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Introduction

Introduction /ﬁEQl\US* RARRu

Y sensethe wind

« Atmospheric Dynamics Mission ADM-Aeolus Program.
« Global observations of wind profiles in clear air in:

— the troposphere.

— the lower stratosphere.

significant improvement of weather forecasting skills.

« Atmospheric Laser Doppler Instrument (ALADIN), a Direct Detection
Doppler Lidar (D3L) operating in the ultra-violet spectral region.

 Polar-orbiting Aeolus will provide ALADIN a near global coverage.
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Thermal Modeling

Spacecraft thermal model consist the following elements:

-Spacecraft structure ,
-Units

-Propulsion equipment
-Power equipment
-Thermal Equipment

Thermal Models:
-Geometric Mathematical Models (GMM)
HGeometry of the spacecraft
b Radiative Exchange factors and environmental fluxes
-Thermal Mathematical Models (TMM)

> Thermal Conduction, Capacity and Dissipation

b Temperature Prediction
Page 5 Tuesday, 11 November 2003
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The Thermal Model S

Done by hand with each iteration of
/ the configuration  »GLQlLC

L35

GMM GR, TMM
Systema

File Fluxes Files

ESATAN T°C

Post Process

Modification to the Configuration:
« Re-build and run GMMs
« Re-build and run TMMs

-Internal Panel Conductances

-Unit interface conductances
-Unit properties (capacity)
-Cleat couplings
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Process Improvement

Many Configurations during Phase B
Method of thermal modelling can be improved:
— A central database of modelling information

— Reducing the number of data input errors
— Automatic generation of repetitive calculations
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Excel Thermal Database

« Developed during the Phase B of the Aeolus platform
« Written using Excel 2000

« Extensive use of Visual Basic Macros and functions

 Information categorised on separate sheets broken
down into the components of the spacecraft

« Spreadsheet processes the relevant information and
generates text files

« Text files collated in Unix to create the TMM and GMM
input files (no additional input)

Page 9 Tuesday, 11 November 2003
Structure AR
Several Spreadsheets used to define the Configuration:
Panels T Units - AU
tPaneI Nodes | / jisicats
& Geometry | » Doublers
Reference
Data » RCS
Radiators / MLI | > Heat Pipes
Power

N
GMM Files| | GMM Files PanelGEN
_»[ ]T » TMM Files
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Generator Interface

 All outputs controlled from
the main page

« Buttons activate the
relevant macros to output
the thermal data to Unix
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Aeolus Model Generator

Created by: Simon Barraclough

Froject Phaze: B
File hlame: Aeolus CE¥2BEHS zis

Gieneral
Generate Split List |

Internal GMM

Create Internal Fanel Sysbas Filei

Create Int Unit SYSBEAS file i

Ezternal GMM

Create External Panel Sysbas file |

Create Ext Unit SYSBAS file J

THMM
Fanel 15

Create Fanel Gen file I

Create Cleat GL file !

TrAM Only Modes ! Create ML fF filz

! Create Unit Cap file !

Unit Limits & Fower=

i Create Unit IF GLfile, RCS

Enu Link = included

Thermo-elastic Analysis
Thermo elastic Panel
Centre Clutpuk

Panels & Cleats

« Define in spreadsheet by:

> Number and Label

> Material

> Node Number Series
» Dimensions

» Location & Orientation
» Optical Properties

« Cleats in spreadsheet by:

» Start & Finish points

AU

(X0 ¥oi Z,)

b b

, Y1r Z1)

!
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b

A B & D [ E [ F G [ H [ 9 [ K L [ M [ N 0 [P [ @
1] Panel Node Numbers Dimensions (mm) | Location wrt origin Orientation Optical Properties
2 Panel Material Inner Outer MLI x ' X Y Z Unit X UnitY UnitZ | Int Surface  MLI Radiator
(30 +Z Floor Main_panel | 71100 | 71200 71300 [ 1600 1600 -800 800 1621.6] +X +Y -Z Black Paint MLl OSR
| 4 | + Wall Main_panel | 52100 | 52200 @ 52300 680 1400 800 340 2216 -Y +Z X Black Paint MLl OSR
| 5 | +1 Wyall Main_panel | 61100 | 61200 B1300 [ 1600 1400 -600 | -800 | 2216 +X +7 =Y Black Paint MLl OSR
B Mid Shear Wall |Shear_panel| 57100 | 57200 A& 1600 1400 u] -800 2216 + +7 +{ | Black Paint  MLI OSSR
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« Define in spreadsheet by:

>
>
>
>
>

>

TMM Only Node

Number and Label
Capacity

Geometric type and dimension
Panel and location
Orientation of the unit geometry
Optical Property

Panel

w

/

v

(92]

—
0

/

A I B £ F G [H[ V[ FIK[L] M HIN NG e @ R[S T
1 U n it Geo Dimensions (mm}) Location wrt origin Orientation
2 Node |Capacity| Type  x i z | Dia Panel X Y Z  |Unit X Unit¥ UnitZ| Opt Prop
3 |ALADIN SM Units TLE1 25100 [ 25309.2 |BOXS | 500 | 275 | 205 +Z Floor 1103 | 137.5 1621.6]| +2 - -£ |Black Paint
4 |Data Handling CDMU 40100 | 23200.1 |BOXS | 500 | 260 | 280 +¥-¥ Shear Wall | -110.3 | 340.0 6006 | +£ - +Y |Black Paint
5 |AOCS IMU Head 4410 | 4951.8 a u] 278 282 -¥-¥ Shear Wall | -362.4 -340.0 14006 Black Paint
B MU Head ML 41415 0 CYl2 0 0 273 282 - Shear Wall | -362.4 | -340.0 14006] -Z -A -y YDA ML
T RW Baseplate 41541 | BS10.7 |DISCO 0 u] 125 |351 -Z Floor -150.0 500.0 351.4 | +x¢ + +Z |Black Paint
8 R Cover 41542 o] cyl2 0 o] 125 351 -Z Floor -150.0 500.0 3514 | +¢ + +Z |Black Paint
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- . . .
- iImiiar type or Input IS adone 1or tne
.
[ T A I E C o[ E | F I [ H] ! | ] K C [ ™
i EN| WF Cond Ealts
_U n I t I n t erfac eS ™ | Uinit hode | | cond Y Tupe| W WFnode | GLwvalue | Mom | tpe |
| 5 |ALADIN 5M Units | TLE1 2500 e | 1 hand | GL_|_unitto hestpipe 71401 12,000 ]
4 A I & | =R I i | 3 | L 1 [ N [=] 1|
=7 yminal Sizing Limits___Op Limits
Control Made | Limit | Thermistor MMadel Installed™ Damping| Measurement Heated | Hester Circuit
Circuit | Label imanimin) | Mode | Fiange inty | Upper Lower | Upper Lower | Power  Coeff Mode MNode | Fower Ratio
—H eat e rS 1| Tankt | 88010 | an 5 7 23 2 ‘ 25 20 ‘ 4 o1 ‘ 80103 80103 ‘ 025
1
§ A | B [= o e = | T 1 S P I o
> |_1_|RCS Links to panel
z [oa| GL | Fipe - Panel 0024785 m
R(:S Pl 5| 5 c o ELEl & Bl ¢ 3 K 1 L mlwule
] (4 F "7 | LEOP Calil Safe
i g PWRCASE 1 2 5 4 5 [ 7 8 3| 1
8 5 |Hu SS Op Duty
3 4 Unit Node Cyele Coast 1AM Prep to Nom{ Min BOL Min EOL Maz |Min BOL Min EOL Maz | Min Maz
T 25100 100 B & = 1280 153.0 1280 1530 = B
g 25000, L00 n - = % dz0n, - - J20.0 o "
a A b SR =3 [=] E Il G I H ; I [3 ] L M M
] |_1_|Data used for PanelGen Losation Start Lacation Finish
n Heat Fipe Embedded Panel
= Hode  Panel  Suface |Suface| % ¥ z Mode % ¥ z Mode
5 FOT | 1 Surace Sig| Iner | 803 | 2125 | 6216 | 70 | 740 | q2igs | ete | 7wz | TLE | 6i7
" A il & B [TE [Te el w (I 0 0|
= 0L Tolerence 0001 mm | Fiadiator 1 Fadiator 2
16" e it Fanel | Hstar  starr  end  Yend | Mstam  Vstam  Mend  Vend
17 |RCELine | 8 7m0z 1 L L
18 [ACSTank 8 | Moz 2 B e s et e ]
ol ) 0| 7o s Tolerence 0 mm Hele 1
20 |Bamenz Saeti
21 |Reation ! s e 4 Hstart | Ystart | Mend | Yend
22 |Reaction R 5 +Z Floor
23 |Reaction’ 21 | T 3 =,
24 |Reaction ' Resdl 714851 7 A ] E FI1 G H [ [ 4
25 |TLEIMam_ 23 | Fes TH52 ) i Tolerence, 0 mm Daubler 1
—Holes R e T : Bl B i v s Yong
27 25 18| TMEd 10 2 +Z Floor
27 |vv uad 26 (nva| B T [+ 2 -2Fisor
27 |-y Duae 27 TG 0| TM52 . 3 <X wall +Y side
2 [ Al B | C D EIF G | H 1 T L M 0
27 |+={ 1 External GMM Internal GMM TMM
Date By hot # Date iy Note # Date I3 Hote
. 3 1 000803 SME Start of Phase CO model, POR 1 0W08/03 SME Start of Phase CD model, PDR 1 0#08/03 SME  Start of Phase CD model, PDR
Mew esternal model generated Mumber of batteries reducedto 2, Corrected L¥A MLIlinks to
4 2 15/03/03 SME based oninternal changes 2 15/09/03 SMEB dimensions 2 0408/03 SMB include G, not 2 GL terms
Mew esternal model generated Transmitters changed to SSPAs 'DF model uncertainties used for
p | 5 3 1703003 SMB basedoninternal changes 3 15/08/03 SME and Modulators 3 0TH08/03 SME  heater sizing
» Added new limits from supplier
Madulstor reduced to Tunit [ALE information for IMU, MTQ, Rv's,
B 4 17008/03 SMBE inone] 4 1408/03 SMB STEs, XPDRs, Transmitters,
Dimensions for ACDM, GPS s, IMU Electronics min dissipation
7 § 1708/03 SME STE, RW, WDE, Coax updated 5 14/08/03 SME increased
Page 14 Tuesday 11 November 2003 3 6 170303 SME Bsttery smissivity shange 1203 & Wioa03 SME_STE dissipation hanged
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Pre-processing ‘
y_Ag

3 S

Panel Node Breakdown

Panel Components:
— Doublers

— Radiators
— Holes
— Units

//
» Panel splits =
! |

PanelGen (panel conduction)
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Location Macro

« With panel node breakdown info Excel works out the links to the
relevant panel node for:

—Cleats
—Units 327
_RCS Location
-
—Heat pipes Macro g %4
—Holes Panel Splits /
—Radiators
Panel I/F |

—Doublers //

/
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« Geometric data from database combined with other
model files in Unix

 Internal Geometry Model

External Geometry Model
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Thermal model built using data from various different files:

TMM $MODEL AEOLUS
—b&l NCLUDE "/ phase_b/ Excel _out/ Conment s. dat "
$NCODES

Excel Database Output »5I NCLUDE "/ phase_b/ Excel _out / TMvhodes. dat "
P51 NCLUDE "/ phase_b/ Panel Gen/ Panel gen_nodes. dat "
P51 NCLUDE "/ phase_b/ Al adi n_Model / Al adi n_nodes. dat"
PaneIGen ReSUItS »51 NCLUDE " Syst ena/ nodes. dat "
$CONDUCTORS
i $1 NCLUDE "/ phase_b/ Excel _out/Unit_I F. dat"
Supp“ed MOdeI #$I NCLUDE "/ ghase_b/ Excel _out/C eat _GL. dat"
51 NCLUDE "/ phase_b/ Panel Gen/ Panel gen_GLs. dat "
GMM RESU|tS 51 NCLUDE "/ phase_b/ Al adi n_Nbdel / Al adi n_conds. dat "
»5| NCLUDE " Syst ema/ CRs. dat "
$CONSTANTS
TM M ContrOI InpUtS »i5I NCLUDE "/ phase_b/ Const ant s. dat " |
$CONTROL
##’I,I NCLUDE "/ phase_b/ Control _var.dat" |
$ARRAYS
»5| NCLUDE "/ phase_b/ Excel _out/ Unit _Power. dat"
»51 NCLUDE "/ phase_b/ Al adi n_Model / Al adi n_arrays. dat"
One main TMM file used for P3| NCLUDE " Syst ema/ Ext _f|ux_array. dat"

$SUBROUTI NES

all cases BI NCLUDE "/ phase_b/ Excel _out/ Uni t _cap. dat "

$I NCLUDE "/ phase_b/ Excel _out/Unit_power.dat"

$I NCLUDE "/ phase_b/ Al adi n_Mbddel / Al adi n_subs. dat "
| NCLUDE " Syst ema/ HCYCLC. dat "

\ 4

Yy
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Post-processing Applications

 Information within the database used for:
— Comparisons of temperature predictions with limits
— List of nodes for heat flow analysis
— Locating interface node temperatures
— Thermo-elastic analysis
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Thermo-elastic Temperatures

Thermal Model Node Temperatures
N Mapped to NASTRAN Grid Points

Thermal / °
. % o

Nodes | .

- \

[ Interpolation }4
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Thermo-elastic Temp Maps

NASTRAN NASTRAN Grid Point
Grid Points Temperature
Distribution File

Node : o
Temperatures Panel Splits //4{\&\

e m24-25
I Lk
w2223

- =21-22
o20-21
m19-20
m 1819
o17-18
= 1617
= 15-15
w1415
01314
012-13
m11-12
210-11

Thermal Model Temperatures 114
g
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Summary — Future Development

« Thermal Model Database for Aeolus

« Successfully applied for Phase B

« Model creation reduced to 1week

« Model modification time reduced from =3 days to %2 day
« Systematic updating of models

« Useful tool in post-processing applications

« Improvements
— More generic
— More user “friendly” (i.e. drop down menu options)
— Ability to update from a system database
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