is in charge of the MXT telescope management, MCAM TEC 

(Thermo-Electric Cooler) power supply and control. 

The MXT is designed as a self-standing instrument which means that it allows the spacecraft integration without 

dismounting any MXT part. The telescope is mechanically mounted on the spacecraft +X panel thanks to 3 fixation 

points. The upper part of the tube is located outside the spacecraft, the lower part is located inside the spacecraft. Due 

to mechanical constraints, the radiator is also directly fixed to the spacecraft +X panel with 3 feet. 

B. MXT thermal environment 

The SVOM orbit is a circular drifting orbit, with an altitude of 635km and an inclination of 29°. 

In nominal operating mode, the SVOM spacecraft follows the 

B1 pointing law (which is the third version of pointing law 

optimization after A law and B law). The sun is held in the plane  

–Xsat/+Zsat with a 45° angle with respect to –Xsat axis (Figure 

4). This angle reaches respectively 62° and 59° twice a year to 

avoid sun in the instrument’s field of view. On top of that, the 

angle between the sun direction and faces +Ys & –Ys remains 

lower than 5°. The B1 pointing Law is optimized in order to 

maximize the number of visible GRBs taking into account 

scientific constraints.  

The nominal angle between MXT observation direction and 

the sun direction is ±45°. After a GRB detection, the spacecraft 

orientation changes to observe the target. This new pointing is 

performed according to the following rules (Figure 5): 

• The angle between the sun direction and –Xsat axis is in the range [0°; 90°], 

• The spacecraft can make a rotation between 0° and 360° around the sun direction, 

• The angle between the sun direction and faces +Ys & –Ys remains lower than 5°. 

                              
                 Figure 4. B1 pointing law. 
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Figure 3. MCAM (left view) & FPA (right view) constitutions. 
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In SHM (Safe Hold Mode), the spacecraft follows a spin attitude with a constant rotation speed of 0.25 °/s around the 

Xsat axis. The angle between the sun direction and the –Xsat direction shall remain lower than 30°. 

C. MXT TCS constraints 

1. Variable thermal environment 

The main constraints for the MXT TCS design is to deal with the severe Low Earth Orbit environment, with a large 

number of possible attitude movements. This leads to a very variable thermal environment at MCAM interface 

(between -95 °C and -25 °C with orbital fluctuation up to 25 °C). For all these cases, the temperature of the FPA and 

the rest of the instrument has to be maintained in the operational and non operational temperature ranges. It implies 

that the TCS has to be optimized to fulfill its objectives. 

2. TCS tasks sharing 

The MXT TCS design, validation and verification are performed according to the following sharing of tasks: 

 MCAM: 

o CEA is in charge of the FPA internal TCS while CNES ensures the external TCS, 

o CEA is in charge of the FEE internal TCS and the spacecraft is in charge of its external cooling by 

radiative exchanges, 

 MST: The tube TCS is ensured by CNES, 

 MOP: UoL is in charge of the optical module internal TCS, 

 MDPU: The MDPU supplier ensures MDPU internal TCS and the spacecraft is in charge of the MDPU 

external TCS, 

 Global TCS: CNES manages the overall TCS consistency and performances at instrument level (modelling, 

analyses and tests). 

3. French/Chinese cooperation 

The French/Chinese cooperation induces the following constraints on the TCS development: 

 As far as possible, the TCS hardware has to be US free (without any EEE, mechanical part, material or 

process linked to a US source). 

 The TCS external interfaces have to be as simple as possible to avoid misunderstandings. This constraint is 

especially applicable to active TCS management (heating lines Monitoring & Control). 

 
Figure 5. GRB pointing law. 
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D. MXT TCS objectives 

The MXT TCS first objective is to maintain the 

instrument constituents within Allowable Flight 

Temperature (AFT) ranges (Table 1) all along the 

mission, in operating and non-operating conditions. 

Furthermore, to ensure the scientific performance of 

the instrument the critical constituents are the FPA and 

the MOP: 

 The TCS of the focal plane has to allow a stable 

operating temperature of -65 °C or -75 °C 

(±1°C per orbit). Temperature has an influence 

on the detector ageing due to radiations. 

Temperature stability has an influence on the 

calibration. Both have an impact on the spectral 

performance of the instrument. 

 In order to maintain optimum alignment 

during operation, the MOP frame needs to be 

regulated at 20 °C (±1°C) and the maximal temperature difference between the frame temperature and the 

average MPOs temperature needs to be lower than 10 °C. 

E. MXT TCS concepts 

1. FPA TCS concept 

The FPA TCS is based on the following concept: 

 The MCAM internal TCS that is made of 3 

different parts (Figure 6): 

o 2 propylene heat pipes to transport the maximum 

power to be evacuated to the radiator (~15 W: 

~10W from TEC dissipation and ~5W from heat 

leaks). The instrument scientific performance 

tolerates the failure of one heat pipe. The heat 

pipes are manufactured by the Iberespacio 

company and are space qualified. 

o A TEC assembly consisting of 3 space 

qualified bi-stage TEC modules working 

simultaneously, whose hot interface is in 

contact with the heat pipes evaporators and 

whose cold interface is in contact with the DA. 

The TECs are manufactured by RMT (Russian 

Materials and Technologies). 

The severe mechanical environment of the 

MCAM and the DA requires the use of 3 TEC 

in order to meet these constraints and allow the 

instrument scientific performance in case of 1 

TEC failure. The allowable electrical power for 

the TEC assembly is limited to 10 W. 

o A heater in the vicinity of the DA which can be 

activated in cold cases (cases colder than  

-65 °C or -75 °C). 

 
Figure 6. FPA TCS concept. 

Item 
Operating Non-Operating 

min max min max 

MOP 10°C 30°C -50°C +50°C 

MRA - - -100°C +50°C 

MCAM-

FEE 

-20°C 50°C -30°C +50°C 

MST - - -60°C +60°C 

MDPU -20°C 45°C -30°C +50°C 

MCAM-

FPA 

- - -100°C +40°C 

Table 1. MXT major Allowable Flight Temperature 

(AFT) ranges. 

 
Figure 7. MRA TCS design. 
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 The FPA heat dissipation is evacuated through 

a passive cooling assembly composed of a 

propylene heat-pipe network and a white paint 

radiator that rejects heat into deep space. The 

heat-pipe network is composed of 2 transport 

heat-pipes and 4 spreading heat-pipes to 

optimize radiator efficiency (Figure 7). The 

white paint radiator is mounted on the 

spacecraft with two titanium feet and fixed to 

the tube ferrule with two lateral frames. The 

transport heat-pipe evaporator is fixed to the 

tube with a mechanical flange. The heat-pipes 

are accommodated along the tube so that the 

instrument can be inserted inside the spacecraft. 

Figure 8 illustrates the heat flows inside the 

thermal bus. 

2. MOP and Tube TCS concept 

The optical module (MOP) is located at the upper part of 

MXT telescope. 

The optical lens is composed of a mechanical frame with 25 

holes on which are glued 25 MPOs. 

An electron diverter is also part of the optical module. It is 

located just below the MPOs. 

The frame is attached to the telescope interface via 4 titanium 

alloy flexures that permit to thermally isolate it from the 

telescope conductive interface. 

In order to control the frame and MPOs temperatures, 2 

heating lines (one operating and one non operating) are installed 

on the frame and contained within a flexible PCB (shown in 

orange in Figure 9). To reduce the temperature differences 

between the Frame and the MPOs, an additional heating line is 

installed on the radiative cone inside the Tube and facing the 

MOP. 

The heating lines are managed according to the 

following approach: 

 In operating mode, the MXT active TCS is 

managed by MDPU to ensure the 

performance requirements independently 

from the spacecraft, 

 In non operating modes, the instrument is 

maintained in a safe temperature range 

thanks to heating lines managed by the 

spacecraft. 

In order to minimize the heater power required, 

the optic is radiatively isolated as much as possible 

from the space environment. Therefore, at MOP front 

face, the MPOs have an aluminum film coating 

applied and the optic frame is gold plated, which 

results in a low emissivity on the majority of the MOP 

front face. 

The general MOP and Tube TCS is described in 

Figure 10. 

 
Figure 8. MXT thermal bus concept. 

 
Figure 9. MOP assembly rear face. 

Figure 10. MOP and Tube TCS concept. 
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III. MXT thermal numerical models 

A. At MCAM level 

A MCAM simplified numerical model includes the nodal 

network of the camera and the transfer function of the TEC. 

In fact the performance of the MCAM TCS is the results of 2 

intimately coupled inputs (Figure 11): 

 The performance of the active cooling inside the 

camera including the TEC transfer function that gives 

the resultant TEC dissipation as a function of the TEC 

hot side temperature, for a given CCD temperature.             

 The performance of the passive cooling outside the 

camera, including the radiator temperature, that 

depends of the TEC dissipation and the heat load to 

reject. 

The ThermXL software is used to make this coupled modelling 

converge and to elaborate the associated transfer functions 

(Figure 12). 

In addition, a detailed finite element model with nearly 

46000 nodes and 41400 elements was created using NX-TMG 

software (Figure 13). This detailed modelling is used to run 

three flight cases in steady state (ROH, ROC and RNC), one 

flight case in transient state (ROH)  and necessary cases for test 

predictions. Resulting temperature mapping is used as an input 

for thermomechanical analysis. 

A reduced thermal numerical model is also created using 

SYSTEMA software for integration into the global model of 

MXT. The reduced model includes a total of 73 nodes, among 

which 65 nodes describe MXT and 8 nodes the boundary 

conditions. The GMM (Geometrical Mathematical Model) is 

created according to the CAD file (Figure 14). Each part is then 

meshed to build the TMM (Thermal Mathematical Model). 

This TMM validation uses the NX-TMG detailed finite 

element model taking as points of comparison the flight cases 

(ROH, ROC and RNC). 

 
Figure 11. FPA TCS coupled inputs. 

 

 
Figure 12. TEC function transfer for 

CCD Temperature @-65°C. 
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Figure 13. MCAM detailed finite 

element model overview. 
 

Figure 14. MCAM GMM. 
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B. At MOP level 

Thermal numerical modelling of the MOP is performed using the 

NX software. This allows a high fidelity 3D finite element model 

(Figure 15 and Figure 16) to be produced directly from the MOP 

CAD model. 

The four heater active areas are modelled as heat loads on the rear 

face of the MOP. Two heater areas are active at any one time. 

External heat loads coming from Sun and Earth and the 

spacecraft radiative interfaces are modelled. 

Analyses are performed for three steady-state cases (operating 

hot and cold, non-operating cold). For the two operating cases, 

transient orbital analyses are also performed. These MOP analyses 

use albedo and IR Earth radiations calculation results supplied by 

CNES from instrument-level analysis. 

The critical outputs from all analyses are the temperatures of the 

aluminum frame and lead-glass MPOs. Given the significant 

difference in coefficient of thermal expansion between the two 

materials, temperature variations have the potential to adversely 

affect optical performance. 

The intention of the heater control is to maintain the optical frame 

close to the assembly temperature of +20 °C. Through conductive 

and radiative coupling, the MPOs would therefore also be maintained 

in the region of the assembly temperature. 

The MOP radiative environment is such that in both hot and cold-

operational cases the temperatures of the MPOs would be pulled 

below that of the frame. Analysis shows that the heaters are effective 

in maintaining the frame at approximately +14 °C in the cold case 

and +18 °C in the hot case. MPOs would stabilize at ~5°C below the 

frame average temperature. 

The NX software allows for calculated temperatures to be 

mapped on to a structural (NASTRAN) finite element model to 

calculate the effects of thermos-elastic distortions. Analysis of 

typical MPO-Frame temperature differences shows that the effects 

of thermos-elastic distortions from the simulated temperatures on 

optical performance are acceptable. 

C. At MXT level 

1. Sizing cases research 

As a first step, the analyses campaign starts by an exhaustive 

research of radiator and MOP external sizing cases. This 

research is fully described through the following variations 

which was close to 52000 cases run: 

 The angle between the solar direction and the 

spacecraft –Xsat axis (the Ysat angle) varying from 0° 

to 90°, 

 The spacecraft rotation angle around the solar direction 

(the sun angle) varying from -180° to +150°, 

 The day of the year varying from 1 to 365, 

 The RAAN (Right Ascension of the Ascending Node) 

on the drifting orbit varying from -180° to +150°, 

 Hot or cold case configuration (beginning or end of life, 

albedo coefficient, Earth temperature…). 

 
Figure 17. Incident heat flow rate density 

for the sizing case ROH on the radiator’s 

front face. 
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Figure 15. MOP finite element model 

and heater active areas. 

 

 
Figure 16. MOP finite element model 

temperatures (steady-state cold case, 

scale 8-15°C). 
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The method consists in finding the maximum and the 

minimum external heat loads absorbed by the radiator or the 

MOP over an orbit: Qs (solar radiation) + QA (Albedo 

radiation) + QE (IR Earth radiation). 

This sizing cases research show that the GRB pointing is 

more severe that the B1 law. So only GRB pointing is used 

for operating cases. 

The following sizing cases are identified: 

 ROH (Radiator Operating Hot) from radiator 

research with GRB pointing (Figure 17). 

 ROC (Radiator Operating Cold) from radiator 

research with GRB pointing (Figure 18). 

 OOH (Optic Operating Hot) from MOP research 

with GRB pointing. 

 OOC (Optic Operating Cold) from MOP research 

with GRB pointing. 

 RNC-SHM (SHM Radiator Non Operating Cold) from radiator research with SHM pointing. 

 RNH-SHM (SHM Radiator Non operating Hot) from radiator research with SHM pointing. 

 ONC-SHM (SHM Optic Operating Cold) from MOP research with SHM pointing. 

2. MXT thermal numerical model 

The MXT thermal analyses are based on a huge thermal numerical model of the MXT instrument (~4000 nodes). 

This model is composed of the following elements: 

 A detailed modelling of the MCAM internal thermal 

behavior provided by CEA and including a simplified 

TEC modelling. Such a tool computes in real time the 

TEC performance as a function of: 

o The  CCD temperature (fixed as a boundary). 

o Thermal bus coupled inputs (TEC behavior and 

external environment). 

 A refined modelling of the tube and MLI tuned to ensure 

a good computation of temperatures. 

 A detailed modelling of the MRA provided by 

EHP/ADS. 

 A simplified modelling of the MOP detailed modelling provided by UoL. 

As shown on Figure 19, this model includes simplified external interfaces able to compute radiative and conductive 

heat exchanges between MXT and surrounding surfaces (the spacecraft, other instruments, solar arrays). 

IV. MXT TCS verification and validation by tests 

A. At MCAM level 

The first physical model built for MCAM is a STM (Structural 

and Thermal Model) fully representative of the thermal behavior 

(dissipation, cooling chain and thermal contacts). This STM is part 

of the MXT STM instrument. 

The main purpose of the MCAM STM is to validate and to verify 

the thermal design of the camera. A thermal balance test is used to 

validate the thermal modelling and a functional validation test 

allows to verify the functioning of the cooling chain  (Erreur ! 

Source du renvoi introuvable.). 

The comparison of the numerical results from the analyses and 

the results from the tests for steady and transient cases shows a very 

good level of correlation (<1 °C for temperature). No readjustment 

 
Figure 19. Overview of the MXT 

thermal numerical model. 

 
Figure 18. Incident heat flow rate density 

for the sizing case ROC on the radiator’s 

front face. 
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Figure 20. MCAM STM in CEA test 

chamber. 
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of conductance hypotheses or internal camera material properties is 

necessary. 

A MCAM PM (Performance Model) representative of the 

scientific performances of the camera and containing a fully 

functional electronic chain (X-ray CCD and FEE) and a fully 

functional cooling chain is also manufactured. 

Two thermal test campaigns are carried out by CEA and CNES 

in CNES thermal vacuum chamber. The main objectives of these 

tests is the validation and verification of the detection chain 

performance and the cooling chain monitoring and control using the 

MDPU. 

A MCAM PFM (Proto flight model) is built and thermally tested 

at CEA facilities. MDPU is connected to the camera in order to 

validate the detector regulation monitoring and control. 

The MCAM PFM testing (Figure 21) allows the verification of 

the required operating temperatures and of the proper functioning of 

the various MCAM constituents before delivery of the MCAM to 

CNES for integration into the MXT PFM instrument. 

B. At MOP level 

The thermal performance of the 

MOP is validated through a thermal 

balance test conducted at the 

University of Leicester. As shown 

in Figure 22 and in Figure 23, 

Ground Support Equipment (GSE) 

is developed to represent the MXT 

thermal interfaces and the external 

environment with the MOP 

assembly being tested in steady-

state under vacuum. This test setup 

modelling is introduced around the 

MOP finite element model for 

correlation purpose. 

Operating hot and cold, and non-operating cold cases are tested. 

In all cases, temperature differences between calculated and 

experimental results are <3 °C. 
The test results are used to assess heater power requirements in 

relation to the predicted values. This validates that the 5 W heater 

power determined by analysis is sufficient to maintain MOP frame 

temperatures, to be compared with 2.9 W required in the operating 

cold case. The ~5 °C temperature differences between the frame and 

MPOs of the finite element analysis are also demonstrated by the 

test. 

This work provides validation of the finite element model, 

giving confidence that simulations of orbital performance are 

sufficiently accurate, and that the thermal parameters used in the 

MOP finite element model can be applied to the instrument-level modelling. 

 
Figure 21. MCAM PFM in CEA test 

chamber. 

 
Figure 23. MOP testing configuration. GSE1 – external environment, 

GSE2 – MOP tube conductive coupling, GSE3 – MOP tube environment. 

 

 
Figure 22. MOP thermal balance GSE. 
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C. At MXT level 

1. MXT PFM thermal balance 

A thermal balance test is performed on the MXT 

PFM instrument during vacuum testing in the 

SIMDIA vacuum chamber at ADS Toulouse 

whose useful cylinder volume is 3mx3m (Figure 

24). The item under test is fixed horizontally in 

the vacuum chamber as described in Figure 25. 

The positioning of MXT in the thermal vacuum 

chamber is ensured thanks to the handling ferrule. 

The external part of MXT is directly exposed to 

the chamber, except for MRA and MOP that are 

exposed to their respective radiative covers (MRA 

radiative cover and MOP radiative cover). The 

internal part of the instrument is also exposed to a 

radiative cover, called FEE cover, which 

represents the internal environment of the 

spacecraft. 

The test sequence starts with an outgassing 

phase at +50 °C lasting 24 hours, followed by a 

hot/cold cycling and then a number of operational 

and non-operational phases (both in steady and in 

cycled orbital cases). The test sequence ends with a 

second phase of cold/hot cycling and then a return 

to ambient temperature. 

The external heat loads from Sun and Earth, that 

are not possible to simulate, are compensated 

through test heaters. 

The handling ferrule and the FFE cover are 

controlled by test heaters and radiatively cooled to 

achieve their needed temperature levels. They are 

also equipped with a high infrared emissivity 

coating. 

The test and flight harnesses are equipped with 

thermal guards. 

The MDPUs are thermally controlled by 

conduction in an independent way from the instrument. They are installed on their own baseplate, controlled in 

temperature and covered with MLI. 

2. Thermal numerical model correlation 

Only the steady stabilized cases are used for the correlation (SHM RNC, GRB RNC, ROC, ROH, GRB RNH and 

SHM RNH). The correlation is mainly interested in correlating these 6 cases, using a 3K criteria and with the following 

approach: 

a) Modification of the modelling to put it in real 

test configuration: 

o Flight heating powers applied during 

the test. 

o Temperature of the thermal interfaces 

measured during the test (radiative 

covers and ferrule). 

o Measured environment temperature 

(chamber shrouds). 

 
Figure 24. MXT instrument in vacuum testing 

configuration. 

 
 

 
Figure 25. MXT testing setup inside vacuum 

chamber. 

 

Table 2. Summary of the post-test deviations on 

thermocouples (calculated – measured). 

Post-test %<3°C %<5°C %>5°C 
SHM RNC 23% 43% 57% 
GRB RNC 23% 42% 58% 

ROC 27% 53% 47% 
ROH 46% 54% 46% 

GRB RNH 49% 57% 43% 
SHM RNH 50% 58% 42% 
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o Repositioning of the thermocouples 

in coherence with the real 

implementation. 

b) Post-test predictions (with real test 

configuration) and identification of the 

deviations between predictions and 

measurements. The post-test deviations are 

detailed on Table 2. 

c) Correlation of the modelling to reduce the 

deviations. This correlation is done "manually" 

without any specific tool. As shown in Erreur ! 

Source du renvoi introuvable., the post-

correlation results are very satisfactory and show very few deviations. The correlation of the MXT instrument 

modelling is therefore considered successful and the flight predictions campaign analysis is launched. 

The modifications that allows to have this level of correlation concern the following parameters: heat leaks 

through MST, radiative coupling between MOP and space and conductive coupling between MXT and 

spacecraft. 

V. Conclusion 

The MXT TCS is based on the following main concepts: 

 The CCD cooling and temperature control are ensured by 3 TECs. The thermal management of these TECs 

is ensured by a thermal bus composed of 2 propylene heat pipes connected to a radiator (equipped with 

embedded propylene heat pipes). 

 The tube and MOP TCS is ensured by a traditional TCS (mainly passive and helped by heating lines). 

The TCS justification performed is based on: 

 Detailed thermal analysis campaigns at MOP, MCAM and MRA levels. 

 Global thermal analysis campaign at instrument level. 

 Thermal balance tests at MOP, MCAM and MRA levels. 

 Thermal balance test at MXT PFM instrument level. 

 Successful post-test correlation at MXT PFM instrument level. 

In view of the test results and the post-test correlation, we have every reason to believe that the MXT TCS, as defined, 

will be able to meet the objectives and constraints of the SVOM mission. 
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Table 3. Summary of the post-correlation deviations 

on thermocouples (calculated – measured). 

Post-cor. %<3°C %<5°C %>5°C 
SHM RNC 88% 100% 0% 
GRB RNC 98% 100%  0% 

ROC 83% 99%  1% 
ROH 72% 98%  2% 

GRB RNH 97% 100% 0% 
SHM RNH 97% 100% 0% 

 


