telecommunication
ournal




- THE TELECOMMUNICATION JOURNAL
OF AUSTRALIA Volume 30, No. 2 1980

ISN 0040-2486

CONTENTS

Application of CSIRO Plate Heat Exchangers for Low
Energy Cooling of Telecom Buildings ........... ... ... ... ... .. ....... 83
D. PESCOD and R. K. PRUDHOE

Social Needs and Technology — A Partnership for Future
Telecommunications Development in Australia . ......................... ... 92
D. M. ROWELL

Alice Springs — Tennant Creek: A New Approach to

Radio Relay Systems .. ... ... . . 100
A.J. MENCEL
A Performance Monitoring System for Data Transmission Circuits . ... ............ 110
N.Q.DUC

The International Electrotechnical Commission Quality

Assessment System for Electronic Components . ............ ... ......... 118
G. FLATAU
Near-End Crosstalk in the Broadband Network .. ....................... ... ... 124

R.A.J.REYNOLDS

Plastics Encapsulation of Integrated Circuits ... ........ ... ... ... . ... .. .. ..., 131
G. G. MITCHELL
Exchange Traffic Simulator .. ... .. ... . . . . 132

D. CONROQY and J. DAVIS

A Brief Review of Electrical Power Sources at Remote Coastal
NavajdsEh . me orim e it G Tl L. il . B xR ke T 146
M. B. KOMESAROFF

Other items
Fibre Optics — A chance for Local Industry . ......... ... . ... . ... ... .... 92
Debut of Electronic: ClassSifi@ds | . ums s« sriwse = 05 @ 6 5 9655 & =6 056 e 0606 Bern e sl 130
Largest Commercial Solar Powered Communications System ............... 139
AXE System for relamd it s fanit o i vl i sneme w50 o 0l Sl erd S o+ 0 5 360 e 145

COVER

INSTALLED PLATE
HEAT EXCHANGER ADSTIACES . . . i e e e e e 155



The Telecommunication Journal of Australia

The Journal is issued three times a year (February, June and October) by the Telecommunication Society of
Australia. The object of the Society is to promote the diffusion of knowledge of the telecommunications, broadcasting
and television services of Australia by means of lectures, discussions, publication of the Telecommunication Journal of
Australia and Australian Telecommunication Research, and by any other means.

The Journal is not an official journal of the Australian Telecommunications Commission. The Commission and
the Board of Editors are not responsible for statements made or opinions expressed by authors.

Residents of Australia may order the journal from the State Secretary of their State of residence; others should
apply to the General Secretary. The current subscription rates for both Telecommunication Journal of Australia and
Australian Telecommunications Research are shown on the inside back cover of this issue. All rates are post free (by sur-
face mail). Remittances should be in Australian currency and made payable to the Telecommunication Society of
Australia.

Editors of other publications are welcome to use not more than one-third of any article, provided credit is given at
the beginning or end, thus, “The Telecommunication Journal of Australia”. Permission to reprint larger extracts or com-
plete articles will normally be granted on application to the General Secretary.

Information on how to prepare and submit manuscripts and contributions for the Journal is available from
members of the Board of Editors and their outposted representatives.
Membership fees and subscription orders should be addresed to:

WITHIN AUSTRALIA
The State Secretary, Telecommunication Society of Australia,

Box 6026, G.P.O., Sydney, N.S.W. 2001. Box 1183, G.P.0., Adelaide, S.A. 5001.
Box 1802Q, G.P.O, Melbourne, Vic. 3001. Box T1804, G.P.O., Perth, W.A. 6001.
Box 1489, G.P.O., Brisbane, Qld. 4001. Box 10,000T, G.P.O., Hobart, Tas., 7001.

OVERSEAS APPLICATIONS

The General Secretary, Telecommunication Society of Australia,
Box 4050, G.P.0O., Melbourne, Victoria, Australia, 3001.

BOARD OF EDITORS

L. M. MITTON, Editor-in-Chief L. N. CUNNINGHAM R. A. CLARK

L. A. TYRRELL N. A. CAMERON A. CARUANA

D. A. GRAY R. W. E. HARNATH G. CRAYFORD

M. RHEINBERGER G. MOOT H. P. GUTHRIE
Production: D. M. WHITESIDE

Representatives

New South Wales Victoria Queensland

J. F. McCARTHY A. MORTON F. M. SCOTT
Western Australia Tasmania South Australia

G. WHITE 0. C. WINTER R. J. SHINKFIELD

General Secretary: W. FITZSIMONS

ADVERTISING

All inquiries from prospective advertisers shouid be directed to:
ADVERTISING MANAGER,

Box 4050, G.P.O., Melbourne, Australia, 3001

Telephone (03) 630 6259



Application of CSIRO Plate Heat Exchangers for

Low Energy Cooling of Telecom Buildings

D. PESCOD, Dip.Mech.Eng., Dip.Elec.Eng., M.|.E.Aust., and
R. K. PRUDHOE, Dip.Elec.Eng., Post Dip. H.V.A.C., M.L.E. Aust.

Modern telecommunications equipment must be cooled to remove waste heat and maintain an accep-
table temperature and humidity. Plate heat exchangers developed by CSIRO Division of Mechanical
Engineering for use as coolers can provide the necessary cooling for both equipment and personne! with
low energy usage and low capital outlay.

Existing air conditioning systems have relatively high operating costs, because of high energy usage and
maintenance requirements. The new system, known as the PHE system, is now in commercial production.
It uses water as a refrigerant and saves substantial amounts of energy by utilising the latent heat of
vaporisation of water, and exhausting the vapour to the outside atmosphere, whereas other systems must
recycle the refrigerant vapour by compression or absorption. Such systems may use up to thirteen times
the energy requirements of the PHE system. With the PHE system, all circulated air is fresh and the
moisture content of the air is not changed during the cooling process. In cooler weather, the heat ex-
changer recovers much of the heat from the exhaust air when combined with a building heating system.

Laboratory tests at CSIRO on a prototype have confirmed the performance as predicted from earlier ex-
perimental units. The first commercial installations are operating in the Caulfield and Balranald Telephone
Exchanges. Large scale application of plate heat exchangers for low energy cooling of buildings could

become a major contribution to national energy conservation.

Reprinted from the Annual Conference Adelaide
1980, published by the Institution of Engineers,
Australia, publication 80/2.

The current cost of electrical energy for air condition-
ing in Australian Telecommunications buildings is ap-
proximately $8m per annum. The types of air condition-
ing systems used are of conventional design, which
satisfy functional needs but tend to waste a lot of energy.
These systems have evolved from a period when fuel was
plentiful and energy costs were cheaper. Today the times
have changed. National energy resources are becoming
progressively depleted and fuel costs are forever rising. It
is now the age to conserve energy. The majority of air
conditioning systems are now outdated as regards energy
conservation. This is because of inherent inefficiencies of
individual interacting components, the types of systems
used, and the inability of these systems to use the
minimum amount of energy to satisfy actual seasonal
cooling and heating loads.

The majority of systems throughout the nation are sub-
stantial energy wasters. These systems have evolved
from the application of design philosophies in a period
when energy conservation was not so important. Exam-
ples of energy wastage in conventional plant are: inef-
ficient motors, fans, drives, and pumps; poor selsction of
design criteria; use of constant air volume systems, which
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do not adjust the fan energy to satisfy actual cooling and
heating requirements; the use of large central plant with
long duct runs; badly designed ductwork which results in
high resistance to air flow; poor plant selection; plant
overdesigned; terminal re-heat systems; poor insulation;
non-use of heat recovery systems.

The importance of energy conservation is now being
recognised on a world-wide scale. Individuals and
organisations are joining together in the drive to save
energy. It is important that we learn from what has hap-
pened in the past. Eims (1979, Ref. 1) has stated that
between 40 and 50% of all energy consumed in buildings
is used for control of the environment and lighting.

There is a strong need to stop using air conditioning
systems with a large energy appetite. in fact we believe
that Government legislation should be introduced to en-
sure that air conditioning systems used in all future
buildings are highly efficient. Additionally, strict legisla-
tion should be employed to ensure that all of the in-
dividual components in plant, such as fans, motors and
pumps, etc. mest specified minimum standards. We are
hopeful that the time will come when the Government
will provide incentives for industry to install plants using
minimum energy, consistent with the desired result.

Telecom is currently engaged in a national energy
management programme which has been activated by a
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growing awareness of rising fue!l costs, the progressive
depletion of energy resources, and the need to implement
new types of energy conserving systems. This program-
me encompasses the optimisation of air conditioning
plant in existing buildings, and the development of low
energy air conditioning plant for future buildings.

Telecom first became interested in the CSIRO plate
heat exchanger (PHE) back in 1976. Although the PHE at
that time was in an early stage of development it showed
great potential as an energy saver. Following the assign-
ment of manufacturing rights by CSIRO to Hydro Thermal
Engineering Pty Ltd, Adelaide, Telecom negotiated with
this company to supply PHE units for two prototype cool-
ing installations. These plants were installed in 1979.

In development of the PHE system it has been very im-
portant to define a set of energy conserving oriented ob-
jectives to ensure success of the overall project. These
objectives are as follows:

e Satisfactory control of the environment.

DESCRIPTION OF EQUIPMENT

Principle of Operation

The essential parts of a PHE cooling and heat recovery
unit are shown diagrammatically in Fig. 1. Outside air is
drawn through filters by a fan, and is blown horizontally
through a plate heat exchanger, where it is heated or
cooled as required, before entering the space to be con-
ditioned. Return air from the conditioned space is drawn
upwards through the heat exchanger by a second fan
before being discharged outside. In cold weather, much
of the heat in the exhaust air is transferred to the incom-
ing air as the air streams pass through the heat ex-
changer. Projections moulded onto the plastic heat ex-
changer plates create turbulence in the air streams and
greatly increase the heat transfer coefficient.

When the conditioned space is to be cooled, water is
sprayed over the heat exchanger to wet the surfaces of
the plates on the exhaust side. The plates are cooled by

evaporation, and the water vapour is carried away by the
exhaust air. Thus the heat exchanger becomes an
evaporator in which the cheap, non-poliuting refrigerant
vapour is discarded and the energy cost of recycling by
compression or absorption is avoided.

e Promotion of good health by using abundant fresh air,
without increase in operating cost.

Minimum energy usage. {(Minimum operating cost.}
Minimum capital cost.

High reliability.

High efficiency of individual components.

Use of variable volume air flow.

Simplicity and ease of maintenance.

Long life.

High resistance to corrosion.

Modular design.

Minimal air duct resistance.

Minimal plant room area.

Heat regenerative system.

e Availability of satisfactory servicing.

In Fig. 2, this cooling cycle is shown on a psychro-
metric chart and compared with a direct evaporative
cooler. It may be seen that the PHE cooler does not raise
the moisture content of the air entering the conditioned
space, and that this supply air is significantly cooler than
the air from a direct evaporative cooler. The theoretical
minimum supply air temperature to the conditioned
space with a direct evaporative cooler is the wet bulb
temperature of the ambient air (23° in this case). The
theoretical minimum supply air temperature with the PHE
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WATER SPRAYS
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HUMID EXHAUST FAN
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Fig. 1 — PHE Cooling and Heat Recovery Unit.
cooler is the dew point of the ambient air (17° in this
case). To obtain reasonably comfortable conditions with
direct evaporative coolers, the ambient wet bulb
temperature should be below about 21°. The PHE, on the
other hand, may be used with ambient wet bulb
temperatures up to 25°
Excess water sprayed into the heat exchanger drains

into a sump and is recirculated by a small pump. The
energy requirements amount to little more than that E EXHAUST
needed to move the air; Pescod (Ref. 3) has estimated O AMBIENT
that for normal installations, these would be between RC ROOM CONDITION
one-fifth and one-ninth of conventional refrigerated air RS ROOM suPPLY
conditioning plant, depending upon the geographical °SJ
location and the building design. A special feature of this §‘." 25 .020
system is the use of outside air for cooling without ‘/T\ / /
recirculation, thus very effectively removing odours and Q@' E/ hd
contamination within the conditioned space. The system $ - TR \,( 016
has been described in more detail by Pescod (Ref 2), and S 20 R A

\ Q o4 / EVAPORATIVE
by Wooldridge, Chapman and Pescod (Ref 6). Q’Q\' N\ / COO/LERN

. . _LeRC
Commercial Units 4\4} > e >O .012

A prototype of the units now being made under licence
by Hydro Thermal Engineering Pty. Ltd. in South Australia
was tested in the laboratories of the CSIRO Division of
Mechanical Engineering in Victoria in 1979. The design
differed in several respects from earlier experimental
units developed by CSIRO, so it was important to check all
aspects of the performance of this new design before
production of commaercial units commenced. An agree-
ment for the co-operative development of PHE coolers
had been made between CSIRO and Hydro Thermal
Engineering Pty. Ltd. prior to commencement of this
work.

The prototype PHE unit was constructed mostly of
glass fibre reinforced plastics; the approximate overall
dimensions were 3 m wide, 2 m high and 1 m deep. The
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Fig. 2 — Psychrometric Chart Showing Performance
of PHE Unit and Direct Evaporative Cooler.
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design air flow-rate was 1.4 m?¥/s. The outer appearance
is shown in Fig. 3, the heat exchanger is shown in Fig. 4,
the spray chamber in Fig. 6 and the fan section in Fig. 6.

The most important departure from earlier designs was
the change in direction of the exhaust air flow through
the heat exchanger from downwards to upwards.
Previous research had shown that the counter-flow of air
and water significantly increased the air resistance, but
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possible effects on the thermal performance had not been
investigated. However, tests with parallel flow of air and
water had indicated that the wetting of the plates had not
been complete, as the water tended to form ‘“rivulets”
down the plates. It was hoped that the counterflow
arrangement would make a significant improvement in
the wetting of the plates by tending to spread the water
more evenly, and hence improve the effectiveness of the
cooler. The arrangement would also be more convenient
for duct connections in most installations.

Development work by the licensee is continuing, and a
range of models incorporating various improvements are
expected to be in commercial production in the future.

DEVELOPMENT IN LABORATORY

The PHE unit was set up in the laboratory at the
CSIRO Division of Mechanical Engineering, as shown
diagramatically in Fig. 7. The two air streams could be in-
dependently controlled and measured. Temperatures and
duct pressures were measured at all important points,
and the temperature of the intake air could be controlled
by means of a large electric heater in the supply duct. A
smaller heater in the return duct could simulate room
load. The water system and the electric power supply
were also monitored.

Preliminary tests showed an uneven velocity profile
through the supply side of the heat exchanger. A uniform
flow is necessary for best performance, so a baffle was
fitted into the supply duct at the heat exchanger to im-
prove the velocity profile through the heat exchanger. In
production units, the shape of the duct was modified.

During early performance tests it was noted that the
air resistance in the wet passages was higher than had
been expected from earlier research, and there was a
tendency for water droplets to be lifted out of the pas-
sages and to be carried along in the airstream, especiaily
with the higher air flows. Clearly, more investigations
were necessary, and a series of tests with different means
of wetting the plates and with different plate spacings
and air velocities was conducted until sufficient informa-
tion had been obtained to relate these parameters, and to
select an optimum design for high cooling capacity and
low fan power demand, without water carry-over.

There was also a tendency for a vortex to form at the
entry to the exhaust fan, reducing its performance and
tending to lift water into the fan from the floor of the fan
chamber. This was corrected by enlarging the fan
chamber, fitting straightening vanes to the fan inlets and
by providing a drain from the floor of the chamber.

A reduction in the power consumption was considered
desirable, and this was achieved by fitting a more ef-
ficient electric motor. Further reductions were planned by
using motors capable of continuous operation at reduced
speeds so that lower fan speeds could be used when out-
side conditions were not extreme. Substantial energy
savings are then possible because the air power require-
ments vary approximately as the cube of the speed. A
backward curved centrifugal fan was specially designed
as an alternative to the less efficient forward curved fans
originally used, and a prototype has been prepared for
performance tests.

Fig. 6 — Fan Section.

PHE UNIT UNDER
TEST

S —« EXHAUST TO

AMBIENT

DIVIDING
WALL
AIR MIXING ROOM HEAT
EXCHANGER
BALANCING
FAN ORIFICE METER MIXER
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=N T T o H
—
CONICAL INLET T e
METER BALANCING
FANS

FAN I HEATERS

(,
< FILTERS
<

> =
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tod <\ =
MOTOR =
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Fig. 7 — Diagram of PHE Testing.
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PERFORMANCE IN THE LABORATORY

Some test results with the prototype PHE unit are
given in Table 1. The exhaust flow is normally made less
than the supply flow in order to slightly pressurise the
building and reduce infiltration. The cooling effectiveness
is not significantly affected until the flow ratio is reduced
below 0.80. The variation in cooling effectiveness shown
in Table 1 was caused by variation in volume flow of sup-
ply air. This effect was treated in detail by Pescod (Ref.
4).

Cooling effectiveness
equation

€w is determined by the

€ w = Ut o) / (i =t

where t, is the dry bulb temperature of the hot ambient
air,

t., is the dry bulb temperature of the cooled air to
the room, and

t., is the wet bulb temperature of the return air
from the room.

The test results show high values for effectiveness, in-
dicating that the wetting of the plates was adequate. The
local variations in effectiveness appear to be related to
variations in air velocity through the plates.

The effect of circuit pressure drop on air flow and sen-
sible cooling capacity is shown in Fig. 8.

When comparing the cooling capacity:of a PHE unit
with that of a conventional refrigeration unit, three dif-
ferences must be taken into consideration:

e With the PHE system, the heat removed from the
supply air is much higher than with most conventional
systems. For convenience of selection, this supply air
cooling load has been deducted from the "“gross sensi-
ble cooling capacity” in Table 1 to obtain “net sensible
cooling capacity”.

e Data for conventional refrigeration is usually for “total
cooling capacity”, and the latent heat of condensation
of water in the evaporator must be deducted to obtain
gross sensible cooling capacity, from which the net
sensible cooling capacity may be calculated, knowing
the ventilation rate.

e When the outside temperature is high, the PHE unit
uses a higher air circulation rate than conventional
refrigeration. Robeson and Downie (1977, Ref. 5) have
shown that increased air movement improved the sen-
sation of comfort. Alternatively, a higher room
temperature with higher air movement could give the
same degree of comfort. A higher room temperature
reduces the heat load in the room, and at the same
time increases the cooling capacity of a PHE cooler.

Typically, a conventional refrigerated unit requires a
total cooling capacity rating about 50% greater than the
net sensible cooling capacity rating of a PHE unit for the
same degree of comfort in the room.

INSTALLATIONS

Trial PHE cooling installations are now operating in the
Caulfield Telephone Exchange, Victoria, and in the
Balranald Telephone Exchange, New South Wales. The
PHE units at both locations are fitted with deep bed air
filters to satisfy Telecom filtering requirements, and will
have three speed fans for variable air flow. The third trial
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SUPPLY
Flow m3/s 0.72 0.87 1.32

Duct Pressure Pa +180 +160 +70
EXHAUST
Flow m3/s 0.71 0.71 1.00
Duct Pressure Pa —67 —65 )
FLOW RATIO 0.99 0.82 0.76
COOLING EFFECTIVENESS
Mean 0.88 0.84 0.82
Min. 0.83 0.80 0.71
Max. 0.92 0.90 0.89
FAN POWER kW 1.21 1.28 1.68
RATIO

Fan Power/Supply Air Flow  1.68 1.47 1.27

SENSIBLE COOLING CAPACITY * kW
i Gross 1706 99 1 292
Net 530 570 820

* Standard Reference Conditions: 35°C outside db
27°C inside db
19°C inside wb
1k Gross sensible cooling capacity is the sum of the sensible heat
removed from the supply air and from the building.
Net sensible cooling capacity is the sensible heat removed
from the building only.

Table 1 — Performance of Prototype PHE Cooling
Unit

300 130
=

o 250 25
a 2
o —
& 200 o
x 20 2
" g
> 150 1% O
0 2
I 5
& o)
& 100 10 3

E

3 2
& 50 5 o
> &
w

0 . 0

06 08 10 12 14 16
AIR FLOW, m’/s

Fig. 8 — Effect of Circuit Pressure Drop on Air Flow
and Cooling Capacity.
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Fig. 9 — Plan of Caulfield Exchange.

PHE installation is now progressing for the Maitland
Telephone Exchange, South Australia.

For each installation the standard reference condition
inside the conditioned area is 27°C dbt and 19°C wbt
with 37°C dbt outside.

To satisfy Telecom comfort conditions it is necessary
that 29°C should not be exceeded on more than 10 days
of the year.

Caulfield Installation

The PHE installation at Caulfield Exchange uses three
1.4 m®/s commercial type package PHE units, with each
unit reticulating cool air into the building via dedicated
ductwork {see Figs.3 and 9 for illustrations of the
installation). Two PHE units are located on the west wall,
and cool the telephone equipment room. One PHE unit
located on the south wall cools the office area,
maintenance control room, and the main distribution
frame area. All PHE units are mounted on steel platforms
outside the building. The building originally was fitted
with a ducted heating and ventilation system which
proved inadequate on hot days.

The exchange building is constructed from double
brick walls, tiled roof, with 100 mm mineral wool ceiling
insulation and liberal fenestration.

The total floor area treated is 520 m2. The total inter-
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Fig. 10 — Plan of Balranald Exchange.

nal heat emission from telephone switching equipment
and lighting is 27 kW. The exchange is normally occupied
by nine staff from 7 a.m. to 5 p.m.

Balranald Installation

The PHE installation at Balranaid uses two 1.4 m¥s
PHE units blowing cool air into a common duct system. It
is possible for both or either one of the PHE units to blow
air into the duct system. Both units are mounted on con-
crete slabs on the south-east side of the building.
Balranald is situated 34.7°S latitude and 143.6°E
longitude. The summer conditions experienced are very
hot and dry.

The building has 25 mm of mineral wool insulation in
the roof space and walls, with fenestration comprising
40% of the wall area. External walls have aluminium clad-
ding: the low gable roof is covered with 6 mm asbestos
cement sheets and the ceiling is lined with caneite. The
floor consists of vinyl tiles over a concrete slab on the
ground; the conditioned area is 142 m2. The total internal
heat emission from lighting and telephone equipment is
3 kW. For a general layout of the building and PHE units
see Figs. 10 and 11. :

In Telecom there is a wide variety of applications
where the PHE could be used as a cooling system, rang-
ing from all types of telephone exchanges, line depots,

89



maintenance workshops and canteens, to office type
accommodation. One particular application could be the
cooling of future stored program controlled (SPC) local
telephone exchanges, which will require year round con-
tinuous cooling because of very high internal heat emis-
sions.

To cool these exchanges with refrigeration plant would
be very costly, and the application of PHE coolers would
result in very substantial energy savings. The PHE system
would not only provide indirect evaporative cooling, but
would make maximum use of cool outside air when pos-
sible.

As an example, by the year 2000, it is estimated that
there will be about 3.3 X 108 lines of SPC local equipment
installed around the nation, totalling about 9500 kW of
heat emission from the SPC equipment. The energy cost
to cool all of this equipment using refrigeration plant
would be about $1.6m per annum:; if PHE type cooling
were used, then it would only cost about $120,000 per
annum. This assumes that refrigeration plant has a per-
formance coefficient of 2.5, and that electricity will cost
5¢ per kWh. If we look directly at energy savings, then for
the refrigeration plant to cool all of this equipment it
would require about 32 x 108 kWh per annum, while the
PHE system would only use about 2.4 x 10 kWh per an-
num.

Qutside of Telecom there are muiltitudes of applica-
tions where the PHE system could be used to save
national energy. For example, the cooling of hospitals,
schools and all types of public, commercial and industrial
buildings.

FIELD TESTS

At both Caulfield and Balranald Exchanges the first ob-
jective of the field tests was to gather sufficient data to
enable the performance of the PHE systems to be deter-
mined. The second objective was to make an estimated
comparison of energy consumption between the PHE
system and a comparative refrigeration type system.

The results of the field tests will be presented at the
conference.

Instrumentation has been provided to record the fol-
lowing data, for each PHE instaliation:

o Outside dry bulb temperature.

e Outside wet bulb temperature.

e Solar radiation.

¢ Room return wet bulb temperature to each PHE unit.

e Room discharge dry bulb temperature from each PHE
unit.

e Hours of operation of water pumps and fans at each
speed.

e Energy consumption.

o Water consumption.

For the Caulfield installation thermocouples wired to a
potentiometric chart recorder are used to measure dry
bulb and wet bulb temperature of outside air, dry bulb
temperature of room discharge air and wet bulb
temperature room return air into each PHE unit. Several
thermohygrographs are located within the exchange to
give general records of humidity and dry buib
temperature.

Because of the remoteness of the Balranald Exchange
from the Telecom PHE project engineer based in Sydney,
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Fig. 11 — Installation at Balranald.

a special monitoring system has been installed. This
system incorporates a Honeywell data gathering panel
which enables relevant test data to be relayed from
Balranald to the project engineer via a single telephone
circuit and a 300 baud casette recorder. Data processing
will be executed on the Telecom Honeywell 66/80 com-
puting system.

Software has been prepared to enable energy cost and
performance data to be printed out in graphical and
tabular form.

CONCLUSIONS

The PHE system provides cooled fresh air in ample
quantities for equipment and human comfort, with one-
fifth to one-thirteenth the energy usage of refrigeration,
for most parts of Australia. Air is not recirculated through
the system.

The system also allows substantial recovery of heat
from the exhaust air during cold weather when space
heating is normally required. Laboratory tests and field
tests have confirmed the predicted performance of com-
mercial units. A range of models incorporating various
improvements are expected to be available in the future.

Large scale application of the PHE system could make
a major contribution to national energy conservation.
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Addendum:

Results of Tests from the Trial PHE Cooling
Installations.

Laboratory testing at CSIRO and field testing by
Telecom during the summer of 1979/1980 confirm that
suitable conditions for equipment and personnel are
provided by the PHE system with substantial energy
savings when compared with conventional refrigerated
type building cooling systems.

In Brief

FIBRE OPTICS — A CHANCE FOR LOCAL INDUSTRY

The optical fibre is the medium through which the
message of the future will flow.

Without continuing development of the technology of
optical fibres the full benefits of the computer age will
not be fully realised.

This is the view held by the Australian Telecom-
munications Development Association, the major body
representing the local electronics and telecommunica-
tions manufacturing industry.

One of the most significant technologies to emerge
since the transistor, optical fibres, are glass tubes about
the diameter of a human hair which are capable of carry-
ing thousands of messages at the speed of light.

After decades of theory and research they have
emerged as a realistic communications vehicle at a time
when the world’s communications systems are searching
for more channels. They offer exciting and wide pos-
sibilities for governments, commerce, industry and the
ordinary citizen.

By replacing conventional telephone lines with optical
fibres a whole new array of systems may become
available to every phone subscriber.

The huge capacity of optical fibres will give the
average home or business vastly increased telecom-
munications capacity.

Interconnecting TV screens between offices or homes,
electronic letter delivery by means of telex or facsimile
machine, immediate stock exchange reports and fac-
simile newspapers and other advanced devices could be
made available by converting the public telephone
network to optical fibres.

Things which now require special and expensive high
capacity communications lines will be routinely
available in every home — for instance, cable video ser-
vices which will turn a TV set into a terminal for a huge
electronic library.

In the field of defence it looks like the medium which
will guarantee security of communications of national
importance.

The physical advantages of optic fibre cables are that
they are smaller, lighter and easier to install above and
below ground. They are made basically from silicon, the
most abundant element in the earth’s crust. This makes
them potentially very cheap when fully developed as
compared with the relatively expensive, less flexible and
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limited traffic volumes offered by our current steel and
copper communications lines,

Qualitatively, they offer even more. Light waves are
not easily affected by electrical interference. As a result,
crosstalk and fading signals on telephone lines will be
significantly reduced.

The first Australian uses of this phenomenal
technology are expected to be in city and suburban
telephone exchanges, within power stations, the defence
forces and commuter transport systems.

Since its creation in. 1975 Telecom Australia has been
deeply involved in the development of fibre optic
technology.

Consequently, that body will lead the way in commer-
cial applications of this unique tool. It is expected
Telecom will introduce the first optical fibre channels
into our telecommunications network later this year.

The fibre optic cable will eliminate the use of in-
termediate switching equipment by linking one sub-
urban exchange direct with another through high speed
digital transmission systems.

Large scale application is predicted within five to ten
years.

In the transport field, freedom from electro-magnetic
radiation is the key benefit and research is being directed
at their use in carrying communications signals data in
equipment located close to electrified vehicles such as
trains and trams.

Several member companies have been significantly in-
volved in researching, manufacturing, and conducting
field trials of the technology in collaboration with
Telecom and the Department of Defence.

One communications cable currently in use in
Australia contains six optical fibre elements and is the
size of a finger. It has the capacity to carry more informa-
tion than a conventional copper cable as large as an arm.

There is now worldwide interest in optical fibres in
communications. The Australian experiments are
significant and advancing rapidly.

It is a revolutionary technology and one in which the
Australian electronics industry must become expert — in
every sphere of manufacture and the research and
development of new and even more efficient applica-
tions.
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Social Needs and Technology — A Partnership for
Future Telecommunications Developments in

Australia

D. M. ROWELL

A description of the business of Telecom, some of the social impacts of its technology, and ways in
which Telecom is trying to come to grips with them. The paper is particularly orientated towards Telecom

2000 and related endeavours.

In looking at technology and the future it is important
to recognise the relationship between social needs and
technology. In doing so it would be presumptuous to give
the imprassion that a complete, unique or totally defensi-
ble picture of the world is being presented when dealing
with such a complex relationship. This, however, is insuf-
ficient reason to avoid broaching the topic and thus fail-
ing to further stimulate thinking and debate.

Telecommunications has — rightly or wrongly — at-
tracted particular attention in what has become known
as the "technology’ debate and it needs to be seen in the
perspective of its particular relationship with social needs
to give some confidence in future developments in this
field.

it is a natural reaction for man to move towards
satisfying his basic social needs by the development of
technology — to protect himself he developed the
mouse-trap; to be mobile he developed the wheel; to
communicate he sent smoke signals. It is well known
what nature did for the 'smartness’ of the mouse. In its
attempt to build on the wheel to satisfy man’s mobility
needs, society has developed the motor car — with all its
social consequences; to conquer the bounds of time,
space, clarity, complexity, convenience, privacy and
accountability society has progressively developed tele-
communications technology to today’'s high level of
sophistication. What are the social consequences, how
do we identify them, and how do we learn to cope with
them — can society adjust?

Technological advancement is a phenomenon which
society has applied to its own ends to meet perceived
social needs. With the satisfaction of new needs has
come new social consequences. It would be a rare situa-
tion where the consequences had been properly iden-
tified and thought through before the advancements have
been accepted by society. In the main it has adjusted pro-
gressively. There was a time when a bell and flag were
necessary to forewarn of the movement of a motor car;
now we require a series of sequentially controlled

92

coloured lights to regulate their inter-movement. In ad-
justing the motor car to match our desire for changing
social needs, the social consequences have been
recognised progressively, and have become more com-
plex and more external to the system involved.

Pollution, noise, freeways, road carnage, drink-driving,
fuel dependence and its impact on national economics all
figure in the social impact of the motor car and society is
in the process of adjustment. A similar process has oc-
curred with telecommunications. This, however, does
not, in itself, give cause for concern because the benefits
will outrough the problems.

RESPONSIBILITY FOR TELECOMMUNICATIONS
DEVELOPMENT

If we wish to look at the way in which future tele-
communications developments in Australia are affected
by the relationship between social needs and technology
it is necessary to understand the way Telecom Australia,
the major actor in this development, manages this
relationship. In particular, a knowledge of the forces
which constrain its actions, the nature of its business, the
common carrier role and the way it sets about managing
technological change are important.

Under the Telecommunications Act 1975, the
Australian Telecommunications Commission (Telecom
Australia) has the common carrier responsibilities to
‘provide, maintain and operate telecommunications ser-
vices in Australia which best meet the social, industrial
and commercial needs of the people of Australia’.
Telecom therefore has a major responsibility to manage
the balanced and effective development of telecom-
munications.

The legislative constraints under which it operates are
derived from the enabling Act and several other Acts
such as those relating to Wireless Telegraphy, Om-
budsman, Administrative Appeals, Trade Practices, etc.
Administrative arrangements such as Loans Council Ap-
provals, Forward Estimates, Administrative Services
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guidelines and Public Service Board guidelines are
developed as part of its interface with the various
Government Departments and these also provide some
boundaries for its decision-making and the timing of its
actions.

THE TELECOM BUSINESS

Telecom Australia provides, maintains and operates
telephone, telex, telegram, data and other telecom-
munications services for Australia. It has a fixed asset of
about $6,560M, annual earnings of about $1,900M, an-
nual borrowing of about $180M and an annual capital
expenditure programme of about $950M. With a staff of
about 87,500 it maintains about 5,600 telephone ex-
changes providing telephone services to about 4.2 mil-
lion customers. The telephone density is about 43.5 in-
struments per 100 population. Telecom maintains
32,5600 public telephones, 22,700 telex services and
19,300 datel services. It provides for additional new
telephone services at a rate of about 280,000 per year
and its investment per additional service is about $3,500.
Its return on investment (after interest) is about 2.8% p.a.

The Corporate Plan sets out an approach to the
development of its services which among other achieve-
ments, will result in a telephone in 9 out of 10 Australian
homes by 1987. A rough measure of the productivity
level planned for in 1987 is reflected in the ratio of nine
full-time staff per 1,000 telephone instruments. While
exact comparisons are not possible similar staffing ratios
were achieved in USA (AT&T) in 1960, in Canada in
1965 and in Sweden in 1970. The Real Output Growth
of the telecommunications network, calculated from the
growth rates of the major telecommunications products,
is currently expected to be about 8.56% p.a. to 1887. The
Overall Business Productivity calculated as the ratio Out-
put (Earnings at constant tariffs) to Input (Expenditure at
constant prices) is planned to be about 5.6%p.a.
to 1987.

THE COMMON CARRIER BALANCE AND
RURAL/REMOTE NEEDS

What appears to be a dslightful business monopoly
situation is not what it seems. The advantages as normal-

ly conceived concerning a monopoly are balanced by the
Act which requires Telecom to:

e 'make its services available throughout the country so
far as is reasonably practicable’

and that

e ‘revenue must cover current expenses each year and
provide no less than one-half of capital requirements’

and that

e 'services are to be kept up to date and operated
effectively and economically with charges as low as
practicable’.

In a sense it is a ‘Catch 22’ situation and this is where
the real management challenge starts.

The Telecom management challenge, therefore, is to
balance the ‘rough’ with the ‘smooth’ — to be sure that
its non-profitable services are adequately balanced in its
development plans and programmes with its profitable
services. The major area of non-profitable services is the
vast rural/remote areas. :

The real social needs for telecommunications in
rural/remote areas are not clear, particularly when seen
against relative priorities for other services and the costs
involved. A representative of the Isolated Parents As-
sociation at the Domsat 79 Conference conducted in
Canberra fast year set out the service priorities as:

1. Reliable 24 hour telephone service
2. Education

3. Radio

4. Telavision

5. Medical Assistance

Telecom is undertaking continuing social research into
this vexed question of needs so that priorities can be
established for its planning.

A cross-subsidy of about $40 to each country
telephone service or 4 cents for each telephone call is
necessary. This subsidy must come from profitable
metropolitan subscribers in the form of a component of
their accounts. This additional charge amounts to about
$19 on each metropolitan telephone service or 1.6 cents
on each telephone call (based on a 1975/76 survey).

Despite the progress made to date in the rural area

DOUGLAS M. ROWELL is nominally the Manager of the Policy Research

Branch, previously the National Telecommunications Planning (NTP) Branch of
the Planning Directorate, Telecom Australia. NTP was the multi-disciplinary
policy research and pianning unit within Telecom which produced the report
Telecom 2000 in 1975 and Outcomes from the Telecom 2000 Report
in 1978.

Prior to taking up this position, he was Chief Planning Officer in the team
which set up corporate planning in Telecom and produced its first Corporate
Plan.

Mr. Rowell is qualified with an Associateship Diploma of Communications
(RMIT) and has studied at the Australian Graduate School of Management, at the
University of N.S.W. in the Development Program for Managers. He has a broad
range of experience covering domestic and internationa!l services employing tele-
communications, broadcasting and satellite technologies both in Australia and
Papua New Guinea. He was Deputy Director of the Deep Space Tracking Station
at Woomera during a Mariner Mass mission phase and was instrumental in set-
ting up the international telecommunications organisation in the independent
Papua New Guinea.

Mr. Rowell is currently acting Director, Planning, in Telecom Australia Head-
quarters.

ROWELL — Social Needs and Technology. 93



there remain quite formidable problems in completing a
modern telephone service throughout the less closely
settled areas of Australia. Telecom, however, adopted the
objective of completing the upgrading of the manual ser-
vices to full automatic working by 1990. The total cost of
this programme is expected to be not iess than $300M
at present prices. A further investment in excess of
$100M could be necessary to extend the telephone
network into areas now served by outpost radio. Studies
are still in progress on how best to identify and provide
for the social needs of these areas. A technological
breakthrough to bring the cost of provision of service in
these areas below $40,000 per customer would be most
welcome if these social needs are to be served.

In spite of the application of the best available
technology and careful planning it will be difficult for
Telecom to fund these programmes — there are no easy
solutions to meeting the rural challenge. These funds can
only come, in a simple analysis, from increased borrow-
ings which has an inherent long-term interest commit-
ment, increased charges which will, in the main, derive
an increased absolute contribution from metropolitan
customers, a decrease in the rate of development of the
non-rural aspects which would increase deferred appli-
cants and would be somewhat self-defeating in reducing
the source of profitable revenue, or by a reduction in
operating costs, the major component of which is staff
costs.

The social needs of Australians for telecommunica-
tions are diverse and often complicated by distance, ter-
rain and consequently costs. The common carrier respon-
sibility of Telecom renders these needs as a commit-
ment. The costs, however, have to be carried by
someone. However, if technological developments
reduced the costs of a telephone service for example, by
satellite or reliable, private, low cost radio services, the
meeting of these social needs in remote areas would be
more achievable.

CHANGE AND TELECOMMUNICATIONS

Change has been a constant feature of telecom-
munications since the technology was first available to
provide the service and since society first began identify-
ing needs which could be fulfilled by such services. Since
that time there has been a continuous interactive process
which has developed the telecommunications of today
and is likely to do so for tomorrow — smoke signals,
drums, morse code, manual switchboards, mechanical
switching, computers. As each new technology emerged
it was applied with the object of improving the service,
doing something that couldn't be done before or to
reduce the cost of service. These interactions have been
similarly responsive to changes in the environment in
which telecommunications plays a part. Living with this
change has proved a challenge to the effective develop-
ment of the Australian telecommunications systems and
an understanding of the nature and effects of future
changes will help Telecom cope with future develop-
ments. Historically in Telecom Australia and previously
the APO, the change from manual to automatic working
of telephone exchanges has been a continuing compo-
nent of its development programmes since 1911. This
activity continues into the more remotely located areas of
service as well as the operation of long distance services,
international services and customer enquiries. These
changes have enabled faster, more efficient services to

94

be provided to more people and enabled costs to be
maintained at a level which has made the services accep-
table to more people. Changes in the technology of
automatic interconnection of telephone customers have
occurred from step-by-step to crossbar in the early sixties
and more recently from crossbar to processor controlled
exchanges. These technology changes have achieved
significant steps in switching efficiency and reliability as
well as providing for additional facilities such as sub-
scriber trunk dialling (STD) and international subscriber
dialling (ISD). The inbuilt efficiency and reliability
resulting from such design factors as a reduction in mov-
ing parts and a shift from mechanical working to
electronic working reduced the need for staff levels to
grow in proportion to network growth and this has
produced commensurate savings to customers.

With the advent of the transistor in the 1950s, signifi-
cant changes commenced in the design and construc-
tion of telecommunications equipment. Notably the ad-
vent of more sophisticated multiplexing and radio equip-
ment have enabled transmission systems of high
capacity and reliability to be developed between major
centres. Changes in this area have resulted in reductions
of the order of 200:1 in the unit cost of components and
this has made it possible for modern telecommunica-
tions to expand over the vast distances of the Australian
continent at reasonable costs.

Many of the changes involved in telecommunications
developments are external to the systems involved and it
is necessary to recognise the importance of these in-
fluences. The part played by telegraph services in the
19th century in the build up of industry and transport,
and in the development of countries like Australia is well
accepted. The advent of the telephone, particularly since
it has become a household amenity, has affected society
both in an overall and in a very personal way.

Not only are the changes external in nature but also
are the social consequences. Just as with the motor car
we have learned that the impact of the technology is not
only on those who use it or derive a direct benefit. The
social consequencaes can be complex and are often exter-
nal to the telecommunications system. The advance-
ment of telecommunications has impacts which are
broader than those on Telecom’s customers and some of
the social questions it raises are worthy of debate.

The Distributional Consequences of Product Changes
and Tariff Policies

There are alternative ways of developing telecom-
munications services which extend the network further at
the expense of providing new facilities or of updating the
equipment to be more reliable. Tariff policies can shift the
cross-subsidisational balances. People who already have
good access to information sources or facilities or the
‘information rich’ can get richer and the ‘information
poor’ can get poorar.

Privacy Implications of More Sophisticated Informa-
tion Handling and Storage

There are those who would argue that Automatic
Message Accounting (AMA) on trunk calls is an infringe-
ment of basic privacy. Many of these may weli be people
who are not responsible for paying the accounts and
these people constitute the majority of telephone users.
Junk advertising by telephonse can be a threat and source
of customer annoyance.
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The Effects of Telecommunications on Social Com-
munication Patterns

While privacy of conversation is an important attribute
in a telecommunications system, the very basic non-
private high frequency radio systems and party lines used
in remote areas forms an important part of their social
fabric. Changes from manual to automatic working,
which brings with it many technical and facility advan-
tages, often brings about a change in the social com-
munication patterns of the area.

Economic Effects of Telecommunications on
Business Efficiency

With more sophisticated telecommunications
technology the logistics, contactability, flexibility,
availability and management techniques of the infra-
structure of business can be changed for more efficient
working. The shift of ‘staff share’ resulting from the wage
movements of the early '70s attracted business to more
automatic and less labour-intensive installations.

The Balance of Cross-Subsidisation

It is not possible in any business to maintain a uniform
balance of priority and profitability over all products. The
way in which these balances are managed produce
economic and social effects for the users of the products.
Developmental, reliability, service levels, technology,
staffing and financing issues are involved. To what extent
does the customer of today pay for the network the
customer of tomorrow will use; or to what extent is the
customer of today living off the network provided by the
customer of yesterday.

The Management of a Vital National Resource

The telecommunications services of a nation con-
stitute a resource which helps to form the infrastructure
for its social, industrial and commercial life. Its strengths
and weaknesses, its privacy, reliability and efficiency in-
teract with the society which goes to make up that na-
tion. The way telecommunications services are
developed can determine the way in which the country
fits into the wider society of the world. {t is important to
look closely at who should manage such a resource and
how it should be managed. This is one of the many com-
plex issues underlying the domestic satellite debate.

Employment Considerations

Man looks for productive satisfying work and tele-
communications has provided such employment over the
years and will continue to do so. Job satisfaction is not
provided by idleness, underemployment or by retarding
technological development. We do not find the man with
the bell employed in front of the car these days. He is
employed designing, building, installing and maintaining
the sequentially controlled coloured lights.

Technological change in the telecommunications field
as in others will require social adjustments as a result of
the employment considerations and they will come in
areas not yet perceived. Who would have perceived that
breathaliser manufacture would develop as an empioy-
ment outcome of the motor car? If these adjustments
could include changes in societies’ interpretation of the
work ethic on a global basis to suit a world where the
shorter working week and working life and job sharing
will be progressively introduced.

The social, economic and industrial adjustments in-
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volved appear to require a dimension of change which
would need to be planned on a world wide basis.

Telecommunications and Energy

The costs of oil and consequently the costs of energy
for the purpose of mobility in the form of petrol have
doubled in the last few years while telecommunications
costs have remained substantially constant over the
same period. This brings into striking relief the possible
substitution of telecommunications for energy in the form
of mobility. It is difficult to see one being a complete sub-
stitution for the other because of the intangible benefit of
the personal interaction which come with mobility. The
trial system of confravision between Sydney and
Melbourne has not received the anticipated level of
market acceptance for these sorts of reasons. Indications
are that the cost differential will continue to increase with
oil prices continuing to climb and the price of telecom-
munications in real terms continuing to fall. Such trends
must attract managers to confravision, teleconferencing
and other telecommunications facilities which reduce the
need to absorb energy in the interest of mobility. A nine
cent call makes a lot of economic sense if it can obviate
the need to pay a dollar to travei 15 kilometres for a dis-
cussion.

International Data Storage and Accessing

There is a growing awareness of the importance of in-
formation as a resource whose production occupies a
major part of the economy. In recent years economists
have been developing methods to classify, measure and
account for the significance of the information sector,
this being classified as a fourth sector in addition to the
primary, secondary and tertiary sectors of the economy. If
this sector is of such significance what effect does it have
on an economy if such a product is shifted or otherwise
traded. What costs are involved, what security or
dependence are at stake, what controls or regulations are
necessary. Similar questions, aithough less tangible in
nature, can be raised concerning personal data storage
and accessing on an international basis. These questions
are currently being broached at the international level by
a special group of the OECD.

SOCIETY AND CHANGE

It is meaningful to ask what will. be the shape of
society in the long-term future and what part wiil advanc-
ing technology in the telecommunications sphere play in
this future. Speculation covers a wide range of pos-
sibilities and this in itself underlies the difficulties in-
volved in planning within this sphere.

The new and developing technologies could offer a
broader range of products with new and improved forms
of information to simplify our home and work life. The
environment provided by communications under such a
scenario could serve to strengthen democracy by
providing greater access for participation by the com-
munity in government decision-making and promote
what might be perceived to be the ‘good life’ and self-
realisation. Alternatively, the decentralised, multi-
functional, self-contained, independent nature of services
which could be provided by the new technologies may
lead to a dehumanisation of socisety. Each of these views
on change and its effects on society can be argued but
neither provides a simple solution of comfort generally to
telecommunications pianners. They do, however, define
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some boundaries in regard to the debate which has now
emerged over technological change at a time of low
economic growth, a growing fuel crisis and high un-
employment.

MANAGING CHANGE

It could be considered that every decision is concerned
with change and the arrangements for putting decisions
into practice constitute the management of change. The
characteristics of the change can have many dimensions
and these will influence the perspective, relativities,
authority, influence and impact of the decisions made.
These dimensions usually characterise a shift in value
positions but the parties involved with the characteristics
of the change can be diverse and the relationships are
rarely simple. This lack of simplicity is inherent in the
management of change and the degree of difficulty is
greatest when the potential or real change is great as is
the case for telecommunications.

Some decisions are internationally far-reaching, some
are long term, some have immediate impact, some cause
the on-going concern of staff, management, customers or
society generally, some influence related industries and
the Australian economic scene generally. Telecom,
therefore, in managing the development of tele-
communications, is involved in a dynamic far-reaching
changing environment. To cope with this change it un-
dertakes broadly based research and planning looking at
long as well as short term horizons.

STRATEGIC PLANNING

In developing and applying the technology of tele-
communications Telecom Australia has adopted at the
corporate level planning processes of a strategic nature
which encourage the partnership between technology
and social needs. These processes have involved longer
term perspectives, scenario development, an improved
awareness of environmental influences, an increased
recognition of its social responsibilities and increased
interaction both inside and outside the organisation. In so
doing the mood of technological development has
changed towards a perspective which recognises more
specifically the people aspects along with technology.

Three major strategic planning processes used by
Telecom to guide the future of telecommunications
developments in Australia are:

e Telecom 2000 — An Exploration of the Possible Directions
of Long Term Development of Telecommunications in
Australia.

o The Corporate Plan — Objectives, Specific Strategies and
Typical Major Projects for the Next 10 years.

e Research, Development and innovation (RDI) Strategic

Guidelines — A 5 Year Guideline to the Programming of RDI
Resources.

These processes have contributed extensively to
policy development and priority setting throughout the
organisation by virtue of their effect on the interrelated
network of plans and programmes which contribute
towards the fabric of operational development of tele-
communications in Australia.

TELECOM 2000

In 1973 the National Telecommunications Pianning
{NTP) Branch was set up within the then Australian Post
Office. Its broad objective was to undertake an explora-
tion of the possible directions of long term development
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of telecommunications in Australia. The need to set up
such a group was a manifestation of a growing
awareness of new technologies and new telecom-
munications services which were under consideration
around the world and the rapidly changing environment.
Widely discussed concepts such as “the wired city”, “"the
global village”, "“the information based society”, "the
home office” suggested that telecommunications was on
the threshold of a new era.

Many of these new services involved much more than
simple extensions of the present telecommunications
facilities, and could involve large investments just to es-
tablish a new network. It was possible that changes car-
ried social implications for future society no less than
those stemming from the invention of the telephone in
1876. It was recognised that telecommunications
development required new policies and strategies to
cope with the possible changes in the coming 25 years.

Thus NTP was set up as a multi-disciplinary group, not
to duplicate the work of the existing planners, but to
complement it. Their role was to examine future pos-
sibilities as they related to telecommunications, and
provide information and advice to Telecom Australia to
heip in policy formation.

The NTP multi-disciplinary team set about this
examination with the interactive assistance of users,
academics, industry, Telecom people and others by way
of seminars, discussion, consultantships and cor-
respondence. A product of this planning exercise,
Telecom 2000, was published in 1976. The general
spirit of the report is captured by these words from the
Introduction to that Report:

“Society’s needs, technology, and the social effects of
technology are all interacting parts of a continuous process — a
sort of complex chain reaction. There is nothing novel in
emphasising the uneasy partnership that exists between
technology and society; in emphasising the complex and often
ambivalent sffects of much technological development — some
good for society, some bad. Basically, the ambivalence stems
from the very nature of the two systems. To strike a sharp dis-
tinction — technology can be described as rationally based,
scientific, logical. The social system is a human, living system;
one in which large measures of irrationality, illogicality and un-
predictability are likely to be encountered in its development.

The recommendations of Telecom 2000 provided the
basis for the required broader perspective for the setting
of technology priorities into the future. In addition, they
set up the tools to enable an on-going form of technology
assessment process to be established. These tools are
broadly defined by the following selected recommenda-
tions:

Telecom Australia should —

¢ “sponsor studies to identify and (where practicable)
quantify the broader social and economic benefits of
telecommunications’’; e

e 'support an open planning strategy and investigate
both existing and new additional ways of facilitating
interaction between itself and communities of in-
terest”;

e "implement a programme of field research into new
and developing facilities”;

e ‘commit itself to the development of advanced tele-
communications facilities only after substantial field
research data has been secured”;
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e “strengthen existing organisational machinery to
monitor and study the interaction of social and
economic environmants with telecommunications and
make the information generally available”:

e "support interdisciplinary planning processes both
within Telecom Australia and between it and other
interdependent institutions (e.g. urban planning,
transportation bodies)”;

e "support an on-going programme of multi-disciplinary
studies of future telecommunications’;

e “conduct a programme of field research into new tele-

communications concepts, facilities and equipment . . -

"

OUTCOMES FROM THE TELECOM 2000 REPORT

Early in 1976 the report Telecom 2000 was dis-
tributed for consideration and discussion within Telecom
Australia. It was also decided to have the report dis-
tributed widely to organisations and individuals outside
Telecom Australia. The aim was to tell people affected by
Telecom Australia’s services and policies about the is-
sues involved in long term telecommunications planning.
Comment on the issues raised in the report was invited.
Responses to the report, both written and verbal, have
been collected by NTP through 1976 and the early
months of 1977.

Thirty thousand copies of the report were distributed,
commencing in March 1976. A special distribution list
was prepared to make the report available to all sectors
of the community. The list included members of the
Federal and State legislatures and judiciary; Federal,
State and Local Government Departments and
Authorities; educational institutions; industrial, profes-
sional, business and social organisations; and many
private citizens involved in community and social activity.
The public was invited to obtain copies.

Written responses totalled 210 ranging from formal
acknowledgement to comments in depth.

The writers of the 111 more substantial responses
could generally be identified with some professional or
business source. Only 12 could be classified as "in-
dividuals”. The single dominant source of responses was
tertiary institutions (41). Other major sources were

business (19) and government (18).

The major issues raised in responses involved only six
subjects: open planning, community involvement, social
theory, value position, competition and data policy. Each
of these received comment from over 20 respondents. A
further 15 subjects received comment from over ten
respondents.

The responses received, however, were mainly of a
high calibre, introducing a wide range of complex issues.
An analysis of the responses and the recommendations
as accepted by management are set out in the publica-
tion Outcomes from the Telecom 2000 Report.

RESEARCH, DEVELOPMENT AND INNOVATION
(RDY)

Telecom pays particular attention to Research,
Development and Innovation and manages specifically
directed processes and programmes to ensure the effec-
tive and timely introduction of technology for the purpose
of providing for new growth, providing new required
facilities and for the replacement of obsolete equipment.

ROWELL — Social Needs and Technology.

Each year it directs about 950 man-years of its
resources on RDI. The distribution of this resource is
determined by a corporate process which annually yields
a rolling three-year programme. This programme covers a
large number of projects and on-going activities which
could find applications in the various components of the
telecommunications network up to 20 years hence.

To enable priorities to be set within a number of
categories relating to type of technology and the broad
time of application the following criteria are used:

Corporate Commitment

Customer Orientation

Financial and Resource Considerations
Personnel and Industrial Relations
Corporate image

in the application of these criteria management judge-
ment is required. Inherent in the process, however, is the
opportunity for non-technical aspects relating to social
needs to be taken into account.

OPEN PLANNING

The Telecom 2000 report sets out discussion and
recommendations about the desirability of involving the
people affected by the actions of Telecom in the process
of arriving at particular decisions. This was referred to as
open planning. The report itself and the exercise involving
evaluation of responses was in effect an open planning
exercise. In view of the extent to which Telecom 2000
was distributed, the number of written responses was
less than had been expected within Telecom. On balance,
however, it was considered to be a successful and useful
overture into this mode of planning but it was clear that
further thought and additional work would be necessary
if the implementation of open planning was to effectively
fulfil the expectations of all concerned.

The inherent change in attitude as well as the required
changes in processes necessary to implement open plan-
ning must inevitably take time — one respondent to
Telecom 2000 suggested 10-15 years as being realistic.
Telecom may not necessarily agree with this time-scale
but it does signify a recognition by others of the dif-
ficulties involved.

THE CORPORATE PLAN

The need for formal corporate planning was recog-

nised by the consultant to the Vernon Commission of in-
quiry, Cresap, McCormick and Paget Incorporated (CMP)
and is expressed in Section IV of its report which is
published in volume 2 of the Report of the Commission
of Inquiry into the Australian Post Office in the following
terms:
(p. IV-2) ... because development of a comprehensive
strategic plan must be co-ordinated across several divisional
lines, it is almost impossible under the present arrangements to
provide co-ordinating leadership at a senior level other than in
the office of the Director General ...”

It was against the background of this statement that
CMP recommended that the Managing Director be
provided with “an immediate staff tailored to his external
and strategic orientation” (p. IV-11). As & result of this
recommendation the Planning Directorate with a Cor-
porate Planning role was created at Vesting Day (July 1,
1975). The consultant broadly specified the role of the
Corporate Planning Branch as:
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(p. 1IV-13) “This long-range business planning activity should in-
clude financial, technological, marketing, manpower, organisa-
tional and profit planning components, to ensure that plans ex-
ist for all necessary resources.”

In this way the social, industrial and commercial needs
of the people of Australia for telecommunications ser-
vices can be considered in a comprehensive and on-
going manner and accordingly consideration of the im-
pact of technology is part of the broad package which
constitutes Corporate Planning.

Since the setting up of Telecom Australia in 1975 a
small group of corporate planners has been working with
the various elements of line management to develop a
Corporate Plan to bring about the top-down orientation
seen as necessary to the future viability of the organisa-
tion and improvement in service to the customers.

Recognising the Telecom 2000 recommendation
concerning "open planning” it was also considered im-
portant as part of the Corporate Planning Process that
Staff Associations be given the opportunity to comment.
A draft was distributed and responses were received
which assisted the preparation of the final document. The
major changes which resulted concerned the role of
women in the workforce and a more specific recognition
of the important role that Staff Associations perform in
negotiating industrial matters on behalf of Telecom
Australia’'s employees. Staff Associations expressed con-
cern that they should be involved much earlier in the
development of future Corporate Plans.

Some of the interactions involved in developing this
first Plan have proved less than ideal and will require
refinement during future cycles of the process. To this ex-
tent, it is important to emphasise that the Corporate Plan
is a “living’”" document subject to regular review and up-
dating. These shortcomings are consistent with the
recognised need to learn more about “open planning.

The Plan has been made available to the public on re-
quest and an abridged “Highlights” version has been dis-
tributed to all staff.

The Corporate Plan as currently developed broadly
consists of three parts:

e the basis for corporating planning;

e the broad strategy to be adopted over the next five
years;

e the Planning Guidelines for a ten year horizon.

To establish a basis for corporate planning a set of cor-
porate objectives has been derived from a study of the
statutory responsibilities given to Telecom Australia in
the Telecommunications Act and a knowledge of what is
required to improve the utility, reliability and economy of
telecommunications services as seen by the people of
Australia.

To assist in achieving these objectives the Corporate
Plan sets a broad strategy for the next five years of
adopting Corporate Thrusts and Actions. Four Corporate
Thrusts have been identified by management:

e Quality of Service

Efficiency

Staff Relations and Development
Technological Improvement

The need to assess the priorities to be accorded to
technological improvement against the complete picture
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presented by the four Thrusts is inherent in the Pian. This
is referred to in the definition of the Technological
Improvement-Corporate Thrust.

“To use new and improved technology in a timely and ef-
ficient manner to reduce operating and overhead costs and to
ensure that new services and improvements to existing services
are available when required. As technology is basic to telecom-
munications, this thrust underlies much of the action possible to
improve responsiveness to customer requirements and also to
improve efficiency.”

Corporate Actions are defined for each Corporate
Thrust and these set out more specifically the manner in
which the thrust is to be fulfilled.

The Technological Improvement Corporate Actions
are:
¢ Development of the telephone switching network;
o Reliability of customer equipment;
e Computers in management;
e Rural services.

Each of these is defined to give further guidance to the
operational planners. The importance of privacy and in-
tegrity of communications is also taken into account.

POLICY RESEARCH

Telecom undertakes policy research work employing
interdisciplinary groups. Included in the range of studies
are such subjects as the impact of the external environ-
ment, policy involving generally its ability to apply
technology to fulfilling social needs — in particular those
of its customers, and the behavioural requirements of the
internal organisation in fulfilling its responsibilities. Policy
research, as a prerequisite for policy review and formula-
tion, is now performed on a much broader base with the
involvement of the major functional areas and the use of
consultants as necessary.

A social science research seminar on “Social Research
and Telecommunications Planning” was held in late
1979. It was organised and funded by Telecom and the
participants were Telecom staff and invited academics
and practitioners in the social science disciplines who
had previously shown an interest in telecommunications
planning. The overall objective was to explore the role
and contribution of the social sciences in the planning
and provision of telecommunications services. Outcomes
of this first seminar provided for the commencement of
specific research projects, the provision of guidance for
priorities in future research or changes in the purpose or
participation of subsequent seminars. The seminar was
an interactive participative process commencing prior to
the event. The range of topics explored at the seminar in-
cluded.

e Social Trends and Communication Patterns

e Distributional Consequences of the Provision of
Specific Services

The Information Economy

Planning — Theory and Practice

Technological and Social Interactions

International Developments as they affect Australia’s
Telecommunications Planning

OECD ACTIVITIES

The programme of work being undertaken within the
Committee for Scientific and Technological Policy (CSTP)
of the OECD and its various working groups reflects the
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nature of telecommunications technology and its impact
on social needs in a manner consistent with the spirit of
Telecom 2000. Many of the projects being researched in
many countries around the world involve analysis of the
broader environment for telecommunications. The depth
of research available and in progress on an international
scale, therefore, is of value in providing the perspective
necessary to assist in Telecom's planning. Out of study
and participation in the work of OECD should come a
better understanding of the social needs for telecom-
munications of today and tomorrow.

Recognising the reciprocal nature of a telecommunica-
tions service (it is to be rung as well as to ring!) Australia
must see itself as part of the wider world network of
telecommunications and plan accordingly. Some of the
projects of the CSTP of interest to Telecom at this time
include:

e Science and Technology in the New Socio-Economic
Context

e Technical Change and Employment

e The Utilisation of Social Sciences in Policy Making

e Public Involvement in Decision-Making Related to
Science and Technology

e Transborder Data Flows and Protection of Privacy

e Policy Implications of Data Communications Network
Developments

e Economic Analysis of Information Activities and the
Role of Electronics, Telecommunications and Related
Technologies

e Implications of Microelectronics on Productivity and
Employment

e Growing Vulnerability of Society Stemming from the
Widespread Use of Computer and Telecommunica-
tions Systems

e Government and Information Policy

INTERNATIONAL FORCES

From the point of view of economics of production on
an international scale and the increasing international
nature of private as well as industry and commerce de-
mand, there is a need for international compatibility of
services. Such aspects are bandwidth, frequency, signall-
ing. delay time, error rate, speed of transmission, modula-
tion and multiplexing modes, all require international
standards to enable effective interconnections to take
place. Once such standards are set, manufacturers
produce according to these specifications. |If Telecom
purchases equipment for a given service it is often con-
strained to new generation equipment designed to fulfil
social needs which have been determined at the inter-
national level. If Telecom wishes to ensure that it com-
municates with the rest of the world, it can be necessary
to ensure that it purchases the latest generation equip-
ment.

SUMMARY AND CONCLUSION

It has been stressed that there is nothing new or
mystic about technology or technological change — it is
a natural reaction for man to move towards satisfying his
basic social needs by the development of technology. In

satisfying these social needs, there will be social conse-
quences to which society will adjust. To satisfy the social
need to communicate at a distance, telecommunications
was developed and it has continued to develop with in-
creased social needs.

Telecom Australia as the common carrier has a major
responsibility for the introduction of new telecom-
munications technology. How can it best fulfil this
responsibility and be sure that it continues to mest
society’s changing needs of the future? It has several
constraining forces by way of statutory requirements and
administrative arrangements which restrict its activities.

Over the years Telecom has operated in a field of con-
tinuous change from manual to automatic, step-by-step
to crossbar and crossbar to computer controlled ex-
changes. It has had to develop research and planning
processes which encourage a partnership between social
needs and technology in its telecommunications develop-
ments.

The Telecom 2000 report surveyed social needs to
the year 2000 and discussed the technology which
would be available to satisfy those needs. It put forward
the concept of open planning which would involve the
people affected by its actions in the process of arriving at
particular decisions. It was followed up with Outcomes
from the Teleacom 2000 Report which discussed the
reaction of society to Telecom 2000 and set out the
recommendations as accepted. As part of its strategic
planning processes Telecom has produced a Corporate
Plan and associated processes so that the social, in-
dustrial and commercial needs of the people of Australia
for telecommunications services can be considered in a
comprehensive and on-going manner. it also sets
priorities for the application of resources to Research,
Development and Innovation based on broad perspec-
tives involving a large number of projects which could
find applications in the various components of the tele-
communications network up to 20 years hence. |t under-
takes policy research based on multidisciplinary studies
and involves itself in and monitors international activities
which recognise the partnership between social needs
and technology.

Just as the mouse is given credit for adjusting its
smartness to match that of the smarter mouse-trap we
must give credit to the ability of society to adjust to the
changing social implications of new telecommunications
technology. Recognition of the significance of the
broader social issues involved will manifest itself in a
realisation of the necessity of the partnership of social
needs and technology for future telecommunications
developments in Australia. This realisation will prompt in-
creasing calls for open planning and public participation
in planning processes generally. Telecom as the common
carrier of telecommunications in Australia has made a
start by recognising this partnership and developing
some processes to make it work. Like all partnerships,
however, continuous understanding and adjustment will
be necessary to ensure that social needs and tele-
communications technology proceed into the future hand
in hand.

ROWELL — Social Needs and Technology.
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Alice Springs — Tennant Creek: A New
Approach to Radio Relay Systems

A. J. MENCEL

The need to extend the broadband communication network to the centre of Australia provided Telecom
Australia engineers with the challenge to design a terrestrial radio relay system which would be specifical-
ly suited for installation and operation in remote areas. By making use of the recent development of low
power consumption equipment and the availability of photovoltaic solar cells to power such eguipment,
and by careful attention to design, a system was developed which shows considerable savings in capital
and maintenance costs when compared with earlier installations.

This article discusses the concepts involved in the design of radio communication systems for remote
areas and describes the system installed between Alice Springs and Tennant Creek in the Northern Ter-

ritory of Australia.

In 1872, a single iron wire provided one telegraph cir-
cuit across Australia from Adelaide to Darwin, a distance
of some 2600 km and although additional wires were
added over the years to provide for telephony and ad-
ditional telegraph circuits, the overhead construction
remained in service for 100 years when the Tennant
Creek—Darwin section was replaced by a microwave
radiocommunication system (Ref. 1 and 2). This system
gave Darwin its first broadband link with the capital cities
in the south. In 1979, a further section of the open wire
route was withdrawn from service when Alice Springs
and Tennant Creek were joined by a microwave radio
relay link.

The design of this latest, long-haul broadband
radiocommunication system to the centre of Australia
provided engineers with an unique challenge to design a
system which would overcome many of the difficult
problems associated with systems previously provided in
remote areas.

The system installed involves 13 repeaters between
Tennant Creek and Alice Springs, employs low power
drain equipment of very high reliability installed in un-
derground shelters, makes use of torsionally stabilised
masts and is believed to be the first major long-haul
microwave system in the world in which all repeaters are
solar powered.

DESIGN PHILOSOPHY

The design philosophy for remote area broadband
radio relay systems rests on four main, mutually depen-
dent points as shown in Fig. 1. These are:

o Use of low power consumption radio equipment —
The first and most important factor that makes the
system concept possible is the recent development of
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low power consumption, highly reliable microwave
radio relay equipment. Such development has been
fairly general and equipment of this type is now offered
by many manufacturers.

e Solar power — As a consequence of using low power
consumption equipment it becomes economic, con-
sidering capital costs alone, to use solar energy to
provide primary power for loads of up to about 140
watts.

e No airconditioning — Given the above two points, it
follows that no other site facility should dominate
power consumption requirements. In particular, the
need to provide airconditioning must be avoided.

e Underground equipment shelters — Performance of
radio relay equipment is improved if it is presented
with a constant temperature environment. Having
ruled out the provision of airconditioning, the need for
underground or similar heat dissipating and
temperature averaging shelters becomes imperative.

Adoption of the above four points leads to further ad-
vantages and cost savings in other areas of system
provisioning and maintenance:

e Installation costs — Considerable cost savings can be
achieved by extensive ‘pre-installation’ of equipment in
transportable shelters before their transportation to
remote sites.

e Operating Costs — Liquid or gas fuel charges with
their uncertain cost and supply structures are com-
pletely avoided.

e Maintenance costs — Use of solar cells eliminate
costly maintenance of rotating power generating
equipment and fuel delivery charges.

e Site access roads — Savings in costs of access roads
can be achieved by specifying a standard of road con-
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sistent with infrequent site visits and access by four-
wheel drive vehicles only.

Applying these points to the design of the Alice Spr-
ings — Tennant Creek radio relay system, together with
other considerations determining the type of antenna
support structure, power shelter and solar array support,
resulted in an installation which is well suited to condi-
tions such as are encountered in Central Australia. The
type of station established at repeater sites is shown in
Fig. 2.

SYSTEM DESCRIPTION

The system, between Alice Springs and Tennant Creek
in Central Australia, comprises a 960 circuit telephony
bearer, a ‘protection’ bearer with provision for non-
priority television transmission and an undirectional
television bearer from Tennant Creek to Alice Springs. It
consists of two terminals and thirteen intermediate solar
powered repeaters. The average path length between
stations is 36 km. The system operates in the 4GHz band
and was designed to meet the usual transmission
specifications applicable to broadband radio relay
systems.

At Tennant Creek, the system interconnects with the
existing Telecom broadband network. Telephony circuits
are extended to Darwin and eastwards to Brisbane and
beyond, while television programs originating in Brisbane
and relayed to Darwin are split and fed to Alice Springs.

Route

The system traverses 500km of sparsely populated
arid country and follows closely the route of the Stuart
Highway as shown in Fig. 3. The terrain consists of scrub
and grass plains with occasional rocky, spinifex covered
ranges of low hills.

In selecting repeater and terminal sites, environmental
issues were very much to the fore, especially in the Alice
Springs area where every effort was made to minimise
interference to the natural grandeur of the surroundings.
In line with the wishes of environmental protection
authorities who wish to avoid proliferation of structures

ANTON MENCEL joined the Australian Post Office in 1957 as a Technician's
Assistant and was appointed Trainee Engineer in 1862, After graduating from
the South Australian Institute of Technology with a Bachelor of Technology
Degree in Electronic Engineering in 1864 he was engaged in the installation of
telephone switching equipment in the Adelaide metropolitan area,

in 1968, he transferred to radiccommunication equipment installation duties
and was involved in projects in South Australia and the Northern Territory. He
was appointed project co-ordinator of the Alice Springs — Tennant Creek radio
relay system installation and was responsible for the introduction of subscriber
trunk dialling to Alice Springs. At present, he is the Senior Engineer for

radiocommunication installation projects.
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LOW POWER
CONSUMPTION
RADIO EQUIPT.

UNDERGROUND SOLAR
EQUIPMENT POWER
SHELTER SYSTEM

NO AIR-
CONDITIONING
Fig. 1 — Interdependence of Design Factors for

Remote Area Radio Relay Systems.

on the range of hills surrounding the town, an agreement
was reached with the Department of Transport to share
the existing hill site at West Gap. just south of the
township. A new equipment building was constructed,
recessed against the hill and is not visible from Alice
Springs. The existing light-duty tower was replaced
by a stronger structure capable of satisfying, in the Alice
Springs area, the radiocommunication needs of
Telecom Australia, the Department of Transport and
other authorised parties for many years to come.

Radio Equipment

The concept adopted in the design required that low
power consumption, highly reliable radio equipment be
selected for this system. Also it needed to be of modular
construction requiring only a minimum time to be spent
in field visits for restoration of faults.

The equipment selected meets these requirements. In
addition, its configuration is such that, if required,
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transmitter output power can be increased and receiver
characteristics improved by replacing a number of in-
terchangeable sub-units. Thus system capacity could be
increased at some future time as path and other system
design parameters allow for such expansion.

Table 1 gives some of the transmitter output power
options and the corresponding power consumption for in-
dividual units and a ‘1 + 1°, or main plus protection
bearer combination. The equipment used for this system
is the 0.BW output power version, using a negative im-
pedance output amplifier and a FET receiver pre-amplifier
having a noise figure of 4.5 dB. The mean time between
failures for the equipment, given by the manufacturer, is
in excess of 25 years.

Two transmitters/receivers or three diversity receivers
are housad in one 260mm wide, 2100mm high equip-
ment rack.

Supervisory Equipment

In line with the need to minimise power drain at
repeater stations, low consumption supervisory equip-
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ment was selected. The equipment which operates in the
frequency shift key (FSK) mode extends alarms, con-
sisting of 32 indications per station, to the route control
station in Darwin. Of the 32 indications, 16 are used to
monitor radio equipment performance, 11 to extend
power equipment alarms and such miscellaneous alarms
as waveguide pressure and door alarms, while five are
presently spare and available for system expansion. The
status of an alarm is displayed locally by low power light
emitting diode (LED) indicatc s.

Telecontrol facilities from t » route control station at
Darwin to repeaters are not p..vided.

Equipment Shelters

The location of the system is in a hot, arid zone where
large diurnal and seasonal variations in temperature oc-
cur. In order to increase system reliability and improve
performance it was essential to reduce temperature ex-
tremes and temperature cycling to which the equipment
would be exposed. Since mains power for airconditioning
was available at terminal stations only, the decision was
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Fig. 2 — Typical Repeater Station Site Layout.
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made to house the equipment at repeaters in un-
derground shelters. Heat generated by the equipment is
dissipated into the surrounding soil and stable
temperature conditions are achieved without the use of
airconditioning. This method is considered satisfactory
for an equipment power dissipation of up to about 15
watts per sq. m. of shelter wall in contact with sur-
rounding soil.

A steel shelter was designed to provide sufficient
space for up to four both way radio bearers and a total
power dissipation of 400 watts. The shelter, manufac-
tured from 6mm steel plate, is a cylinder 2400 mm in
diameter and 2600 mm high and is buried in the ground
to a depth of about 500 mm. Protection against corrosion
is provided by a coating of coal tar epoxy paint and a
sacrificial cathodic protection system. Access to the
shelter for personnel and equipment is by a fadder within

DARWIN

| TENNANT CK |
o
| |

| i
lALICE SPRINGS

I !

PERTH

ADELAIDE

MELBOURNE

HOBART

LEGEND

-— MAIN ROAD

RADIO SYSTEM ROUTE
® REPEATER STATIONS

@ TERMINAL STATIONS

TOTAL PATH LENGTH 500 .3 km

‘a rectangular 800 mm by 900 mm entrance ‘conning

tower” which protrudes about 900 mm above the surface
of the ground. A lockable aluminium entrance hatch lid
prevents unauthorised entry and a separately hinged
polycarbonate insect screen seals against dust and
creates an airlock to reduce heat transfer. Attached to the
outside of the conning tower is an air intake fan housing
and fan. This provides ventilation via a duct extending to
the floor of the shelter when staff are in attendance. Por-
tion of the ceiling where antenna feeders enter the
shelter is raised above ground level to facilitate sealing
against entry of moisture.

A simple steel ‘A’-frame structure above the un-
derground shelter acts as a sunshield for the exposed
parts of the shelter and provides an anchorage point
above the entrance for a pulley system for lowering
equipment into the shelter.

TENNANT CK

WAUCHOPE

BARROW CK

TEASTREE

ALICE SPRINGS

Fig. 3 — Alice Springs — Tennant Creek Radio Relay System Route.
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RADIO EQUIPMENT
SOUTH TO NORTH DIRECTION

POWER CONSUMPTION AT -20vDC
TRANSMITTER +20dBm +27dBm +30dBm +37dBm
OUTPUT POWER (0.1w) (0.5W) (1.0W) (5.0W)
TRANSMITTER
POWER 7w 12W 17W 50W
CONSUMPTION
RECEIVER
POWER 5w 5W 5W 5wW
CONSUMPTION
REPEATER (L.F.)
FOR A 1+1 48 W 68W 88W 220W
SYSTEM
Table T — Power Consumption of Broadband Radio Relay Equipment.

MAIN ANTENNA CIRCULATOR

ASSEMBLY

SPACE DIVERSITY ANTENNA
CIRCULATOR ASSEMBLY

CABLE RUNWAY & EQUIPMENT
SUPPORT IRONWORK

RADIO EQUIPMENT
NORTH TO SOUTH DIRECTION

“ CONNING TOWER ENTRANCE

Fig. 4 — Repeater Station: Layout of Equipment in Underground Shelter.
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Fig. 5 — Block Diagram of Solar Power Plant.

Equipment Layout

Fig. 4 shows the equipment layout at repeater sta-
tions. The radio equipment is arranged in two 1300mm
long suites, the two directions of transmission being on
opposite sides of the shelter. Supervisory equipment,
waveguide dryers with air distribution, and a power dis-
tribution panel are housed on two racks opposite the
entry hatch. A 102 mm by 76 mm ‘U’ channel running at
rack height along the walls of the shelter doubles as a
support for the equipment racks and cable runway.

Power Supplies

For a number of years Telecom Australia has been us-
ing small solar power systems, comprising photovoltaic
cells, storage batteries and control circuits, to power
single channe! subscriber radio equipment. With the ad-
vent of low power drain broadband radio relay equipment
programs were initiated to develop systems capable of
supplying loads of up to 150 watts.

MENCEL — New Approach to Radio Systems

Design considerations and the plant developed for use
on the Alice Springs-Tennant Creek system were
described in Ref. 3. The design is based on a standard
6100 mm x 2500 mm x 2500 mm steel shipping con-
tainer as a power shelter, with an array of solar panels
giving 850W peak power mounted on the roof. Three, 22
volt banks of 500 AH batteries, control cubicle and staff
amenities are housed within the container. Fig. 5 shows
a block diagram of the power plant.

For control purposes the array is divided into six sec-
tions, five of which are equipped initially. Each section,
except the first, is controlled by an open circuiting
regulator which removes the output of that particular part
of the array once the preset battery voltage is reached.
Although each regulator is set to the same nominal value,
incremental operation of the control circuit as a whole is
ensured by normal component spread. Section 1 of the
array is permanently connected across the batteries.
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Fig. 6 — Solar Power System: Setting of Alarm and Monitor Points

The control circuit provides the following alarms and
indications:

e HIGH VOLTAGE MONITOR, an early indication of
rising output voltage;

e HIGH VOLTAGE URGENT:

e LOW VOLTAGE MONITOR, an early indication of
falling output voltage;

e LOW VOLTAGE URGENT;

o LOCAL I[NDICATIONS ON, local indications and
meters are normally switched off as part of the need to
conserve power;

e FUSE ALARM;
e POWER SHELTER DOOR ALARM.

All these indications are extended to the control sta-
tion in Darwin.

A safeguard has been built into the system to protect
the radio equipment from high voltages in the event of
failure of the regulators. It consists of a number of series
connected diodes which can be inserted, under the con-
trol of a voltage sensing circuit, into the output lead
feeding the radio equipment. When operated, this lowers
the output voltage by approximately four volts.

Setting of the alarm and monitor points is shown in
Fig. 6 together with expected battery reserve and es-
timated time to system failure at these points in the
event of a complete failure of the solar array.

Connection of power to the equipment in the un-
derground shelter is by cables run in galvanised iron pipe
between the two shelters. To prevent high voltages
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which could be experienced due to heavy earth currents
and resulting potential differences between the shelter
earths in the event of a lightning strike at the site, surge
protector diodes are fitted to earth from each of the
cables linking the two shelters. This precaution is in addi-
tion to the bonding together of the earthing systems of all
the structures on site.

Antenna Support Structures

In calling tenders for antenna support structures,
prospective suppliers were given two alternatives — self
supporting towers or torsionally stabilised guyed masts,
each to support up to four 3.7m diameter shrouded
parabolic antennas mounted at heights of up to 7b6m
above ground level. Design calculations were to be based
on wind velocities of 48m/sec at a height of 10m above
ground with an allowance for increase in velocity with
height ranging to 57m/sec at 70m above ground. A
further requirement was that the tilt and twist of each
structure should be such that the radio beam would not
deflect by more than 0.65 degree from true bearing in
azimuth and in elevation for wind velocities of 30m/sec.
The sway of the structure from vertical, under maximum
design wind load, should not exceed 0.75% of the height
of the structure.

On the basis of costs and because masts have a lesser
impact on the skyline than free-standing steel towers a
tender was accepted offering torsionally stabilized lat-
ticed steel guyed masts for repeater stations and a self
supporting steel tower for the Alice Springs terminal;
space limitations at this site precluded a guyed structure.
At Tennant Creek use was made of the existing 54m
tower.

Telecommunications Journal of Australia, Vol. 30, No. 2, 1980



The necessary stiffness of the 1m square section
guyed masts is achieved by fixing double guys to outrig-
gers adjacent to each antenna mounting position as can
be seen in Fig. 7. The type of guy anchors used was
dependent on the nature of the ground at each site, being
mass concrete type at sandy sites, and rock anchor or
wedge type at rocky sites. Up to two levels of guys are
fixed to each guy anchor.

Antennas and Feeders

Spun aluminium parabolic reflectors, 3.7m in
diameter, are used as main antennas at all stations;
diversity antennas are 3.3m in diameter. The antenna
feeder is 4GHz elliptical waveguide.

For ease of installation the vertical run of the feeders is
on the outside of the mast with the horizontal gantry con-
sisting of enclosed trays. Entry into the underground
shelter is vertically and the waveguides terminate in cir-
culator assemblies located just below the ceiling, along
the centre line of the shelter. Flexible coaxial cable tails
complete the connection to the radio equipment. (refer
Fig. 4).

DC operated waveguide air dryers located in the un-
derground shelters provide pressurization of the antenna
systems.

Access Roads

The proportion of total costs of radio relay systems
represented by the cost of access roads has been rising
steadily in recent years. It has therefore become very
necessary to pay close attention to the type and cost of
roads to be specified.

The decision to power all repeater stations with solar
energy has removed the requirement for fuel deliveries to
sites. This fact combined with the expected high
reliability of the equipment means that only very infre-
quent visits by maintenance staff should be necessary. In
designing the system it was therefore considered that a
substantial saving in costs could be achieved by specify-
ing site access roads of a lesser standard than was nor-
mal for such roads in the past. Access roads were
specified to provide:

e Two-wheel drive access during normal {(good weather)
conditions;

e Four-wheel drive access during abnormal (wet
weather) conditions;

e Road running width of 3.0m.

These relaxed specifications have all but removed the
need to transport road making material over more than
short distances. Sufficient material could usually be
found close to each site resulting in considerable cost
savings.

Typical Site Layout

Fig. 2 shows a typical repeater station layout. Struc-
tures have been arranged generally along a north-south
line with the mast being at the southern end of the site
and the power shelter with its roof mounted, north facing
solar panel array at the northern end. Depending on the
direction of fire of the antennas and the topographical
layout of the site, and hence on the orientation of the
mast guys, the power shelter is moved either east or
west of the north-south line in order to reduce shading of
the array by the guys. The distance between the mast
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Fig. 7 — Guyed Mast Fixing Arrangements

and power shelter is approximately 12m, this distance
having been determined by the need to avoid shading of
the array by the mast and antennas during the summer
period when the sun passes to the south of the site. All
sites on this route lie north of the Tropic of Capricorn.

A 2m high, man-proof fence surrounds the structures;
guy anchors, which mostly lie outside this fence are
protected by steel guard rails.

IMPLEMENTATION

Because of the limited time available for impiementa-
tion of this project, tight co-ordination of the various
phases of the work was required. Just under three years
were allowed for the provision of the system which in-
volved detailed system planning, preparation of
schedules for purchase of material and services, ex-
amination of tenders, letting of contracts, manufacture of
equipment and material, installation by contractors and
Telecom staff and, finally, commissioning of the system.

Separate contracts were let for:

e Provision of site access roads and site preparation;

e Supply and erection of masts and towers, supply and
installation of underground equipment shelters and
‘A’-frame sunshields, and the provision of foundations
for power shelters;

e Supply, installation and commissioning of solar power
plant;
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Supply and erection of site fencing;

Supply only of antennas and waveguides;

Supply only of radio and supervisory equipment;
Supply only of waveguide pressurization equipment.
Installation of the radio, supervisory and waveguide
pressurization equipment, and the antennas and
waveguides was carried out by Telecom Australia per-
sonnel, as was overall commissioning of the system.

Field activities, except for construction of site access
roads lasted just over 12 months, the actual construction
phase being completed within nine months. Field work
commenced with provision of the underground equip-
ment shelters. The shelters were manufactured in
Adelaide and all cabling and wiring, and some equipment
was installed before transportation to sites. Also fitted in
the shelters were rack plinths and all ironwork necessary
for fixing of equipment. Shelters were transported by
semi-trailer, three at a time, and unloaded at individual
sites. After excavation and placement of the underground
shelter, the mast, power sheiter and 'A’-frame shelter
foundations were poured at each site starting at the Alice
Springs end of the route. This activity was followed, after
the necessary curing time of foundations, by mast erec-
tion and assembly of ‘A’-frames.

Power plant installation followed progressively after
completion of structural work at each site. The power
plant was manufactured in Melbourne and all equipment
was installed in the modified, steel shipping container
power shelters and tested before leaving the factory. Bat-
teries in their special packing cases were stacked within
the containers as were the solar arrays complete with
solar modules and all cabling. Containers were trans-
ported on semi-trailers and placed on the already
prepared foundations at each site. Solar arrays were then
unloaded and hoisted onto the roof, batteries were
placed on racking installed in the container and con-
nected. Battery charging, using transportable generating
equipment, testing and commissioning of the plant com-
pleted the power installation.

Installation of radio and supervisory equipment, anten-
nas and feeders followed closely on the provision of
power plant. Because of the lack of storage facilities at
the sites, equipment was transported to a site, uncrated,
lowered into the shelter by pulley and fixed in position. A
second team of technicians followed, completing cabling
and wiring, and fitting antenna branching networks to the
terminated waveguides and pre-terminated flexible coax-
ial cable tails. Small portable petrol driven alternators
provided power for test equipment.

Site fencing was provided after all work requiring ac-
cess by heavy transport had been completed.

The various phases of the field work were tightly
scheduled and progress was closely monitored to ensure
minimum interference among the various activities. Ac-
cordingly work on the different phases commenced
progressively and its sequence maintained from site to
site. In general, installation went as planned except for
some delays in mast construction caused by material
shortages when heavy rains in Central Australia cut all
roads and the rail line to the south of Alice Springs for
several weeks.

POWER SAVING TECHNIQUES
A designer contemplating use of solar power will find
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strong inducements to the saving of power beyond the
mere use of low power drain equipment.

The installed cost of the solar power supply for this
system is approximately $300 per watt of load. To in-
crease available capacity beyond the present 140W
would incur a cost penalty of about $120 per additional
watt. Thus a saving of one watt of power consumption at
each of the 13 repeater stations results in an overall sav-
ing of about $1500 of capital investment.

Power saving techniques have been adopted to reduce
consumption wherever possible. Thus:

o All local indications are switched off when staff are not
in attendance and ‘INDICATIONS-ON’ condition is
alarmed to prevent them being left on inadvertently;

o Orderwire access equipment is switched off when not
in use. This is under the control of a timing circuit
which is activated by the door switch. A four minute
delay after all doors are closed allows control station to
recall staff before they leave the site. The external
loudspeaker and associated amplifier are also switched
off after four minutes together with the timing circuit
itself;

e Alarms on all light switches when in the ‘ON’ position;

e Alarm and mechanical timing switch on the fan to
prevent it being left running after staff leave the site.

COST SAVINGS AND PRODUCTIVITY

Planning and provision of the system took place at a
time when Telecom Australia, in line with many other
large business organisations in Australia, was experienc-
ing the effects of the tight monetary situation prevailing
in the country. Thus a major consideration in the design
and implementation of the system has been, even more
so than in the past, the need to keep capital and
operating costs as low as possible.

The factors resulting in reduced capital costs can be
summarised as follows:

e Use of transportable equipment shelters in place of
buildings constructed on site;

e Use of below ground equipment shelters to obviate the
need for airconditioning;

o Extensive pre-installation of equipment in shelters
before transportation to sites and corresponding
reduction in on-site work;

e Use of low power consumption equipment and
attention to power saving techniques resulting in smal-
ler and cheaper power supplies;

o Use of guyed masts in place of self-supporting towers.
The average cost of an erected guyed mast is about
three quarters the cost of a tower supporting the same
head load;

e A standard of site access road consistent with
expected usage. Cost savings achieved due to the
reduced requirements were approximately 20% when
compared with roads provided for earlier radio relay
systems.

Overall the capital cost savings achieved resulted in
the actual cost of the system being held to the cost es-
timated in 1972 based on prices ruling in that year for
conventiona! broadband radio practices.

Maintenance costs will be kept low by:
o Use of highly reliable equipment whose performance
will be further improved by the stable environment
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provided by the use of underground shelters;

e Use of equipment of modular construction so that time
spent in the field on fault clearance will be short;

e Use of solar cells as primary power source has
eliminated costly maintenance of rotating power
generating equipment, and fuel and fuel delivery
charges;

e Eliminating usually
airconditioning plant;

e Eliminating access road maintenance to the extent
that four-wheel drive vehicle access only needs to be
ensured.

expensive maintenance of

Although no figures are yet available on the cost of
operating this system there is a firm expectation that
substantial savings will be possible when compared with
other established radio relay systems.

THE FUTURE

Application of recent advances in technology and the
changing economics resulting from it has enabled this
system to be the first of a new generation of broadband
radio relay systems. Now in operation, it can be con-
sidered the prototype of systems specifically suited to
remote areas. Although only experience gained in
operating the system over an extended period of time can
confirm its advantages, a number of points regarding
future development in radio communication systems can
be made now:

e Indications are that the high reliability and low

maintenance requirements of solar power supplies
should match that of the radio relay equipment. If this
is in fact confirmed then solar power wili become the
standard power source for radio communication
systems in remote areas especially as costs of solar
panels can be expected to be reduced in the future.

e In high temperature remote areas with primary power
limited to that available from solar sources, below
ground shelters are seen as presenting the best solu-
tion for temperature control problems. However in
some locations, especially those subject to flooding,
above ground, enclosed, fully insulated shelters with
inbuilt heat exchangers should also prove satisfactory.

e Torsionally stabilised guyed masts will be used
extensively in areas where space is available for guy
anchor placement.

Costs of masts increase approximately linearly with
height whereas costs of towers increase exponentially. It
therefore follows that use can be made of high masts to
obviate the need to locate stations on hill tops, especially
where access is difficult and road construction costs
would be high.
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A Performance Monitoring System for Data

Transmission Circuits

N. Q. DUC. B.E. (Hons.), Ph.D., M.L.R.E.E. (Aust.), M.L.LE.E.E. (USA), R. B. COXHILL, K. S. ENGLISH, B.E. (Hons.), and

R. i. WEBSTER.

As part of an investigation into the performance of data links which may be used in the proposed
Telecom Australia Digital Data Network (DDN), tests are being conducted on selected intercapital wide-
band data loops. These are performed with the aid of a fully-automatic microprocessor-controlled data test
set developed by Telecom Australia Research Laboratories. The performance is based on a concept known
as “error-free second”, a transmission time interval of one second over which no data bit error is detected.

This paper considers the concept of error-free second (EFS) and describes the functions and capabilities
of a test set developed around this performance parameter.

As part of an investigation into the performance of
data links which may be used in the proposed Telecom
Australia Digital Data Network (DDN) (Ref. 1), tests are
being conducted on selected intercapital wideband data
loops. These are performed with the aid of a micro-
processor-controlled data test set developed by the
Research Laboratories of Telecom Australia. The perfor-
mance is based on a concept known as “error-free
second’, i.e., a transmission time interval of one second
over which no data bit error occurs. This parameter is
therefore independent of the data block sizes that may be
used over the communication channel. The performance
can be then described jointly as availability and percen-
tage of error-free seconds (%EFS). The first parameter
refers to the duration of time over which the transmission
channel is deemed to operate satisfactorily. The latter
gives an indication as to the quality of transmission when
the channel is available. These concepts will be explained
in more detail in the next section.

In addition to monitoring the data transmission perfor-
mance according to availability and percentage of error-
free seconds, the test set allows several other
transmission-related parameters to be recorded, such as
modem-detected carrier failures, microwave radio bearer
alarms, etc. This facility can be helpful in the indentifica-
tion of the various factors which may affect data trans-
mission over radio bearers. The information thus col-
lected by the test set is subsequently analyzed on
TACONET (Telecom Australia Computer Network) and
the results are presented in the form of tables and
histograms together with other parameters of interest.

As the basic unit of measurement is the time interval
of one second, any bit rates (currently up to 2048 kbit/s)
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can be accommodated. Several interchangeable
commonly-used line interfaces are provided, allowing the
test set to be used over a wide range of applications. One
such application is the study of performance of primary-
level PCM (Pulse Code Modulation) iine transmission
systems. |n addition to digital telephony, these bearers
can carry a wide range of services such as data, text,
video, etc.

DATA TRANSMISSION PERFORMANCE
PARAMETERS

Traditionally, the performance of a data transmission
circuit is expressed in terms of bit error rate (BER) and
block error rate (BKER), where

BER = Number of received bits in error/Number of trans-
mitted bits

and BKER = Number of received blocks in error/Number
of transmitted blocks

The BER parameter, however, does not give an ac-
curate estimate of the data circuit performance, except
only for the case where bit errors occur in a random
fashion. To overcome this deficiency, block error rate is
used in conjunction with bit error rate. A knowledge of
the data block size is required in order to evaluate the
block error rate. This is therefore not satisfactory in view
of the variety of block sizes adopted by data users.
Furthermore, in the estimation of the above two perfor-
mance parameters, no distinction is made as to whether
the data circuit is operationally available.

With the introduction of public data networks in recent
years (see, for example, Ref. 2), there is a need to express
the performance of a data circuit in such a way that it is
meaningful to both the data users and the network
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operating organization. The performance can be assessed THE MICROPROCESSOR-CONTROLLED DATA

in terms of two parameters, namely, availability and TEST SET

quality.

o Auvailability. A data circuit is said to be available when
its service is deemed to operate satisfactorily'. Periods
of unsatisfactory operation {e.g. loss of circuit, in-
tolerable numbers of errors in received data, etc.) con-
stitute unavailable time or outage time.

Parameters Measured

The test set has been developed in such a way that the
availability and error performance of a given data circuit
can be evaluated according to the parameters discussed
in the previous section. These are basically:

e Quality. When the data circuit is available, its quality e Total number of error-free seconds (EFS) over a
or error performance can be then gauged in terms of a measurement period and
quantity called error-free second (EFS) (see, for exam- e Total duration of error-second outages (ESO).
ple, Refs. 3-5). This is defined as a transmission time Since short-term error performance is as important as
interval of one second in which no data bit error is pre- long-term error performance, the measurement period is
sent. It is therefore independent of the users’ data subdivided into time intervals of 15 minutes.
block sizes?. The performance is then quantitatively Furthermore, in order to gain some insight into the
expressed as a percentage of error-free seconds transmission characteristics of the test circuit, the
(%EFS). This percentage is obtained from the ratio of following information is recorded by the test set.
the number of error-free seconds to the circuit e The frequency distribution of the bit error counts for
available time in seconds. each error-second (BEC/ES) within a 15-minute
On the other hand, the one-second intervals which interval.
contain one or more bit errors are called error-seconds e The frequency distribution of error-free-second runs
(ES). Unavailability or outage time can be then expressed (EFSR) within the 15-minute interval above.
in terms of error-seconds. In this paper, an event of 10 or e The start and finish times (to the nearest millisecond)
more consecutive error-seconds is defined as contributing in real time of any externally detected alarm conditions
to unavailability and this event is referred to as an error- (e.g. modem-detected carrier failures).
second outage (ESO) or simply outage. e The start and finish times (to the nearest second) in

real time of any events of 10 or more consecufive error-
seconds (or error-second outages).

! This does not necessarily imply that the transmission is error-free.

} ; - 3 g Functional Description
2 Note that an arbitrary time frame of 1-second intervals is now imposed

on the data. A functional block diagram of the test set is illustrated
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Fig. 1 — Functional Block Diagram of the Data Test Set.
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in Fig. 1. It consists of four main sections:

e Lineinterface
e Data acquisition
e Control

e Auxiliaries,

The first three sections are implemented on individual
plug-in cards so as to allow maximum flexibility in the use
of the test set. The line interface is a special-purpose
module that can be readily interchanged to suit a par-
ticular interface requirement. As the basic unit of
measurement is one second, any data signalling rates can
be accommodated using an appropriate line interface.
The only constraint then is the hardware speed limita-
tions imposed by data acquisition section. At present, the
following interface options are provided: CCITT?® Recom-
mendations V.24, V.35, V.36, G.703-64 kbit/s and
G.703-2048 Kkbits/s.

The data acquisition section consists of independent
transmit and receive sub-sections. The transmitter
generates a pseudo-random bit sequence which is trans-
mitted as a test sequence over the data link via the line
interface. In the receiver, an error detector with automatic
synchronization checks for bit errors in the incoming data
stream and increments an error counter for each error
detected.

Under microprocessor control, each 15-minute
measuring period is quantized into 1-second intervals.
This timing is provided by a software clock driven by a
high-stability oscillator. At the end of each 1-second in-
terval the current content of the error counter is fed to the
microprocessor and the counter is then reset to zero. The
microprocessor processes the bit error count for each
error-second, categorizes this according to Table 1 and
increments the corresponding bin content by one. This
process is repeated for each 1-second interval of a 15-
minute measuring period. Similarly, the length of error-
free-second runs is categorized as in Table 2. If an error-
free-second run follows on from, and/or extends into,
the previous or the following 15-minute periods respec-
tively, then additional information is added to the col-
lected bin information denoting this. At the end of the 15-
minute period, the resulting information is stored on a
digital cassette recorder and all bin contents are reset to
zero. If any runs of 10 or more consecutive error-seconds
(ESO) are detected by the microprocessor, the start and
finish times of these events are stored on the digital cas-
sette as they occur. Similar action is taken for any exter-
nally detected alarm conditions (e.g. modem-detected
carrier failures). Three external alarms inputs are provided
and these can be used according to the user’s require-
ments.

The information obtained above is encoded as an easi-
ly interpretable sequence of ASCII* characters. Time of
day information derived from the clock in the
microprocessor is periodically added to the collected
data. The resulting information is also available via a
serial output from the test set, allowing optional on-line
monitoring of the recorded data using a printer or a visual
display unit {VDU),

3 Consultative Committee on International Telegraph and Telephone.
* American Standard Code for Information Interchange.
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Bin Range of Bit Error Count
Category per Error-Second (BEC/ES)

1-2
3-4
5-8
9-16
17-32
33-64
65-128
129-256
267-512
513-1024
1025-2048
2049-4096
4097-8192
8193-16384
> 16385

JTQ -0 Qo T o

—_— K = .

© o 3

Table 1: Categorization of Bit Error Counts per Error-
Second

Bin Range of Error-Free-Second
Category Run (EFSR)

1-2
3-4
5-8
9-16
17-32
33-64
65-128
129-256
257-512
513-899
900°

R —TITOMmMmOO®D>P

(* Maximum EFSR within a 15-minute interval)

Table 2: Categorization of Error-Free-Second Runs

Owing to the complexity of the test set internal opera-
tion and the importance of long-term measurements, an
automatic self-test mode for one 15-minute interval of
each day is provided. In this mode, the test set is internal-
ly looped between transmit and receive parts and pre-
determined bit error patterns generated by the
microprocessor are injected into the test data sequence.
The rate at which these error patterns are inserted is ad-
justed automatically according to the particular data rate
used. The information recorded during this self-test mode
can then be checked via the analysis programs (described
in the next section) for any deviation from the preset pat-
tern.

COMPUTER ANALYSIS OF THE RECORDED IN-
FORMATION

The information recorded on the digital cassette is
transferred to the Telecom Australia Computer Network
(TACONET) for analysis and the results are summarized
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on a weekly basis. To help the reader follow the method

by which the data transmission performance is evaluated,

Fig. 2 illustrates the relationships of various parameters

used. The following processing steps take place in the

analysis:

{1) Any periods of time over which no measurement was made
or the recorded data is invalid are ignored. This may be
caused by:

— planned withdrawals of transmission bearers

— local loopback tests
— test set malfunctions

The remaining time is then iabelled as valid time. The cor-
responding percentage is calculated.

% Valid Time = (Valid Time/Weekly Period) x 100
where all times are expressed in seconds.
(2) The unavailable time is determined by the total duration of

all error-second outages. The percentage of available time is
then:

(3) The percentage of error-free seconds (%EFS) within various
time intervals of interest (e.g. 15-minute, 1-hour, 1-day, 1-
week, etc) is evaluated.

(4) The percentage of time intervals having a %EFS equal to or
better than a given error performance objective for the circuit
under test is evaluated. In this calculation, any intervals con-
taining error-second outages are weighted according to their
individual availability percentages.

The results derived from calculations (1)-(4) are sum-
marized in a weekly performance table {as exemplified in
Fig. 3). In addition to the summary table, the following
secondary results are available which can be used to
further characterize the performance of the data link:

e Percentage histogram of bit error counts/error-second
(as exemplified in Fig. 4).

e Percentage histogram of error-free-second runs (as
exemplified in Fig. 5).

e Listing of the total duration of error-second outages in

each 15-minute interval.

Listing of the number and total duration of any

externally detected alarm conditions in each 30-minute

% Availability = (Available Time/Valid Time) x 100 interval.
TEST PERIOD (TP)
- =
i NON-VALID
VALID TIME (VT) TIME (NVT)
- >l o=
AVAILABLE TIME (AT) UNAVAILABLE TIME (UAT)
NON-OUTAGE
ERROR-SECOND
ERROR-SECONDS
(NOES) OUTAGES (ESO)
ERROR-FREE
SECONDS (EFS) ERROR-SECONDS (ES)
<— > |- -

Fig. 2 — Relationships between Various Parameters Used in Determining Error-Free S8econd Performance.

(Notes — Time unit = second

— The definitions of the terms used are given in the Appendix).

L IN THIS CALCULATION ANY INTERVALS CONTA!N[NG ERROR-SECOND OUTAGES ARE
; WEIGHTED ACCORDING TO THEIR AVA LABIUTY PERCENTAGES _'

'_MELBOURN,E_'-'A.DE_LAIDE (LOOPED) 72KBIT/S
o R e % OF TIME INTERVALS (T)
- o Lole FOR WHICH ERROR PERFORMANCE

W i Egggg OBJECTIVE WAS MET (*) i

L ety _SECONDS | T=15MIN | T=1HOUR| T=1DAY

t9996 .| 9989 9786 '

: 79 - 989 | 99.83 19534
22/3/79-28/3/79 - 99.91 97.90 ;
29/3/79- _4/4/79 9991 97.69

<“*

Fig 3 — Sample Summary Table of Avallability and Error Performance (Redrawn from Original Computer Print-Out).
{Note — In this example, the error performance objectives have been taken as %EFS > 99.0 for both 16-minute and 1-hour intervals,

and %EFS > 99.5 for 1-day intervais).
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With the above additional information, some insight
can be obtained as to the type of errors (random/burst),
the distribution of error-free seconds, and the occurrence
of error-second outages and external alarms (e.g.
modem-detected carrier failures). The latter two events
can also be checked against the analogue performarice
results of radio broadband bearers monitored by some
Telecom State Administrations. In addition, to gain some
insight into the short-term 15-minute performance, a
sensitivity analysis is also available for a range of % EFS
criteria.

In order to estimate the long-term (e.g. 1-year) perfor-
mance characteristics, the total durations of valid time,
available time and error-free-second time for the week
are appended in the percentage histogram plots. The me-
dian range of bit error counts per error-second is also in-
dicated to allow the estimation of bit error rate from
error-free-second performance (Ref. 6). Note that the
histogram median value is determined in preference to meon
value in view of the non-linear nature of the range
categorization.

MELBOURNE-ADELAIDE (LOOPED) 72 KBIT/S DISTRIBUTION OF BIT ERROR COUNTS
PER ERROR- SECOND FOR THE PERIOD 8/3/79-14/3/79.
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Fig. 4 — Sample Percentage Histogram of Bit Error Counts per Error-Second (Redrawn from Original Computer Print-

out).

MELBOURNE-ADELAIDE (LOOPED) 72KBIT/S DISTRIBUTIONOF ERROR-FREE-SECOND

RUNS FOR PERIOD 8/3/79-14/3/79.
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Fig. 56 — Sample Percentage Histogram of Error-Free-Second Runs (Redrawn from Original Computer Print-Out).
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DISCUSSION AND APPLICATIONS

The test set has been designed to be a flexible perfor-
mance monitoring instrument. Operation at any data
signalling rates up to 2048 kbit/s can be achieved with
only a change of the line interface card. Thus the range of
usefulness of the instrument also extends into the area of
Pulse Code Modulation {PCM) line transmission systems.
Together with the computer analysis program, the test
set constitutes a complete package for studying the
short-term and long-term performance of a data or digital
transmission path. Some of the specialized applications
of the test set are now discussed below. These make use
of the facilities that have already been implemented or
will be implemented in the near future.

Correlation between Analogue and Data Performance
Parameters

In some data transmission tests conducted over inter-
capital group-band circuits, it is useful to compare the
data performance results from the test set with the
analogue performance parameters of the bearer which
carries the data circuit. This has been carried out and
good correlation between the two sets of results has
been obtained, the latter parameters being monitored by
some Telecom State Administrations. This comparison
could be helpful in identifying the bearer parameters that
might affect data transmission.

Study of Radio Broadband Bearer Alarms

All radio bearer systems are equipped with supervisory
equipment that provides information regarding the status
of various conditions over the route. This information is
usually provided in the form of alarm signals that can be
classified as urgent, non-urgent or for information pur-
poses only. Any one or a number of these alarms could
be readily encoded and multiplexed with the information
normally collected from the test set. Only minor software
changes would be required in the test set to accom-
modate the additional information. This can be carried
out by simply replacing a PROM (Programmable Read-
Only Memory) which contains the necessary programm-
ing information for the microprocessor in the test set. At
the analysis stage, the additional alarm information
would have to be extracted and processed.

Thus, some minor changes to the software in the test
set and to the analysis program would enable the collec-
tion and processing of the radio bearer alarms. With this
additional information available, further insight can be
therefore obtained as to how the varying microwave
propagation and traffic load conditions associated with a
radio broadband bearer affect data transmission over the
bearer.

Effect of Multiplexing on Error Performance

One area of interest that requires further investigation
is the study of the “error multiplexing factor”. This can be
defined as the ratio of the error performance of a high-
speed aggregate bit stream to the performance of one of
its lower-speed component bit streams. Parameters
which affect the multiplexing factor include the nature of
burst errors and the method of demultiplexing. Estimates
can be made of this factor, but owing to a lack of infor-
mation on burst characteristics and other parameters,
these figures are yet to be verified.

In order to conduct this study., a '‘pseudo-
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demultiplexer’’ switchable option is provided in the test
set. This facility allows the recording of the digital trans-
mission performance parameters of one individual 64
kbit/s channel within an aggregate 2048 kbit/s stream,
without having to demultiplex completely the latter
signal. With the additional use of a second test set in par-
rallel, the performances of the above two signals can be
simultaneously monitored, thus allowing the error mul-
tiplexing factor to be evaluated.

Performance of PCM Line Transmission Systems

Another area of application is the long-term study of
the performance of primary-level 2048 kbit/s PCM
bearers. This work is recently attracting interest as it is
desirable for the digital performances for both data and
telephony to be compatible in the evolution of integrated
services digital networks (ISDN}. The test set is readily
suited for this purpose. In particular, the line code viola-
tion detector {which is provided on the line interface
card) can be used to provide a signal via one of the test
set alarm inputs, thus providing information on the time
and frequency of occurrence of these violations. As the
majority of PCM errors are reflected as line code viola-
tions, mainly caused by crosstalk and impulsive noise,
this information could be helpful in determining the in-
terfering sources.

Burst Error Analysis

In some applications it may be desirable to know
detailed burst characteristics of detected error events. As
the test set does not currently provide this information,
additional facilities could be included in a similar manner
as for radio bearer alarms. A separate microprocessor
could be configured to pre-process the detected bit errors
with a view to obtaining information on error burst pat-
terns. This information could then be coded and mul-
tiplexed with the information normally obtained from the
test set.

CONCLUDING REMARKS

Long-term monitoring of transmission performance of
data links requires an instrument whereby the measured
parameters are recorded in an efficient manner for subse-
quent analysis. This paper has described the functional
capabilities of one such data test set. Although bit errors
are detected, the principal parameter of interest is the
error-free second (EFS). The availability and error perfor-
mance of the link under test can then be evaluated in
terms of this parameter. Other transmission-related
parameters such as carrier failures of data modems, radio
bearer alarms, etc. are also catered for in the test set,
thus allowing the study of the various factors which may
affect data transmission.

As the basic unit of measurement is the time interval
of one second., any data signalling rates (up to 2048
kbit/s) can be accommodated. Several commonly-used
line interfaces are provided on interchangeable cards,
making the test set flexible over a wide range of applica-
tions.

The test set has also been shown to be a versatile in-
strument for applications other than data. One such area
is the investigation of error-free second performance of
primary-level PCM bearers which may carry data as well
as telephony in the immediate future, and other services
{e.g. text, video .. .) in the context of integrated services
digital networks (ISDN).
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Together with the computer analysis programs, the
test set describes provides a useful and versatile package
for monitoring the performance of data and digital trans-
mission channels and for providing other related informa-
tion which may be helpful in the identification of those
bearer parameters that affect the overall transmission
performance.
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APPENDIX
GLOSSARY OF TERMS

Available Time (AT). This is the transmission time over which
no error-second outage (ESO) was encountered.

Error-Free Seconds (EFS). These constitute one-second trans-
mission intervals over which no bit error was detected.

Error-Seconds (ES). These are one-second transmission inter-
vals over which bit errors were detected.

Error-Second QOutages (ESO). These are events of 10 or more
consecutive error-seconds. They are also simply called outages.

Non-Qutage Error-Seconds {(NOES). These are events of less
than 10 consecutive error-seconds.

Non-Valid Time (NVT). Time over which no measurement was
made or the recorded data is invalid (15 minutes minimum).
This may be caused by:

— planned withdrawals of transmission bearers

— local loopback tests
— test set malfunctions

Test Period (TP). Period over which performance test was con-
ducted (1 week minimum).

Unavailable Time (UAT). This corresponds to the total dura-
tion of events of 10 or more consecutive error-seconds (or
error-second outages).

Valid Time (VT). Time over which recorded data is considered
for computer analysis.
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The International Electrotechnical Commission
Quality Assessment System for Electronic

Components

G. FLATAU F.RM.IT.

The International Electrotechnical Commission has set up a Quality Assessment System for electronic
components, which aims to standardise the quality assurance procedures, as well as the performance
specifications, for a wide range of components. Australia intends to fully participate in this System, and this paper
describes the history, content and scope of this scheme, and the expected benefits to its participants.

The next few years will see the introduction of an in-
ternational quality assessment system for electronic
components, which should bring significant benefits to
the users of what is often termed “professional grade”
electronic components. This type of component is usually
called for in telecommunication, defence, computer and
safety related equipments, and generally would be ex-
pected to have a higher reliability, and be manufactured
to tighter tolerances, than components used solely for
domestic consumer products such as the television set.
The decision on which type of component to use in
manufacture, is mainly one of cost, with reliability, main-
tainability and availability requirements considered; but
the increasing sophistication of many consumer items,
such as in automotive, leisure and entertainment equip-
ment is likely to result in more frequent use of higher
grade components also in these fields.

The International Electrotechnical Commission (I1EC)
Quality Assessment System for Electronic Components,
(IEC/Q), has been in the planning stage for several years,
and as will be described, follows in the footsteps of some
earlier schemes of a national or regional nature. The great
advantage of such a system is that the components are
manufactured to a common, widely accepted specifica-
tion, under clearly defined quality assessment conditions,
so that the user receives a produce which is virtually in-
dependent of its origin, providing it is certified as comply-
ing with the System. As a result, incoming inspection
procedures can be relaxed or even omitted, second sourc-
ing of components is facilitated and the availability of cer-
tified test records gives a basis for reliability predictions.

The background to the IEC/Q System, what it requires
of its participants, and the role Australia will play in such
a System, will be discussed in this article.
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THE INTERNATIONAL ELECTROTECHNICAL COM-
MISSION

The IEC was formed in 19086, with the task of co-
ordinating and unifying electrotechnical standards, which
at that time existed only in a variety of national forms.
The early work was, for obvious reasons, entirely in the
electrical engineering area, mainly in the power field.
Over the years the |EC has become involved in many
other activities, and today it has more than 70 Technical
Committees, creating specifications dealing with a very
wide range of electrotechnical equipment, materials and
components, as well as safety aspects, specialised test
methods, terms and definitions etc. The IEC is affiliated
with the other major international standardisation body,
the International Organisation for Standardisation (1SO),
which deals with all products of a non-electrical nature.

More than forty countries are members of the IEC,
compared with about 70 in the 1SO. Both bodies have
their headquarters in Geneva, with similar but separate
administrative structures, and are financed by annual
contributions from member countries. All specifications
are produced by specialist technical committees, which
every member country is free to join. As these specifica-
tions are produced on the basis of substantial concensus,
their production rate is relatively slow, and it normally re-
quires several years to go from first draft to publication.

Australia is a member of both IEC and ISO, and active-
ly participates in many technical committees and the
management bodies of both organisations. Australia is
represented by the Standards Association of Australia
{SAA), in the I|EC specifically by the Australian
Electrotechnical Committee (AEC), which consists of
representatives from electrical and telecommunication
engineering interests. Because of Australia’s remoteness
it is impossible to have representation at all technical
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meetings, which mainly take place in Europe or the USA,
but efforts are made to attend the more important
meetings, by either SAA staff, or experts from industry or
Government whose visits are funded by their own
organisations. Most Technical Committees (TCs) of the
IEC have a corresponding committee in SAA, and many
IEC specifications (or to be more precise recommen-
dations) are adopted as Australian standards with little or
no technical change.

THE DEVELOPMENT OF COMPONENT SPECIFICA-
TIONS

The first attempt to produce true standards for the
electrical component industry occurred around the turn
of the century, but progress was very slow until the late
1930s, except for some defence applications.

During the early 1940s, largely as a result of the needs
of the Armed Services during World War |l, it became
evident that the increasing complexity of eiectronic and
electrical equipment required components of an assured
quality, and that in order to produce and maintain large
volumes of such equipment it was essential that compo-
nents made by different manufacturers, or at different
times, were readily interchangeable, both in parameters
and dimensions. [t soon became clear that this could only
be achieved by having agreed national standards, which
would clearly define the required properties, as well as
the test methods to be used to ascertain compliance with
these standards. Recognising that test equipment and
testing time is costly, it was considered necessary to aim,
wherever possible, for common test methods covering a
wide spectrum of components; for instance climatic and
mechanical test requirements should be similar for all
components in a given application. In drafting such
specifications, it was usually found necessary to achieve
a compromise between the demands of the users, and
the ability of the manufacturer to produce such an article
at a reasonable cost. It became evident that the require-
ments for reliability, close electrical tolerances in
parameters, and ability to withstand environmental fac-
tors were widely different for such diverse users as the
Armed Services, public or private utilities and the private
‘consumer, and that this could only be satisfied by having
either separate standards, or otherwise offering a range

GERRY FLATAU joined the PMG Research Laboratories, after qualifying as a
Physicist, in April 1951. He was for many years engaged in material evaluation
and component reliability studies, and has published many reports and papers on
these subjects. Until 1873, he was in charge of the Physics and Polymer Section
in the Laboratories, and since then has been Staff Scientist for the Applied
Science Branch, with responsibility for overall technical co-ordination.

Mr Fiatau has been very active in both national and international standardisa-
tion activities for a long time, and has been deeply involved in the planning and
management of the [EC Quality Assessment System since 1871.

FLATAU. — IEC Quality Assessment System.

of “severities” within the one standard. Important ap-
plications requiring high reliability demanded more
stringent testing with consequent increase in unit costs.

Recognition of these requirements produced the early
“MIL" specifications in the USA, from 1947 onwards.
The MIL system grew during the 1950s into a vast com-
plex of specifications, assessment procedures, reliability
demonstration techniques etc., and was widely adopted
by the defence services of the western world, as well as
some users of sophisticated equipments on the commer-
cial side. The major drawback of MIL standard compo-
nents was their high cost, caused by their extensive
testing requirements, and the fact that the specifications
were somewhat uniquely written around USA manufac-
ture. Many of the quality and reliability assessment
techniques called for by these specifications were only
feasible for very high production volumes.

Electronic component standardisation had also made
progress in other countries during the early 1950s, in
particular in the UK, and as international trade increased,
and with the growth of international political and military
alliances, it became evident that there was a need to
rationalise the standards used by the various participant
nations. An early example was NATO, where common
specifications were essential in order that weapon
systems designed in one country could be manufactured,
or at least maintained, in all member countries. The
dominance of the USA in this alliance and the
technological lead it had, at least in the early days of
NATO, resulted in the large scale adoption of MIL stan-
dards. The newly constituted European Economic Com-
munity (EEC) also saw the need for international standar-
disation as a means of eliminating non-tariff trade bar-
riers, and began to exert pressure on ISO and IEC to ex-
pedite work on specifications acceptable to all EEC
members. As a result the Technical Committees of IEC
began to issue quite a number of component, material
and parts specifications. However, these IEC recommen-
dations are not binding on IEC member countries, ir-
respective of whether the particular country had voted for
acceptance of the recommendation or not in an |EC com-
mittee, and hence it was still necessary for each in-
dividual country, through the agency of its national stan-
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dardisation body, to publish the text under its own im-
print. However, at the time most countries did not pos-
sess an organisation capable of assessing conformity
with a specific standard.

COMPONENTS OF ASSESSED QUALITY

In 1961 the British Ministry of Aviation set up a com-
mittee under the chairmanship of Rear-Admiral G. F.
Burghard, with a membership comprising representatives
from industry, government and the British Standards In-
stitute (BSI), to examine the possibility of creating a com-
ponent specification system which would be acceptable
to all users, including the defence sector. A final report by
the Burghard Committee was issued in May 1965 and
was accepted by both the British government and in-
dustry the following March. The principal recommenda-
tions of the report were that:

e a system of common standards for electronic parts,
suitable for both civil and military use, should be in-
troduced under the control of the BSI,

e specifications should be prepared by BSI Technical
Committees and wherever possible conform to IEC
recommendations. These specifications should contain
the requirements for acceptance and reliability testing
on a sampling basis, and should include long term
tests to be done at less frequent intervals.

o all test results should be accumulated over six-monthly
periods, and the results made available to customers
as Certified Test Records.

e the system should prescribe the procedures for the
approval of manufacturers, test houses and stockists.

e there should be an independent inspection authority,
which would grant parts qualification approval,
manufacturers’ inspection procedure approval and
supervise those activities delegated to the manufac-
turer.

e qualification approval to be obtained prior to a part
being supplied as conforming with the specification. A
Certificate of Conformity (Release Note) should ac-
company delivery.

The necessary organisation was then set up and com-
menced production of what has since become known as
the BS 9000 series of specification.

In Europe the European Electrical Standards Co-
ordination Committee (CENEL), comprising countries
from the EEC and the European Free Trade Association
(EFTA) had been set up and in the late 1960s turned its
attention to electronic components. Basing its efforts
very much on the BS 9000 system, the Europeans in
1970 set up the Cenelec Electronic Components
Committee (CECC), with the objective of creating a
harmonised system for quality assessment of electronic
components. By 1979, the CECC system was well
established and had 11 member countries, listing nearly
900 approved component types, and about 150
approved manufacturers and distributors. The CECC
system is regional in its interest, and has rebuffed all
attempts for membership by countries outside Western
Europe. CECC members exert considerable influence in
the |EC Technical Committees, and the CECC prefers to
use IEC specifications whenever they are available.
However, the inherent inertia in international
standardisation activities, caused by the need for
concensus, the difficulties of holding mesetings at frequent
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enough intervals, and the fact that Technical Committees
consist of volunteers with other, pressing duties, often
result in specifications taking many years to reach
publication. For that reason the CECC has been forced to
also develop many specifications of its own, in particular
in terms of quality assessment requirements.

THE DEMAND FOR AN INTERNATIONAL CER-
TIFICATION SYSTEM

With the advent of the CENEL system of approved
components in Europe, and the operation of the BS 9000
scheme in the UK, the USA component industry faced a
prospective sales loss, estimated then at $40 million per
annum, as these markets would in future be virtually
closed to non-members. In response to its industry’s urg-
ing the USA raised the matter of non-tariff barriers to
trade within GATT and in 1969 managed to have a work-
ing group set up to look at the whole matter of standards
as potential trade barriers, and to set guidelines for inter-
national harmonisation and certification agreements
open to all. A GATT Code of Conduct to prevent technical
barriers to trade was finalised in 1979, and the
Australian Government at the time of writing is consider-
ing if, and when, to accede to this Code. The USA
National Committee of the |IEC exerted strong pressure at
the 1970 IEC General Meeting for a start to the prepara-
tion of guidelines for the harmonisation of component
certification. As a result, a Working Group was set up to
study the requirements necessary for "The development
of a national certification system which can be adopted
by any nation and be harmonised into an international
plan”.

This Working Group, on which Australia was
represented, produced a draft outline for an IEC Certifica-
tion System which was basically identical with the Euro-
pean System. The proposed system was submitted to the
Committee of Action of the IEC in 1971, where it was
agreed that the |IEC should accept overall responsibility
for the establishment of an international certification
scheme for components.

By late 1972, it had been decided to set up a
Provisional Management Committee (PMC) to prepare
the basic documentation for the initial operation of the
scheme. It was agreed that this Committee should be
financially self-sufficient, e.g. it should be financed from
contributions separate to those member countries made
to the IEC itself. An initial joining fee of Swiss Fr. 5000
was stipulated. The PMC held its first meeting in January
1973 with 12 prospective member countries present, in-
cluding Australia. During the succeeding 2% years, the
PMC met five times and developed the two basic docu-
ments for the system, the Basic Rules and the Rules of
Procedure. The Basic Rules were submitted to the formal
IEC voting procedures in 1975, and having been ac-
cepted the following year, the Certification Management
Committee (CMC) was set up with overall responsibility
to create the framework and documentation necessary
for the system to become operational. The CMC held its
first meeting in November 1976, with 19 countries, in-
cluding Australia, in attendance, all having paid a Swiss
Fr. 10 000 entry fee. The CMC first turned its attention
towards finalising the Basic Rules, and then to such mat-
ters as dues assessments, the special conditions for
starting up the system, the way manufacturers from non-
IEC countries may gain entry to the system, the structure
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of specifications suitable for the system, and most impor-
tantly to develop acceptable Rules of Procedure. These
tasks progressed sufficiently to permit the setting up of
the Interim Inspection Co-ordination Committee (/ICC) in
January 1978.

After the Bth meeting of the CMC and the 3rd meeting
of the IICC, in Sydney during June 1979, the Rules of
Procedure were finally considered sufficiently complete
to be submitted to vote by member countries. Most other
contentious matters had also been sufficiently defined to
raise hopes that after another meeting, in April 1980,
steps to formally assess candidate members could
proceed, with the prospect of the system actually being
ready to operate in 1981. By this time membership had
risen to 20, as follows:

Australia, Belgium, Canada, Denmark, France, Germany,
Hungary, Ireland, Israel, Italy, Japan, Korea, Netherlands,
Norway, Poland, Sweden, Switzerland, UK, USA, USSR (bold
type denotes countries which have indicated that they wish to
become full, e.g. certifying, members).

DESCRIPTION OF THE IEC/Q SYSTEM

The objective of the System is to facilitate inter-
national trade in electronic components of assessed
quality. This is to be achieved by defining and im-
plementing quality assessment procedures in such a way
that their equivalence in application, in all member
countries, is assured by the use of common component
specifications. Components released in a participating
country will carry a certification of their conformity with
the requirements of the applicable component specifica-
tion, and hence should be acceptable in all other member
countries without the need for further testing.

The System is open to all member countries of the IEC
which have established National Authorised Institutions
and National Standards Organisations and who agree to:

e Publish and implement the Rules of the System in their
country

e Recognise without discrimination the approvals of
manufacturers, including their testing laboratories, in-
dependent distributors and independent test
laboratories and the qualification approvals of compo-
nents released in other participating countries ac-
cording to the System.

e Agree to certain financial obligations that enable the
System, at an international level, to be self-financed
and non-profit making.

In addition procedures are being developed which will
enable manufacturers in countries which are not
members of |IEC to produce components under the
System.

Each member country must have a national organisa-
tion consisting of a National Authorised Institution (NAI)
to manage the System at the national level, and a
National Standards Organisation which prepares and is-
sues national standards. Furthermore, if the participating
country wishes to carry out quality assessments and cer-
tification under the system, it must possess a National
Supervising Inspectorate (NSI) which is responsible for
the surveillance of all testing and inspection procedures
by manufacturers and distributors of components under
the System. A certifying country must also have available
a recognised calibration service for verification of
measurement standards.

FLATAU. — IEC Quality Assessment System.

The international organisation, operating under the
auspices of the IEC Council, consists of the Certification
Management Committee for Electronic Components
(CMC) which has the management responsibility for the
System, and its Inspectorate Co-ordination Committee
(ICC). which is responsible for the approval of the
National Supervising Inspectorates and the uniform ap-
plication by them of the Rules of Procedure concerning
quality assessment and certification. The System is
based on the use of |EC Standards which have been
prepared in the normal manner by the appropriate
Technical Committees and formally adopted by the Cer-
tification Management Committee for use within the
System. These standards will include the necessary
provisions for inspection and will be implemented, when
needed, through national standards of the participating
countries, for all electronic components to be certified
within the System. The participating countries may re-
write the |IEC Standards, if necessary, in accordance with
the rules of their national system, but without altering the
technical content. However, in the absence of an ap-
plicable IEC Standard, use can be made provisionally of
other documents which must however, first be submitted
by National Authorised [nstitutions to the Certification
Management Committee. The documents may not
necessarily include completed detail specifications.
These will be prepared by the involved parties in accor-
dance with the Basic Rules and Rules of Procedure of the
System.

Assurance that components conform to the require-
ments of the applicable specification is given by a Cer-
tification of Conformity granted under the supervision of
a NSI. This assessment is carried out in a number of
steps. First the NSI evaluates the organisation and
facilities of a manufacturer desiring to deliver compo-
nents under the System, and when these are deemed ac-
ceptable, the manufacturer is approved as such.

For each type of component to be delivered under the
System, the manufacturer can then apply for Qualifica-
tion Approval, on the basis that:

e A component detail specification, acceptable under the
System is available.

e The component, and each manufacturing step, is
clearly identified. When it is partly manufactured out-
side his factory, the manufacturer must assume
responsibility for the total quality assessment
procedure.

e Tests can be made to show that the components meet
the requirements of the specification. These tests may
be carried out especially for the purpose of qualifica-
tion approval, or they may form part of a quality con-
formance inspection carried out by the manufacturer
on that type of component, before it is delivered under
the System.

e The NSI has the right to be represented at any or all of
these tests.

The manufacturer's application gives the NSI the op-
portunity to check whether the manufacturer’s approval
is actually valid for the component type in question. If all
requirements are satisfied, qualification approval is
granted by the national organisation. The manufacturer
must appoint a Chief Inspector, who assumes full respon-
sibility for the correct application of inspection and
testing procedures in the manufacturer's premises, and
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for the application of the Certification of Conformity. This
Chief Inspector is the link with the NSi, and his ability
and integrity are key factors in making the System accep-
table.

After qualification approval has been obtained, the
manufacturer is responsible for ensuring that no signifi-
cant technical changes are introduced in the product
without a re-qualification, and that the quality confor-
mance inspection prescribed by the specification is car-
ried out. This inspection is divided into two parts: that
carried out lot-by-lot and on which the release of the in-
dividual lots is based, and that {containing the time-
consuming and more expensive tests) carried out on a
periodic basis. All quality conformance inspections are
subject to surveillance by the NSI, and the NSI will
periodically take samples for audit testing in its own
Laboratories.

As proof that the components delivered under the
System come from lots released by the procedure
described above, the manufacturer either issues an ap-
propriate Certificate of Conformity with each shipment,
or he places a Mark of Conformity on each component or
on the sealed packing. Apart from identification of the
component type and the specification against which it is
delivered, the certification will allow reference to be
made to the test records of the manufacturer. The
manufacturer issues periodically (e.g. every six months),
in concise form, the accumulated results of tests made by
him for lots which were released under the System. This
document will also be authenticated by the NSI, and is
known as a Certified Record of Released Lots. A
customer can use these records to estimate the reliability
of his purchases, and as the results refer to the total
production lot, as distinct to the quantity he buys, an
enhanced statistical confidence is provided.

Similar detailed requirements are laid down for in-
dependent distributors and independent test laboratories
who wish to obtain approval to operate under the
System.

In order to gain admission to the System as a certify-
ing country, the candidate country must submit a docu-
ment called a National Statement of Surveillance Ar-
rangements (NSSA) to the ICC, in which he describes his
national organisation, and the detailed procedures to be
implemented by his NS| to carry out its quality surveil-
lance function. When this NSSA is deemed acceptable,
the candidate’'s NSI is visited by an examination team
comprised of representatives from other NSIs, who check
that all arrangements set out in the NSSA are in fact
satisfactory, and that the candidate NS! possesses the
requisite resources and experience to carry out its task.

The National Supervising Inspectorates approved un-
der the System, exchange information on experience
gained, in order to ensure continued existence in the un-
iformity of application of quality assessment procedures,
and in general they maintain close liaison by their
membership in the ICC.

Complaints regarding the quality of components
which arise between a manufacturer and user (or buyer
and seller) within a country, will be settled in accordance
with the relevant procedures established within that
country, as set out in the NSSA. The Certification
Management Committee is drafting a procedure for ex-
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amining complaints or appeals referred to it, where more
than one country is involved, and how to arbitrate in such
disputes. Each participating country retains its right to
appeal to the |IEC Council regarding any decision which it
feels to be unreasonable or unfair.

AUSTRALIAN PARTICIPATION IN THE IEC/Q

As noted above, Australia has been involved from the
start in the planning and development of the System, and
was a foundation member of the CMC and interim ICC.
Participation in the activities was directed by the
Australian Electrotechnical Committee (AEC), which has
been designated by the Standards Association of
Australia as the Australian National Committee for the
IEC. The AEC established a special committee to manage
the System on a national basis. This committee, ET/4, is
made up of representatives from Government Depart-
ments and Authorities, electronic component and equip-
ment manufacturers, testing authorities and other users
of electronic components. ET/4 after careful deliberations
agreed in 1978, and confirmed in 1979, that Australia
should continue its membership in the System and
should seek to become a certifying country. Both users
and manufacturers of components could see advantages
in such a step and agreed to financially support the
Australian participation. Some of the advantages were:
for the manufacturer, the ability to compete with
overseas imports for local sales and the possibilities of
export opportunities; for the user, the savings in incom-
ing inspection, the greater confidence in the quality and
reliability of assessed components irrespective of their
origin (e.g. in second sourcing) and the benefits in
procurement by common specifications. The formula
adopted for financial support was for the Commonwealth
Government to contribute one half, the Australian
Electronic Industry one third, and Telecom Australia one
sixth. The total amount was $18000 per annum, but
will rise to $60 000 when the Australian NSI is set up.
The contributions are administered separately from the
normal SAA funds, and are used to finance Australia’s
membership fee in the CMC, attendance by delegates at
CMC and ICC meetings, general expenses, and in due
course the activities of the Australian NSI.

In November 1978, Australia submitted a draft NSSA
to the interim ICC, which in common with those of other
applicants was incomplete, but nevertheless was con-
ditionally accepted. Because of some uncertainty
regarding the availability of funds, no updated NSSA was
submitted to the next meeting in May 1979. However, in
December 1979, all problems having been resolved, a
complete NSSA was dispatched which, it is hoped, will
be accepted by the ICC at its April 1980 meetings, in
which case Australia will be subject to an examination
visit at the same time as all other applicants, in late
1980.

Whilst the Australian component industry has been
seriously diminished in the last few years, there are still a
number of manufacturers interested in becoming ap-
proved under the System, in such areas as printed wiring
boards and connectors, capacitors, resistors and possibly
some semiconductor devices. in addition, after the in-
troduction of the System, it seems likely that various dis-
tributors will seek approval for a wide range of compo-
nents. The Australian NSI will be located within SAA, but
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with its own separate staff and funds, assisted as re-
quired by testing and quality assurance specialists and
facilities in Government Departments and Authorities,
such assistance being provided on a fee for service basis.

THE FUTURE

Unless there are unforeseen delays, the Rules of
Procedure of the System should be agreed to in 1980,
and although there are still a number of contentious is-
sues to be settled, and some further documentation
needs to be produced. the ICC should come into being in
early 1981. The ICC may at that time have at least 14
“full” members, many of which will have already had ex-
perience, and considerable trade in assessed compo-
nents, in the related CECC scheme. It seems probable
that the first international trade in IEC/Q assessed com-
ponents will take place during 1981. The extent of such
trade will be very dependent on the availability of
specifications approved for use under the system. At this
time such specifications are still lacking or in the draft
stage for most components, except resistors and
capacitors, and recourse will almost certainly have to be
had to other, provisionally approved specifications (e.g.
BSI, CECC, MIL), until suitable IEC specifications are
published. The admission of provisional specifications to
the System requires a number of procedural steps and
hence is likely to be slow. For this reason it will probably
be at least 1982 before a substantial volume of compo-
nents can be released under the System.

The progress of the System in Australia will depend
largely on its acceptance by end users. Telecom Australia
has declared its active support for the implementation of
the scheme in Australia, and undertaken to encourage
the use of IEC quality assessed components, wherever
possible, by its suppliers and in its own equipment
specifications. It is to be hoped that other large end users
of "professional grade” equipment such as the aviation
and computer industry, and the defence services will take
a similar approach.

The latter are of course at this time still strongly bound.
to the MIL system, but possibly the USA itself may even-
tually swing in some areas from MIL to IEC because of
commercial pressures. It is possible that the increasing
sophistication in certain types of consumer goods and
automotive electronics will also lead to increased re-
quirements for high quality components. If the |IEC/Q
system finds world wide acceptance, Australian
manufacturers, to be export competitive, will have to be
able to offer equipment containing assessed compo-
nents.

The next few years should tell to what extent the
scheme will be successful, and if it can cope with the
new generation of components, such as solid state
switches, microprocessors etc., now rapidly replacing dis-
crete components in many applications. It would be not
surprising, if the scheme achieves its objective of
facilitating trade, to see similar systems being set up to
deal with quality assessed equipments.

FLATAU. — 1EC Quality Assessment System.
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Near-End Crosstalk in the Broadband Network

R. A. J. REYNOLDS B.E., M. Eng. Sc.

The broadband network has grown from its beginnings more than 20 years ago and it now proyidgs a
very large proportion of Australia’s telephone trunks and other communications services. Some !imlta§|ons
in the performance of the network are sufficiently understood as they apply to t_he usual types of services.
With the advent of new uses for existing equipment, such as data and time-sharing of channels, one limita-
tion in performance unexpectedly has proved to be a problem. Whilst the mechanism of near-end crosstalk
is not a mystery in such a network, the crosstalk magnitude, and the relation to frequency are not well un-
derstood. Calculations and measurements based on terms which are crosstalk averages hgve been used
previously and are now proving inadequate in the measurement and prediction of crosstalk in the network

where some new types of services are concerned.

The purpose of this paper is to examine the
mechanism of near-end crosstalk in sufficient detail to
give a broad understanding of the problem and to state a
couple of results which permit the measurement of cross-
talk of this type in practical situations. Readers wishing
to examine in detail the theory leading to these results
should study reference 2, where the subject is treated us-
ing both higher mathematics and computerisation.

The mode of crosstalk considered is shown
diagrammatically in Fig 1. The mode may occur both
within a system and between systems operating on the
same route. Hence go-to-return and near-end cross talk
are similarly modelled and are referred to as NEXT for
brevity.

In general, NEXT is a problem when the go and return
directions are provided as unidirectional channels. Then,
what is only sidetone in a normal telephone channel
becomes adjacent service crosstalk in the case of these
special services. Naturally enough, a network which is
quite satisfactory in crosstalk terms when only sidetone
has to be considered may be quite unsatisfactory when
the NEXT has to be considered as affecting the adjacent
services.

Sl
IN

The Australian network is dominated by radio bearers
and coaxial cable bearers. The cable part of the network
appears to contribute most to the problem. This does not
mean that radio systems do not cause crosstalk, but that,
in general, crosstalk within radio systems arises at
repeater stations. These are few, and worst case
cumulative effects permit convenient specification of
equipment for satisfactory operation. However, in a cable
system, a route of 1000km will involve typically 250
repeaters, each of which will add to the overall NEXT in a
way indicated in Fig 1. On a route composed of a number
of systems in tandem, provided that the go and return
directions at each repeater are at the same frequency,
then each additional repeater will add to the overall
NEXT.

In the past, it has been generally recognised that if the
NEXT at a specific frequency adds at each repeater on a
route so that the phase of each reflected exposure is
identical when it arrives at the near end station, then the
crosstalk will add in voitage terms. Nevertheless, over a
wide frequency spectrum it is quite easy to demonstrate
that phase identity cannot be maintained and that the
average NEXT must add in power terms. Observations on

ou

MULTIPLEX AND LINE
EQUIPMENT

REPEATERS
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LINE AND MULTIPLEX
EQUIPMENT

Fig. 1 — Considered Generation of High Frequency NEXT
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real systems indicate that the pure voltage addition is not
observed at any frequency and that the frequency
response of NEXT is a very complex function with peak
values which are somewhere in between power and
voltage addition, and with averages over wide
bandwidths that follow power addition. It is now realised
that these peaks are at most some 12 dB above the
average crosstalk.

Fig 2 gives a typical response over a 4 kHz channel
bandwidth of the Sydney Melbourne 12 MHz cable route
CX2, summarised in Fig. 3 and Table 1.

Fig 4 shows the complexity of the response and its near
random properties over a 48 kHz spectrum.

The problem is: “"What is the nature of the frequency
response of the NEXT arising from an arrangement such
as Fig 1, and in particular, what is the average NEXT in,
say, a VF channel on a given route?”

EVALUATION OF THE CROSSTALK MODEL

From a theoretical point of view, there is no convenient
way of obtaining an exact solution, since the position of
each repeater, the amplitude of each exposure and its
phase are not known with sufficent accuracy. Indeed, it
would be surprising if such a solution could be found
since some one thousand parameters would have to be
known with accuracy of which none could be in-
dependently measured for the Sydney Melbourne route of
Fig 3, for example.

However, a solution to the problem does exist,
although it of necessity makes use of some of the results
of studies in the field of stochastic processes and in this
case leads to a result which predicts the magnitude of the
NEXT peaks in terms of measurable quantities with high
accuracy. More importantly, the study relates the number
of peaks in a given bandwidth that exceed some test level
to the average NEXT over that bandwidth.

4 =

3=

2 m

L

0 1
Y 4

Fig. 2 — NEXT Frequency Response over a 4 kHz Channel at a Line Frequency of 10 MHz on Melbourne-Sydney
CX2 Coaxlal Cable.
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Consider the model of Fig 1 and the parameters as
they are understood. The spacing of the repeaters is
‘known in terms of the average spacing and the variability
of that spacing. The amplitude of the crosstalk at each
repeater is known as an average only over a number of
repeaters and it is necessary to consider a number of pos-
sible statistical distributions. As it eventuates, it matters
very little what the distribution of amplitudes is, and it
also eventuates that the distribution of the spacing is not
needed in the real case. All that is needed is the average
spacing, the number of repeaters or exposures, and the
total average NEXT in order to find out the behaviour of
the peaks, that is, the relationship between their
magnitudes and how many there are in a given
bandwidth.

From the point of view of NEXT measured at one ter-
minal, the crosstalk phases at each repeater are random
and independent of each other. It has been argued
elsewhere (Ref 2) that irrespective of the distribution of
crosstalk amplitudes found at each repeater, including
high individual amplitude at the terminals and main

SYDNEY

CITY SOUTH BOWRAL

CAMPBELLTOWN

repeaters, it can be assumed that the amplitudes are suf-
ficiently close to being Rayleigh distributed for our pur-
poses. It has also been argued and verified by example
that measured values of NEXT at different frequencies
which are sufficiently far apart are random.

The Rayleigh distribution mentioned above will turn up
again shortly and needs some explanation. Any event
that may or may not happen in nature is said to have a
probability function which predicts the probability that it
will happen. For instance, the toss of a coin can be either
heads or tails in the simplest case. Either outcome is
equally likely and it is said in this case that

P (heads} = P (tails) = %

If it is considered that successive tosses are indepen-
dent then the probability of two heads in two tosses is

P (2 heads) = 2 x 2 = %
In general, for n heads in n tosses

P (n heads) = (1)

GOULBURN CANBERRA YASS

mmwm‘m-‘?

CULCAIRN ALBURY WANGARATTA

YASS ; GUNDAGAI WAGGA

WANGARATTA

MELBOURNE

; BENALLA EUROA SEYMOUR LONSDALE ST.

@ TERMINAL STATION

ECEECENCE REPEATERS

@ MAIN REPEATER

0 MAIN REPEATER WITH BRANCHING

Fig. 3 — Route Layout, Sydney-Melbourne Bearer CX2.

: No. of Section Mean Stand. Dev.

Section Repeaters Length Spacing of Spacing
SYDNEY Campbelltown 11 51.700 4.308 0.161
Campbelltown Bowral 14 66.496 4.433 0.272
Bowral Goulburn 17 80.547 4.475 0.114
Goulburn Canberra 22 94.621 4.114 0.551
Canberra Yass 11 53.705 4.475 0.159
Yass Gundagai 2 101.783 4.425 0.192
Gundagai Wagga 18 76.621 4.033 0.513
Wagga Culcairn 17 78.949 4.386 0.183
Culcairn Albury 11 52.148 4.346 0.208
Albury Wangaratta 16 72.794 4.282 0.301
Wangaratta Benalla 9 41.803 4.180 0.226
Benalla Euroa 10 44.822 4.075 0.357
Euroa Seymour 13 54.322 3.880 0.253
Seymour MELBOURNE 22 96.886 4.212 0.368

(All distances in kilometres)

Table 1 — Statistics of Route Sydney-Melbourne Bearer CX2.
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Fig. 4 — NEXT Frequency Response over a 48 kHz Group at a Line Frequency of 10 MHz on Sydney-Melbourne
CX2 Coaxial Cable.

This, then, is a discrete probability function. Similar
functions exist for all the other possibie outcomes and
their total adds up to unity (1). A single function which
gives all these functions is called a probability density
function and there are a number of natural phenomena,
from a drunken man walking randomly to the fading
behaviour of a radio path, which give rise to what is
known as a Rayleigh distribution (Ref 1) which for our
case here is, for a large number of repeaters,

P(R) = 2Rk’ exp (anl_(i)

- — (1))
where n = number of repeaters

k = constant to be determined for each route

R = crosstalk testing level in voltage terms

The determination of this function is not trivial and is
given in (Ref 2). Equation 1 assumes that the distribution
of the amplitudes is also Rayleigh distributed and given
by

P(A) = 2k2A exp (-kzA?) e 1(2)

where P(A) is probability density function for the
amplitude of the crosstalk exposures at the repeaters and
k is the same k as in equation 1.

If we consider another amplitude distribution by mak-
ing the crosstalk amplitudes at the repeaters all equal to
unity it can be shown (Ref 2) that

2R

PR) = 28 oxp (=) - @

which is very similar to equation 1 and is still Rayleigh
distributed. So it would appear that a Rayleigh distribu-
tion will be obtained irrespective of the distribution of the
amplitudes of the crosstalk exposures.

REYNOLDS — Near End Crosstalk.

Now, using equations 1 and 2, it is possible to find a
new parameter which is of use to us, X, for which | have
coined the word exceedance, which describes the band-
width in a testing bandwidth F where the crosstalk ex-
ceeds a testing potential V. The normalisation of V is
such that the level V = 1 corresponds to the average
NEXT power. Then —

~TV?

X = F exp (——2— - (4)

This equation might be used directly, using graphical
integration techniques on graphs such as that of Fig. 4,
extending over some 48kHz at the frequency of interest.
While this method could well be used in a once only exer-
cise, its repetitive use in field applications is out of the
question since the graphical scale and accuracy required
to give reliable results would create a large quantity of
work. However, a convenient alternative is available.

Observation of Fig. 2 will show that all of the peaks in
the frequency response of the NEXT are essentially dis-
tinct and have slopes which have similar values, provided
that levels are considered where the crosstalk value is
more than about twice the mean value. Now, consider a
special route layout where the repeater spacings are all
equal and have spacing equal to £, where the repeater
crosstalk amplitudes are equal and unity and where the
crosstalk phases are all zero at each repeater. In this par-
ticular case it has been shown (Ref 2) that —

Sin (2X £ fn/c)

=TT T

where f is the frequency of transmission and c is the
velocity of propagation. This, then, is sufficient to define
the shape of a peak in the real case.
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| now introduce what | believe to be a novel considera-
tion. For a small number of peaks which are isolated and
which have a common shape which may be approx-
imated by straight lines, the graphical construction of Fig
5 may be used to relate the slope of the exceedance
function at a chosen test level q, the slope on each side of
characteristic peaks and the number of such peaks ex-
ceeding the test level in the bandwidth defined by the ex-
ceedance function.

This relationship can be expressed as follows. The
number of peaks expected to exceed a given test level in
a particular bandwidth is equal to a constant times the
gradient of the exceedance function at the test level
divided by twice the reciprocal of the gradient of a
characteristic peak. All gradients must be in terms of
voltage (or current if desired) and frequency, and the
gradient of a characteristic peak must of course be
derived after normalisation when equation 5 is used.

The determination of these gradients is given in {Ref
2). The overall result is simply stated in equation 6 —

Ny = 0.34 anBFV exp (- 7V?/4) — (6)

where Ny, = number of peaks exceeding the test voltage

a=2m7l/c
n = number of crosstalk exposures
B = empirical factor = 0.83
| = mean repeater spacing {metres)
¢ = velocity of propagation in the cable (metres/sec)
F = width of the test spectrum (Hertz)
The empirical factor B is the constant referred to

earlier and is required since in the construction leading
to equation 6, the peaks were considered as triangles.
The realised value of 0.83 is not unreasonable as discus-
sed in {ref 2). Values of n exceeding 30 are large enough
for sufficient accuracy, so certainly a long coaxial cable

CUMULATIVE SLOPE FOR
N PEAKS AT LEVEL q IS:
2N q(d1‘/dV) = (dX/dV)Cl

2 (df/dV) =
X § CONST.FOR
EACH PEAK

\ e q

route where n is 250 or so may well be modelied using
equation 6.

To test the use of equation 6, a large number of routes
normally would be tested, but considering the cost and
inconvenience of withdrawing a number of routes from
service, an alternative method has been used. As already
discussed, the physical model of Fig 1 was used to deter-
mine equation 6. But the physical model is of a form that
could be used to find an overall solution using Monte
Carlo methods with the aid of a targe computer where a
real route is modelled using random numbers to provide
some parameters, and where the facility exists to vary at
will the possible dimensions of the repeater layout. Final-
ly. the Sydney to Melbourne bearer CX2 was tested over
a portion of the bandwidth at 10 MHz as a solitary
detailed verification that the predictions would be
realised in practice.

All these results are summarised in Fig 6 where it is
demonstrated that equation 6 gives a valid testing
method. Case 6 of the computer model involves a con-
siderable amount of cophasor additon, not realised in
practice, but plotted here to demonstrate the effect of
violation of the hypothesis that the phase distribution at
the repeaters is random.

MEASUREMENT PROCEDURE

The application of the testing method to measure the
average NEXT on a bearer is straightforward. A graphical
representation of the NEXT is required at the frequency
of interest. Fig 4 is typical, so consider this as an example
to be evaluated using the method. The scales are unim-
portant provided that the vertical scale is calibrated at the
testing level chosen. In order to obtain the plot a very
slow scan is required and 15 minutes is typical for a 48
kHz scan. The existence of noise on the bearer will
modify the plot obtained but not the result if the noise is
5 to 10 dB below the testing level with the receive filter
used. In general zero send level OdbmO and 400 Hz
receive filters are adequate.

A} EXCEEDANCE FUNCTION,

/ = Fexp (—mw V2/4)

Fig. 6 — Geometric Construction to Predict a Count of Peaks Above a Test Level.
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Fig. 6 — Graphical Comparison of Normalised
Results.

However, the slow scan requires the facilities provided
in synthesised sweep sets and while lower cost equip-
ment might be used, the operator expertise will affect the
overall result.

Once the plot has been obtained a line is drawn so
that approximately 10 to 20 peaks are intersected, eg,
the line AA at -55 dB on Fig 4.

Spurious responses are ignored such as the sharp line
shown. These responses are easily seen if a background
noise and carrier leak plot is obtained first. The count
must then be normalised to 250 repeaters and 4.5 km
average spacing if Fig 6 is to be used. In this case from
the route layout there are 228 exposures and the mean
spacing is 4.261 km. So the corrected count for the 13
counted intersections at -55 dB is

228 4261
Nv = 13 x 556 * %500

= 11 approximately

The corresponding value of V is read from Fig 6 which
is in this case V = 2.26. Then simply as this is a voltage
reading and we require the dB equivalent, the average
NEXT is —

Xt = —55-20 log 2.26
= -62.08 dB
Modified graphical integration methods give —

Xy = -62 dB

A simple form of graphical integration which makes
use of an independence property of NEXT with frequency
can be used to give a pessimistic result due to the ex-
istence of system noise. By measuring the NEXT voltage at,
say, 20 frequencies, the average NEXT voltage may then be
used as a measure of the average NEXT over the band. Some
care must be taken in the choice of the 20 frequencies. Fre-
quencies having spurious content must be avoided and no at-
tempt should be made to look for frequencies of high NEXT.
In other words, choose a set of frequencies, say, at 1 kHz
spacing, starting at a frequency which is removed from a car-
rier leak by, say, 500 Hz. Send levels of +5 dBmO should be
used with a receive filter width of 50 Hz to lessen noise ef-
fects. Use of this method results in errors which indicate
NEXT values up to 2 dB worse than actual.

CONCLUSION

Previous to this investigation, operators have tended
to read NEXT on practical routes by finding the peak
values. The resuits here show that the mean NEXT is of
the order of 10 dB removed from the peaks on average.
Ref 2 goes further to demonstrate that the mean NEXT
on a 4 kHz channel is variabie but is removed from the
peak value over a group width, say, by 8 to 16 dB. In the
course of this investigation it has been determined that
the NEXT is Rayleigh distributed for all reasonable
repeater crosstalk amplitudes provided that the phases of
the individual crosstalk interferes are essentially random.

Of particular interest in the Australian network, those
routes like the Sydney-Melbourne CX2 which have been
considered as possessing unsatisfactory NEXT perfor-
mances are somewhat better in this respect than
previously thought.
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In Brief

DEBUT OF ELECTRONIC CLASSIFIEDS

An electronic signboard which advertises job vacancies
is the latest application of joint expertise demonstrated
by STC-Cannon Components Pty. Ltd. and Claude
Neon Ltd.

As a community service, the two companies have lent
the equipment necessary for the electronic signboard to
the Commonwealth Employment Service (CES) office at
Martin Place and Elizabeth Street, Sydney, where it is
now being evaluated.

The signboard is electronically fed by computer, dis-
plays jobs as they become available, deletes them as they
are taken up and is continually updated.

Though the signboard has been operating for only two

weeks, it has already achieved a high level of response,
and not only from job seekers.

Employers have made a special visit to the Martin
Place CES office to place on record their job vacancies,
because they are just as anxious as jobseekers for a
speedy response.

Using Ferranti-Packard equipment, STC-Cannon
Components and Claude Neon have recently been jointly
successful in tendering for electronic information boards
for the Commonwealth Games, Brisbane, as well as
totalisator boards at Gosford, Wyong and South
Australia. Similar totalisator boards have been in opera-
tion for the past four years at Randwick and other
Sydney metropolitan racecourses.

The Electronic Signboard which Advertises Job Vacancies, on show at the Martin Place CES Office.
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Plastics Encapsulation of Integrated Circuits

G. G. MITCHELL, B.Sc.{Hons), M.Sc.

A factor which is sometimes overlooked when choosing an integrated circuit is the influence the
packaging may have on reliability. This article aims to provide background information about the various
aspects of plastics packaging of integrated circuits. The structure of the common plastics encapsulated
dual-in-line packaged IC is outiined and its strengths and weaknesses discussed as they influence
reliability. The potential for further reliability improvements in plastics packaging is described. Although
some problems remain, penetration of high quality plastics encapsulated ICs into telecommunications ap-

plications will increase.

Integrated circuits (ICs) are manufactured by and
available from a wide range of sources using production
techniques which are being continually subjected to
change. This article aims to provide the reader with a
background of information about plastics encapsulation
of ICs. The various production techniques and reliability
implications are discussed. Where comparisons with
hermetic packaged ICs are drawn, data on the CERDIP
(Ceramic dual in line package) is generally cited.

The introduction of dual-in-line plastics packaged
(plastic DIP) ICs in the 80s made available low cost, high
volume ICs for the industrial and consumer markets. The
early plastic packaging technology, however, resulted in
significant reliability problems through chemical and
physical incompatibility of some of the materials. Since
then a lengthy process of gradual improvement in
materials and techniques has taken place.

Most development of IC technology takes place in the
US and Europe, and it becomes essential to monitor
developments and accept only those new techniques
which meet specific performance requirements. With the
wide range of packaging technology and the diversity of
sources currently available, the choice of what to adopt,
and from whom, is not an easy one.

THE STRUCTURE OF ICs

The functional requirements for any semiconductor
package include provision for electrical connection to the
interior, electrical isolation betwseen leads, suitable heat
transfer capability and the package must also provide an
environment compatible with device performance and
reliability. Protection from outside influences such as
chemicals, temperature, and humidity is required. It may
also be necessary to provide protection from light or
other radiation, magnetic fields, etc. Fire retardancy is
also a desired property.

MITCHELL — Plastic Encapsulation of ICs

The dual-in-line package (DIP) configuration is com-
pact and convenient for assembly and handiing, whilst
being able to meet the other functional requirements. The
general construction of a plastic DIP IC can be seen in
Fig. 1, which shows a partially decapsulated device. The
IC chip is mounted on a metal heatsink which is part of
the metal skeleton, or lead frame, of the IC. Fine bonding
wires are used to connect the lead frame to the metal-
lised pads on the chip. The lead frame and chip are then
encapsulated in one or more resins. Once the lead frame
is supported by the body of the package the leads may be
trimmed, and bent into their final shape.

The construction of a common hermetic package, the
CERDIP, can be seen in Fig. 2. In this package the chip is
mounted on a ceramic (usually, alumina), preform base,
electrical connections are made to the lead frame with
bonding wires and then the package is completed with a
ceramic preform top. The whole package is held together
by a low melting point glass frit.

Both plastic and hermstic packages take many forms,
but the plastic DIP and CERDIP have become the most
common types.

IC CHIP MANUFACTURE

In considering the packaging of ICs, the structure of
the IC chip itself must be considered as some of the
processes applied to the chip form the beginnings of the
packaging process.

ICs are produced en masse on silicon wafers by means
of photo-lithographic, diffusion and oxidation processes.
The interconnection pattern is generally made with
evaporated aluminium. The final processes must provide
electrical connection and chip protection. Protection is
usually provided by depositing a thin layer of silicon diox-
ide (Si0,), or silicon nitride (Si3N4), on the chip surface
and then removing this “passivation” from the areas
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where connecting pads are required. The metallisation of
the pads must be chosen so that it is compatible with
both the chip and the bonding wires. In the case where
aluminium bonding wires are used, aluminium metallisa-
tion is compatible. This is the case in CERDIPs.

Plastic DIPs generally use gold bonding wire, and in
this case direct connection of the gold to aluminium may,

at temperatures above 150°C, give rise to the formation

of brittle intermetallic compounds and subsequent bond
failure. To overcome this problem alternate metallisation
systems have been developed, such as RCA's titanium,

platinum, gold trimetal process. This provides com-
patibility with the bonding wires and is also corrosion
resistant (Ref. 1).

A further development in chip technology involves
modification of the connecting pads to permit more
highly automated assembly methods.

This involves preparing raised metal beams or bumps
on the chip so that connection to the lead frame can be
performed simultaneously and automatically. The com-
pleted wafers are inspected and then diced into individual
chips, usually by scribing and breaking. The chips are
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Fig. 2 — A CERDIP IC with Part of the Top Removed.

then cleaned and mounted on the leadframe heatsink.
This attachment is made by soldering, alloying or by
means of an adhesive.

Bonding Wires and Lead Frame

The bonding wires and lead frame serve three main
functions: electrical connection, heat sinking and
mechanical support.

The lead frame is generally made of Kovar (a Ni-Co-Fe
alloy which has a temperature coefficient of about 6 x
10-8/°C, compared with Si, 4 x 10 -¢/°C). Fig. 3 shows
lead frames from four different plastic DIPs. Some have
provision for better physical locking into the encapsulant,
and longer internal pathways to reduce the likelihood of
moisture penetration along the leads. The inner ends are
prepared to accept the bonding wires, i.e. they are usually
aluminium or gold finished.

The bonding wires {usually 25um gold or 36um
aluminium) are attached to the chip and lead frame by
thermocompression and ultrasonic welding.

In the quest to produce cheaper, more consistently
reliable devices, the trend is towards increasing the
automated content of the manufacturing process. Con-
ventional manual wire bonding may be cheap in terms of
equipment costs, but it requires a significant level of
operator skill. In a 16 lead IC, 32 placement decisions are
required per device. Automated ganged wire bonding
reduces this to one decision, the positioning of the chip,

MITCHELL — Ptastic Encapsulation of ICs
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Fig. 3 — Examples of Lead Frames used in Plastic
DIP ICs.

as all wire bonds are then made automatically and simul-
taneously. Throughput can be increased from about 60
devices/h to about 1000 devices/h for the same labour
costs.

Tape automated bonding system (Ref. 2) are a further
advancement. Here the wafers are “bumped’ with raised
connection pads, adhered to a substrate {usually glass),
and sawn into individual chips (rather than scribed). The
inner lead frame is prepared using etched copper leads
on polyimide film with sprocket hole location. The inner
ends of the copper leads are usually plated to suit the
metallisation of the connection pads. Once the ap-
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propriate location of the wafer and lead frame is set up,
automated assembly operation can be commenced. The
frame is lowered onto the appropriate chip, and all bonds
are made by a single thermocompression head. The heat
from the process releases the chip from its substrate, and
the lead frame with chip is removed and the next chip
and lead frame are advanced. Throughputs of 5000
devices/h can be achieved with one operator controlling
several machines.

Once on the tape, chips can be tested without the
need for individual probing. Depending on leard frame
design, it also becomes possible to carry out burn-in of
the chips before encapsulation. The main drawback of
tape automated bonding is the extra cost of materials
and equipment.

Encapsulants

The most commonly used resin for encapsulation is
the family of epoxies. They are popular for the following
reasons:

e shrinkage is low

e they have good adhesive properties, particularly to the
metal lead frame

e they have good resistance to environmental extremes

e they have excellent electrical insulating properties

e they are easily cured

All of the resins used are thermosetting materials.
Before curing they are generally in the form of a solid or a
viscous liquid which melts and decreases in viscosity
upon the application of heat. When combined with a
catalyst or curing agent the neighbouring resin molecules
are cross-linked and a solid block of resin is formed which
cannot be remelted.

The number of possible resin formulations is con-

siderable, and the detailed chemistry is complex. The
epoxy A and epoxy B types are widely used. This
designation indicates the long chain epichlorhydrin resins
in the case of epoxy A, and epoxy novolac resins in the
case of epoxy B.

The perfect encapsulant does not exist since some of
the properties required are either impossible to achieve,
or mutually exclusive. For example, very low water ab-
sorption and ionic impurity content require a non-polar
resin. However, good adhesion requires a chemically ac-
tive polar resin, preferably free from filler and mould
release agents. Yet without filler there is no chance of
matching the thermal coefficients of expansion of the
other parts of the IC, and a mould release agent is
desirable to assist in freeing components from the mould.
Any encapsulant is thus of necessity a compromise.
Several important properties of encapsulants are com-
pared in Table 1. Some resins may have better individual
properties, but the phenolic modified epoxies (epoxy B or
epoxy novolac) have the best all round performance and
are used most widely.

All encapsulants are “filled” to achieve the desired
physical and chemical properties. Fillers include crushed
quartz, asbestos, glass fibre and other forms of silica or
alumina. Even with around 75% fillers it is not possible to
exactly match the thermal coefficients of expansion, as
can be seen in Table 2.

Encapsulation can be a single or two stage process.
Single stage epoxy encapsulation is the most common
technique, although in some cases the chip and an inner
lead frame are encapsulated first. This package is then at-
tached to an outer lead frame and encapsulated to bring
the package to the usual DIP size. The most common two
stage encapsulation involves placing a drop of room

Conductivity
Water of aqueous pH of aqueous Adhesion Adhesion
Resin Absorption extract extract to silica to metals
Expoxy A adequate poor (high) poor adequate good
Epoxy B adequate adequate adequate poor adequate
Silicone adequate good (low) adequate good poor
Table 1 — Relative Performance of the Most Common Encapsulants
ot y e
Property Glass Transition Thermal coefficient of expansion, &« x 10¢/°C
Temp, Tg: +°C at 50°C at100°C at 160°C above Tg
Epoxy A 140 25 30 60
Epoxy B 140 25 35 4 80
Silicone 220 27 33 33 130

Silicon hasan a of 4 x 10-8/°C

Table 2 — Typical Values of Glass Transition Temperature and Thermal Expansion Coefficient for Common

Encapsulants.
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temperature vuicanising (RTV) flexible silicone resin over
the chip and bonding wires and then encapsulating with
a solid, filled silicone resin.

If a mould release agent is used the encapsulant to
lead frame interface may be affected. Some manu-
facturers use a backfill plastic impregnation operation to
seal any gaps along the plastic-lead interface.

PROCESS CONTROL

Virtually all devices are subject to batch or periodic
sampling at all important stages of manufacture.
Electrical and visual inspections are performed prior to
encapsulation and mechanical, electrical and environ-
mental screening carried out subsequent to encap-
sulaton.

The testing serves to not only maximise process
yields, thereby keeping costs down, but also to ensure
that process control is maintained. Quality and reliability
are a function of proof of process capability and
maintenance of process control.

Much of the testing is automated. Even so, it is not
possible to fully test all possible functions of LSI chips. In
some circumstances specialised test structures are incor-
porated on wafers containing complex chips so that
process quality can be assessed more easily. If the test
structures are faulty the whole wafer is discarded.

Encapsulant Testing

Specifications such as those produced by the British
Post Office (Refs. 3, 4) can be used to set performance
requirements which must be met by encapsulants. im-
portant requirements include low content of mobile ions
(both positive and negative), low water absorption, low
water vapour permeability, low coefficient of expansion
and high adhesion to all surfaces. Other requirements af-
fecting the manufacturing processes must also be met,
e.g. defined ranges of melt viscosity, gel and cure times.

Encapsulant testing is performed on both bulk material
and finished devices, containing transistors or ICs of well
established performance.

The epoxy B resins are the preferred material for
encapsulating low power components for use at ambient
conditions of temperature and humidity. The epoxy A
resins have better adhesion, but usuaily contain greater
amounts of mobile ionic contaminants which make them
suspect in humid environments. Their preferred use is
with devices operating continuously above ambient
temperature and in dirty environments where good adhe-
sion is valuable. The silicones have only one major
weakness — poor adhesion to metal lead frames. This
restricts their use to clean environments or high
temperatures, where there is little chance of penetration
by moisture or pollutants along the lead frame to resin in-
terface.

Final Testing

Following encapsulation finished ICs must once again
be subjected to testing to assess reliability levels. It is
reported that manufacturers generally do not follow the
progress of all lots thoroughly, except for special high
reliability runs. Lot identity is lost as the chips are usually
taken off-shore to a low labour cost country for assembly
and encapsulation. Testing is required to establish
process yields and overall reliability.

MITCHELL — Plastic Encapsulation of ICs

Obviously the work involved in testing adds to the cost
of finished devices. As the scope of applied tests in-
creases, the cost of plastics packaging moves closer to
hermetic packaging. As it is wasteful to have the ICs
tested before leaving the manufacturer, and again on be-
ing received by a user, these factors which influence cost
are generally brought into balance as a result of supplier-
user agreement.

Many of the tests used for hermetic packaged ICs can
be applied to plastics packaged ICs and are described in
documents such as MIL-STD-883. However, some im-
portant requirements relating to moisture and
temperature failure modes have not yet been formulated
in an entirely satisfactory way, although progress is being
made in the creation of acceptable national specifica-
tions covering all requirements for qualification approval
and ongoing monitoring of performance (Refs. 5, 8). The
general objective is to produce a series of screening tests
to cover different application categories.

ACCELERATED TESTING OF ICs

Accelerated testing is used to assess and compare
new materials and processes, and also to monitor the
process control of established methods. In order to
amass sufficient device hours for a satisfactory con-
fidence level, stress acceleration is used. The test results
can then be extrapolated back to field conditions with a
significant gain in device test hours.

The testing of plastic DIP ICs involves using a wide
range of tests, but three types of test are considered the
most important in evaluating the influence of plastics
encapsulation on IC reliability. These are:

e High temperature with Electrical Bias
o Temperature-Humidity-Bias Testing, and
o Temperature Cycling

High Temperature-Bias Testing (Life Testing)

One of the most significant effects early plastic encap-
sulants had on silicon chip reliability resulted from ionic
contaminants in the resin. This contamination, usually in
the form of positive mobile ions such as sodium, resulted
in the formation of inversion layers on the chip surface,
with a corresponding degradation in device
characteristics when voltage was applied for long
periods. High temperature (typically 126°C) reverse bias
testing is used to reveal the presence of this failure
mechanism. Fortunately, the development of very pure
resins and the use of a protective layer, such as silicon
nitride passivation, over the surface of the chip, have
been largely successful in eliminating this type of failure.

The same type of test is also performed as an ac-
celerated life test to seek out failures due to chip fabrica-
tion defects or design weaknesses.

Testing of hermetic packaged semiconductor devices
has shown that elevated temperatures will accelerate
failures and that the behaviour follows the Arrhenius
relationship:

R(t) = Roltle-6/7
where R(t) is the reaction rate function
Ro(t) is a constant (with respect to
temperature)
t is the time
@ is the activation energy in eV
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k is Boltzmanns constant
T the temperature in K

The activation energy, &, is the energy threshold of a
particular reaction or failure mechanism. Values quoted
for @ range from 0.2eV to 1.3eV, however, most evalua-
tions use an overall @ of 1.08V. It is worth noting that
extrapolation of results from elevated temperature to am-
bient conditions is greatly influenced by the choice of the
activation energy value. For example, a 0.1%/1000 h
faiture rate at 125°C becomes 0.01%/1000 h at 25°C for
a @ of 0.2eV and 5x 10 “%/1000 h at 25°C for & of
1.3eV.

The ability to accelerate failure mechanisms in plastic
DIP ICs is limited by the rapid deterioration of the
polymer resins at relatively low temperatures. Conse-
quently, testing for long term reliability has to be carried
out for extended periods at moderate temperatures to
ensure that no new failure mechanisms are introduced by
the testing.

Some manufacturers have produced results showing
that under this type of testing plastic DIP ICs are as
reliable as hermetic packaged equivalents, with about
0.0012%/1000 h failures at 50°C. This has resulted in
claims or inference of equal reliability in service. It should
be borne in mind that for plastic DIP ICs this is not a
representative life test as it does not explore important
weaknesses of plastic packaging, namely, the suscep-
tibility to moisture induced failures and to a lesser extent
failures resulting from thermal mismatching.

Temperature-Humidity-Blas Testing

A major weakness of plastic DIP ICs is that moisture
can penetrate the package and transport contaminants,
both from outside and from within the resin, to the chip
where corrosion of the aluminium metallisation occurs,
with subsequent failure of the device. Moisture can reach
the chip either through the bulk resin or along the inter-
face between the resin and the lead frame. In early
plastic DIP ICs moisture penetration along the leads was
predominant. With backfilling techniques and generally
improved matching of encapsulant and lead frame
materials this factor has been reduced to near the levels
of bulk penetration.

The test conditions most commonly used to assess
moisture resistance are steady state 85°C, 85% RH with
electrical bias applied to give minimum power dissipa-
tion, but maximum voltage gradient between adjacent
connection pads on the chip.

Despite intensive work using different temperature
and humidity combinations on similar ICs, no agreed ac-
celeration factor has yet been determined relating ac-
celerated test results to field failures. The vapour pres-
sure, (RH)? and other factors have been postulated as the
prime variable by which the accelerated test conditions
can be correlated to field conditions.

Most theoretical approaches use the general log-linear

form R(t}) = A.E.e ~BF where R(t) is the failure rate
function under particular conditions, A and B are cons-

tants, E is the electric field present and F is a function of
temperature and/or vapour pressure or relative humidity.
Acceleration factors between 50 and 10° have been
reported (Ref. 7). This uncertainty together with reports
of different resins having different sensitivities to this test,
and speculation that time may be a predominant factor
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independent of humidity, means that the long term
reliability of plastic encapsulated devices based on
laboratory evaluations is still in doubt, and likely to re-
main so.

Despite the lack of an adequate experimental or
theoretical link between test and field conditions great
progress has been achieved in improving moisture
resistance. It is clear from our own work, and that
reported elsewhere, that some plastic DIP iCs can now
withstand several thousand hours of exposure to 85°C,
85% RH and reverse bias, with few failures. Even with a
pessimistic extrapolation to field conditions a satisfactory
service life is highly probable for devices which are
located in controlled environments, and dissipate signifi-
cant amounts of power.

Unfortunately, it appears that further major advances
in encapsulant hermeticity are unlikely. Thus attention
has turned to making the chip impervious to the moisture
which will inevitably reach it. The trilayer metallised pas-
sivated chip, in theory at least, should be unaffected by
moisture (Ref. 8).

Temperature Cycling

Another major failure mode of plastic DIP ICs has been
intermittent or open internal connections resulting from
the thermal mismatch of the plastic resin, the IC chip,
bonding wires and lead frame. All plastics encapsulated
devices are susceptible to this failure mechanism
although very significant improvements have been
achieved through careful selection of materials and
manufacturing techniques. To produce fracture of weak
bonds and detect open circuits, temperature cycling (in
air) tests are used. Conditions vary but typical
temperature limits are —685°C to +150°C with 10 or
more cycles being performed.

Other Tests

Generally plastics encapsulated devices (PEDs) have
shown excellent performance under mechanical shock,
vibration and acceleration. The mechanica!l stresses that
a PED can withstand are generally higher than for their
hermeticaly sealed counterparts.

Salt spray testing and industrial atmosphere testing
have been reported to adversely affect PEDs by introduc-
ing ionic contamination. However, the deleterious ef-
fects, are brought about by moisture transporting con-
tamination to the chip and hence moisture stress testing
is more important than these other tests.

FIELD TESTING

Laboratory test data, whilst valuable, cannot substitute
for data from field failures. Information is obtained from
analysis of failures occurring in in-service equipment, or
by special field testing such as the US Army Electronics
Command's (ECOM) test program in tropical areas
(Ref. 9). The results generally show wide variations and
conclusions reached as to failure rates must be treated
cautiously. However, it is fair to say that plastic DIPs
have improved, and that the best appear to be as good as
CERDIPs. ECOM has collected data on ICs exposed to
average conditions of 30°C, 90% RH for several years.
Their reported failure rates for epoxy B plastic DiPs span
the range 0.17 to 2.12%/1000 h. For CERDIPs rates
between 0.10 and 0.68%/1000h are quoted. These
failure rates are well above the failure rates of around
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.030%/1000 h, determined from field failures occurring
in benign (low moisture) operating environments.

Various data banks such as the US-based Reliability
Analysis Centre and Europe’s Exact System and France's
CNET are further sources of information about IC failure
rates.

FAILURE DETECTION AND ANALYSIS

As encapsulants are improved and ICs become more
complex increasing sophistication in analytical techni-
ques is required to identify failure phenomena and
causes.

Electrical Failures

The main failure modes in plastic DIP ICs appear as
open circuits, excessive leakage current, or changes in
junction characteristics. Open circuits may result from
mechanical failure (e.g. bonding failure or chip fracture)
or corrosion. Excessive leakage current may be the result
of internal or external corrosion or metal migration. More
subtle are changes due to temperature-contaminant ef-
fects on the chip.

Measuring IC performance against specification is
generally straightforward, however, advanced LSI|
devices have a high function to external connection ratio
and this can severely limit their testability, both in terms
of functions which may be numerous, and degradation of
electrical characteristics of sections of the device remote
from the IC terminals. The application of automated test
equipment is essential and the use of techniques such as
noise injection (to cause a measurable level of errors in
digital circuits) is increasing.

Mechanical Defects

Despite careful control of manufacturing conditions,
failures still occur due to mechanical causes. Chip
fabrication, chip attachment to the lead frame and wire
bonding to the chip all introduce mechanical stresses.
Encapsulation can deform the bonding wires and add
further stress. Subsequent environmental stresses can
promote failure through wire bond or chip damage. Inter-
nal stress can also alter electrical characteristics of the
circuit, especially resistances {up to = 15%). Cracks or
voids in the encapsulant or passivation can assist
moisture penetration, and adhesion of the encapsulant to
the chip is very important in preventing a film of moisture
forming on the chip surface.

The flexible silicone resin sometimes applied over the
chip and bonding wires adheres to the silicon chip more
strongly than epoxy resins, and being flexible provides a
degree of protection from the stresses of the subsequent
solid encapsulation.

Decapsulation Techniques

Satisfactory failure analysis can only be carried out if
close examination of the interior of failed ICs is possible.
In the case of PEDs the encapsulants used are thermo-
setting resins and cannot be readily removed by heat or
solvents. With ageing the resins become more difficult to
remove. Decapsulation is possible, however, through a
combination of mechanical and chemical techniques.
Although there are chemical agents which will induce
stress cracking and gradual breakdown of the resins,
decapsulation by this means takes a long time and can
result in damage to wire bonds. More rapid decapsula-
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tion can be accomplished with hot {120°C) sulphuric and/
or nitric acid. Provided the technique is carefully control-
led, decapsulation can be accomplished without damage
to the bonding wires or chip.

Another method of epoxy removal is through radio fre-
quency, oxygen plasma-etching, which causes stow, low
temperature burning of the resin.

Instrumental Analysis

Once a satisfactory decapsulation has been achieved
the cause of failure may be readily apparent, e.g. in Fig. 4
electrical overload has occurred, and in Fig. B, corrosion.
In other casss, it may be necessary to apply microbeam
techniques (e.g. scanning electron microscopy coupled
with a suitable surface analysis technique such as energy
dispersive x-ray spectrometry and secondary ion mass
spectroscopy) to identify defects.

Another instrumental technique used in assessing in-
ternal defects is x-ray radiography. This non-destructive
technique can be used to detect misplaced bonding
wires, internal voids or inclusions of foreign material.

As well as analysis of failed devices, characterisation
of materials and processes used in manufacture can play
a major role in assessing the suitability of PEDs.

HERMETIC PACKAGE TYPES

The prime motivation behind plastics encapsulation is
to lower costs. The prime objective of hermetic packag-
ing is high reliability. Over the years developments in
packaging technology have aimed at achieving both low
cost and high reliability in a single package. The result
has been the production of a spectrum of packages
for ICs.

The main hermetic packages are:

o metai-glass cans

Fig. 4 — IC Chip Damaged by Overvoltage Between
Vee {top centre} and Ground (bottom centre).
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e metal-ceramic flat packs, and
e ceramic dual in line (CERDIP)

The metal-glass type offers highest hermeticity with
matched metal-glass, and welded seals, but is limited in
lead numbers and is not a compact package. The metal-
ceramic types use matched seals with brazed joints. They
are compact but expensive, and the leads are generally
easily damaged. The CERDI!P is the most cost com-
petitive with plastics, but requires very well controlled fir-
ing of the glass frit.

FACTORS AFFECTING PACKAGE SELECTION

Until plastics encapsulation can be proven the equal of
hermetic packaging, IC users must make an individual
judgement whether the reliability available with plastic is
acceptable for their particular applications.

The type of IC can influence the choice of package, as
can the environment in which the equipment will
operate, and the reliability level demanded by the
designer. Low power technologies, such as the MOS
family, generally dissipate insufficient power to exclude
moisture from the chip, whereas linear devices, dis-
sipating say 20 mW continuously, can reasonably be ex-
pected to be free of moisture related failures provided, of
course, that moisture was not introduced into the
package during manufacture. If the equipment operates
in a controlled environment, moisture related failures
would be less likely.

A further factor is the relative proportion of the total
cost which is represented by the packaging. A long run,
small scale integrated {SSI) chip costs less than its
package and the total cost of the device may be as little
as 10 cents. A large scale integrated chip may itseif cost
several dollars and the cost difference between plastic
and hermetic packaging may be relatively insignificant.

Fig. 56 — An IC Chip which has Suffered Corrosion
Damage as a Resuit of 85°C/85% RH Testing.
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The anticipated repair costs of equipment also need
to be considered when selecting packaging. Assuming a
typical failure rate of about 100 x 10-%/h for hermetics,
plastic DIP ICs are expected to have a fialure rate starting
at about 150 x 10~¥h for benign environments, and the
failure rate may reach several times that of hermetics as
the environmental stress is increased. The extra cost for
repair, over the expected service life of the equipment,
can be calculated and compared with the extra initial
capital cost of hermetic packaging.

The rapidity with which technology is advancing
favours the use of plastics. In some instances equipment
may not be in service long enough for |C failures to occur
before it is rendered obsolete!

It is generally considered essential to apply 100%
screening to ICs before assembly into equipment. The
implementation of acceptance screening has led to
reports of rejected batches of ICs being sold elsewhere to
"less fussy” customers. The possibility of receiving a re-
ject batch of perhaps, relabelled {Cs makes a knowledge
of the source of supply of ICs equally as important as in-
formation on the reliability of the device.

Most major manufacturers have production facilities in
a number of countries. The IC assembly may be carried
out in any one of several low labour cost countries,
sometimes on behalf of an equipment manufacturer and
stamped with his brand. This applies to both hermestic
and plastics packaging. The level of testing applied by a
manufacturer may vary depending on the maturity of the
processes and previous results. Screens may be relaxed
until a process change is made or excessive faults are
detected, indicating that control over the final product
needs extra attention. Accordingly, procurement
specifications must cover not only service environment
and device type and function, but also require ac-
celerated testing, a capability for assessment of the
manufacturer's processes and materials specifications.

CONCLUSION

As a result of design and process improvements
plastics encapsulated semiconductors have shown sub-
stantial growth in reliability. The failure mechanisms and
the stresses required to accelerate these mechanisms are
now well known. The technology is still evolving, and as
new materials and techniques are developed, higher
reliability should be obtained. The highest reliability
plastic DIP ICs can be expected to have chip protection
which makes the chip in effect a metal-glass package in
itself, a tape automated lead bonding system, and a
silicone encapsulant which results in a strong
encapsulant-lead frame bond (the latter is yet to be
achieved).

It is expected that approval of plastic DIP ICs will be
achieved by appraisal and approval of manufacturing
capability and quality assurance schemes, on a selective
basis. This is because a general demand for low cost, un-
proven quality, ICs will remain, and not all ICs will be
made to the same quality levels.

It seems that approval by Telecom of the use of plastic
DiP ICs, in selected application categories, is becoming
feasible. However, the extent of such approvals is likely
to be limited, and only apply to well established types
from manufacturers known to apply strict quality and
process controls.
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In Brief

AUSTRALIA’S LARGEST COMMERCIAL SOLAR POWERED
COMMUNICATIONS SYSTEM INSTALLED

Lucas Industries Australia Limited have completed
the installation of Australia’s largest commercial ap-
plication of solar power for the communications system
along the new 831 km Tarcoola-Alice Springs’ Railway.

In 1979 the Australian National Railways awarded
Lucas the contract to supply solar power for 23 radio
repeater stations in the integrated microwave-VHF radio
gystem along the railway. This communication system
will enable train crews and track maintenance gangs to
have continuous radio contact with train control centres
in Alice Springs, Tarcoola and Port Augusta.

The use of solar power for the communications was
selected by Australian National Railways to eliminate
costly diesel fuelling and maintenance procedures on the
new line,

Specifications of Installations

Each of the sites comprises a specially designed
weather resistant shelter, which houses the communica-
tion equipment and batteries, a 70 m tower and solar ar-
ray. Twenty-three of the 268 repeater stations have their
own solar power system each with a peak output of ap-
proximately 1300 watts. The equipment load is expected
to reach 200 watts continuous at 24 Volts dc all year
round, when the communication system reaches its 72-
channel capacity.

Each of the solar powered sites consists of solar arrays
utilising 40 Lucas Solar Power Modules, Model G12-361.
The power from the array is fed into a single regulator,
then to the batteries. Also included in the power system
is an automatic high/low voltage alarm system which
continuously monitors the state of charge of the storage
batteries. The solar arrays at each site are computer
designed to provide the correct angle of tilt from horizon-
tal with orientation to true north. A feature of the solar
array design is the clever division of the array into sub-
arrays which can be lowered individually to facilitate
ease of servicing and maintenance.

Technical Details for a typical site

Load 200 Watts continuous
Voltage 24 Volts dc

MITCHELL — Plastic Encapsulation of iCs

Solar System and Ancillary Equipment

Array designation G24-40-361 (see Specification A)
Modules G12-361 (see Specification B)
Regulator BSR24-48

2000 AH of storage at 24 Volts providing 10 days
storage.

Specification A
Array Tilt 40

Charging Current 40 Amps
Charging Voltage  27.2 Volts
Charging Power 1088 Watts
Peak Power Point 1258 Watts

Peak Power Current 38 Amps
Peak Power Voltage 33 Volts

Specification B
Model G12-361 Solar Module:

The Model G12-361 solar module consists of thirty-six.
100 mm diameter silicon solar cells connected in series in
a module package that features a glass-top module sur-
face. The top module surface material is a low iron, high
transmission tempered glass that provides a smooth and
durable cover. The glass surface gives the module the
capability to withstand salt spray, sand storms, hail
stones, and attack by birds and vermin with minimal
degradation of electrical performance.

Low iron glass was selected for its characteristically
high light transmittance. Tempering increases the im-
pact strength of the glass. The top surface of the glass
module is smooth, thus preventing the buildup of debris
on the module.

The solar cells are bonded to the glass sheet with
silicone rubber. The silicone seals the solar cells and the
electrical interconnections from the environment.
Silicone has been chosen for various reasons including
high light transmission, long term environmental
stability, excellent electrical insulation properties, and
the ability to resist degradation due to UV radiation. The
silicone/solar cell combination is covered at the rear sur-
face by a white plastic film,
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Solar Array at one of the Radio Sites.

The 100 mm diameter solar cells are produced from
high purity, single crystal silicon wafers, The wafer in-
itially doped with an “n”, or negative, charge donor im-
purity has a “p’”’ or positive, charge donor impurity dif-
fused into the top layer of the wafer to form the p-n junc-
tion. Electrodes are attached to the top and bottom sur-
faces of the solar cell to collect the electrical energy.

The bottom surface is completely covered by an
electrode which improves energy collection and reflects
unabsorbed photons towards the junction. The electrode
pattern used on the top surface of the 100 mm solar cell
consists of a number of small conductor “fingers” criss-
crossing the wafer and connecting to a tapering bifur-
cated main bus. This pattern has been designed to
provide maximum surface area for light collection while
providing a low resistance, efficient electrical conductor,
and completely redundant cell-to-cell electrical inter-
connections.

Individual modules are supplied with an output cable
and blocking diode, or bypass diode, or both as required.
The diodes and the connectors to the output cable are
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sealed in a glass reinforced phenolic junction box located
in the rear of the module. (An optional galvanized steel
screen is available to cover the rear of the module to
protect the encapsulants from damage due to animals or
birds.) The module is supplied with an anodised
aluminium support frame. The glass, solar ceil and
silicone assembly is held in the glass frame by a one-
piece silicone gasket. The gasket isolates the glass as-
sembly from shocks transmitted through the frame.

ELECTRICAL SPECIFICATIONS

CHARGING POINT PEAK POWER POINT P':)fl:l\é(n
Volts Amps Volts Amps Watts
13.8 2.15110% 16.5 205+10% 338

Output rated at 28'C cell temperature and 100-
mW/cm? incident sunlight. The charging point is based
on the voltage of a 12-volt lead-acid battery near full
charge. Peak power point values do not include output
cable and blocking diode losses.

Telecommunications Journal of Australia, Vol. 30, No. 2, 1980



Exchange Traffic Simulator

G. CONROY and J. DAVIS

A new item of Telephone Exchange test equipment, the Exchange Traffic Simulator is discussed. The
Traffic Simulator generates up to 64 erlangs of simulated telephone traffic and can be used to test
Telephone Exchanges both before and after cutover. The article details the hardware and software aspects

of the equipment, how the machine is operated and its use with Statistical Acceptance testing tables.

An Exchange Traffic Simulator has been designed and
developed to Telecom specifications by Information
Electronics, an Australian firm based in Canberra. The
equipment will be used to acceptance test new
telephone exchanges and extensions. In some respects it
will replace the current electromechanical 10 line load
tester but will generate calls from a maximum 64 lines
terminating into a maximum 64 lines.

Unlike the load tester the Exchange Traffic Simulator
will generate calls randomly in a similar way to live traf-
fic. The birth and duration of each call will be program-
med to follow the standard Traffic Engineering formulae.

The Traffic Simulator generates a traffic component of
up to 64 erlangs and prints out on an associated teletype
details of failed calls as they occur. After testing, a
measure of the grade of service can be obtained. Each ex-
change is designed primarily as a machine to carry a par-
ticular amount of traffic at a particular grade of service
and it will be exactly this criterion which will determine
whether the exchange can be put into service.

The equipment consists basically of three units.

e A processor controlled random call generator (sender
unit).

e A portable called number answer set (receiver unit)
and

o A portable teleprinter to interface with the processor.

The teleprinter control will enable the equipment to be
used to generate the required traffic or number of calls
per hour for a small country ARK exchange up to the high
calling rate lines of metropolitan exchanges. The likely
applications of the equipment would include

e Exchange debugging aid during installation.

e Exchange check-out before cutover.

e Indication of the grade of service of an operational
exchange.

DESCRIPTION OF UNIT — HARDWARE

Figs 1 and 2 show the sender equipment with as-
sociated control unit and teleprinter and the separate
receiver equipment. Each unit is designed to be portable
and all equipment fits easily into one of the Commission’s
standard stationwaggon vehicles.

CONROY and DAVIS — Exchange Traffic Simulator

Sender and Control Unit (Fig 1)

The control unit is designed around the Intel B080A
(8bit) micro-processor, standard Intel bus, bus extender,
1K Read Only Memory ROM) and 16K Random Access
Memory (RAM) boards. The RAM memory is used for
temporary storage and contains all the information being
used by the processor in the setting up of a call such as
the number dialled, sender used, holding time of call etc.
The ROM contains the program used including random
number generator code listings to enable simulated traf-
fic conditions to be achieved. The numeric displays con-
sist of a seven segment light emitting diode display to in-
dicate the total calls generated, the number of failures
and the number of calls in progress. This facility enables
the operator to make a quick check of the progress of the
tests without using the teletype facilities. A Motorola
MC14408 "binary to phone pulse converter” is used for
dialling.

Teleprinter

The teleprinter used with the Exchange traffic
Simulator is an ITT type “Teletype 43". The unit is por-
table and weighs only 25 kg and a paper tape reader
facilitates the speedy entering of a call programme into
the unit. The sender equipment contains 18 Quad Sender
Boards. Each quad sender board simulates the sending
capabilities of four telephones. In other words the board
loops an exchange line, tests for dial tone, dials out
decadic digits and detects answer tone generated by the
receivers. Careful design of the dial tone detector was
necessary to cater for the wide variation of dial tone
levels and frequencies generated in the network. During
development of the Exchange Traffic Simulator extensive
studies of the range of dial and other service tones in the
network were made. It was necessary also to allow for
the expected introduction of new service tones into the
network such as the 425Hz dial tone.

Monitoring facilities are available in the sender equip-
ment which enables any sender line to be connected to
an audio amplifier and speaker. Progress of calls on any
line can then be monitored above the level of normal ex-
change noise, by exchange staff who may be working
some distance from the unit.  The sender equipment
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also contains sender tester equipment which can be used
to replace the exchange and receiver equipment to do
tests on a suspected faulty sender in isolation. The
sender tester board supplies dial tone and receiver
answer tone for tests. Once a faulty sender board is
located it is replaced by a spare and no further investiga-
tions are necessary on site.

Receiver Unit (Fig 2)

The Receiver unit contains sixteen Quad Receiver
Boards. Each Quad Receiver Board contains equipment
to simulate the receiving characteristics of four
telephones. A receiver detects ringing current sent by the
exchange and returns two bursts of answer tone at 820
Hertz. In addition a receiver disconnects from the ex-

change line when it receives busy tone indicating that the
simulated calling subscriber has hung up. The receiver
unit is separate from the rest of the equipment to enable
network testing with senders and receivers in separate
exchanges to be done. A reset button on the front panel
enables all receivers to be reset should a receiver fail to
disconnect from a line at the end of a call.

A receiver tester board enables a suspected faulty
receiver to be tested in isolation. This board effectively
replaces the exchange and sender equipment for the
tests. Front panel lights indicate whether the receiver un-
der test has detected simulated ringing current and
whether it has disconnected from the line at the end of
the call.
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Fig. 1 — Exchange Traffic Simulator at Belconnen Exchange, Canberra.
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SYSTEM SOFTWARE DESCRIPTION

The exchange traffic simulator exploits the flexibility
inherent in a software based design (as opposed to
hardwired logic). The program for the microprocessor
is held in Read Only Memories (ROM's) mounted on the
program memory board, and variable data is held in Ran-
dom Access Memory (RAM) mounted on the data
memory board.

The software is fully interrupt driven and at power up
time (or reset) the program is started at location “O" to
initialise the various parts of the system, which includes
all the registers in the sender subsystem. Interrupt driven
software means that the program in the microprocessor
is interrupted when it is necessary to transfer information
between the processor and an external device such as
a sender register.

“Initialise” is the procedure for setting various parts of a
stored program to starting values so that the program will

behave the same way each time it is repeated.

All the digits in the numeric displays are set to “8" at
power up to check that all the segments are working and
a test is made on the program memory to check if the
memory checksum calculated in the test agrees with the
checksum loaded in the memory. A message is sent to
the teletype if there is an error. A test is made on the data
memory using both fixed and random data and if any er-
rors have occurred a message is sent to the teletype.

A real time clock at one second intervals, causes all
the senders to be polled (their states to be recorded con-
secutively by the processor) and appropriate action is
taken according to a state flow procedure.

The teleprinter input and output channels can interrupt
to transfer characters from the keyboard or to the printing
mechanism of the teletype. The sender testing hardware
can be interrupted by one of higher priority. The interrupt
handlers have four levels of priority, the real time clock
has lowest priority followed by the teletype keyboard, the
teletype printer and the sender dialling tester which has
highest priority.

QUAD QUAD
RECEIVER-JRIE N -/ = 52 0 ot RECEIVER
No. 1 No. 16
< BUS >

A

1
RECEIVER CIONTROLS
TESTER & INDICATIONS
(Front Panel)

Fig. 2 — Receiver Equipment.
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After the operator has completed the entry of the data
and commands to be used in a run, the programme
moves into a background mode, carrying out various self-
testing routines. In the first test the system buses are
checked by sending known data to the port on the sender
test board and reading the data back. If there is an error a
message is sent to the teleprinter. In the second test a
known calculation is performed using some of the more
frequently used instructions of the microprocessor and,
as before, if an error is detected a message is printed.

The program can be interrupted at any time by any
device and it is at this point that the operator would type
the word “RUN" to begin testing the exchange.

OPERATION OF EXCHANGE TRAFFIC
SIMULATOR
Setting Up

Prior to connection of the exchange traffic simulator an
examination of the trunking diagram of the exchange is
made to determine the testing parameters. One of three
main areas of the exchange may be loaded: the sub-
scribers markers, the registers or the exchange speech
paths. On the other hand, the exchange may be tested as
a whole. The method of testing used is determined by the
operator facility selected. The operator facilities can
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enable calls to be generated in quick succession for
loading markers or registers and would use short call
birth times (Ref. 1), Calls however which load speech
paths would have longer call holding times.

Once the nature of the tests is determined the equip-
ment is powered up and initialised using the teletype con-
trol. Initialisation is done by a question and answer
routine wherein the operator supplies the necessary infor-
mation for the run.

Some of the questions are as follows:-

Enter time of day as “"HHMM" (24 hour format)
Enter calling numbers

Enter hold time

Constant hold time?

Enter number of calls

Four main types of tests are available:-
Constant call birth (and/or holding) times
Variable call birth (and/or holding) times
Constant traffic into common equipment
Constant traffic through speech paths

The times are selectable in general in 1 second steps.
In the case of variable call birth and holding times the
pattern of arrival of calls per line is described by the fol-

Fig. 3 — Simulator in use.
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lowing probability density function stored in memory
(Ref. 1)

fix) = 1/m exp (-x/m) x 0
where x is the period between calls in seconds m is the
average period between calls.

The pattern of holding times is described by the fol-
lowing similar probability density function:-
fix} = 1/h exp (-x/h) x 0
where h is the average holding time in seconds and  x
is the holding time in seconds.

Typical values for m and h entered during initialisation
are 300 seconds and 240 seconds respectively.

in the constant traffic into common equipment mode a
stable number of calls are being set up over a period of
time. For example, if the common equipment traffic is set
at 10 then for any time in this particular run ten calls are
being set up.

As soon as one of these calls is set up another starts
to be set up keeping the common equipment traffic cons-
tant at 10. Similarly for the constant traffic through
speech paths a stable number of calls are being held over
a period of time.

The number of calls to be generated can be deter-
mined using standard statistical acceptance testing
tables such as in Australian Standard 1199. A typical
statistical operating curve (Ref. 2) might provide for a
sample size of 20 000 calls with an acceptance figure of
50. Thus, if the exchange is manufactured and installed
so that an average failure rate of 2 calls per 1000 is to be
expected, the risk of accepting a particular exchange with
a failure rate of 3.4 calls per 1000 or more is less than
1%.

The exchange manufacturer's or installer's risk (Ref. 2)
of having an exchange wrongly rejected when its true
performance is better than 2 calls lost for 1000 is 5%.

Different operating curves hence sample sizes and ac-
ceptance numbers are used when using the ETS to test
an exchange as a whole, a group of registers, a group of
markers or a new extension. Fig. 3 shows the exchange
traffic simulator in use in Belconnen Exchange in Canber-
ra.

CONCLUSIONS

It is expected that the simulator will more accurately
determine whether an exchange should be put into ser-
vice. Experience with this type of equipment overseas
(Ref. 3) has shown that faults are found, particularly in
electronic exchange installations, which would not be
found in any other way. Faults existing after cutover can
often be very costly in terms of maintenance manhours.
Overseas experience has also shown that much of the
detailed time consuming functional testing of exchanges
at installation can be eliminated in favour of simulated
traffic testing in conjunction with a study of the exchange
indicators. The authors wish to gratefully acknowledge
the assistance of Information Electronic’s Engineers in
the preparation of this article.
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In Brief

IRELAND CHOOSES ERICSSON’S AXE SYSTEM FOR MODERNIZATION

OF ITS TELEPHONE NETWORK

The Irish Department of Posts and Telegraphs has
decided to embark on a £6560 million programme to ex-
pand and progressively develop the country’s telephone
network using digital switching and transmission
systems at all levels in the network. The decision is inter-
nationally significant in terms of the scale and speed of
the planned transition.

The Department has chosen L. M. Ericsson’s digital
AXE switching system for an important part of this am-
bitious programme of expansion and modernization.

Through this decision, Ireland becomes the 23rd

CONROY and DAVIS — Exchange Traffic Simulator

country in the world to select Ericsson’s advanced AXE
system.

L. M. Ericsson’s subsidiary in Ireland, L.M. Ericsson
Ltd., will manufacture AXE hardware at its factory at
Athlone. The company will also establish a software
design facility in Athlone. The new facilities are planned
to come on stream early in 1981.

L. M. Ericsson has been a prime supplier of telephone
switching equipment to Ireland since 1957 when the com-
pany installed its first crossbar telephone exchange in
the country.
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A Brief Review of Electrical Power Sources at
Remote Coastal Navaids

M. B. KOMESARQFF, Dip.Eng., Grad.Dip.Mgt., F.R.M.LT.

A brief review of current practices in the provision of slectrical power supplies for minor. unattended
navigational aids. Department of Transport field experiences are mentioned as are the Department’s cur-

rent development projects.

This paper was originally presented to the Diamond
Jubilee conferance of the Institution of Engineers, Australia,
held in Perth during 1979. The institution’s approval to
reproduce it here is gratefully acknowledged.

The Australian Department of Transport provides a
system of navigational aids to ensure the safety and ef-
ficiency of coasting vessels. Apart from a small number
of daymarks, all these navaids consume energy and most
of them are a long way from mains electricity supplies
and roads. The salectrical power required for a coastal
navaid varies from about 1 W (average) for a flashing
light on a buoy to about 20 kW for a manned station
whose electrical load might consist of various items of
radio equipment as well as the lighthouse and the
domaestic load of two or three dwellings.

Although this paper is concerned only with sources of
electrical power, it must be remembered that this is not
the only form of energy used. For instance solar hot
water units, stoves and heaters fired with distillate or
LPG, and acetylene lights are all in common use at light
stations. Mains electricity is always used where it is

economically available but this source of supply is also
excluded from detailed treatment in this paper.

The distribution of power supply systems operated by
the Coastal Services Division of the Department of Trans-
port is summarised in Table 1.

The normal requirement in marine navaids is for a high
reliability coupled with low maintenance. This is not an
unusual specification for a power supply, howsever the
remoteness and expensive logistics of marine navaids
means that the financial expenditure which can be
justified is often greater than in other types of installa-
tion.

The unattended navaids which comprise the majority
of installations have an unusual load characteristic in two
aspects. This applies to electrically powered and
acetylene powered equipments, but we will from now on
only consider the electrical apparatus.

Firstly, the load is not connected during daylight hours.
Depending on season and location, the load, ranging
from a few watts to 1 kW, would be connected for
between 10 to 14 hours in every 24.

Mains-Diesel Mains-Battery Primary Primary
Standby Standby Diesel Cell Acetylene Wind Power Total
Manned 16 — 26 — — — 42
Unmanned 22 9 4 96 125 1 299
Total 38 9 30 96 125 1 341

This table does not include radio aids operated by the Department for the use of coasting vessels.

Table 1 — Distribution of Visual Aias to Navigation Operated by the Australian Department of Transport
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Wave Activated

Power Source Solar Cells Wind Generator Generators Fuel Cells

Energy solar wind wave chemical

Capital Cost high medium medium high

Potential life in years 5-10 10-15 10-15 10

Output rating in watts 50 2000 100 50

Frequency of visits moderate low low low

Skill required low low moderate moderate

Advantages no fuel no fuel low maintenance high conversion
no moving parts no fuel efficiency

Disadvantages cost performance performance fuel transport
performance prediction prediction expensive fuel

prediction energy storage energy storage need for peripheral

energy storage equipment
cleaning

Power Source

Primary Cells

Isotope Generators

Thermo Electric
Generators

Thermo Mechanical
Generators

Energy

Capital Cost

Potential life in years
Output rating in watts
Frequency of visits
Skill required
Advantages

Disadvantages

chemical

low

1-2

50

low

low

portable

no moving parts

low power density
high cost
environmental

isotopes

high

7-10

50

low

low

low maintenance

predictable
performance

high cost
environmental

hydro-carbon
medium

5-10

5-500

low

low

low maintenance
small installation
no moving parts
reliable

low efficiency
fuel transport

hydro-carbon
medium

10-156

100

low

moderate

low maintenance

tow efficiency
fuel transport

Power Source

Closed-cycle vapour
turbine (CCVT)

Petrol Aiternators

Propane Alternators

Diesel Alternators

Energy

Capital Cost

Potential life in years
Output rating in watts
Frequency of visits
Skill required
Advantages

Disadvantages

hydro-carbon
medium

5-10

100-2000

low

moderate

low maintenance

low efficiency
fuel transport

petrol!

medium

3-5

75-5000

very high

high

predictable
performance

low weight

fuel transport

maintenance

fire and explosion
hazard

L.P.G.

high

3-5

75-5000

moderate

high

predictable
performance

fuel handling and
storage

can be lightly loaded

low weight

maintenance

fire hazard

need for further
developments

Dieselene

medium

8-20

1000

high

high

predictable
performance

low capital cost

reliable

fuel transport
maintenance

Table 2 — Commercially Available Power Sources

Secondly, when operating, the load is not necessarily
constant and will vary from a load factor of 2% for a
flashed light to 100% for a revolving light.

In the selection of a power supply system for use with
an aid to navigation consideration is given to both
technical and economic factors. Table 2 summarises the
basic properties of some commercially available power
sources which have been used in conjunction with
marine navigational aids.
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NATURAL ENERGY SYSTEMS

Solar Cells

The main interest in solar cells is due to the freely
available energy from the sun.

Early solar cells were only about 1% efficient,
however, the discovery of the silicon cell in 1954 has led
to efficiencies as high as 14%.

The potential benefits of solar power have been of in-
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terest to marine navaids authorities world-wide. In the
late 1950s the U.S. Coast Guard experimented with a
solar-powered light for three years in southern California.
A subsequent detailed theoretical study by the Coast
Guard laboratory confirmed that because of economic
considerations and wide variations in the availability of
solar energy, solar power did not warrant further atten-
tion (O'Connell, 1970).

More recently the USCG has revised this policy and is

using solar cells in operational field trials powering minor
lights in both Alaska and Florida. The system used con-

sists of a 4 watt solar panel with a blocking diode, a 12 -

volt 100 amp hour lead acid battery and a 15 volt zener
diode as a voltage regulator. This system is then coupled
to a flashed light comprising a 0.55 lamp operating on a
10% duty cycle. After nine months of operation, there
had been no solar panel failure. However problems have
been encountered with vandals who have either
destroyed or stolen whole intallations (Ryba and Naus,
1976).

The results of evaluation by other lighthouse
authorities (Richards, 1977, and Buzin, 1976) have not
been as encouraging and indicate that —

e available output declines significantly with age and
despite their semiconductor nature solar cells have a
finite life of between five and eight years;

e despite advances in basic semiconductor technology
the encapsulation of cells is a major factor contribut-
ing to poor reliability;

e the matching of solar cells to storage batteries is
difficult. There is a requirement for a large capacity in
the secondary battery to operate the light during
winter months. The charging current in the battery is
very low, C/500 to C/200 being typical. At the same
time self discharge is low, about C/150'.

Despite advances in technology the price of solar cells
in Australia has declined only slightly in the last five
years.

The Department of Transport has been conducting
field trials of different solar panels at various locations
around Melbourne. These trials have been fairly .success-
ful. However, it has been noted that some panels have
performed satisfactorily but have discoloured with, the
result that available output has declined. This discoloura-
tion was the result of ultra violet sensitivity of the poly-
carbonate encapsulation and is an indication of its poten-
tial breakdown. Recent tests of cells which are laminated
between layers of optical glass have not shown any signs
of discolouration.

In 1979 the Department intends to install its first
operational solar powered aid. Situated in Torres Strait
the installation will consist of eight Philips BPX/47A pan-
els feeding into a 12 volt, 1000 amp hour battery. The
nightly load in this case will be a 1.35amp lamp
operating on a 25% duty cycle.

1.The letter C refers to the rated capacity of the battery and the figure
in the denominator is the number of hours required to complete the full
charge or discharge, the fraction being numericaily equal to the charge
or discharge current. Hence C/500 represents a current equivalent to
1/500 of the rated capacity so that if C=50 Ah the current will be
50/500=0.1 A,
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Wind Generators

Because of the abundance of wind at most navaid
sites lighthouse authorities have been particularly active
in exploiting this form of free energy.

In 1976 the Department commissioned a wind-
powered system at Tasman lIsland, Tasmania. This
installation comprises a Dunlite 2 kW wind generator
feeding a 1500 amp hour battery bank. Twin 2 kW
standby diesel alternators are incorporated and are
designed to start up during prolonged wind lulls or when
daily wind energy is insufficient to power the aid. The sta-
tion load averages 550 watts during the hours of
darkness (Clarkson and Komesaroff, 1975). Assuming 14
hours of darkness the monthly energy consumption is es-
timated at 240 kWh.

The minimum monthly average wind speed at Tasman
Island is 21.7 km/h. With the Dunlite machine the
minimum monthly energy output at Tasman island is es-
timated at around 200 kWh (Komesaroff, 1978). Thus
the wind generator supplies some 86% of the energy re-
quirement.

In its two years of operation, apart from one incident
involving propeiler blade damage, the power supply has
performed satisfactorily. Under normal conditions the
diesel has been found to start every five or six days
though periods of 10 days or more between starts are
not uncommon.

Over the last five years the Service de Phares et
Balises? has installed over 40 wind generators (Martin
and Prunieras, 1975). These have generally been used to
power minor aids but recently with the availability of
larger sizes {e.g. 10 kW) the French authority has used
wind generators to supply major {e.g. 500,000 cd and
larger) lights. The French have also used wind generators
to power small buoy systems. These are generally con-
fined to protected waters such as harbour confines.

The Australian Department of Transport has
purchased a 24 watt wind generator similar to the
machines used by the French Service. This machine has
been installed (October 1978) on an experimental basis
in South Australia. A preliminary evaluation suggests
that for navaid requirements the French machine has the
following advantages:

e because of lower cut in and rated speeds it has a
higher machine load factor {e.g. for the same size
machines under identical conditions the French unit
would generate about twice the power of other known
units);

e the use of extruded symmetrical propellor blades
improves dynamic balancing and blade reliability.

o the use of a permanent magnet generator and direct
drive reduces internal machine losses.

The acceptance of wind generators particularly for
larger loads (where major savings can be achieved) can
be restricted due to availability of wind data. The Depart-
ment of Transport is fortunate in this area in that at some
25 manned light stations the lightkeepers report the wind
speed twice daily. These observations are taken at 0800

2. Service de Phares et Balises is responsible for the administration of
navaids on the French coast.
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and 1500 hours and provide a fair guide to diurnal varia-
tions. However there is a disadvantage with this data in
that it is not continuous, i.e. it is based on two discrete
samples. Thus the data prevents detailed analysis of
short term variations. In marginal situations these varia-
tions are important and more precise data would be re-
quired.

The Department has attempted to gauge the available
energy at various locations, by matching the wind data at
the site to the characteristic of a particular wind
generator {(Komesaroff, 1978). The data manipulation for
this assessment has been undertaken using a specially
prepared computer programme. For each station and
machine, computer output consists of:

e monthly summaries of
— available energy
— load factors
— average station wind speed;
e statistical summary of available energy;
e graphical presentation of available energy.

Some 13 stations have been analysed in this way and
the results have highlighted three interesting facts.

The first is the poor suitability of northern sites for
wind generation. Generally the better sites are located
below latitude 35°S. This area coincides with the
southern hemisphere anti-cyclone circulation zone. A un-
ique combination of pressure differences in this area has
the effect of channelling the weather patterns in an
easterly direction. This lane of wind exists continually, its
only seasonality being a summer-winter latitude change
of a few degrees (Mullet, 1957).

Second, the seasonality of winds in the northern
latitude makes these areas particularly unsuitable for
wind power. Furthermore in some cases, e.g. north
Queensland, the existence of cyclones is a threat to
windmill reliability. In other cases, e.g. north-western
Australia, the wind variation between seasons and
overall average wind speed make reliable system design
difficult.

Finally, for the two machines considered it was found
that the relationship between load factor and average
wind speed is linear over the range of 10 to 30 km/h.
With 156 co-ordinates, conventional linear regression
techniques gave co-efficients of determination of 0.98,
i.e. less than 2% of variations are not accounted for by
the regression equation. This relationship suggests that
for a given machine the average wind speed can be ac-
cepted as a measure of load factor, i.e. energy output.
This then simplifies estimates of wind power potential at
other sites.

Wave Activated Generators

The operation of the wave activated power supply
system is based on the principle of conversion of sea
wave energy into electrical energy. Light buoys fitted
with these units are provided with a long pipe through
the buoy body. Wave motion affects the volume of air in
this pipe and an electrical generator unit is arranged to
utilize this air flow (Yogo, 1975).

The Japanese have been particularly active in develop-
ing wave activated generators and production units range
up to 100 watts.

The application of wave activated generators by the
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Australian Department of Transport is likely to be
restricted because —

e of the small humber of buoys on our coastline;

e relatively high cost of wave activated generators
compared to existing systems;

e lack of wave data with which to predict energy
availability.

CHEMICAL SOURCES

Fuel Cells

The fuel cell consists of a number of cells in which
hydro-carbon or hydrogen fuel is directly oxidised within
an electrode system. Prompted by the combination of
simple fuel handling with the efficiency of electric aids, a
number of companies have put a great deal of develop-
ment effort into fuel cells. However, it has been
calculated that an aid consuming 60 watts for an average
14 hour day would require the annual provision of 200,
000 litres of hydrogen and 100,000 litres of oxygen in
cylinders weighing over 2,000 kg (Graham, 1875). The
oxygen is necessary because it does not seem to have
been possible to use atmospheric oxygen. It is probably
this fact which has limited the application of fuel cells to
test installations. Indeed the U.S. Coast Guard have con-
cluded that in the foreseeable future, fuel cells are unlike-
ly to compete in cost and reliability with more con-
ventional power sources (O'Connell, 1970}.

Primary Cells

Primary cells consist of a cast, amalgamated zinc
electrode and a porous carbon rod both immersed in a
caustic potash solution. The top face of the carbon rod is
exposed to the atmosphere permitting oxygen from the
air to penetrate the carbon rod.

Here the oxygen serves as the positive pole and the
zinc plates form the negative pole of the battery. The cell
in other words utilizes oxygen from the air, the carbon
rod serving primarily as the carrying medium. These cells
may therefore be viewed as a zinc-oxygen electrode cou-
ple operating in a caustic electrolyte.

Normally cells up to 2,800 amp hour capacity are
connected into banks of 12 volt to power minor lights
{i.e. up to 2 amp) for up to 12 months.

Recently the Department’'s experience with primary
cells has been disappointing, particularly in tropical areas
where high temperatures and humidity have given rise to
poor performance. Some years ago the U.S. Coast Guard
experienced similar problems and after extensive
investigation they attributed the problem to sulphation of
the zinc plates due to atmospheric moisture. This
investigation also showed that the shelf life of activated
cells was superior to that of unactivated cells. As a result
of this work the Coast Guard only issued pre-activated
cells to tropical stations. More recently the Department
of Transport has been using Australian assembled cells
which because of their availability are installed well
before the expiry of their shelf life.

With increasing community awareness on environ-
mental issues the disposal of primary cells has become a
major problem. In the United States federal legislation
restricts disposal to designated areas in which the cells
are buried in plastic bags to a minimum depth of one
metre. Similar local ordinances exist in Australia. For this
reason in Australia cells are returned for co-ordinated dis-
posal.
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Department policy has been to replace some of the ex-
isting 96 primary cell lights with natural energy systems
such as wind generators and solar cells. Because of man-
power and financial limitations, this policy will probably
take some years to implement thus primary cells will still
be used in significant quantities for some time to come.

Isotope Fuelled Units

Power supplies of this type usually use Strontium 90
as a heat source and are designed to have an unattended
working life of five to 10 years.

Present installations are generally of a test nature and
therefore of little direct interest to the Department at this
time.

Isotope generators are an extremely expensive source
of energy which could only be justified in locations with
very high service costs. Since the high capital cost must
be recovered by reduced running costs (i.e. maintenance
visits), isotope generators put an additional premium on
associated equipment, lights, radio beacons, storage bat-
teries, etc.

Isotope generators installed some seven or eight years
ago were designed for a five year service life but have
generally exceeded this and current designs are based on
a 10 year life expectancy {Graham, 1975).

The increasing awareness of environmental factors is
another consideration that could restrict the future use of
nuclear power supplies.

PROPANE POWERED GENERATORS

Thermo Electric Generators

The thermo electric generator is a heat engine which
converts heat energy into electrical energy by main-
taining a temperature difference across junctions of dis-
similar materials.

The Department operates two thermo-electric
generator (TEG) installations. In each case the load con-
sists of a 50 watt radio beacon. The TEG is a 120 (peak)
watt propane powered unit and feeds the load via a con-
verter/limiter regulation unit.

Initially experience at these installations suggested
that the maintenance claims advanced in favour of TEGs
were questionable. The main concern was the burner
orifice which required constant attention. Selective age-
ing of the thermocouples directly behind the burner was
also encountered. However in later models these
deficiencies have been corrected.

The TEG uses a heat sink to dissipate heat to the at-
mosphere on one side of the thermopile. Any variation in
ambient temperature will alter the temperature dif-
ferences across the pile and hence the output power level
will change. For this reason TEGs are generally un-
suitable for use in tropical climates where wide
temperature variations are likely to occur.

The low efficiency ( < 5%) of TEGs necessitates large
quantities of fuel for extended {i.e. 12 months) operation.
Whilst the fuel is comparatively cheap, transport adds

greatly to final running costs. This is particularly relevent

where site access is limited to ship or helicopter.

Because of their low efficiency, use of TEGs by the
Department of Transport is likely to be restricted to radio
beacon installations where other conventional sources
(e.g. diesel, solar cells, wind generators) are unaccep-
table.
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Closed Cycle Vapour Turbines (CCVT)

The closed cycle vapour turbine is a hermetically
sealed Rankine cycle electric generator consisting of a
turbine coupled to an alternator. The turbine has only one
moving part, the rotor.

As with TEGs the CCVT suffers from low efficiency
necessitating large quantities of fuel. Additionally the
capital cost of the machine is high.

Discussions by the author with one Australian user of
CCVTs indicated that operational experiences are not
encouraging. Problems encountered have included:

o faulty electronic circuitry;

o defective turbines;

e machines unable to regain full capacity after shut
down.

The Department has no plans to evaluate these units.

Thermo Mechanical Generator (TMG)

The thermo mechanical generator was originally
designed for use with nuclear isotopes by the Atomic
Energy Establishment at Harwell, U.K. The rising price of
isotopes and shortage of development funds forced the
Establishment to terminate the project. AGA Pty. Ltd. of
the U.K. has purchased the manufacturing rights to a
modified {propane) version of the original design. To date
AGA has only released a 25 watt unit though it intends
to produce a 100 watt version.

The TMG is essentially a Stirling cycle heat engine.
However unlike conventional engines it has no pistons,
valves, cranks or bearings. Because it has only three
moving parts which simply vibrate, without surface con-
tact there is no frictional wear and no need for lubrica-
tion (AGA Ltd., n.d.).

Trinity House® has been evaluating an AGA produced
TMG. It is anticipated that the results of this evaluation
will be published in another 12 months.

ENGINE DRIVEN ALTERNATORS

Petrol Engines

At first glance, petrol and diesel driven alternators may
appear to be competing for the higher loads. However
petrol engines are not usually favoured because of the
fire and explosion hazards associated with petrol.
Furthermore their reliability, particularly when starting, is
low in comparison with diesels.

From a Departmental point of view petrol engines are
undesirable because of an existing commitment (fuel
storage, parts, training, etc.) with a comparable range of
diesels.

Petrol engines also have the disadvantage of:

e requiring more maintenance than diesels;
e electrical ignition.

Propane Powered I.C. Engines

In recent years there has been an increase in the use
of internal combustion engines which run on LPG. A
force behind this move has been the relative cost of LPG
against dieselene and petrol. The difference in relative
costs is due to the federal tax on conventional fuels. Be-
ing a federal authority the Department of Transport does
not pay such taxes and little economy can be expected in
fuel consumption.

3. Trinity House is the principal U.K. authority responsibie for the
administration of navaids on the English coast.
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The advantages of propane engines are very real for
unattended operation in isolated places or where servic-
ing is difficult. Advantages include:

e simpler fuel transport and storage compared to
dieselene and petrol;

e fuel burns cleaner thereby reducing maintenance on
valves and piston rings;

e the engine can be operated efficiently and with no
maintenance penalty at light loads.

Being basically similar in principle, the propane engine
suffers from the same disadvantages as the petrol
engine, i.e. reliability, maintenance, electrical ignition.

Whilst propane engines are being used in increasing
numbers there has been little experience on extended
operation as is likely to be encountered in a navaid
system. Hence the application of propane engines to
navaids would involve a costly development commit-
ment for which only marginal benefits could be expected.

Because of :

¢ the limited application to the navaids network;

e the amount of development work required;

e the very real disadvantages (compared with diesel
engines) which outweigh possible advantages.

present involvement with propane engines will probably
be limited to monitoring general industry development
and trends.

Diesel Engines

There can be little doubt that for larger loads (i.e.
above 1 kW) diesel-alternators represent the most attrac-
tive power source. Two or more diesels can run alter-
natively and concurrently with the aid. If the operational
set shuts down under a fault condition the other set will
start up and assume the load.

A modification to this system incorporates a storage
battery which is charged by the diesel alternator and in
turn supplies the load. This modification has the advan-
tage of:

e improving system reliability in the event of a diesel
failing to start;

e serving as an electrical flywheel thereby reducing the
need to start.

Many diesel alternator problems are associated with
the start up. It is during this period that the prime mover
experiences most wear and tear. Because most parts of
the system, i.e. fuel pump, starter motor, batteries, etc.
are called into operation at the one time during start up,
reliability at this time is lower than normal. Thus the aim
of a diesel-alternator system should be for a minimum of
start ups. This in turn requires optimising with the in-
creased fuel consumption arising from continuous run-
ning.

Maximum efficisncy and reliability with diesel prime
movers is obtained when they are run at full load.
Because of the diurnal and fluctuating nature of a light-
house load this is not always possible. For this reason a
small dummy load is sometimes incorporated into the
engine control unit. Taking the form of a radiator bar of
500 to 1,000 watt this load is connected during daylight
hours. Often located in the lighthouse tower, the dis-
sipated heat from the dummy load is used to maintain
warm air circulation and control condensation in the
tower.

Multiple primary generating installations associated
with navaids are required to operate for extended periods
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without any attention. At these stations, and where near
continuous running is required, special attention has to
be paid to lubrication and cooling arrangements. Using a
standard two machine system the maximum unattended
period would be of the order of three to four months.

Since 1976 the Department has been conducting a’
series of field trials on continuously running diesel alter-
nators (Crossing, 1978). The object of these trials has
been to achieve —

e 8,000 hours operation between routine servicing, i.e.
oil, filter and injector changes;

e 16,000 hours operation before requiring a major
overhaul.

The tests have involved a standard Lister SR1 diese!
engine and a Dunlite BIF10 brushless alternator rated at
7.5 kVA,

To reduce engine wear and tear and improve reliability.
the test engine was modified slightly. The most signifi-
cant modification being to the lubricating system which
was converted from a ‘'wet’ to a ‘dry’ sump. in this system
lubricating oil is piped to and from the engine to a
(remote) tank of appropriate capacity. Usually, a dry
sump arrangement requires two pumps — an oil supply
and a scavenger pump (of larger capacity) to return the
draining oil back to the tank. The Lister SR1 engine
employs a piston type pump which is less sensitive to suc-
tion head than a gear type pump and it was considered
feasible to place the remote tank below the engine and have
the oil drain back to the remote tank by gravity.

The remote tank was constructed with a capacity of
112 litres. This gives the same proportion of oil capacity
per hour between oil changes as with the standard
engine, with the additional allowances for normal oil con-
sumption.

After 3,000 hours of operation the engine was shut
down and dismantled for visual inspection to determine
the extent of wear. Generally speaking the engine was in
good condition and the internal examination revealed the
following (Crossing, 1978):

e No evidence of oil sludge or other deposits within the
crankcase or valve gear area.

e Carbon deposits on the cylinder head and piston were
very light and powdery. The piston skirt below the ring
belt was clean, showing little sign of blow-by.

e The injector appeared to be in reasonable condition.
There was a uniform layer of hard carbon around the
nose.

e The only visible sign of wear was the area on the
camshaft extension which had been in contact with
the oil seal. It was difficult to accurately determine the
extent of wear, but it was of the order of 0.05 mm. The
wear had not lessened the effectiveness of the oil seal.

a The hone markings on the cylinder were still clearly
visible. However, around mid stroke, the markings on
the side thrust zones were about half the depth of the
markings in other areas.

e The inlet and exhaust valves were lifted off their seats
for a visual inspection. Both valve seats and cylinder
head seats showed arcs over which considerable pit-
ting had occurred. In the case of the inlet valve this ex-
tended for about 160°. For the exhaust valve, the arc
was somewhat less.

These observations suggest that the objectives of the
exercise can be achieved. The diesel is presently being
returned to service with the intention that it run a further
8,000 hours before being touched.
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CONCLUSION

The author has attempted a brief review of the power
supply systems used by various lighthouse authorities
and by the Australian Department of Transport in par-
ticular. It is suggested that some of the systems reviewed
are still too exotic or costly for immediate and wide-
spread application. Other systems such as solar cells and
wind generators are likely to find increased use in the
future. At the same time more traditional and proven
sources including diesel alternators and primary cells are
likely to find continued use.
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change Traffic Simulator, is discussed. The Traffic Simulator
generates up to 64 erlangs of simulated telephone traffic and
can be used to test telephone exchanges both before and after
cutover. The article details the hardware and software aspects
of the equipment, how the machine is operated and its use with
Statistical Acceptance testing tables.

DUC. N. Q. et al: A Performance Monitoring System
for Data Transmission Circuits’’; Telecom Journal of
Aust., Vol. 30, No. 2, 1980, page 110.

As part of an investigation into the performance of data links
which may be used in the proposed Telecom Australia Digital
Data Network (DDN), tests are being conducted on selected in-
tercapital wideband data loops. These are performed with the
aid of a fully-automatic microprocessor-controlled data test set
developed by Telecom Australia Research Laboratories. The
performance is based on a concept known as “error-free
second”’, a transmission time interval of one second over which
no data bit error is detected. This paper considers the concept of
error-free second (EFS) and describes the functions and
capabilities of a test set developed around this performance
parameter.

FLATAU, G.: ““The International Electrotechnical
Commission Quality Assessment System for
Electronic Components’”; Telecom Journal of Aust.,
Vol. 30, No. 2, 1980, page 118.

The International Electrotechnical Commission has set up a
Quality Assessment System for electronic components, which
aims to standardise the quality assurance procedures, as well as
the performance specifications, for a wide range of components.
Australia intends to fully participate in this System, and this
paper describes the history, content and scope of this scheme,
and the expected benefits to its participants.

KOMESAROFF, M. B.: “A Brief Review of Electrical
Power Sources at Remote Coastal Navalds’’; Telecom
Journal of Aust., Vol. 30, No. 2, 1980, page 146.

A brief review of current practices in the provision of
electrical power supplies for minor, unattended navigation aids.
Department of Transport field experiences are mentioned as are
the Department's current development projects.

MENCEL, A. J.: "“Alice Springs — Tennant Creek: A
New Approach to Radio Relay Systems”; Telecom
Journal of Aust., Vol. 30, No. 2, 1980, page 100.

The need to extend the broadband communciation network
to the centre of Australia provided Telecom Australia engineers
with the challenge to design a terrestrial radio relay system
which would be specifically suited for installation and operation
in remote areas. By making use of the recent development of
low power consumption equipment and the availability of
photovoltaic solar cells to power such equipment, and by careful
attention to design, a system was developed which shows con-
siderable savings in capital and maintenance costs when com-
pared with earlier installations.

This article discusses the concepts involved in the design of
radio communication systems for remote areas and describes
the system installed between Alice Springs and Tennant Creek
in the Northern Territory of Australia.

MITCHELL, G. G.: ‘“Plastics Encapsulation of
Integrated Circuits’’; Telecom Journal of Aust., Vol.
30, No. 2, 1980, page 131.

A factor which is sometimes overlooked when choosing an
integrated circuit is the influence the packaging may have on
reliability. This article aims to provide background information
about the various aspects of plastics packaging of integrated
circuits. The structure of the common plastics encapsulated
dual-in-line packaged IC is outlined and its strengths and
weaknesses discussed as they influence reliability. The potential
for further reliability improvements in plastics packaging is
described. Although some problems remain, penetration of high
quality plastics encapsulated |Cs into telecommunications ap-
plications will increase.

PESCOD, D. and PRUDHOE, R. K.: “Application of
CSIRO Plate Heat Exchangers for Low Energy Cool-
ing of Telecom Buildings”’; Telecom Journal of Aust.,
Vol. 30, No. 2, page 83.

Modern telecommunications equipment must be cooled to
remove waste heat and maintain an acceptable temperature
and humidity. Plate heat exchangers developed by CSIRO Divi-
sion of Mechanical Engineering for use as coolers can provide
the necessary cooling for both equipment and personnel with

‘low energy usage and low capital outlay.

Existing air conditioning systems have relatively high
operating costs, because of high energy usage and maintenance
requirements. The new system, known as the PHE system, is
now in commercial production. It uses water as a refrigerant
and saves substantial amounts of energy by utilising the latent
heat of vaporisation of water, and exhausting the vapour to the
outside atmosphere, whereas other systems must recycle the
refrigerant vapour by compression or absorption. Such systems
may use up to thirteen times the energy requirements of the
PHE system. With the PHE system, all circulated air is fresh and
the mositure content of the air is not changed during the cooling
process. In cooler weather, the heat exchanger recovers much
of the heat from the exhaust air when combined with a building
heating system.

Laboratory tests at CSIRO on a prototype have confirmed the
performance as predicted from earlier experimental units. The
first commercial installations are operating in the Caulfield and
Balranald Telephone Exchanges. Large scale application of plate
heat exchangers for low energy cooling of buildings could
become a major contribution to national energy conservation.

REYNOLDS, R. A. J.: “Near-End Crosstalk in the
Broadband Network’’; Telecom Journal of Aust., Vol.
30, No. 2, 1980, page 124,

The broadband network has grown from its beginnings more
than 20 years ago and it now provides a very large proportion of
Australia’s telephone trunks and other communications ser-
vices. Some limitations in the performance of the network are
sufficiently understood as they apply to the usual types of ser-
vices. With the advent of new uses for existing equipment, such
as data and time-sharing of channels, one limitation in perfor-
mance unexpectedly has proved to be a problem. Whilst the
mechanism of near-end crosstalk is not a mystery in such a
network, the crosstalk magnitude, and the relation to frequency
are not well understood. Calculations and measurements based
on terms which are crosstalk averages have been used
previously and are now proving inadequate in the measurement
and prediction of crosstalk in the network where some new
types of services are concerned.

ROWELL, D. M.: ““Social Needs and Technology — A
Partnership for Future Telecommunications Develop-
ments in Australia’’; Vol. 30, No. 2, 1980, page 92.

A description of the business of Telecom, some of the social
impacts of its technology, and ways in which Telecom is trying
to come to grips with them. The paper is particularly orientated
towards Telecom 2000 and related endeavours.
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FUJITSU PACKET SWITCHING SYSTEM

Fujitsu’s packet switching system represents
today’s most advanced integration of computer and
telecommunication technologies. As the fulcrum for
an international data communication network, it
features versatility, speed and reliability. The first
system has already been installed by KDD (Kokusai
Denshin Denwa Co., Ltd.) for Japan’s ultramodern
international data communication service. Here are
some of the features that make it the world’s ieading
packet switching system.
eState-of-the-art technology including Looped
Optical Fiber BUS and Maintenance-Free Software
eHigh Reliability
eExcellent Cost Performance

A Giant Step
For International
Data Communications

Developing this advanced system was the perfect
challenge for Fujitsu. As a world leader in both the
computer and telecommunication fields, we had the
experience and technological capability to fuse
them into a perfect blend with which to create our
state-of-the-art system. We also have a wide knowl-
edge of Australia’s computerisation efforts. FACOM
Australia Ltd. (FAL), Fujitsu’s computer company in
Australia, has been active in all areas of your
country’s computer growth and now FAL offers the
next step into international data communications.
Contact us today for a full presentation.

FACOM AUSTRALIA LTD [l

41 MclLaren Street, North Sydney, N.S.W. 2060

FACOM

Telephone: 922-1822 Telex:71 25233

Manufactured by Fujitsu Limited, Japan [N



