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Abstract

EuTEF is an ESA platform for technological research, designed and built by Carlo Gavazzi Space.

It was launched onboard the Space Shuttle on February 2008 with 10 experiments to be exposed to Space
Environment for 15 months. It was installed as an attached payload of the Columbus module by astronaut
EVA.

EuTEF is experiencing the typical ISS outer environment, dominated by LEO sun-eclipse phases on
a medium inclination orbit (52°), with the additional effect of the International Space Station moving
appendages. Thermal modelling with SINDA/TRASYS code has been used for sizing of the payload:
the NASA-provided ISS model (in SINDA) has been used for flight predictions, which are compared
with flight data.

Within the 1 year mission, the seasonal variations in the thermal environment of EuTEF are identified,
and signs of degradation of the thermo-optical properties of the thermal coatings, such as silvered Teflon,
have been investigated from telemetry data.

Moreover, it is calculated how much the ISS elements dominate the environment for payloads attached
outside Columbus module, compared to free-flying satellites in a similar orbit. Simple thermal tools
such as ARTIFIS and TOPIC have been used to derive an equivalent effective thermal environment
of the outer ISS, with solutions implemented in MINITAN. These extremely simplified models allow
making considerations for preliminary thermal design of future missions on the ISS.

EuTEF returned safely on the Earth in September 2009: thermal requirements about the return are briefly
presented as well.
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Introduction

EuTEF (EUropean Technology Exposure Facility)
* Launched on 07/02/2008 with STS-122 (Atlantis)
* Design operative life 3 years, nominal mission = 1 year

* Landed on 11/09/2009 with with STS-128 (Discovery)
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INTRODUCTION

* EuUTEF (EUROPEAN TECHNOLOGY EXPOSURE FACILITY) is an ESA external platform
that was installed on Columbus

* EUTEF provides stardardized mechanichal accommodation,
electrical and data handling services for nine instruments

DEBIE-2
(integrated in EuFIDE)

PLEGPAY FIPEX
(integrated in EuFIDE)

DHPU
EXPOSE

CEPA

DOSTEL EUTEMP

SUPPORT

STRUCTURE TRIBOLAB

EuTEF Instruments

* EuTEF accomodates several instrument:

* PLEGPAY: Plasma contactor experiment

¢ MEDET: Materials Exposure experiments DEBIE-2
) - (integrated in EuFIDE)
* TRIBOLAB: Lubrication Materials / Tribology PLEGPAY FPEX
experiment (integrated in EuFIDE)
* DEBIE-2: Orbital Debris measurement
* FIPEX: Atomic Oxygen measurement 7 HeE
* EXPOSE: UV effects investigation experiment "
* DOSTEL: Radiation environment investigation. CEPA
* EuUTEMP: Autonomous Temperature-Recording U
e EVC: Earth Viewing Camera

SUPPORT

STRUCTURE TRIBOLAB
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EuTEF TCS and ISS environment

EuTEF TCS :
* Passive TCS
- Silvered teflon and white painted radiators
- MLI
- Heaters for survival and start-up.
* EUTEF TCS has been designed for the typical ISS-environment:
- Flight altitude between 278km and 420km

- Orbit Inclination angle 51°-> beta angle (angle between the orbit plane and
the Sun) variation between -75°and +75°

* SINDA/FLUINT used for thermal-analysis
- 1SS MODEL = SINDA / TRASYS (~1500 nodes)
- EUTEF MODEL = SINDA / THERMAL DESKTOP (~700 nodes)
- VALIDATED by means of a TB solar beam test
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Flight data analysis

The following qualitative analyses have been performed on the collected telemetry data:

¢ Long Period analyses:

- Temperature variation due to the beta angle variation in time;
- Temperature variation due to the different ISS flight altitude;

- Temperature variation due to Thermo-optical properties degradation;

¢ Comparison between collected data and performed numerical-analyses in-transient conditions:

- Installation phase;

* ISS - SUPER SIMPLIFIED MODEL (ISS-SSMODEL ) developed using T.O.P.I.C. for the environmental data
generation: model has been built fitting-numerical results with telemetry data.
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Beta angle sign definition

Beta angle vs Temperature, qualitatiyé"outlbpk (
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Beta angle vs Temperature (2)
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behavior due to:

- STS docked- attitude (Yaw
angle 180°= 1SS flies
backwards)

--Payload power off;

= Lack of eclipse in the-orbit
due to a very low betaangle;

- EUTEF reactivation after
being switching off;
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STS DOCKING MANOUVERS

* Normally ISS flies with +XVV / +ZLV attitude, indicates that the ISS positive x-axis is toward the
velocity vector, the z-axis is towards nadir.

¢ Before STS docks, the ISS changes its attitude, rotating with a yaw angle of 180° and passing to —
XVV attitude
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* ISS constantly loses altitude due to atmospheric drag and needs to be boosted to a
higher altitude several times each year.

* Two orbits has been selected, to analyze affect of altitude variation on EUTEF, at 339km
and at 358km.

- Mean temperature difference is 1.3°C.

* Change in environmental fluxes has been calculated by using the-Thermal desktop
model in combination with a least square error method.in SINDA

- Environmental heat fluxes increase of ~6% when orbit height decreases by 19 km
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A small increase of the average temperature (about 0.3°C) due to degradation of thermo-optical properties of the DHPU
radiator (Silver Teflon) has been observed in 11 months (2nd april 2008 — 3rd march 2009).

Assuming it is mainly a change in absorptivity, model has been validated using SINDA/FLUINT least square error data fit
routines.

Two cases have been chosen with the same attitude, environment (season) and Beta angle for comparison

9% relative increase in the solar absorptivity from BOL conditions (validated model in TB solartest) has-been found:
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TRANSIENT THERMAL ANALYSIS: EUTEF-INSTALLATION PROM STS TO-

ISS g

* THE TRANSFER FROM CARGO BAY TO COLUMBUS TOOK ABOUT 1 HOUR. HEATERS REMAINED
SWITCHED OFF FOR 3 HOURS.

* SINK TEMPERATURE IN SHUTTLE CARGO BAY WAS HIGHER THAN SINK TEMP ON COLUMBUS
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* THE DETAILED THERMAL LUMPED PARAMETER MODEL HAS BEEN SOLVED WITH SINDA
VALIDATED MODEL, USING ACTUAL ORBITAL DATA.

* THE RESULTS OF THIS MODEL IS COMPARED WITH TELEMETRY DATA
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ISS-SUPER SIMPLIFIED MODELING WITH T.

OPIC:

oy '.‘"t’"‘.i'

* How much ISS elements influence the environment around EUTEF vs. a free flyer?

* Avery simple SINDA / T.O.P.l.C. model (1 node per face) of some instruments have been built.

STARBOARD Sink

DEBIE2

a

RAM Sink <——n ———— = WAKE Sink

FIPEX

[ CEPA

PAYLOAD MODEL EXAMPLE

* 3 radiative sink nodes (3 exposed sides
of the payload)

* CEPA temperature taken from on-orbit —
measurement E/:\
&

‘
om 200 @
‘v

* 8 nodes for the payload -

N2

- 6 walls
- 1MLI RE
- 1 instrument core ——— Comuctive lnks betwaan Exfids slemarts
***** Radiative ks between Eufide clemerts and
bounday node
[ irittunstic nodes

<~ Boundawmods
[ Diffwive node
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* For a very quick work (2 weeks), TOPIC is simpler to install, learn and use

* Despite less fancy graphic, results accuracy is the same

* Data in tabular form forces to check them more thoroughly when formatting, before inputting to a
thermal solver

PURPOSE

* To find effective sink temperature
- invarious directions
- at agiven Beta angle

for quick assessments on attached payloads.
ADVANTAGES

*—=6 nodes instead of-1500-with-articulators of the ISS

*  Runtime=fewseconds vs. 12 hours

GAFILO GAMALE |
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* Sink temperatures on STARBOARD, WAKE and RAM side have been identified with SINDA Least
Square Error routines fitting

- analyses results with TOPIC/SINDA ISS-SSMODEL and
- EUTEF flight data
* Sink temperature computed for different payloads, in the same directions, are similar one another,

confirming the approach correctness
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CONCLUSIONS

* First order effects have been observed

- beta angle

* Second order effects have been confirmed negligible but measurable

- Solar constant (not shown in the presentation)
- ISS altitude

- Thermo-optical properties

e Comparison between detailed thermal mathematical-model and flight data, confirm good and
conservative modelling approach also for thermal'masses definition, useful for transfer analysis

* EuTEF simple thermal model has-been developed and fluxes calculated with T.O.P.I.C. (ISS-
SSMODEL)

*—Thissimplified-modelcan be useful for quick assessments of other external payloads thermal
behaviourwith a good accuracy for phase-A studies (6°C max error)
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Solar constant varies during the year from a minimum of 1312W/m2 at aphelion (July) to a maximum of
1418W/m2 at perihelion (in January)
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‘ —— Solar Constant = 1414 W/m”*2 —— Solar Constant = 1323 W/m~2 ‘

DHPU average temperature in-the same condition in two periods (close to aphelion and perihelion) have been compared. The
difference is very small (0.06°C) in according to analytical prediction (0.2°C)
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