ETRUSCO-2: an ASI-INFN Project of Development
and SCF-Test of GNSS Retroreflector Arrays (GRA)
for Galileo and the GPS-3

n
INFN

Istituto Nazionale
di Fisica Nucleare

S. Dell’Agnello!, G. O. Delle Monache!, D. G. Currie?, R. Vittori3, C. Cantone!,

M. Garattini!, A. Boni!, M. Martini!, C. Lops!, N. Intaglietta!, R. Tauraso* D. A. Arnold’, M. R. Pearlman’®, G. Bianco®,
S. Zerbini’, M. Maiello!, S. Berardi!, M. Tibuzzi!, J. F. McGarry?®, C. Sciarretta®, V. Luceri®, T. W. Zagwodzki®

1 Laboratori Nazionali di Frascati (LNF) dell’INFN, Frascati (Rome), Italy
2 University of Maryland (UMD), College Park, MD, US4,
3 Aeronautica Militare Italiana (AMI) and Agenzia Spaziale Italiana (ASI), Rome, Italy
4 University of Rome “Tor Vergata” and INFN-LNF, Rome, Italy
5 Harvard-Smithsonian Center for Astrophysics (CfA), Cambridge, MA, USA
6 ASI, Centro di Geodesia Spaziale “G. Colombo” (ASI-CGS), Matera, Italy
7 University of Bologna, Bologna, Italy
8 NASA, Goddard Space Flight Center (GSCF), Greenbelt, MD, USA

17t International Workshop on Laser Ranging
and
23rd General Assembly of the International Laser Ranging Service

Bad Kotzting (Germany), May 16 - 20, 2011



Outline

e ETRUSCO-2: ASI-INFN Project of
Technological development for GNSS

— Work program
— Main hw products
— SCF-Test-Revision-ET2

e Hollow retroreflectors

e Integrated modeling for GNSS
Retroreflector Arrays

e Conclusions

17" ILRS Workshop, Bad Kotzting (Germany), May 18,2011 Claudio Cantone (INFN-LNF, Italy) et al 2



ETRUSCO-2 (2010-2013)

ASI-INFN contract
n. 1/077/09/0

Development
and SCF-Test
of GNSS
Retroreflector
Arrays (GRA)

LAGEOS used
as a reference, |
standard target i ETRISED )

" {Extra Terrestrial Ranging 4o Unified Satelite Clnstellations

i Qi g O Ot o B RARAD

17" ILRS Workshop, Bad Kotzting (Germany), May 18,2011 Claudio Cantone (INFN-LNF, Italy) et al 3



ETRUSCO-2: work program

e Continuation of INFN R&D (2006-2009) with a full-
blown project of technological development

— Ranked 4" out of 164 proposal in response to a nation-wide

call issued by ASI in 2007
e Targeted to Galileo and GPS-
constellations
— INFN is Prime Contractor

— Partners:

, open to other GNSS

* ASI-CGS (G. Bianco et al), U. of Bologna (S. Zerbini)

e Three Italian SMEs
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ETRUSCO-2: main hw products

e New SCF-G, optimized for GNSS constellations
— Inherits from SCF, built in part by SME and in part by INFN
— Delivered by end of 2011
e Prototype GNSS Retroreflector Array, built with hollow technology, the
GRA-H: 7 CCRs of which 6 on a ring and one in the center
— Inherits from R&D done with GSFC
e Thermo-Structural modeling presented today
e SCF-Test: talk by Alessandro Boni
— Built by SME with INFN supervision and collaboration
— Delivered by summer 2011
— SCF-Tested with existing SCF
e Full-size, “standard” GNSS Retroreflector Array, the GRA

— Choice between hollow or solid retroreflector technology based on outcome
of SCF-Test of GRA-H

— Design based on recommendations of ETRUSCO paper, Adv. Space Res. 47
(2011)

— Delivered in 2012
— To be SCF-Tested with the new SCF-G
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SLR/LLR Characterization Facility (SCF)

Vacuum shell

IR camera,
thermogram

Quartz window,
Solar simulator

Far Field Diffraction Pattern circuit

Integrated and concurrent thermal and optical measurements in
laboratory-simulated space environment
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The SCF-Test (background IP of INFN)

» Laboratory-simulated space conditions. Concurrent/integrated:
— Dark/cold/vacuum
— Sun (AMO) and Earth IR simulators
— Non-invasive IR and contact thermometry
— Payload roto-translations
— Laser interrogation and sun perturbation at varying angles
— Payload thermal control
* Deliverables / Retroreflector Key Performance Indicators (KPIs)
— Thermal behavior
* Tocp, thermal relaxation time
— Optical response

» Orthogonal polarizations (for uncoated reflectors)

* Note: reduced, partial, incomplete tests (compared to the full space
environment) can be misleading (either optimistic or pessimistic)
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Available online at www.sciencedirect.com
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ETRUSCO-2: more on work program

* As part of co-funding, INFN-LNF
— Makes the SCF-Test standard (see next slide) available to ASI

— Is completing construction of a class 10,000 Clean Room (or better), as well as
other lab resources, to provide a dedicated infrastructure where the SCF and the
SCF-G will be operated

— Will test GRA-H in 2011 with the SCF
e Will implement into the SCF-Test-Revision-ET-2 the *““critical GNSS orbit
TEST”, developed for Galileo IOV retroreflector prototype
— Results under ESA-INFN non-disclosure agreement

— ESA asked authorization to release IOV test results
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SCF-Test of critical GNSS half-orbit
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The Galileo IOV (In Orbit Validation) array

http://ilrs.gsfc.nasa.gov/docs/ESA-EUING-TN-10206_Issue_3.2.pdf

taken from ILRS website

Support Structure
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Hollow retroreflectors: a new frontier?

Several advantages, but no space
heritage.

Considered for LLR where a very
large diameter is needed (4 inches
Or more)

Hollow cube prototype provided
by GSFC, was SCF-Tested by
INFN-LNF. Substrate is pyrex.

Inside the ETRUSCO INFN program we did the
SCF-test and thermo-structural simulations.
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Thermal measurements on the hollow cube proto faces

SCF Test hollow CCR
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Thermo-Structural model 1/2

Inside the thermal
model of the SCF we
placed the model of the
hollow cube and tuned
the thermal contacts
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Thermo-Structural model 2/2

e Results from thermal simulations are the input for structural
simulations

Node

>e98. 9
NODAL SOLUTION
| STEP=1
2989 SUB =1
TIME=740
298 2 BEFETEMP (AVG)
RSYS=0
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Optical integrity analysis

e Structural simulations results are analyzed to check the
planarity and the mutual positions of deformed planes

Best fit planes
PV = a+b
DAO =90-a a
Best fit
plane / W
Deformed
surface

Undeformed planes
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Comparison with experimental FFDP
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Thermo — optics modeling integration 1/2

Modeling of the CCR on the
GNSS critical orbit.
Temperature excursion of the
CCR: order of 100 K along
the orbit. Uncoated Fused
Silica reflector with 33 mm
aperture and no Dihedral
Angle Offset (perfect corner
cube). Orientation is such
that, the projection of one
edge on the front face, lies on
the orbit plane

i

£
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Thermo — optics modeling integration 2/2
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Conclusions

 SCF-Test: new industry-standard for GNSS, space geodesy, test
of relativistic gravity and lunar planetary science

— For any type of retroreflector in near Earth orbits and on the
Moon

e With ETRUSCO-2 (ASI-INFN project) we are doubling and
extending our metrological capabilities for retroreflector testing

* We are very interested in collaborating to other programs, with
co-funding for anything additional to ETRUSCO-2
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LAGEOS like array
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Hollow cube tuning

Comparison between measured and simulated data
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Hollow face curvature change
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SLR/LLR work by the SCF Team

* First-ever SCF-Test of:
— GPS-II retroreflector array flight model property of UMD
— GLONASS and Galileo’s GIOVE-A and -B retroreflector prototype by V. Vasiliev
— LAGEOS Sector engineering model property of NASA-GSFC
— Hollow retroreflector prototype provided by GSFC
— Galileo 1OV retroreflector prototype property of ESA
— New generation LR retroreflector, for:

e First manned landing - 2006 NASA LSSO Program (the beginning of U. of
Maryland and INFN-LNF collaboration LLRRA21/MoonLIGHT)

e Two ASI studies, including MAGIA for Phase A
e NLSI “CAN” Project (LUNAR, Directed by J. Burns)

 Response to NASA’s ILN anchor nodes Request For Info (RFI)
 Response to ESA’s RFI for lunar lander
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One past activity for ASI by INFN-LNF
(not an SCF-Test)

* Industrial optical FFDP acceptance test, in-air and 1sothermal
conditions, of 110 flight reflectors manufactured by Zeiss for

the LARES mission
— Accomplished by INFN-LNF in 3 working weeks before Christmas
2008:
e At the optics lab with 633 nm wavelength
* 15 days, enormous amount of retroreflector handling by LNF
team, no casualty, completely successful
— 110 retroreflectors accepted and paid by ASI, on the basis of this test
activity by INFN-LNF
— THIS WAS ONLY AN FFDP TEST IN AIR AND ISOTHERMAL
CONDITIONS; NOT AN SCE-TEST
— ASI reference document: DC-OSU-2009-012
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Optical Table

IR camera b\ roto-translation system
window : " left: aperture for Laser window

» EAGEOS | ;,{ |
Sector MoontIGHT/LLR
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Third and last ever made
for GPS

~19 x 24 cm?,~1.3 Kgq,
32 CCRs
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SCF-Test of GPS flight model
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SCF-Test of GLONASS/GIOVE
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