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Although a great deal is known today about ceramicinsulator
design for broadcasting application, basic developmental work
was undertaken during the wireless telegraphy era. One project
which paved the way for the use of base insulators for broadcast
radiators was the 500 kW low frequency wireless telegraphy
Rugby Radio Stationin England erectedin 1925. Although eight
244 m |attice steel masts were erected to supportthe cage aerial
system, the designers decided to insulate the masts from earth.
Research was undertaken to find an insulating material capable
of withstanding the simultaneous application of high power
radio frequency and high mechanical stresses. The studies
concentrated on granite and porcelain with the final solution
being a combination of porcelain insulators mounted on a large
granite block.

The porcelaininsulator designknown as a ‘Cheese’ type,was
cylindrical in shape with @ 50 mm hole through the middle to give
satisfactory vitrification ofthe material.Individual insulators were
225 mm diameter and 87 mm thick. Twelve columns each
consisting of three insulators supported the mast. From this
developmental work, hollow cylindrical porcelain insulators
later became the standard method of insulating broadcast
radiators.

JACK ROSS
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BROADCAST AUTOMATED
TESTING SYSTEM

Test Equipment is the prime ‘tool’ of most engineering and
technical work groups within Broadcasting Division. While most
work requires some testinstrumentation, itis probably transmit-
ter commissioning and periodic testing which create the greatest
demands.

The network of 763 stations that Broadcasting operates
throughout Australia for the transmission of ABC and SBS
programs, is by far the largest in the country and is substantial
by world standards. It provides a variety of AM, FM and TV
services to even the most remote areas.

Since contracting to DOTAC to maintain these Broadcasting
systems, Telecom has been required to undertake an annual
technical audit on each station. The diversity of the transmitter
types and their isolation makes this a formidable exercise.

It was an appreciation of the size of this job and the desire to
establish a standardtest and reporting procedure that prompted
the search for a better way of testing transmitters and associ-
ated equipment.

In July 1990, National Office approved the development of an
automated testing system, primarily to service the requirements
of MSS (Maintenance Support Specification) reporting, but
capable of wider application.

A selection of test equipment from several manufacturers
was evaluated before a final choice was made. Most of the
equipment ultimately chosen is state-of the-art, and some so
new that assessment was carried out on pre-production mod-
els. This “newness”did create delivery delays, butby May 1991,
the initial set of automated TV/AM/FM transmitter test equip-
ment was assembled.

The Broadcast Automated Testing System (BATS) has been
housed in five aluminium transit cases, designed so test equip-

ment need not be removed for operation. Some cases contain
up to three items of equipment permanently interconnected to
simplify set-up on site.

The system is buss controlled from a 386SX laptop compu-
ter. The computer has been loaded with BORIS site data and will
ultimately include the ORACLE asset database.

In this configuration, the system performs the following
functions:-

*  Automatically presets test equipment to suit the frequency
andpower of the transmitter being tested, by interrogating the
BORIS site file.

* Automatically completes acomprehensive set of tests onthe
transmitter (taking about five minutes).

Intransmitter adjustment mode it enables an operator to step

through each test manually, allowing unlimited time for

adjustment. It should be noted that most TV vision adjust-
ments, even frequency and group delay responses, can be
done whilst still transmitting normal program.

* Highlights any test result that does not meet prescribed
specification.

* Presents test results either in MSS test report format (“be-
fore” and “after” tests), or as a comprehensive report for
engineering records.

* Completes a site asset report, ultimately accepting the
barcode entry of assets and checking against the ORACLE
database.

In its prime roles as an MSS test system, the BATS will
produce a complete printed test and asset check report ready
for submission to DOTAC.

The BATS system was conceived and developed at the
Brisbane Broadcast Service Centre and has been field proven
within the district on a variety of transmitters.

Many people have been associated with the projectinciuding
Mike Dallimore, National Office; lan McFarlane and Dominic
McKay, Brisbane BSC; Mike Francis WA and Peter Tsoulos SA.

JEFF LAIDLAW
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REMOTE MONITORING AND
CONTROL SYSTEM

The development of a remote monitoring and control system
for the Broadcasting Division dates back many years. Work
began as early as 1975 with the development of the TETRA,
followed by the ADAM and then finally the ACTTS. The ACTTS,
first field-trialled in 1985, proved to be very successful and
approximately 130 units have been installed at major sites
around Australia. In addition, considerable resources have
been devoted to the production of MIC software and hardware
facilities for communication withthe ACTTS. One ofthe ACTTS’
major limitations, however, was its size, making it inappropriate
for smaller translator instailations. The Queensland Region,
having many of these small stations, undertook the task of
redesigning the ACTTS into a smaller package, now known as
the Mini-ACTTS. The Mini-ACTTS used much of the same
hardware and software of the ACTTS, with fewer expansion
capabilities, but additional features such as built-ininput display
cards, outputrelay cards and front panel attendance controls for
maintenance staff. Approximately 400 Mini-ACTTS have now
been manufactured and most of the network is now -monitored
by either the ACTTS or Mini-ACTTS.

With its own market saturated, the Division decided to
investigate the potential of Mini-ACTTS in external markets.
Although the Mini-ACTTS was designed for monitoring and
control of broadcast stations, it is also suitable for non-broad-
cast applications requiring remote monitoring of a number of

unattended sites. The Queensland Region commissioned a
marketing survey report from “Marketshare”, a market research
company based in Brisbane. The initial part of the study found
that a significant market existed for a product with the Mini-
ACTTS capabilities. However, there were a number of competi-
tive products and it was not clear whether Mini-ACTTS had the
attributes (capability, pricing etc.) to give it a competitive advan-
tage in the target market segment. A competitive product audit
comparing Mini-ACTTS with its competition is currently
underway. If our product proves to have competitive advan-
tages, marketing strategies appropriate for the segmentstargeted
will be prepared. As part of the initial research, the Mini-ACTTS
was exhibited controlling water pumps at an international public
works trade show in Brisbane in order to test interest to one
potential market. It was also exhibited at the IREECON Exhibition
held recently in Sydney.

The Mini-ACTTS also has potential offshore, with major
national broadcasters in the Asia-Pacific region. The Asia-
Pacific Broadcasting Union conference, held recently in Kuala
Lumpur, provided the perfect opportunity to exploit this poten-
tial. National Office produced a colour brachure as part of the
promotion. A professional printing company undertook the
production with the design subcontracted to a graphic artist.
National Office staff spent many hours negotiating with art-
directors, but in the end achieved a result which pleased
everyone concerned. At the conference, the Divisional del-
egates actively promoted the unit by presenting a technical
paper and widely distributing the brochure. Many of the
broadcasters were very interested. We are now awaiting a flood
of orders. ’

GRAHAM SMITH
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RADIO FREQUENCY
MANAGEMENT

international high frequency broadcasting from Australian
based stations gained impetus with the expansion of World
War 2 into the Pacific region. This led to the establishment of
ahigh power station at Shepparton. Previous to that time, the
only Government owned high frequency transmitters were
broadcasting from sites at Perth (VLW) and Lyndhurst (VLR)
using powers of 2 kW. In Germany, Italy and Japan there had
been an appreciation of the fact that international high
frequency broadcasting was the most effective way of dis-
seminating news and information to mass audiences at a
distance, and had committed considerable investment in
high power transmitting facilities. With the outbreak of the
War, these stations became important propaganda tools,
andwere countered by broadcasts by the BBC and “Australia
Calling” which later became “Radio Australia”.

The International Telecommunications Union was set up
after a Telegraph and Radiotelegraph Conference in Madrid
in 1932 which brought together some 73 Government and
other interested representatives. One achievement of this
Conference was the establishment of internationally agreed
Radio Regulations which allocated specific spectrum to HF
broadcasting. From that time, spectrum allocation has been
set by World Administrative Radio Conferences (WARC)
which to date have allocated eight bands for broadcasting in
the 3-30 MHz range. A 1979, WARC paved the way for
additional spectrum to be opened up for broadcasting as a
reaction to the congestion problem being experienced by
broadcasters. In 1991, there is a general agreement that
there needs to be an increase of three to four times the
amount of spectrum currently available if all requirements of
users of the HF bands are to be adequately satisfied. Even
with the introduction of Reduced Carrier Single Sideband
proposed for 2015, estimates are that two to three times the
available spectrum is required.

Australian frequency management is the responsibility of
the Department of Transport and Communications, although
the choice of operating frequencies within the HF bands for
Radio Australia had, until 1990 been handled by Telecom’s
Broadcasting Division. In 1990, that function passed to the
end user of the frequencies, Radio Australia which set up its
own Frequency Management Unit by recruiting from within
the ABC, Assistant Frequency Manager Nigel Holmes and
seconding Hugh Murray from the Broadcasting Division as
first Frequency Manager. After the interim establishment
period, Hugh Murray returned to Telecom and Nigel Holmes
has now taken over as Frequency Manager.

It is interesting to compare how Radio Australia’s program
output has developed over the past 50 years, asitgives some
dimension to the complexities of frequency management in
the 1990s. In the 1940s, the Department of Information’s
Shortwave Broadcasting Division employed six transmitters
to transmit seven hours of program to the Pacific, South-East
Asia, China, North and Central America and the Middle East
daily. By 1991, Radio Australia transmitted 304 hours daily
from 14 transmitters to North Asia, South East Asia and the
Pacific in competition with over 30 other broadcasters who
also target audiences in the region. This requires consider-
able effort by the Frequency Management Unit in determin-
ing, notonly the most appropriate frequenciesto use, but also
which frequencies are not being used by other broadcasters
and then watching these frequencies to ensure that their
reception is possible by the listeners in the target area.

The key to international HF broadcasting is that the outer
layer of the earth’s atmosphere reflects the band of frequen-

cies from 3-30 MHz back to earth. Using this phenomenon,
it is possible to reflect signals to targets about 3000km away
— the transmission beyond this distance is achieved by the
signal bouncing off the earth’s surface to the ionosphere and
thenbackto earth again. This effectwas usedfor transmissions
from Cox Peninsula to the Gulf Hostages with the signal
bouncing from the earth in South Asia before arriving in the
Gulf Region.

The difficulty of determining a transmission path is compli-
cated by the variations in the ionosphere whose reflection of
radio signals-or more accurately, refraction of radio signals-
is determined by the position of the sun and solar activity of
the sun. The condition of the ionosphere changes with the
day-night cycle, the seasons of the year and sunspot activity.
Fortunately, considerable work has beendone overthe years
on investigating and determining ionospheric conditions. In
Australia, the lonospheric Prediction Service (IPS) has pro-
duced a transmission path calculation program that allows
fairly accurate determination of the most suitable path be-
tween transmitter site and target for time of day, time within
sunspot cycle and season.

By international agreement, broadcasting schedules are
produced four times a year and notified to the International
Frequency Registration Board (IFRB) which examines them
and publishes them for the information of all HF users. Where
there are conflicting requirements, the IFRB notifies the
broadcasters and stands available to help arbitrate in any
dispute that may develop. In recent years, the Board has
been attempting to develop a computer based system to
allocate frequencies on an equitable basis but has found
some difficulty in doing so. After Radio Australia begins
transmitting a new schedule, a network of 18 professional
monitors are asked to report on signal conditions in the target
regions and if necessary, some frequency changes may be
made. Listener’'s letters are another important source of
information and their reports are entered into a data base for
future reference in frequency selection.

Recently, Radio Australia began to establish Listener’s
Panels of several hundred people in a number of countries
and these groups will be used to recruit additional monitors
and also to provide information for the Frequency Manage-
ment Unit as to which short wave receivers are available
locally and with what frequency range. This type of data is
invaluable in choosing appropriate frequencies for a given
target area.

Effective frequency management requires the co-opera-
tion and interaction from a number of groups. They include
the International Section and National Broadcasting Branch
of Department of Transport and Communications, the Broad-
casting Division National Office and OIC’s and staff at the
transmitting stations. Without their co-operation and assist-
ance Radio Australia would not be as effective as it is today.

What of the future? Some predictions are that the new
technologies of satellite broadcasting and others, will result
in short wave listening being abandoned. However, the facts
speak otherwise, with world audiences continuing to tune to
International HF Broadcasters attimes of crisis or to be better
informed about the world around them using simple , cheap
and easy to operate receivers. The recent broadcasts to the
Gulf War Hostages is a good example. HF broadcasting will
continue to be the central core of Radio Australia’s operations
even though there will also be a move to exploit the capabili-
ties offered by new technologies where they may be advan-
tageous or appropriate.

NEIL DEER
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THE DEVELOPMENT OF RADIO
CERAMIC INSULATORS

When the early wireless telegraphy engineers began to
design transmitters and aerial systems, they relied on the
technology that had been developed for ceramic insulators over
along period of time by a succession of electric power, telegraph
and telephone engineers. The techniques for manufacturing
porcelain insulators to a wide variety of shapes and sizes had
reached a high level of development, and a great deal was
known of the physical and electrical properties of the material.
However, the engineers soon ran into trouble when they began
commissioning high power wireless telegraph transmitting
stations. Insulators became excessively hot, resulting incracking,
and in some cases explosion, with disastrous consequences.
To add to their troubles, little was known about corona control
athigh voltages. It soon became evident that insulators of much
higher quality and performance than those used with power
station, telegraph and telephone networks were required to
meet the more stringent demands of wireless station installa-
tions. Not only were the voltages much higher but they operated
at higher frequencies and in a steep fronted pulsing mode,
resulting in high heat losses inthe insulator material due to poor
power factor characteristics and blemishes, not considered
significant in other applications. The very high peak voltages
caused a major problem with flashover due to corona and other
factors. The shunt capacitance introduced by the insulator and
its associated hardware also became significant in system
design.

The radio engineers also posed other challenges for the
ceramic chemists and designers for the production of insulators
required for the aerial systems. In particular, these included
strain types for aerial wires and cables, sectionalising insulators
for steel guy ropes and thrust or base insulators to support tall
radiators. Guyedtubular, base insulated radiators as high as 200
ft (61 m) were in service as early as 1906 in USA and Scotland.

By 1925, there were atleast 50 high power long wave stations
in service throughout the world, some of which employed
powers in excess of 500 kW with several 1000 kW designs on
the drawing board. However, with development in short wave
technology and the greatly improved traffic handling capability
of these stations, there was a rapid expansion in station
numbers. By 1928, there were at least 300 major
radiocommunications stations in service and this brought fur-
ther problems for the radio engineer in insulator design. The
higher frequencies required material of even lower loss char-
acteristics and new end cap designs that would not only handle
high voltages but also reduce insulator capacitance. To meet
the special needs of radio engineering, the term Radio Rating
(RR) was introduced for ceramic insulators. The RR was the
1MHz sine wave RMS voltage that would produce a 50°F rise
intemperature in the ceramic at the hottest spot. Engineers had
a number of formulae available which were reasonably accu-
rate for design purposes up to at least 10 MHz. The formulae
enabled the designer to change the insulator RR rating to any
other frequency, to change the insulator RR rating to any
modulation factor (M), to change the insulator RR rating from a
50°F rise to a 70°F rise, to obtain the temperature rise at any
frequency and voltage and to obtain the temperature rise when
modulated, ifthe temperature rise unmodulated, was known. By
this stage, steatite became available as an insulating material.
The loss factor of an insulator made of steatite was less than
25% that of porcelain so that the RR of a steatite insulator was
twice that of porcelain. For a typical 150 mm stand-off insulator,
a steatite type had an RR of 36 kV compared with 18 kV for an
equivalent porcelain type. For the same voltage and frequency,
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the temperature rise of a steatite insulator was generally less
than 25% that of a porcelain type of the same dimensions.
Design data available at the time shows that the average
dielectric constant of a porcelain insulator manufactured by the
wet process method was 6.3 with a power factor of 2% at 50 Hz
and0.6% at 1 MHz giving aloss factor at 1 MHz of approximately
3.8. Commercial steatite with an average dielectric constant of
6.1 had apower factor of 0.2% at 50 Hz and 0.2% at | MHz giving
aloss factor at 1 MHz of 1.2. Even at 100 MHz — well above the
short wave band 1 — 1the loss factor was less than 3. Low-loss
steatite used mainly in valve sockets and plug inserts had even
better characteristics.

The transmitter in particular, employed a large range of
ceramic components. Designsinthe early 1930s included valve
sockets, mounts for forced air cooled valves, water coils for
water cooled valves, stand-off insulators of various designs, as
well as plug and receptacle assemblies. At the time, transmitter
designers were devoting much time to the production of
equipment, the appearance of whichwas inkeeping withits high
quality. Construction had reached the stage where transmitters
were neat, orderly, well finished and giving the impression of
sturdiness and high reliability. The designers demanded the
same high standard from insulator manufacturers as other
component manufacturers and this led to the production of high
quality, blemish free ceramic, and hardware carefully designed
and finished to provide an assembly of top performance and
pleasing proportionsinharmony with other components making
up the transmitter. Stand-off insulators were available in arange
of sizes with uniform or tapered cross section or with corrugated
sides suitable for heavy or moderate duty application. The
tapered design had the same cantilever strength plus lower loss
and lower capacitance than one of uniform side with diameter
equal to the maximum diameter of the tapered unit. Up to about
1930, there had been no suitable stand-off ceramic insulators
for radio frequency application. Ordinary power pin types had
been used for supporting copper tubing or cables within the
transmitter but they had high loss and high capacitance. Hot air
from the valves and components added to the heat generated
within the insulator and cracked insulators were a major prob-
lem with the operation of some early transmitters. In designing
improved insulators for transmitter application, metal inserts
which had been a feature of insulators of the 1920’s were
eliminated. Measurements showed that the internal tempera-
turerise of aninsulator fitted witha metalinsert was approximately
twice that of an insulator fitted with an end cap with rounded
edges. With good end cap design, the operating voltage was
limited by heating of the ceramic, with corona rarely being a
problem.

The design of insulators for external purposes such as lead-
out, transmission line, aerial array, vertical radiator base and
guy sectionalising insulators required great care. In addition to
the need to meet the necessary voltage and frequency re-
quirements they had to meet stringent mechanical and envi-
ronmental conditions. Silicon aluminium end caps were intro-
duced during the early 1930’s as they had superior character-
istics for service in an aggressive salt laden environment.
Corona rings of large diameter were employed on aerial sys-
tems where high voltages were employed but when station
operating frequencies moved upto the short wave band the high
capacitance across the insulator due to the corona rings intro-
duced problems necessitating a revised design of insulators
end caps. Today, end caps used in short wave installations are
very smallcompared with those used 50t0 60 years ago yet they
can handle the highest voltages without excessive power loss
due to corona. Egg type insulators were widely employed for
aerial conductor insulation and in guy ropes at broadcasting
stations inthe 1920’s when T and L type aerials were in service.
With the introduction of tall lattice steel radiators in the 1930’s,
cast metal assemblies were used to break up guy ropes with the
porcelain being in compression. The principle is still employed







TWO NEW 250 KW
TRANSMITTERS FOR
COX PENINSULA

The Radio Australia transmitting station at Cox Peninsula,
near Darwin, became fully operational in 1971 with three 250
kW Collins 821A-2 transmitters. The stationwas  planned for
atotal of five transmitters and so the building and infrastructure
were constructed accordingly. Following the destruction of the
station by Cyclone Tracy on Christmas Day 1974, the station
was recommissioned in 1984 with a new complement of eight
curtain antenna arrays.

However, it was not until 1991, that the Government decided
to provide the two additional transmitters. The project resulting
from this decision is now well underway, involving the purchase
of two 250 kW transmitters, a 2 x 10 extension of the Brown
Boveri matrix switch, revision of the matrix switch contro!
software, construction of transmission lines, rearrangement of
the program input equipment, extension to the mains power
supply system and replacement of the main station computer
control system. The work will heavily involve Telecom Broad-
casting SA/NT and National Office staff until well into 1993.

Centraltothe projectare the two transmitters. The transmitter
contract was issued on 18 October 1991 to Thomson CSF of
Paris,

Thetransmitters being purchased are the mostmoderntypes
available and incorporate the following features:

- Both DSB and SSB capability.

- Very high power conversion efficiency.

— Dynamic Adaptive Carrier Modulation mode (DACM) capa-
bility.

— Full remote computer control.

— Internal fault diagnostic capability.

The transmitters are the first large short wave transmitters to
employ only one tube, which is used in the RF output stage. The
modulator is a solid state “Multi Parameter Modulator” in which
a micro processor controlled Management Unit commands a
number of series connected chopper modules to produce the 0-
30kV modulating voltage which is applied to the final RF tube.
The Management Unit ensures the correct operation of the
MPM in conjunction with the transmitter control management
unit and ensures:

- Correct signal treatment associated with the relevant oper-
ating mode: conventional double sideband, DACM, or single
sideband.

- Continuous power output adjustments.

- Continuous monitoring of Chopper Module status and by-
passing of faulty modules.

- Management of chopper module operation for optimum
efficiency and signal distortion.

Cooling for the transmitter is a combination of closed cycle
water and air. The air system includes special provision for
minimising the high humidity problems common in the Darwin
area during the “wet” season,

The Management Unit provides the means for controlling,
monitoring and protection of the transmitter. It has been de-
signed for automatic operation of the transmitter and to mini-
mise and ease the operator’s intervention.

The Management Unit includes on its front panel, a video
colour display monitor permanently showing the transmitter
operational state. The central unit accounts and correlates
faults occurring during operation. Thisinformationis sequenced
on the colour monitor screen which allows the central unit to
display a statistical analysis of the faults, correlation between
the faults, as well as a list of the verification and sequential
interventions to be performed.

TERRY McMANUS
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