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Unmanned Observation in Antarctica (I)

— Development of an Unmanned Observatory
and Preliminary Result of Geomagnetic
Variations Recorded at the Observatory —

Masaru Avyukawa*, Kei Terar*, Yutaka KAaTsuTa*
Jiro YosHiDA*, Takeshi Tova** and Junichi SAKAMOTO***

Abstract: It was planned to set up several unmanned upper atmosphere
observatories in the area around Mizuho Station (70°42’ S, 44°20’ E) in Ant-
arctica during the period of 1976-1978 for the IMS (International Magneto-
spheric Study).

The first unmanned observatory, situated between Mizuho and Syowa Stations
in Antarctica, was set up on May 30, 1977 by the wintering party of the 18th
Japanese Antarctic Research Expedition. Observation of geomagnetic variations
at this observatory was carried out from May 30 to August 23, 1977.

The unmanned observatory consists of the following parts.

1. Wind-driven generator
Two wind-driven generators (DYNA Technology Co., model 1222H) are
used for keeping batteries and instruments warm. Each generator can supply
electric power of ~200 W on an average when the wind blows continuously

at a speed of ~10m/s.

2. Heat insulation boxes
Batteries and instruments are put in two heat insulation boxes. The boxes
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protect the batteries and instruments from low temperature and heavy snow
in Antarctica. The wall of these boxes is made of veneer, aluminium plate
and styrofoam plate with a thickness of ~10cm. Using thermostats and
heaters (200 W for the battery box and 100 W for the instrument box), the
temperature inside the boxes can be kept from 0°C to 10°C near Mizuho
Station throughout the year.
3. Instrumentation
Fluxgate type magnetometer

Component . H, D, Z components
Sensitivity : 10 nT/mm on the chart record
Range : +1250nT
Power consumption : 418 V/100 mA, —18 V/60 mA
Timing :  Chronometer (stability 108)

4. Recorder

The heat pen recorder is used. The data observed at the unmanned ob-
servatory are recorded on a chart which is replaced every three and half
months.

A specification of the recorder is as follows.

Available chart width : 250 mm (%1250 nT)

Recording speed : 30 mm/h
Power consumption : +18 V/670 mA, —18 V/100 mA
5. Battery

Layer-built air cells are used for power supply to the instruments.
In this report, results of the environmental test of these facilities in a low-
temperature room are given in detail. Furthermore, magnetic variation data
obtained from the unmanned observatory are presented.
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Fig. 1. Location of two manned stations (Syowa and Mizuho)
and four unmanned stations (Al1-A4).

a) EXPERIMENT - 1 C) EXPERIMENT- 3
VINYL PIPE WIRE .
x2 x2 —»lSOL— ._L_.
\\\\\\\\\\\N \3\ NN \ _%_
N N
THERMOCOUPLE N N THERMOCOUPLE R 1ommé T 5
U
RECORDER
N gy N TN e Nesmgg
X X
POWER N s
STYROFOAM STYROFOAM
b) EXPERIMENT- 2 d) EXPERIMENT - 4
vinve PiPE || wire ||
X2 x2
DRSRRARRNRNNNE §\ ANNNRURN
THERMOCOUPLE LQ | THERMocOURLE :\ | ommé Q
: §hﬁ I\
RECORDER . RECORDER N
U f[ HEATER . L HEATER  [N]
POWER - y S—— POWER y i A\
NIRRT AN
AN ;
VENEER ST‘EOFOAM VENEER STYROFOAM

® 2 E&A/NERE RN EX

Fig. 2. Sectional structure of the small-scale heat insulation boxes.
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Fig. 3. Thermal characteristics of the small-scale heat insulation boxes.
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Fig. 4. Sectional structure of the wall of the large-scale
heat insulation box.
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Fig. 5. Outline of the Wincharger 1222H-type wind-driven generator.
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Fig. 6. Relation between wind speed and output power of the Wincharger
1222H-type wind-driven generator which was set up outdoors.
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Table 1. Characteristics of the wind-driven generator.
Wmc(l H://e;l)ocny Outpl\l}t} ;:?:ower Remarks

1.3 0

1.9 0

2.3 0

2.9 1

3.4 1.7

4.2 4.9

4.5 9.7

5.2 17.5

5.7 27.7

6.3 41.7

6.9 54.9

7.5 68.0

8.3 86.9

9.0 98.4

9.6 123.6

10.2 138.6 Governor functioning

12.1 157.5 ”

15.7 172.9 Z

* Load 2.88 2

(R A
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Fig. 8. Output power of the wind-driven generator as a function
of wind speed which was obtained from the environmental
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Fig. 9. Wind velocity distribution near the wind-driven generator
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Fig. 10. Thermal test of the heat insulation boxes for an unmanned
station in the low-temperature room.

* 2 REM A O
Table 2. Thermal characteristics of the heat insulation box A.

DC power | Outside Inside Temperature
Experiment supply temperature |temperature, difference Remarks
(W) 0) 0 | €O
No. 1 6.0 —29.0 —12.0 17.0 Thermostat 0°C
No. 2 10.7 —26.0 —11.0 15.0 "
No. 3 16.7 —29.0 — 9.5 19.5 "
No. 4 24.0 —26.0 — 2.0 24.0 "
No. 5 32.7 —28.0 + 2.0 30.0 "
No. 6 50.5 —28.0 + 2.0 30.0 "
No. 7 74.9 —29.0 + 2.0 31.0 "
No. 8 50.5 —26.0 +21.0 47.0 Thermostat +20°C
No. 9 74.9 —25.0 +22.0 47.0 "
No. 10 96.0 —24.0 +22.0 46.0 "
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Fig. 11. Environmental test of the unmanned observatory in the low-temperature room.
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Fig. 12. Schematic diagram of the unmanned observatory.
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Fig. 13. Block diagram of the fluxgate magnetometer.

e

14 75y 725— VAR H D, Z fitaties
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Fig. 15. Discharge curve of the layer-built air cell as a function
of temperature.
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Table 3. Weather condition during the period of the unmanned
observatory construction.

(18_2}12 3 om Eg(% e Atlr)xg(%siu?rinc di?Zci:rtli(i) i Win((i Ir:z/esl)ocity Vi(sli(l;rill)ity | Weather
|

1977 |

May 25| —24.1 | 817 ESE 12.0 0.2 o
(1500)

Mooy | —26.0 820 E 9.0 5.0 0O
Mty | —26.0 819 E 35 100 0O
Moy |~ / sl s - C
h%fgbgf —30.5 815 E 13.5 0.1 o
Moy | =331 826 E 10.0 0.3 o =+
Moty | —30.2 837 E 12.0 50O

Notes for the table.
(L.T.) G.M.T. +3 hours O Clear © Cloudy -+ Blowing snow
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Fig. 16. Schematic diagram of the unmanned observatory which was
set up in Antarctica.
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Fig. 17. Example of the magnetogram recorded at the unmanned
station (Al).
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Fig. 18b. Relation between auroral activity and magnetic variations
of Z component recorded at Syowa, Unmanned and Mizu-
ho Stations in the Southern Hemisphere and at Leirvogur
Station in the conjugate area (The cross line indicates
the level of geomagnetic quiet day).
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