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THE PROFILE FIE GROUP

EIE GROUP is an International Leader in Management & Contracting,
Engineering & Design, and Production & Services in Astronomy and
Astrophysics.

EIE GROUP is structured in three Company Entities specialised in
the realization of Observatories, Telescopes, Radio — Antennas,
Instrumentations, etc.

EIE GROUP has been working for more than 20 years for applied
Scientific Research and high International Scientific Organizations.
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Northern Chile
The Array: 66 Antennas (54 of 12 m and 12 of 7 m)

Site: Chajnantor Plateau at 5000 m altitude.
The antennas will operate up to 950 GHz.

AEM Consortium
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Wavelength (m)

Alma Key Specifications: R S B
12m diameter

25 ym rms surface accuracy (goal 20 uym);
2 arcsec rms absolute pointing; 0.6 arcsec
rms offset

15 um pathlenght stability over 3’

Tracking accuracy better than 0.6 arcsec
Fast switching required between target 001
and calibrator (1.5° in 1.5s) T R

Frequency (Hz)
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FEM MODEL VALIDATION
All FE model of the antenna and the predicted antenna performances are

tested on site: the goal for each test was to have a deviation between the
FEM prediction and real measurement lower than the 20%
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Pull test arm left and right Comparison betweem Measured value
and FEM prediction

0.00 T

S X ® & & &S & S S S
N X I S S\ D ,\QQ —e—Top arm left
5.00 A measured
\ —=— Top arm left
-10.00 FEM
\-\_\ Top arm
-15.00 right
\\\ measured
Top arm
-20.00 =

right FEM

microrai

-25.00

load (N)

Pull test alidade structure

This test has been performed in order to characterize the behaviour of the Steel
structure and the correlation with the FE model. For the execution of these tests
two additional inclinometers has been assembled at the level of the top arm.
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Secondary mirror behaviour

This test has been done in order to

identify the Subreflector deviation
during EL axis movement.

The antenna has been rotate from

to 2° with steps of 15°.

The values of the Subreflector

displacement are:
*TY=1.63mm
*ROTX=0.097deg

The same calculation performed vii ©

FEM analysis give us the following
prediction:
UY=1.54mm
*ROTX=0.093deg

Deviation in Y direction
(Difference Main between Secondary)

isplacements [

—m— Upper

—o— Lower
Expeted vale
Measured
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DAY | NIGHT DAY | NIGHT

STEADY GUST
PANELS' IN MICRONS IN MICRONS
MANUFACTURING 4,5 4,5 4,5 4,5
AGING 2,0 2,0 2,0 2,0
GRAVITY 2,9 2,9 2,9 2,9
WIND 0,0 0,0 0,0 0,0
ABSOLUTE TEMPERATURE 0,0 0,0 0,0 0,0
TEMPERATURE GRADIENT 0,0 0,0 0,0 0,0
TOTAL PANEL RSS | 5,7 5,7 5,7 5,7
BACKUP STRUCTURE? |
GRAVITY (IDEAL) 9,3 9,3 9,3 9,3
GRAVITY (Departure from ideal) 2,0 2,0 2,0 2,0
WIND 0,0 2,1 1,1 2,3
ABSOLUTE TEMPERATURE 9,1 9,1 9,1 9,1
TEMPERATURE GRADIENT 6,6 0,0 6,6 0,0
AGING and MOISTURE 2,0 2,0 2,0 2,0
TOTAL BACKUP RSS | 14,9 13,5 14,9 13,5

PANEL MOUNTING" |
ABSOLUTE TEMPERATURE

PANEL LOCATON It PLARE oo T o T SURFACE ACCURACY

PANEL ADJUSTMENT PERP. TO PLANE® 2,0 2,0 2,0 2,0
GRAVITY 0,0 0,0 0,0 0,0
WIND_ 0,0 0.0 0,0 0.0
TOTAL MOUNTING RSS 2,0 2,0 2,0 2,0
S E— The Antenna | surface accuracy
i A T o o ot includes contributions from both
WIND 0,0 0,0 0,0 0,0 .
ABSOLUTE TENPERATURE RN N B primary reflector and subreflector.
AGING 2,0 2,0 2,0 2,0
ALIGNMENT (coma error) 1,8 1,8 1,8 1,8
TOTAL SECONDARY MIRROR RSS 5,4 5,4 5,4 5,4 .
TOTAL ERROR EXCLUDING SURFACE ALIGNMENT 16,9 15,7 17,0 15,8 Th e tOtaI Su rface aCCU raCy d u rl ng
SURFACE ALIGNMENT ERROR (HOLOGRAPHY)| 147 7 147 7 Prima ry O pe rati ng Condition must
UNANTICATED ERRORS 2,0 2,0 2,0 2,0 be < 25 m icro n RSS
TOTAL SURFACE ACCURACY ERROR 22,5 21,6 22,6 21,6 )
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) uid  X44 X640 X1 — uid  X44 X640 X1 D=3%7.903 No Grav No Temp
G pneel CLIC — Z0-NOV=2010 00:14:25 — aimoop@gns — DA41 — ALMA/AZC 12—m Antenna
f: ReBl AT Tower  OSF scans 2 to 215 19-NOV-2010 23:59UT Bk 4.60 ) )
s pra. Edge taper =  12.51x 11.63 dB — offset ¥= —0.02 Y=  0.04 m rms astigmatism vs. temperature, Nov.10, JanFeb.11
‘Focue offssts (X,Y,Z) = 0.17 —0.74 10.30 mm; Astigrnatism = 0.0 urn { 180D.Cdag.) 10 7 L L — 1 T T T T
Phase rms {unweighted)=  0.055 (weighted)= 0.054 radians r
Surfoce rms {unweighted)=  12.84 — (weighted)= 12.39 um L
na(104.020 GHz) = 0.822; 2,(230.0 GHz) = 0.813; 4,(345.0 GHz) = 0.799 I /
$/T{104.030 GHz)= 29.682 Jy/K; S/T(230GHz)= 30.018 Jy/K; S/T(345 GHz)= 20.548 Jy/K |
o= 0.825 -mg= 0.750 -7»{104.030 GHz)= D.997 -—np{230 GHz)= O0.988 -7e{345 GHz)= 0.969 - 5 L ..
Rms/ring:  11.4 1.4 12.7 10.3 132 i °|®
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Temperature (°C)

Surface accuracy behaviour with respect
ambient temperature variation

SURFACE ACCURACY
The results derived during the holography tests have been extended for the whole
ALMA environmental primary conditions.
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POINTING ERROR EIE GROUP

Absolute Pointing Errors: < of 2.0 arcesec RSS in the whole sky travel range.

Offset Pointing Errors: < of 0.6 arcsec RSS when the antenna is pointed within 2
degrees from any starting position, tracking over a 15 minute period.

Fast switching phase calibration: the antenna shall perform steps of 1.5 degrees
and settle to within 3 arcsec peak pointing error, all in 1.5 seconds of time.

On-the-fly total power mapping: the antenna shall scan at 0.5 deg/s on the sky
across a target source of one degree in size, then turn around at a distance of 1
arcmin, settle within 0.8 sec scan back across the source within 2 arcsec RMS.

On-the-fly interferometric mosaicking: the antenna will scan at a rate of up to 0.05
deg/s on the sky across a target source, then turn around and scan back across
the source in the opposite direction within 1 arcsec RMS.

SK
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1.0
arcsec

All night—time data. Thermal metrology on. IE, CA varying.

POINTING ERROR: ABSOLUTE
The pointing model has been derived from 49 individual tests (6274 measurements) whit a

population SD of 1.00 arcsec.
The predicted all-sky pointing performance of the antenna at AOS, is 1.38 arcsec rms at night

and 1.50 arcsec rms during the day, with the thermal corrections active.
The pointing model stability has been checked with excellent results.
The thermal metrology correction significantly improves the stability of the model.
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arcsec

DA42_tpoint_05—-25-2011_033002.dat

dE
+5

dA
+5/

DA42_tpoint_05—-25-2011_033002.dat

DA42_tpoint_05—25-2011_033002.dat

TPOINT plots of the residuals for the test on May 25, 2011, at 0330 (o

POINTING ERROR: OFFSET

The rms error at OSF, corrected for seeing, is 0.28 arcsec, with a worst case of 0.77 arcsec.
Thermal and dynamic metrology were setting on.
We note that a number of tests were performed at wind speeds in excess of 5ms—-1.

= 0.24 arcsec.)
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ALMA TROTETY EiE ir

METROLOGY SYSTEM
The thermal metrology system is composed by 86 Thermal sensors. 83 are located
at the interior of the steel structure and 3 on the Apex Interface Cylinder.

The Thermal metrology system through a deformation matrix give an evaluation of
the deformations of the elevation axis due to the temperature changes.

The position of the 83 thermal sensors has been studied in order to cover adequately

the whole structure




INCLINOMETER

INCLINOMETER
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Parameter

Value

Resolution

< 0.01arcsec

The entity of the correction to be applied is in the 0.1arcsecond
level. The resolution of the instrument shall be at least 10 times
better

Stability over 60min

< 0.2arcsec

From the error budget, such error from the tiltmeter can be
accepted. 60min is the typical interval between calibrations

Thermal stability

< 0.2arcsec/°C

Derives from the previous specification and from the expected
temperature stability at the tiltmeter place

Bandwidth

> 0.5Hz

From wind gust PSD

Recovery from saturation

< 500ms

According to the dynamic requirements, the axes shall settle (< 3
arcsec on sky) on a step command within 1.5s and meet the
tracking requirements 0.5s after. This time is therefore free of
saturation and available for recovery

Range

> t+150arcsec

Such range would allow avoiding levelling of the instrument after
antenna transportation

Electrical interface

RS485

A digital interface is definitely advantageous in terms of noise
immunity

The Dynamic Metrology System is based on two high accuracy tiltmeters placed on
the yoke base, on steel plates thermally coupled with the yoke structure.

The elevation error and the cross-elevation is measured taking into account the
reading of the tiltmeters placed on the yoke base and corrected through simple
correlation formula via ACU at the level of the encoder systems
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Optimization for serial production

« Use of forgings and castings to
minimize welding and machining

« Set-up of dedicated assembly lines in
dedicated assembly areas

« Ultilisation of rotating jigs for welding
of Base and Yoke Base structures in
parallel and in optimal welding
position

* Minimizing of transportation times (e.

machining, assembly and
integration in the same building
complex; cutting and painting in same
industrial area)

SKr
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ltalian Industry is ready for SKA? $

EIE GROUP
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EIE GROUP
Italian Industry is ready for SKA?

=>» Activities ongoing:
« Combined Science & Industry Entities
= Combined interests
« Coherent International Actions
= Combined interests
« Strong pressure for Government Support




A Global Design & System Engineering approach %

EIE GROUP

A

SKA AFCA
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A RELIABLE INDUSTRIAL APPROACH GAINED FROM THE TEAM EXPERTISE

SKASA follows a robust System Engineering process as is required for a project of this integration
complexity. EIE & RRS follow a similarly robust process to allow successful integration of all the
components and subsystem into Antenna’s system upon completion of development of the manufacturing

FIE GROUP

Design Overall Development

Manufacturing

On Site Test &
Acceptance

Pre Assembly in
Factory

Antenna
Positioners

2to 64

Transport

Site Preparation

Antenna
Positioner
1

Manufacturing
Pre Assembly in
Factory

Design and Transport

Manufacturing - Assembly

On Site Test & Maximum of equipment is pre-
Acceptance integrated in Factory prior shipment
to optimize on-site assembly
activities.
Moreover and for the first antenna, a
specific Pre Assembly is performed
in Factory
The manufacturing phase comes after the design phase and the CDR review. Final assembly is performed on-site

in RAAA work area.

From the effective date of contract until the CDR,
the design is updated and validated in particular
through budget errors computations.

Detailed analyzes of the manufacturing process
and qualifications are done in parallel with the
design activity.

Only material purchasing and specially the carbon fiber, or manufacturing of
non critical parts are anticipated from PPDR acceptance.
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