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Single Straw Test
Module-Production   Lot-Statistics

Modules  ( -QEND )

Straw Lot

Q
LE

A
K
  i

n 
 1

0-5
  l

 m
ba

r 
/ s

 m
C

H

3L 1K 2K 3K 4K 5K
1

10

102

0

20

40

60

80

100

120

140

160

0 1 2 3 4 5 6 7 8 9 10

leaky modules

flight modules

flight modules

Safety Factor CO2
� , Vacuum

q H
e, 

A
ir

 (
10

-5
 l*

m
ba

r/
s/

m
)

Straw-Production   Lot-Statistics

Single Straws
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• Bad straws vs bad modules → perfect correlation

• He vs CO2 good correlation,
Advantage: He measurements much faster

• Aim: Safety Factor of > 4 ⇔ > 12 years on ISS
↪→ He leak rate 11 · 10−5l ·mbar/s/m

=⇒ Need to test each of 5248 straws
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Single Straw Test
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Single Straw Test
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• 12h reference measurement over night

→ ∆p-increase
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Single Straw Test

Straw-Production   Lot-Statistics
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16 Straws/Module × 328 Modules = 5248 Straws −→ 1737 Straws missing
−→ New Straws needed
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Single Straw Test
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Module Production

142 Straw Modules:
Safety Factor for TRD: ∼ 6.7
6.7× 3y = 20 years operation on ISS

0

20

40

60

80

100

120

140

160

0 1 2 3 4 5 6 7 8 9 10

leaky modules

flight modules

flight modules

Safety Factor CO2
� , Vacuum

q H
e, 

A
ir

 (
10

-5
 l*

m
ba

r/
s/

m
)

0

5

10

15

20

25

0 2 4 6 8 10 12

Entries
Mean
RMS

            142
  6.655
  1.203

Safety Factor CO2
� , Vacuum

Th. Kirn CERN, 28th July 2003
Physics AC-I

9



Measurement of Gas Gain with Fe55 source
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Module Production Status

Module Production 2003
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End of Module Production: March 2004

Th. Kirn CERN, 28th July 2003
Physics AC-I

11



Module Production Status
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Space Qualification
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MOD 06 Air Vacuum
Length qHe Safety
mm 10−5 l·mbar

s Factor CO2

587 5.7 4.1
611 7.0 4.2
635 4.5 5.6
659 3.8 5.9∑

20.9

MOD 07 Air Vacuum
Length qHe Safety
mm 10−5 l·mbar

s Factor CO2

587 2.6 5.1
611 2.7 5.8
635 8.3 3.5
659 4.0 5.0∑

17.6

Vibration test, Thermo vacuum test → Eigenfrequencies, Leak Rate, Gas Gain
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Space Qualification, Vibration Test I+II
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Vibration-Test-Cycle:
• Sine Sweep 0.5g (10-2000Hz)

• Random Spectrum aRMS = 6.8g

• Sine Sweep 0.5g (10-2000Hz)

Th. Kirn CERN, 28th July 2003
Physics AC-I

14



Space Qualification, Thermo Vacuum Test
MOD06 MOD07

Thermovacuum Start 14.07.03 12:29:56
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Space Qualification, Leak Rate

qHe,Air
Mod. No. 10−5 l·mbar

s

before SQ Vib I TVT Vib II
MOD06: Old Straw Material

587 5.7 5.2
611 7.0 6.1
635 4.5 3.7
659 3.8 3.5

Jigg06 21.5 19.9 22.4 19.4
MOD07: New Straw Material

587 2.6
611 2.7
635 8.3
659 4.0

Jigg07 13.5 12.7 18.4 14.0
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Space Qualification, Eigenfrequencies

AMS-02 TRD MOD-06
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Space Qualification, Eigenfrequencies

AMS-02 TRD MOD-07
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Space Qualification, Gas Gain
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Straw Module Production Status

TRD: 328 Flight Modules
• Flight Modules ready for installation: 124
• Flight Modules produced: 160
• Production ready March 2004
• Space Qualification successful

Longterm-Vacuum-Test:
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Mod. Length Air Vacuum Gas Gain

No. [mm] qHe Safety- ArCO2

[10−5 l·mbar
s ] Factor U = 1350V

CO2 Mean RMS

[%]

LZT I 1534.61 6.0 7.40 6018.6 1.65

LZT II 1534.61 5.7 7.8 5922.2 1.82

LZT III 1534.61 5.2 7.2 5891.4 1.70

LZT IV 1534.61 5.8 7.5 5756.6 2.17

LZT V 1534.61 6.3 6.9 5902.3 1.64

LZT VI 1534.61 5.1 7.7 5737.9 1.11

LZT VII 1534.61 4.7 7.9 5906.7 1.99

LZT VIII 1534.61 5.5 7.7 5867.4 1.25
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