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Case Beta=75°, YPR –15-20-15
CGS-LMSO data comparison
– Vacuum case

– USS02

– Data relevant to the sunny (=PORT) side

– Who calculated the data
CGS

LM
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Adjacent payload
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LMSO - CGS comparison Aachen
β=+75° YPR=-15-20-15

• G10 shim thickness

• Natural Env vs. Hot Env

• Shuttle docked vs. undocked 

• Adjacent payload vs. no 
adjacent payload

• Adjacent express pallett

• Insulated VC conical vs. non-
insulated VC conical

• BOL vs EOL properties

Upper joint
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LMSO - CGS comparison Aachen

Upper joint
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LMSO - CGS model alignment

• Agree a standard configuration to be compared

• Check temperature on corresponding nodes:
success criterion = 5°C

• In case of failure: check orbital sources leading
to these temperatures
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LMSO - CGS model alignment
CONFIGURATION

•  β=+75° YPR=-15-20-15

• TRD model not in place
• G10 shim thikness 1/8”***
• 13 orbit point
• Hot Natural Env
• EOL ISS Properties
• No Shuttle docked
• No adjacent payload
• No adjacent express pallett
• Insulated VC conical
• No “triangles” on +Z radiators
• MLI (beta cloth outer properties) on upper joint and trunion

bridge.
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LMSO - CGS model alignment
results on the upper joints

Upper joint
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LMSO - CGS model alignment
results on the trunion bridge

Trunion bridge
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Did we achieve the goal?
CGS-LM 
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MLI effects on Upper Joint/Trunion bridge
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MLI effects on Upper Joint/Trunion bridge

β = 75°

•Active orbital loads + conduction heat
exchange are represented

•Shadow or sunny side? (For Beta =0° there is 
no “sunny” side)

•Orbital average is shown

•Beta angle



AMS 02 TIM CERN, 3rd - 11th  May  2002

AMS 02  –Thermal Control

System Design

Trunion bridge 20101

MLI
20100155 W

5.7 W

Upper
Joint
25101

MLI
25100

63 W

2 W

MLI effects on Upper Joint/Trunion bridge

β = 75°

Active orbital loads + conduction heat exchange
are represented
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Trunion bridge 20401

MLI
20400167 W

5.2 W

Upper
Joint
25401

72 W

2.2 W

MLI
25400

MLI effects on Upper Joint/Trunion bridge

β = 75°
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Trunion bridge 20201

MLI
2020046 W

1 W

Upper
Joint
25201

8.2 W

0.3 W

MLI
25200

MLI effects on Upper Joint/Trunion bridge

β = 75°
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Trunion bridge 20301

MLI
2030057.6 W

0.2 W

Upper
Joint
25301

11.4 W

0.3 W

MLI
25300

MLI effects on Upper Joint/Trunion bridge

β = 75°



AMS 02 TIM CERN, 3rd - 11th  May  2002

AMS 02  –Thermal Control

System Design

Trunion bridge 20101

MLI
2010037 W

0.7 W

Upper
Joint
25101

MLI
25100

11.4 W

0.2 W

β = 0°

MLI effects on Upper Joint/Trunion bridge
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Trunion bridge 20201

MLI
2020059.5 W

 0.9 W

Upper
Joint
25201

19.3 W

0.2 W

MLI
25200

MLI effects on Upper Joint/Trunion bridge

β = 0°
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Trunion bridge 20301

MLI
2030057 W

0.4 W

Upper
Joint
25301

17.8 W

0.04 W

MLI
25300

MLI effects on Upper Joint/Trunion bridge

β = 0°
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Trunion bridge 20401

MLI
2040049.4 W

0.3 W

Upper
Joint
25401

15.3 W

0.01W

MLI
25400

MLI effects on Upper Joint/Trunion bridge

β = 0°
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TRD bracket

D26101 – D26401

MAGNET

B10104 – B10122

USS upper joint

D25101 – D25401
USS trunnion bridge
D20101 – D20401

USS02 I/F Thermal Mathematical Model
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USS trunnion bridge

D20101 – D20401

MAGNET

B10104 – B10122

TRD bracket

D26101 – D26401

USS02 I/F Thermal Mathematical Model

USS upper joint

D25101 – D25401
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TRD

CONDUCTIVE
MODEL (FROM OHB-

system) INCLUDED
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TRD model translation (1)
Input from OHB

• xrl005_f01

• xno005_f01

• xnoer005_f01

• xnoer005_f_mst_aluspec

• xnoer005_f_trd_rad_sf09

• xgl005_f01

• xgrer005_f_aluspec_sf09

• xar005_f01

• xsb005_f02

Constants

Nodes

Areas

MLI Array

Radiative
Exchange Factors

Linear conductors

Loads

Linear 
Conductors

Nodes
(breakdown,
capacitance)

Radiative 
Exch. Fact.

MLI Array

LoadsCapacitance

E
S
A
T
A
N

E
S
A
R
A
D

M
O
D
E
L
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TRD model translation (2)
• In order to obtain a SINDA/FLUINT code:

• Editing of expressions  (i.e. 1.0D0 ⇒ 1.0E0;
comments…)

• Extraction of variables and calculation of expressions
(i.e. A#### => area of node ####) à Excel + Matlab

• Editing of syntax

• Additional debugging:
• Node numbering mismatch (~130 nodes to rename)
• Addition of mathematical nodes (16 nodes)

• Elapsed time: ~10 days; next time: ~3 days
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TRD model translation check

• Test case #1 definition:
- Standalone TRD, steady state;
- Connections to USS02: 4 boundary

nodes, kept at 0 °C;
- Ring Radiator: radiatively connected to a

boundary node (at 0 K), viewfactor = 1;
- All other external surfaces: Adiabatic;
- Upper ToF PMTs and TRD-PCB power switched on;
- Cryocooler heat sources switched off;
- No external fluxes impinging on the TRD;

Adiabatic

I/F @ 273K

Ring Radiator (red) to “deep space” (0 K)

Adiabatic
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TRD model translation check
 Test Case 1
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• Test case #2 definition:
- As Test Case #1, additionally:

- 32 nodes of the cryocoolers radiator become boundary nodes at
253 K.

TRD model translation check

Boundary (253K)

AdiabaticBoundary 
(273 K)

Radiative to 
deep space
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TRD model translation check
 Test Case 2

-10

-8

-6

-4

-2

0

2

4

6

16
11

1

16
75

2

90
51

1

4E
+0

5

13
71

1

93
16

1

14
24

1

14
72

2

17
01

1

13
86

0

93
21

1

92
42

1

13
72

1

91
60

4

4E
+0

5

12
61

2

11
21

3

11
64

3

13
74

3

13
53

2

62
41

1

38
01

2

14
11

1

14
75

2

17
12

0

17
31

2

17
89

2

15
21

0

15
46

0

15
74

0

12
12

1

12
42

3

17
10

6

12
75

2

11
11

1

12
43

2

12
74

1

11
14

1

62
45

3

62
34

3

26
30

1

Node ID

T
em

p
er

at
u

re
 d

if
fe

re
n

ce
 (

°C
)

Average: 0.09°C



AMS 02 TIM CERN, 3rd - 11th  May  2002

AMS 02  –Thermal Control

System Design

Thermal Analysis results

• Results after TRD submodel inclusion
are presented for a couple of orbital
cases:
– beta=75°, YPR= – 15°, –20°, –15°

• Maximum gradient

– Beta=0°, YPR= –2°, –10°, +1°
• ‘Typical’ orbit and attitude (MPA)
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Orbit: beta=75°, – 15° –20° –15°  (y,p,r)

(Maximum gradient)
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Orbit: beta=0, MPA

‘Typical’ orbit and attitude
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Upper joint with & without TRD
(orbital average)

Upper Joint
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Trunion Bridge with & without TRD
 (orbital average)

Trunion Bridge
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Upper joint heat flow map For
both cases (β=75 and β=0)

Purpose: to understand thermal
heat exchange among:

TRD, USS, Vacuum case
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2.5 W 1.9 W

0.6 W

TRUNION BRIDGE

20101
T=36.8°C
T=34.6°C

MLI

25100

T=65.4°C
T=64.8°C

3.8 W 2.1 W

2.7 W

8.6 W

TRD

26101
T=24.3°C

MAGNET

    10105
T=35.8°C
T=32.4°C

UPPER JOINT

       25101

T=36.2°C
T=31.9°C

Without TRD

With TRD

β =75
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8.7 W 0.3 W

2 W

3.5 W 0.2 W

3.7 W

7 W

TRUNION BRIDGE

20201
T=1.7°C
T=3.6°C

MLI

25200

T=-7°C
T=-6.4°C

TRD

26201
T=8°C

MAGNET

    10113
T=-2.4°C
T=0.4°C

UPPER JOINT

       25201

T=-1.9°C
T=1.7°C

Without TRD

With TRD

β =75
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13.1 W 0.3 W

8.9 W

9.7 W 0.2 W

9.9 W

4.5 W

TRUNION BRIDGE

20301
T=14.2°C
T=15.3°C

MLI

25300

T=-0.8°C
T=-0.5°C

TRD

26301
T=10.6°C

MAGNET

    10121
T=3.1°C
T=4.8°C

UPPER JOINT

       25301

T=4.5°C
T=6.7°C

Without TRD

With TRD

β =75
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7 W 2.2 W

2.1 W

1.3 W 1.9 W

0.6 W

11.3 W

TRUNION BRIDGE

20401
T=41.9°C
T=39.1°C

MLI

25400

T=71.3°C
T=70.6°C

TRD

26401
T=27°C

MAGNET

    10129
T=42.4°C
T=38°C

UPPER JOINT

       25401

T=42.6°C
T=37°C

Without TRD

With TRD

β =75



AMS 02 TIM CERN, 3rd - 11th  May  2002

AMS 02  –Thermal Control

System Design

11.7 W 0.2 W

8.7W

9.6 W 0.1 W

9.7 W

3.1 W

TRUNION BRIDGE

20101
T=-12.5°C
T=-11.5°C

MLI

25100

T=-26°C
T=-25.5°C

TRD

26101
T=-17°C

MAGNET

    10105
T=-23.4°C
T=-21.6°C

UPPER JOINT

       25101

T=-22°C
T=-20°C

Without TRD

With TRD

β = 0°
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12.7W 0.2 W

8.2 W

9.7 W  0.2 W

9.5 W

4.3 W

TRUNION BRIDGE

20201
T=-15.8°C
T=-14°C

MLI

25200

T=-20.7°C
T=-20.1°C

TRD

26201
T=-18.4°C

MAGNET

    10113
T=-26.4°C
T=-24°C

UPPER JOINT

       25201

T=-25°C
T=-22.2°C

Without TRD

With TRD

β = 0°
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T=-18.2°C
T=-16.5°C

MLI
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T=-24°C
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26301
T=-18.8°C

MAGNET

    10121
T=-27.2°C
T=-24.7°C

UPPER JOINT

       25301

T=-26°C
T=-23°C

Without TRD

With TRD

β = 0°
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T=-17.2°C
T=-15.6°C

TRD

26401
T=-18.2°C

 10.5 W  0.01 W

 6.4 W

7.6 W  0.1 W

7.5 W

 4.1 W

TRUNION BRIDGE

20401

MLI

25400

T=-23°C
T=-22.3°C

MAGNET

    10129
T=-25.7°C
T=-18.2°C

UPPER JOINT

       25401

T=-24.6°C
T=-21.8°C

Without TRD

With TRD

β = 0°
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Do we need a TRD Thermal
Model in the AMS02 model?

If yes: with which features?

Nodes

Format

Test cases
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Updated TOF dissipation

• 0.8 x 4 W= 3.2 W  (was 14.4 W)


