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234 TCDT: An environment for preliminary thermal analysis and design

Background (1/2)
FEASIBILITY AND PRELIMINARY PHASES

REQUIREMENTS FOR TCS DEVELOPMENT:

« Experience of Thermal Control System (TCS) development
« Attitude towards a cooperative effort within the system

« Deep knowledge of specific software tools

HIGH PRIORITIES:

« Investigation of design options

« Optimisation of time schedule

« Interaction with other disciplines

« Conceptual activities rather than simulation activities
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Background (2/2)

ESA AWARDED A CONTRACT TO BLUE ENGINEERING AND
ALCATEL ALENTA SPACE TORINOWITH THE OBJECTIVE TO
IMPROVE THIS SCENARIO WITH A NEW TOOL ABLE TO:

« Provide a flexible and easy environment to investigate a large number
of different configurations and TCS options

« Increase the integration between the TCS discipline and other
disciplines, in order to speed-up the S/C optimisation

« Support a change of method in the S/C and in particular TCS design,
moving toward a design oriented approach

Exploit the functionalities of ESATAN, ESARAD, ThermXL, ARTIFIS and
TOPIC by allowing the user to use them at an higher level

Activity
» started in April 2004
o TCDT ver. 1.1 delivered th 4t of September 2006
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TCDT Databases 4 T o

Two types of databases:
o An Excel workbook (DbSheet): geometry, thermal characteristics, analyses and results
o An ASCII file (DBASCIIFile): TCDT configuration and planets database.

TCDT GUI

DBASCIlfiles

-
ASCII editor
User Access to Databases i —

TCDTUSN

Excel accessibility

T

DBExcelSheet

TCDT GUI
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236 TCDT: An environment for preliminary thermal analysis and design

=]
Thermal Calculator i—
The Thermal Calculator (THECAL) allows to:

« Calculate Mass (M), Centre of Gravity, Moments of Inertia and
thermal capacitances

« Calculate conductive couplings and contact conductance for
simple geometrical configurations

« Calculate radiative conductors and external fluxes calculated for
simple geometrical configurations

« Calculate sink temperatures, heat exchanged for nodes and group
of nodes according to data in the DBsheet

+ Select among possible Insulation and therma

| interface
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Linear Conductors Definition
Bulk Conductive Couplings

0.45 125 18000
045 1.25 18000

1 075 075 30000

2 1.5 0.375 B0000
3 225 0.25 90000
o THECAL Form
Thermal Calculator - Bulk conductive couplings x|
— Input
Geometry bype Rectangle parameters (static view) wl
« THECAL Function [ Rectange =l oy e
Thermal conductivity 150
(k) output
. TCDT Help e Ny o [ 7w

a(m et1'ID7 Lz Wik 7.50E-01
b (m) 1 a3 (wjey | S0000E+04
thickness {mm)

@

613 = conductance thraugh
the thickness
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Thermal Simulation Manager  _ L

The Thermal Simulation Manager (THESMA) allows to:
« Build geometrical and thermal mathematical models
« Create input files for the external tools
« Define missions, radiative and thermal analysis cases
« Run analysis cases with the external tools
« Retrieve the results of analysis cases previously performed

« Perform specific analysis and design tasks on pre-built
geometrical/thermal typical configurations

« Perform parametric analyses (e.g. for extreme cases assessment)

SO
lalx|
B P %ms e[l A [k Pompt

L M N o 4

2

To [c]] T RCTime Imbalan

21 06] | UserGude... 0 [
21 06| | About 0 0
21 06 | Reset 0 0
21 06 0.9] 8.336-02, 0 i i

a7 10000)
5 10010
sl 10020
7 10030)
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0
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0
0
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Design Process with TCDT (1/7)
Preliminary design process with the THESMA

« Mission to Ceres for a S/C in a circular orbit
o apoapsis/periapsis: 300 km

« Radiator and heater power sizing for an equipment mounted on +Z panel.
o 15°C < Tequipment < 30°C
o Qlequipment
o hot case = 200 watt
o cold case = 100 watt
o radiator decoupled from the rest of the S/C

Mission S/C »  Worst Radiator » Heater ]
Problem —l e finition Definition Cases Sizing Sizing *| Solution
TCDT env.
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Design Process with TCDT (2/7)

Mission Definition

TCDT Mission:
Qrbit Mame OrbitCeres
SunPlanet Parameters
P s ) 475
Planet-Sun distance (10°6 km] 415215
Planet temperature (K) 187
Albedotactor ] 0113 =0/
e — 027
‘Solar declintion (deg) o
Sunradiuz (km) BIE000
e ——— 5770
Singo(misz) 274 L
Thermal Environment
Solar constant overide flag Calculated
vt e iy 77
Orbital Parameters :
Orbit Centre PLANET_CENTRED N N
% « Orbit Viewer
U —— o
Altitude of periapsis (km) 300
Altitude of 3po apsis (k) 300
[
TOPIC epoc. 12.00.00 Al =
Spacecraft Attitude o .
[ v Pointing vectors ° O rb |t FO rm
eonTRvECTORS
FistPeinting Veotor [00;00;10]
. TENITH i
SecondPoinig Yector [10;00;00]
SecondPoiningDieston VELOEITY OtCees o] [ SunDiotion 7 Legend ™ D
First GeneralDirection [SB.ES i S 0 } PlanetRatio: [0 [ OmbitPeits v EquatarialPlane | | [ Direstion Asis . .
Sacona e Diesion ‘oo
A el | « Mission Worksheet
s .o e 0
2nd Euler's angle, y (deg) o
4l angle. s og) il
SetEulers snglerotaton st (degs) il
ondElers ange, vt (epts) 0
31d Euler's angle, rotation rate (degés) o
Spin No
Fut. s ot component st 555 0
Pt s 2ndoomponen Pyt SCS: 0
Rot. axis 3d component R2 wrt SCS. o
N o spin posiions 6
Caloulation Parameters
s orontialposions 5
Include eclipse entryvesit positions Yes
st fdeg) 05
[iE— 0
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Design Process with TCDT (3/7)
S/C Definition

% TCDT env.
B | € [
¢ Nodes
ode 105 Geometic |
gy - e o T o « 3D Viewer
S50 El=1X . o o
5510 15000 / 5500 “56 08 ]
seo0 5010/ 5510 54, 18 0
5530 5020 / 5520 54 18 o
5030 / 5530 54 .
a Geometric Form
5500 6000/ 6500 "5 09 0 o eo etric ror
6510 6010 / 6510 54 LE] o
6520 6020 / 6520 54 18 0
6530 6030 / 6530 54 18 0
5 O] 8edy
1120/ #2120 "Bo =0 x|
2000 1130/ #2130 "Bo a0 -
Gt i e « Radiator Form
2020 1150/ #2150 "Bo o
= Breny e e T B
200 g7/ 521708 B =
;E:E 1180/ #2180 "Bo gg
1190/ #2130 "B
2 Emo H200 B Side1 15t node number 1000 =
1210/ 122108 Side1 doka numbsring 0 M d | T
2090 r : &0 L]
2100 E 1220 k220 Bog Sidez 1st nods number Looo L O e ree
o | ) el E
2120 e Side? delta numbering : o e
190 Tree Options B
2140 Show Sufaces [ [~ Equipment Link ————— 20
2150 Gl Value: 20
216 e
= || & » GNodes Worksheet
221 EDD Defing. Hodify Delete. ot fi)
o0 Eaementis
e o | | [ e | st prnie 0 ol Wt

o
o
o 0
o 0
o 0
2220 Thermal Network Diefinition o 0
20 o [
2240 Update Thermal Model 0 e TN d W k h t
°
20 ||l e 56, E odes VWorksnee
2260 Body a 3
e Cl | Hel | Display 30 Delete < Back et > =
H fose elp isplay elote ad o B
o T T T e

2210 Body
T

2280 Body.
2230 Body.

T prier T R
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Design Process with TCDT (4/7)

Worst Cases

TCDT Paranetric Input

[Thermal Simulation Manager - Parametsic Analysis ]

Worst Cases Design
e o e | Task

- Parameters
Standard Analyss (" Number of Cases: | 18 AnalyseTool: | EsiRAD  v| | Settngs
Stochastic Analysis (¢ Distribution Tvpe ¢ [ Unform <

Label

o e Parametric Analysis

_— o E— Form
i [ — Ce—" Param. Input/Output

°
Case 2 o Mumber of Output P te 1
Coe 3 5 e of Qutput Parameters W k h t
oot e I — e — orksneets
E:zz g ?S Reference | Sheet115CH3 7]
el - tabels [ [— ¢ [ o [ & [ F [ o[ nl I
s e ) TCOT Parametic Output
o s | e
Case 11 5 wﬂw Average incident flux on radiator nodes vs RAAN
e 12 o — Parametric Analysis Launched ] sweiz
Case 13 [ [&] Case 1] 12892608 1
Case 14 70 9471 Case 2 12790812
Cose 3 I s Cosea oo |
Case 16 i 2 oo T
Caso 11 2 [ I A — - T~
ase = Hat Gt Hraorg| 5 S~
) Rl & sepiy e Bl S
Generate Matix 15 Case 10 03796 | %
Close Help (&) Update DB " one Step Re: 1;3 gm 1; SZ?;§S§§ Zo
16| Casets ommm| 8
19 Case 14 01062764
[z Case 15 saca| 7
£l Case 1601616605
[z Case 17 O0B6OTS1| 5
[z Case 18 90912144 o 0w ®m 9w e ® & 0w @  w
e Norinal| 12926667 g
el
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Design Process with TCDT (5/7)
Radiator Sizing

TCDT env,
o~ - Araa 0ns A 0F ol T0 T
ooson Tosic Rodatorsamg S | ——T
i -40.7201
i Select the Radistor to andize [ p7_sUpFacEl = ] 40.73976
[ Path defining : a -41.55202
! Modes Facing space list : Nodes path : a -41.50544
1000 1000 a -41.8865 . - .
| o mo 0o « Radiator Sizing
0 41.90244
1030 Add 1030 .
[ 1040 o 140 il -41.91578
1050 1050 a -34.75262 De5|g n Ta5k
| 1060 1060 0 7216114
120 ] 0 3558
| 1050 1090 0 7EA5TE
1100 1100 o rreeA
I e renae e 0 733703 » GNodes Worksheet
0 351523
I — o -72.33696
a -36.63075
| 0 7619473
Thermal Analysis o -34.76486 °
, O_iree TNodes Worksheet
Mission Selection ; | HotCase ~|  Max Temperatuwe: | 3 Dl 27.BEBDS_|
I a -107.1185
| 0 1182289
| ) 5 0 AT
Al T ESATAM
| nes e 0 071344 » Conductors Worksheet
! Start Analysis | oo -118.2427
I o -107.1044
: The model in the workbook will be changed, and it is the result of the analysis, g 4}?8?231
I o -108.7367
| d el 0 -08.7203
i = LI ] B 714
1] 078 0523559 07 10097647 2 43681 1] a -108.7072
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Design Process with TCDT (6/7)

Heater Sizing

D Design Task - Heater Sizing ﬂ H

— Model : — Target !
Select the Radiator ko analyze :

| .15 —
CT_SURFACEL - Target Min, Temperature : mh

- HeaterLimts : ———— [ Calculation parameters

« Heater Sizing Design
Task

Heater Max. Power | Mai. Uncertainty (W @ 1

A8 E £ Dissipation :
G PGS TR Mumber of steps :

1

— Radiative analysis : —————————————— — Thermal Analysis

LOC | Launch ESARAD First v Analysis Tool ; ESATAN - ° TNodes Worksheet
1.OE | Mission Selaction ;| “oldCase 'I Start Analysis

" —Results :
15.0
Heater Power : I :‘rg:_?cguljligﬁgﬁirl\zﬁea
M.z
I1E
Clase | Help |
0 il 1] 1] 0 -50.55519 0
1163441 0 0001215 1] 0 9315778 0
0 1] 1] 187.5 0 15.05348 0
1977346 0.058417 0461792 1] u] -B1.55947 u]
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Design Process with TCDT (7/7)

Results Processing

TCDT env
. 3D Yiewer ;Iglll
Flux - 85 o
o F snginAm:
o v Direction Ais H
u :| « 3D Viewer
Evaluable I Selected
. . I Label
| [~ Fast¥iew
n :j::; ’ T Lights ° M0d8| Tree
=
T 39944 Flat =
I Transparency
= srtesnwe| « GNodes Worksheet
— 22191 fre ol I
— 17.753 : :ﬁm""g
emperatures
= ;3:55 & Flues LJ TNodeS WorkSheet
— Qs hd
4438 Analysis Type
) e « Results Worksheet
o —
o 17368
Rediaw
« Arrays Worksheet
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Conclusions (1/3)
TCDT: easy and flexible environment for design investigation

Data collected in a single Excel workbook:
 Quick checks, updating and organisation
« Quick definition of tables and charts for presentations and documents

« Quick data organisation for rapid data exchange with other disciplines

Data used at the same time for model definition and elaborations:
« Reduction of risk of discrepancies between documentation and models

- Allowing a reliable speed up of thermal engineers activities

Possibility to manage different configurations:

« Quick design configuration evolution without any limit in the number of
design options.
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Conclusions (2/3)

TCDT: a new approach to analysis/design for thermal engineer

TCDT high-level functionalities:
« Predefined design tasks
« Predefined thermal/geometrical primitives
« Full capability to manage single, parametric and iterative analyses

« Advanced GUI for model and analysis checks

TCDT low-level functionalities:
« Possibility to define user design tasks
« Possibility to define any thermal-geometrical model

« Possibility to add user functions
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Conclusions (3/3)

TCDT: lessons learnt and possible future development

lessons have been learnt for future activities:
« More code in VB environment (Compiled DLL) to improve performance

« VBA environment within Excel sometimes is not enough flexible and reliable

Useful and natural continuation for future activities:
 Development of ModelTree and 3DViewer
« Development of mission analysis versus a thermal/radiative analysis

o Further development of parametric analysis: stochastic analysis with different
distributions, optimization procedures.

« Implementation of a material database.
« Further development of GL generator of THESMA.
- Implementation of other dedicated modules for results data processing.

- Implementation/integration of internal solvers.
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