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Alpha Magnetic Spectrometer A
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AMS Silicon Tracker A

* (x,y,z) particle trajectories
determined by momentum and
charge sign

— Curvature radius : momentum
— Curvature direction : charge
sign

* Energy loss in each silicon
plane yields charge magnitude




Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

(NLR

AMS Silicon tracker thermal requirements #

Silicon wafer thermal requirements: Hybrid circuit thermal requirements:
* Operating temperature: e Operating temperature:

-10°C / +25°C -10 °C / +40 °C
* Survival temperature: "

Survival temperature:

_ o o
20°C / +40 °C 20 °C / +60 °C

* Temperature stability: ..
3 °C per orbit * Dissipated heat:

192 Watt total, 1 Watt per hybrid pair
* Maximum accepted gradient between

any silicon: .
10.0 °C General requirements
 Dissipated heat: Limited mass ( 70 - 80 kgs)
2.0 Watt EOL

Limited power (< 80 W)
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East Side Radiator <N‘ LRS

‘ AMS Tracker Cooling System

West Side Radiator

Loop collecting Loop collecting
the power from the power from
layer 2.3 & 4 (72 "Watt) layer 1 (30 "Watt)

Layer 1
30 Watt
Outer plane O

QQ o
{5
s

LI —

Layer 2 Layer 3
24 Watt 22 Watt

Layer 4 Layer 5
24 WWatt 16 Watt
Laver 6 Layer 7
22 att 24 Watt

The tracker frent-end electrenics
thybrids) are shown as the green boxes
along'the periphery of each layer, Each
hybrid produces 1 Watt of heat.

Loop collecting
the power from
layer 5.6 & 7 (62 “Watt)

Laver 8

30 WWatt Bart Verlaat,
MNIKHETF 27-3-2000

Loop collecting the power
from layer 2 (30 Watt)

Heat dissipation in the AMS Tracker




TTCS summary

\ WAKE Radiator \ RAM Radiator
H
H
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Pump Thermal control
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Vapour, Vapour

Heat exchanger
between in-"and
outlet

Plane 1 level
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2 ldentical completely separated loops (1 for
redundancy)

2 serial evaporators in parallel per loop

2 parallel condensers controlled per loop controlled
by a 3-way valve.

Pressure controlled with a thermal control reservoir
Thermal control using standard AMS control module

Critical components in redundant configuration
(pump, valves)

Most fluid components in 2 dedicated TTCS boxes
on the support structure at wake side

RAM and WAKE heat pipe radiator

All hardware is placed in debris-safe areas; a
specific debris shield is added when needed
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Tracker (component) design A=

» 2 parallel evaporator

branches —E@:

e 2 parallel condenser '.
branches, 2 radiators

* pump assembly
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Evaporator A=

Evaporator tubes Thermal bridge
Thermal bar Soldered to tube
(Aluminum-TPG) (OFHC copper)

Hybrid box

s Cli’f Complete thermal systemin side the tracker

(Thermal bars+ evaporators)

Silicon ladder Cﬂ\;“\\

TTCSevaporator connection to inner thermal bars

\@i;llﬁﬁvmsné DE GENEVE

Inner planes evaporator




Nationaal Lucht- en Ruimtevaartlaboratorium
National Aerospace Laboratory NLR

(NLR

Radiators A

iator lay out
Face Sheet (Al

- 70 - Honeycomb (A1)
12

Fe=51 Face Sheet (Al
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Plumbing schematic @R
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Nomenc lature: —o— 1 way valve : Heater
LFM = Liquid flow meter X 2 way valve @ Pump

APS = Absolute pressure sensor ASBO14c, B.Verlaat, NIKHEF 18-12-2001

DPS = Differential pressure sensor @ Controlable 3 way valve
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Experiments

* Feasibility test set-up @
NIKHEF

e Control BBM @ NLR

e Real size BBM @ NLR
operational since early this
year

— First tests are promising
— Full test campaign expected
to start in fall 200
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Numerical modeling A=

* Modeling information flows
e Component modeling fixed with loop temperature

e Simulation cases for design optimization
— Radiator size, mass and shape
— Heat pipe puncture
— Preheating
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AMS-Tracker Thermal Mode Network @
A
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Model Orbital fluxes Cooling system set point
exchange boundary conditions and power dissipation
-

# Complete AMS thermal model
on International Space Station
model to calculate orbital fluxes.
(SINDA, CGS/Milan)
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ELEMENT TEMPERATURES

RESULTS: 16-16 — ELEM TEWP
TEMPERATURE - MAG MIM: 1.22E+00 MAX: 2.24E+01 12.6 °C / 16.1 °C YALUE OPTION:ACTUAL :NLR
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ELEMENT TEMPERATURES
RESULTS: 2-ELEM TEMP
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Loop model A=

temperatures,
links environment

temperatures, links S/S & environment
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TTCS loop, typical result 9"
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Radiator size, mass and shape A
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Radiator mass A
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Radiator size: A
Heat pipe failure @
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Preheating e
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Conclusions =2

* Feasibility of TTCS supported by numerical model

e Several design choices based on and supported by
thermal modeling

* Proven to be an important tool in engineering
discussions with AMS experimenters




