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Abstract

This article describes the control electronics for the silicon tracker cooling system in the AMS-02 apparatus. It also contains a brief description of the cooling system itself necessary for the description of the electronics. The tracker cooling system includes a set of various sensors and actuators which are necessary for bringing the tracker detector to a uniform temperature at which it can operate correctly. In order to test the system performing the various qualification activities we have built also an Electronic Ground support equipment (EGSE). The EGSE should simulate the behavior of all sensors and actuators previously mentioned.
1. Introduction

AMS-02 (Alpha Magnetic Spectrometer) is a astroparticle physics experiment that will be hosted in the International Space Station (ISS) starting from September 2010. An accurate description of the AMS apparatus and the physics goals of the experiment can be found in ref. [1].  The AMS tracker detector has 192 ladders distributed in 8 planes for a total of about 200000 readout channels. The power consumption dissipated inside the tracker volume is 144 W.  
2. The tracker cooling system and its EGSE 
The AMS-02 Tracker Thermal Control System (TTCS) is a carbon dioxide two-phase cooling system. Its objective is to provide accurate temperature control of AMS Tracker front-end electronics. The two-phase loop incorporates a long evaporator, picking up the heat from the front end electronics cards in the six silicon planes located inside and just outside the AMS-02 superconducting magnet. The heat is transported to a condenser connected to a heat pipe radiator. The liquid is transported back to the evaporator by means of a mechanical pump. The temperature on the fluid is stabilized by an accumulator. The total power dissipate inside the tracker volume (144 Watt) is produced at 192 front-end cards and an additional 6-10 Watt cooling capacity is required for additional electronics.   The tracker cooling system may be viewed as a set of different sensors and actuators which are necessary for bringing the tracker detector to a uniform temperature at which it can operate properly.  The sensors include: Pt1000 thermistors, semiconductor thermal sensors, differential and absolute pressure sensors, and pump rotational speed sensors. The actuators are: resistive heaters, Peltier heat pumps and liquid pumps. A simplified scheme of the TTCS is shown in fig. 1.
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Fig. 1 Simplified Schematics of the TTCS

In order to test the TTCS control electronics (TTCE) and to emulate the TTCS behaviour we developed an Electronic Ground Support Equipment (EGSE)[2]. The EGSE (fig.2) simulate the behaviour of all sensors and actuators in the TTCS. This means that it must generate the same signals from the electrical point of view but also its global behaviour; namely the response to any internal and external condition change should be the same as the actual tracker cooling system. In order to achieve this performance an appropriate software that includes the simulated response of the tracker cooling system have been developed.

[image: image2]
Fig.2 The EGSE
3. The tracker cooling control electronics
The tracker cooling system described above includes various sensors and actuators. 
The electronic control system TTCE (Tracker Thermal Control Electronics) is included in a crate  (fig.3) that contains two redundant independent control systems, A and B. Each system is connected to both the primary and secondary loops, so each individual control system can control each loop. The crate contains 5 boards: 
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Fig.3 The TTCE crate
The TTEC A and B boards contains the interface electronics for the slow control system of the experiment, the thermal sensor readout (both semiconductor sensors and the Pt1000 sensors), the basic logical functions, and the safeguard logic 

The TTEP A and B board contain circuits for generating local supplies from the primary 28V and the power conversion and switch circuits for the heaters and peltier heat pump 
The TTPP board includes the pump and pressure sensor interface for subsystems A and B.
4. Space qualification tests.

The boards were produced in three phases: 

EM (Engineering Model): will be used for functional tests and preliminary tests of the loop

QM (Qualification Model): will be used for qualification tests, namely Environmental Stress Screening, Thermo-mechanical testing, Thermo-vacuum test and EMI/EMC tests

FM/FS (Flight/Spare Model): will be used for flight after some acceptance test.
In order not to stress the Flight Model boards, QM test specifications are more severe and complete compared to the same tests that the FM should undergo. 
Details of these tests can be found in ref. [3]. All the qualification and acceptance tests were passed and the FS/FM model is under integration within the AMS apparatus.
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