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T
FeN physicall parameters
ticallpreperties
ConRtace
I—j@nﬁ@ process
Density,
B Scatter on environment parameters
External fluxes
AOCS
W Scatter on interface definition
Units power dissipation
Harness
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ohedmaiematcal moedel
Selecting rameters and giving them a variation law

Selectie aicombinatentor input values with the Monte Carlo
grleigleielofoje)y/

Cloning|therVieiher model for each set of input variables
combination

Running deterministic cases with a cloned model per
combination
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> —
W&: Ol Spacecrait

Radiatio) ohduction

m Fluid Systemns

CPL anditeepiieat Pipes (hubbles, non-homogenous wicks, ...)
B Launchers Agrethermal Eluxes

Angle of attack, density,...
B Reentry Vehicles

Angle of attack, density,...
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Non Stochastic Problems

_ Uncertaimlysis m Critical design cases selection
m Correlation oirtesiresults B Definition of designs
B Design Improvements Radiation areas

Robust heating systems
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icalfUncerainty Analysis
te
Iiransien

OutpuSHE tEmperature ofi an item (I.e. equipment) by
combnmgraliinput parameters simultaneously

|dentificationreifiighly’ sensible parameters in order to propose,

i mecessany, a specific development test or interface control
follow-up

Definition of maximum: uncertainty.

Definition of uncertainty with levels of confidence (98%, 95% or
90%) in one run
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-r 'Uﬂcertainty analysi

Note: All'input variables have uniform distribution.
Initial phase for uncertainty: analysis.

In'the final project phase the distributions will be
changed to Normal or Uniform distribution, as defined
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- 'Uﬂcertaintyanfyéi C

L ANT INPUT VARIABLES |

File Functions Ant-Hill Windows Tools

—Independent Input Wariables: 9 Shot: 1

in_0 ——> ALPHA Rear Frame CLEAR ANOD. S || [o39 5

in_1 ——> ALPHA Rear Frame CHROMIC ANOD. 0.38

in_2 ——> EPSILON Rear Frame CLEAR AMOD. 0.89

in_3 ——> EPSILON Rear Frame CHROMIC ANOD. 0.6

in_4 ——> MLI FACTOR 2

in_5 ——> OBDH POWER 23

in_8 ——> TRP POWER 8.35

in_7 ——> PCU POWER 12.52

in_8 ——> MW POWER | (43 B
Ju Juif

5] 1= A

| ——

1 3 ] o & J_
e A o e @) — Output Variables: 4 Shot: 1
. 'ﬂii; =i _ out_0 ——> Batt Temp 6.78
"-{-n—r; out 1 ——> OBDH Temp 27 07
— out_ 2 —> TRP Temp 19.42
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in_0 (7.71565%)

in_0 £13.7948%
ih_2 (6 .40EITR )

in_4 (41.3995% )

in_4 (15.4437%)

in_5 (12.355%)

in_7 {12.9953%) in_S{37.0051%)

in_E (11.4171%)

in_B(B.361717%)

Others (8.03791%

in_7 (7.7E3E5%)

in_f (12.7265%)

Others {3.5574%.)

MLI Factor the most significant for the Battery The Power and MLI factor the most

significant for the OBDH
ESTEC 15" Thermal and October 2001
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. in_0{10.73%)
in_0(11.112%)

in_1 (5.48954%)
ih_2 (718577325
in_4 (26.2141% )

in_4 (27 0823%) 5 (164084%)
in__ .

in_5(7.5112%
in_S { ¥ in_G (13.8404%)

[ | in_7 (31 0533%) [ g
B in_8 (10.5287%) Moy

M ... (5.52872%) [ [

MLI Factor and its Power the most significant The Power of OBDH, its Powerand MLI
for the PCU factor the most significant for the TRP
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9.6

7.2

4.8

24

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

4.42

5.162
out_0 ——= Batt Temp

Num. Classes:-_ 22 Export| Print| =

Batt profile
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5.904 6.646 7.388 8.13

178 21.004
out_3 ——= PCU Temp

Mum. Classes: [ [22

24.408 27.812 31.216

34.62

Export| Print| Close

| PROBABILISTIGDATAGE UNCERTAINTY ANALYSIS

Frequency

12,

S e el e -1

Frequency

21 " TR N IO [ S P
[ N
6L}
18- I
19.38 22.76 26.14 29.52 329 36.28

out_1 ——= OBDH Temp

um. Classes: [T [ [22 Export| Print| Close

OBDH profile
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© Uncertainty analysi

PROBAR DATA OF WNCERTAINTY ANALYSIS

Num. shot{X_Min |X Max|Conf _Mean|Mean Conf_Mean+ |Conf_Std{Std Conf_Std+ |Var
80 0.42 0.391 0.399 0.015 0.0206
80 0.44 0.389 0.401 0.0238 0.0325
80 0.91 0.887 0.893 0.0123 0.0169
80 0.7 0.538 0.567 0.0584 0.0799
80 7 4.11 4.86 1.48 2.03
80 30 24.4 25.6 2.5 3.42
80 9.28 9.67 0.754 1.03
80 11.9 12.6 1.41 1.93
80 5.25 5.64 0.765 1.05
80 5.76 6.15 0.774 1.06
80 26.2 27.9 3.2 4.38
80 18.1 19.3 2.32 3.18
80 24.3 25.9 3.26 4.46

=
<
]
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" Uncertainty analysi

PROBAE

=
<[
2

Modal class|Modal class+|CV(%) |Avdev |Skewness|Kurtosis|Description

0 0.407 0.414 4.4] 0.0152 -0.0219 -1.31|ALPHA Rear Frame CLEAR A.

1 0.35 0.361 7 0.024] -7.47E-06 -1.24]|ALPHA Rear Frame CHROMIC A.
2 0.87 0.875 1.6 0.012] -7.55E-06 -1.3|EPS Rear Frame CLEAR ANOD.
3 0.475 0.512 12.2 0.06 0.158] -0.246|EPS Rear Frame CHROMIC AN.
4 2 2.62 38.2 1.49] -0.00899 -1.24]MLI FACTOR

5 25 26.2 11.5 2.45] -0.00318 -1.12|0BDH POWER

6 9.82 10.2 9.2 0.768 -0.0243 -1.3|TRP POWER

7 11.5 12.2 13.3 1.39] 0.00353 -1.22|PCU POWER

8 4.72 16.2 0.765] 0.00477 -1.27|MW POWER

5.35 15 0.742 0.558| -0.399|Batt Temp
27.8 29.9 13.7 3.05 0.0917f -0.621|OBDH Temp
17.8 19.4 14.3 2.07 0.408 0.226|TRP Temp
24 15 3.05 0.238] -0.348|PCU Temp
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" Uncertainty analysis c

| PROBABIIISTIC DATA OF UNCERTAINTY ANALYSIS

90% Confidence levell95% Confidence level]99% Confidence level

Mean Std uncer Tmax Uncer Tmax uncer Tmax
. Batt Temp 5.96 0.895 1.48 7.44 1.75 7.71 2.51 8.47
OBDH Tem 27 3.7 6.12 33.12 7.25 34.25 10.40 37.40
TRP Temp 18.7 2.68 4.43 23.13 5.25 23.95 7.53 26.23
PCU Temp 3.76 6.22 31.32 7.37 32.47 10.57 35.67

| out 3 -—>PCU
3.462e+01

3.122e+01}--------- ——————— : —————— .
2781401} - A— e @b T e
PCU RESULTS T : ' L

244 e+01 -

2.100€+01 [ - ooy - Moot b

1.760e+0] : : : : :
ESTEC 15t Thermal and 957e+00 1.06e+01 1.17e+01 1.28e+01 1.39e+01 1.49e+01

ECLS Software in_13 —= PCU
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. IectlonFsed on temperatures for a fixed
2eioh basedionrenyvironments
ieanyAStell f

naiNparamerers (Radiation data, heat inputs and thermal
model) can Berehanged

Orbit altitude, inclination, ascending node...
Satellite attitude

External Radiation values (solar, albedo, terrestrial)
Season
Conductances
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%r;al (C2PACIES
| Welrrana/or thresholds
Unitpewer ipation (sunlight/eclipse)

Note:

THERE IS A CRITICAL CASE FOR EACH UNIT OR SATELLITE ELEMENT

CRITICAL CASES SELECTION DEPENDS ON THE RESPONSE OF THE
DESIGN, NOT ON THE INPUTS

ESTEC 15 Thermal and October 2001
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ﬁ‘g

EaExampler SpanishiMINISAT. 3 years of flight .

nilater2iNeces
Sun peJ tation up to 7 degrees)

Atti_t_@ound Sun axis 0=360°. YAW angle
OMItINEnateRI50° (any ascending node)

Note: Any cembination of orbit ascending node, season and
satellite attittide is feasible depending on launch day.
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Critical cases sérgctio

%,

| Input Variables: |3

|in_0 —--> wvaw angle
|lin_1 =--> ancending node *10
|lin_2 =-> month

| Output WVariables: |9

cut_0 —--> tmax-bat

lout_1 —--> tmax-0BDH
lout_2 —--> tmax-TRANS
llout_3 —-> tmax—-PDU
llout_4 —-> tmax—-HW
llout_b —=-> tmax—-EHMW

out_6 —--> tmax—-sunsensor
llout_7 —--> tmax-PCU
llout_8 —-» tmax-panelsolar

ESTEC 15 Thermal and October 2001
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Critical cases sérgctio

SN SPOHUERYAG) ’ — MW, Battery, PCU, PDU and EMW
’ Timax: 30.94°C _ Tmax 31.95°C

Yaew, 178 ° Yaw 107 °
ASCERMeHEs40) Ascen node O

SeasONNPECEIEN Season December

out_4 —-> tmax—MW
31.95p-

out_2 ——> tmax-TRANS
3094

208l 3092

20.67 2989

37.53 2

2784
26.4

26.81

S T Sl -
0 6.8 13.6 20.4 272 34
in_2 ——= ancending node *10

Correlation |0.0633: Run jl] ﬂ Shot j 226 d Print Closel

25.26

0 6.8 136 204 27.2 34
in_2 ——= ancending node *10

Correlation |—0.002 Run j |1_ ﬂ Shot j IE ﬂ ﬂl Closel
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A stochastic 8 SiS for critical cases selection based on

temperatu Unexpected more extreme temperature profiles
fo)f YAW'ﬁs eifd /8 and 107. Flight data confirms this new critical
case.

For other satellite units additional critical cases were found. Stochastic
analysis suppliesimore infermation for accurate determination of
critical design cases.
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resent Approach Stochastic Approach

ChEE EViatiens Definition of main parameters related to
Select a parameter: iy model heat transfer in the model.

Verifyithe res for CORRELATION MATRIX
thermocounle Selection of parameters variation range

and interval to move their range.
Run all test cases imposing objectives
Verification of feasible correlation

Select other parameteriviodify model
New runs and veriiication of results

Repeat process to meet correlation
ol results.
criteria

Total analysis loop working|time in Lozl proble.ms SO“_J“O”_ _
weeks to months Total analysis working time in days
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_—
ELATION & FLIGHT PREDICTIONS. PHASE C/D

APRLICATION

MAIN THERMAL PARAMETERS
IDENTIFICATION

h INPUT/OUTPUT CORRELATION MATRIX
GROUPS OF RESPONSE SELECTION —
TEST SPECIFICATION TEST PREDICTION TC'SCORRELATION MATRIX

TEST PHASESSENSITIBITY
MEASURED TEMPERATURES
W ACTUAL TEST CONDITIONS
CORRELATION OBJECTIVES

TEMPMEAN VALUE
CORRELATION CRITERIA CORRELATION

TEMP STANDARD DEVIATION

w FLIGHT PREDICTIONS
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amplereixXVIVIENVISPithenmal balance test
ErdEepends on
three mai eters
(Cond cetersV M, MLIFeenductance,
ClesmgfieiNniermalemittance)

ESTEC 15 Thermal and October 2001
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LOOK FOR TENDENCIES

IDENTIFY DEVIATIONS

SELECT PARAMENTERS

ESTABLISH PARAMETER SCATTER RANGE

@ UNCORRELATED MODEL

CORRELATED MODEL




)

EADS ' STOCHASTIC APPROACH TO &

CASA ESPACIO

- Critica%wgﬁts déviation  lewer than 5 degrees.

e
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=
Input Variables: |3

dv_0 --» MLI FACTOR
dv_1 --» EMITTANCE FOIL FACTOR
dv_2 =--> CONDUCTANCE SVM

— Critical el s Geviation lower than 5 degrees.
Output Variables: (14

- obj_0 --»> Total Hean

e ] obj_1 =-=-> Total 8D
obj_2 =--> LTT +Z
obj_3 --» LTT -Z
obj_4 --> LAT MSP -Z
obj_5 --»> LAT MSP +Z
out_6 --» Mean LTT
out_7 --» 8D LTT
out_8 =--> Mean Centre MSP
out_9 --> 8D Centre MSP
out_10 --> Hean LAT HSP
out_11 --> SD LAT MSP
out_12 -->» Mean WEBS
out_13 --> MSP WEBS

ESTEC 15 Thermal and October 2001
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m Global correlation matrix Main significant parameters
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al test -ﬁE

TPUT CORELAﬁON MATRIX. GROUPS OF RESPONSE
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ELATIONIEXERCISENVPOSING OBJECTIVES
inal
4| ¥ out_14 ——> Distance to target
6.523 .
5.806 -/
5.088 /-

Interval of movement
4.371

3.653 |
17 24 32

40

Combination
2.936 :
1 9

minimum
distance 4| = Shot Number
Y_Min: 2.936 Y_Max: 6.523 Export Print Close

Objective

October 2001
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LATION EXERCISE IMPOSING OBJECTIVES

October 2001
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Thermal test corTeIatio

r_ ————— -
CORRELATION @MPOSWG OBJECTIVES

4| ¥[ obj 1 -—=Total SD
2.57

_|

4| ¥| obj_0 ——= Total Mean

1.24

2.302

2.034

1.766

1.498

1.23

-2.11

1 9 17 24 32 40
4| ¥| Shot Number

¥_Min: I 1.23 Y_Max: |2.5?r

1 9 17 249 32
4| ¥| Shot Mumber

¥ Min: | -2.11 Y_Max: | 1.24

40

Exportl Printl C|053| Exportl Printl Closel
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Thermal test corTeIatio

INREOSSIEIE

-
EACHIALL OBJECTIVES?

7

L

B
I

)
(11

I
i' _’ )

It isiot possiblerton

|

obj_1 ——= Total 5D
2.57

2GH

'—.
(b

7| OIS N A S S

a mean'deviation cer?

and standard deviation cene

Y| E—— OSSN 'S 5 AN S—

That is the effect of non used 1766 """""
input variables 1498 [~ R 7 Rt

1.23 '
11 144

obj_0 —-—= Total Mean

Correlation |—0.9?5 Run jlm ﬂ Shot j |34 ﬂ Printl Closel

-0.77 -0.0999999 057 1.24
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EffermMances
jO)|UStily aneme nafdeviations

PROBILEMS INTTIHEIS
Correlatip_ﬂ@een modelland telemetry data with uncertain enviromental conditions
Limited dataiiionm S/Eierassess anomalies and deviations
PROPOSAIL
Stochastic analysis combining all parameters and statistical treatment.
Great amount of' scenarios to be evaluated
Pathologic behaviors
Levels of confidence to support conclusions
Corrective actions
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NOVMINAL PESIENANBIDESIGN LIMITS. PHASE A

APPINGATION
JIETCESIgRYSIENRpUivarable.

The range eirdatansiiarger than the nominal ones.
-

35W+20%
13W+30%

35W+20% 7 4 e |

N

f i
45W+15% } ;‘%—‘\\/‘Q,“"

o | S0

S
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I [ [ e
PATTERN between black coating and aluminium. Tmax<50°C
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CONCLUSIONS
ereEistictanalysis metheds directly considering the scatter of

parametersand thenaistributions (e.0. loads, geometry, and material properties)
prov's additienalipiermation eiithe designs.

IRtredUCHEN ol -con@pts spichras Robustness, Flexible, Optimum or Cost Effective
allows choosing the BESIT DESIGN”

Drawbacks: Theruse elimeassive analysis requests a very well conditioned heat
transfer phenemenareiithe S/C. This method does not substitute expertise by
number of uncontrolled runs.

Implementation at EADS CASA Espacio:
Soil Moisture and Ocean Salinity (SMOS) instrument, (phase A).

XMM Mirror Support Platform and Meteosat Second Generation thermal test
correlation.

Spanish Minisat flight performance verification.
NEXT: GalileoSat, A5 Vehicle Equipment Bay
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