DIRECCION GENERAL DEL
INSTITUTO GEOGRAFICO NACIONAL

“ * GOBIERNO | MINISTERIO

g .
g DEESPANA | DEFOMENTO  p\TRO DE DESARROLLOS TECNOLOGICOS

CENTRO ASTRONOMICO DE YEBES

Surface optimization
of the Yebes 40-m
i radiotelescope using
S microwave holography

José A. Lopez-Pérez

Centro Astrondmico de Yebes
Instituto Geografico Nacional (IGN), Spain

3rd RadioNet3 ERATec Workshop
September 1-2, 2014 Gothenburg, Sweden



Contents

Introduction

40-m holography receiver

Holography measurements and adjustments
Tetrapod leg temperature measurement
Conclusions

Most of the work presented here has been published in:

J. A. Lopez-Pérez et al.: “Surface Accuracy Improvement of the
Yebes 40 Meter Radiotelescope Using Microwave Holography”.
IEEE Trans. on Ant. & Prop., vol. 62, No. 5, May 2014.



Introduction

Yebes 40-m radiotelescope
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Large reflectors suffer from
surface deformations due to
gravity, temperature and wind
loads, which cause a reduction in
aperture efficiency, particularly at
mm-wavelengths.

Microwave holography is a
suitable metrology technique to
measure the reflector surface due
to its accuracy, resolution and
speed. In addition, it provides EM
properties which can’t be provided
by other techniques.



40 m holography receiver

» Coherent microwave holography
receiver in prime focus position.

» Using beacons from GEO satellites
in Ku-band (10-9 — 12.75 GHz)
available at several elevation
angles (20° .. 43°).

* Permanent installation for periodic
measurements.
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Installing the Yebes 40-m holography receiver
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System block diagram

40m ARIES Radiotelescope
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RF module installation




IF module + backend
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Amplitude Drift (dB)
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Summary of Holography RX parameters

*Superheterodyne dual channel receiver at room temperature
*Frequency range: 10.9 — 12.75 GHz
*Prime focus installation

*REF antenna: Conical corrugated feed with 162mm diam.
HPBW=11.3°

*TEST feed: ring-choke feed -9dB @ 64°

‘REF channel: Trx < 96 Kelvin, Tsys < 111 Kelvin
*TEST channel: Trx < 83 Kelvin, Tsys < 126 Kelvin
IF frequency: 20 KHz

o/[F BW: 10 KHz




Rx Monitor & Control SW

' Miteq Downconverter Local Control Panel (JALP, Oct. 2004) 2 B sT g

Serial Address:

o
Freguency (MHz) = 11452.014 O Baud Rate: 9600
IF Attenuator (dB) = 10| )
o Pary
Apply
o TCP/IP Port: 10002
Reference Frequency Source: +24V: +24.34
Power Supply +20V +20.29
Synthesized Local Oscillator Lock |  LOCKED +5.2V A: +05.28
Fixed Local Oscillator A Lock |  LOCKED +52V B! +05.19
Fixed Local Oscillator B Lock | LOCKED RF Phase Voltage: +05.83
Synthesized Local Oscillator Level IF Phase Voltage: | +02.32
Fixed Local Oscillator A Level RF Level Voltage: |  +00.10
Fixed Local Oscillator B Level Internal Temperature:
Update
Holocal
Frequency (GHz) = [ 11.452 ] 0 [ Apply ] i
G
Lock Indicator: LOCKED
Temperature (2C); | 31.4 | [ Update ]
Log Window
=
125 13:08:19 IF Attenuator changed to 0.2 dB
125 13:08:20 IF Attenuator changed to 0.4 dB
125 13:08:26 Frecuency changed to 11452.014 MHz
125 13:08:26 IF Attenuator changed to 10.0 dB D
Sinthetizer switched ON
Sinthetizer locked

Quif:




Data Reduction & Analysis SW

b S <GREG 0

] M )  ARIES CLIC X-Window interface () @9 (CIRES]
CONTIMUE 5TOP? SIC  Graphics  CLIC  Help ' l J J
K ) Calibration package For ARIES Holographies (RL, JALF) ff_‘l" gzlcg‘é) CLIT — 1 -AUG=2014 08:42:57 — pepe — Antgnng 1 — 00
= i e Relig) 151002 DAN—ARIESY scans 5764 to 5764 (15-JAN-2012) Elev: 44,38
ghstit . Edge taper 7 %,95 x  9.56 dB - offset ¥= —019m Y= 024 m
: Focus offsets (¥,Y,2) = Z.BE—-10.49 —0.13 mm; Astigmatism = 9.00 mm
CREATE | SELECT | CALIERATE | Bhase:rtms (urweightad)

0.190 — (weighted)= 0.0BE rodians

Surface rms {unweighted)= 237.41 — (weighted)= 194.14 um

Scan Mumber? |544B:

N 11.4526Hz) = 0.648; 1,(22GHz)= 0.633%; =% (45@Hz%= 0.584; n,(118GHz)= 0.367
ST 11.456GHz = 2419 Jy/K; {22GHz)= 24.66 Jy/K; (45GHzZ)= 26.75 Jv/K; (115GHz)= 42.51 Jyv/K

CLIC File name 7 I./Fat32.-’h01D./ho1040mdata./ho10data_2012./test5?54‘hph:

Map =ize in pixels |25B
Fresnel Approximation? - Mo

Do Feed Correction? 7 Yes

Mumber of Masked Panels? ICE:

Mazked Panels? I
Mask panelz under quadrupod? i Mo

Apodize Hap? - Mo

Flot range (Min Max Step) in micrometers? |—1000 1000 S

= 0.650; ng= 0.897; na(11.452GHz)= 0.993; na(22GHz)= 0.974; na(45GHZ)= 0.898; 7-{115GHz)= 0.565

Rms/ring: 146.7 197.9 1740 1751 149.7 156.8 175.2 Z28.0 258.1 358.2
Amplitude (front view) Mermal errors [frent view)
=15.000 to Q.000 by 3.000 —1000.000 to  1000.000 by 500,000

1000

- 500

Flot amplitude range (Min Max Step)? |—15 0 F —500
Focus offsets (SOLVE) I More input for focus |
Tracking, pointing ... POINTING I More input for pointing | 1000
Cheat with center pixzels,.. (SOLVE) I More input I
Scanning ... SCANMING I More input for scanning I Help I
Parels ... PANELS I Input for Panels I Help I
Beam map ... BEAM I Input for Beam Hap I Help I

| @

holodata_2012 : clic J

@oe X <GREG 0

holodata_2012 : clic - Konsole | A, Calibration package for ARIES | [ ;)( XMenu

¥ EE e AN &l
a g | g% % El Qa} i Friday.AuguskOq,"}gOii- O}

The ALMA Holography Software, from Robert Lucas, has been adapted to

include the Yebes 40-m case.
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Scanning during measurements
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Calibration data
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First measurements (July’2010)
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First measurements (July’2010)
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First surface adjustments




Surface check after 15t partial adjustment
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Normal Surface Error (um) Surface Error Distribution
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Measurement repeatability (I)
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Measurement repeatability (1)

Amplitude Profiles
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Surface improvement

Surface accuracy in July'2010

Surface accuracy in January'2012

485 um WRMS 194 um WRMS
- 1000
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E 0
>
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x (m)
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f(CHz)11,45] 22 [ 45 [ =6 [11.45] 22 [ a5 | =6
m (%) | 651 [es1[esafesa] 65 [es {65 | s
e (%[ 20,6 |20 650 6[ro.6] 20,7 [s0,7[s0.7] 20 7
m (%) 03 |03 |03 o3| o3 |93 |03 | o3
e (%) | 05,4 [s.1[a7.6] 0.8 [ 00,3 [o7.4[s0.8] 70,4
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J. A. Lopez-Pérez et al.: “Surface Accuracy Improvement of the
Yebes 40 Meter Radiotelescope Using Microwave Holography”.
IEEE Trans. on Ant. & Prop., vol. 62, No. 5, May 2014.
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Additional results
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Verify FEM analysis at low elevation angles

Gravity, € = 30°
after adjust at g, = 45°
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Temperature (deg C)
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Quadrupod Temperature Measurements
using PT100 1/10 class B sensors

Time evolution of 40m radiotelescope tetrapod leg temperatures

Time evolution of 40m radiotelescope tetrapod leg temperatures
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Conclusions

Design, construction, characterization and installation of a prime-focus
dual channel Ku-band receiver.

Modification of ALMA holography analysis software to include the 40-m
telescope. Others could be added.

Surface improvement from 485 to 194 microns.

Further measurements and adjustments to be performed at 43° with new
test feed.

Measurements at lower elevation angles to be performed.

PT100 network to evaluate the telescope thermal behaviour.
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Thank you !!
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