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ABSTRACT 

The Alpha Magnetic Spectrometer (AMS) is a particle 
physics detector designed to measure charged cosmic 
rays spectra and high energy photons on board of the 
International Space Station (ISS). The large acceptance 
(0.5 m2sr), the long mission duration (3 years) and the 
state of the art particle identification techniques will allow 
AMS to provide the most sensitive search up to date for 
the existence of anti matter nuclei and for the origin of 
dark matter. AMS02 now is in its final integration phase 
at CERN. To verify the functional performance of the 
detectors and of the key subsystems of the Thermal 
Control System under vacuum condition and to validate 
the thermal mathematical model of AMS02 a system 
level thermo-vacuum test will be performed in the Large 
Space Simulator (LSS) of ESA at ESTEC (the 
Netherlands). A test sequence has been designed so 
that the test duration is minimized and all the key 
operations expected on orbit are tested in similar 
conditions: charging the magnet, simulating a power 
outage, booting the experiment from a power outage 
condition, entering in survival mode with the heaters. 
Methodology, results of the simulated test phases and 
the final test set up of AMS02 inside the LSS are 
presented in this paper with highlights on the design of 
the IR lamps.  

INTRODUCTION 

Thermal modeling and simulations play a fundamental 
role in the design and development process of any 
Space payload, hence of the AMS-02 instrument. In the 
early design phase, thermal simulations are routinely 
used to obtain the temperature distribution and its 
regularity over the instrument components for a given 
thermal environment, as defined by the external/internal 
thermal loads, driven the requirements to be fulfilled by 
the thermal control system. As the instrument design is 
finalized and actual sub-system design is fixed, more 
detailed numerical simulations are used to verify the 
thermal design: these include the prediction of 
temperatures, heat fluxes, as well as the prediction of 
the thermal control system elements performance, such 
as heaters, valves, etc during all phases of the payload 
lifetime. Validation of the overall thermal design is 
performed during the instrument qualification and 
acceptance phase by means of thermal vacuum (TV) 
and thermal balance (TB) tests [3]. Thermal simulations 
are used to define the TVTB conditions and test 
procedures. The correlation to experimentally measured 
data with simulated test predictions allows optimization 
of the thermal model. Thermal predictions for the AMS-
02 TVTB test obtained will be discussed in the next 



 

sections after a brief description of the models and the 
software used for the thermal AMS-02 simulations.  

AMS-02 THERMAL SIMULATIONS 

The general sequences for thermal simulations has 
been also applied in the AMS-02  project. The starting 
point is the definition of the Thermal Mathematical Model 
(TMM) and the Geometrical Mathematical Model (GMM) 
of the overall experiment and of the individual sub-
detectors [7] [15]. The GMM is a mathematical 
representation of the physical surfaces of the system 
and its components: it is used to calculate the radiation 
couplings between all surfaces in the model, as well as 
heating rates to each surface from external flux sources. 
The TMM is a lumped-parameter representation of the 
thermal capacitance of each node and thermal 
conduction terms between nodes: it is used to define the 
thermal network used to solve the heat transfer 
equation. These models have been constructed using a 
combination of computer aided design (CAD) 
technologies and hand calculations. For AMS-02 thermal 
simulations the GMM model has been constructed using 
Thermal Desktop/RadCad [10] software while the TMM 
model has been constructed using SINDA/FLUINT [11]. 
For some of the AMS-02 sub-detector it has been 
possible to perform a full proto-qualification campaign on 
Flight units [4] [5] [6] [8]. Using the data obtained from 
the experimental test, most of the detailed model have 
been correlated in order to eliminate as much as 
possible all the uncertainties. The correlated detailed 
model have been then used to update the AMS-02 
system thermal model [1] [2]. Nevertheless some 
uncertainties need to be still minimized. It has to be 
noticed that the AMS-02 system model, which is in turn 
assembled with the ISS thermal model for environmental 
data generation, has a relatively smaller number nodes 
and surfaces compared with subsystem detailed model 
because it is composed of reduced models and for this 
reason some uncertainty is intrinsic to the system level 
model, in any case. The thermal simulations performed 
to study the AMS-02 behavior inside the Large Space 
Simulator will be used both to define a test procedure 
and to validate the model, tuning the uncertain 
parameters, by comparing the data with the 
experimental values to be obtained during the test.   

 

Figure 1 - The Large Space Simulator at ESTEC 
INTEGRATED AMS-02 MODEL FOR TVTB TEST  

AMS-02 is a complex instrument and, even if most of its 
sub-components have undergone strict space 
acceptance tests, the TV/TB on the fully assembled 
system is mandatory to verify its functioning in vacuum 
conditions and its performance in a thermally 
conditioned environment before launch into space. The 
test will be conducted in the Large Space Simulator 
(LSS) shown in Figure 1 which located at the ESA 
European Space Research and Technology Center 
(ESTEC) facility in the Netherlands. In order to define 
test procedures and to provide prediction data for 
thermal vacuum and thermal balance tests, a GMM-
TMM integrated model has been constructed which 
describes the AMS-02 instrument, the ESTEC LSS and 
the AMS-02 support structure inside the space 
simulator. The different components of the GMM-TMM 
model will be discussed in the following. 

 

Figure 2 - Schematic Configuration of the LSS 
 

INTRODUCTION TO THE LSS - The LSS is 
undoubtedly the foremost installation of its kind in 
Europe. Since it became operational, in 1986, the LSS 
has proven itself to be a unique facility which sets new 
standards in space simulation techniques. This 
installation is composed of the following main parts: 

1. The LSS chamber, with an overall volume of 2150 
m3, consists of two chambers, the main and the 



 

auxiliary chambers, as reproduced in Figure 2. The 
main chamber is a vertical cylinder, the top flange of 
which forms a removable lid for easy loading into the 
chamber. The chamber contains a stable specimen 
support platform insulated from both chamber and 
building movements such as to have a low 
mechanical noise level (less than 10-3g).  

2. Both the main and the auxiliary chambers are 
equipped with a number of stainless steel 
temperature controlled shrouds in a range from 100 
K to 353 K. 

3. The minimum vacuum obtained is 3 x 10-7 mbar 
using turbomolecular pumps and a LHe cryo-pump.. 
 

 

Figure 3 - LSS GMM with Thermo-optical Properties 
 

The LSS model  - The GMM description of the LSS, 
shown in Figure 3, provides the representation of the 
system geometry in terms of primitive surfaces 
(triangles, rectangles, quadrangles, discs, cylinder, 
cones, spheres..) associated to their thermal and optical 
properties. The GMM is used in the thermal model to 
compute the radiative exchange factors and the heat 
fluxes among the LSS and the AMS-02 components. In 
the TMM, the LSS is modeled with eight boundary 
nodes, representing the temperature of the simulator 
environment, and one diffusion node representative of 
the LSS floor. Figure 4 reports the boundary nodes 
surface description.  

 

Figure 4 - Thermal-Optical Properties of LSS boundary nodes 
Surfaces 
 

The LSS floor is a 3.2x3.2 m2 panel which supports the 
test article in the main chamber (Figure 5) being 
mechanically decoupled from it. The panel temperature 
is not actively controlled so its thermal behavior is 
correctly described by a (floating temperature) diffusion 
node. During the test, the LSS floor will be covered with 
an MLI blanket in order to minimize possible effects on 
the AMS-02 temperature arising from the non-controlled 
temperature of the LSS floor. 

 

Figure 5 - LSS Floor 
 

THE AMS-02 SYSTEM MODEL - The AMS-02 system 
GMM (Figure 6) consists of 2865 surfaces which are 
represented by 4801 nodes in the TMM model. This is a 
relatively coarse description of the AMS-02 system when 
compared to the details available in the different sub-
systems models used for the thermal design of each 
individual component. Simplification has been obtained 
with a certain degree of assumptions. As an example, 
heat pipes are modeled with a comparatively simple 
method with no working fluid considered. The internal 
working fluid of heat pipes is then represented as series 
of thermal nodes with high thermal conductivity along 
them and a large contact heat transfer coefficient with 
tube walls and wicks. 

 

Figure 6 - AMS-02 System GMM model 
 
The system GMM is used to evaluate the view factors 
for the radiative heat exchange and all the different 
thermal coatings used to cover the external AMS-02 
surface are considered in the system GMM calculation 
with their thermal-optical properties. The power 



 

dissipation expected in each sub-detector is applied as 
an internal load to the corresponding nodes which are 
linked to the corresponding thermal control systems. The 
system TMM is used to estimate the temperature profile 
of each sub-detector during the test prediction analysis. 
The obtained data are then set as boundary conditions 
when running thermal simulations with the detailed sub-
detector models 

AMS-02 MECHANICAL SUPPORT SYSTEM MODEL  - 
AMS-02 will be fixed on the LSS floor by means of a 
mechanical support called "gondola" whose mechanical 
architecture is shown in Figure 7. In order to have test 
prediction results as much as possible realistic and 
accurate, also the mechanical support GMM and TMM 
have been designed. The gondola GMM consists of 720 
surfaces and 818 nodes. The stand is made of stainless 
steel with an IR emissivity of 0.2. The absorbivity value 
is not used in the test prediction analysis due to the fact 
that the solar beam in the LSS will not be used. 

 

Figure 7 - AMS-02 mechanical support for TVTB test: schematic 
drawing (left) and corresponding GMM (right) 
 

The gondola TMM consists of a thermal network 
characterized by 66 diffusive nodes. Each of the main 
beams is constituted by 10 diffusive nodes. Three nodes 
have been used to model each of the smaller beams 
which are connected to the main ones through a linear 
conductor, with a conductance value of about 5.2 W/K. 
The support is connected to the LSS floor in 4 points 
covered with MLI. 

INTEGRATED AMS-02 MODEL - The AMS-02 system, 
the gondola and the LSS GMM/TMM are the building 
blocks of the integrated AMS-02 GMM/TMM which 
describe the actual AMS-02 test configuration, as 
depicted in Figure 8. Test predictions and all results 
reported in the following are obtained with the integrated 
GMM/TMM. 

 

Figure 8 - AMS-02 fixed on the gondola structure 
 

TEST CONFIGURATION 

Using the integrated model of AMS in LSS, a series of 
test predictions have been simulated to define AMS-02 
best orientation in the LSS and to understand the 
influence of LSS elements on AMS-02 components [12]. 
According to the preliminary analyses, a better test 
position of AMS in LSS will be (see Figure 8): 

• AMS located in LSS with its Z axis horizontal 

• Zenith Radiator normal has an angle of 45° with 
respect to the solar beam axis (just as a 
reference: the solar beam is not used in the test) 

• 2.0m height from AMS origin to the center point 
of LSS floor (see Figure 9). 

 

Figure 9 - AMS-02 height definition with respect to the LSS floor 
 
 

 



 

TEST PREDICTION OF AMS-02 TVTB TEST 

The AMS-02 TVTB test definition has been the result of 
an iterative process that can be divided in two steps: 

1. identify, among all the possible mission lifetime 
scenarios on the ISS, the most important and 
significant ones both from a thermal and functional 
point of view; 

2. trying to reproduce the selected scenario in the LSS, 
taking into account both the LSS performance and 
the AMS-02 subsystems thermal requirements. 

The environmental temperature changes will be only 
driven by the LSS shroud and it will not be possible to 
reproduce all the extreme conditions the payload will 
experience on orbit. Considering a single moment of 
AMS-02 thermal conditions on-orbit, it could be possible 
that, depending on their relative position on the payload 
and on the external environment, one detector is at the 
minimum temperature and the other at the maximum. 
These conditions cannot be reproduced in the LSS 
where both the detectors will be exposed to the chamber 
isotropic thermal condition, hence simultaneously either 
in cold or in hot conditions. After identifying interesting 
thermal conditions on orbit, the next step consists in 
trying to reproduce them by altering the isotropic thermal 
environment of the LSS by means of IR lamps, to create 
thermal gradients across the payload. 

TEST OBJECTIVES 

The simulations starting point has been the definition of 
the objectives of the TVTB test. The main test objectives 
that have been identified are: 

• functional performance verification under 
thermal vacuum conditions at low and high 
temperature limits; 

• verification of the thermal control subsystem 
H/W; this includes the test of main radiators as a 
thermal sink for the electronics units and of 
Tracker radiators as a thermal sink for the TTCS 
[16]; 

• verification/validation of the thermal 
mathematical model that will be used for flight 
prediction; 

• validation of the thermal hardware workmanship; 

• testing of all the items, which could not be 
verified at the subsystem level; for some of the 
detectors this will be the only chance before 
flight to operate under vacuum conditions (i.e. 
Tracker, RICH, TRD); 

• charging and discharging the superconductive 
magnet in vacuum and temperature controlled 
environment; 

• checking the response of all the system to some 
particular conditions that could occur on-orbit 
(i.e.: power outage in cold and hot environment, 
high beta angle conditions in cold and hot case). 

INFRARED LAMPS - To overcome the limits arising 
from the isothermal environment generated by the LSS 
shroud, surface heaters and infrared radiators have 
been considered in order to better simulate the radiative 
on-orbit environment on a few specific AMS-02 
components, i.e. the high beta angle conditions that 
some detectors will experience on-orbit. They have been 
also used to warm and keep some particular 
temperature sensitive AMS-02 subsystems inside their 
operative and non-operative ranges. The choice of 
which of the two heating techniques to apply in a given 
AMS-02 region depends only on mechanical constrain. 
The tendency is to use as many IR lamps due to the 
flexibility in their use. The IR lamps will be located in 
some specific areas of the system, like on TRD, ECAL 
and Tracker radiator, the most sensitive items in terms 
of temperature gradient. Selected IR lamps are from 
Research, Inc., shown in Figure 10. 

 

Figure 10 - Infrared Lamps (IR) that will be used during the test in 
LSS 
 
Depending on the mechanical constraints (i.e. the 
available free space in front of the target surface) the IR 
lamps will be mounted on the TVT stand either as single 
units or arranged in modules (see Figure 11). A standard 
module is constituted by 8 lamps arranged in a matrix 4 
x 2. Each half-a-module has a size of 250 x 500 mm2. 

 

Figure 11 - The InfraRed Lamps used to apply power to some 
particularly AMS-02 surfaces and subsystems.  
 
The starting conditions for the simulations, were taking 
into account peculiar requirements of some subsystems, 
such as the TRD, that have to be tested against the 
effect of temperature gradient. The simulations results 
will allow to evaluate the lamps power needed to 



 

reproduce a IR power flux of about 1000W/m2 on the 
TRD, ECAL and Tracker radiator surfaces. 

 

TEST SEQUENCE 

The AMS-02 TVTB test can be logically divided into 
different phases, each corresponding to a distinct AMS-
02 functionality to be checked.  

1. Bake Out - The bake out phase will be performed 
with AMS-02 completely unpowered to properly 
degas the test article and its Mechanical Ground 
Support Equipment (MGSE, composed by cables 
scaffolding, TVT stand, etc.). Thermal simulations 
have been established that the maximum chamber 
temperature allowed for this phase, not to exceed 
the maximum non operative temperature of every 
single AMS-02 subsystems, must be +45°C. The 
duration of this phase will be driven by the pressure 
level measured in the chamber, so its duration is  
unknown ahead of time and may be several days 
due to the outgassing of the AMS components. 
Thermal simulations of 96hrs (4 days) have been 
done demonstrating the time response of the 
payload is much shorter than this time span. 

2. Initial cooling down - In this phase AMS-02 will be 
switched on (PDS and J-group electronics), and 
chamber wall temperature will be decreased at a 
constant rate (5°C/hrs that is the maximum rate for 
the LSS shroud). The aim of this phase is to check 
that, decreasing the environment temperature, the 
thermostats will switch on (close) as soon as their 
threshold is reached, and the associated heater 
power (to be measured) is dissipated. J-group is 
equipped with interlock thermostats, in charge to cut 
the power when temperature is below its minimum 
operative temperature. Once the thermal interlock 
temperature will be reached the J group will switch 
off; this is another scope of this test phase. Thermal 
simulation demonstrates that in order to achieve all 
the objectives and not to exceed the minimum non 
operative temperature for all the sub-systems, the 
temperature of the shroud has to be set to -70°C. In 
addiction part of the heaters located on radiators has 
to be switched off. 

3. Switch on in cold environment - In this phase the 
switch-on sequence of part of AMS-02 in a cold 
environment is simulated. Chamber temperature 
must be as cold as possible, compliant with AMS-02 
requirements and should not be changed for the rest 
of the phase.  

4. Magnet Charge - Aim of this phase is to charge the 
magnet. Most of the AMS-02 detectors will be not 
operating and the shroud temperature of the LSS 

will not change (set to -70°C as in the previous 
phase). 

5. Cold Thermal Balance - After the magnet charge, 
AMS-02 will be completely switched on. The 
chamber shroud temperature should be as cold as 
possible according to the subsystems thermal 
requirements. This phase will allow the stabilization 
of the fully powered system; data for model 
correlation can be taken and, in addition, after the 
stabilization period (not less than 5 hours with an 
allowed temperature gradient of 1K/hr)  all functional 
checks can be performed on each detectors. The 
simulations results demonstrate that the minimum 
temperature that the LSS shroud can reach in this 
phase is -90°C. In this phase the lower part of the 
USS, and all the subsystems attached on it, are the 
coldest part of all the system. So, in order to not 
exceed the minimum operative temperature on the 
electronic crates located on the lower USS part, four 
lamps modules (32 lamps in total) will be placed 
pointing to the Lower USS branches (see Figure 12). 
The thermal simulations demonstrate that to reach 
stable condition it is necessary to wait at least 80 
hours. The reason lies in the different time constant 
that each detectors have. The TRD detector, for 
example, has a very large time constant; others, like 
all the radiator surfaces and the electronic crates 
have a very small time constant. 

6. Cold Thermal Balance, with temperature 
gradient - One of the goal of the TVTB test is to 
check the functionality of the detectors (ECAL, TRD 
and Tracker Radiator) in temperature gradient 
conditions, such as the one occurring in high beat 
angles on the ISS. IR lamps modules will be placed 
in front of the surfaces that it is necessary to warm. 
During this phase the chamber shroud temperature 
will not be changed and stable conditions will be 
reached on the selected subsystems (TRD, Tracker 
radiator and all the subsystems located on the lower 
USS). 

 



 

Figure 12 - IR lamps pointing on lower USS branches in order to 
warm both the electronic crates and the subdetectors located on 
this lower part of AMS-02 
 

7. Cold Power Outage - After the Cold Thermal 
balance with temperature gradient phase, a cooling 
down with no power applied to AMS-02 will be run, 
in order to gather data for the power-outage 
scenario on the ISS (transient cooling down). 
Thermal simulations demonstrate that, during these 
few hours without power, in order not to exceed the 
system thermal requirements, the chamber shroud 
temperature has to be increased from -90°C to -
70°C and stabilization should be reached in these 
conditions. The IR lamps pointing to the Lower USS 
branches should be maintained switched on.  

8. Cold to Hot Transition - In this phase the chamber 
shroud temperature will be increased at a constant 
rate and AMS-02 detectors and subsystems 
environmental variation responses will be evaluated. 
The target temperature will be the hot thermal 
balance temperature. There will be no change in the 
AMS-02 operative configuration: the whole system 
will slowly increase the working temperature to the 
highest value compliant with the thermal 
requirements. The temperature gradient used for 
LSS shroud to run the thermal simulations is 5°C/hrs 
(that is also the maximum possible). The chamber 
temperature, driven by the most critical item that in 
hot case is the PDS, is set to -20°C. During the 
transition the IR lamps pointing to the Lower USS 
will be switched off. 

9. Hot Thermal Balance - During hot thermal balance 
phase the chamber temperature is kept fixed with 
AMS-02 dissipating its maximum power. The 
sensors readings during this phase will be used for 
model correlation purpose. After the stabilization 
period (not less than 5 hours with an allowed 
temperature gradient of 1K/hr)  all functional checks 
can be performed on each detectors. 

10. Hot Thermal Balance, with temperature gradient 
- As in cold conditions, a check of the functionality of 
the TRD, Tracker radiator (TTCS) and subsystems 
located on the lower USS will be performed using 
the IR lamps. 

11. Hot Power Outage - The hot power outage phase 
will be performed to gather data for the power-
outage scenario on the ISS (transient cooling down) 
in hot conditions. Power outage duration will be the 
minimum needed to provide temperature drop 
suitable for model correlation. 

12. Magnet Discharge - In this phase the detector 
on/off configuration shall reproduce the same one of 
the ramp up process. The energy stored in the 
magnet is dissipated in the CDD, whose 

temperature shall be monitored during the ramp 
down process. 

13. Return to Ambient Conditions - During this phase 
the AMS-02 system will be switched from 
operational to off-mode and the temperature of the 
system and the shroud will be brought back to 
ambient. The temperature of the shroud will be set 
to +30°C while maintaining the AMS-02 system at 
around +25°C to +30°C using all the IR lamps. This 
should ensure that the shroud temperature will be 
always lower than the AMS-02 temperature to avoid 
AMS-02 contaminations. 

SIMULATION RESULTS 

The overall test sequence has been simulated. In this 
section the results will be presented in terms of expected 
temperature profile. Not all the phases will be shown in 
this section but only the most representative ones. 
Figure 13 shows the expected temperature profile of the 
LSS shroud during the test. The expected duration of all 
the test is of about 700 hrs (about 29 days). This is the 
minimum duration of the TVTB test that is needed to 
obtain enough results for model correlation and to fulfill 
all the test objectives. Looking at the graph it is possible 
to recognize all the test phases described in the 
previous section. The bake out will be performed with 
the shroud set to +45°C for 4 days. The cold and hot 
thermal balance will be performed with the shroud set 
respectively to -90°C and  -20°C. The temperature of the 
chamber will be -70°C during the magnet charge and the 
cold power outage phases and -20°C during the hot 
power outage and magnet discharge phases. The 
obtained shroud temperature profile is the results of an 
iterative process; simulations demonstrate that with this 
profile no AMS-02 subsystems will have temperature out 
of the range both in the operative and non-operative 
conditions. 

DETECTORS LOCATED ON AMS PAYLOAD BOTTOM 
-  Figure 14 shows the expected temperature profile of 
the four TRPs (Temperature Reference Point) located 
on ECAL PhotoMultipliers (PMTs) end caps, one per 
each side. The temperature increases after ~300 hrs 
and ~500 hrs are caused by the effect of the IR lamps 
during Cold and Hot thermal balance phases with 
temperature gradient. The sudden temperature 
decrease of 30°C after ~370 hrs is due to the power 
outage. Similar decrease (even smaller) is caused by 
the power outage in hot conditions (~550 hrs). The last 
part of the profile (after ~570 hrs) shows the expected 
behavior of ECAL PMTs during the magnet discharge 
phase. In this phase ECAL detector is switched off. 
From a thermal point of view, ECAL is a perfectly 
symmetric detector: when ECAL is switched on during 
the cold and hot thermal balance (without lamps) there 
are no differences between the PMTs temperatures. 

Figure 15 shows the expected temperature profile of the 
Ring Imaging Cherenkov Counter (RICH) TRPs 



 

predicted by the thermal simulations. The RICH TRPs 
are the 8 mid-points of the main RICH structure. In 
Figure 15 it is possible to see the effect of the 8 heaters 
located on its octagonal structure (~130 hrs). These 
heaters are designed to maintain the RICH detector 
temperature inside the non-operational range. During 
the Cold and Hot power outage the IR lamps have some 
effects on the RICH too. 

The expected temperature profile of the Lower TOF 
(Time Of Flight) TRPs during the TVTB test is shown in 
Figure 16. The location of the TRPs is at PMT level, one 
per side of the TOF. Hence, totally 4 TRPs are foreseen. 
Due to the thermal design of the Lower TOF and its 
power dissipation (about 4W), the detector is not so 
affected by the temperature variation of the test 
environment. This characteristic is particularly 
pronounced in the power outage phases (both cold and 
hot) and in the balance phases with temperature 
gradient. 

 

 

Figure 13 – Expected temperature profile of the LSS shroud 
during the TVTB test as obtained from thermal simulations 

 

Figure 14 – Expected temperature profile of the ECAL PMTs 
during the TVTB test as obtained from thermal simulations 

 

Figure 15 – Expected temperature profile of the RICH PMTs during 
the TVTB test as obtained from thermal simulations. 
 

 

Figure 16 – Expected temperature profile of the Lower TOF PMTs 
during the TVTB test as obtained from thermal simulations 
 
ELECTRONIC CRATES LOCATED ON MAIN 
RADIATORS  

 

Figure 17 – Expected temperature profile during the TVTB test of 
two crates located on the two main radiators: the TT crate is 
located on WAKE radiator near the PDS while the M crate is 
located on RAM radiator 
 
Figure 17 shows the TRPs expected temperature profile 
of two electronic crates on main radiators. The TRPs for 



 

the standard crates and power distribution units (XPDs) 
are located at the interface between the radiator and the 
crate, on crate feet.  The TT crate is located on the 
WAKE radiators near the PDS while the M crate is 
located on the RAM radiator. Due to their low thermal 
inertia, compared to the large subdetectors, all the 
electronic crates are very influenced by environmental 
temperature variation. So, their thermal behavior affects 
the duration of the power outage in cold condition.  All 
the crates located on the WAKE radiator have an 
average temperature values higher that the crates 
located on RAM radiator. All the items on WAKE radiator 
are influenced by the presence of the PDS that 
dissipates (when all AMS-02 is on) around 350W. The 
differences in terms of crates temperature between the 
two radiators are evident comparing Figure 18 and 
Figure 19. Both the Figures show the minimum and 
maximum expected temperature reached by the 
electronic crates located on main radiators during the 
cold and hot thermal balance: Figure 18 is related to 
RAM radiator while Figure 19 to WAKE radiator. 

 

Figure 18 - Minimum and maximum expected temperature reached 
during cold and hot thermal balance by electronic crates located 
on RAM radiator 
 

 
 
Figure 19 - Minimum and maximum expected temperature reached 
during cold and hot thermal balance by electronic crates located 
on WAKE radiator 
 

ELECTRONIC CRATES LOCATED ON LOWER USS -
Figure 20, Figure 21 and Figure 22 show respectively 
the TRPs expected temperature profile of the two E-
crate, the four High Voltage (HV) units: HVR, and the six 
HVE (see Figure 13 for the expected temperature profile 
of the LSS shroud). These crates are located on the four 
branches of the Lower USS, the coldest part of AMS-02 
during the TVTB test. In order not to exceed the survival 
(operative and non-operative) temperatures of these 
items during the test, IR lamps are used. The power 
level of the lamps used to run the simulations is about 
500W per module (each module consists of  8 lamps). 
The differences in terms of temperature between the HV 
units during the cold thermal balance and cold power 
outage phases are caused by the different amount of 
lamps power that hits the brick surface. From the graphs 
it is also possible to see the effect of the heaters (after 
~130 hrs). They switch on during the initial cooling down 
phase and switch off when IR lamps start to warm the 
crates. Due to the effect of the IR lamps, the maximum 
operative temperature on most of the HV bricks will be 
reached during the cold thermal balance. 

 

Figure 20 – Expected temperature profile during the TVTB test of 
the two E-crates located on Lower USS 
 

 
Figure 21 – Expected temperature profile during the TVTB test of 
the four HVR, the high voltage bricks of the RICH detector, located 
on Lower USS 
 



 

 
Figure 22 – Expected temperature profile during the TVTB test of 
the six HVE, the high voltage bricks of the ECAL detector, located 
on Lower USS 
 

OTHER AMS-02 DETECTORS - Figure 23 shows the 
expected extreme operative temperatures reached by 
some AMS-02 detectors. During the TVTB test only the 
primary loop of the TTCS [16] will be tested, so the 
primary TTCB (Tracker Thermal Control Box) reaches 
higher temperatures that the secondary one. Both the 
Tracker Hybrids and Silicon wafers reach minimum 
temperatures that exceed the allowed operational value, 
that is -10°C for both of them. Two phase analysis, using 
the detailed model of the TTCS, are still running in order 
to investigate the thermal behavior both of the tracker 
and its thermal control system during the cold thermal 
balance.  

Figure 24 shows the expected maximum and minimum 
temperature reached by some AMS-02 subsystems in 
non-operative conditions. Even in non-operative 
conditions the Tracker Hybrids and Silicon wafers will 
not exceed the survival limits. 

 

 
Figure 23 - Minimum and maximum expected temperature reached 
by some AMS-02 subsystems in operative conditions 
 
 

 
 
Figure 24 - Minimum and maximum expected temperature reached 
by some AMS-02 subsystems in non-operative conditions 
 
 

 

INFRARED LAMPS MODELING AND 
SIMULATIONS RESULTS 

The performance of infrared lamps has been validated in 
many thermal balance tests carried out for different 
kinds of payload. The intensity of infrared lamps needed 
in a specific case can be determined only through 
experience or through modeling techniques. Radiative 
heat exchange from lamps to AMS-02 surfaces has 
been evaluated with Monte Carlo ray tracing technique. 
The lamp geometrical model has been generated using 
Thermal Desktop software [10] and Monte Carlo ray 
tracing technique [9] has been used to determine the 
fraction of the emitted power which reaches the target 
surface. The output obtained from Thermal Desktop has 
been imported directly in SINDA. Each lamp has been 
modeled as a cylinder. The cylinder has been divided in 
two nodes: only one of the two nodes, the one pointed to 
the target surface, will emit power with maximal 
emissivity (ε=1). The opposite node is completely 
covered with a semi-circular surface. The optical 
properties of this surface are those of a reflector with an 
emissivity set to 0.1. Figure 25 shows the geometrical 
model of one half-a-module of the IR lamps. The lamps 
are fixed on a metallic structure having the optical 
properties of stainless steel 316L with an emissivity 
value of 0,2. 



 

 

Figure 25 - Geometrical model of the IR lamp module. The IR lamp 
is modeled as a cylinder (red surface in the figure) while the 
reflector is the yellow semi-circular surface. The four lamps are 
fixed on a metallic support (the blue part in the figure) 
 

Regarding the IR lamps pointing to the Lower USS, the 
simulations show that using 500W per module all the 
items are maintained inside the allowed ranges. 
Regarding the IR lamps used to reproduce temperature 
gradient conditions, two cases have been considered in 
order to determine an acceptable power level: 

• all the IR lamps off; 

• all the IR lamps on powered at maximum level, 
that is 1960 W per module for the cold 
conditions and 500 W per module for the hot 
conditions. 

An interpolation between the temperature values 
reached by the selected subsystems in the two cases 
will be sufficient to obtain a power value. The target flux 
value on the surface of TRD, ECAL radiator and Tracker 
radiator is about ~1000 W/m2, the same value the 
subsystems will experience on-orbit. 

IR LAMPS EFFECTS ON TRACKER WAKE RADIATOR 
-  The IR lamps will be placed on the WAKE tracker 
radiator side pointing on the condenser of the primary 
loop (the one that will be tested in the TVTB test). Figure 
26 shows the position of the lamps in the LSS (see the 
black circle). During the cold temperature gradient 
phase, the lamps create a difference of about 70°C 
between the two radiators, whereas in the Hot 
temperature gradient phase, the difference is only of 
about 20°C (see Figure 27). Additional simulations using 
the TTCS detailed two-phase model are still running in 
order to evaluate if with such temperature gradient 
between the two radiators the TTCS will still able to 
dissipate the 144 W power produced by the tracker 
front-end electronics. 

 

Figure 26 – IR lamps pointing on tracker WAKE radiator to 
reproduce the high beta angle flux on radiator surface 
 

 
Figure 27 – Expected temperature profile of the two Tracker 
radiators during the TVTB test 
 
IR LAMPS EFFECTS ON TRD - The Transition 
Radiation Detector (TRD) sub-detector performance is 
very sensitive to the temperature gradient. In order to 
check the performance of the TRD in extreme gradient 
conditions, an IR module (8 lamps in total) will be placed 
pointing to the TRD side panel (see Figure 28). 

 

Figure 28 - IR lamps (in the red circle) pointing on TRD side panel. 
 



 

Figure 29 shows the expected temperature profile of the 
TRD side panel during the TVTB test highlighting the 
phases where the IR lamps are on or off. The effect of 
the lamps is negligible on the side panel (no temperature 
gradient between opposite side panel) while it is evident 
in the temperature profile of the TRD M-structure corner 
(see Figure 30): opposite M-structure corner show 
different temperatures.   

 

Figure 29 – Expected temperature profile of the TRD side panel 
during the TVTB test. The green boxes highlight where the IR 
lamps are off or on in cold conditions. The effect of the lamps on 
the side panel temperature value is negligible 
 
The thermal response of the TRD in temperature 
gradient phase reflects its thermal control design. The 
TRD is completed surrounded by MLI which protects the 
TRD surfaces from the external heat flux. Figure 31 
shows the MLI nodes expected temperature during the 
cold temperature gradient phase. The MLI in front of the 
IR lamps reaches a maximum temperature of about 
160°C. The MLI on the opposite side has a minimum 
temperature of about - 90°C (the LSS shroud 
temperature during the cold balance with temperature 
gradient phase). During the TVTB test a dedicated 
thermocouple should be installed on the TRD MLI to 
control and monitor its temperature. In the hot balance 
with temperature gradient phase similar considerations 
can be done. 

 

 
Figure 30 – Expected temperature profile of the TRD M-structure 
corner during the TVTB test. The green boxes highlight where the 
IR lamps are off or on in cold conditions. The effect of the lamps 
is more evident 
 

 
 
Figure 31 – Expected temperature of the MLI that surrounds the 
TRD. Only the MLI nodes that face the lamps and the MLI nodes 
on the opposite side are shown 
 

IR LAMPS EFFECTS ON ECAL -  IR lamps will be 
located pointing to ECAL radiator Port side (see Figure 
32). The expected temperature profile ECAL TRPs are 
shown in Figure 14. In this profile it is evident the effect 
of the lamps on ECAL TRPs. In the cold balance with 
temperature gradient phase one of the 4 ECAL PMTs 
exceed the maximum operative temperature allowed. In 
the Hot balance with temperature gradient phase the 
same PMT is very close to the higher allowed limit. This 
means that the power of the ECAL module should be 
lowered during the TVTB test. 



 

 

Figure 32 - IR lamps pointing to ECAL port radiator (see red circle) 
 

AMS-02 TVTB TEST 

To define and determine the test configuration, besides 
the thermal simulations, several technical difficulties and 
challenges have been faced. All of them are related to 
the fact that the AMS-02 experiment is so unique and 
complicated. The main points that make the AMS-02 
TVTB test so different from all the other qualification and 
acceptance tests are:  

1. The magnet works at superfluid He temperature, 
which puts requirements on the superinsulation 
between the cryogenic part and the warm part. The 
TVTB test is the only way to measure the effective 
Helium evaporation rate and hence mission lifetime. 

2. Magnet charging requires a large amount of energy 
to be stored in the coils (5 MJ): the magnet charger 
(Criogenic Avionic Box) due to the conversion losses 
in the process of feeding the magnet with 400 A 
current, dissipates a peak power of 800 W: the 
overall thermal dissipation chain (by radiation to the 
environment + by Loop Heat Pipe to the radiator + by 
conduction to the supporting structure) can (and will) 
be validated by test only during the TVTB test. 

3. TVTB test set up requires not only electrical (power 
and data) lines and temperature measurements but 
also fluid lines for the cryomagnet and the gas 
detectors (TRD Gas Box) with suitable feeding and 
venting lines. 

4. During the operation in the LSS AMS-02 will take 
data from cosmic rays. Despite the non-favorable 
horizontal pointing of the AMS field-of-view, it 
has been simulated that particle showers will partially 
stimulate the detectors, even if much less than on the 
ISS where atmosphere filter is not present. 

5. The integrated configuration of the numerous 2-
phase systems in AMS: regular axial grooved heat 
pipes, Loop Heat Pipes, and Mechanically pumped 
loop will be only tested in this TV test, where their 
radiative sink is present and rejecting heat as in 
space (direct condensing radiators or heat 
exchangers with heat pipe radiators). 

6. The Tracker Thermal Control System (TTCS) of the 
Alpha Magnetic Spectrometer 02 will be the first 
Mechanically Pumped Two-phase System (MPTPS) 
with CO2 served in the space, to expel the heat 
dissipation of 144W from, and to control the 
temperature of the tracker front-end electronics. 
TTCS consists of an accumulator, two parallel  
evaporators (Top and Bottom) two parallel  
condensers (Ram and Wake), a heat 
exchanger, a centrifugal pump, and heaters. The two 
evaporators collect the dissipated heat from the 
tracker front-end electronics. In the evaporators, the 
liquid CO2 is evaporated into two phase and pumped 
to the  condensers/radiators, where the vapor CO2 
condenses into liquid, and the heat is expelled into 
space by radiation. To meet the requirement of the 
tracker thermal control, with the temperature  
variation less than 1K along the almost 9 meter long 
evaporators and within one orbital period, one must  
ensure that the CO2 is heated to saturate in the 
evaporator inlet by means of the heat exchanger and 
the pre-heaters, and  control the evaporator to the 
saturated temperature by tuning the two-phase 
pressure in the accumulator. The  accumulator is 
connected with the loop, allowing mass transfer in 
between, so the control of the loop becomes much 
more complicated.  During the TVTB test it will be 
possible to understand how the  coupling between 
the accumulator and the loop affects the stability, and  
thus the temperature control of the loop. 

CONCLUSION 

The thermal behavior of the AMS-02 experiment inside 
the Large Space Simulator has been presented in this 
paper to define the TVTB test design. This objective has 
been achieved through accurate modeling and thermal 
analysis of the AMS-02 instrument, the LSS and the 
mechanical stand. The thermal simulations lead to the 
TVTB temperature profile definition. Starting from the 
test objectives and the experimental constraints, the 
sequence of the different test phases has been identified 
[17].  

Each phase has been simulated to estimate its duration, 
the chamber temperature and the switch on/switch off 
requirements for different sub-components. The 
obtained results have been compared with the thermal 
requirements: when the predicted sub-systems 
temperatures were out of the survival or operative limits, 
solutions have been found and applied. In particular, IR 
lamps modules have been designed, and their thermal 
behavior modeled, in order to keep all AMS-02 



 

subsystems inside their survival/operative ranges and to 
reproduce thermal gradients as during on-orbit high beta 
angle conditions. The next step after the test will be the 
model correlation. Using the test data obtained from the 
thermal balance and the transient phases, the main 
model uncertain parameters will be identified by means 
of best fit techniques and the overall analysis result 
uncertainty will be reduced. After correlation with TVTB 
test data, the AMS-02 thermal model will be used for 
post-test on-orbit predictions. 
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LIST OF ACRONYMS 

DAQ: Data Acquisition 

AMS-02: Alpha Magnetic Spectrometer 

EGSE: Electronic Ground Segment Equipment 

GMM: geometrical mathematical model 
 
I/F: Interface 

ISS: International Space Station 

MLI: Multi Layer Insulation 

PDS: Power Distribution System 

TB: Thermal Balance Test 

TV: Thermo Vacuum Test 

TVTB: Thermo Vacuum Thermal Balance Test 

TCS: Thermal Control Subsystem 

TMM: thermal mathematical model 
 
TRP: Temperature Reference Point  
 
TTCS: Tracker Thermal Control System 
 
LSS: Large Space Simulator 
 
RICH: Ring Imaging CHerenkov detector 
TRD: Transition Radiation Detector 
 
ECAL: Electromagnetic CALorimeter detector 
 
USS: Unique Support Structure 
 
CDD: Cryo Dump Diodes 
 
TOF: Time Of Flight 
 
XPD: Power Distribution Box 



 

 
RAM: Flight Direction 
 
WAKE: Anti-Flight Direction 
 

HVR: RICH High Voltage Brick 
 
HVE: ECAL High Voltage Brick 
 
TTCB: Tracker Thermal (Control) Component Box 

 


