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ABSTRACT

PLATO (PLATeau Observatory) is the third-generation astronomical site-testing laboratory designed by the University
of New South Wales. This facility is operating autonomously to collect both scientific and site-testing data from
Dome A, the highest point on the Antarctic plateau, at an elevation of 4093m. We describe the power generation and
management system of PLATO. Two redundant arrays of solar panels and a multiply-redundant set of small diesel
engines are intended to provide 1-2kW of electrical power for a full year without refueling or other intervention. An
environmental chamber has been constructed to study the high-altitude performance of the diesel engines, and suitable
cold-starting procedures and engine lubrication techniques have been developed. PLATO’s power system is an
innovative solution with wide applicability to small astronomical facilities on the Antarctic plateau, offering minimum
environmental impact and requiring minimal human intervention.
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1. INTRODUCTION

PLATO (PLATeau Observatory)' is a remote facility that has been successfully deployed to Dome A, Antarctica (see
Fig. 1) in January 2008 by an expedition of the Polar Research Institute of China. PLATO was designed and built at the
University of New South Wales to provide heat, power and communications for a suite of site-testing instrumentation.
The UNSW Antarctic Group has previously developed remote facilities for the South Pole (AASTO, or Automated
Astrophysical Site-Testing Observatory), and for Dome C (AASTINO, or Automated Astrophysical Site-Testing
InterNational Observatory). Fig. 1 shows the locations of these sites.

The AASTO? was built by Lockheed and was based closely on the US Automated Geophysical Observatory. It used a
propane-fuelled thermoelectric generator, producing some 50W of electrical power and 2.5kW of heat.

AASTINO® was powered by a pair of WhisperGen PPS16 24VDC* Stirling engines burning Jet A-1 fuel. The two
engines were cooled with a glycol loop that fed directly into large heat exchangers, keeping the AASTINO warm via the
waste engine heat. At sea level the WhisperGen engines produced 750W of electrical power but, as with any naturally-
aspirated combustion engine, they produce less power as the altitude increases. At Dome C each engine was able to
produce about S00W. AASTINO also used two solar panels to provide additional power during summer.

In developing PLATO, several new factors had to be taken into account, building upon the experience from the earlier
AASTO and AASTINO facilities. New challenges to be faced at Dome A include:

e No preferred wind direction. Unlike at Dome C and the South Pole, the wind at Dome A has almost no
preferred direction’. This means that it is impossible to protect the astronomical instruments from the exhaust
stream by simply placing them upwind of the engines, as was done with the AASTINO. Instead, a separate
engine and instrument module are required, spaced at a sufficient distance that the exhaust stream is less likely
to intrude into the atmosphere through which the instruments are observing. The disadvantage of this
approach is that it is then no longer possible to use waste engine heat to keep the instrument module warm,
unless the engine coolant is plumbed between the two units. This option was, however, considered to be

impractical, leading us to a solution in which the instrument module is heated purely by electrical power.
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e Higher altitude. The physical altitude of Dome A is 4093m. However, the cold air above Antarctica results
in a smaller scale height for the atmosphere, resulting in a pressure altitude at Dome A of typically 4500m.
The engines must be able to start reliably at this altitude, and their power output must be sufficient even with
the thinner air they will be breathing. In practice, this means choosing an engine of a significantly larger
displacement than would be required at sea level.

e Colder. Dome A is almost certainly the coldest place on earth, although this is not yet firmly established as
meteorological records are only recognized if made by a human observer! Nevertheless, temperatures as low
as -—90°C appear possible. This is well below “dry ice” temperature, emphasizing the need for extremely
well-insulated structures and very efficient use of energy.

e More remote. The greater difficultly of bringing materials to Dome A makes it even more important that the
power solution be optimized in terms of fuel type, fuel efficiency, and power management.

In addition, increasingly sophisticated astronomical instruments require ever greater amounts of electrical power. The
PLATO power solution is therefore designed to be both adaptable and scalable—that is, it can provide additional power
for short periods when required, and future versions can be built to provide higher base loads if necessary.

Fig. 1: Contour map of Antarctica (courtesy of AAD)

2. POWER GENERATION AND THERMAL MANAGEMENT

Fig. 2 shows that, during the course of a year, the Sun is continuously above the horizon at Dome A for approximately
four and a half months, rises and sets each day for three months and is continuously below the horizon for four and a half
months The ideal power system will therefore be one that uses solar power during the summer, short-term electrical
storage in the form of batteries, and uses a high energy-density fuel in an efficient manner during the dark winter months.
PLATO therefore uses a hybrid solar/diesel power solution, burns Jet A-1, and has lead-acid batteries for energy storage.
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Fig. 2 Maximum and minimum daily solar elevation at Dome A for 2008.

PLATO consists of a power module and a separate instrumentation module'. The two modules are separated by about
50m, and are joined only by the two pairs of high-voltage power cables, a Controller Area Network (CAN) bus cable,
and a 28V power bus. Both modules are extremely well insulated: the engine module with 150mm thick polyurethane
foam on all six internal surfaces and the instrument module similarly insulated with 200mm of foam.

The engine module is kept warm by the waste heat of the engines. A Eurotherm 3200 PID (Proportional-Integral-
Derivative) controller activates two brushless axial-flow fans that exhaust warm air from the module, causing cold air to
be drawn in. This maintains the temperature at a steady 20°C. All the fuel required for a year’s operation (4000 litres) is
also contained within the engine module, where it is kept warm.

The instrument module is kept warm mainly by the waste heat from the electronics. When this is insufficient, up to
1200W of resistive heaters can be switched on. Two anti-stratification fans keep the air within the module well mixed.
Should the module become too warm (as can occur during the summer), a Eurotherm 3200 PID controller turns on two
exhaust fans, in a manner similar to the thermal management system of the engine module.

The battery bank is a set of six, 4 Volt Sungel 4SG320 sealed lead-acid batteries, giving a nominal power bus of 28V.
The batteries have their own 180W heater. Despite their modest energy density (34Wh/kg), sealed lead-acid batteries
remain a good choice for short-term energy storage in Antarctica. They have good charge/discharge efficiency, work
down to very low temperatures (~ —30°C), can be frozen and re-thawed without serious ill-effect, require only basic
charge management, and are remarkably tolerant of accidental abuse.

3. SOLAR POWER

The solar panels are arranged in two arrays of three paralleled panels. Each panel is a polycrystalline silicon Conergy
C167P, with a nominal power output of 167W at 25°C; 1.5 air-masses. Fig. 3 shows one array of solar panels that was
erected at UNSW for testing.
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Each panel is mounted vertically, roughly 1 metre above the snow to allow air to freely flow beneath it, thus minimizing
snow accumulation. The two arrays are oriented north-east and north-west respectively, to maximize the amount of
energy captured in the late autumn and early spring.

Fig. 3. One of the two solar arrays erected at UNSW for testing.

Each array of three panels is fed to an Apollo Solar T80 maximum-power-point tracker (MPPT)°. The two T80 MPPTs
are arranged in a master/slave configuration, so that both units will switch from boost charging to float charging and
back again at the same time. The master T80 MPPT has its own battery temperature sensor, allowing the output voltage
to automatically track the battery’s charging requirements.

Solar arrays are remarkably effective in Antarctica, as we have previously noted with the AASTINO®. Silicon solar cells
are significantly more efficient at low temperatures, producing 5% more power for every 10°C drop in temperature.
This, combined with the enhanced solar input from the snow reflection, results in a power output of up to 220W from
each 167W panel. The bright reflection from the snow has another advantage: even when the sun is directly behind the
panel, it can produce several watts of power.

When the Sun is above the horizon, it also provides a significant amount of useful radiant heat to the modules.

4. DIESEL POWER

Within the engine module are six Hatz 1B30 diesel engines’ arranged in two banks of three. See Fig. 4. The engines are
air-cooled single-cylinder units with a capacity of 350cc and a nominal power output of 5.4kW at 3600rpm at sea level.
Generally, only one engine is running at any time, although the possibility exists to run any number of engines
simultaneously. This gives a very high degree of redundancy, plus the ability to boost the power output whenever it is
required while maintaining a highly efficient “base load” generating capacity.

These engines have a nominal service interval of 200 hours. However, in PLATO they will see no human being for over
eleven months. In order to achieve this extended running time, the engine lubrication system has been extensively
modified. Each bank of three engines shares a 60 litre external oil tank. Oil is continuously pumped into each engine
from the storage tank with a Thomas Magnete LHP27 metering pump at a rate of approximately 11cc/minute at 3Hz. A
simple overflow pipe in each crankcase returns the excess oil to the storage tank. Large-area filters are used to clean the
oil. The lubricating oil is fully synthetic Delvac 5W-40°. Operating the engines at only 2200rpm further enhances
engine longevity.
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