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AMS 02 -Thermal Control !
System Design v

Introduction

* In the following pages the actions coming
from the meeting at CERN (01/08/2003) are
checked against the activities performed
from 04/08/2003 to 19/09/2003

* Conclusions include

— an agreed procedure for future (structurl)
analysis on AMSO02 radiators and

— a check list for next analytical activities

MEETING Geneva, 22 September 2003 2
DEBRIEFING



AMS 02 -Thermal Control oanto aavazz:
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Actions check

« CRATES
— 1) structural optimization (neglecting thermal) _

Customized design

—  2) Specific design (RAM/WAKE)

« RADIATOR

— 3) Attachment points for the brackets
Number
Interface area

—  4) doublers
. TOP BRACKETS
—  5) Shear plate
. MID BRACKETS
—  6) Reduce length
—  7) Outside the radiator
—  8) TTCS box combination
. MISCELLANEA
— 9) Modelling techniques
— 10) Remove “some” brackets
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MESC.Patran 20002 08-Sep-03 15:14.02
Fringe: Default. Mode 1:Freq.=42.605: Eigenvectors, TranslationaHMNON-LAYERED) (MAG)
Detform: Detault, Mode 1:Freq.=42 605: Eigenvectars, Tes

1.30-001
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1.08-001

9.44-002)

8.26-002)

7.08-002)

5£.90-002]

4.72-002]

3.54-002]
2.36-002]
1.18-002)

-1.21-008]

* CRATES walls thickness L |
optimized Y

default_Defarmation

» MASS SAVING 7.9 Kg

Mass [kg] | 287.1

First Freq.

[Hz] 42.6
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)

» Customized design
— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
Number
Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate
« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
— 9) Modelling techniques
— 10) Remove “some” brackets
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On-orbit temperatures

CRATES OPTIMIZATION
REAL RADIATOR TEMPERATURE
oy Out of
K "| specs, but
a allowing
2_8) — @ DT optimized 1.7 kg
P 0O DT crate wall savings
% @ T radiator hot case
O
o
S
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Actions check

« CRATES

* 1) structural optimization (neglecting thermal)
Customized design

~ 2) Specific design (RAM/WAKE) <

« RADIATOR

— 3) Attachment points for the brackets
Number
Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate
« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
—  9) Modelling techniques
— 10) Remove “some” brackets
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RAM radiator: “squared” crates
layout (no more gemini)

e
: 1- R o
= ' -
v |
of ! A
i
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[ ession learned: framed RAM
radiator

e Mass reduction 1s low due to the small relative mass of the
mid brackets compared to the whole system

e Connecting the XPD near the USS

— bracket compliance 1s reduced

» The bracket design could be made more compliant BUT this is critical due to
lower envelope available

— high loads are transferred to radiator

» Interface stiffness changes, new criticalities during next CLA cycle
could arise.

It 1s mandatory to update boundary conditions with CLA, because
fixation point of USS used by LMSO until now is no longer
representative
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets _

 Number
Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate
« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
— 9) Modelling techniques
— 10) Remove “some” brackets
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I

OPTION 2

« Removal of the Mid Z Bracket
 [oad cases selection

— 1011, 1015, 1022,
2023, 2034, 2057
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CONCLUSIONS

e “The dumbbell” Bracket

Mass : 2.67 Kg

Advantages:
- relatively flexible mount

- crates lower bolt row used ‘.'. Bl
without stiffening the &%
connection to the USS
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets

Number
Interface area

—  4)doublers

« TOP BRACKETS
— 5) Shear plate
« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
— 9) Modelling techniques
— 10) Remove “some” brackets
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MSC.Patran 2003 19-5ep-0314:49:47

S5C1:2034_SPEC SC1, Al:Mode 1 : Freq. = 52.258: Eigenvectors, Translational-{(NOMN-LAYEREDI(MAG)
5C1:2034_SPEC SC1, Al:Mode 1 Freq. = 52 258 Eigenvectors, Transl al-(NON-LAYERED)

1.43-00

1.34-001

1.24-001

1.16-001

1.06-007

9.55*002.

8.55-002]

7.64-002]

F.65-002]

5.73-002)

4.77-002]

3.82-002)

2.86-002]

1.91-002]

9.55-003

-7.45-009
default_Fringe :

ke 1.43-001 @M 3300

Iin 0. @MNd 920643

default_Deformation
e 1 A3-N01 (@A 3900

Option 1: top bracket, no change, radiator locally 2mm doubler

mid bracket, without Z bracket
bottom bracket, plate connection instead of rod
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
*  Number
* Interface area

— 4) doublers
« TOP BRACKETS

— 5) Shear plate

« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
— 9) Modelling techniques
— 10) Remove “some” brackets
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['op bracket optimization
sequence
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UPPER BRACKET splitted in 2 parts
comments

e The load in the XZ plane (radiator
plane) is reacted by the rib of bracket
A. The load is then transferred to the
bracket A flange, that needs to be, in
turn, thickened.

* Due to the thicker (stiffer) flange, the
bracket A withstands also the forces
out of the radiator plane, making

therefore uneffective the action of
bracket B.
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AMS 02 —Thermal Control Ayt
System Design V
UPPER BRACKET splitted in 2 parts
comments

 Moreover, bracket A
stiffness makes higher
stresses in the junction
bracket-to-crate

 Finally, bolts are loaded
with higher forces

« CONCLUSION= 1t 1s not
effective to split the upper
bracket in two parts.
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
*  Number
* Interface area

— 4) doublers

« TOP BRACKETS
— 5) Shear plate

« MID BRACKETS

~ 6) Reduce length <

— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
— 9) Modelling techniques
— 10) Remove “some” brackets
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“Short” mid bracket design

TPD

USS

Mid
Bracket

CCEB

MEETING Geneva, 22 September 2003 20
DEBRIEFING



AMS 02 -Thermal Control oanto aavazz:
System Design v

MSC.Patran 2001 r2a 18-Sep-03 16:37:02
Fringe: SC34UNTITLED.SC2053, AZ Static Subcase, Stress Tensor, -von Mises, AtZ1

4.352+006)
3.957+008
3.567+008]
3166+006
2.771+008
2.375+008)
1.860+006
1.584+008
1.189+008]
7.835+007)
3.981+007]

2.657+005]
default_Fringe
hiex 4.352+008 @Elm 35885701

Min 2 656+005 (2Elm 35869641

M",':'aD BRACKETV,oS Worst LC over 128

435
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
*  Number
* Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate
« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator _
— 8) TTCS box combination

« MISCELLANEA

— 9) Modelling techniques
— 10) Remove “some” brackets

CARLO GAVAZZI

v
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Mid Bracket Design

Alternate mid bracket design:

- A tube integrated between the USS
bars with sperical bearing at both ends

- Two clamps attachted to the crates
forming the interface to the tube

- Additionally one of the upper brackets
is released in x-direction

The alternate design has:

-1x 6, 1 x 5 DOF at upper bracket I/F
-1x 3,1 x 2 DOF at mid bracket I/F

- 2 x 1 DOF at lower bracket I/F

TOP WORK
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Mid Bracket Design

Sandwich Insert max. Shear Load

Current Design: alternate Design:
max. insert shear load F ~ 6700 N max. insert shear load F

amax

>E.77e+03 > 209e+03 T
<5778+03 < 2.088+03

< 4818403 <1738+03

<3858+03 <1.398+03

< 2.89e+03 < 1.04e+03

<1838+03 <635e+02 e
<9FIs+02 < 3508+02

<9.368+00 < 4538+00

~ 2400 N

amax

[
f

Max - B.732+03 Mex = 2.42e+03 - B =
Min = 9.36e+00 hin = 4.63e+00 - - -

Ma SHEAR COMBI Subcase-2 - — WA SHEAR COMBI Subcass-2 . —

Displacements - — — Displacements -

PEr

L.

MEETING Geneva, 22 September 2003 24
DEBRIEFING



AMS 02 -Thermal Control
System Design

Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
Number
Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate
« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination
« MISCELLANEA
— 9) Modelling techniques _

— 10) Remove “some” brackets
— 11) Titanium Bracket

CARLO GAVAZZI

v
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OPTION 2 — SKINS STATUS

e

This value of stress is obtained removing, from the view, some elements connected
with the rigid MPC. The maximum value of stress obtained from the FEM was 383
MPa; for the analysis of the removed elements see the PANEL INSERT analysis, next
slide
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
Number
Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate

« MID BRACKETS
— 6) Reduce length
— 7) Outside the radiator
— 8) TTCS box combination

« MISCELLANEA
—  9) Modelling techniques

— 10) Remove “some” brackets _

— 11) Titanium Bracket

CARLO GAVAZZI

v
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Design Idea cant omvecz:

Vv

As shown:~2.1 Kg +
bolts

CERN

|

Top bracket

FEM results indicate
a lighter option might

All DOF Blocked .
(also Rotational) be pOSSIble
-,
"Free" Z translation Mid bracket
M detailed desi
X ! ore daetaile esign
in work
X-Y plane transation
& rotation blocked ? Kg
"Free" X Translation
T Lower plate
Y-Z plane translation As shown:
& rotation blocked
~2 Kg + bolts
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Actions check

« CRATES

— 1) structural optimization (neglecting thermal)
Customized design

— 2) Specific design (RAM/WAKE)
« RADIATOR

— 3) Attachment points for the brackets
*  Number
* Interface area

— 4) doublers
« TOP BRACKETS
— 5) Shear plate

« MID BRACKETS
— 6) Reduce length

— 7) Outside the radiator
— 8) TTCS box combination

« MISCELLANEA

— 9) Modelling techniques
— 10) Remove “some” brackets

~ 11) Titanium Bracket _

CARLO GAVAZZI

v
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Upper bracket comparison (equal MoS)

llEaaYs
N

N

i

e vz
=

i,

-
e
T
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COMPARISON DATA

CARLO GAVAZZI

e Aluminium solution e Titanium solution 2
Mass : 3.195 Kg Mass : 0.96 Kg

Max stress : 222 N/mm?  Max stress : 445 N/mm?
MoSy: 0.44 MoSy: 0.55

MoSu: 0.01 MoSu: 0.07

freq: 32.2 Hz freq: 24.1 Hz*

*Buckling analysis has not been done
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Comments on titanium brackets

» Titanium brackets, when optimized, are
very light but

— are too soft, and therefore provide a first
frequency of the radiator very low (24 Hz)

— ribs 1 mm thick can show local buckling
instability problems

* In conclusion, titanium option will be no
more considered
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Conclusions

MEETING Geneva, 22 September 2003 33
DEBRIEFING



AMS 02 -Thermal Control
System Design

LOAD CASES AND OPTIONS

(how many cases are representative?)

C

ARLO GAVAZZI

v

L

L

L|L

L|L
clc|c|clclc
1]2]3]4]5]6
OPTION 5 @ _ @ @ _
OPTION A 14 o/ o| 0| 0| 0| 0| #| 0| 6| 0| 6| 0| 0| o/ 0| 6| o| o[ o] o/ o/ o[ 0| o] &
OPTION 3 1 @ @ @
OPTION 2 ' ' ' ' '
A R R R R R R e R R R R R R R R R R R R R RS RS R AR
OPTION 1 _
" E=optimization
Previous analysis ®= analysis
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Procedure for future analysis

 All 128 load cases must be considered at the
same time

* Format results as per following table

s“::c/‘isns | MaxVM\MAXCOMBStress and force
Mass reachegd First Freq. | LOAD intercrate MID
Configuration number| [kg] [kg] [Hz] CASE SKINS CRATES XPD LINKS TOP BRACKET| BRACKET Lower ROD
MPa MoS MPa MoS MPa MoS |MPa| MoS | MPa [ MoS MPa | MoS MPa N
BASELINE 1 334.6 0 51

* Propose insert design to withstand loads

calculated
MEETING Geneva, 22 September 2003 35
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System Design v
Parameter Expected value Actual value
MoS >=() (see table,
Inserts loads prev. Page)
<=4000 N (TBC
by OHB)
Mass WAKE 267 Kg
RAM 255 Kg
(TBC by CGS))
Frequency Best >50Hz
Acceptable
30-50 Hz
Other options: zenith radiator (see next slide)
MEETING Geneva, 22 September 2003 36
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CARLO GAVAZZI

Additional mass saving:
carbon fiber zenith radiator
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Mass Reduction Zenith Radiator

Heat Pipe

Conduction Face Sheet (high conduction carbon

Load carrying CFRP face sheet
t=0.6 mm

- Current design with aluminum face sheets

- Alternative design with CFRP face sheets could safe a mass
of ~10 kg
Detailed Analyses (thermal and structural) are required
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CARLO GAVAZZI

Open points

« Still TBD when new results from LMSO are
needed from the CLA (Coupled Load
Analysis)

— Discussion planned before end of September 1n
dedicated telecon
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