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ASHMORE ISLAND AUTOMATIC WEATHER STATION

by D. T. A. Langford
Central Office, Bureau of Meteorology, Melbourne

(Manuscript received July 1963)

Abstract. An automatic weather station was

installed on West Ashmore Island (12°13'S, 123°01'E)
in August/September 1962. A description is given

of the island and of the life on and around it. The
operation of the equipment is briefly described
together with the design details of the building, masts
and other facilities required for the installation of

the equipment. Details are given of the preparation,
testing and packing of equipment prior to installation.
The installation, which involved three ships sailing
from Darwin (460 nautical miles from Ashmore Island)
is described. The psrformance of the station since its
installation is outlined together with brief details of
the maintenance visits made.

1. INTRODUCTION

To assist in detecting the small tropical storms which form in the Timor Sea, a
decision was made in 1959 to install an unmanned automatic weather station on one of the three
islands enclosed by Ashmore Reef, which is located 460 nautical miles due west of Darwin
(see Figs. 1 and 2). As little weather information was available from this area, such a
station would provide valuable synoptic observations. To obviate the need for frequent
maintenance visits it was required that the station be capable of operating for at least six
months without attention.

In 1959 the only known equipment which offered this capability was an automatic
weather station manufactured by the French firm of Societe Industrielle de Telecommande et
de Telemecanique, who have supplied té the Bureau the two automatic weather stations for
installation in the Antarctic.

An order was placed on this firm for the supply of a "tropical automatic weather
station'", which arrived in Melbourne in March 1962. The Commonwealth Department of Works
was requested to design, to the Bureau's functional specifications, the building and masts
required for the installation, and to arrange for their manufacture and erection. As only
limited information was then available about the reef and islands, it was necessary to arrange
a reconnaissance visit, details of which are given below. The results of this visit were used
as a basis for designing and planning the installation.

Arrangements for transporting the men, materials and equipment from Darwin for
the installation were also made by the Commonwealth Department of Works. Since the station
commenced operating in September 1962 it has failed twice, maintenance visits being made in

November 1962 and March 1963, The station was still in operation at the end of June 1963,

The completed station is shown in Fig. 3.

2. ASHMORE REEF AND ISLANDS
Ashmore Reef was named after Captain Ashmore of the "Hibernia' who reported its
existence in 1810. Great Britain took formal possession of the reef and the islands it encloses

in 1878, and placed them under the authority of the Commonwealth of Australia in 1931.

The reef (see Fig. 2) is almost completely submerged. The distance from the
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eastern-most to the western-most point is thirteen miles and from the northern-most to the
southern-most point nine miles. The reef encloses three small uninhabited islands, West
Island, Middle Island and East Island.

They are flat, only a few feet above high water, and composed of sand and fine
shelly coral, cemented in parts and lightly vegetated. At low tide the islands form an almost
continuous bank about eight miles long. The islands have only occasionally been visited by
Australian vessels, but they are often visited by fishing vessels from Indonesia. A fresh-
water well has been dug on each of the islands and the remains of several camps have been
found on the beaches. There are graves on East and West Islands, most likely of Indonesian
fishermen.

Hundreds of birds are present on all the islands. Hermit crabs are plentiful and
red-back spiders can be found, but there is little insect life.

The beaches contain hundreds of turtle nests.

The lagoon inside the reef abounds with beche-de-mer, which is apparently the
main attraction to the Indonesian fishermen, although fish are plentiful. The waters inside
and around the reef contain many sea snakes. Coral snakes have also been seen.

The information on the reef and islands which was available before the decision was
made to install the automatic weather station, although limited, indicated that West Island
would be the most suitable of the three islands on which to install the station.

It is the largest (half a mile long and quarter of a mile wide), most sheltered island
and is closest to a safe anchorage for small vessels. This anchorage, which is two miles to
the north of the island varies in depth between two and ten fathoms. The island is almost
completely flat, except for a short rim of washed-up coral sand around its circumference,
and is about four feet above sea level at high spring tides. Shrubs up to six feet in height exist
at one end, but otherwise the island is only very lightly vegetated. West Island is heavily rat
infested and is a mass of rat nests.

3. RECONNAISSANCE VISIT, AUGUST, 1961

An Australian Navy vessel, with two engineers of the Commonwealth Department of
Works aboard, visited Ashmore Reef in August 1961.

I

The purposes of this visit were:

(i) to confirm that West Island would be suitable for installation of the automatic
weather station,

(ii) to select the most suitable site for the station,

(iii) to obtain information on the surface and sub-surface of the island and thus
determine the most suitable method of providing foundations for the building
and masts, and

(iv) to determine the most practicable method of landing equipment and con-
struction materials.

This visit verified that West Island was suitable for the installation of the station,
for which two suitable possible sites were chosen and pegged out.

The ground was inspected and exploratory holes dug. The hard crusts which exist
in patches over the island were found to have a maximum depth of about fifteen inches, below
which exists extremely loose coral sand. No hard material could be found down to a depth of
six feet. -



29

Samples were taken of inland limestone, coral sand (sub-soil), surface soil and
reef outcrop material but it was obvious that none of these would be suitable as an aggregate
for making concrete.

Decomposing bird carcases were found in the well in the middle of the island. A
grave had been dug within a few feet of the well, the sides of which contained several rat nests.
The well water was analysed and found to be contaminated with enteric organisms, making it
unsuitable for human consumption.

Two suitable landing spots for minimum draft vessels were found on the east and
north-east beach fronts. It was evident that a landing barge or similar vessel would be
essential for getting equipment and construction materials on to the island.

4. DESCRIPTION OF EQUIPMENT
{a) Meteorological Instruments
The station includes the following meteorological instruments:-

(i) Aneroid Barometer: This is located inside the building and consists of an
aneroid capsule driving a stylus arm, the position of which is an indication
of the barometric pressure. The pressure range is 960 to 1030 mb,
transmitted in steps of 0. 5 mb.

(ii) Liquid-in-Metal Thermometer: This consists of a bulb (installed in a
thermometer screen thirty feet from the building) connected by thin
copper tubing to the thermometer mechanism in a small cabinet installed
inside the equipment building. Both the bulb and the tubing contain a
liquid which is used as the transmitting medium.

An increase in temperature will cause the liquid inside the bulb to expand;
this expansion is transmitted by the liquid to the thermometer mechanism,
which drives a stylus arm, the position of which is an indication of the

air temperature. A second copper tubing containing the same liquid and
of the same size as the main tubing also connects from the mechanism

to the screen, but does not terminate in a bulb. It is used to compensate
for temperature effects in the main copper tubing. The temperature range
is +5°C to +60°C, transmitted in steps of 0. 5°C.

(iii) Anemometer: The anemometer, which is of the cup contact type, is
mounted on the top of one of the thirty-foot aerial masts. A pair of contacts
inside the anemometer housing closes for every sixty five revolutions of
the cups. During the ten minute period immediately prior to each trans-
mission, the anemometer is connected to an integrating device (in the
equipment building) which contains a stylus arm which is advanced a fixed
amount at the receipt of each contact closure. The position of the stylus
arm at the end of this ten minute integrating period is an indication of the
average wind speed over this period. The integrator is reset to zero before
the end of the transmission. The range of wind speed is 0 to 45 knots,
transmitted in equal increments of 5 knots.

(iv) Wind Direction Head: This is mounted on the top of one of the thirty-foot
aerial masts. It consists of a wind vane driving an electric contact arm
which makes contact with either one stud or two adjacent studs. As there
are eight equispaced studs, one of sixteen possible wind directions can
be reported.

(v) Rain Gauge: This is located forty feet from the building. Rain falling
into a collecting funnel of 87/8 in. diameter falls into one half of a pivoted
tilting bucket mechanism. When this half of the bucket contains
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a weight of water corresponding to two points of rainfall, the bucket tips
and in so doing empties the water from this half of the bucket and presents
the other half of the bucket (which is empty) to the incoming rain. The
procedure is then repeated.

A mercury switch tips with the bucket and sends a short duration contact
closure to two integrating devices (in the equipment building). Each
device belongs to one of the two radio transmitters and contains a stylus
arm which is advanced a fixed amount at the receipt of each contact
closure.

Each integrator is reset to zero before the end of the transmission from
its particular transmitter, the interval between the first and second
integrators resetting being fifteen minutes (see nominal transmission
times given in Section 9). The position of the integrator stylus
immediately before resetting is an indication of the rain which has fallen
over the previous six hours.

The range of rainfall is 0 to 400 points, transmitted in the following
increments:- '

o, 3, 7, 15, 30, 70, 150, 250, 350, greater than 400.
(b) Coding Mechanism

The output leads from all the meteorological instruments are connected to corre-
sponding keying cams mounted on a shaft, driven during transmission by a motor. Each
keying cam is cut to a particular Morse code symbol. As each meteorological variable is
selected for transmission, a circuit is made from those leads of the meteorological instru-
ment which identify the value of the variable, to the corresponding keying cams. This circuit
is continued to the radio transmitter keying relays, which operate and release in accordance
with the appropriate Morse code symbol.

For example, consider that the selector switch has selected the pressure value to
be transmitted and that the barometer reading is 1013 mb. The barometer stylus arm will be
clamped against the one (1) "tens" contact and the three (3) "units" contact. Thus circuits
will be made to the keying cams identifying a ''tens' value of one (1) and a 'units' value of
three (3), and the Morse symbols corresponding to these values will be transmitted. (As the
range of the barometer is 960 mb to 1030 mb, the pressure will be decoded as 1013 mb and
not as 913 mb or 1113 mb. If the stylus had made contact with both the three (3) and four (4)
""units'' contacts, then the Morse symbol corresponding to 3. 5 would have been transmitted. )
The selector switch will then move off the "pressure position', causing the barometer stylus
arm to be unclamped, and will move on to the ''temperature position'.

Also mounted on the same shaft as the keying cams are cams cut to provide the
station call-sign (VNX) and a spacing signal (BT).

The keying motor is also geared to other shafts which control the switching opera-
tions involved during transmission.

(c¢) Radio Transmitters

The radio transmitters operate on 3. 164 Mc/s and 7. 317 Mc/s. Each transmitter
is crystal controlled, uses four selected type 807 valves and has a radio frequency output
power of about 40 watts. One valve is used in the oscillator circuit, and the output circuit
uses two valves connected in parallel. The fourth valve is used as a '"safety device'', limiting
the anode current of the output valves when the transmitter is not keyed. High tension
voltage is applied to the transmitters from rotary converters.
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{d) Timing Equipment

An electromagnetic pendulum clock is used to drive a chronocontactor, or
programming device, which is set to switch the station on at the predetermined nominal trans-
mission times. The clock has a one-second period and receives a re-energising pulse every
second from a solenoid connected to a 1. 5 volt battery. Every thirty seconds a pulse is trans-
mitted from the clock to the chronocontactor, and causes the chronocontactor dials to rotate
one step.

(e) Power Supply

The station is powered by a 24 volt battery of about 400 ampere hour capacity. The
battery consists of lead acid cells of the heavy duty traction type, which have a comparatively
large cell space above the top of the plates, thus allowing for loss of electrolyte due to
evaporation and overcharging.

The battery is charged by a wind generator which is rated at a maximum of 35 volt
and 30 amp. The generator is connected to the battery via a rectifier to prevent the battery
driving the generator as a motor. A voltage sensing relay is connected across the battery.
When the voltage rises above 31.5 volt a pair of contacts in the relay operate and cause a bank
of resistors to be connected across the battery, thus dissipating excess charging current from
the wind generator and preventing overcharging of the battery. When the voltage across the
battery falls to 27. 5 volt these dissipating resistors are disconnected.

(f) Sequence of Operations
The sequence of switching operations will be briefly described.

Ten minutes before the commencement of the transmission, a pair of contacts in the
chronocontactor closes and causes a relay to operate and lock up. Contacts of this relay
connect the anemometer to its integrator. Further contacts connect the rain gauge to the ''ten-
minute rainfall relay". If the tipping bucket rain gauge operates during the ten minutes prior
to transmission, then this latter relay will operate and later cause the Morse code symbol "G"
to be transmitted. Otherwise the Morse code symbol "U" would be transmitted.

Ten minutes later another pair of contacts in the chronocontactor closes and causes
the following operations to take place. The anemometric integrator and the "ten-minute rain-
fall relay' circuits are disconnected. The keying motor starts up and voltage is applied to the
filaments of the radio transmitter valves. Twenty five seconds later a rotary converter starts
up and applies high tension voltage to the radio transmitter.

The station call-sign (VNX) is then transmitted fourteen times, after which symbols
identifying the meteorological variables are each transmitted three times.

A spacing signal {BT) is transmitted between some of the symbols, thus making the
decoding of the total message more positive.

Before the third time of transmitting the meteorological variables, the wind speed
and rainfall integrators are reset to zero. Therefore the Morse symbol corresponding to zero
(""U") should always be sent on the third time for these variable s, thus providing a check on the

resetting of the integrators.

The complete transmission as described above lasts two and a half minutes, after
which the station shuts down until the next transmission.

5. BUILDING, MASTS AND CABLE DUCTS
(a) Design Considerations

The design of the building, masts and cable ducts was prepared according to
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functional specifications of the Bureau of Meteorology, by the Commonwealth Department of
Works, who also arranged for their manufacture in Perth and transport by sea to Darwin.

The following were the most important design considerations:-
(i) Protection against climatic conditions, especially high humidity.
(ii) Protection against wind driven salt spray and fine coral sand.
(iii) Reasonable protection against lightning.
(iv) Protection against animal and bird life.

(v) Reasonable security against interference by native fishermen or other
persons visiting the island.

(vi) Limiting of temperature inside the building to a maximum of 40°C.
(vii) Ease of transport and erection of materials and construction equipment.

The erection of a fence around the station was considered but was rejected as it
would have been impracticable to erect a fence providing anything like complete protection
against intrusion. It was considered better to concentrate effort on designing the building,
masts and other external features so as to make interference as difficult as possible.

(b) Design of Building

In order to meet the 400C maximum temperature requirement, it was found
necessary to adopt a double-wall construction. The outer walls are of 22 gauge galvanised
steel and the inner walls of four inch thick expanded polystyrene between 19 gauge marine-
grade aluminium sheets. The inner and outer walls are two feet apart.

The inner building consists of two rooms, one for the battery, the other for the
equipment. The space between the inner and outer walls has been used to store miscellaneous
items such as spare aerial wire, hauling rope, ladder, etc. The outer wall contains a number
of vents fitted with louvres and vermin-traps. The inner walls are also fitted with vents.

A heavy door with substantial locks is fitted to the outside wall.

The foundation and floor of the building is a concrete slab of dimensions twenty five
feet by eighteen feet six inches and six inches deep.

As the design did not include any windows, it was necessary to provide lighting to
operate from the station battery.

Included in the equipment room is a pillar (see Fig. 4), set into a separate concrete
floor slab, isolated from the main floor slabs.

On the pillar is mounted the clock and the chronocontactor. This rigid pillar was
necessary to prevent the operation of the clock being disturbed by wind vibration.

During the installation of the station, one maximum thermometer was placed in the
thermometer screen and another inside the equipment room. At the first maintenance visit,
in November 1962, the former thermometer read 32°C and the latter 35°C.

(c) Design of Aerial Masts and Wind Generator Mast

In view of the requirement to make the station as immune as possible to interference,
it was considered necessary to make all masts self-supporting. Each of the masts is of mild
steel tube, 103 in. outside diameter by 2 in. wall, and is set into a concrete slab to a depth of
six feet.
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The total length of each of the two aerial masts is thirty six feet.

The top of each aerial mast was designed to facilitate the fitting of either an
anemometer or wind-direction head.

A number of climbing rungs were welded on to the top portion of the mast.

A lightning protector is fitted to each mast top. The mast bases are earthed to a
long monel metal rod sunk vertically in the ground.

The total length of the wind generator mast is fifteen feet. A pylon head, bolted to
the top of the mast, comprises a circular platform and a column for seating the generator
whose axis is about fifteen feet above the ground. It was not practicable to provide a lightning
protector for this mast.

At the base of each mast is a coupling to which is bolted a curved pipe housing the
cable running from the inside of the mast to the equipment room.

(d) Treatment of Building and Masts

The masts and building members were given the following treatment before leaving
Perth:-

sand blasting, spraying with aluminium, sealing with aluminium sealer
and painting with epimastic.

After erection on site they were given a further coat of epimastic and a coat of
aluminium in spar varnish.

(e) Design of Cable Ducts

The cable duct system was designed so as to completely enclose the cables from
the building to the various external devices. Fibro-cement pipes were used as the cable ducts.
These emerge from the concrete floor of the building and are buried to a depth of about
eighteen inches. Each run of fibro-cement pipes terminates in a cable pit buried at the base ot
the external device. The cable passes through the pit, into a pipe attached to the mast and up
the inside of the mast to the device.

6. AERIALS, RAIN GAUGE AND THERMOMETER SCREEN
(a) Aerials

It was decided that single wire aerials would be the most reliable type due to
simplicity of construction. They were designed to be approximately three quarters of a wave-
length long, measured from the point of emergence from the building. This arrangement
provides an aerial gain of about the same as a half-wave dipole.

One aerial is suspended between the tops of the aerial masts which are situated two
hundred and fifty feet apart. The other aerial is suspended five feet below.

Both aerials were erected with a central sag of ten feet.

In order to withstand winds of over 100 m. p. h., hard drawn copper wire of
7/. 064 gauge was chosen for the aerials and strain wires.

(b) Rain Gauge

It was decided to mount the rain gauge at a height of about nine feet above ground in
order to reduce the possibility of interference by visiting fishermen and others. It was
realised that this would have some effect on accuracy in windy conditions, but it was considered
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preferable to make some sacrifice in this regard so as to improve security and reliability.
A housing was designed and manufactured in Melbourne.

It is made of brass and includes a bird guard consisting of stainless steel wire
forming a mesh over the collector. This mesh is to prevent birds from roosting on the housing
and thereby contaminating the rain gauge with their droppings. At each of the two maintenance
visits made to date, no foreign matter was found in the rain gauge, whereas considerable
quantities of droppings were found on the other external features of the station. = The housing is
mounted on the top of a six inch diameter pipe set into a concrete base. The cable is laid down
the centre of the pipe.

(c) Thermometer Screen

~ The bulb of the liquid-in-metal thermometer was installed in a standard small
Stevenson screen mounted at the standard height above ground.

7. TESTING, MODIFICATION AND PACKING OF EQUIPMENT

All units were inspected and tested in the Instrument Workshop, Melbourne, for
correct operation and accuracy. All the equipment to be installed, 'apart from the power equip-
ment, was assembled and run for several weeks, operation being studied closely to locate any.
fault or possible cause of unreliability. = Mainly as a result of inspection and testing carried
out, several modifications were performed.

Two of the most important of these involved replacing the existing unsealed relays
with those of the hermetically sealed type and altering the output circuits of the radio trans-
mitters so as to work into single wire aerials.

The wind generator was erected at a field station and connected to the battery via the
automatic regulator and dissipating resistors. Operation in winds of up to about twenty knots
was studied and found to be correct.

Careful attention was given to the packing of all items. It was realised that packages
could be subjected to pressure and severe shock, especially during the landing of items on the
island, which was expected to be a rather difficult operation. Another requirement was ease
of handling of these packages. The problem had previously been faced of packing similar
automatic weather station equipment for installation in the Antarctic. To meet this requirement
a system was devised using canvas carrying bags and plastic packing material. Inside each
canvas bag is a layer of expanded polystyrene (to provide strength) and inside this, around the
equipment, a layer of slightly compressed urethane foam (to absorb shock). Each of the bags
can be conveniently carried by either one or two men.

As this method of packing was found to be satisfactory in the Antarctic, it was used
in packing most of the fragile items for the Ashmore Island installation, and was found to be
convenient and effective.

8. INSTALLATION OF STATION, AUGUST/SEPTEMBER, 1962

Planning of the construction of the station and arrangements for transporting all the
items from Darwin to Ashmore [sland were made by the Department of Works. The Navy was
requested to assist, and provided the services of HMAS ""Banks'", a ninety foot vessel stationed
in Darwin. As it was considered essential that a barge be used for getting items on to the island,
a barge was hired from the Kulumburu Mission Station. As this barge was not able to take all
the construction materials and equipment, arrangements were made to charter MV '"Jensah",

a motor vessel of about seventy feet in length owned by the Northern Territory Administration.

A front-end loader, jeep, air compressor and concrete mixer were the major
mechanical aids used in constructing the station. Fig. 5 shows the front-end loader being used
to erect one of the aerial masts. Bags of cement and aggregate and drums of fuel and water






