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Alpha Magnetic Spectrometer 
•  Description 

–  AMS-02 is a high energy physics experiment that 
employs a large Permanent Magnet to produce a 
strong, uniform magnetic field combined with a 
state-of-the-art precision spectrometer to search 
for anti-matter, dark matter, and to understand 
Cosmic Ray propagation. 

•  Investigators: 
–  The AMS team, led by Nobel laureate Prof. Samuel 

Ting/MIT-CERN, has approximately 600 physicists 
from 16 countries. 

–  AMS is constructed mostly in Europe and Asia 
–  USA sponsorship by the U.S. Department of Energy. 
–  NASA/DOE interagency agreement for two flights: 

•  Engineering Test on Shuttle (STS-91; 1998)  
• 10+ yr Science Mission on ISS (STS-134; 2011) 

–  NASA/JSC Engineering Directorate (AMS Project 
Office) is assigned Project Management and Payload 
Integration task 







The highest energy particles are produced 
in cosmic rays. 

On Earth we live under 100km of air, which 
is equivalent to 10 meter of water. This 
absorbs all the charged particles.  

Hubble, Chandra 
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γ,ν	
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AMS-02 will search with a sensitivity of 10-9, an improvement 
of three orders of magnitude 

Whether or not there is significant antimatter is one of the fundamental questions of the 
origin and nature of the universe.   Any observations of an antihelium nucleus would 
provide strong evidence for the existence of antimatter. In 1998, AMS-01 established a 
new upper limit of 10-6 for the antihelium/helium flux ratio in the universe. 
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The magnet provides a field of  
~1.450 gauss 

The 300.000 channels of electronics 
together with 650 microprocessors provide 
the accuracy in time of Δ t = 160 ps ,  
space Δx = 10 µm and velocity Δv/v = 0,001. 

Cosmic rays are measured at up to 2 KHz 
and data is generated at >7 Gbit/s, 
reduced on board to ~10 Mbit/s. 
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Each primary detector for AMS will provide a distinct 
measurement of different types of charged particles. 

Reconstructed particle attributes:  
Charge: TRD, Tracker, RICH, ToF  
Sign of Charge: Tracker  
Momentum: Tracker  
Energy: Ecal  
Beta : ToF, RICH  
Positron/Proton Separation: Ecal + TRD  



USA 
FLORIDA A&M UNIV. 
FLORIDA STATE UNIVERSITY 
MIT - CAMBRIDGE 
NASA GODDARD SPACE FLIGHT CENTER 
NASA JOHNSON SPACE CENTER 
TEXAS A&M UNIVERSITY 
UNIV. OF MARYLAND - DEPT OF PHYSICS 
YALE UNIVERSITY - NEW HAVEN 

MEXICO 
UNAM 

DENMARK 
UNIV. OF AARHUS 

FINLAND 
HELSINKI UNIV. 
UNIV. OF TURKU 

FRANCE 
GAM MONTPELLIER 
LAPP ANNECY 
LPSC GRENOBLE 

GERMANY 
RWTH-I 
RWTH-III 
MAX-PLANK INST. 
UNIV. OF KARLSRUHE 

ITALY 
ASI 
CARSO TRIESTE 
IROE FLORENCE 
INFN & UNIV. OF BOLOGNA 
INFN & UNIV. OF MILANO 
INFN & UNIV. OF PERUGIA 
INFN & UNIV. OF PISA 
INFN & UNIV. OF ROMA 
INFN & UNIV. OF SIENA 

NETHERLANDS 
ESA-ESTEC 
NIKHEF 
NLR 

ROMANIA 
ISS 
UNIV. OF BUCHAREST 

RUSSIA 
I.K.I. 
ITEP 
KURCHATOV INST. 
MOSCOW STATE UNIV. 

SPAIN 
CIEMAT - MADRID 
I.A.C. CANARIAS. 

SWITZERLAND 
ETH-ZURICH 
UNIV. OF GENEVA 

CHINA BISEE (Beijing) 
IEE (Beijing) 
IHEP (Beijing) 
NLAA (Beijing) 
SJTU (Shanghai) 
SEU (Nanjing) 
SYSU (Guangzhou) 
SDU (Jinan) 

KOREA 
EWHA 

KYUNGPOOK NAT.UNIV. 

PORTUGAL 

LAB. OF INSTRUM. LISBON 

ACAD. SINICA (Taiwan) 
AIDC (Taiwan) 

CSIST (Taiwan) 
NCU (Chung Li) 
NCKU (Tainan) 

NCTU (Hsinchu) 
NSPO (Hsinchu) 

TAIWAN 

The detectors were built all over the world and assembled at CERN 

AMS International Collaboration 
16 Countries, 60 Institutes and 600 Physicists 
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The Magnet  

The detailed 3D field map (120k locations) 
was measured on 25-27 May 2010 

Deviation from 1997 measurement 

1. Stable: no torque 
2. Safety : no field leak  
    out of the magnet 
3 . Low weight: no iron 

In 12 years the field has  
remained the same to <1% 



300 Gauss Line is inside the VC 10 Gauss Line doesn’t reach STS 
and ISS Robotic Harms access 

points  

The 300 Gauss Line is inside the VC, so there are no problems 
for an EVA Astronaut. 
The 10 Gauss line is inside the FRGF & PVGF so there are no 
issues for the SRMS & SSRMS. 

The Magnet  



For AMS, 10 Magnets were made: 
Seven magnets to understand  

the field calculation, leakage and dipole moment  
Three full-size magnets for  

1) space qualification, 2) destructive testing and 3) flight 

Magnet vibration qualification Acceleration  to 17.7G 



The permanent 
magnet is 

integrated in the 
AMS primary 

support 
structure. 

The Magnet  



Veto System rejects random cosmic rays 

Measured veto efficiency better than 0.99999 



Time of Flight System 

TOF 1 and 2 

TOF 3 and 4 

Measures Velocity and Charge of particles 
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Transition Radiation Detector (TRD):  
identifies Positrons and Electrons  



5,248 tubes selected from 9,000, 
2 m length centered to 100µm,  

verified by CAT scanner 

9,000 Straw Tubes Manufactured 



K side 

It has taken  
50 engineers  

3 years  
to complete 
the silicon 

tracker 

Silicon Tracker 

The coordinate resolution is 10 microns 



There are 9 planes with 200,000 channels 



Ring Imaging CHerenkov (RICH) 
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10,880 
photosensors 

160 GV 



50,000 fibers, φ =1mm, distributed uniformly inside 600 kg of lead  
which provides a precision, 3-dimensional, 17X0 measurement  

of the directions and energies of light rays and electrons up to 1 TeV 

Calorimeter (ECAL) 



were conceived, designed, programmed, tested,  
space qualified and integrated by the MIT group. 

                                        Fast: 10 x the commercial space electronics 

Electronics fabricated at CSIST,Taiwan, under MIT supervision 

AMS Electronics 

MIT 



AMS Electronics 



AMS Electronics 
The	  MIT	  group	  performed	  extensive	  radia6on	  tests	  	  

to	  select	  components	  that	  tolerate	  the	  radia6on	  of	  space.	  



DESIGN-TEST-INTEGRATION 



Proof of AMS design under all critical combination of loads and environmental 
conditions is provided by ANALYSIS  and TEST   

based on NASA criteria 



SAFETY 
MISSION SUCCESS 



ANALYSIS is performed to verify design adequacy.  
Analysis is always supported by TEST. 

Load analysis 
Load analysis covers the static and 
dynamic loads and load spectra 
expected to be imposed on AMS 
during its service. The analysis is 
made according to the life phases. 
All critical loads and combination 
must be defined. 

Thermal analysis 
Thermal analysis is made to verify the thermal 
beahviour under the induced thermal environment 
and according to the life phases. 

Environmental analysis 
Is performed to define the induced 
environment acting on AMS. 

Material analysis 
Analysis is performed to determine the suitability 
of materials selected for use in the design 
environment and to define the allowable 
mechanical and physical properties of the new 
materials or existing materials in new 
environment 

Structural analysis 
Structural analysis is made covering strength, 
deformation, leakage, and structural responce to 
the critical loads, environments and temperature 
anticipated during the life of AMS. 



Matherial Characterization test 
When structural material cheracteristics, including physical and 
allowable mechanical properties and failure mechanics , are not 
available in NASA approved references, test have been performed 
to charcterize the materials . 

Development test (Enigineering Module) 
Test are conducted on modules used for development (EM) to predict beahviour with 
confidence. Specifically are used to evaluate design concept, verify analytical techniques, 
determine failure modes or cause of failure 

ANALYSIS is performed to verify design adequacy.  
Analysis is always supported by TEST. 

Qualification test (Qualification Module) 
Test are conducted on flight quality hardware to demostrate adequacy under more stringent 
loads than the worst expected loads. In defining the number and  type of qualification test, 
the highest level of assembly is used. Test condition shall be selected to demostrate clearly 
that all the elements of the structure satisfy the design criteria.   

Acceptance test (Flight Module) 
Test are conducted on flight hardware to verify that the materials, manufacturing, 
processes, and workmanship meet design specifications. Unless definite verification can be 
obtained by lower level test, full system test shall be conducted to verify the adequacy of 
the complete structure.  
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Flight Module 

Qualification Module 

TEST 
EM design validation 
QM extensive test 
FM minimum test 





Acceleration continuously monitored during 
ground operation 



C5 from Geneve to KenedySpace Center  



48 48 48 48 48 48 48 48 48 



•  Note – Location of MISSE 8, PDGF, PPSU under evaluation  
•  Note – SPDU supports OBSS 

Middeck Powered Payloads 
•  GLACIER – rear breather (36 CFM) (1 UP, 2 DN) 

AMS-02 
•  4 active longeron latches (fwd primary) 
•  1 active keel latch 
•  ROEU provides 124V for heaters and 
avionics,  1553 and RS-422 for command / 
telemetry 
•  T-0  provides 120 VDC (for avionics) and 
110 VAC (for vacuum pump) and 1553  and 
RS-422 (for command / telemetry – LCC 
verification) 
•  Requires unique FSW for time tagged 
ascent commands for valve ops 
• SSP switches (vent valve power) 

ELC3 
•  Deck Assembly:  

- Deployable 
- 4 active longeron latches (aft primary) 

•  Keel Assembly:  
- 2 passive longeron latches 
- 1 passive keel latch 

•  ROEU provides 28V heater power, PPSU provides add’l electrical inhibit 
•  Requires unique FSW for PPSU internal heaters on/off telemetry. 

Orion RNS (DTO 703) 
•  Mounted on ODS in TCS slot 1 and on APC in 
bay 3 port 

•  28 VDC for heaters and operation, GMT 
timing signal, ethernet and RS-422 for 
command and/ telemetry  via PGSC 

MISSE 7 A & B  (Dn) 
•  ICAPC 

MISSE  8  (Up) 
•  ICAPC 

PDGF   
•  ICAPC 

Supplied by K. Ash, 06/23/09 

SHUTTLE 
 Liftoff  Weight: 4,524,863 lb 

AMS 02 
    Volume:  1,650 cubic feet (46.7 m3) ¼ Shuttle Bay 
Payload 
    Weight:  15,251 pounds (6,917 kg) 



The critical load conditions 
affecting the AMS-02 payload 
occur primarily during liftoff  



AMS-02 



T minus 31 s  the on-board computers take over the launch sequence. 
T minus 6.6 s  the shuttle's main engines ignite one at a time (0.12 s apart). The 

 engines build up to more than 90 percent of their 
maximum thrust. 

T minus 3 s   shuttle main engines are in lift-off position. 
T minus 0 s  the SRBs are ignited and the shuttle lifts off the pad. 
T plus 20 s  the shuttle rolls right (180 degree roll, 78 degree pitch). 
T plus 60 s  shuttle engines are at maximum throttle. 
T plus 2 min  SRBs separate from the orbiter and fuel tank at an altitude of 28 

miles (45 km). Main engines continue firing. Parachutes deploy from 
the SRBs. SRBs will land in the ocean about 140 miles (225 km) off the 
coast of Florida. Ships will recover the SRBs and tow them back to Cape 
Canaveral for processing and re-use. 



T plus  7.7  min  main engines throttled down to keep acceleration below 3g's 
T plus  8.5  min  main engines cut off (MECO). 
T plus  9.0  min  ET separates from the orbiter. The ET will burn up upon re-entry. 
T plus 10.5 min  Orbital Maneuvering System engines fire to place orbiter in 

a low orbit. 
T plus 45.0 min  OMS engines fire again to place orbiter in a higher, circular 

orbit (about 250 miles/400 km). 



SHUTTLE ACCELERATION IN THE 
ASCENT PHASE 

Before the critical q is reached, the 
engines of the Shuttle are throttled down 
to about 65%.  
However, while the Shuttle climbs in 
altitude, not only does the velocity 
increase rapidly, but the air density 
decreases rapidly.  



Later, the vibrations moderate as the Shuttle rises into thinner air as it ascends. 
When SRB’s burn out and are separated 2 minutes after lift-off, a dramatic change 
occurs, marked by a bang due to explosive bolts being fired (pyroshocks) and, 
thus, noise and vibration end at last. 

Noise and vibration during the 
launch of a Space Shuttle starts at 
the Space Shuttle Main Engines 
(SSME) ignition. 

SSME’s produce close to a million 
pounds thrust and the rocket is held 
to the pad via bolt/nut arrangement. 

Later, noise and vibration increase 
significantly when the Solid Rocket 
Boosters (SRB) are ignited. After lift-
off the vibrations steadily increase 
up to Mach 1, where shock waves 
add to the shaking. 



In the first Space Shuttle launch the SRB’s ignition pulse resulted in the loss of 16 
heat shield tiles and damage to 148 others. Space Shuttle drift across the mobile 
launch platform (MLP) resulted in a 9.1 m long crack on the upper deck. The 
intense reflected acoustical energy exerted significant force on the wings and 
control surfaces of the Orbiter. The water spray system was modified to ensure a 
proper flow rate 

The water barrier blocks the 
path of the reflected pressure 
wave from boosters, greatly 
decreasing its intensity 



Pyroshocks, that occur when spacecraft vehicle stages 
separate, cause additional vibration problems. 
Pyrotechnic shock is high-intensity, high-frequency 
vibration (>1000Hz) 

At the SRB separation explosive 
bolts are used, with the addition of 
a small engine that must quickly 
fire to push the boosters away from 
the shuttle as it continues onward. 

The first pyrotechnic explosion 
occur at the PAD at the bolts 
connecting the SRB to the PAD. 



Structures vibrate randomly in response to acoustics.  The structure that respond the most 
are light in weight and large in surface area. Large, heavy structures have very little direct 
response , but they vibrate because of excitation from more responsive structure.  

Random vibration are characterized with a power spectral density (PSD) curve 



VARIATION OF STATIC PRESSURE WITHIN PAYLOAD BAY 

During ascent phase the 
pressure drop from 1 bar to 0 
in less then 2 min 

The AMS-02 has been designed to have volumes that will equalize pressure during its mission. 
These volumes will either be shown to have adequate venting area for the enclosed volume 
or show adequate structural margin in the event that all vents are closed.  



To equalize the pressure inside the Tracker 
with the pressure in the payload bay 
during launch, the Upper and Lower 
Conical Flanges each contains two light 
tight, filtered vents that permit air to exit 
or enter the enclosed Tracker volume of 
1.14m3 

An example of AMS 02 venting 



AMS 02 has to fulfill (emergency) landing 
requirements even if will not come back to Earth 



Endeavour   MOVIE CREDIT TO DAVID MELENDEZ  



AMS-02 
STRUCTURAL  ANALYSIS & TEST 



Static  analysis 
provides critical stresses, 
displacements and Margin of Safety 
based on Load Factor and Safety 
Factor considered. 

Fail safe analysis 
Assumes failure of the maximum 
stressed component and calculate the 
new stress distribution 

Modal analysis 

Predicts the structures natural modes of vibration 
and frquencies 

Bolts analysis 
Calculate bolts load and preload 

FEA mesh 

Dynamic analysis 

Provides the structures responce to the dynamic environment 



is derived from the design load coupled analysis with the Shuttle Orbiter 
Load factor (up to 40) 

Primary structures 

Secondary structures 

structure that provides the primary load path for all 
subsystems and secondary structural components 

components of the payload that are not a part of the primary load path and 
that can be treated as separate entities for the purpose of loads analysis 

The Limit Load is  applied in worst direction with 25% (±g) 
applied simultaneously  in the other two orthogonal directions 

N represents translational load factors in terms of gravities;  
R represents rotational load factors in terms of rad/sec2.  

The “Limit load” is the maximum load expected on the structure during its design service life.  

Limit load = Load factor x weight 



Factor of safety (Yield=1.25, Ultimate=2) 

Ratio between material strength –Yield and Ultimate-and calculated Limit Stress 
Margin of safety (result  form the structural analysis) 

The margins of safety for all structural components must be greater than or equal to zero (0) for all 
combined load conditions 

If the structure is static tested 
factors of safety can be reduced to: 
FSu =1.40 
FSy = 1.10 

Ultimate load = Ultimate factor of safety x Limit load 
Yield load = Yield factor of safety x Limit load 



TRANSPORTATION LOAD FACTORS AND FACTORS OF SAFETY 



AMS magnet being 
subjected to centrifuge 
testing at the 
Laboratory for 
Centrifugal Modelling in 
Beijing, China as part of 
the magnet's space 
qualification testing 

Load Factor 17.7G 

Load test on central 
section of the mgnet 
(EM) to verify 
structure failure 



The primary intent of the static 
test on AMS Structural Test Article 
is to induce flight-equivalent loads 
into the critical areas of AMS 
primary structure and measure the 
strains generated in those 
locations. A secondary but no less 
important goal is to obtain test 
measured strain data that can be 
used to correlate the math model 

-Test to 1.1 x limit load 
-Include enough instrumentation to    
statically correlate FEM to 1.4 x limit 
load. 

-Instrumentation and Test Equipment 
~300 strain gages 
3 large actuators 220-400 kN 
Maximum stroke of 4-5 inches 



PRESSURISED SYSTEM 

MDP= Maximum Design Pressure 

MDP is the highest pressure the system will see during all its life by design,  defined by 
the maximum relief  pressure, maximum regulator pressure or maximum temperature. 

Ultimate  Pressure= Ultimate pressure factor x  MDP 

Ultimate Pressure Factor   Burst          Proof   

Lines and fittings  < 1.5 in. dia.  4.0          1.5 
  >1.5 in. dia.  2.5          1,5 

All pressurized system and vessels in 
AMS shall sustain proof-test pressure 
without incurring detrimental 
deformation  



The AMS-02 utilizes a number of pressurized systems in accomplishing its function. The rupture 
of the pressurized systems have been addressed in a series of Hazard analysis.  

All pressure system vents will either be capped or provided with zero-thrust vent caps/non-
directional vent that will minimize the potential for generation of resulting forces.  

Shuttle Integration Office has assessed all possible gas release scenarios and provided 
acceptance of them.   



· Max Design Pressure 160 [Bar] 
· Max Design Temperature 65 [°C] 
· Max Design Density 592.39 [kg/m3] (=mass/volume) 
. Proof Pressure 240 [Bar] 
. Burst Pressure 640 bar 

The leak verification is performed with the 
Helium vacuum test method. An additional  
qualitative check is performed with the 
Helium sniffer method on the TTCS 
working pressure. 

Leak test   helium 
vacuum  
Pressure test   240 bar 
Leak test   helium vacuum 

Tracker Thermal Cooling System (CO2 two-phase)  

SYSTEM LEVEL TEST 

evaporator 

Dissipating elements Accumulator 

Pump 

Heat 
Exchanger 



Bolts must satisfy fastener back-out 
prevention 

The primary method of back-out prevention for all 
structural bolts is the applied torque. The acceptable 
forms of secondary back-out prevention include: 
locking inserts, self-locking fasteners (with patch, 
pellet or strip type of elements), lock-wires (will not 
be used on any exposed surfaces of the payload that 
could pose a sharp edge threat). 

NASA provide all safety critical fasteners (larger 
then M3, US#8) for the entire AMS-02 

Bolts reaction forces are calculated by 
structural analysis. 
 Bolts size and torque are calculated 
accordingly 

Bolts must satisfy  fail-safe criteria  
after a single failure of the highest loaded fastener 
the remaining structure can withstand the loads with 
a factor of safety of 1.0 



Amplification of the dynamic 
response of a single degree of 
freedom damped system 

In the table the frequency requirements of different 
launchers are illustrated. Frequency should be higher 
than the reported values to avoid resonance and 
amplification of the vibration. 



Sine sweep    test (0.25 G from 10-300 Hz, scan rate = 2 oct/min) . 
Random         vibration test to the Minimum Workmanship level 
Sine sweep     test to verify that there is no change when compared to the first sine sweep test. 

Sine sweep  Random 

Tanks mass simulators 

Xe steel cylinder simulate tank 
mass. 
CO2 spherical tank mass and 
simulates sloshing 

70.8 Hz 

Structure responce 

TRD GAS QM 



accelerometers 



X  Axis 20-58 Hz 
58-125 Hz 

125-300 Hz 
300-900 Hz 

900-2000 Hz 
Overall = 3.1 Grms 

0.0025 g2/Hz 
+9 dB/Octave 

0.025 g2/Hz 
-9 dB/Octave 
0.001 g2/Hz 

Y Axis 20-90 Hz 
90-100 Hz 

100-300 Hz 
300-650 Hz 

650-2000 Hz 
Overall = 2.3 Grms 

0.008 g2/Hz 
+9 dB/Octave 

0.01 g2/Hz 
-9 dB/Octave 
0.001 g2/Hz 

Z Axis 20-45 Hz 
58-125 Hz 

125-300 Hz 
300-900 Hz 

900-2000 Hz 
Overall = 3.2 Grms 

0.009 g2/Hz 
+3 dB/Octave 

0.025 g2/Hz 
-9 dB/Octave 
0.001 g2/Hz 

Random vibration testing has two principal 
objectives: 
1. to verify the tested item design's 
capability, with some margin, to withstand 
the launch vibroacoustic  environment, and 
2. to screen the workmanship integrity of the 
equipment 

(MEF Maximum expexted flight: 90 sec per axis) 



X-Axis 

Y-Axis 

Z-Axis 

MWL Random Structure responce X-Axis 

Movie X. wmv Movie Y. wmv 

Movie Z. wmv 



Test  
at components level  
and at system level 

on EM, QM, FM 



STRUCTURAL  TEST OF PRIMARY STRUCTURE 



The primary intent of the test is to determine the natural modes of vibration of 
the AMS-02 structure under low-level dynamic loading and obtain accelerometer 
data at sufficient locations to allow correlation of the math model. 

400 accelerometers used to monitor the test 
Movie modal2. avi 



AMS-02 

STRUCTURAL 

MATERIALS 



Extruded Beam Material:  
 Al-7075-T73511 

Joint Material: 
 Al-7050-T7451  

VC Conical Flanges:  
Al 2219-T62 
VC External ring rolled forged:  
  Al 7050-T7451 
VC Outer Cylinder rolled ring forging  
Al 7050-T7451 

I/F to SPACE SHUTTLE 
MACHINED CUSTOM 455 
STAINLESS STEEL 
TRUNNION 

TRD 
Al-7075 T7351/ Ti6Al 4V 

TRACKER 
CFRP M55j–Cyanate Ester 

Aluminum Alloys 
Composite 

Steel TRD 
CFRP M40j/L285 Epoxy 

TOF 
Honeycomb Al skins and core 

RICH 
CFRP -epoxy 

Titanium 



All Primary structural parts have corrosion resistant metal finish.  
Stress Corrosion Cracking: Combined action of sustained tensile stress and 
corrosion can  cause premature failure of materials (MSFC-STD-3029) 

Exposed aluminum surfaces are anodized (per MIL-A-8625, Type 2 Class 1 or 
Class 2 ). All Stainless parts are cleaned and passivated per AMS -QQ-P-35. 
Aluminum faying surfaces that require electrical conductivity are alodined or 
nickel-plated (MIL-C-5541) (prc 5004 AND prc5007).  

METAL FINISH 

Different materials surfaces must be sealed at 
assembly with SuperKoropon Primer Base per 
PRC-4004 to avoid galvanic current corrosion. 

7050 T7451  
specimens were stressed to 75% of yield strength (MSFC-STD-3029) 
and specimens stressed to 50% of yield strength  in 5% salt spray 
environment for 20 days.  

Al 7050 T73 stress corrosion cracking SEM fractografy 
Corrosion fatigue behaviour of 7050 Al alloy in different 
tempers (C.kunag) 



WELDING AND BRAZING 



•  Welding and brazing governed by NASA, Military, standards: 
–  NASA-STD-5006  (Top level - Flight Hardware) 
–  MSFC-SPEC-504  (Fusion Welding - Aluminum) 
–  MSFC-SPEC-560  (Fusion Welding - Steels) 
–  MIL-STD-2219  (Fusion Welding) 
–  ANSI/AWS C3.x  (Brazing Specifications) 

To assure mission safety, all welding and brazing procedures and personnel 
qualifications and certifications are verified by NASA prior to commencement 

of operations on flight hardware 

86 

CERN expertise and processes, recognized by NASA,  have represented a fundamental support in 
the material  analysis, inspection ,  testing and qualification 

Root Porosity (due to lack of Argon – 
TIG) 

Lack of penetration 

WELDING AND BRAZING 



•  Welding head fixed and AMS primary support case rotates about bore axis 

•  Joints 100% inspection by  Non Destructive  Techniques   

WELDING AND BRAZING 



Filament wound overwrapped 
Carbon fiber  
Toray1000 fiber/EPON 9405 
Epoxy resin  
CRES 301 Liner   

Composite 

High 
pressure 

tank 

MDP>200 BAR 



Composite material carbon fiber  
m55J/cyanate ester resin ltm110 

Embedded copper net 
for EMI shielding 

89 

Maximum dimensional 
stability in thermal vacuum 

environment 
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AMS 02 



Truss Attach Site Usage 
(Endorsed at the 12/9/08 SSPCB) 
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376 km 

398 km 

51,6° 

Perigee    376km 
Apogee    398 km 
Orbital inclination  51,6 degres 
Average speed   7706,6 m/s (27743,8 km/h) 
Orbital Period   91 minutes 
Orbital Decay   2km/month 



Normally ISS flies with +XVV / +ZLV, indicates that 
the ISS positive X-axis is toward the velocity vector, 
the Z-axis is towards nadir. 

X 
Y 

Z 

X 

Y 

Z 

Before STS docks, the ISS change 
its attitude, rotating with a yow 
angle of 180° and passing to  
-XVV. 

roll 

pitch 

yaw 

roll 

pitch 

yaw 
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p90    = 1x10-3 mbar       ( 90 Km  ) 
p200    = 1x10-6 mbar       ( 200 Km  ) 
p1000    = 1x10-10 mbar      (1000 Km) 
p10000   = 1x10-13 mbar       (10000 Km )  

LEO Low Earth Orbit: from 200 to 700 km; orbital period of 60-90 min 
MEO Middle Earth Orbit: from 700 to 35000 km, their period is smaller than 1 day  
GEO Geosynchronous Orbit: altitude of about 35800 km; period of 1 day 

SPACE  

Up to 100 km altitude (troposphere and stratosphere) the pressure 
decreases quite regularly by a factor of 10 per 15 km altitude 

The ionosphere (100-400 km) contains a large number of ionized atoms, and its pressure 
decreases only by a factor of 10 every 100-200 km 

-BEAM VACUUM 10-9 mbar  (over 54 km) 
-Cold beam vacuum (50km),  
  cryogenic temperature 1.9 k  
-LSS beam vacuum 
-Detectors beam vacuum 
-insulation vacuum for cryomagnets   10-6 mbar 
-insulation vacuum for helium distribution line (QRL) 

LHC 



The general 
requirement for 

materials outgassing is 
RML<1.0%  

CVCM < 0.1% 

(RML) recovered mass loss 
(CVCM) collected volatile condensable 
material 
(WVR) water vapour regained 
(TML) total mass loss 

ASTM E595 and ASTM E1559 testing 
To determine the TML in the ASTM E595 test, a sample is heated to 125C for 24 hours 
at a pressure of 7E-03 Pa (9E-05 torr). 

CVCM, is determined by using a collector plate that is held at 25C for the same 24-hour 
period. CVCM is a measure of what fraction of the TML will condense on a 25C surface.  

The ASTM E1559 method tests materials over a wider range of temperatures and over a 
longer period of time than the E595 tests. E1559 testing uses Quartz Crystal Microbalances 
(QCMs) to measure mass deposition as a function of temperature and time. 

OUTGASSING 
1)  can cause certain key material 

properties to degrade 

For AMS 02 outgassing has two indesirable effects 

2)  the gaseous emission can condense on 
critical surfaces like Star Tracker lenses, 
sensors and thermal coating 



OUTGASSING 

AMS 02 outgassing material are also seen as a source of contamination for ISS 
Non-metallic materials  and ougassing analysis presented to ISS external 
contamination team. 
Major exposed materials have been tested per ASTM E1559 spec for long duration 
outgassing. 



Space debris are man-made and they consist of inactive 
satellites or spacecraft, non-operational payloads and 
fragments from separation or deployment procedures, 
accidental rocket explosions. 

The AMS-02 Micro Meteoroid Orbital 
Debris (MMOD) Shield analysis was 
performed using the Fortran program 
BUMPER-II. BUMPER-II was used to 
determine the MMOD risk 
assessments for AMS-02 pressure 
systems to a Probability of No 
Penetration (PNP) of 0,997 required 
for safety  



The MMOD is designed, analyzed, built and integrated by NASA. The shielding is designed to protect the 
pressure systems on the AMS-02 experiment according to the environments specified in SSP 30425,. One of 
the most critical is the TRD Gas System which contains both the Xe tank and CO2 tank. 

The debris shields on AMS-02 provide a PNP for the 
critical areas which meets the requirements. 
AMS-02 pyload does not present a risk to the ISS  



Hole made in Vacuum 
Case Layer 



Atomic oxygen is the main atmospheric constituent from ∼ 200 − 600 km 

The altitude profiles of atomic oxygen for 
different solar activities. Solar minimum 
(solid line) and solar maximum (dashed line) 

Atomic Oxygen (ground state neutral) is 
produced by dissociation of O2 by the 
vacuum UV radiation (VUV 1000-2000 Å). 

The effects of atomic oxygen bombardment were originally highlighted with the early shuttle flights, by 
a visible effect on exposed polymer surfaces such as Kapton. Post-flight analysis of painted surfaces on 
the shuttle were also noted to have been returned with a brighter surface than prior to launch. 

Atomic oxygen bombardment contributes significantly to surface degradation, 
erosion, and contamination of materials. 



Earth’s atmoephere absorbs all ultraviolet radiation from the Sun that is less 
than 0.3 microns in wavelength. Spacecraft outside of the Earth’s atmosphere 
and with a view of the Sun are subject to the full solar spectrum. 
Ultraviolet range is defined as the portion of the electromagnetic spectrum 
4-400nm. However relevant to materials degradation in space is the radiation 
spectrum between 100nm and 200nm  

Paints coating: pigments like alumina, zirconia, silicia 
in white paint undergoes to severe degradation.Zinc 
oxide based coating paint are preferred 

Polymer discoloration and loss of 
mechanical properties 

Glass and ceramic materials:  
solarization (darkening) 

Fluoropolymers (teflon) loss of 
optical and mechanical properties 

100nm-200nm 



•Major exposed non-metallic materials are CFC Octagon structure (TRD), CFC mirror 
assembly (RICH), some electrical power cables, black polyester wrapping material for ACC 
module, CFC tubes for Tracker radiator support and TOF structural boxes. 
•Thermal Blankets cover all of the major exposed non-metallic components. 
•All exposed integration electrical cables are wrapped with Permacel P213 Glass tape. 

All exposed materials have resistance to AO/VUV degradation or protected from AO fluence 
by AO/VUV resistant thermal blankets.  

CFC Octagon structure  

CFC mirror assembly (RICH) 

TOF structural boxes 

CFC tubes for Tracker  
       radiator support  



RADIATION  ENVIRONMENT 

Radiation environment around the Earth is heavily influenced by 
the Earth magnetic field. The Earth magnetic field is roughly 
dipolar. The interaction between the solar wind and the Earth’s 
magnetic field results in a magnetic field structure much more 
elongated on the night side. 

PLASMA 
RADIATION BELTS 
SOLAR EVENTS 
COSMIC RAYS 



AMS-02 

PLASMA 
RADIATION BELTS 
SOLAR EVENTS 
COSMIC RAYS 



Radiation belt 
Well inside the magnetosphere lie the 
radiation belts, regions where 
energetic ions and electrons 
experience long-term magnetic 
trapping.  

SAA , region which, although located 
at LEO altitudes, is characterized by a 
very intense particle flux 



These particles are very penetrating, loosing their 
energy only by ionization. 

Nuclear interaction phenomena are indeed 
negligible in space for what concerns radiation 
damages.  
The ionization losses can create SEEs. 

The Solar Particle Events (SPE) occur in association 
with solar flares. They consist in an increase of the 
flux of energetic particles, mostly protons, over 
time scales of minutes, lasting from few hours to 
several days.  

High speed solar protons emitted by a solar flare 
are probably the most potent of the radiation 
hazards to space flight 

∼ 1 MeV to ∼ 1 GeV 

100 MeV to 106 GeV  



At high energies, above few MeV, charged particles are highly penetrating and release their 
energy in the form of ionization deep inside materials.  
The damages induced by this penetrating radiation can be divided into: 

• Total dose effects which can degrade the material properties of microelectronics 
devices, optical elements (lenses, mirrors), solar arrays, sensors, ... 
Responsible: 
1.Solar energetic particle events 
2. Passage through the SAA 
In LEO the main source is from electron and protons (inner belt) 

. 

• Single Event Effects or Phenomena (SEE or SEP), effects induced by single 
particles creating short circuits which can temporarily or permanently damage microelectronics 
components. 
Caused by two different radiation source 
1.  High energy protons 
2.  cosmic ray, specifically the heavvy ion component of either solar or galactic origins. 



AMS Components were extensively  tested in GSI, CERN,LNS, INDIANA 

In order to select families of 
commercial circuits which are more 
insensitive than others we run 
testing campaigns, comparing the 
behavior of several different chips 
when exposed to low energy ion 
beams 

Since the radiation damage due to SEE is a 
stochastic process the design of the on board 
electronics include multiple redundancy 



THERMAL  ENVIRONMENT 



AMS-02 

Albedo (30 ±5)% of 
Direct Solar 

Mean Value of Direct Solar 
Flux 1.367±5 W/m2 

Earth infrared 237 ±21 W/m2 

LEO  
Low Earth Orbit Spacecraft 

Emitted Radiation 

Heat transfer in space 
    Conduction 
    Radiation 
    No Natural convection 

3° K Deep Space 



Beta angle is the angle 
measured between the Sun 

vector and the orbital 
Plane of  any Earth orbiting 

object 

Precession of the orbit (60 days) due to 
the oblateness of the Earth. 

Precession of the Earth rotation axis 
(1 year summer-winter) 

Percent of the time in one beta angle 



spaceflight.nasa.gov/station/flash/start.swf  





AMS-02 MECHANICS 



Cases selected for analysis 
Beta angle Worst Hot and Worst Cold cases for AMS have been inividuated for analysis 

Worst hot case (few days per year) 
Beta=75°deg 



AMS-02 MECHANICS 



AMS  Beta =0°+/- 5° 4 weeks per year  

AMS  Beta =30°+/- 5° 6 weeks per year  





Solar panel 

radiator 

payload 

BETA ANGLE + THERMAL INTERACTIONS WITH OTHER ON-ORBIT SEGMENTS+… 



Normally ISS flies with +XVV / +ZLV, 
indicates that the ISS positive X-axis is 
toward the velocity vector, the Z-axis is 
towards nadir. 

X 
Y 

Z 

X 

Y 

Z 

Before STS docks, 
the ISS change its 
attitude, rotating 
with a yow angle of 
180° and passing to -
XVV. 

roll 

pitch 

yaw 

roll 

pitch 

yaw 

…+ISS ATTITUDE 



MISSION PHASES 
• Ground operations 
• Transport 
• Pre-launch 
• Launch 
• STS On-orbit 
• AMS-02 Thermal Conditioning 
• STS Docked to ISS 
• Transfer from STS to ISS 
• Nominal ISS operation 



PAYLOAD BAY ~2,5days 
AMS power ON, within two 
hours from the launch, 
operational check  

TRANSFER  
to ISS ~4 hour,  
SRMS  No Power  
SSRMS Power (automatic 
heaters ON, no monitoring, 
no control) 

On ISS  
full power data 
and commanding 

• Transfer from STS to ISS 



TRD 

TOF 

TRACKER 

MAGNET 

RICH 

ECAL 

ELECTRONIC CRATES 



• Meet all ISS and STS  safety requirements 

• Maintain all experiment components and sub-detectors within 
specified operating and survival limits 

• Optimize sub-detector temperatures to maximize science 



The thermal mathematical  model (TMM) contains additional information, such as 
thermal conductivity, the definitions of nodes, their heat capacity (mass times specific 
heat), the logic of the solutions, the parameters, routines, etc. etc..  

The information from the GMM are integrated in the TMM, to obtain the results. 

The geometrical mathematical model (GMM) summarizes the system geometry, 
position, and optical properties of various surfaces (emissivity and absorbivity = Alpha 
and Epsilon). 

TRD thermal model 



Interface Data (I/F D)  time-dependent: 

- Merat (Mean Effective Radiating Temperature): the average 
temperature environment   seen from an outer surface 
-  Orbital loads: the orbital solar fluxes, albedo, IR 
- GR (radiative couplings), or the "radiative conductivity" between 
the outer surface and the environment 

-  CC (conductive coupling) at the mechanical interface 

I/F data are provided in each orbital case, and are 13 positions along the same orbit, the last position coincident with the first.  

A simplified Detector model is  integrated in AMS model, integrated in ISS model 

The analysis over orbital cases provides the Interface Data 

The Interface data are used as input for the Detector detailed thermal analysis 

TRD thermal model 
AMS model 

ISS model 





I/F data 

Temperatures 
map 

Thermoelastic 
deformation 

GMM   TMM 

Detailed  
GMM and TMM 
for components  
temperature 
Determination 
Uses as input the I/F data 

Simplified  
GMM and TMM  
Integrated in 
AMS/ISS model 
for Orbital loads  
determination 

Structural model 
for thermoleastic analysis 

27°C 

53°C 

 Displacement 0.01mm 
Rotation 1.2 arcsec 



Detailed Analysis is required to 
evaluate thermal behaviour of 
critical component: lens, ccd 

Additional Hot Orbits cases and 
additional point on the orbit,  specific 
for the star tracker, have been studied 
to take into account  the sun entering 
directly the lens 



Active and passive thermal control 

Radiator 
Heat pipe 
Heaters 
2 Phase CO2 pumped loop 

Thermal Blankets 
Surface optical coating 







Radiators planes are with embedded heat pipes to allow uniform distribution of heat load 
from electronics crate along the plane .  

To keep units in safe conditions 
typical: 
- 20°C to + 50°C (operating), 
- 40°C to + 80°C (non-operating) 

~70 W ~70 W 

~800 W ~600 W 

Chotherm 1671 is used as a 
thermal interface filler between 
crates and radiators 



 Radiator main parts 
Skins 
Sandwich core (blue) 
Heat pipes 

 Skins 

 Sandwich Core 



All heat pipes are aluminium filled with high 
purity ammonia. 

Heat pipes are designed to survive freezing 
cycles. 

Largest single heat pipe quantity of ammonia is 32.7 grams. 

Shuttle Integration Office has assessed all possible gas release scenarios and 
provided acceptance of them.    



Active thermal control for 
switch-on Electronics  in cold 
conditions is obtained by 
means of patch heaters glued 
on radiator backside and 
crates 

Heaters receive power, 
under the control of 
mechanical thermostats, 
by either of the two 
redundant feed lines from 
the PDS box  

-Maintain components above minimum operating limits during operation 
-System recovery in case of extended power outages in cold environment 

patch heaters  

thermostats 



Heaters circuits are thermostatically controlled 
-for a porogressive heating of the radiator panel at the activation 
-for avoiding overheating of the radiator and the electronics 
-for safety i.e. to avoid excessive overheating of the heat pipes containing 
pressurized ammonia 
- for power saving: once the temperature is reached there is no need to continue 
supplying power 



evaporator 

Dissipating elements Accumulator 

Pump 

Heat 
Exchanger 

The tracker front-end electronics generate in the tracker 144 W of heat which are 
removed by a two phase CO2 cooling loop system, the Tracker Thermal Control System 

Condensers 

· Max Design Pressure 160 [Bar] 
· Max Design Temperature 65 [°C] 



Numerous components of AMS02 are covered with MLI 

Any blanket larger then 100 cm2 has to be redundantly grounded to prevent 
charge build up caused by plasma, and this could damage elctronics 

Typical construction 
includes multiple 
layers of aluminized 
Mylar separated by 
plastic scrim. Beta 
cloth (white) protects 
exposed surface. 



Teflon coated glass fiber fabric (beta cloth) 
Aluminized mylar+plastic scrim (up to 20 layer) 

Aluminized kapton for abrasion resistance 



Thermal Blankets 
Thermal blankets are also used for atomic oxigen 
shielding. Several blankets were added for this 
pourpose when the AMS journey on the ISS was 
extended from the initial planned 3 years to 10/15 
years 

148 



Material choice to reflect sunlight and radiate in 
infrared: large epsilon/alpha ratio 

Exposed piece of stainless 
steel  can go up 300°C 
This is why we put optical 
coating that reflects 
sunlight 





AMS-02 
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AMS-02 MECHANICS 

TOXIC outgassing 
AMS-02 will have hardware within the Orbiter habitable volume, these items will 
be assessed for off-gassing compliance. Compliance is addressed in hazard 
report AMS-02-F02.  

Materials 
Clean environment 





Thermal Vacuum Test SET UP 



AMS-02 

Thermal Vacuum Test SET UP 



Thermal Vacuum Test SET UP 



Thermal Vacuum Test SET UP 

AMS is rotated in test orientation  



TVT Test Setup: T monitoring 
AMS-02 Global Temperature System Network (GTSN): 

≈ 1000 sensors monitoring AMS-02 temperatures in different locations, continuously 
readout whenever the main DAQ electronics is on; 

ESTEC Temperature System: 

414 additional temperature sensors used to monitor AMS-02 during the whole test, 
readout by the ESTEC data handling team:  95% during detector integration, 5% 
during final adjustments @ ESTEC 



Thermal Vacuum Test@ ESTEC Objectives 

  Functional performance verification under thermal vacuum conditions: 
o  Detectors response at different temperatures 
o  Electronics reliability on both main/redundant paths 
o  Verification that no degradation occurs during and after test 
o  Endurance measurement of the Superconducting magnet 

•  Verification of the Thermal Control System H/W performance: 
o  heaters power consumption and thermistors/thermostats settings  
o  radiators effective heat rejection capability  
o  Loop Heat Pipe performance 
o  Tracker Thermal Control System Performance 

•  Partial verification/validation of the AMS-02 thermal model: 
o  Verification of the thermal interfaces 
o  Optical properties validation 



Pressure inside TV Chamber 
TVT Test: vacuum 

mbar 

1 ·10-6 

days 



PU
M

P 
VA

C
U

U
M

  

B
A

K
E-

O
U

T 
 

FI
R

ST
  

SW
IT

C
H

 O
N

 
J 

IN
TE

R
LO

C
K

 
TE

ST
 

LHP 
START TEST TT

C
S 

FR
EE

ZI
N

G
 

TE
ST

 

H
EA

TE
R

S 
&

 T
H

ER
M

O
ST

AT
S 

SU
B

-D
ET

EC
TO

R
 S

W
IT

C
H

 O
N

 
R

ED
U

N
D

A
N

C
Y 

TE
ST

S 
TT

C
S 

U
N

B
A

LA
N

C
E 

TE
ST

S 



Su
b-

de
te

ct
or

s 
fu

nc
tio

na
l t

es
t w

ith
 

St
ea

dy
 D

A
Q

 c
on

di
tio

ns
  

  T
he

rm
al

 b
al

an
ce

 

Su
b-

de
te

ct
or

s 
St

ea
dy

 D
A

Q
 ru

n 

 T
th

er
m

al
 b

al
an

ce
 

H
ot

 S
w

itc
h 

on
  

re
tu

rn
 to

 a
m

bi
en

t 

Su
b-

de
te

ct
or

s 
St

ea
dy

 D
A

Q
 ru

n 



  If the temperature of the main DAQ 
electronic group J is not in safe range 
(below 20°)  for operation, it is 
automatically shutdown. As 
temperature is back (> -14°C) in the 
operative range electronics is 
powered on again by PDS. 

 Thermostat/heaters checks:  
Electronics IN THE Lower part of AMS 



TTCS Condenser CO2 freezing and defrosting test succesfull   

Cooling performances:Cold orbit Tracker cooling stability < 0.04 °C/hr 



  Extended data taking periods during the test have been performed to 
verify main/redundant components of main and sub-detector DAQ chains. 

  Calibration runs in vacuum and under different temperature conditions 
have shown no deterioration of detector performances with respect to 
their operation in clean room, beam test. 

  Atmospheric muons have been used to verify the response of detectors to 
particles. 

As long as pressure (requirement < 10-5 mbar, effective <10-6 mbar ) and 
temperature conditions allowed for a safe operation of the electronics sub-
detectors and DAQ systems have been continuously powered: 



AMS-02 MECHANICS 



AMS-02 

Another area where AMS went to extensive testing is the compatibility to Electro 
Magnetic fields, either radiated or received.  

A series of tests where performed irradiating the experiment with radiofrequencies ranging from 30 Hz to 
10 GHz and checking that the various subsystems operate smoothly, without being affected by the intense 
electromagnetic radiation field. Then AMS was set in various operating conditions and the radiated 
electromagnetic field was measured, to verify that was below the stringent limits set by NASA. 



The EMC tests were passed successfully 

RADIATED EMISSION, AMS POWER On 
configuration Antenna position 1 Vertical 
Polarization 

CONDUCTED EMISSION  
Frquency domain on Power return line.  
AMS in nominal configuration 



INTEGRATION 



Clean room class - 10 000  
  (less than 10 000 particles  > 0.5 microns in one cubic foot) 

Area ~500m2  
Temperature 21 ± 1 Deg C. Humidity 50 % (dew point 10 deg C).  
Overpressure 70 Pa. Air flow 55 000 (renewed flux 8500) m3/hour. 
Equipped with 10 T crane.  







Every single integration step is  performed 
according to a written 

 STEP BY STEP PROCEDURE 
 AMS Task Sheet (ATS), submitted and approved by 
NASA QA in advance. 

NASA issue an upper level procedure, Task 
Performance Sheet (TPS), that refers to ATSs as 
external documents and describes a process.  
An ATS is coordinated with a NASA TPS to open and 
close it. 

The assembly work is 

supervised by an AMS QE 

supervised by a NASA QE 

………..1 TEC DOING THE 

WORK! 

If the ATS requires revision after it has been approved by QA, a MOD sheet is attached to 
document the requested changes to the ATS.  This MOD sheet and the original ATS must both 
be reviewed by NASA QA  

Non conformances are recorded in a Discrepancy Report.  
A Disposition Report provides the step by step procedure 
to document the work done to fix the non conformance 

CHANGE TO THE STEP BY STEP PROCEDURE 

NON CONFORMANCES 

THE BEST 



Fasteners PN (and LN on a previous step) 

Bolt grease  PN and LN Expiration date 

Superkoropon PN and LN Expiration date 

Locking torque measured 

Final torque applied 

Torque wrenches used to measure the 
locking torque PN SN and Calibration 
certificate number 

Torque wrenches used to measure the 
applied final torque PN SN and 
Calibration certificate number 





at every step 







AMS went through a preintegration phase for all the detectors that permitted to 
check the mechanical and electrical interface in advance. 
This was determinant for the success of the final integration 

A preintegration phase preceded the final integration 





ACC  JUNE 7-13 

TRACKER JUNE 15 



TRACKER JUNE 18 



23 June 2010 



9 July 2010 



12 July 2010 



12 July 2010 



8 July 2010 



12 July 2010 



20 July 2010 



3 Aug 2010 



9-20 Aug 2010 



Left side. 193 AMS C5 landing on the Shuttle runway – 26 Aug 2010 

To Kennedy Space Center 

AMS 02 inside 



SSPF AMS Preparation for Flight 

INTEGRATION at KSC 



AMS-02 MECHANICS 



Remotely Operated 
Electrical Umbilical            

provides the 
Power, Control,  
Data interface 
between the 
Space Shuttle 

and AMS. 



Flight Releasable Grapple Fixture  

The FRGF is used by the Shuttle Remote Manipulator System (SRMS) for on-orbit 
removal and installation of the AMS-02 Payload.  

Flight Releasable 
Grapple Fixture 



Power Video Grapple Fixture 

The PVGF is used by the Space Station Remote Manipulator System (SSRMS) to place the 
AMS-02 on to the truss attach site.   





Umbilical Mechanism Assembly 

The UMA is  the 
way the power is 
supplied from the 
ISS to AMS-02 



AMS is rotated 12o for interface 
verification testing with an ISS 
Payload Attach System simulator. 

AMS in the SSPF at KSC 



AMS is loaded into the payload canister. The canister protects the space-bound payload on its 
journey to Launch Pad 39A, where it will later bei nstalled into space shuttle Endeavour’s payload 
bay.  

AMS into the canister -15th March 2011 



The canister, carrying the Alpha 
Magnetic Spectrometer-2 (AMS) is 
rotated from horizontal to vertical 
position in the Canister Rotation 
Facility at NASA's Kennedy Space 
Center 

The canister arrives at 
Launch Pad 39A  

Canister to the pad 21 th March 

Canister rotation-18 th March 



External tank (ET) and solidrocket booster (SRB) 
arrival and preparation 

•  The solid rocket booster segments (SRB) arrived at KSC via rail from 
Brigham City, UT, and were offloaded at that Rotation Processing and 
Surge Facility (RPSF) just north of the Vehicle Assembly Building (VAB). 

•  The External Tank ET arrived to KSC by sea, were offloaded at an area 
near the Press Site, and transported to the VAB. 



Endevour preparation in the OPF-2  
(Orbiter Processing Facility) 



Rollover - 28th February 

Space shuttle Endeavour rolled 
over from the OPF-2 to the 
Vehicle Assembly Building 
where it was lifted and 
attached to its external fuel 
tank and solid rocket boosters 

PhotoCredit:NASA/Kim Shiflett 

PhotoCredit:NASA/Jim Grossmann PhotoCredit:NASA/Frankie Martin 



Rollout to the PAD 10th march 
Space Shuttle Endeavour begins its slow move from High Bay 3 in the Vehicle Assembly Building 
to Launch Pad 39A at NASA's Kennedy Space Center in Florida at 7:56 p.m. EST.The 3.4-mile 
trek, known as "rollout," will take about seven hours to complete. This is the final scheduled 
rollout for Endeavour, which is attached to its external fuel tank and solid rocket boosters 
atop a crawler-transporter 



AMS from the canister to the PGHM- 22th march 

AMS from the PGHM to the PLB- 26th March 





AMS-02 



AMS-02 



AMS-02 





AMS-02 was launched on board Endeavour May 16th 2011 
AMS-02 was installed on the ISS on May 19th 2011  

AMS-02 started taking data on May 19th 2011  

All systems are working properly 







AMS Tracker Thermal Control System  
test and setting in space 



AMS TTCS Cooling performance in space 

6 month stable at 0⁰C	  despite	  cold	  low	  beta	  periods  

TTCS keeps tracker temperature stable within 1° C  



–Temperature variations (all detectors)  

–No gravitation (mainly affected: Tracker alignment) 
–Vacuum (mainly affected: TRD gas diffusion)  

           example: TRD calibration… 

AMS-02 detectors need to be calibrated in space after shuttle launch according to: 

Over 200 
temperature  
sensor 



Science Data 
 downlink 10 Mbit/s 

Housekeeping Data 
downlink 30 Kbit/s 

Command uplink  
1Kbit/s 



AMS POCC 13 positions (for 24h/7d for 10+ years) 
in constant contact with NASA for detector operation 



at the (magnetic) polar region low 
energy particles are not deflected 
by the earths magnetic field →     
higher particle flux 

Average trigger rate is 700 Hertz 
ranging from 200 near the equator 
to 1500 near the magnetic poles 



42 GeV Carbon nucleus  1.2 TeV electron  

Typical event size is 2500bytes 
Data, which exceeded already 100 Terabyte of storage, through the Science 
Operation Centre reach the various Regional Sites from where the AMS-02 
Collaboration can perform calibrations and analysis.  



Movie How Long. Cedit  Michele Famiglietti 


