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ABSTRACT

This paper describes the Prototype of BDA phaskil&ation system. The stabilization
system provides attenuation of factors larger th@nfor high frequency temperature
perturbations in the cable and electronics box @ provide great stabilization of phase
delays in the system. The results of the testopadd showed the maximum rate of change
of temperature was of aboliClhour.

INTRODUCTION

The BDA - Brazilian Decimetric Array is a radiogstope formed by an array of antennas
dedicated to the study of Solar Physics. Individarsilennas are provided with a LNA (Low Noise
Amplifier) amplifier and a double conversion reaivalong with the electronics for tracking and
control movement of the antennas. The referencpifiecy signal to the receivers local oscillators is
generated centrally and is distributed to the remsithrough coaxial cables at 10 MHz frequency.
Using PLL (Phase-Locked Loop) circuits the indivadlureceivers generate their necessary LO
frequencies signals. The down converter signalgpaiHz, corresponding to the received signal for
the individual antennas, are them transmitted,uthinocoaxial cables to the analyzing circuitry ie th
control room.

Figure 1 shows the simplified block diagram of theeiving section of BDA.

Due to the large dimensions of the array (some taghdheters) and to its components being
located far apart and exposed to the sun, diffespatating temperatures and difference temperature
variations are expected to occur during observatiGiemperature variations may cause differential
delay variations in the signal transmitted in tiables and also cause differential delay variations
the receiver electronics. Also, due to long distabhetween the antennas and the long lengths of the
cables, the relative phase between the signalsngpfrom different antennas can be totally masked by
the temperature induced drifts.

STABILIZATION TECHNIQUES
Several different stabilization techniques are siameously employed to cope with temperature

induced phase instabilities: temperature compemsatf phase delay variations, thermal insulation,
and temperature stabilization.
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Figure 1 - BDA's receiving section simplified block diagram

TEMPERATURE COMPENSATION OF PHASE DELAYS

Propagation speed in coaxial cables is heavily nidpat on its temperature. Given the large
differences in the distances between the antenmdghe analyzing circuitry room, the temperature
induced differential phase shifts between cablesbeavery large, even if using phase-stable cable.

A simple technique is used to compensate for suiférehtial delays among different cables. The
technique consists is cutting, to the same eledtlength, all cables carrying the same type ofaig
from different antennas, regardless of the distdrat@veen the antenna the and analyzing circuitry
room. All cables are cut to the same length ofltmgest cable, the remaining length of cable being
kept at the same temperature as the used lengsinisg the cables are from the same manufacturer
and have the same temperature coefficient of thpggation speed, the differential delays among the
different cables are compensated for any temperatariation because the delays will track equally
among them.

As an illustration of this, measurements of phaskyd were carried-out for a length of 48
meter of the cable type intended to be used irBbA (coaxial RGC 213 manufactured by Datalink
Telecomunicagéao).

Phase delay measurements taken using an HP851Mtkemalyzer and a climatic chamber
are presented in the Figure 2.
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Fig. 2 - Phase delay measurements for cable datalink RGC213.

THERMAL INSULATION

Temperature compensation technique of cutting titividual cable to the same electrical
length is not enough to assure delays stabilitliydftemperature change seen by the cables is Boge.
in order to reduce the temperature changes indbkes, the cables are buried at 1.0 meter depth. It
was determined by tests that the temperature \@r&at this depth is only a very small fractiortlo#
ambient temperature variations, this effect beiagsed by the high thermal impedance of the soail, i.
e., high mass and low thermal conductivity.

The cable lengths that are not used, because tmg trom an antenna distant from the control
room, are coiled and kept at the basement floothef control room. The basement is also built
underground, has thick walls, no windows and ndspabove the surface. The cable bundle comes
directly from the underground conducts to insidelthsement floor.

Figure 3 shows actual ground temperature measutepandifferent depths, performed at the
site of the BDA during a period of one month. Theph shows that the temperature variation, at a
depth of 1.0 m, during a period of one hour is igggle. The one-day period noise, clearly visibie i
the measurements taken at 0.5 m and 1.0 m, is ¢diysénterference on the measurement system
from the condensation prevention heater turn-on/adf during night-time.

GEOTHERMAL COUPLING

There are parts of the system that, despite baiitgithentical, are difficult to compensated and
difficult to insulate from the environment tempen& changes because they must be installed above
ground due to required maintenance, etc. Thesdharaeceiver box, the LNA amplifier and the
interconnecting cables. Those parts are diffiauistabilize because they have low thermal inerith a
are exposed to the atmosphere and to the sun.enfygetature stability of those parts are assured by
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insulating them from the environment by using iaioh foam material and coupling them to the
thermally stable ground temperature by a geothehmal exchanger using air as a heat transport fluid
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Fig. 3 - Actual temperature monitoring at different depths.

PROTOTYPE OF BDA PHASE STABILIZATION SYSTEM

Description

Instead of starting taking measurements of grotwedntal conductivity, thermal capacity, etc,
for the proper dimensioning of the stabilizatiorsteyn, it was decided to build a prototype of the
system in one antenna and, after some tests, atjudtaracteristics (insulation thickness, aireshe
etc) to meet our requirements. It was agreed thiat dould save time in the development of the
system.

The prototype design is of a closed type, i.e.,.Séi@e air is used to transport the heat to/from
the antenna system and the underground heat exahdrgs would prevent condensation inside the
system caused by the prevalent high humidity carditat the site, which would occur if an open
system was used.

Several difficulties have arisen during the seasthihe necessary material for building the
prototype. The most difficult problem to solve wadind an adequate air blower. It was found that i
is possible to find in the market several typesxial flow blowers with several different sizes and
capacities but, radial flow blower, the most adégdar the prototype, could be found only in a very
small number of different capacities. The prototyyas built only using commercial available parts.
Coaxial cables are running inside regular eledtidoaduits and are thermally insulated using closed
cell polyethylene foam tubing used in hot watertesysfor residential buildings. Thermal insulatien i
improved by the use of aluminized adhesive tape. fHteiver electronics is installed inside a rigid
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PVC box insulated with polystyrene foam. The aowsr case and the LNA box were insulated using
closed cell synthetic rubber foam (Armaflex). Ttse wf different materials for different applicatson
was required because some materials are only blailarigid sheets, inappropriate to insulate Isoxe
of cylindrical or irregular shapes.

The underground heat exchanger was built usingvilied 40 mm diameter rigid PVC piping
commonly used for residential sewer system. Theergrdund heat exchanger has a total length of 12
m and was buried at 1.0 m depth. No action wastédkeémprove the heat conductivity of the soil in
the region of the heat exchanger. The total lengthe external (above ground) system is aboutef t
length of the underground heat exchanger. Consigdhie soil temperature absolutely stable, it is
foreseen that the attenuation of the external teatpee variations must be in direct proportiontte t
ratio between the internal-to-external thermal stasice and the internal-to-soil thermal resistance.
Figure 4 presents a sketch of the heat exchanggpipimg system.
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Fig. 4 - Sketch of the heat exchanger and piping system.

EXPERIMENTAL RESULTS

Test of July 16", 2008

The test performed in July 162008, was done before the planned configuratmmttie
prototype had been fully completed. There were sdergths of piping not insulated with
polyethylene foam, aluminized film was not appl@er the thermal insulation, and the blower motor
was not thermally insulated from the blower. Figbrghows the temperature evolution during the test.

It can be seen from the graph that the internaptrature was closer to the external temperature
than to the soil temperature. This effect is causggoor thermal insulation in the above ground
system parts. Some filtering of the external varet can be seen due to higher thermal impedance of
the system. It is clearly visible that the interteinperature was rising with a rate greater than th
external temperature. This effect was probably edusy the heating introduced by the blower motor.
Another test was planned after the system thenmsalation was improved.
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Fig. 5 - Temperature evolution during the first test.

Test of July 28", 2008

The second test was done after better insulatiothefexternal piping, the installation of
aluminized adhesive tape over the expose pipingtlaadbetter insulation between the electric motor
and the blower. Measurements taken during the setemh are presented in the Figure 6.

The results of the second test show that is mutierbencoupling of the external environment
temperature and the internal system. The maximue o0& change of temperature was of about
1°C/hour.

CONCLUSION

Measurements taken without any stabilization systpnesented in Figure 7, show that
temperature variation of more than’Cthour can occur. The stabilization system provitésnuation
of factors larger than 10 for high frequency terapare perturbations in the cable and electronies bo
and can provide great stabilization of phase delayghe system. It is planned to carry-out
measurements of the phase variations caused byhberved temperature variations to verify if
upgrades are still required in the prototype.
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Fig. 6 - Temperature evolution during the second test.
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Fig. 7 - Temperature measurements without stabilization system.



J.R. Cecatto and M.C Andrade

REFERENCES

ALMA Memo No. 131 - Gain and Phase Stabilities ofrt® Components Used in the BIMA Array -
B. Frye, R. Forster, J. Lugten, L. Mundy, R. Plaoiyd. Thornton, and J. Welch.

ALMA Memo 314 - Underground Temperature Fluctuasi@md Water Drainage and Water Drainage
at Chajnantor - Laura A. Snyder, Simon J. E. Raljfand Mark A. Holdaway - National Radio
Astronomy Observatory, Tucson.

ATA Memo No. 27 - Notes on Delay and Phase Trackorghe ATA - Larry R. D'Addario - 2001
May 09.

Test report of cable Datalink RGC 213.



