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TECHNICAL

COMMONWEALTH SERVICE

Editorial Note: This address was pre-
sented by Sir Fredrick Wheeler,
C.B.E., Chairman of the Public Service
Board, to the Canberra Division of
the Institution of Engineers, Australia
on the occasion of its Fortieth An-
nual General Meeting on 26th April,
1967. It is published with the kind
permission of the Institution.

Mr. Chairman, gentlemen. I am
grateful for your kind invitation to
me to attend this your Fortieth Annual
General Meeting, and to have the op-
portunity to address you. I have
chosen a subject which is, I think, of
interest to those engaged in profes-
sional work, particularly to profession-
al engineers.

About twelve months ago the Pub-
lic Service Board established a com-
mittee comprising a research scientist
from the Australian Defence Scientific
Service and an engineer from the Post
Office as well as a member of the
Board’s own staff to undertake a com-
prehensive review of the technical
and drafting grades structure within
the Commonwealth Service. It became
evident in the course of this review
that it was desirable to extend the
exercise to embrace a study of the
concept of the whole technical sub-
professional area and this in fact has
been done.

It is perhaps appropriate for me at
this stage to indicate a little more
clearly what I mean by the term tech-
nical sub-professional. As we in the
Board see it he is a person qualified
by technical training and practical
experience in a technical area who
works largely according to established
techniques at a level generally be-
tween that of a skilled tradesman and
a professionally qualified technologist.
The tradesman boundary may be ab-
sent in some scientific disciplines. In
some circumstances he may be requir-
ed to supervise the work of subordi-
nate sub-professional, tradesman or
other technical groups, but his work
is separate and distinct from a fore-
man tradesman. The technical areas
involved include most branches of en-
gineering, the physical and biological
sciences, and medical science in the
medical laboratory environment.

This definition is in fact very close
to definitions of technicians promul-
gated by various other bodies. (While
these people are frequently referred to
as ‘“technicians” both overseas and in
industry, in the Commonwealth Ser-
vice this could lead to confusion with
the large group of officers designated
as Technician in the Post Office
and a few other departments.) For
example, in 1965, your Federal Coun-
cil pointed to the existence of a
group —

“operating in the area between the

professional engineers and the trad-

esmen whose members have sepa-
rate and distinct but complementary
functions . . . It is recommended

that ‘Engineering Technician’ be

adopted as the general term to des-

cribe the members of this group”.

The Association of Professional En-
gineers of Australia expressed its view
on the place of the “Technician” in
November, 1965 in these terms—

“The general vocational relationship
of engineering technicians to pro-
fessional engineers and to the trades
is becoming understood. The em-
ployment of engineering technicians
must complement and confirm this
relationship. The employment of
tradesmen has been established rea-
sonaply for many years. The employ-
ment of professional engineers has
been evaluated more recently and a
general standard of salary levels
presented. General ‘upper’ and
‘lower’ boundary conditions to the
employment of technicians are
therefore indicated and the impor-
tance of both of these to the satis-
factory employment of technicians
must be recognised”.

In another area the Royal Austra-
lian Chemical Institute, in the report
of their Technicians Training Commit-
tee in 1964, accepted the term “Tech-
nician” as applying to any technical
employee whose work required the
application of technical knowledge and
skill higher than that of a tradesman
but below that of a professionally
agualified engineer or scientist. The
Institute also pointed out that the
lower boundary of tradesmen present
in engineering fields may be absent
in science-based technician activities.

Turning to overseas developments we
note that because of the need for re-
shaping the technical workforce to
meet technological advances, the area
between the tradesman — where this
lower boundary exists — and the pro-
fessionally qualified technologist has
been the subject of much attention in
recent years in industrialised nations
such as Britain, the U.S.A. and so on.

In the United Kingdom, for example,
a good deal of effort has been de-
voted to delineating more clearly the
contribution which sub-professionals
might be expected to make and also
to assessing sub-professional training
requirements. A number of White
Papers encompassing these matters
were published by the British Govern-
ment between 1956 and 1962. The for-
mation of the Institution of Electrical
and Electronics Technician Engineers
in 1965 was another significant de-
velopment. At the Institution’s inau-
gural meeting the Postmaster-Gener-
al, the Right Hon. Anthony Wedge-
wood Benn, M.P., speaking for the
Government referred to the —

“enormous importance which (the

Government) attach(es) to the set-
ting up of the LEE.T.E.”

He went on to say —
“the formation of this new learned
society and the contribution that it
could make in raising the status,

SUB-PROFESSIONAL WORK IN THE

the efficiency and the qualifications
of the technician engineer is some-
thing that will be of great value,
and I can assure you that it is very
much welcomed by the Govern-
ment”.

The development of the technician
in the United States gained consider-
able stimulus from the National De-
fence Education Act 1958 and the Vo-
cational Education Act of 1963. These
Acts provided financial support from
Federal funds for technical education
related to defence requirements, and
resulted in an expansion in the en-
rolment of full-time student techni-
cians from 20,000 at 260 schools in
1958 to 90,000 at nearly 800 schools
in 1964. Over the same period the
number of students enrolled for sub-
professional training in other than
full time courses increased by 236%
to a total of 220,000 students in 1964.

Perhaps the world-wide interest in
the topic is best epitomised by the
Expert Conference on the Education
and Training of Technicians held in
October 1966 under the auspices of
the Commonwealth Education Liaison
Committee. The conference was at-
tended by representatives of twenty
independent Commonwealth countries
and four British Territories. Its re-
port, which has recently become avail-
able. represents a valuable collection
of the views and work of those ex-
pert in this field.

Coming back to
mention that some Ilarge employ-
ers have, for many years, been
attempting, in a practical way, to
develop their own effective sub-pro-
fessional work forces. The major com-
panies, if I may select examples, who
have been actively engaged in the
training of sub-professionals are The
Broken Hill Proprietary Company
Limited and the Electrolytic Zinc
Company of Australasia Limited. A
number of Government instrumentali-
ties such as the Victorian State Elec-
tricity Commission have also been ac-
tive in this area for quite a time. In
addition efforts have been directed
towards the establishment of common
standards in technician training
throughout Australia and in January
last year an important conference on
this topic took place under the spon-
sorship of the Department of Labour
and National Service between tech-
nical education authorities and repre-
sentatives of a number of interested
learned societies.

I would not like you to think that
the Commonwealth Service is only
now beginning to take an interest in
this field. In the early 50’s the Board
felt it desirable to encourage and
formalise developments in the sub-
professional area and following an
enquiry and report by a joint working
party a sub-professional structure
covering the so-called technical
grades was set up late in 1956. These

Australia, I



October, 1967

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

179

grades established a common struc-
ture in which to absorb existing sub-
professional positions such as experi-
mental assistants and production plan-
ning officers and were designed to
provide a medium for orderly recruit-
ment and development to meet future
needs as then foreseen.

The growth of the technical and
drafting grades since then has been
remarkable. By 1960 there were al-
most 4,900 positions established and
by 1966 the numbers had grown to
over 7,300. While the technical and
drafting grades do not wholly repre-
sent the sub-professional component
in the Service I think that this growth
rate is strongly indicative of the need
felt for sub-professional staff in many
areas of Commonwleath Service em-
ployment.

Although the 1956 reorganisation
of the technical and drafting grades
gave the Service a basic structure
within which to meet the demand for
sub-professional effort, as I have just
mentioned this stucture has never
been completely synonymous with the
sub-professional area. Substantial ele-
ments which seem to be of a genuinely
technical sub-professional nature have
developed outside the structure and
some work of a lower order has been
included in the structure. We are not
alone in this situation of lack of de-
finition — it is typical of industry as
a whole that the need for a substan-
tial sub-professional work force has
outstripped the formalisation of or-
ganisational and training arrange-
ments.

Flexibility in a developing situation
often has advantages. There may
come a time, however, when such ad-
vantages are outweighed by the con-
comitant lack of order. It is the
Board’s view that such a situation is
now rapidly approaching in the Com-
monwealth Service and hence the ex-
tensive study of the sub-professional
area to which I have referred has been
put in hand. I have every reason to
believe that as the study progresses
it will contribute materially to a clari-
fication of the existing situation and
to the establishment of sound guide-
lines for future development within
the Service.

It is interesting to note that the
rate of growth of professional posi-
tions requiring full qualifications has
been much less than for the sub-pro-
fessional area, e.g. from 1960 to 1966
the number of professional positions
in the Service increased from about
6,900 to 7,900, a growth of just less
than 15% compared with the increase
of almost 50% in the number of tech-
nical and drafting grades positions in
the Service over the same period. It is
my belief that the ratio of sub-pro-
fessionals will continue to increase ra-
pidly, at least over the next decade.

It would pe an understandable re-
action for a professional looking into
the future to ask “What does this
growth in sub-professionals mean for
me?” First of all I am sure that it
does not mean any decrease in oppor-
tunities for genuinely professional em-

ployment. You will have noted from
the figures I have quoted that the pro-
fessional area of Commonwealth Ser-
vice employment, although not grow-
ing at the same rate as the sub-
professional area, has nevertheless
grown quite significantly. There is no
evidence that has come to my atten-
tion of any limiting of professional
employment opportunities as a result
of the growth in sub-professional em-
ployment, nor do I see any such pos-
sibility in an expanding economy such
as ours where one of our greater
needs will continue to be that for
professional expertise and highly train-
ed manpower.

Rather, I see the effect of the de-
veloping use of sub-professionals to
lie in another direction altogether.
Professionally trained manpower is
one of our scarcest resources and
therefore it is essential that the most
effective use be made of it. I think
it is common knowledge that before
the development of the technical grad-
es in the Commonwealth Service over
the past ten years not all professional
officers were employed exclusively on
work demanding the full use of their
professional skills, The situation has,
I believe, now improved. There may
be very good reasons why on occa-
sions a professional officer may need to
undertake some duties which do not
require his full professional training.
Nevertheless it is, I think, an accep-
table general proposition that the
more this situation can be confined,
the better.

The situation can only be confined
by the full development of the possi-
pilities inherent in the concept of the
sub-professional. In this context 1
quote the views of the Association of
Professional Engineers of Australia as
they were expressed in 1965 —

“The problem of qualified engineers
being employed on technician duties
is a lessening one since the advent
of the Professional Engineers Award.
However, professional engineers
continuously must be self-critical of
the level to which they are working
and the level of working of en-
gineering technicians must not be
limited by the fact that engineers
may, on occasions, perform tasks
which are not professional engineer-
ing duties. The converse problem,
the employment of engineering tech-
nicians for the attempted perfor-
mance of professional engineering
duties, is one which is serious for
the Profession and also the com-
munity, which relies upon the Pro-
fession to regulate engineering per-
formance and to achieve this with
adequate efficiency and safety”.

I am in full agreement with these
views.

Lines of demarcation are not always
easy to draw. It would be foolish for
me to deny that there is a grey area
where the work of the well experien-
ced sub-professional shades into that
of the qualified professional. It is the
Board’s experience however, that such
grey areas do not constitute a major
problem where satisfactory standards

are established. It is certainly the
Board’s intention to ensure as far as
it is practicable that qualified profes-
sional officers are employed on profes-
sional work.

This does not mean, however, that
the Board believes that particular dut-
ies will always need to be performed
by professional officers. We are deal-
ing in many areas with a dynamic
situation in which the professional dut-
ies of today tend to ‘pecome the sub-
professional duties of tomorrow. Per-
haps I could quote to illustrate this
point from a paper entitled “The En-
gineering Technician in Australia”
presented to a number of Divisions of
your Institution in 1965 by one of
your members, Mr. B. E. Lloyd, in
which the author says —

“In a progressive situation of tech-
nological development such as that
prevailing in Australia there is a
continuous process of downward
transfer of duties whereby the pro-
fessional activities of today become
the standard routine of tomorrow.
If professional people can be reliev-
ed of the more routine tasks, they
are then free to proceed to fields of
higher creative effort. This process
tends to increase rather than de-
crease the demand for professional
people because the level of activity
as a whole is stepped up. But such
progression depends entirely upon
the availability of appropriately edu-
cated sub-professional people upon
whom the work can devolve.”

Perhaps I could take up the final
point made by Mr. Lloyd in that quo-
tation, i.e. the importance of appro-
priate education for sub-professional
people. Within the scientific and tech-
nological areas of the Commonwealth
Service the level of academic quali-
fications required for professional of-
ficers is normally well defined and re-
cruitment and training schemes for
these officers are conducted on a clear-
ly defined and systematic basis. Simi-
larly, tradesmen are recruited and
trained in a clearly defined way by
means of apprenticeship.

No such clearly defined scheme has
yet been introduced to cover the in-
termediate sub-professional group.
The increasing significance of this
group makes it imperative that due
attention should be paid to the neces-
sary training and education require-
ments. At the time of the introduc-
tion of the technical and drafting
grades structure in 1956 the Board re-
cognised the possible future need to
introduce schemes of formal training
in some areas and the allied possibil-
ity of introducing formal educational
standards. There were difficulties in
establishing such standards where in
some cases what was required were
special aptitude and experience rather
than formal training, and where suit-
able technical training courses were
not available. These difficulties may
not now be as daunting as they ap-
peared in 1956.

Because of the diversity of sub-
professional work, the appropriate
form of training naturally differs ac-
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cording to the needs of the various
environments and disciplines in which
sub-professionals are employed and
must necessarily be devised to meet
the needs of each individual area. At
this stage it is possible only to say
that in all probability distinctive pat-
terns of training and education will
evolve to cover both those who are
recruited into sub-professional areas
immediately from school and those
who enter at a more mature age, e.g.
those who complete a trades appren-
ticeship and obtain some practical ex-
perience in essentially manipulative
functions before entering work of a
sub-professional nature.

Many of the decisions which have
to be taken in this regard will be in-
fluenced in a large measure by the
availability of suitable courses in the
technical education system. It is no
criticism of this system which has
contributed so greatly to this country’s
technological progress to say that in
many areas the courses provided are
as yet not fully reflective of the coun-
try’s needs for sub-professional train-
ing. Rather it is the case that em-
ployers generally — and in fairness I
must include the Commonwealth Ser-
vice among them — have not been
able to adequately define their needs
to the technical education system.
But as future trends have become
clearer, so too has the responsibility
of employers to define and make

known their needs. I have mentioned
earlier the study that the Board is
currently undertaking of the whole
sub-professional area of Common-
wealth Service employment. If the
only result of this review were a
clarification of our training and edu-
cation needs in this area I would
regard the effort as well worth while.

The establishment of distinct edu-
cation and training patterns will play
an important part in according proper
status to the sub-professional. In the
Report of the Expert Conference on
the Education and Training of Tech-
nicians held in October, 1966, under
the auspices of the Commonwealth
Education Liaison Committee, to
which I have already referred, the
point is made that —

“There was unanimous agreement at
the Conference that one of the key
factors involved in the provision of
proper education and training for
technicians is the establishment of
an understanding and appreciation
of the status of the technician, both
within industry and commerce, and
within society. If the technician is
to be accorded the recognition which
he deserves, and desires, the public
in general, and industry and com-
merce in particular, must be con-
vinced of his quality and potential
use to the community. This ques-
tion of status, therefore, goes be-

yond the provision of proper
salaries and other outward status
symbols, important and necessary
as these are. Again and again, dele-
gates were concerned to emphasise
the need to give technicians a recog-
nisable career structure, adequately
reflecting the importance of their
position in the complex of industrial
and commercial occupations. The
technician is neither a ‘failed’ pro-
fessional nor is he an up-graded
craftsman. Training and education
programmes for all types of tech-
nician must reflect this separate
identity and the courses must be
seen to exist in and for themselves;
in words which run through the
detailed discussions and detailed re-
ports of the working groups ‘tech-
nician courses must have their own
integrity’.”

In conclusion may I reiterate that I
firmly believe that the full develop-
ment of the potential of the sub-pro-
fessional area of employment is a mat-
ter in which employers, professional
institutions and indeed the community
as a whole shares a very vital interest.
My belief rests on the well recognised
fact that the strength of a nation de-
pends in large degree upon making
maximum use of its human resources
and on the fact that the sub-profes-
sional area of employment is becom-
ing an increasingly more important
element of the workforce.

TECHNICAL NEWS ITEM

AUTOMATIC DATA LOGGING FOR
MONITORING TRANSMISSION LEV-
ELS IN WIDE Bﬁl\li’})s CARRIER SYS-

The Postmaster-General’s Depart-
ment has acquired a data logging sys-
tem which is programmed to auto-
matically measure and record the
transmission levels of a number of
selected communication circuits form-
ing part of wide band carrier sys-
tems. The information is obtained in
the form of a punched tape which

can be used as an input to a computer
for analysis.

To maintain a high standard of
transmission quality in wide band car-
rier circuits used for the communica-
tion of speech telegraphy, facsimile,
television and high speed data, it is
necessary to ensure that the signal
levels transmitted are maintained
within close limits of magnitude ir-
respective of changes due to tempera-
ture and/or in the characteristics of
the components.

Where fluctuations in level are ex-
cessive, automatic regulating equip-
ment must be provided.

Since the cost of such regulating
equipment is considerable (up to
$100,000 for two ends of a fully equip-
ped 12 kHz system), it is important

that a decision as regards their ap-
plication is arrived at only after thor-
ough investigations have been made to
justify the expenditure.

The data logging system is ideally
suited for this purpose.



October, 1967

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

181

ENGINEERING ASPECTS OF SERVICE STANDARDS
IN THE AUSTRALIAN TELEPHONE NETWORK

H. T. DAVIS, B.Sc., AMIE. Aust*, G. MOOT, AMIE. Aust.** and J. M. WALKER, AM.IE. Aust***

Editorial Note: This article is re-
printed from the Journal of Institution
of Engineers, Australia, Volume 38,
Number 7, September, 1966, with the
kind permission of the Institution. The
paper was presented at the 1966 Con-
ference of the Institution at Newcastle,
New South Wales.

The article and conference discus-
sion will be of widespread interest to
readers, integrating as they do, the
service performance aspects of each
of the major types of plant compris-
ing a national telephone network.

INTRODUCTION

The telephone system exists to pro-
vide a service and the degree of satis-
faction experienced by a subscriber
is of the greatest importance to the
telephone administration. Whilst the
aim of a telephone administration is to
make the service as good as possible,
costs must be considered also; the
problem is to strike an optimum bal-
ance between service performance and
costs.

The following features of a tele-
phone system affect the customers’
satisfaction with the service provi-
ded —

(a) Availability of plant when requir-
ed to provide the desired connec-
tion.

(b) Accuracy of setting up the con-
nection.

(c) Reliability of service, ie. free-
dom from faults and interruptions
to the connection when establish-

ed.

(d) Transmission quality, which de-
termines the ease of conversation.
Overall performance of the tele-
phone network is governed by the
performance of the various compon-
ents such as telephone instruments,
subscriber’s line to the exchange, ex-
change switching equipment and the
links between exchanges, all of which
are connected in tandem for the estab-
lishment of a call. Service reliability
of each of these components is deter-
mined in part during the design and
manufacturing stages, the aim being
to achieve maximum reliability con-
sistent with reasonable capital cost.
Advancing technology, the demand
for more comprehensive facilities, and
the need for reducing the capital costs
have all resulted in a constant flow
of improvements in the four main sec-
tions of the telephone networks, ie.,
subscribers’ equipment, line plant, ex-
change switching equipment, and long
line equipment. A telephone network
is built up over a period of years with

* Mr. Davis is Engineer Class 4, H.Q. Lines

Section. See Vol. 13, No. 6, Page 502.

** Mr. Moot is Engineer Class 4, H.Q. Tele-
phone Exchange Equipment Section. See
Vol. 14, No. 4, Page 332.

=#% Mr. Walker is Engineer Class 4, H.Q. Long
Line Equipment Section. See Vol. 13, No.
3, Page 270.

plant purchased usually from different
manufacturers throughout the world,
and whilst designers and manufactur-
ers in any one section must opviously
take cognisance of developments in
the other sections, it certainly does
not follow that at any given time there
is an optimum relative reliability of
equipment in the different sections
such as to give the best overall ser-
vice performance at minimum operat-
ing cost. Indeed, a most important
task of a telephone administration is
to appraise the service reliability of
the various components of a telephone
network and advise designers and
manufacturers of any new require-
ments in this field.

The service performance of the net-
work is also determined by the level
of maintenance applied to the plant
and here again the operating adminis-
tration seeks to distribute maintenance
effort in the various sections of plant
s0 as to achieve a satisfactory overall
grade of service consistent with
reasonable operating costs.

It can be said that service is im-
proving continuously due to the im-
provement in facilities which occurs
concurrently with expansion of the
system and advancement in techniques.
The need for improved performance is
increased greatly by a number of
developments which are taking place.
These include the extension of sub-
scriber dialling to the entire network
and the likely extensive use of switch-
ed circuits for the transmission of
digital data. The Australian telephone
retwork, because of the geographic
area covered and the concentration of
population, presents some unique prob-
lems of maintaining standards.

This paper describes the current
practice of the Australian Post Office
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in assessing service standards in the
first instance and the maintenance and
design techniques employed to pro-
vide the required service standards.
First, there is a prief outline of the
operation of a telephone network for
a subscriber-dialled trunk call and this
is followed by a discussion of the
methods of assessing overall standards
of service. In the next section is found
an analysis of the trouble reports re-
ceived from subscribers, a description
of the method of handling these re-
ports and an analysis of the faults in
equipment at the subscribers’ premises.
The remaining sections contain an
outline of the methods for maintain-
ing service standards in automatic ex-
changes, the means of ensuring
an adequate standard of transmission
performance in the telephone network.
a treatment of the service aspects of
external plant, and a discussion of the
maintenance of service standards in
long line equipment.

OUTLINE OF A TELEPHONE
SYSTEM

To appreciate those factors which
influence the standard of service in
a telephone network, an understanding
of the essential features of a modern
telephone network is essential. Fig. 1
illustrates the basic items of plant
which are used in establishing a call
from a subscriber in Newcastle to a
subscriber in Sydney. Automatic dial-
ling over this distance is known as
S.T.D. (Subscriber Trunk Dialling) and
the Australian Post Office plans that
by 1975 some 65 per cent of trunk
traffic will be handled entirely by the
subscriber without the assistance of an
operator.

The calling and called subscriber
telephone instruments are connected
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Fig. 1 — Plant Used to Establish an S.T.D. Call from Newcastle to Sydney.



182

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

October, 1967

to the respective local exchanges by
means of a pair of wires, usually in
underground cables. When the calling
subscriber lifts the receiver, his line
is connected to an automatic switch
which responds to the electrical im-
pulses generated by the dial. Thus,
a Newcastle subscriber calling Sydney
would first dial the digit “0” which
causes the automatic switch in the
originating exchange to select a junc-
tion line in an underground cable to
the trunk exchange at Hamilton where
a second switch is seized. The next
digit dialled by the subscriber causes
the switch at Hamilton to select a free
trunk line to Sydney. Because of the
long distance involved, the trunk lines
between Sydney and Newcastle are
derived by means of carrier systems
operated over wires in an underground
cable. The carrier system amplifies
the speech currents and enables a
number of telephone channels to be
derived from one pair of wires. Fur-
ther digits dialled by the subscriber
set the switches in the Sydney ex-
changes to the subscriber’s line being
called.

The success of a telephone call de-
pends on the reliable operation and
proper interworking of telephone in-
struments, underground lines, tele-
phone exchange switching equipment
and long line equipment, connected in
a complicated network extending over
the whole country. Calls may fail due
to faulty plant, or due to insufficient
plant in telephone exchanges and the
links between telephone exchanges to
handle traffic under peak load condi-
tions. If a satisfactory standard of
service is to be provided, careful atten-
tion must be given to the following:—

(a) The basic reliability of the var-
jous items of plant. This is de-
termined in the initial design
stage, factory production tech-
niques and procedures, and field
installation techniques and pro-
cedures.

(b) The economic provision of suffi-
cient switching plant and links
between exchanges to meet
peak traffic conditions.

(c) Adequate maintenance of the
various items of plant.

The application of these principles
to the various types of plant is de-
scribed in the following sections. It
is worth noting the following statistics
on the value of Telecommunications
plant in service throughout Australia.

Exchange equipment — $300 million

Exchange cables — $450 million

Ducts and conduits — $114 million

Aerial wires — $200 million

Subscribers’ instruments and equip-

ment — $136 million

Trunk equipment — $140 million.

The annual expenditure for main-
taining this huge asset is of the order
of $64 million.

OVERALL STANDARDS OF
SERVICE
Introduction

There are three main methods of
measurement used Dy telephone ad-
ministrations for assessing the service

performance of their telephone net-
works and the subscriber’s satisfac-
tion with the service:—

(a) fSiervice assessment of live traf-

C.

i(b) Statistics of subscriber trouble

reports.

(¢) Test calls set up by the admin-

istration.

The factors affecting telephone ser-
vice performance are so complex that
it cannot be adequately appraised by
one of these alone. Methods (a) and
(b) are described below and method
(c) is discussed later.

Service Assessment of Live Traffic

The most fundamental method of
assessing overall service performance
given to the subscriber, and one used
py practically every telephone admin-
istration, is the observation of live
traffic. Selected Australian Post Office
personnel are given remote access to
some of the originating switches in
each exchange so that the attempts
to establish calls can be checked on
a sampling basis. The observer is not
aware of the calling subscriber’s num-
ber and her function is to check that
the correct number has been obtained,
that speech transmission is satisfac-
tory and that the metering is correct.

The percentages of calls, successful
and unsuccessful for various reasons,
for a typical network are as follows.—
Calls successful on first

attempt -—70 per cent
Calls in which wanted

subscriber is busy —10 per cent
Calls on which wanted

subscriber does not an-

swer — 8 per cent
Calls unsuccessful due to

operating error — 8 per cent
Calls encountering

fault conditions and

plant congestion — 4 per cent

These statistics are representative
of very large networks such as the
Sydney network; for smaller networks
up to 80 and 85 per cent of calls will
be successful on the first attempt.

At least 18.0 per cent of call at-

tempts fail for reasons beyond the

control of the administration, i.e., the
wanted party is busy or does not an-
swer. Calls unsuccessful due to faults,
i.e., calls on which a wrong number
is obtained or the line ‘“sounds dead”
at the conclusion of dialling (i.e.,, no
service tones are heard), must be kept
to a practical minimum by proper de-
sign and adequate maintenance of the
telephone plant.

Calls may also fail due to insuf-
ficient switching plant and junctions
or trunks during busy hour periods.
The caller receives Busy tone un-
der this condition. An administration
endeavours to keep these losses to a
minimum consistent with reasonable
capital cost.

Call failures due to subscriber oper-
ating error are also of concern to the
administration. If the loss of calls
due to subscriber error is high, it may
be necessary to embark on a publicity
campaign to correct this. Calls failing
due to subscriber error unnecessarily
occupy exchange switching plant and

do not give any satisfaction to the
subscriber, who is inclined to blame
the administration for the failure. The
more elaborate the facilities provided
for the public, the greater is the risk
of call failure due to mis-operation.
An example is the correct dialling of
8- and 9-digit telephone numbers for
S.T.D. operation.

Another factor not mentioned above
is the transmission performance of
the network. At present, observers
make a subjective assessment of the
ease with which the subscribers con-
verse and they note any obviously bad
instances of poor transmission. In the
future, it is proposed to use speech
volume meters to measure transmis-
sion performance.

As a general rule call failure rates
due to subscriber operating error,
plant congestion, and switching faults
increase as the telephone networks
increase in size. This is because more
equipment, and frequently more com-
plex equipment, is required to estab-
lish calls in the larger networks. Each
additional exchange and junction or
trunk line over which a call is switch-
ed increases the probability of a fail-
ure or defect of some type. One of
the major problems of operating
an S.T.D. network is to keep the over-
all call failure rate to a minimum.
With manual switching of calls, the
telephonist establishes the connection
for the calling subscriber and thus
shields him from any difficulties in
estaplishing the connection. Also, she
can check the transmission perform-
ance of the established connection and,
if necessary, can re-establish the call.
With purely automatic operation the
subscriber does not have this direct
assistance on each call and the ad-
ministration must ensure that service
performance is satisfactory by careful
design and maintenance of the tele-
phone system:.

For S.T.D. traffic, the average call
failure rate due to plant defects
should not exceed 3.0 per cent. To
this must be added losses due to plant
congestion, which should not exceed
2.0 per cent.

Statistics of Subscriber Reports

A number of overseas administra-
tions make extensive use of statistics
of subscriber reports as a measure of
service performance or subscriber
satisfaction with the service, and the
Australian Post Office is also about
to use these statistics. Such statistics
can, of course, be misleading in that
a low reporting rate does not neces-
sarily mean that subscribers are satis-
fied with service. It is a fact that sub-
scribers can become tolerant of rela-
tively poor service. Subscriber reports
originate mainly from abrupt changes
from the normal service performance.

An average of one trouble report
or reauest for assistance from each
subscriber during a year is a reason-
ably good achievement. This would
apply to a residential service and
would cover all reports due to obvious
and sustained faults, and also requests
for assistance when difficulty is en-
countered in obtaining a particular
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Fig. 2 — Maintenance Cosls.
call attempts, e.g., a broken

number, excluding cases where the
number does not appear to answer
or appears to be contiuously busy.

Service Performance Versus
Maintenance Costs

Even with ample statistics of ser-
vice performance in terms of service
ooservation results and trouble report
statistics, it is not easy to answer the
question “What is a satisfactory stand-
ard of service?” The final decision is
essentially subjective and a matter of
personal opinion. Naturally, finance
is a governing factor and the adminis-
tration has to strike a compromise be-
tween service performance and the
cost of providing it.

Fig. 2 sets out the major compon-
ents of the maintenance costs incurred
by the Australian Post Office for the
year 1963/64. It will be seen that of
the total of $65m., equipment in sub-
scribers’ premises and switching equip-
ment in telephone exchanges account-
ed for just over $30m. Line plant ac-
counted for $25.4m. There are consid-
erable savings to be made by concen-
trated effort to improve productivity
in the maintenance field, but any sav-
ings made must be balanced against
the degradation of service which
might result.

SUBSCRIBER TROUBLE REPORTS

Analysis of Trouble Reports
A subscriber may report trouble on
his telephone service or seek assist-
ance for the following reasons.—
(a) There is a definite fault evi-
dently common to the telephone
service and which affects all

cord, faulty dial, noisy trans-
mitter, etc.

(b) There is an intermittent fault
which affects only a small per-
centage of calls, or the trouble
may be of a temporary nature
and only affecting calls to a
given subscriber, e.g., the caller
may encounter “no progress” or
“wrong number” when calling
a given number.

(c) A subscriber may seek assist-
ance such as obtaining the de-
tails of a changed number or
requesting a check of a sub-
scriper who is not answering
his ’phone or whose ’phone ap-
pears to be permanently busy.

Fig. 3 is an analysis of the sub-
scriber reports during one month for
one of our major networks. Thirty-
three per cent of the reports were
“repair”, i.e., they required the atten-
tion of a technician to at least test
the service, and if necessary remove
a fault condition. The remaining 67
per cent of reports were requests for
assistance under (b) and (c) above.

One may question whether it is part
of the telephone administration’s re-
sponsibility to check “wanted sub-
scriber busy” and “wanted subscriber
does not answer” conditions. Many
administrations will not give this ser-
vice to their customers.

When a subscriber “repair” report
is received by the Service Centre, the
particulars are passed on to an Engin-
eering test desk for investigation. The
testing technician obtains access to the
subscriber’s line by test access switch-
es and conducts tests on the service

to determine if in fact a fault does
exist, and if it does, whether it is in
the exchange equipment, the appara-
tus at the subscriber’s premises, or
the line plant. If a fault is proved to
exist or suspected to exist, a fault-
man is despatched.

Fig. 4 is an analysis of the repair
dockets for one month in a capital
city network. Thirty-four per cent of
the repairs are marked “Right When
Tested”, ie., the testing technician
could not find sufficient evidence of
a fault condition.

Some of the faults proved by the
initial testing to be in the exchange
equipment, subscribers’ equipment or
line plant are subsequently classified
as “Found O.K.”, i.e,, the faultman
could not detect or discover a fault
to cause the complaint. The reasons
for this and the proportion of faults
marked “Right When Tested” is sim-
ply that many fault conditions take a
considerable time to develop to the
stage of seriously interfering with ser-
vice. In the initial stages the fault
may cause intermittent and minor
trouble only, and if it is reported at
this stage it may not be detected by
the test or by the subsequent inspec-
tions of the plant by the faultman.

Though public telephones are re-
latively few in number, they account
for 13.6 per cent of all trouble reports
and 15 per cent of all repairs. Vandal-
ism, coin chutes blocked by bent coins
and attempts to obtain free calls from
the Service Positions account for this.
The introduction of the single-coin 5-
cent public telephone has considerably
reduced the incidence of trouble from
public telephones.

Speed of Attention to Faults

Prompt attention to subscribers’ re-
ports of service troubles will do much
to recoup the loss of prestige the ad-
ministration suffers because of the
faults. This applies particularly to
“no-service” troubles, i.e., the sub-
scriber cannot make or receive calls.
Whilst any subscriber would appre-
ciate attention to a “no-service” fault
within the hour, most would be con-
tent to wait till the next day for re-
placement of a frayed telephone in-
strument cord which is not affecting
the actual service. The Australian
Post Office is developing the so-called
“no service time commitment” system
whereby the subscriber is advised of
the expected time of arrival of a fault-
man at the premises to investigate the
fault. The aim is to attend to “no
service” faults within 4 hours, but
this is not practicable in remote areas.

Faults in subscribers’ equipment and
exchange equipment can usually be
cleared with little effort but faults in
line plant may require a day’s work
to remove.

Faults in Subscribers’ Equipment

In telephone instruments the com-
ponents which cause most trouble are
transmitters, cords and dials. Carbon
transmitters are used because of their
high power output, but they have the
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disadvantage that, after a few years,
noise may develop or the output may
fall due to packing or deterioration of
the carbon granules in the transmitter.
The estimated average life for a trans-
mitter is 6 years.

Although tensile conductors are us-
ed, telephone cords are just as much
a maintenance problem as the cords
used in domestic appliances. They
become fractured and are subject to
damage by accident and twisting.
Braided cords are affected by moisture
also, but this problem is being over-
come with modern plastic sheathed
cords.

The telephone dial also is a main-
tenance proplem; with mechanical wear
and tear, the shape and timing of the
electrical pulses departs from the de-
sired standards. In particular the
speed of a dial changes with use. The
type of telephone instrument which
was standard up to 1960 would have
a fauit on it once every 3-4 years
(national average) but the new stand-
ard instrument, the Color-Phone, will
give a better performance.

More complicated items of subscrib-
ers’ equipment such as switchboards,
inter-communication units and special
switching units, have a higher incid-

ence of faults than has a single tele-
phone. Cords and lamps on switch-
poards are major items in mainten-
ance. Automatic switching equipment
in subscribers’ premises requires much
the same approach as for automatic
equipment in public telephone ex-
changes.

Subscribers’ equipment is increasing
in complexity due to the demand for
more elaborate facilities. The range
of equipment is also increasing and
these trends have required the Aus-
tralian Post Office to use more highly
skilled staff. Whilst specialists can be
employed for certain types of equip-
ment, it is undesirable to have a fault-
man arrive at the subscriber’s premis-
es1 and then have to call for a spec-
ialist.

EXCHANGE SWITCHING
EQUIPMENT

Causes of Service Failures in
Telephone Exchanges
Calls many fail in the telephone
switching network for the following
reasons.—

(a) Insufficient plant to meet peak
traffic loads.

(b) Faulty switching equipment or
faulty connecting links between
the telephone exchanges.

Availability of Switching Plant

Sufficient switching plant and con-
necting links between exchanges is
provided to ensure that during the
busiest periods of traffic the percent-
age of call attempts which cannot
mature because of insufficient plant
does not exceed a prescribed figure.
Probability theory is used to derive
the quantities of switches and con-
necting links betweeen exchanges to
provide the desired grade of service.

The basic objective is that, for calls
within a metropolitan network during
the busy hour, the probability of a call
failing due to insufficient plant shall
not pe worse than 1 chance in 100.
The corresponding figure for S.T.D.
traffic is 1 chance in 50.

Faults in Switching Plant

The great bulk of the switching
plant in Australian telephone net-
works is known as step-by-step
switching equipment in which a two-
motion electro-mechanical switch is
the basic switching mechanism. In
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the simple 4-digit telephone exchange
system shown in Fig. 5, the first digit
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vertically positions the switching wip-
ers of the lst selector which cuts in
on the horizontal level and searches
for a free outlet to the 2nd selectors.
The 2nd selector is positioned ver-
tically by the second digit and it
searches for a free final selector. The
3rd digit positions the final selector
vertically and the 4th digit positions
it horizontally. The speech path is
established between the calling and
called subscribers through the wipers
of the switches making contact with
the outlets on the switch banks and
also via the operated contacts of elec-
tro-mechanical relays in the switches.

Some of the more common fault

conditions in telephone exchanges are:

(a) The switching mechanism is
complicated mechanically and
after many thousands of opera-
tions, wear and tear can cause
loss of mechanical adjustment
and hence faulty operation, i.e.,
a switch may fail to operate or
it may switch to an incorrect
level or outlet.

(b) The switch is designed to res-
pond to electrical pulses receiv-
ed from the telephone dial.
These impulses may become dis-
torted due to worn contacts on
relays or defective relay coils,
or the switching mechanism it-
self may develop marginal fault
conditions which will cause it

to fail to respond to the pulses.
{c) The relay contacts may go
open-circuit either permanently
or intermittently, due to dust,
atmospheric contamination and

corrosion brought about by
arcing.
(dy The “wiper-to-bank” connec-

tions may become defective due
to dirty or oxidised bank con-
tacts or to worn wiper tips.

(e) The cords connecting the wip-
ers to the selector proper may
fracture and so cause switching
faults and noise due to speech
transmission.

In addition to the above, there are
many thousands of soldered connec-
tions in an exchange and a per-
centage of these may be defective
due to poor soldering at the time of
installation or subsequent re-arrange-
ment.

A significant percentage of faults
in switching plant is directly or in-
directly the result of poor workman-
ship either at the factory or by main-
tenance staff in their day-to-day dut-
ies. Modern techniques in exchange
maintenance aim to reduce staff
activity on the equipment to a mini-
mum consistent with satisfactory per-
formance, thus reducing the incidence
of man-made faults.

Effect of Faults

The effect of a fault on the service
performance varies according to the
type of switching system and the
traffic load at the time. In an ideal
switching system, each wunit of
switching plant receives an equal
share of the traffic offered and is
brought into use either on a rota-
tional or on a pure chance basis.
Under this arrangement, the effect of
a faulty piece of equipment is shared
by all the subscribers who are using
that particular traffic path. If a call
attempt fails, the subscriber’s repeat-
ed attempt goes through different
switches and will be successful if
there are no other faults present.
This ideal exists to a large degree
in the modern crossbar system
but it does not apply to our
existing step-by-step system. A
faulty selector can, under certain
conditions, very seriously affect a
single subscriber or a group of sub-
scribers. and repeated call attempts
l;y 1at subscriber may fail due to the
ault.

It will be appreciated that the call
failure rate tends to increase as the
amount of tandem switching in-
creases. Thus to achieve a loss of no
more than 2 per cent over 4 selector
stages in the ideal system mentioned
above would require a maximum lrss
of 0.5 per cent in each stage. This
means that at any one time no more
than 1 switch in 200 should be de-
fective in each switching stage. An
even smaller percentage of faulty
switches can be tolerated in the step-
bv-step system because it does not
have pure chance or rotatinnal selec-
tion of switches and links at all-
times.

The Approach to Exchange
Maintenance

The Australian Post Office, along
with most other telephone adminis-
trations, is developing a system of
quality-controlled maintenance for its
telephone  networks. With  this
scheme the overall service perform-
ance of the switching network is
gauged by the methods mentioned
earlier i.e., service observation and,
more recently, the incidence of sub-
scriber trouble reports. These, to-
gether with the results of test calls
and other statistics of plant per-
formance, are analysed at a Service
Co-ordination Centre established in
each capital city. These statistics are
known as Indicators and are analysed
on a centralised basis for the whole
telephone network and information
on trouble spots is forwarded to in-
dividual exchanges for attention.
Some of these Indicators are briefly
described below.

Test Calls: Automatic test call gen-
erators, known as traffic route test-
ers, set up test calls petween spare
telephone numbers. Test calls are es-
tablished over individual traffic
routes in a telephone network and
the average. or ‘“expected” call
failure rate is established for each
route. When this average value is
exceeded, after making due allow-
ance for statistical variations, the
route is investigated to find the cause
of the trouble. Test calls are set up
in batches of 200 or 300 calls and
the results are graphed in terms of
percentage call failure rates, and
action limits are set to indicate when
maintenance attention is required.
Traffic route testing is a valuable tool
for quality control and also for fault
finding.

Analysis of Subscriber Trouble
Reports: Subscriber trouble reports
are analysed at the Service Co-Ordin-
ation Centre (S.C.C.) for evidence of
weaknesses in the telephone network.
For example, a subscriber may com-
plain of repeated difficulty in estab-
lishing a call to a particular numper.
As they are received, these reports
ara nlntted on a grid chart depicting
all traffic routes of the telephone net-
work. A pattern may develop on the
grid chart indicating that a particular
traffic route or a particular section of
an exchange has faulty ecuipment.
The S.C C. then requests the staff at
the exchanges concerned to set nn
test calls or apply tests to the equip-
ment concerned to locate the cause of
the trouble.

Scheduled Testing of Equipment:
Individual items of equipment in step
networks, such as selectors and junc-
tion circuits, are given regular tests
with the object of detecting troubles
before they adversely affect service
performance. Prior to the introduc-
tion of cualitative maintenance, these
tests were performed at fixed fre-
auencies set bv the Headaquarters
Administration and uniform through-
out Australia. irrespective of the ser-
vice needs of the plant at any par-
ticular exchange. Under qualitative
maintenance, the local field staff is
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required to set a frequency of testing
for each section of the equipment in
accordance with its individual service
needs as revealed by the above In-
dicators.

Record of Switch Equipment
Faults: Another indicator of plant
performance is the incidence of faults
on each type of equipment. Statistics
are compiled on the number of faults
per 100 units of each type of equip-
ment per month or quarter. The Ad-
ministration aims to set action levels
for these statistics to guide mainten-
ance staff as to when more mainten-
ance attention is needed. In addition,
in the case of bi-motional selectors,
maintained for each switch. Should
an individual fault history record is
the number of faults on a switch in
a given period be excessive, the
switch is given a special inspection,
and if necessary, a complete overhaul.

Selector Cleaning, Lubrication and
Reconditioning: The earlier systems
of inspections and reconditioning at
standard fixed frequencies has been
rationalised so that, as far as is prac-
ticable, all such work is done on an
“as required” basis as revealed py the
apove Indicators. Some work, such as
lubrication of mechanicals and clean-
ing of banks, is still performed at
regular intervals; however, the fre-
quency varies according to the needs
of each particular section of plant.

Maintenance and Service Performance
of Modern Crossbar Switching
Equipment

The Australian Post Office has
ceased purchasing step-by-step equip-
ment and all new installations are of
modern crossbar switching equipment.
This system is fundamentally more
reliable because it is essentially a re-
lay switching system and does not
possess the mechanical complications
of bi-motional selectors and uniselect-
ors. It requires practically no routine
maintenance in the form of regular
functional tests of individual items of
plant and equipment inspection and
overhauls. Service is supervised
mainly by traffic route testing as de-
scribed above, and also by inbuilt
service aids.

These service aids work on the
principle that the common control
equipment in a crosspar system
should switch a call through the con-
necting switches within a specified
period of time and if this does not
take place a so-called “time-out” is
recorded on a meter. The time-out
meters are read at frequent intervals,
separate meters covering each section
of the plant. An excessive number of
time-outs may indicate a fault. In ad-
dition, these time-outs are also regis-
tered in an automatic alarm system
so that, should there be an excessive
number of time-outs in a given period,
an alarm is given and the mainten-
ance staff can investigate. This is a
form of continuous supervision of
the operation of the switching equip-
ment and, as such, is most valuable
in enabhng a high standard of ser-
vice to be obtained at relatively

cheap cost. The Administration is
currently investigating a system for
recording time-out details in a form
suitable for data processing.

Experience to date indicates that
the crossbar system is capable of
very reliable performance. The aver-
age call failure rate would be con-
siderably less than for step-by-step
plant in a comparable situation. How-
ever, it is supject to occasional fail-
ures in the common control equip-
ments which set up the calls through
the switches; a common control fail-
ure can cause complete blockage of
traffic to a 1,000-line group of sub-
scribers, but these are very infre-
quent and are usually cleared within
a few minutes.

TRANSMISSION

An important aspect of telephone
service is the transmission perfor-
mance, which governs the ease
with which subscribers can converse
and transmit information. There is
no absolute objective measure of the
overall transmission performance of
a telephone system because such a
system necessarily includes human
users. The final measure must there-
for be made subjectively and ex-
pressed in statistical terms. A typical
expression of performance of a prac-
tical telephone system could be that
a large proportion of subscribers, say
95 per cent, should regard the service
as good for a large proportion of the
time and that it should be bad for a
negligibly small part of the time.
Such a standard varies as the users’
expectations of service vary.

So far as the users of the system
are concerned, the important criterion
bv which the connection is judged is
the volume of received speech. There
are a number of other factors which
have an effect on articulation effici-
ency, e.g., noise, sidetone, and vari-
ous forms of distortion of which the
limitation of frequency bandwidth is
the most important. With modern
telephone instruments and transmis-
sion plant, it is the circuit loss which
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has a controlling effect on transmis-
sion. Nevertheless, the other factors
are also important and it is necessary
to ensure that all parts of the net-
work are designed and maintained in
such a way as to achieve satisfactory
values of each.

From the transmission point of
view there are two main divisions
of the network, the local plant com-
prising telephone instruments and line
to the local exchange together with
local area junctions and circuits to the
trunk exchange, and the long-distance
trunk network. The local lines are
generally unamplified, and it is in this
area that the greater part of the over-
all loss is allocated since this factor
determines the gauge of conductors
used.

It is possible for as many as nine
separate trunk circuits to be involved
in a connection within Australia, with
more on international connections. It
is therefore necessary that the loss
and other transmission impairments
be kept as small as possible on these
circuits. It is desirable to operate as
many circuits as possible at ‘“zero”
loss. However, all circuits introduce
some additional variability into the
overall loss, and since reductions of
loss tend to cause instability and
tend to degrade echo conditions, it is
arranged to operate some at a finite
loss. The transmission plan provides
for main trunk circuits shorter than
350 miles to have a nominal loss of
zero with losses of longer circuits
0.5 db. or 1.0 db. Losses of local or
circuits connecting terminal ex-
changes to the man low-loss trunks
have nominal losses in the range
3 dpb. to 7 db. Design losses for a typ-
ical long-distance connection are
shown in Fig. 6

The accuracy with which the design
losses are achieved in practice is a
major problem in maintenance of the
system since it is possible for an in-
dividual circuit to deteriorate gradu-
ally in such a way that the trouble
would not be noticeable except in
certain combinations of connections.
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Fig. 6 -~ Typical Long-Distance Connection Design Losses.
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For example, in the local network,
marginal deterioration of transmis-
sion performance can occur due to
such factors as the packing of carbon
granules in a subscriber’s transmitter
(referred to previously), high-resist-
ance joints in lines or equipment, er-
rors in connecting equipment par-
ticularly during rearrangements, low
insulation resistance in lines, etc. As
a slight deterioration in transmission
in a subscriber’s service would in
general affect only that service, re-
liance is placed mainly on trouble
reports and service observations to
detect this type of condition. On the
other hand, the deterioration of
transmission on a trunk circuit could
affect a large percentage of connec-
tions and special measures are neces-
sary to ensure that losses are main-
tained generally within the design
1limi’cs. These measures are discussed
ater.

EXTERNAL PLANT PERFORMANCE
AND MAINTENANCE.

Nature of the External Plant

A new telephone service can be re-
quired to be provided at any time in
any part of an exchange area. The
external plant, which consists of the
electrical circuits and all structures
associated with them required to link
the subscriber with the exchange, is
designed to provide this service with
the minimum of arrangement and a
high standard of reliability.

Flexibility is achieved in areas of
high telephone density by dividing
the cable into two systems, the main
cable which extends from the ex-
change to a cross connecting point
called a pillar or a cabinet, and the
distribution cable which continues
from the pillar to a point outside the
subscriber’s premises. A lead-in cable
or an insulated aerial wire completes
the line to the subscriber’s dwelling.
Rearrangements of cable pairs can be
effected at the pillar or cabinet by
running jumper wires, thereby avoid-
ing the opening of cable joints.

In country areas where the de-
mand for services is low but is more
stable, there is not the same require-
ment for flexibility in the distribution
system. Here, small sized cables are
laid for long distances, or if the de-
mand is very low aerial construction
consisting of several pairs of aerial
wires is provided. Trunk circuits form
an important link in the communica-
tion system and are constructed to
give the desired standard of per-
formance. They are designed to the
appropriate transmission and noise
standards and, in addition, will with-
stand the normal forces of nature,
such as floods, storms and lightning.
Originally the trunk circuits were
provided entirely by open wire pole
routes, but gradually cable and radio
have been introduced, particularly on
the more important routes. Coaxial
cable systems, such as that linking
Sydney with Melbourne, provide a
large number of extremely reliable
circuits.

Standards of Performance for
External Plant

Since the external plant provides
one of the links in the telephone
system, its reliability should be equal
to that of other components. In con-
trast to most exchange equipment
faults, a failure can prevent a sub-
scriber from contacting his local ¢x-
change or, if in the trunk network,
can isolate a community: Since ser-
vice is lost until the lines are restor-
ed, such faults should be prevented
from happening if possible and
should they occur, be restored with
minimum delay. In addition, the
paper insulation used in the cable
plant rapidly deteriorates if water
enters the sheath, making restoration
a lengthy and costly process. For
these reasons, external plant main-
tenance is aimed at the prevention of
faults and the preservation of the
plant.

Maintenance Methods Employed

The external plant in use at pres-
ent throughout Australia has a book
value of about $800 million. The
maintenance system aims at keeping
this plant in good working order and
extending its economic life. Mainten-
ance is made difficult by the disper-
sion of the plant over a very wide
area, by the inaccessipility of the
buried cables and by the exposure of
the aerial wires to the elements. Un-
der these conditions the initial stand-
ards of construction play an import-
ant part in the subsequent perform-
ance. In the event of trouble develop-
ing, its detection and localisation
with the minimum of delay and ex-
penditure are desirable.

The maintenance of this plant costs
$26 million annually. As the net-
work is doubling in size every eight
years, construction and maintenance
techniques must be improved if a
similar increase in expenditure is to
be avoided. Considerable reliance is
placed on a system of fault report-
ing and analysis which brings to the
attention of design engineers the
weaknesses in the present materials
and methods and to the field en-
gineers particular areas of sub-stand-
ard construction. This system is sup-
plemented by sampling studies of the
performance of particular items of
plant. These studies are conducted
for a period and the results after
analysis used for design purposes.

In addition, the condition of the
caple plant is monitored by various
means. Automatic routiners test the
lines for insulation resistance and
provide a print-out of any lines found
to be below a set standard, while im-
portant cables are kept under gas
pressure to give warning of any
sheath breaks.

On aerial plant it is necessary to
carry out routine inspections to
locate and remove incipient causes of
plant failure. Aspects inspected are
the condition of the poles, the pres-
ence of trees and undergrowth near
the lines, the condition of wires and
crossarms and the clearance exist-

ing between power and telephone
lines at crossings. The annual inspec-
tion of wooden poles and power line
clearances are conducted for the pro-
tection of staff and the public and
are closely supervised. The periodic-
ity of the other inspections is ‘based on
the local requirements as indicated
by the fault recording system and
staff reports.

Cable Maintenance Techniques

The distribution of cable faults in
a typical year is shown in Fig. 7,
the fault patterns varying wih the dif-
ferent types of cable. As mentioned
apove, the lead-in cable connects the
subscriber’s premises to the street
distribution cable which is designated
minor cable as far as the pillar or
cabinet. The major cable connects the
pillar to the exchange. The figure
clearly indicates the influence that
constructional methods and environ-
ment have on the incidence, mechan-
ical damage, corrosion and faulty
joint seals being major causes of
faults. A comparison of the fault
incidence of metal-sheathed and
plastic-sheathed minor cable shows
that while corrosion faults have been
eliminated, the sealing of cable joints
still presents a considerable proplem.
This is due to the absence of mater-
ials that will satisfactorily form a
bond with the polythene used in the
cable sheath.

As a result of the rapid develop-
ment of the road transport facilities
in the post-war years, the Australian
Post Office which has traditionally
laid its plant in or near the road re-
serves, is facing a rapidly rising in-
cidence of interference and damage
to plant. The underground cable
plant, because its presence is not al-
ways realised, suffers the most, the
annual repair cost now amounting to
$2 million.

This problem is being approached
in a variety of ways. The Australian
Post Office has a service advising the
location of its cable plant on request.
Publicity campaigns are undertaken
to make the public more aware of the
extensive system of underground
cables that exist on both public and
private property and the susceptibil-
ity of such plant to damage. The in-
convenience suffered by the com-
munity in general as a result of the
careless act of an individual is an
important aspect of this trouble.

In past years, the corrosion of lead
cable sheaths presented a consider-
able problem particularly in areas
where stray traction current is pres-
ent. Satisfactory methods have been
developed for the drainage of the
stray traction currents back to their
source and also for the cathodic pro-
tection of plant where drainage is not
possible. Now. plastic-jacketed lead-
sheathed cable is available and is
used in areas where corrosion is a
hazard. The cathodic corrosion of lead
cable in iron pipe is at present a
major source of trouble in plant laid
some 30 years ago. It is now possible
to avoid this hazard by the use of
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Fig. 7 — Sheath Favults, Commonwealth Exchange Cable, 1963/64 Financial Year.

plastic-sheathed cable laid in either
iron or plastic pipes for protection.

The development of satisfactory
jointing techniques in plastic cable
has presented a number of problems
due to the absence of materials that
will bond on to the polythene cable
sheathing. Advances are being made
in epoxy resin casting techniques and
while associated with some difficulties
of future access to the joint, they
offer means of excluding water from
the joint. In cable systems it is pos-
sible to increase the reliability of the
plant for a low expenditure on main-
tenance by placing the cable under
gas pressure. In this system, the
cables are filled with dry air at a
pressure of 10 1b./sq. in., and damage
to the sheath is revealed by the es-
cape of air from the system. While
there is a positive pressure of air in
the cables it is not possible for water
to enter and degrade the electrical
performance of the system. Pressure
recording devices are placed at inter-
vals along the cables and these, in
conjunction with flow-meters which
record the amount of air entering the
system, give an accurate indication of
the condition of the sheath. When
either the air flow is excessive or the
caple pressure is falling below safe
limits, the air leak is located. This
can be achieved by indirect methods

such as the plotting of the pressure
gradient along the cable, or by direct
methods such as sound detecting
instruments, or by the injection of
tracer gases into the system and find-
ing the points at which they are es-
caping.

Both freon and radon gas are
suitable for this work. At the present
time, over 15,000 sheath miles of
cables are under gas pressure.

As a result of this work the main
lead-sheathed paper-insulated cables
are protected from the effects of rain
and continue to give normal service
even under flood conditions. Main-
tenance costs are reduced as sheath
faults can be located and repaired
without interference with the cable
conductors and at times suitable to
the Post Office.

Aerial Maintenance Techniques

The performance of the aerial
routes varies with their importance,
ty%)ical performance figures are given
below:

The main factor affecting the per-
formance is the gauge of line wire
used and, in the case of subscriber’s
lines, whether the lines are connected
to a central battery exchange or to a
magneto exchange. In the first case,
the potential constantly applied to the
line will produce corrosion of the
positive wire if leakage is present.

In recent years it has been possible
to improve the performance of the
plant and at the same time reduce
the maintenance cost by the chem-
ical control of undergrowth and the
reduction of line wire fatigue by the
use of vibration dampers and the
closer control of wire tensions.

The use of preservatively treated
wooden poles has produced substan-
tial savings to date, with the prospect
of further savings in the future.
Since the sapwood is preserved in
the treated pole, it has been possible
by redesign to reduce the size speci-
fications for poles. This has resulted
in a light weight pole with conse-
quent savings in handling costs and a
saving of about $160,000 per annum

Trunk Carrier
Routes

Voice Frequency
Trunk Routes

Subscribers’ Aerial

Routes

3 faults/100 single
wire miles/annum |

8 faults/100 single
wire miles/annum

30 faults/100 single
wire miles/annum
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in pole purchases. In addition, the
maintenance inspection of standing
pressure-treated poles and subsequent
pole renewals can be reduced.

Damage to cable plant and equip-
ment by lightning led at an early
stage to the insertion of lightning
protectors between the aerial lines
and the connecting cable. While such
protective apparatus reduced the in-
cidence of cable and equipment dam-
age, it was very fault-prone in itself
and degraded the performance of the
plant. At the present time, high-per-
formance gas arresters are available
and these, in conjunction with im-
proved earthing systems, are capable
of draining the lightning energy from
the line without being damaged in
the process. They have proved to be
most beneficial in inaccessible loca-
tions where the restoration of service
depends on the time taken by staff
to travel to the affected point.

Analysis of Fault Data

As a result of improvements in
both constructional and maintenance
techniques, the performance of the
external plant is steadily increasing
without any rise in maintenance
costs. In the past, the analysis of vast
masses of fault data presented an im-
possible task, but with the develop-
ment of automatic data analysis
methods using electronic computers,
such a proposition is feasible. In the
external plant field, one million faults
affecting the service occur every
year. At present, one-fifth of these
faults are being analysed by elec-
tronic automatic data techniques and
this system will be extended through-
out Australia by next year. The sys-
tem gives both design engineers and
field staff an appreciation of the per-
formance of the various items that
make up the external plant and opens
the way to plant improvement either
by changes in design or methods, or
by improved maintenance in the field.
It is used in general as an indication
for the direction of design, construc-
tion and maintenance effort.

Fault Clearing Facilities

When a fault does occur in the
plant, it is important to the subscrib-
er that the affected service is restor-
ed with minimum delay. In metro-
politan areas complaints are directed
to centralised testing centres from
which the line and terminating equip-
ment can be tested. Depending on the
results of the test, either a technician
or a lines faultman is despatched to
clear the fault. Where a major plant
failure is revealed, lines staff with ap-
propriate equipment undertake the
restoration work.

Because of their importance as in-
terstate and intrastate links, the coax-
ial cables are given special mainten-
ance consideration. The possipility of
mechanical damage is minimised by
installing these cables at a depth of
4 ft., by the use of cable markers and
by a regular system of patrolling. The
cables are kept under gas pressure
and should a fault affecting the tubes
occur, special groups of workmen

move in to restore the service in a
minimum of time.

LONG LINE EQUIPMENT

Introduction

This section deals with the plant
which is used in conjunction with the
external plant described above, to
provide facilities connecting the vari-
ous exchanges.

Trunk circuits are provided by
physical wires in cable or on poles,
and on circuits of carrier systems; in
some cases the physical wires are
equipped with voice-frequency am-
plifiers. Carrier systems have been
developed to the point where they are
the normal method of provision of
trunk circuits greater than about 20
miles in length. There are several
types of carrier systems available for
application under the various condi-
tions applying, i.e., distance, number
of circuits required, etc. These pro-
vide circuits to appropriate perform-
ance standards so that overall re-
quirements are met most economic-
ally. The existing plant includes these
modern systems and also equipment
which has peen installed for relative-
ly long periods and must be retained,
although not up to present standards
in all respects. The present growth is
being met by the broadband coaxial
cable and microwave (line of sight)
radio links on main backbone routes,
with the longer established systems
of 3- and 12-circuit capacity on other
routes. In general, all these systems
are engineered to international stand-
ards which provide circuits suitable
for inclusion in intercontinental con-
nections.

Smaller capacity radio systems are
also provided as a means of com-
munication where normal line pro-
vision is difficult, or as an alternative
to lines which are subject to frequent
interruption by flood, for example,
in the Northern Rivers area of New
South Wales. These systems normal-
ly provide circuits of standard per-
formance but in some “outback”
areas economic considerations limit
the performance achieved.

There are routes in the undevelop-
ed and sparsely populated areas
where circuit requirements are low
and the only facilities economically
practicable are single-wire earth-
return lines, generally of iron wire,
which are unsuitable for the provision
of normal type carrier systems. The
service provided on these lines is sub-
standard and communication is some-
times not possible into the normal
network due to high losses and high
noise levels. Transistorised two-band
systems have been developed by the
Australian Post Office  Research
Laboratories to improve the service
in these areas. Two-band systems
operate by using the voice-frequency
path of the line for one direction of
transmission with a low-frequency
carrier channel for the opposite direc-
tion, thus providing an amplified 4-
wire circuit, at the same time re-
stricting the frequencies transmitted
to line, to keep line losses to a mini-

mum. High power levels are transmit-
ted to improve noise conditions.

Reliability Considerations

Reliability is a basic consideration
in the provision of long line plant.
There are several aspects of reliability.
Normal circuit provision for the pup-
lic network must have a high proba-
bility that the required standard of
service will be maintained but there
is also a requirement to maintain vir-
tually continuous service for essential
communications, and to prevent isola-
tion of communities. Economic fac-
tors enter into reliability considera-
tions as the first cost of equipment
and the amount of maintenance at-
tention given obviously have great
effects on the standard achieved.

Route Diversity: The first approach
in ensuring reliability is to provide
route diversity, preferably separated
geographically to reduce the possi-
bility of simultaneous interruptions.
Where possible, this geographic dis-
persion should be supplemented by di-
versity of facility to reduce the ef-
fects of widespread disturbances such
as floods and storms. Different faci-
lities are vulnerable to different types
of disturbance. Thus cables are vul-
nerable to earth-moving operations
which do not upset radio systems.
The ideal arrangement between major
centres is for parallel coaxial cable
and microwave radio broadband sys-
tems. Such an arrangement is, of
course, very costly and cannot be
justified for security provisions alone.
However, normal growth tends to jus-
tify the building up of more than one
system on main interstate routes. In
addition to the division of normal fac-
ilities made possible, this arrangement
permits transfer under emergency
conditions of large groups of circuits
to the spare frequency spectrum on
the alternate route. Such an arrange-
ment has applied for the past years
on the route from Sydney to Canberra
and has thus enabled the circuits nor-
mally carried on the coaxial cable to
experience no interruption of greater
than 14 minutes although damage to
the cable has extended for several
hours on occasions. Similar parallel
facilities will be available from Mel-
pourne to Sydney in 1968. Until this
time a number of 12-channel open wire
systems will be retained from Mel-
bourne to Sydney and Canberra as a
back-up to the cable system. This is
the heaviest long-distance route in
Australia, but this pattern will be fol-
lowed with future expansion of other
parts of the network.

Equipment Aspects: From an equip-
ment aspect, optimum reliability is
provided in a number of ways.

Components and construction me-
thods are chosen for maximum relia-
bility. Coupled with component re-
liability is the circuit design. General-
ly well tried and simple circuits should
be used where these are adequate. Cir-
cuits are designed to be tolerant of
changes in component characteristics;
an important example of this is the
application of negative feedback which
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was developed originally for long-dis-
tance telephone transmission purposes.

Facilities are built-in to equipment
to monitor automatically the perfor-
mance of certain vital items such as
carrier supplies and broadband am-
plifiers and to provide alarms or au-
tomatic changeover to standby units.
Equipment is also built to regulate
the gains and line equalisation, carrier
levels, etc., to maintain circuits within
set margins.

During installation, equipment is
“yibration” tested while carrying test
signals to discover potential troubles
which otherwise occur at random dur-
ing the early years of system opera-
tion. After this test, a stability check
is made on major systems by the con-
tinuous recording of a test signal
transmitted by the equipment.

Principles of Maintenance

Many of the long line equipment
developments in the past have been
such as to reduce the need for rou-
tine maintenance by staff. This has
been desirable from two separate con-
siderations. The first is the cost. In
the early stages of development the
maintenance effort required to make
frequent adjustment represented a re-
latively small proportion of the total
annual charges of the plant, but such
a maintenance requirement would be
totally unacceptable now. It is also
highly desirable to avoid, as much as
possible, any interference with equip-
ment to prevent accidental interrup-
tion or variation in equipment which
is functioning satisfactorily.

With these factors in mind the gen-
eral principles of maintenance are as
follows:—

(a) Routine adjustment of systems

should be made only when it is known,

with certainty that the need for such
readjustments is inherent in the

fundamental design of the systems.

Such readjustments may e requir-
ed to take care of seasonal variations
in bearers of, for example, short bal-
anced pair carrier cable systems, in
which the rate of change of loss does
not justify automatic regulation on all
pairs.

(b) Routine checks (including obser-
vation and testing as appropriate) of
equipment performance on a systema-
tic sampling- basis is necessary SO
that the behaviour of systems is
known with reasonable certainty.
These checks include utilisation of
regulator settings and the continuous
monitoring of appropriate signals by
pen recorders, or part-time recording
only when the need is indicated.

(c) Analysis of statistics of all
faults is necessary to obtain infor-
mation on design weaknesses and to
indicate equipment which is giving un-
due trouble.

(d) Equipment overhaul by specialist
staff is generally carried out only
when shown to be necessary by an
undue incidence of faults or by inade-
quate performance.

(e) Fault repair in central depots by
specialist staff is used to the maxi-
mum extent practicable.

(f) Scrapping or rebuilding older
equipment as indicated by perfor-
mance and fault statistics. This is
normally economic only to a limited
extent.

Maintenance Methods

These principles indicate the suita-
bility of a quality control approach to
maintenance and the application of
this is now in the process of intro-
duction.

The term quality control is used here
to cover the well-known method of
using a control chart to maintain sta-
tistical control which is appropriate in
some aspects, but also (and most im-
portantly) the general principle that
action is taken only when indicated
oy measurement of the end product.
This is distinct from the routine ad-
justment of equipment irrespective of
whether there has been any significant
change in its operation. Routine main-
tenance was a natural requirement in
the early applications of carrier (where
the losses of open wire lines changed
rapidly and frequent adjustments were
necessary) but is now obsolete and un-
economic.

Detailed maintenance practices bas-
ed on quality control principles have
not yet been applied generally, al-
though a number of approaches have
been used in parts of the network.

One example of a limited applica-
tion of quality control or qualitative
maintenance has been operated for
some years in New South Wales. This
involves measuring certain essential
parameters on all circuits periodical-
ly. On carrier circuits, measurements
are made at intervals of 2 months.
These measurements are the loss at
line-up frequency of 800 c/s, frequency
response by measurement at frequen-
cies of 400 c/s, 1,600 c/s and 2,400
c/s, noise, and synchronism. Circuits
found outside set limits, e.g., = 3 db.
for circuit loss, or with a synchron-
ism error exceeding 5 c¢/s, are record-
ed as faulty. Approximately 3 to 4
per cent of circuits are found faulty
and of those approximately 50 per
cent involve adjustment of gain. Syn-
chronism adjustment is required in
about 0.2 per cent of faults. Faults in-
volving replacement of valves approxi-
mate 5 per cent. Routine maintenance
has been restricted, applications be-
ing limited to work such as seasonal
adjustment of cable carrier gains, and
periodic valve replacement in certain
systems. This latter procedure is not
generally favoured but is economic
in a few special cases. This system
was suitable for the conditions apply-
ing when a large proportion of circuits
was provided on physical lines or the
earlier types of carrier.

However, routine tests are not
nearly so important on modern sys-
tems, e.g., on individual circuits of
multi-circuit, and particularly broad-
band, systems which are now provid-
ing a large proportion of circuits be-
tween major centres. In these cases,
a close check is kept by observation
of pilot channels and by very frequent
automatic measurement of circuits

by equipment which checks that the
circuits are within set limits of the
nominal value. A sampling procedure
for circuits in 12-channel groups is
also used. It is necessary to measure
noise and synchronism on only one
suitable circuit per system. Similarly,
faults in the frequency response of
carrier circuits are relatively infre-
quent and need be measured only
once per year.

Quality Control

With the system of quality control
which is now being introduced into
the network, a number of appropriate
parameters are measured and the per-
formance assessed in relation to ob-
jectives which are set. Corrective
action is based on an analysis of
these results. The two main parame-
ters are circuit loss variation and cir-
cuit outage time.

Circuit Loss Variation: The objec-
tive is that the loss should equal the
design value with a bias of not great-
er than +0.25 db., and a standard
deviation of the variation of 1.0 db.
These values are achieved at present
on only a few of the best routes
where suitable terminal balance con-
ditions are provided. It is generally
not possible to line up to zero loss
because of the low margin of stability
which would exist. The methods of
adjusting circuit loss used result in an
average loss per circuit in a switched
connection of approximately 2.0 db.
The standard deviation of the varia-
tion of circuit loss from this mean,
for the greater part of the network,
averages approximately 1.7 db.

Circuit Qutage Time: This is mea-
sured as the percentage of time the
circuits are out of service during pre-
determined hours over the period.

The present objective for outage
time is that it should not exceed 2
per cent of the normal business hours,
i.e., excluding the time when traffic
is light and circuits may be removed
from service without disturbing traffic.
The outage time exceeds the pre-
sent objective for some of the longer
trunk routes where these are on open
wire systems.

In addition to the two main para-
meters, the following indicators are
also of importance in ensuring that
the trunk network is performing satis-
factorily.

Duration and Frequency of Bearer
Interruptions: The interruption rate
and percentage outage time on carrier
bearers is important in achieving sat-
isfactory circuit performance. The
performance in this regard is control-
led by the number of interruptions
and the time to clear faults. The in-
terruption rate and bearer outage time
on the Sydney-Melbourne broadband
system are illustrated in Figs. 8 and 9.
The outage times shown were achiev-
ed by alternative use of the alterna-
tive radio systems (Sydney-Canberra),
and the use of spare coaxial tubes
which are available in all sections. As
would be expected under these condi-
tions, this performance is better than
that achieved on any other single sys-
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tem. Outage time on other broadband
bearers (both coaxial cable and radio)
has ranged from approximately 0.02 to
0.1 per cent per 100 miles of route.
These results include some systems
where standard “no-break” power was
not provided or where interference
was caused by installation work.

Circuit Noise: The objectives are
weighted noise of -60 dbmo for cir-
cuits of 125 miles in length, with pro-
portionately higher values of noise
for longer distances. These values
apply to the busy hour. Noise is mea-
sured monthly) on broadband sys-
tems on a sampling basis, and annual-
ly on other systems. Noise condi-
tions on broadband systems are gener-
ally within these limits. In some cas-
es, it is necessary for economic rea-
sons to operate carrier systems on
open wire pairs which are sub-stand-
ard as carrier bearers and on which
normal noise standards are not met.

Variation of Circuit Loss with Fre-
quency: This is measured annually at
present. The nominal bandwidth of
standard carrier circuits is from 300
c/s to 3,400 c¢/s. On modern 3-circuit
systems in use in the A.P.O., the up-
per frequency limit is 3,000 c/s, and
with older systems of this type the
upper limit is 2,700 c/s.

Synchronism: The objective for syn-
chronism is that the error in fre-
quency should not exceed 2 c/s. This
is achieved on broadband systems but
tests have indicated that errors of up
to 20 c/s occur for about one percent
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of connections made up of four carrier
circuits in tandem.

Short Interruptions: The carrier sys-
tems used for the telephone circuits
also provide circuits for wvoice-fre-
quency telegraph and digital data.
Short interruptions of less than 300
milliseconds in length are not serious
for telephone operation, although
longer interruptions can cause dis-
connection of established connections.
However, even very short interrup-
tions can cause errors in telegraph and
data operation. These short interrup-
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tions have a number of causes includ-
ing imperfect connections and con-
tacts, power supply disturbances, ac-
cidental interruptions by installation
or maintenance staff, and changeover
of carrier supplies. It has been neces-
sary to take measures to reduce short
interruptions for data and telegraph
transmission; these have had a bene-
ficial effect on the performance in this
regard and have also resulted in gen-
eral improvements in respect to long-
er interruptions and the service in
general.

CONCLUSION

It is evident from this paper that the
maintenance of a satisfactory stand-
ard of service in a modern national
telephone system is not simply a mat-
ter of fixing faults as they occur and
slavishly following routine mainten-
ance procedures. It requires in the
first instance a critical appraisal and
determination of the overall service
objectives for the telephone system as
a whole, followed by a determination
of the service performance reliability
which must be achieved in the var-
ious sections of plant, e.g., subscrib-
ers’ equipment, underground cables,
exchange switch plant, long line equip-
ment, etc. The service performance
targets for each type of plant must
in turn be achieved by attention to
pasic reliability in the design stages,
and the specification of an adequate
system of plant maintenance, both
corrective and preventive maintenance.

The current demand for new and
more elaborate facilities from the
telephone network (e.g., nationwide
Subscriber Trunk Dialling and data
transmission over telephone circuits)
will call for a constant upgrading of
performance standards and hence a
continual review, and improvement
where necessary, of basic maintenance
procedures. Subscriber Trunk Dialling
is only in its infancy and generally
only one trunk line is involved on
present S.T.D. calls. Ultimately




192

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

October, 1967

S.T.D. calls will involve the switching
of up to nine trunk links in tandem.
The general extension of the facility
to the remote parts of Australia and
to the international telephone network
will entail more stringent control of
both plant maintenance techniques and
also those basic design factors which
directly influence service reliability,
particularly transmission performance.
It will be necessary to utilise modern
data processing facilities to keep a
close control of overall performance
and the performance of the compon-
ent parts so that the need for correc-
tive action can be quickly detected.

The telephone network in Australia
presents a wide variety of engineering
problems, much wider in fact than is
encountered in many overseas tele-
phone administrations, because we
have both highly developed and dense-
Iy populated areas and also sparsely
settled areas, for which we must pro-
vide an efficient and reliable tele-
communications system. As a resulp,
the Post Office has always been obli-
ged to appropriate considerable en-
gineering effort to finding solutions
to these problems.

DISCUSSION

Mr. R. T. O’Donnell:— The authors
are to be congratulated on the pre-
sentation of a very thoughtful and in-
formative paper on the problems met
in establishing and maintaining ser-
vice standards in a telephone network,
with emphasis on the overall stand-
ards and on plant failure incidences.
I would be interested to have their
comments on some aspects of the over-
all problem, which could be covered
in a way that brings into sharper
focus the difference in call failures
which are caused by fault conditions
on one hand, and plant congestion
on the other.

It is recognised that so far as the
user is concerned, there is no differ-
ence, but from the supplier’'s view-
point there is quite a distinct diffe-
rence from the system and compon-
ent design viewpoints.

It is invariably accepted that in de-
signing networks the traffic hand-
ling capacity of the various links in
the establishment of a call are based
on the probability of the call being
unsuccessful owing to all of the chan-
nels on one or more of the links
being engaged at the time that the
call is attempted. It is of interest only
that congestion on one of the links
is encountered because this is suffi-
cient for the call attempt to be un-
successful. Generally, an overall grade
of service is designed for, and this
grade of service is simply a measure
of the probability of a call being un-
successful. In the Australian network
it is generally accepted as being be-
tween one call in fifty lost if the call
traversed a trunk route or one call in
eighty for an intra network call in the
larger “7” digit step-by-step networks.
The overall loss is a measure of the
individual probabilities of loss on the
various links traversed, and these in-

dividual probabilities are usually about
0.002 with certain other provisos.

The authors have mentioned that in
the larger networks it is not unusual
for 4 per cent of the attempted calls
to be unsuccessful because fault con-
ditions are encountered during the
setting up of the call. It seems to me
that the fault incidence loss, being of
such a relatively high magnitude, must
largely mask the effects of congestion
due to shortage of plant, this short-
age being a deliberately designed con-
dition for economic reasons, whereas
the fault conditions are designed
against. It is accepted, of course, that
congestion tends to cause some added
measure of plant failure.

If, as has been suggested by various
investigators in this field, the losses
through congestion are about the level
of loss which the users will accept
without serious complaint, it seems
difficult to reconcile this thought with
the actual losses which are occurring
as a result of plant failure and which
appear to be accepted without wide-
spread criticism. It has been further
suggested that the amount of equip-
ment which is provided to carry the
traffic should be increased by say 5
per cent in order to compensate for
the traffic channels which are out
of service owing to fault conditions.
These faulty channels are either self-
busying or have been taken out of
service by the technical staff. The
other possibility is that a faulty chan-
nel may remain accessible to calls
and cause the failure over a period
of all calls that encounter that chan-
nel. If on one hand it is accepted
that fault incidence cannot be reduced
below the level of 4 per cent in large
networks mentioned in the paper, the
establishment of a percentage increase
beyond the theoretical traffic-handling
capacity of a traffic-carrying group
may well be the correct thing to do,
but it is not an encouraging prospect
to have to increase the number of
items of plant to cater for out-of-ser-
vice components if in its turn this will
further increase the total number of
faults. It would also imply that on
the average no component remains
operative for more than 19 days in
every 20 if the assumed 5 per cent is
the correct percentage increase to
handle fault incidence. It would seem
to me that there is a wide and very
fertile field of investigation available
and it is very clear that even a small
reduction in fault incidence must pro-
duce extremely good financial bene-
fits in terms of the capital costs of
the service. It would be, theoretically,
at least a 5 per cent reduction in the
amount of capital plant which is pro-
vided also and a consequent saving in
the maintenance costs.

Perhaps the authors might care to
comment on the foregoing with parti-
cular emphasis on any aspects of the
setting of service standards which re-
late the traffic engineering elements
of route congestion with the fault in-
cidence which causes failure of an
item of plant to carry the traffic of-
fered. It would also be useful to me

if some comment could be made on
the role that traffic measurements
play in the maintenance of service
standards because there is little or no
mention of this in the paper.

The Authors in Reply:

Mr. O’Donnell’s comments and ques-
tions are appreciated because they
touch on a matter that has received
too little attention not only in this
paper but by maintenance people
generally. This is the question of the
relationship between objectives for
switching losses due to plant defects
and plant congestion, and the costs
incurred to meet these objectives. The
following notes survey this question
and include a brief outline of the
present methods for keeping losses
due to plant congestion within the
desired limits.

In answering Mr. O’Donnell’s ques-
tions some clarification of certain
statements in the paper is required.
The paper states that in very large
networks, such as the Sydney network,
4 per cent of calls can be lost owing
to fault conditions and plant conges-
tion, not just fault conditions alone as
implied by the question. The statistics
quoted at the beginning of the sec-
tion of the paper on Service Assess-
ment of Line Traffic are an attempt
to summarize the service performance
of large telephone networks generally,
particularly Subscriber Trunk Dialling
networks.

Getting down to practical cases, all
our capital city networks except Syd-
ney have an average call-failure rate
due to plant defects not exceeding 2
per cent; in some it is lower than 1
per cent. In the Sydney network the
corresponding call-failure rate is ap-
proximately 4 per cent. The tremen-
dous demand in Sydney for new ser-
vices and facilities has overtaxed the
Department’s resources, and mainten-
ance in some exchanges has fallen
slightly in arrears. The Department
does not regard this performance as
satisfactory and efforts are being made
to improve it. It should be apprecia-
ted that these call-failure rates are
network averages, and calls on some
individual traffic routes would en-
counter much lower failure rates than
the average, whereas calls on other
routes and calls from certain exchan-
ges, would encounter higher failure
rates.

In the case of S.T.D. traffic, some
routes (e.g. a route between two cit-
ies) have call-failure rates due to plant
defects of no more than 3 per cent
and others have high failure rates,
e.g. up to 8 per cent. Over the past
twelve months the Department has
placed in service a considerable quan-
tity of mew signalling and switching
equipment to provide urgently need-
ed S.T.D. facilities, and some of the
high failure rates are due to “teething
troubles” in this equipment; when
these are removed better performance
should be achieved.

The overall congestion loss in the
telephone network is controlled by
careful dimensioning of the quantity
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of equipment provided in each switch-
ing stage through which calls pass
and the number of links (trunks or
junctions) between exchanges. Each
switching stage and link between ex-
changes is assigned a busy hour “de-
sign loss,” and additional plant is pro-
vided when the in-service loss would
otherwise approach a value of twice
the design loss. Thus considering the
local exchanges shown in Fig. 1 of
the paper, sufficient selectors would
be provided initially at each of the
switching stages to ensure an average
grade of service of .002 per stage
during the busy hour period. This
average applies to the design period
and refers to the busy season busy
hour, therefore the actual grade for
most of the time would pe better.

As junction and trunk circuits (con-
necting links between exchanges)
generally cost more than switching
equipment, there is an optimum dis-
tribution of losses between switching
stages and connecting links. Thus in
the case of junctions costing less than
$800 per circuit, provided there is ade-
quate supervision of congestion, suf-
ficient links are provided to ensure
that the probability of failure during
the busy hour does not exceed .005.
For junctions costing more than $800
the corresponding design loss is 0.01.

A switching stage must not be sub-
ject to serious traffic overload, and
the design grade of service figure pro-
vides a safeguard against unforeseen
traffic increases due to forecasting
errors. A point can be reached under
overload conditions where even a
slight further increase in traffic offer-
ed can cause a very marked deterio-
ration in the effective grade of service,
pecause of the back feed resulting
from repeated call attempts. In this
connection, the common control cross-
bar system is more efficiently trunked
than the step-by-step systems, and
hence is more readily overloaded un-
der peak traffic conditions. Under no
circumstances should a switching
stage be overloaded to the extent that
one call in twenty is lost. To ensure
this, no switching stage or route is
dimensioned, even on a temporary
basis, for a nominal grade of service
poorer than one lost call in fifty.
Traffic-measuring equipments are em-
ployed to measure the traffic flow and
thus give an indication of “the proba-
bility of congestion” (see paragraphs
below). Plant-provisioning policy is
governed partly by the speed with
which relief can be given when con-
gestion does occur. If it is practicable
to provide relief at relatively short
notice then shorter design periods,
each with smaller increments in plant,
could be used.

In the case of metropolitan net-
works the design losses for the in-
dividual switching stages and the con-
necting links between exchanges are
set on the basis that during the busy
hour the average probability through-
out the network of a call failing due
to insufficient plant is about one in one
hundred; the corresponding figure for
S.T.D. traffic is one in fifty. It should

be noted that these refer to the busy
hour condition only, and that we
would expect a lower failure rate
from service observation measure-
ments because they are taken in busy
hour and in non-busy hour periods,
provided that all the installed plant
is actually available for service.

Because of the need to attend to
faults, and in the case of step equip-
ment to do certain preventive main-
tenance, not all the equipment is
available during the busy hour to
handle the traffic. This is of little or
no consequence when the plant is
well able to handle the busy hour
load, but it can become a factor as
the time for a relief project draws
near. Mr. O'Donnell asks if we should
revise our present provisioning policy
and provide additional equipment
specifically to meet this need. When
traffic measurements are taken to as-
certain the need for additional plant,
it is usual practice to check the num-
ber of switches out of service for
maintenance reasons and to regard
these as available equipment i.e. no
provision is made for equipments
which may be faulty. In the case of
junction routes and switching stages,
the grade of service normally provid-
ed is such that additional plant is
not justified to cover that plant which
is out of service owing to faults.
However, in the case of the more
expensive trunk circuits for Subscri-
ber Trunk Dialling the provisioning
basis does not give so much latitude
and there is a case for making an al-
lowance for maintenance. Modern
trunk circuit signalling equipment has
facilities for automatically busying
circuits from traffic under certain typ-
es of fault condition. Although a fig-
ure of 5 per cent as suggested by Mr.
O’Donnell is sometimes quoted as the
percentage of unavailable circuits,
this has not been confirmed by any
surveys known to the authors. Cer-
tainly such measures as,

(a) tighter supervision of mainten-
ance work to ensure that faulty
circuits are corrected and re-
turned to traffic as quickly as
pnossible and

(b) investigation of the reason for
any unexplained intermittent

blocking of circuits from traffic.

should be taken before simply provid-
ing more circuits to cater for the
faulty ones.

There is no simple answer to the
auestion what maximum call failure
rates due to plant defects and con-
gestion would be tolerated by sub-
scribers without complaint. The fol-
lowing factors are relevant:—

(a) The subscriber receives busy
tone for both “wanted subscri-
ber busy” and plant congestion
conditions. As stated in the
paper, we could expect 10
per cent of calls to encounter
“wanted subscriber busy”. In
the case of some of the larger
networks, this figure is as high
as 13 per cent. It is not pos-
sible to distinguish these condi-
tions in our new crossbar net-

(b)

©

(@

(e

work at present, and although
it is possible to make the dis-
tinction in the step network,
many  subscribers  probably
would not be aware of it. How-
ever, even in crossbar exchan-
ges there is little doubt that
medium and heavy calling rate
subscribers become aware of
say 5 per cent congestion on
particular traffic routes they
use frequently. It is proposed to
introduce a new type of busy
tone which will be only slightly
different from the present busy
tone, and which will be used
by departmental personnel, in-
cluding service observers, as a
check of congestion in our net-
works.

In some of our new types of
equipment busy tone is returned
in the event of some types of
malfunction of faults.

Mr. O’Donnell states that the
user does not distinguish call
failures due to plant faults from
calls on which busy tone is re-
cived due to congestion; this is
very doubtful. Because of their
inability generally to distinguish
plant congestion from “wanted
subscriber busy,” subscribers
would be much more critical
of faults. I think most sub-
scribers prefer a positive indi-
cation in the form of a busy
tone (even if they know that
it is not ‘“wanted subscriber
busy”) than “no tone” or
wrong numper conditions, i.e.
fault conditions. In fact there
is a case for giving busy tone
under fault conditions wher-
ever this is practicable and this
is done in modern equipments.

The Administration’s plant pro-
visioning programme normally
ensures that congestion gener-
ally throughout the network is
kept within specified limits as
described above, and it is only
individual traffic routes which
become severely congested if
the provision of additional plant
has been delayed. Thus subscri-
bers connected to a certain ex-
change or exchanges will be-
come conscious of abnormally
high incidence of busy tone on
certain calls, and this will give
rise to complaints. Precisely
what subscribers will tolerate
without complaint is debatable.
but in the authors’ opinion, busy
hour congestion of 6 or 7 per
cent will almost certainly cause
complaint and requests for as-
sistance from medium and
heavy calling rate subscribers.
Infreauent  telephone  users
would probably tolerate higher
call-failure rates without com-
plaint; what does produce sub-
scriber reaction is a sudden de-
terioration in service perfor-
mance.

Service experience has shown
that failures due to plant de-
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fects, i.e. actual misoperations
of equipment, are not altogether
independent of failures due to
plant congestion. Certainly in
the  step-by-step  switching
equipment under heavy conges-
tion conditions certain types of
selectors and pre-selectors are
subject to intermittent misope-
ration, which causes “no-pro-
gress’ and misdirection calls
under conditions of heavy traf-
fic overload. This can add up to
5 per cent to the failure rate
under conditions of severe con-
gestion.

From the performance figures in-
dicated in the paper, it evident that
the total call-failure rate due to De-
partmental causes, i.e. failures due to
faults and congestion, should not ex-
ceed 6 or 7 per cent at the most,
otherwise it will become a major con-
tributing factor to call failure and
cause complaint. We have higher fail-
ure rates on some S.T.D. routes and
from some individual exchanges in the
Sydney network, and these do cause
customer complaints and requests for
assistance. In the Sydney network,
the subscriber complaint rate is about
40 per cent higher than any other
network, and this is attributed largely
to the relatively poorer performance
of this switching network.

Most telephone administrations have
experienced at some stage the prob-
lems of high call-failure rates due to
faults and/or plant congestion. This
applies particularly to S.T.D. networks
where the public demand for the ser-
vice frequently outpaces the Adminis-
tration’s capacity to provide more
plant. The recent adverse public critic-
ism of the telephone service in the
United Kingdom is an example of
this problem. Some S.T.D. routes in
the UK. have call-failure rates of 20
per cent owing to faults and conges-
tion.

Speaking of objectives it is the au-
thors’ opinion that for capital city
networks, the call-failure rate due to
faults and plant congestion, based on
service observation results, should not
exceed 3 per cent for the larger net-
works and 2 per cent for the smaller
networks, with individual exchanges
no worse than 4 per cent. If these
targets are met, it should be possible
to achieve an average S.T.D. call-fail-
ure rate (faults and congestion) of 4
per cent. Certainly we should not ex-
ceed 6 per cent on any individual
S.T.D. route.

Mr. O’Donnell’s question also poses
the issue of the optimum balance be-
tween congestion loss and losses due
to faults. Ideally we should operate at
points where the same money invested
in reducing faults and in reducing
congestion would give the same ser-
vice improvement, to the customer, or
the same financial gain can be made
by relaxing either the congestion
standard or the fault standard with-
out adverse customer reaction. To
date no specific and detailed studies
have been made of this question but
it would be useful to do so. On the
ground that the customer generally
does not distinguish between plant
congestion and “wanted subscriber
busy” we probably could relax our
congestion standards a little without
risking severe customer reaction and
make some saving in capital cost of
plant. For example a network opera-
ted at 1 per cent. calls lost owing to
faults and 1 per cent owing to plant
congestion, could operate with 2 per
cent congestion loss without undue
customer complaint. On the other
hand unless the plant in a network
has deteriorated to a very poor state
of service reliability (as may be the
case for very old equipment for which
spare parts are not obtainable) or it
has serious design weaknesses which
cause high maintenance, it is generally
much cheaper to improve service per-
formance by more maintenance than
by reducing the loss due to plant con-
gestion. It is not possible to gen-
eralize regarding the amount of ser-
vice improvement which will result
from a given maintenance effort, as
much depends on the nature and dis-
tribution of the plant defects. A few
early choice equipments in a selector
grading can very seriously degrade
service performance but they could be
easily restored to good working order.
On the other hand badly pitted con-
tacts on every selector or relay set
in a switching stage may also have
a serious service effect and could be
very expensive to rectify.

The main means of supervising plant
congestion is to make regular checks,
usually two-yearly, at the individual
switching stages and links in the
telephone networks. The ideal method
for checking congestion would be to
measure the ratio of calls offered to
a stage or link to calls rejected be-
cause of congestion. Unfortunately
it is not practicable to do this readily
and the usual technique is to mea-
sure the traffic flowing during the
busy hour period and, if this consis-

tently exceeds the design load for
that particular stage, action is initia-
ted to provide more plant, A so-cal-
led resistor traffic recorder is common-
ly used for this type of measurement.
It consists of a milliammeter which is
connected to read the current flowing
through a bank of parallel high re-
sistors, one connected to each piece of
equipment in the group being mea-
sured. Each circuit which is occu-
pied on a call will cause a slight in-
crement of current through the meter
via the traffic recorder resistor. The
meter is calibrated to read directly the
number of circuits occupied at a given
instant and is read every few minutes,
calculations of average traffic being
made from the tabulated results. The
original resistor traffic recorder has
been adapted for automatic operation
to produce traffic data on punched
paper tape suitable for processing on
a computer.

Another recording device is the Er-
lang hour meter which is the equiva-
lent of the watt hour meter used for
measuring electrical energy in that it
integrates the number of circuits oc-
cupied and the time for which they
are occupied. The meter reads Erlangs
of traffic directly, and the equipment
is switched in circuit during busy
hour periods. It is used for long
term or continuous traffic observa-
tion and supervision. To assist in the
determination of traffic dispersion and
flow in our larger networks, more
sophisticated traffic-dispersion mea-
suring equipment is being developed
which will record on paper tape suit-
able for data processing full details
of call holding times and call destina-
tions.

In addition to these regular annual
readings of traffic, it is desirable that
maintenance staff keep a watch on
congestion conditions. A rough check
can be made in step-by-step exchanges
by means of so-called overflow meters,
which give an indication of the in-
cidence of calls which receive busy
tone because of congestion out of a
selector stage. Similarly, crossbar ex-
changes are provided with congestion
meters which accurately record every
call attempt which fails owing to lack
of equipment. Congestion and over-
flow meters are read at regular inter-
vals and, should the reading be ex-
cessive, a full check is made using the
equipment mentioned above. Another
check of congestion is the result of
the test calls generated by means of
the traffic route tester described in
the paper.
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RAPID TESTERS FOR STEP-BY-STEP EXCHANGE EQUIPMENT

L. J. BLOXOM* and P. C. C. WAY, A M.IE. Aust**

INTRODUCTION

The well known automatic routiners
in 2,000 type exchanges were designed
to check the condition of selectors by
the automatic application of an exten-
sive range of functional and marginal
tests. (Ref. 1.) The severity of some
marginal tests is such that selectors
will fail under test, yet would operate
satisfactorily in service. As a result,
some doubts were cast upon the effi-
ciency of this equipment as an aid to
modern qualitative maintenance prac-
tice. (Ref. 2.)

This article details work in the New
South Wales Administration of the
Australian Post Office leading to a
very economical conversion of the
routiner to provide rapid non-critical
functional tests, including fully auto-
matic starting of routiners and print-
out of details of faults detected. (An-
other approach to the print-out of
auto-routiner results is described in
Ref. 3.) Mention is made also of the
approach now current in the Sydney
metropolitan network of completely
automated testing of step exchange
equipment and its role in qualitative
maintenance. Extension of rapid auto-
mated testing to pre-2000 type equip-
ment in the network, following bene-
ficial experience in 2000 type exchan-
ges is also described.

HISTORICAL

The prototype rapid testers used in
the Sydney metropolitan network
were developed by Mr. L. Bradley,
Supervising Technician, Balgowlah
Exchange in 1958. These comprised a
group selector, final selector and dis-
criminating selector repeater tester,
and used subscriber registers to re-
cord the number of defective switches.
In 1964, a B.P.O. printer (used with
the Subscriber Call Record Print
Equipment) was employed to give
more detailed print-out information
than that available with the registers.

Initially the testers had to be start-
ed manually during the day, but in
1959 an electric clock mechanism was
attached which automatically started
the testers after hours. By doing so,
full advantage could be taken of low
traffic density in the exchange and
therefore maximum access of the test-
ers to non-busy switches. The early
a.m. hours were chosen as the testing
period.

The A.P.O. Headquarters had been
working along similar lines. In 1963
a modification to the standard Group
Selector routiner was notified to the
States. It was designed to convert
them to functional rapid test opera-
tion with the added facilities of vari-
able level testing.

* Mr. Bloxom is Senior Technical Officer,
Metro Branch, N.S.W. See Vol. 15, No. 2,
Page 160.

** Mr., Way is Engineer Class 4, Metro Branch,
N.S.w.

This modification was expensive in testers. Because of the many thous-
terms of labour, because it involved ands of hours needed to complete the
alteration to the hard wiring of the work throughout the Sydney network,
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the principle adopted by Mr. Bradley
became a far more attractive propo-
sition. In the latter case the new faci-
lities are incorporated in a relay set
which can be mass produced on a
production line basis. Relatively few
hours work are required to wire the
relay set to the routiner.

DEVELOPMENT OF THE
CONVERSION RELAY SET

The prototype of the production line
relay set was made up during June-
July of 1965 for the Bankstown ex-
change. The graphs of performance,
Fig. 1, indicate how successful this
proved to be. The prototype was pro-
duced in consultation with the Postal
Workshops staff at Sydenham, and
included minor improvement, to the
Balgowlah exchange version and, the
addition of a Sodeco printer. Two
relay set bases were used.

For mass production, further refine-
ment took place to compress the unit
to a single base for both the group
and final selector testers. These were
produced for a cost of $130.00 and
$140.00 each respectively. Approxima-
tely 40 manhours were required in the
exchange for attachment of the relay
set to the routiner.

It is of interest to note that designs
‘to make use of teleprinters for print-
out were examined by Mr. J. Harris,
Engineer Class 2, Equipment Service
N.S.W. and a workable solution was
derived. However, in the interests of
standardisation simplicity and costs,
the Sodeco printer installation was
finally adopted.

APPLICATION OF RAPID TESTERS

The rapid functional tester enables
service personnel to apply qualitative
or controlled maintenance in their ex-
changes with a much greater degree
of confidence.

The testers will check every one of
several thousand selectors in an ex-
change and record the details of faults
detected. Having this information
means that a dependable history of
the plant performance for that par-

ticular exchange can be built-up. From -

such a history, the characteristic be-
haviour pattern of the equipment can
be derived, which enables any de-
partures from random fault incidence
to be instantly recognised. Knowing
this, the probability of failure for
the equipment may be calculated.

The frequency of testing depends
upon the plant performance objective
and the probability of failure, which
in effect relates directly to the re-
liability of the switching equipment.
Projects to be undertaken to sustain
or improve matters could well be ini-
tiated as a result of the evidence pro-
duced by the printers.

Experience to date with group sel-
ector testers is that with nightly test
runs, a figure of 0.1% defectives (one
selector failure per thousand switches)
can be reached and sustained with
plant in moderate condition. For very
good equipment, a lower defective

rate can be maintained with less fre-
quent testing, .

The maintenance objective is quite
clear. Defective selectors are to be
cleared from traffic immediately after
each test and prior to the ensuing
busy hour. This is done either by
clearing the fault or busying the sel-
ector. In the latter case faults must
be rectified within 24 hours. The ser-
vice requirement is for each selector
to be in a functionally sound condi-
tion so that a successful operation of
the switch will take place at each
first attempt by a subscriber.

The reliability of the equipment
could be far from satisfactory and it
may be impracticable to complete an
effective rehabilitation project, quick-
ly. In these circumstances, it is the
contention that every opportunity
should be seized to run the tests be-
tween each busy hour in an effort to
reduce the in-service time of faulty or
defective equipment. The rapid tester
is fast enough to permit this to be
done. In doing this the fault situation
can be kept under control, but obvi-
ously the principles of qualitative
maintenance would dictate that ser-
vice action on an extensive scale
should automatically follow until re-
liability in plant performance is once
again restored to the equipment.

Summarising then, the rapid func-
tional tester enables:

(a) All selectors in the exchange
(amounting generally to thous-
ands) to be quickly tested for
functional operation at negli-
gible cost.

(b) Defective selectors to be ex-
posed and to be taken out of
service — thus reducing the in-
service time of faulty apparatus.

(c) Economical testing after hours
or in unattended exchanges dur-
ing the most suitable hours for
testing.

(d) The characteristic performance
of the equipment to be derived.
Also the probability of failure
to be deduced and consequently
plant performance trends and
project tasks to be more easily
assessed.

(e) The quality of workmanship to
be supervised. Positive recogni-

tion is given of any service ac-
tivities leading to subsequent
early failure or breakdown in
reliability.

(f) More soundly based decisions to
be reached on matters of service
project work needed to maintain
standards of performance.

(g) Service personnel to maintain
control over their exchange
with minimum staff, yet with
increased confidence. (Experience
would indicate that this situa-
tion is reached 2 or 3 months
after the introduction of the
rapid tester, and will happen only
when defectives are being clear-
ed in a thoroughly reliable man-
ner).

PRINCIPLE OF OPERATION OF
RAPID TESTERS

The conversion to rapid testing of
2000 and SE50 type exchanges by the
modification of existing automatic
routiners is a relatively simple opera-
tion. These routiners consist of 2
units:

(a) An access control unit, and

(b) A test unit
A routiner is converted by the addi-
tion of a standard relay set which
provides for the quick functional tests.
For this purpose it supplants the nor-
mal routiner test unit. (The full test
cycle of the routiner test unit is still
available at all times, by the simple
restoration of the rapid test start
keys). In addition to the standard
relay set minor wiring additions and
key provisions are required.

For automatic start and print-out
the following equipment is addition-
ally required per exchange:

240V a.c. time clock

5 Wheel “Sodeco” Printer (Type

Tpb7)

Printer control relay set

5 Level control uniselector

8 Level scan uniselector (one for

each working routiner)

The circuit arrangements shown in
Fig. 2 apply to 2000 or SE50 type
step-by-step equipment routiners and
are designed to serve the group sel-
ector, final selector, D.S.R. or Auto-
Auto repeaters.
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Fig. 2 — Block Schematic for Rapid Testing with Automatic Start and Print-Out for 2000
and SE50 Type Routiners.
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Furthermore the arrangement is the
same for pre-2000 type equipment of
similar types except that the whole
of the equipment in the schematic has
to be manufactured and installed.
There were no routiners or access
wiring provided in the years when
this equipment was being installed.

TYPES OF RAPID TEST UNIT

The following types are currently in
use or being installed in the Sydney
network.

(a) 2000/SE50 Group Selector

(Dwg. ND. 34229)

(b) 2000/SE50 Final Selector

(Dwg. ND. 33930)
(c) 2000/SE50 Auto/Auto Junction
Tester (Dwg. ND. 34619)
(d) 2000/SE50 Discriminating Sel-
ector Repeater
(Dwg. ND. 36025)
(e) Pre-2000 Group Selector
(Dwg. ND. 35402)
(f) Pre-2000 Final Slector
(Dwg. ND. 35403)
(g) Pre-2000 Auto/Auto Junction
Tester (Dwg. ND. 34384)
(h) Pre-2000 Access Control
(Dwg. ND. 34359)
(i) Printer Control R/S
(Dwg. ND. 33928)

Types (a) to (d) inclusive use ex-
isting routiner access control equip-
ment, whilst (e) to (g) are completely
developed routiners provisioned with
access switches and wiring to the
equipment to be tested. Each rapid
test unit has ‘plug-in’ type relay sets.

All or any of these types of testers
can be connected to a single printer
control relay set and printer, the limit
in number being determined by the
volume of print-out. In practice, about
8 testers per printer appears to be a
desirable maximum. A reduction from
this figure applies where switching
plant in poor condition repeatedly giv-
es a voluminous print-out.

All of the various type testers in
(a) to (g) are in use nightly through-
out the Sydney network. Because of
existing routiner access equipment in
the 2000/SE50 type exchanges, a
maximum effort in the early period of
the project was directed to providing
rapid test and print-out to these types
of exchange to enable a quick return
in improved service performance to be
obtained. The volume of work in build-
ing routiners and providing routiner
access to pre-2000 type equipment has
resulted in slower conversion of this
type of equipment.

GENERAL DESCRIPTION OF AUTO-
MATIC START AND PRINT-OUT

At 1.00 am. daily in a typical ex-
change, a 240V time clock provides
a start earth to a printer control relay
set where a relay expands this earth
to a multiple number of starts to
various type routiners (rapid testers)
in the exchange.

All routiners commence testing at
once, starting with the first switch
or equipment to which they have ac-
cess. From this time the printer con-
trol relay set will accept calls from

any of the rapid testers it is serving.
Such calls will originate from either
one of two causesi—

(a) On the rapid tester detecting a

faulty selector
(b) On the rapid tester detecting a
selector busy

When the printer control relay set
is called by a tester, a 5 level control
uniselector associated with it, sear-
ches for the calling tester. The con-
trol uniselector is a homing type and
the rapid testers are arranged on con-
secutive contacts around the banks.
The steps taken by the control unisel-
ector are repeated in impulse form to
wheel 1 of the Sodeco Printer; and
are arrested when the uniselector
stops on finding the calling tester.
This printer wheel then has the test-
ers identity. The printer control relay
set then steps the 8 level scanning
uniselector associated with the call-
ing tester. The banks of this scan
switch are wired to the routiners

%%% %&W

primary lamps, shelf-lamps and switch
lamps and 3 fault categories. The scan
switch is stepped at 10 pulses per
second over these circuits and in-
parallel pulses are sent to wheel 3 of
the printer. Again the pulses to the
wheel are arrested when the scan
switch wipers momentarily rest on
the primary lamp contact in use, giv-
ing the printer wheel the primary
lamp identity, but the scan switch is
stepped on. Printer control circuitry
functions to print this information.
Printer wheels are reset to zero and
the paper moved forward in the prin-
ter for the 2nd line print-out. At this
point the 8 level scan switch will have
returned to normal. The scan switch
is again stepped by the printer con-
trol relay set, its functions in this
search are to determine (i) the fault
code or category (ii) the shelf lamp
and (iii) the selector in the shelf. This
information is passed to wheels 1-3
and 5 respectively of the printer.

P
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Fig. 3 — Sodeco Type Printer Common to Three Routiners.
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Printer control relay set circuitry
functions to print this information as
a second line print-out, and then after
resetting all printer wheels to zero,
prints this zero reset as a separation
between fault print-outs. The relay set
resets the calling tester by applica-
tion of earth to its ‘test finish’ lead,
the tester is freed and steps automati-
cally to the next selector to which it
has access. The printer control relay
set is freed and the control uniselec-
tor returns home. The printer control
is ready to accept the next call. When
simultaneous calls are made to the
printer control relay set from 2 or
more testers, the tester wired to the
earliest bank contact of the control
uniselector has first priority and other
testers wait in this order, for the
printer circuit to become free. After
each fault print-out the printer control
relay set circuit restores and the con-
trol uniselector homes to normal.
In summary the information passed
from the printer control relay set to
the printer comprises 5 bits.
(a) The Routiner (or Rapid Tester)
Identity

(b) The Rountiner Primary Rack
Lamp Identity

(c) The Routiner Shelf Lamp Iden-

tity

(d) The Routiner selector Lamp
Identity

(e) The fault code or category (1 of
3 codes)

As the information in (b), that is the
primary rack lamp number, common-
ly exceeds 10, necessitating a 2 wheel
print, all 5 lots of information could
not be printed in a single line and
hence a 2 line print-out was used.
This occurs on a continuous 1} inch
wide paper tape, the printer control
relay set providing a distinctive row
of zeros to separate each 2 line infor-
mation print-out. Fig. 3 illustrates a
printer associated with D.S.R., group
and final selector testers at the Banks-
town exchange.

CIRCUIT OPERATION

As most of the circuits have com-
mon features, a general description
is given of the 2000 type final selector
rapid tester, followed by a summary
of the functions of the various types
of testers.

Operation of 2000 type Final Selector
Rapid Tester

The routiner is modified with four
additional keys which have been desig-
nated as (KST) START key, (KSOI)
STEP OVER IDLE, (KSOB) STEP
OVER BUSY key, (KTT) TONE TEST
key, (KAHT) AFTER HOURS TEST
key. (See Fig. 4.)

After-hours testing has been achie-
ved by wiring the relay set to the
printer control relay set which is con-
trolled by a time clock. This time
clock is provided with an overrider
switch for manual control.

The rapid tester is started by the
operation of the KST key, KAHT key
and the normal start key associated

with the routiner. The rapid tester
operates when the time clock starts
the printer control or when the over-
rider switch is operated.

Positive on the “TS” lead, from
the access control circuit, operates
OAA relay, and SL relay slowly via
a thermistor. SLA operates secondary
to SL closing the circuit for OAB to
operate. C relay is placed on a slow
release of 8 seconds to time the com-
plete test. IP operates. (It is presumed
the final selector under test is free.)
A loop is extended to the selector by
SL operating. SLA transfers the pri-
vate wire from the P relay to the
PT relay which now monitors the pri-
vate during the duration of the test.
Any O/C private condition allows
PT to operate and lock on its second
winding, thus removing the positive
from the successful test (SO relay)
chain. IL operates slowly giving the
A relay of the selector sufficient time
to fully flux. IL operates the pulsing
relay IG which commences to pulse at
10 pulses per second.

Pulsing of the CRA relay and the
selector under test occur at the same
time. When nine pulses have been
sent, finger 9 of the CRA relay opera-
tes CO, which stops IG from puls-
ing and releases IL. CO, in operating,
places IP on a slow release to time
the interdigital pause. When IP re-
leases, COA operates and CRA is
blown out, restoring the fingers to
normal. CO releases slowly and re-
operates IP and IL. COA locks to
SLA.

IG pulses and sends the second train
of pulses to the A relay of the selec-
tor and to the CRA relay;, when ten
pulses have been sent, the 10th finger
of CRA /(COB), operates slowly giving
time for an eleventh digit to be sent
to the A relay. COB operates and
locks to SLA, CO operates, and IL
and IG release. The selector is then
up 9 in 11 and the H relay of the
selector operates to the dummy K
placed on the lower hundred private
by the SLA. K operates in series with
the H relay.

Ringing conditions are extended
from the selector, F in selector opera-
tes followed by the D relay via R11.

Reversal is given back to the A
relay. REV relay in the test unit ope-
rates. CA checks for correct wiper
polarity and operates if polarity is
correct. Positive battery meter pulse
on private operates M. SO operates
causing SL to release. The loop is
removed from the selector which res-
tores. SLA releases slowly, OAA re-
leases but OAB holds. C5 is re-charg-
ed to give C relay its next slow re-
lease time. SO releases slowly. SL
operates slowly. The loop is re-ap-
plied to the selector. SLA operates
slowly. OAB releases. SLT now oper-
ates and changes from lower hundred
to upper hundred testing. The loop
applied to the selector now changes
from long line to short line conditions.

The relay operation is repeated as
for the lower hundred testing but
when SO operates, an earth extended
on the test finish lead steps the ac-

cess control equipment to the next
selector.

Tone Test: With the Key TONE TEST
(KTT) operated the rapid tester checks
for ring tone while testing the lower
hundred (after ring is applied to the
line the trip circuit is O/C) and the
routiner valve is connected across the
loop circuit by the COA relay. When
the valve circuit has detected ring
tone AR operates followed by ARA
slowly. SO operates, which causes the
rapid tester to restore.

When the selector is pulsed to level
9 contact 11 for the upper hundred
testing the absence of K relay battery
on the private causes a busy line test,
the valve input is again placed across
the loop which is still in long line
conditions due to KTT being operated.
Busy tone being detected, causes AR
to operate followed by ARA. SO
operates and positive is placed on test
finish lead, which steps the access
equipment.

Testing of Large Group Finals: The
testing of two digit large group selec-
tors, has been achieved, by strapping
the primary lamps that indicate the
large group selectors, via diodes to
relay LGX. The operation of this re-
lay converts the rapid tester to step
the selector to level 9, search for the
first free outlet and check the func-
tions as for the ordinary final selec-
tor. With relay LGX operated, the
test is completed at this point, and
the access control stepped to the next
selector.

Modifications have recently been
completed to allow the testing of one
digit large group final selectors.

Faulty Final Selector: From the time
SLA operated at the commencement
of the test, C relay has an 8 second
release time for timing either the low-
er hundred or upper hundred test. If
the test cycle is not successfully com-
pleted during this time, C relay re-
leases, closes the circuit for the dis-
play of lamps indicating the fault, and
prevents positive from being sent on
the test finish lead.

Where the tester is being used as
an automatic routiner the Key KAHT
(AFTER HOURS TEST) will be ope-
rated which extends a positive to
the printer control circuit on one of
two leads. This will cause the So-
deco printer to print out the neces-
sary information indicating which se-
lector has failed, followed by a posi-
tive on the test finish lead causing
the access equipment to step to the
next selector.

When busy selectors are to be re-
corded on the printer, relay P which
operates if the selector under test has
a positive on the private, will call in
the printer and stop SL from operat-
ing.

Step Over Busy-Step Over Idle:
Where a ‘step over busy’ feature is
required, operation of the KSOB key
places test start under control of the
private testing relay P. If the final
selector is busy, positive from TS lead
is diverted to the TF lead by an opera-
ted P springest and the access control
equipment steps on without a start
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being given to rapid tester. When the
‘step over idle’ feature is required,
operation of KSO1 key will divert the
positive from TS lead via a normal P
spring-set to TF lead and the access
equipment will step on. When a busy
selector is encountered the operated
P spring-set will open this circuit and
if key KAHT is operated the printer
will record the busy selector.

Impulse Distortion Testing: In-
cluded in the circuit is provision
for the insertion of an Impulse Dis-
tortion Unit. Links in test jacks 1
and 2, 3 and 4 are removed, and link
in 7 and 8 is transferred to 8 and 9.
The test plug from the distortion unit
is plugged intc TJ 1, 5. On lower
hundred testing the output of the IG
relay is returned to TJ 1 and 4 as a
20% make ratio. When the rapid
tester changes to upper hundred test-
ing, positive to TJ5 operates a relay
in the distortion unit causing a change
to a 60% make ratio; these distorted
impulses are then delivered to the se-
lector under test.

Functions of Other Types
The 2000 type/SE50 Type (Group

Selector) Rapid Tester:

1. Tests the selector switching HA
(long line).

2. Tests the selector switching HB
(short line).

3. Monitors the private from loop
to completion of all tests.

4. Checks
cords.

5. Allows HA/HB testing on any
levels from 1-0. This is done by
means of the level selector
switch.

6. On level 9, checks that the switch
is driven to the correct level by
seizure of the 19th and 20th
trunk (HA and HB).

7. With the use of the impulse dis-
tortion set, allows the selector to
be checked for performance with
a 20% and 60% make pulse ratio
(level 9).

8. Check of selectors “Off Normal”
or looped be performed manually
by operation of the “step over
idle” key.

9. With “step over busy” key opera-
ted during busy traffic, a ran-
dom outlet tests may be perform-
ed to prove bank wiring, etc.
On failing a test or detecting a
busy switch, tester calls printer
and after printing, resets for next
test. The tester takes approxi-
mately 6 seconds for HA/HB
switching functions.

Functions of the 2000 Type Auto-
Auto Junction Tester:

(Functions of pre-2000 type Junc-
tion Tester similar.)

1. Checks the repeater for busy or
idle condition.

2. Sends 1-2-3-4 or more digits, ap-
propriate to the junctions parti-
cular reversal number.

Constantly monitors the private
condition.

4. Checks for 3 Reversals from the
distant Exchange answering re-
lay base.

the polarity of wiper

10.

5. Provides 3 re-tests before print-
ing.

6. Tests for a premature reversal
before and between pulsing.

l;unctions of Pre-2000 Access Con-

trol:

1. On operation of the Start Key
the primary distributor is step-
ped to the first access selector
which is seized if free.

2. Steps the access selector up 1
and in 1 to connect the test com-
mons to the selector under test.

3. Steps the access selector after
each test.

4. Operates a lamp display to show
tl’ée particular selector being test-
e

5. Provides usual facilities such as,
manual setup, continuous routine,
step on, reset, step over busy,
step over idle, un-equipped posi-
tion, routine finish etc.

TR

Functions of Pre-2000 G/S Test

Unit
1.

Checks selector under test for
busy or free condition and if free,
applies loop conditions.

Checks for correct polarity and
steps G/S to the level selected
by the level selector switch.
Sends pulses under long or short
line conditions, depending on key
operation.

Monitors private throughout the
test for open circuit or high re-
sistance.

In the case of a Tone Test, re-
ceives a tone to ensure G/S has
reached the correct level.

In the case of the switching test,
checks that the G/S has stepped
off normal and seized an outlet.
Checks polarity of wiper cords,
and continuity of negative posi-
tive and private.

Fig. 5 — Pre-2000 Type Routiners — two per Rack.
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8. Breaks the loop and tests for re-
lease guard ground as the G/S
is releasing.

9. Sends pre-distorted impulses to
the G/S when an impulse distor-
ter is connected via the test
jacks.

10. Detects fault conditions and calls
in the printer.

11. Steps access equipment at the
end of each test. The tester takes
approximately 2% seconds to test
each selector.

Functions of Pre-2000 F/S Test

Unit:

1. Checks F/S for busy or free con-
dition and if free, applies loop
conditions.

2. Checks for correct polarity and
steps F/S to the test line (us-
ually 99) under long or short
line conditions, depending on
key operation.

3. Monitors the private throughout
the test for open circuit or high
resistance.

4. Checks that selector seizes the

test line and applies ring condi-

tions.

Checks for presence of ring tone.

Trips the ring.

Detects a polarity reversal when

the ring is tripped.

Checks polarity of wiper cords

and continuity of negative posi-

tive and private.

9. Breaks loop and tests for release
guard ground during release.

10. Sends pre-distorted pulses to se-
lector when an pulse distorter is
connected via the test jacks.

11. Detects fault conditions and calls
the printer.

12. Steps access equipment at the
end of each test.

13. With the Tone Test and Line keys
operated, to test the selector for
ring tone and busy tone.

Because in pre-2000 exchanges, the
99 test number is not always avail-
able, another relay set can be instal-
led, which will change the number
dialled by the test unit to corres-
pond with the test number allocated
to the particular F/S or group of
F/S’s being tested.

The tester takes approximately 6
seconds to test each selector.

Function of D.S.R. Test Unit:

0 Noo

1. Tests for busy selectors.

2. Tests for idle selectors.

3. Tests search and switching of
junction-hunter transmission
bridge etc.

4. Monitors private from time of
seizure.

o

Pulses long or short line up 9
in 11 to prove vertical and rotary
of selector.

Switches 9/11 to prove wiper con-
tinuity and polarity.

Checks repeating of A relay puls-
ing.

Provides facilities for connection
of pulse distorter.

Provides normal “step over busy”
or “step over idle” facilities.

® ® N o

INSTALLATION ASPECTS

All relay sets associated with rapid
testing are of the 2000 plug in type
relay set.

In 2000 or SE50 type exchanges,
on existing routiners where space was
available, a channel bar mounted and
wired with a double row of 32 point
U jacks, was used to accommodate a
number of relay sets. Alternatively
the relay sets were located remotely
from the routiners on a MAR or simi-
lar rack. The control uniselector was
mounted in a relay set and the 8 level
scan uniselectors individual 7o each
routiner or tester, were mounted on
the routiner next to the primary dis-
tribution uniselector. A short form
connected the scan switch to the pri-
mary, shelf and switch lamps.

In pre-2000 type exchanges, where
there were no previous existing rou-
tiners or access wiring, a routiner pat-
terned on the B.P.O. model was de-
signed and after some development, it
was possible to accommodate 2 sepa-
rate routiners or rapid testers, on
one 8 ft 6 in rack. (See Fig. 5.)

In all, the equipment mounted on
the rack comprised a printer control
relay set, alarm relay set, two test
units, two access control units, two
control panels of primary, shelf and
switch lamps and associated control
keys. Additionally two primary dis-
tribution uniselectors, two 8 level scan
switches and one 5 level control uni-
selector.

The usage of this type of routiner
fell into 2 categories:

(a) Pre-2000 type main exchanges
where large numbers of selec-
tors had to be tested.

(b) Pre-2000 type branch exchang-
es where usually smaller quan-
tities group selectors were to
be tested in addition to final

selectors. A maximum of 3200

pre-2000 group selectors, was

fixed as a practicable maximum

for any one tester to handle,

and because greater quantities

were entailed in main exchan-

ges, it was decided that the

routiner rack cable forms be

made and wired so that the

rack would function as 2 group

selector testers in a main, or

as a single group and single

final selector tester in branch

exchanges. The selection of

keys, U jacks etc. were nomina-

ted to perform the dual role.

By a simple change of plug in

test unit, a pre-wired routiner rack

may be converted from a two group

to a group plus final selector test-

er. The supervisory lamps were sign-

written according to the test unit
types to be used.

A project team comprising 4 tech-
nician assistants together with a sen-
ior technician as supervisor comple-
ted a 2 in 1 routiner rack of this
type every 2 weeks, at a labour cost
of $800, plus material. (All plug-in
type bases were manufactured by
contractors to Post Office circuits and
specifications).

PRE-2000 ROUTINER ACCESS

The provision of routiner access to
pre-2000 group selector bays, was
made in early installations by utilising
two modified 200 bank 2000 type
group selectors, mounted on each
side of a double sided bay. Because
of the acute shortage of these selec-
tors, this arrangement was abandoned
and 100 bank pre-2000 group; final
and S.S.R. switches recovered from
replaced pre-2000 exchanges, were
modified and used in groups of 3,

Fig. 6 — Three Access Selectors Mounted in a Double Sided Bay.
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working levels 1-8, to provide access
to the 240 selectors on a double sided
bay, (see Fig. 6). Recovered banks
were strapped and tailed with 63 wire
cable cut to length, which was then
secured and laced into the bays; the
20/3 wire circuits terminating on ne-
gative positive and private U jacks.
Obsolete recovered D.S.R.’s have been
used as access switches for the same
purpose.

To reduce the time, cost and size
of providing pre-2000 final selector
routiner access, a different expedient
was used. In a 6 digit numbered pre-
2000 type exchange, a pre-2000 type
late choice 4th selector was nomina-
ted in each 1000 group and modified
by the addition of a relay to serve as
an access selector for after hours or
light traffic condition testing. The
maximum number of final selectors
in any 1000 group available for test
by this means is a 100. Where the
number of final selectors in a 1000
group exceeds this quantity, a tailed

bank as described earlier was provid-
ed with 3 wire circuits to connect the
balance of such finals.

CONCLUSION

In June, 1967 all testers for group
selectors and final selectors 2000 type
in the Sydney Metropolitan Network
were converted to functional opera-
tion. At the same time, all pre-2000
type equipment to be retained over
a number of years were wired for
functional testing.

The experience to date has been
such that a decided improvement in
performance at each exchange has
resulted from the introduction of the
rapid functional tester. It is recog-
nised that the frequency of testing will
remain high in a number of cases un-
til such time as increased operational
reliability is achieved: either by more
extensive service project work or by
the replacement of vintage or poorly
conditioned equipment.
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TECHNICAL NEWS ITEM

AN INTERESTING PHENOMENON

OBSERVED AT 30-60 MHz ON STAN-

DARD LONG DISTANCE COAXIAL
CABLE TUBES.

Transmission equipment manufac-
turers in Japan and Germany are
well advanced with the development
of 40 and 60 MHz systems for applica-
tion to standard 0.375 in coaxial cable
with the purpose of providing cap-
acity for some 10,000 voice-type cir-
cuits per pair of tubes. It is expec-
ted that systems of this type with
repeaters approximately every one
mile (for 60 MHz) or 1.5 miles (for
40 MHz) will be available in the
early 1970’s. In order to examine the
possibilities for the application of
such systems in the Australian tele-
communications network the P.M.G.
Research Laboratories have commen-
ced tests on existing types of coaxial
cables to assess their suitability for
operation at these frequencies.

An echo test method is being de-
veloped to enable the necessary meas-
urements to be carried out. The test
signal, instead of being a d.c. pulse,
is a burst of carrier. The carrier fre-

quency may be varied over any desir-
ed range — for the present purpose,
10 to 60 MHz — while the burst
length is adjustable from some 10-20
nanoseconds to several microseconds.
It was originally conceived that a
burst length of 100-200 nanoseconds,
(corresponding to the length of 50-
100 nanoseconds of the pulse called
for by the present A.P.O. Specification
925 for cable to operate at up to 12
MHz), would allow such a band any-
where in the stated range to be ex-
amined as critically as was possible
for the baseband with the standard
pulse.

Application of the test as described
to cable on drums at the manufac-
turers’ works indicated general irregu-
larity over the stated frequency
range, of similar level to that obser-
ved in the baseband. There was, how-
ever, increased reflection from the
whole length of the cable at a few
values of carrier frequency. On increas-
ing the burst to 500 nanoseconds or
more, the frequencies at which this
occurred became much more sharply
defined, and the intensity of the echo

became very much higher, 40 dB be-
low the input signal, whereas the
level of the general irregularity was
some 60 dB down. On a length of
coaxial tube on a factory drum ready
for assembly into a cable, this effect
was observed at four sharply defined
frequencies in the range 40-60 MHz.
It has since been observed in a laid
cable. It can be explained in terms
of an impedance or capacitance vari-
ation recurring periodically along the
cable at intervals of the order of 8
to 12 feet; the magnitude of the
variation may be small, of the order
of one or two parts in ten thousand.

The significance of these effects in
relation to transmission is at present
under examination. They have an ef-
fect on both transmission loss and
group delay. Although the effect over
one repeater section would be small,
the recurrence of the effect at the
same frequency over several hundred
repeater sections may become signifi-
cant. This aspect is being examined
analytically, while attention is also
being given to possible relevant fac-
tors in the manufacturing process.
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RELTIABLE CONTACTS AND CONNECTIONS

TELECOMMUNICATION PLANT

Editorial Note: This article is re-
printed from the Electrical Engineering
Transactions of the Institution of En-
gineers, Australia, Vol. E.E.3 No. 1,
March 1967, with the kind permission
of the Institution. The paper was pre-
sented at the Institution Conference
(1)36 Communications, Sydney, August

6.

INTRODUCTION

Every item of telecommunication
equipment contains a number of points
where various components are inter-
connected, either permanently or in
such a way as to provide alternative
electrical paths. In the design of such
circuitry, great care is taken in the
choice of component parameters in
order that the equipment will operate
as intended. However, failures will
occur often purely because some me-
tallic contact point increases signifi-
cantly in resistance or perhaps even
goes open-circuit, or acts as a source
of intolerable noise or microphony.
The correct choice of the mode of in-
terconnection and the materials to be
used, or rejected, is therefore as vital
as the choice of suitable insulating
materials if equipment reliability is to
be kept high. In this paper, the var-
ious factors which affect contact per-
formance and reliability are discussed,
and the reason for the choice of cer-
tain configurations and contact metals
in some typical applications is des-
cribed. The voltages and currents
used in the equipment under discus-
sion are seldom very high, and the
very special problems encountered in
the field of power engineering will not

. be mentioned.

Contacts can be broadly classified
into three categories, each of which
have their own special problems and
solutions, viz:

(a) Operating or switching contacts.
This type of contact provides
facilities for opening and clos-
ing under controlled conditions.
However, the number of opera-
tions can vary over many oOr-
ders of magnitude during the
contact life. Typical examples
are relay contacts, keying con-
tacts and other examples of
the  “make”, “break” or
“changeover” type. Also in-
cluded are sliding contacts as
employed in uniselectors, ro-
tary switches, etc.

(b) Semi-permanent contacts. Such
connections are not regularly
operated, but must be capable
of performing their function if

% Mr. Flatau is Principal Officer, Physics and
Polymer Sub-section, P.M.G. Research Lab-
oratories, Melbourne.

and when desired, and without
incurring a degradation in their
performance during long per-
iods of idleness. This group in-
cludes plugs and sockets, jacks,
edge connectors, etc.

(¢) Permanent contacts. This cate-
gory is intended to remain con-
nected for the whole working
life of the equipment, and if it
has to be opened for repair or
maintenance purposes the con-
nection will usually have to be
replaced. Examples are solder-
ed, welded or crimped connec-
tions, and also solderless wrap-
ped connections.

The theoretical treatment in the
main follows Holm (Ref. 1), but a
number of other books on this sub-
ject have also been consulted (Refs.
2, 3 and 4).

THE CONSTRICTION RESISTANCE

If two perfectly clean metal sur-
faces are slowly brought together,

IN
G. FLATAU, FRMLT.*

points only, as no surface, irrespec-
tive of how good the surface finish,
is ever perfectly smooth. Hence, first
contact is made via the “high spots”
of the surfaces, and if current is
impressed across the contact pair, this
current will flow from one contact
to the other only via these micro-
scopic asperities usually referred to as
a-spots. The resistance encountered
by the current flow is thus not due
to the whole contact area, but only
due to the very small cross-sectional
area of true metallic contact, explain-
ing why the contact resistance even
with perfectly clean metallic surfaces
is not zero, but has a finite value.
This resistance, called the constric-
tion resistance, can be calculated
simply if one assumes that the con-
tact spot is circular:

p1tp2
0= —
4a
R¢ = constriction resistance of one
a-spot.
a — radius of a-spot.

p1, p2 == electrical resistivity of the
metals of the two contact

they will first touch at one or more members.
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Fig. 1.—Resistance-load Characteristic.
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Of course, in practice the a-spots
are rarely circular, but conversion for-
mulae are available. Also, in an ac-
tual contact pair, there would be
generally more than one a-spot, hence
the constriction resistances must be
summed.

It is evident that with all current
conduction taking place via a small
number of these a-spots only, high
current densities will exist at the true
contacting surfaces, even when the
current magnitude in the associated
circuit is comparatively small. This
must result in ohmic heating of the
contacting surface and hence a tem-
perature gradient will exist on both
sides of the contact point, and the
resistivity of the asperities will be
higher at the tip than the base. For-
mulae to calculate the resultant re-
sistance increase are given in Ref. 1.

THE CONTACT LOAD

When two contact surfaces are for-
ced together under the action of an
external load, the load bearing area
will be the sum of all the contact,
areas, or a-spots. As the external
load is increased, the contact asperi-
ties will first deform elastically, and
with higher loading permanent (plas-
tic) deformation will occur. The
change in contact area, and hence in
resistance, is difficult to calculate for
most common contact shapes, but the
following formulae are applicable for
contact between crossed cylinders of
equal diameter, undergoing elastic de-
formation.—

39/ /Pi
a=—k E
where a is the radius of the contact
surface.

k is a constant

—0.86 for Au, Ag, Pd.
—=1.11 for Cu, Ni.

r is the radius of the rod.
P is the load.

E is the Young’s modulus of the
rod metal.

3/ E

R =0.58pN Pr
R is the contact resistance.
o 1s the resistivity of the metal.

In the practical case of flat con-
tacts with some unevenness, the load
bearing area A can pe calculated, if
one assumes that the asperities deform
plastically whilst the underlying metal
itself is deformed elastically. The as-
perities carry the entire load P, and
deform until the average pressure P
on them approaches or equals the
contact hardness H. We then have:

P2
A=7rg?—=—-
cH

where ¢ is a correction factor which
depends on the surface finish and the

mode of deformation, and can have
values in the range 0.3-1.0. Under
purely plastic deformation conditions
the contact resistance is inversely
proportional to the square root of the
pressure (see Fig. 1).

THE MELTING VOLTAGE

As has been explained, two metal
surfaces in contact really touch only
at a number of a-spots, and the voltage
drop at the contact is determined by
the current and the constriction re-
sistance. Any increase in current at
a given load must result in an in-
crease of the asperities temperature,
because of ohmic heating, and, of
course, the contact voltage drop also
increases. (This is shown in Fig. 2,
Region AB.) Because of the very high
current densities involved, even at
modest total currents, the stage is soon
reached where the temperature causes
softening of the metal in the asperities

(BC), and eventually melting will take
place (DE). The melting temperature
is the highest temperature attainable
in a solid contact, and thus every at-
tempt to increase the contact voltage
beyond the melting voltage, corres-
ponding to this melting temperature,
must result in the contact asperities
collapsing and hence an increased con-
tact area results. This larger con-
tact area can carry the current with-
out melting, and thus the voltage will
drop below the melting voltage (EF).
The only way the melting temperature
cuuld be exceeded would be by mech-
anically constraining the two contact
surfaces from being able to approach
each other when the asperities begin
to collapse. (This is shown as dotted
in Fig. 2.) In this manner, the boiling
point of the metal can be reached, a
phenomenon which, as will be des-
cribed later, does happen in switching
contact on opening. The softening,
melting and boiling voltages of some
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Fig. 2.—Resistance-Voltage Curve for Clean Symmetrical Metal Contacts.
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typical contact metals are listed in 5
Table I
TABLE 1
Soften- . o
3 Melting | Boiling 4
Metal Volll;gge Voltage | Voltage \ \
Al 0.1 03 \ \
Cu 0.12 0.43 0.79 w3
Ag 0.09 0.37 0.67 u \ !
Au 0.08 0.43 0.90 w \
Pd 0.57 1.30 3 \
Pt 0.25 0.65 1.50 . N
w 0.40 1.10 2.10 < \ \\
FRITTING W
The contact surfaces considered up \\
to this stage have been assumed to be : AN P
perfectly clean. In practice, this ideal ~~—
is unfortunately not always met, and
the presence of surface films can pro- Ag
foundly affect contact performance and o
life. Surface films will be discussed 50 100 150 200 250 300 350 400
in greater detail in a later section, and VoLTS

it will suffice to merely mention them
here, and state their general proper-
ties. Tarnish films are met on most
base metals and some noble metals,
and are most commonly oxides or sul-
phides. Tarnish films consist of metal
atoms or ions of the solid metal
grouped in a lattice with oxygen, sul-
phur, etc. (e.g., Cug0, AgsS). Most
tarnish films form, under favourable
conditions, in a few seconds at room
temperature, and even faster at ele-
vated temperatures, and soon reach
a thickness of 5-20 A° (1 A° = 1 Ang-
strom = 1/10° cm). Subsequent
growth is slower but can proceed at
times to thicknesses of several hun-
dred Angstroms. Most tarnish films
have high resistivities, normally in
the range 10* to 10°* ohm-cm. Adhesion
films, commonly oxides, are bound to
the surface by van der Waal forces, or
are chemisorbed, i.e. bound by cova-
lent forces to the metal atoms. These
films are generally extremely thin,
and whilst of high resistivity, can us-
ually be broken down by the tunnel
effect. Passivating films are always
thin, 10-15 A°®, and penetrable by tun-
nelling electrons. Their mode of
growth is still not clearly understood.

The various surface films would be
an even greater problem in contact
operation, if it were not for a pheno-
mena commonly called “fritting”.
When a voltage is applied to a pair
of contacts, insulated by a surface
film, the electrical breakdown of the
film is termed fritting. The process
destroys the coherence of the dielec-
tric film, either by electrically punc-
recede around an existing a-spot, en-
turing it, or by causing the film to
abling metallic contact to be re-estab-
lished. Holm (Ref. 1) distinguishes
between two types of fritting. A-frit-
ting implies that the breakdown leads
to such a voltage as to just produce
melting in at least one contact mem-
ber. The ultimate result of A-fritting
is a metallic micro-bridge through the
insulating film. The bridge is easily
destroyed by vibrations, and is also
likely to be ruptured with time due to
atom migration from the bridge to the

Fig. 3.—Limiting Arcing Current-Voltage Curves. {After Hunt, Ref. 4).

parent contact. A-fritting makes it-
self evident in a sudden reduction of
contact resistance, as the voltage
across the contacts is increased from
a low voltage to the “frit voltage”.
For Cug0, frit voltages range from 0.2
volt for a 60-A° thick film to 4 volts
for a 1500-A° film.

If the voltage at breakdown is too
low to produce melting, one speaks
of B-fritting. The usual effect is to
produce an increase in the existing
contact area by causing the film sur-
rounding the a-spot to recede. B-frit-
ting is confined to films thinner than
50 A°.

Fritting always requires electrical
field strengths of the order 10°-10°
volts/cm.

ELECTRICAL PHENOMENA IN
SWITCHING CONTACTS

When a pair of energized contacts
are operated, an electrical discharge
will occur under certain circumstanc-
es, either on opening or closing. As
a consequence, the contact surfaces
can become roughened, contact ma-
terial can be lost, or transferred from
one contact surface to the other, thus
creating pips and craters. Electrical
discharges and the resultant erosion
of the contacts, often to the point of
destruction, is the single most com-
mon cause of switching contact fail-
ure. A pair of contacts when closed
will exhibit a resistance which is the
sum of the constriction resistance and
the resistance due to any surface
films. As the contacts open, the load
on the contacts decreases, and conse-
quently the current carrying area is
reduced, leading to an increase in re-
sistance. As the current remains un-
changed, the current density in the re-
maining contact area is greatly in-
creased, and this will result in soft-
ening and then melting of the contact
asperities. The molten metal forms a
bridge between the two separating
contacts, and if the rate of separation
is slow enough such that it does not

produce mechanical rupture of the
bridge, the latter will heat to the
boiling point and explode. As the
hottest part of the bridge will be
near the anode, material will be lost
at the anode and built upon the
cathode. Some contact materials ex-
hibit a bridge diameter which is
greater at the anode than at the cath-
ode (e.g. gold, silver), whilst other
metals have equal diameters at both
electrodes (e.g. palladium, platinum).
The former group usually produces
greater amounts of material transfer.
Erosion due to bridge transfer depends
on the current magnitude, the current
density as a function of time, the elec-
trical and thermal conductivity of the
contact metal, and the speed of open-
ing.

Once the bridge on an opening con-
tact pair has been ruptured, the resis-
tance in the developing contact gap
will be high, the voltage between the
contacts will suddenly increase, and
an electrical discharge can occur. One
way in which such a discharge can
occur is by the breakdown of the in-
sulating medium separating the con-
tact. The voltage required is a func-
tion of the contact gap and speed of
separation, and in air has a lower
limit of 300 volts (approx.) for zero
gap width. With the lower magnitude
voltages usually met in telecommuni-
cation circuits, it is, however, a differ-
ent mode of discharge initiation which
is of major importance. It can be
shown that for any metal there is a
minimum current and a minimum vol-
tage below which arcing will not occur
when contacts of this metal are open-
ed. Table 2 shows values for some
typical contact metals. These values
are based on experimental resuits (e.g.,
Fig. 3) and are dependent on the
cleanliness of the surfaces, relative
humidity, and furthermore can at
times be safely exceeded providing
only one of the parameters is above
the limiting value, whilst the other
is kept well below it.




THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

L96T 3940300

206
TABLE 2
Min. Arcing Mi .
in, Areing
Metal Current
(amp.) Voltage (volts)
Silver 0.40 12
Gold 0.38 15
Platinum 0.70-1.10 17.5
Palladium 0.60 15
Copper 0.43 13
Tungsten 1.00-1.40 16-17
Silver ++10% Pd 0.35 11
Silver +50% Pd 0.60 12
Silver +10% Au 0.25 11
Carbon 0.10-0.30 15-22

Providing either the minimum arcing
voltage or current is exceeded, or a
breakdown of the insulating medium
takes place, the arc that occurs can
take two distinct forms, the distin-
guishing factor being the direction of
the material transfer. If arcing occurs
at a time when the contact separation
is still so small that the anode is
within the influence of the positive
space charge surrounding the cathode,
one speaks of a “short arc”, and mat-
erial transfer is from anode to cath-
ode. When the distance between the
contacts is great enough that the an-
ode is outside the cathode space
charge, a “plasma arc” is produced
with material transfer from cathode
to anode. Fig. 4 shows the material
transfer in a 6-volt, 5-amp. arc as a
function of the inductive load on op-
ening.

As the inductance increases, so does
the duration during which the arc is
maintained. It can be seen that beyond
about 5 uH, the curves for gold and
platinum tend to turn over, i.e., the
arc changes from the “short” to the
“plasma” form. This results in mater-
ial transfer back from cathode to an-
ode, which eventually reaches the
stage where the cathode shows a net
loss. Arc discharges are maintained

x10713

at voltages from 10 to 20 volts. An-
other type of discharge, which can
however occur only at voltages ex-
ceeding about 300 volts is the “glow
discharge”. Giow discharge material
transfer is from cathode to anode, but
generally presents few problems in the
type of circuits under consideration,
due to the high voltage requirements
and the slowness of the process.

When a pair of contacts close, arc-
ing or glow discharges can again take
place, if voltage and/or current con-
ditions are favourable. There is no
bridge transfer, but instead welding
of the contact surfaces can take place,
if these surfaces on closure have “hot
spots” in the molten condition. Con-
tact welding can be particularly
troublesome in contacts required to
operate under small forces, which on
opening might not be sufficient to
fracture the welded areas.

Under certain circumstances of con-
tamination, arcing can occur under
electrical conditions which the theor-
ies quoted above designate as safe.
The cause of this is the presence of
carbon, usually as a consequence of
certain organic vapours being present
in the atmosphere, on the contact sur-
face. The arc is then initiated between
carbon, rather than metal surfaces,
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and as can be seen from Table 2 the
minimum arcing current is much re-
duced. Because the arc will burn the
carbon away at the point of strike,
and new carbon compounds are con-
tinuously formed by the decomposition
of the organic vapour, at other points
of the surface, the arc tends to wan-
der and restrike at different spots,
with the result that the whole contact
surface is being eroded. Contacts con-
taminated by carbon compounds in
this manner are said to be “activated”.
Many substances have been proved to
cause activation (Ref. 8), including
kerosene, turpentine, benzene, styrene
as well as many cleaning, waxing and
polishing compounds which might
otherwise be used in a building con-
taining operating contacts. It is essen-
tial that any proprietary compound to
be used for such purposes be tested
for activation tendencies, before ap-
provel for its use is given.

In the design of operating contacts
and their associated circuitry, it is
essential to consider the best means
to prevent or at least reduce contact
damage due to bridge transfer or arc
erosion. If the contacts make and
break no current, or only a very small
current, there is no problem. However,
if the current to be interrupted enters
the range of tens of milliamperes or
larger, or if transients due to reactive
loads are encountered, steps have to
be taken both in the selection of con-
tact material and shape, as well as in
the control of the electrical circuit
parameters. Ideally, to prevent pips
and craters of appreciable magnitude
caused by bridge transfer, one would
have to make the point of contact
frequently change its position on the
surface. This could be achieved by a
rotating cathode, which is clearly an
impractical solution. Another method
is to use a metal or alloy which oxi-
dizes in the hot stump of the rup-
tured bridge, and on cooling becomes
relatively non-conductive, thus caus-
ing the contact area to be transferred
on the next operation to another point
on the surface. Instead of pips, there
is now a tendency to form broad,
low domes which will not seriously
affect operation, although contact res-
istances of such metal pairs might be
somewhat high. Other solutions which
at times meet with success are the
use of base metals plated with noble
metals, or making one contact of
noble metal and the other of base
metal.

To prevent arcing, the contacts
should operate as fast as possible. The
minimum arcing current and voltage
should, if possible, not be exceeded.
In reactive circuits, where there is a
likelihood of the breakdown of the
insulating medium (usually air), a
suitable suppression circuit (spark
quench) will have to be incorporated.
When the circuitry is such that the
critical arcing voltages or currents are
likely to be exceeded, the contact
material chosen should tend to oxid-
ize and hence force the arcing point
to move to different locations. How-
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ever, as it would be obviously un-
desirable to create conditions where
the whole surface becomes oxidized
and non-conducting, the properties of
the oxide to be formed must be clearly
understood. For comparatively mod-
erate voltages, the oxide must be
capable of being broken down by
fritting. For higher voltages, the ox-
ide should have a disassociation tem-
perature lower than the arc tempera-
ture, so that the arc in effect can
clean some of the oxidized surface
surrounding the arcing point, and
hence some clean metal is always
present.

CAUSES OF HIGH CONTACT
RESISTANCE AND FAILURE

Tarnish and Corrosion

In some of the previous discussion,
it has been assumed that contact
metal surfaces are perfectly clean, and
that the total contact resistance is de-
fined by the constriction resistance.
In practice, this ideal state is never
achievable, and surface films of met-
allic oxides, sulphides, chlorides, etc.
are always present. On base metals,
surface films will form or re-form
after even the most thorough chemical
cleaning, in a matter of seconds and
rapidly grow to a thickness of tens of
Angstroms; and at a slower rate they
will often achieve thicknesses of the
order of hundreds of Angstroms. Film
growth rates are usually accelerated
at elevated temperatures (particularly
in the case of oxides) and hence heat-
ing of contacts in the presence of arc-
ing will result in enhanced oxidation.
However, the even higher tempera-
tures in the arcing path can result in
the decomposition of the oxides and
thus ensure re-establishment of metal-
lic contact. Certain surface films are
self-passivating and will not grow
beyond 10-20 A°. This type of film
will be partially conducting due to
the tunnel effect, whereas the thicker
films mentioned previously have good
insulating properties, with resistivities
of the order of 10% to 10°®* ohm-cm.

The noble metals are much less
subject to tarnish films, although an
extremely thin oxide layer is usually
present which, however, is easily pene-
trable by the tunnel effect. Silver will
oxidize at ambient temperatures only
in the presence of ozone, and gold,
platinum and palladium will not oxi-
dize in air. The most important tar-
nishing phenomenon affecting the
noble metal family is the sulphide
tarnishing of silver. The sulphide film
grows slowly, changing in colour
from gold to brown and eventually
black as the thickness increases. The
resistivity of silver sulphide lies in
the range 10* to 10° ohm-cm. depend-
ing on how the structure is formed.
The film growth is dependent on the
availability of free sulphur atoms,
and in clean, non-industrial atmos-
pheres the tarnish thickness increases
slowly. As the hydrogen sulphide and
sulphur dioxide content of the air
increases above a few part in a thou-
sand million of air, the reaction rate

is accelerated, and in certain locations,
such as near steel mills or geothermal
springs where concentrations might
be greater by a factor of 100, tarn-
ishing proceeds at a fantastic rate.
However, in most instances it is not
the sulphur compounds in the air
which cause troubles, but rather sul-
phur containing materials associated
with the equipment, such as rubber or
ebonite, which are in close proximity
to the contacts, often under a cover
which restricts ventilation. Resistances
up to 50 ohms are often encountered
in telephone relay contacts in a matter
of weeks, if the contacts are operated
“dry”. The silver sulphide tarnish film
is extremely tenacious, and only mech-
anical means will clean the contact.
Regrowth seems to be more rapid if
the contact profile is pitted or scarred,
no doubt because the tarnish cannot
be cleaned out of these cavities, per-
mitting the tarnish to creep out and
over the cleaned surface. High humi-
dities will assist film formation. Arc-
ing will destroy the tarnish film at the
contact points and high resistance

problems are seldom encountered on

contacts which “break” with a few
volts applied. To protect silver con-
tacts from sulphide tarnishing, plating
with a thin gold or rhodium films is
sometimes resorted to, but unless this
protective film is non-porous, sulphide
;i)lms will form at the pore sites (Ref.
Polymer Deposits

Members of the platinum family
of metals (in particular palladium) are
likely to exhibit extremely high con-
tact resistance when operated in the
presence of certain organic materials
(Refs. 5, 6, 14 and 16). The distur-
bance is due to a polymer type of
film, often called “brown powder”,
which is formed by purely mechanical
means, even on unenergized contacts.
The film is formed by the frictional
effect of the sliding action of the con-
tacts acting on chemi-sorbed organic
vapours on the metal surface, result-
ing in polymerization. Many aliphatic
and aromatic compounds, in parts per
million concentrations, have been
shown to produce this effect, and
many organic materials commonly
used in telecommunication equipment
are hazardous for the same reason.
These materials include cellulose ace-
tate, phenolics, acrylics, PVC, mylar,
polystyrene and oleo-resin enamel. In
some instances it has been shown
that the plasticisers used are the chief
source of organic vapour. Apart from
palladium and platinum, polymer de-
posits are formed also on rhodium,
tantalum, ruthenium, chromium, etc.,
and to a smaller degree even on gold.
Silver is entirely immune from this
phenomena, as are copper, nickel and
tungsten, Alloys between susceptible
and immune metals behave in an in-
termediate fashion, the polymer for-
mation decreasing with reduced con-
centration of the catalytic metal. If
contacts carrying polymer deposits are
made to open or close under arcing
conditions, the contact erosion will be
very much more severe, because of

activation, than what would be expec-
ted from a consideration of contact
metal and circuit conditions only. No
positive means to prevent polyermiza-
tion has yet been discovered although
some chemical inhibitors show prom-
ise (Ref. 9). The use of a gold alloy
overlay has been partially successful
(Ref. 7).

Silicone Films

The silicone materials are used ex-
tensively as lubricants, high-tempera-
ture insulants, sealing compounds and
mould release agents. There is thus a
strong possibility that contacts in tele-
communication equipment will find
themselves in close proximity to these
materials or their vapours (Ref. 10).
Evidence has accumulated over the
past few years that many high resis-
tance contact problems are directly
attributable to the presence of sili-
cone on the contacts, either due to
deposition as a vapour or due to the
creeping of silicone fluid from an ad-
joining structural part. The silicons are
of course excellent insulators, and be-
cause of their extremely low surface
tension will soon cover the entire
contact surface with a continuous
high-resistance film. If the contact
pair is unenergized at make, the sili-
cone film is almost impossible to dis-
place even at the highest contact
pressure, and a near open-circuit will
result, as any subsequent applied vol-
tage is rarely of sufficient magnitude
to cause breakdown. However, if the
contacts make or break with applied
voltage of sufficient magnitude to
create arcing conditions, the silicone
will be decomposed to silica, a hard
glassy material which adheres tenac-
iously to the underlying metal and
cannot normally be removed without
destroying the contact. Fluid silicone
can be dissolved by some organic
chemical, but unless the last vestige
of silicone is removed not only from
the contact but also from the source
of contamination the film will re-es-
tablish itself rapidly. The hazards from
silicone contaminations are regarded
so seriously that in at least one tele-
phone administration even the cos-
metics used by operators in the manu-
facturing plant must be free of this
material.

Dust

The presence of dust can be de-
trimental to contacts in two ways. In
the case of operating contacts, dust
particles lodged between contact sur-
faces can prevent complete closure,
and as many types of dust are too
hard to collapse under prevailing con-
tact forces, metallic contact is pre-
vented (Refs. 17 and 18). Under arcing
conditions, pollutants of an organic
or carbonaceous nature tend to
enhance erosion due to activation of
the metal surface. With sliding or
rotating contacts, the main danger
comes from hard, abrasive dust parti-
cles which will tend to score or abrade
the contact surfaces and accelerate
the normal wear phenomena. As a re-
sult of the severe abrasion, metal dust
is often picked up by the moving con-
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tact and deposited on insulating parts,
resulting in the bridging of the latter
by metal dust, leading to arcing or
tracking, and breakdown of the in-
sulant.

Ageing and Relaxation

Contacts whose closure depends on
the maintenance of applied mechani-
cal forces, such as spring tensions,
hoop, torsional or compressive stres-
ses, sometimes are found to go high-
resistance or even open-circuit with
time. Whilst this is not a true con-
tact phenomena (the associated struc-
tural support members being respon-
sible), the problem is real and re-
quires careful evaluation in design.
Relaxation is a function of both time
and temperature, and is furthermore
dependent on the geometry of the
contact configuration. As stress re-
lief due to relaxation normally pro-
ceeds fairly slowly, malfunctioning of
contacts is usually detected by in-
creased microphony or noise, long be-
fore the contact resistance assumes a
major magnitude.

Vibration

Many types of contacts are closed
by fairly low applied forces, and in
such cases vibrations transmitted
from associated equipment can cause
the contact pair to reopen at a fre-
quency determined by the stiffness of
their structural support members.
Apart from the circuit interruptions,

which might be tolerated by many
types of equipment, there is the dan-
ger of greatly accelerated contact ero-
sion, as a tiny arc will be struck each
time the contacts open.

THE CHOICE OF CONTACT
MATERIAL

The various factors which can af-
fect contact performance having been
discussed, Table 3 briefly summarizes
the advantages and shortcomings of
some of the more popular contact
metals (Refs. 12 and 15).

RELIABILITY AND THE DESIGN
OF CONTACTS

It is obvious that no general rules
for contact design or expected relia-
bility can be made, as the type of ap-
plication, the operating environment
as well as economic factors can differ
over wide limits. In many instances,
the associated equipment can tolerate
reasonably large fluctuations in re-
sistance (of the order of tens of ohms)
and appreciable contact noise, where-
as in other cases these factors must
be kept several orders of magnitude
smaller to prevent severe malfunc-
tioning. At times contacting surfaces
are completely inaccessible, whilst in
other cases preventative or qualita-
tive maintenance is feasible and can
result in significant extensions of life

expectancy. Naturally, the life ex-
pectancy of a contact must be related
to that of the associated equipment,
and such factors as the ease and eco-
nomics of having to change a contact
will also have to be considered. Such
circumstances dictate that whilst an
underground cable joint should have a
life of from 20 to 40 years, some tele-
phone switching contacts need last
only from 5 to 10 years, even though
the life expectancy of the rest of the
equipment is much higher.

Hence a choice of contact material,
geometry and mode of mounting will
depend on many factors. Those which
would, for instance, be considered for
a relay contact are listed in Table 4.

Not all these factors are likely to
be of equal importance, and obviously
compromises would have to be made
not only for economic reasons, but
also because of the manufacturer of
the telephone equipment might not be
geared to make radical changes in
contact materials or geometry.

In the next section, some typical
contact applications are discussed, and
the reasons for particular choices are
shown. It will be seen that whilst
various alternatives are available, their
applications are only slowly becoming
established. This is no doubt due to
the reluctance of almost all telecom-
munication authorities to make chang-
es in contact materials and practices,
unless a definite need due to exces-

TABLE 3
- B P Silver- Platinum-
Silver- Silver- Silver- &
L(i:ltl::i?l Silver Palladium| Platinum Gold Copper; Rhodium (%o;)sper Pg:’lasdoium Tungsten | Rhenium Nizckel C%i;'i'&'ém lﬂﬂ:?s gfvlg;
(72-98%) | (20-50%) (5-20%) (5-159) (6-69-25%)
Contact
Resistance Low Low Low Very Low| Mod. |Very Low|Moderate Low High [Moderate| Moderate | Moderate Low Low
Tendency To:
Nil Below
Oxidise Nil 400°C Nil Nil High Nil Moderate Nil High High High Nil Low Nil
Sulphide - : "
Tarnish High Nil Nil Nil High Nil High Low Nil Nil High High Nil Nil
Form
Polymer A
Deposit Nil High Moderate Low Nil Low Nil Some Nil Nil Nil Nil Nil Moderate
Weld on
Closure Moderate Low Nil High High Nil Low Low Nil Nii Low Nil Low Low
Resistance To:
Arc | Good to
Erosion Moderate | Moderate Good Poor Poor Poor Good Moderate High High Good Good Moderate | Moderate
Abrasion Poor Moderate High Poor Poor High High Good High High High Moderate High High
Material
Transfer Some Some Low Some High Some Some Some Nil Nil Low Low Low Low
Available in
all Shapes Yes Yes Yes No Yes No Yes Yes No No Yes No No Yes
Very . Very Very | Very
Cost Low Low High High Low High Low Low Moderate| High Moderate | Moderate High High
Remarks Associated Usually Used as Corrodes| Oxides Alloying
insulants useq as coating in the are elements
must be coating only presence [unstable Pt, Ni, Si
chosen or overlay of some [and low Co or Ag.
with care organic |resistance
to guard materials
against
Silver
Migration,
(Ref. 19)
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TABLE 4

Parameter

Consideration

Current, voltage
Frequency

Electrical load.

Contact protection.
Contact loading.
Method of operation.
Frequency of operation.

Speed of contact, closure and
opening.

Contact redundancy.

Operating Environment

Permissible resistance and noise
fluctuations.

Expected life of associated equip-
ment, cost and ease of replace-
ment.

Is optimum contact material avail-
able in desired form?

A.C., D.C,, peak value.

A.C., D.C. pulsing.

Resistive, inductive, capacitive.
Is spark quenching necessary?
Spring pressure.

Make and break, wiping action.
Pulsed, intermittent.

Single or twin.

Temperature, humidity, salt air, dust,
vibration, contamination by adja-
cent materials of construction.

Long term and short term.

Strip, rivet, wire, plating, inlay.

sive faults can be shown. As many
types of contact faults are only tran-
sitory, they often do not show up in
fault statistics, and it is only the
advent of new switching systems and
methods or cable types which force
a re-appraisal of contact performance.

CONTACTS IN
TELECOMMUNICATION
EQUIPMENT

Telephone Relay Contacts

Telephone switching apparatus is
expected to have a life of up to 40
years and during such a time the con-
tacts in relays may be required to
operate tens or even hundreds or mil-
lion times before being replaced.
However, in the same apparatus there
will be found other relay contacts
which might not be called upon to
operate more than ten thousand times.
Some of the contacts merely prepare
circuits, and never open or close with
voltage applied, whilst others are sub-
jected to considerable arcing during
operation, often inadequately protec-
ted by spark quenches. Telephone
switching apparatus, whilst normally
in an enclosed space, is still subject
to an enormous of climatic conditions,
in terms of temperature, humidity, in-
dustrial pollution and contamination
(Ref. 13). Whilst operating voltages
are usually low and D.C, high in-
ductive transients are common as are
pulsing speeds up to 20 impulses per
second. Due to the large number of

relays involved, it would be clearly
impractical to tailor each contact to
its own special set of circumstances,
especially when it is remembered that
adjoining contacts in the same spring-
set often work under radically differ-
ent circuitry conditions. Hence it is
usual to use only one or two different
contact materials in a given system,
the differentiation being based large-
ly on the magnitude of the voltage
and current to be switched. On im-
pulsing relays (which must break an
appreciable current) a common choice
is platinum. For higher electrical
loads, tungsten contacts are some-
times used; however, this metal pro-
duces high contact resistances and its
tendency to oxidize and the difficulty
of attaching it to supports are disad-
vantages. The great bulk of telephone
relay contacts are either silver or
palladium, sometimes alloyed with
other metals or each other. If it were
not for silver’s readiness to sulphide
tarnish, this metal would be full satis-
factory for most relay contact ap-
plications in telephone switching.
Suitable choice of insulants, anti-vibra-
tion mountings, grommets, etc., asso-
ciated with the contacts can often
reduce sulphide tarnishing problems
to minor proportions. Silver-cadmium,
silver-cadmium oxide and silver-nick-
el sintered alloys are more sulphide
resistant, but have higher resistivities.
Gold plating of silver produces a tar-
nish resistant contact, but the gold
overlay must be non-porous and of
adequate thickness. Under arcing

conditions the gold film is likely to be
destroyed. Palladium contacts were
considered fully satisfactory until the
polymer deposition phenomena was
recognized. By careful selection of all
organic materials in the equipment,
“brown powder” formation can pro-
bably be kept down to tolerable levels.
However, a more reliable contact can
be obtained by either a gold overlay,
or by employing a palladium-silver al-
loy (40/60 or 50/50) or a silver-plati-
num-gold alloy.

Telephone relay contacts should be
mounted in the vertical plane, so that
dust particles have difficulty in set-
tling on the contact surface. Protec-
tion from dust by covers as well as
good house-keeping practices in the
equipment room are essential. It is
normal practice to have twin con-
tacts on each spring. Whilst this
practice obviously raises costs, there
is clear evidence of increased relia-
bility, well beyond what would be ex-
pected from simple probability theory.
Reductions in the failure rate by fac-
tors ranging from 25 to 100 over that
observed for single contacts are quot-
ed in the literature. For highest re-
liability the contacts should be her-
metically enclosed, but under these
conditions it becomes even more es-
sential to ensure that no tarnish or
corrosion producing materials are in-
side the enclosure. A telephone relay
contact pair will normally have a
contact resistance below 1 milliochm,
and unless subject to surface film con-
tamination of major magnitude, should
not increase in contact resistance by
more than a few milliohms during its
life. When the contact resistance does
increase appreciably, and no apparent
surface films are present, usually the
cause can be traced to relaxation in
the support springs. Telephone relay
contacts are often exposed to vibra-
tions, particularly when associated
with step-by-step switching equip-
ment, and heavier springs will partial-
ly alleviate the problem. The demands
made on telephone relay contacts can
be expected to become more stringent
in the future, as data transmission and
similar services will require ever low-
er resistance fluctuation and noise
conditions. Providing the electrical
conditions are not too severe, such
cases can be met best by the use of
hard gold alloys and/or hermetic seal-
ing.

It is difficult to quote firm figures
for contact reliabilities, as these val-
ues vary widely with both electrical
load and environmental conditions. A
further difficulty is that the failure
criteria, in terms of maximum allow-
able contact resistance, can vary over
several orders of magnitude, depend-
ing on the circuit application. ~Gen-
erally, precious metal relay contacts
would be expected to exhibit no fault
over the broad range 10° to 10° opera-
tions, the higher figure being represen-
tative of zero electrical load and/or
hermetic sealing. However, the first
fault, be it high resistance or open
circuit, need not necessarily persist
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for more than one or two operations
of the relay, and it is quite common
to find that persistent faults of the
same type do not recur until another
order of magnitude of operations have
been accumulated.

Conductor Jointing

Telecommunciation cables and wir-
es must be jointed, often under dif-
ficult outdoor conditions, in a man-
ner requiring the minimum of special-
ized tools, with as little dependance
on variation in operator skill as pos-
sible, and with a life expectancy at
least as good as that of the cable or
wire containing the joint. Whilst joints
in underground cables are normally
fairly well protected from environ-
mental influences, joints in open wire
lines are exposed to most of the at-
mospheric characteristics of a particul-
ar site, such as high or low tempera-
tures, humidity and rain, salt air or
dust. In both cases the aim is to pro-
duce a joint with extremely low life-
time resistance variation, and one
which will not inject noise into the cir-
cuit of which it forms part. There is
little doubt that a well-soldered joint
provides the optimum solution to the
requirements, but unfortunately solder-
ing is not easily or readily performed
under field conditions. The provision
of a portable power source (as mains
power is usually not available) for a
soldering iron, or otherwise some
other source of heat for a solder-bath
requires a vehicle and ready access
to the point at which jointing is to be
carried out, which is not always the
case. On overhead construction, the
problems are magnified by the lack of
protection from winds and the diffi-
culty of manipulation. The result is
that most telecommunication authori-
ties are still investigating alternative
means of jointing conductors and wir-
es. Most of these methods rely on
mechanical means of holding the two
conductors or wires together. In the
case of plastic insulated conductors,
it is desirable that removal or pene-
tration of the insulation form part of
the operation. In lead-sheathed tele-
phone cable, with paper-insulated cop-
per conductors, simple twisting of the
conductors has given satisfactory re-
sults for years, but with the advent
of very much smaller wire sizes, where
the conductors tend to fatigue when
being twisted, even here new jointing
methods are required. One approach
to this problem, which has proved
most useful also in other applications,
is resistance welding or arc welding.
The method still requires a power
source (usually an accumulator) but
is otherwise simple, and with well-
trained staff gives excellent results.
Varijous types of splicing guns, which
strip the insulation, twist the wires
and tip weld in one operation, have
been developed and are undergoing
trials in various parts of the world.
The Australian Post Office is investi-
gating tip welding of aluminium con-
ductors, and results to date have been
promising. In the field of plastic-
insulated conductors, a number of

mechanical connectors have been de-
veloped, of which the “B-wire con-
nector” developed by the Bell System
is probably the best known (Ref. 20).
This connector consists of a thin,
springy, metallic inner shell having
sharp tangs on the inner surface, and
a plastic-encased outer brass shell.
When the connector, with the insula-
ted wires inserted, is pressed with a
pneumatic, hand-operated tool, the
tangs penetrate the wire insulation
and establish contact with the con-
ductors. The resultant joint is claim-
ed to be equivalent to a soldered joint,
with a probability of less than 0.01
per cent of increasing in resistance by
2 milliohms in 40 years.

Another method used extensively in
open-wire line jointing (although ap-
plication to the smaller cable con-
ductors is also under investigation),
are press type sleeves. Here the wires
are inserted into a thin-walled metal
cylinder (Cu, Ni, etc.) and the latter is
compressed radially by a special tool
at several points along its length. Pro-
viding the inside diameter and radial
thickness are chosen correctly with
regard to the wire sizes to be jointed,
the intense deformation will create
good and permanent contact between
wire and sleeve, the mechanical
strength of the joint being equivalent
to that of the wire. However, the
joint as such is not insulated and
hence under outdoor exposure condi-
tions, great care has to be taken to
ensure that no corrosion can occur
at the wire-sleeve interface.

Plug-Ins

The ever increasing demand for
miniaturization and module construc-
tion in many fields of telecommuni-
cation equipment has resulted in the
common use of printed wiring and
printed circuit boards. Such boards
must be capable of being plugged-in-
to a chassis in such a way that the
connection achieved is of the highest
reliability, particularly as the circuit-
ry is based on solid-state devices and
the voltages available are usually very
low. As a rule, the number of in-
sertions and withdrawals to which the
board is subjected will be small, and
generally the environmental condi-
tions in which such equipment is plac-
ed are not particularly severe. Plugs
and edge connections on printed
boards should be gold-plated, or even
better, use should be made of electro-
deposited gold alloys. Pure gold is
soft, and troubles due to cracking,
flaking or pores are often encountered.
The use of gold alloys, for example
Au-Co-Ni or Au-Si, leads to increased
hardness and abrasion resistance, pro-
vided the electro-deposit it kept thin
enough to prevent cracking, as the
materials are not very ductile. Some
use of palladium plating has been
made, but the danger of polymer de-
position films is great. For this rea-
son, chrome electro-deposits over pal-
ladium appear to be more promising.

In applications where socket contact
forces are great enough to compensate
for changes in the plug geometry due

to abrasion, and films are destroyed
on insertion, base metals are usually
adequate. For more critical applica-
tions, gold plating with or without
rhodium flash are used successfully.
Silver or palladium plating is subject
to the usual problems of these metals,
as already discussed.

Terminals

Terminals generally can be regard-
ed as semi-permanent contacts, dis-
connection being infrequent and, in
many cases, occurring only during re-
pair or maintenance. In fact, many
terminal connections can be classed
as permanent contacts, as the wire
leading to the terminal is not re-used
if the connection has to be opened,
but is shortened or replaced entirely.
Probably the most reliable terminal
connection is soldering providing it
is done properly. However, in situa-
tions where enormous numbers of such
connections must be made, and fur-
thermore space is at a premium, sol-
dering can be difficult, expensive and
(particularly in the proximity of the
now widely-used thermoplastic insul-
ants) most damaging.

As in conductor jointing, the aim
is therefore to produce a connection
by purely mechanical forces, but with
the advantage that the equipment is
usually adequately protected from the
environment, and furthermore that
most ‘frequently the operation can be
performed inside a building with ac-
cess to power and specialized tools,
if required. A simple terminal con-
struction, which used to be popular
when space considerations were no
object, was the screw-down or spring-
loaded pillar type. The wire was held
purely by mechanical forces, which
often were not sufficiently high to
prevent movement under vibration or
even an accidental knock, or on the
other hand the terminal could be
screwed down so hard as to fracture
the wire. Today the trend is to either
plug-in types of terminals or to solder-
less wrapped connections. The plug-
ins have already been discussed above.
A solderless wrapped connection is
made by wrapping a copper wire for
several turns tightly around a terminal,
with a power or hand tool. The con-
nection is held together permanently
by the elastic stresses in the two
members and, if properly designed,
relaxation over a life time of more
than 40 years will be so small as to
make the connection mechanically and
electrically equivalent to a soldered
joint. The wire size, the terminal size
and shape (normally rectangular), the
number of turns and the applied hoop
stress must be considered in the de-
sign. This type of connection is ex-
tensively used in the Bell System,
where it is specified that not more
than one connection in 10,000 should
exhibit a resistance fluctuation great-
er than 0.1 ohm during service life,
and that the electrical noise produced
by resistance fluctuations must be be-
low the threshold of transmission im-
pairment in the most critical circuits
in service (Ref. 11). The major draw-
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back in the use of solderless wraps is
the cost of the power-operated wrap-
ping tool, and the need for careful
and continuous maintenance of this
tool. Hand-operated tools are cheap-
er, but probably far less reliable. The
other objection to this type of con-
nection is that once the wrap has to
be opened for some reason, the un-
wrapped end of wire cannot be re-
used, and hence either an extra length
of wire has to be provided as a re-
serve, or the circuit has to be re-
wired. To overcome this problem, a
method has been developed in Eng-
land in which wire and terminal are
held side by side, and are wrapped by
an auxiliary wire, which when the
connection must be opened, is the
only part to be discarded. The
double-wrapped connection has not
been extensively investigated and some
doubt exists if this method is truly
equivalent in performance to the sin-
gle wrap. Whichever method is used,
the terminals must be designed spec-
ially, and this prevents the adoption
of solderless wraps in many situations
where existing terminals are unsuit-
able, and replacement is economically
unjustifiable.
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DEATH OF

The first Director-General of the
Postmaster-General’s Department, Sir
Harry Brown, K.B., CM.G., M.B.E,
M.LE.E., died in Sydney on 6th June,
1967, at the age of 88. In Janu-
ary, 1923, Sir Harry was invited by
the Commonwealth Government to
come to Australia as technical adviser
to the Australian Post Office. At that
time he had a distinguished record
of service with the Engineer-in-Chief’s
staff of the British Post Office, espec-
ially during the First World War.
Shortly after arriving in Australia he
was appointed Director-General and
he remained in this position until 1939.

Sir Harry displayed great managerial
skill in controlling the affairs of the
department in the difficult financial
times of the depression period. A
study of his writings reveals an active

SIR HARRY BROWN

appreciation of the problems of the
Department’s postal, telegraph, tele-
phone and broadcasting activities, and
a pride in the use of the latest tech-
nological developments such as car-
rier systems.

He was deeply conscious of the im-
portance of organisation, competency
in administration, and staff morale.
He instituted many managerial and
administrative techniques such as the
serial and itemising of the commonly
used engineering material. However,
his greatest achievement was the
splendid spirit of co-operation which
he fostered throughout the service.

Even in this day of television relays
by satellite his words still ring true,
as illustrated by the conclusion of an
address he gave to the Victorian
Postal Institute on 25th August, 1927:

“There is not one soul in this great
Department who need feel that he or
she is denied the opportunity of
labouring in the best cause which is
known to humanity, namely, service to
our fellow creatures. The Post Office
is a great civilizing agency, its con-
tribution to the sum total of human
happiness, prosperity, and advance-
ment is real and extensive; and in
its efforts every member of the staff
has a share. We need only to realize
what our service means in the life
of the nation, and the rest will follow,
because there does not exist an Aus-
tralian who does not pride himself
or herself on the nation’s achieve-
ments, not least of which will be the
extent and quality of the service
rendered Dy its greatest national
undertaking”.
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BUSH FIRE DISASTER -

INTRODUCTION

The disastrous fires which swept
through 1,000 square miles of South-
ern Tasmania on Tuesday, 7th Feb-
ruary, caused the deaths of 62 people,
burned out nearly 1,500 homes and
major buildings, destroyed two import-
ant industries and numerous smaller
plants, brought huge losses of crops
and stock in rural districts and caused
wide-spread damage and interruption
to communication and electricity ser-
vices.

After good rains in spring and early
summer, the countryside was carrying
prolific growth which had become
tinder dry after a prolonged period
without rain. Rising temperatures cul-
minated in above century heat on Feb-
ruary 7th, a day on which violent
northerly winds reached more than
70 m.p.h. .

Many fires broke out over a wide
area. From the thickly wooded slopes
of Mt. Wellington, fire swept down
towards the city and into suburbs as
far as Glenorchy, Rosetta, Lenah Val-
ley, Dynnyrne, Fern Tree, Cascades,
South Hobart, West Hobart, Mt.
Stuart, Mt. Nelson and Taroona. At
Cascades, a well known brewery and
a cordial factory were destroyed, to-
gether with numerous houses. Farther
south in the Channel district, the fires
cut a path of destruction through
Kingston, Electrona, Margate, Snug,
Woodbridge and Middleton. At Elec-
trona, Australia’s only Carbide factory
was destroyed. Snug, a town largely
built of weather-board houses was
practically razed to the ground and
many residents had to flee to the near-
by beaches to save their lives. North
of Hobart the fires swept into the
towns of New Norfolk and Bridge-
water and east of the Derwent River
the rural towns of Colebrook, Cam-
pania, Richmond, Sorell and Rokeby
were seriously affected. The major
suburbs of Lindisfarne, Warrane, Bel-
lerive and Howrah were threatened
but providentially escaped significant
damage.

In all the affected areas there was
severe wide-spread devastation. Over
1.100 families lost their homes and
all their possessions and many more
suffered serious losses. The total value
of damage to domestic, industrial and
commercial buildings in Southern Tas-
mania has been assessed at nearly
$7,000.000. Damage caused to indus-
trial plant, personal property and pub-
lic utility facilities greatly exceeded
this figure. The cost of repairing or
replacing Post Office communications
plant was more than $800,000. This
article describes the extent and nature
of the damage caused to communica-
tion facilities and the measures taken
to effect their restoration as quickly
as possible.

* Mr. Colguhoun is Engineer Class 4, Tasmania,

DAMAGE TO COMMUNICATION
PLANT AND FACILITIES

No specific warnings of fire danger
were received by this Department
from external sources in the period
immediately preceding 7th February,
1967. Some informal advices were ex-
changed between staff members at
various levels of responsibility as to
the general situation during the morn-
ing of 7.2.67 but it was not until
11.15 a.m. on that day that the first
definite report was received at Head-
quarters from a field officer that actual
fire damage to telephone plant was
occurring. This initial report referred
to the main pole and wire trunk route
between Hobart and Launceston which
was severely damaged near Bridge-
water causing all trunk line services
over this route to fail by 12 noon.
This report was followed by many
others through the day and night of
7th February, 1967, and related to
plant destruction and service failures
in most centres in Southern Tasmania
including a number of Hobart sub-
urbs. Because of the extensive geo-
graphic area traversed by the fires
very substantial damage was caused
to Departmental plant and property
in a large number of districts and that
sustained by overhead line plant was
particularly wide-spread. At the
height of the disaster, virtually all
trunk routes from Hobart to other
parts of the State and interstate were
interrupted but fortunately the route
to Northern Tasmania via the West
Coast remained operative. Of par-
ticular importance was the very ser-
ious restriction placed on trunk calls
to other States and to Northern Tas-
mania by the failure of the main
Hobart-Launceston trunk route. The
loss of these channels made more dit-
ficult the efforts of the Post Office, as
well as other authorities, to secure
outside aid.

Plant damage included the complete
destruction of a 200 line automatic
C.AX. exchange and building at Ket-
tering and a 100 line manual exchange
installed at the non-official Post Office
building at Colebrook. Eleven other
non-official Post Offices containing
minor telephone plant were also lost.
Aerial line plant consisting of over
1,400 poles traversing some 150 miles
of pole route together with associated
wires. cables, cable boxes and other
miscellaneous line plant was destroy-
ed. Generally, underground line plant
was little affected although a few in-
stances of heat damage to under-
ground cables occurred due to smould-
ering tree roots, burned out supporting
wooden bridges and similar causes.

Telephone instruments in burned
out premises numbering almost 450
installations were destroyed and, at
the worst period, approximately 3.500
subscribers were deprived of service:
about 1,200 in metropolitan and 2,300

SOUTHERN TASMANIA

R. S. COLQUHOUN, AMIE. Aust*

in country districts. Nearly 470 trunk
channels were interrupted and this in-
cluded all main route channels from
Hobpart excepting those to the West
Coast. A large proportion of the sub-
scriber services which failed were not
directly affected by fire but interrup-
tion to service was due to the failure
of commercial power supplies and, in
many cases, before alternative power
arrangements could be improvised, the
exchange batteries became exhausted.
This difficulty threatened even the
Central Exchange in Hobart itself but
fortunately power was restored while
reserve battery capacity remained de-
spite exceptional demands amounting
to 480 amperes compared to a normal
busy hour load of about 350 amperes.
(The standby emergency power plant
at this exchange has a maximum cap-
acity of 240 amperes).

Almost all commercial power reticu-
lation in Tasmania is by overhead
open wire construction and the Hydro-
Electric Commission suffered very
severe damage to its line plant includ-
ing many pole mounted transformers
and switch gear installations.

Many sections of the Southern Tas-
manian community were isolated from
each other and from the rest of the
State communication network for
varying periods of time. Fifty-eight
exchanges suffered complete isolation
for significant periods.

The Auto Telex Exchange, Hobart,
was also isolated for a period of some
hours. Some 40,000 telegraph mes-
sages were handled at the Hobart
Chief Telegraph Office in the week
of the fire as compared to a normal
weekly average of about 10,000. In
fact, over 10,000 messages were hand-
led each day, 8th-10th February, re-
sulting in considerable congestion. To
clear this exceptional traffic it was
necessary to air-lift some 2,000 mes-
sages from Melbourne to Hobart and
1,500 from Hobart to the Mainland
during these three days. On 9.2.67,
two additional simplex ‘Tress’ tele-
graph circuits to the Melbourne office
were provided to assist in meeting
this high demand. Considerably aug-
mented telegram delivery arrange-
ments were also required at Hobart
and other centres involving the hire
of taxis and the assistance of mem-
bers of a Boy Scout organisation.
Difficulty was frequently encountered
in effecting delivery of individual tele-
grams because of the displacement
of the addressees.

National broadcasting and television
services were interrupted when com-
mercial power supply failed but actual
transmitter ‘off-air’ time was of short
duration only while standby plant was
brought into operation. At the Ralphs
Bay broadcast transmitter station (7ZL
and 7ZR) local staff members were
obliged to make strenuous efforts to
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Fig. 1 — Southern Tasmania — Extent of Fire Spread, Tuesday, 7th February, 1967. Scale: 1 in = 11.3 miles.
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Fig. 2 — Hobart - Launceston Trunk Route.

control the grass fire which swept
over the station grounds. At the Mt.
Wellington TV Station, 4120 feet
above sea level the shade temperature
reached 83 degrees, a most unusual
level. At about 3.00 p.m. a wide front
fire crossed this mountain from the
south and this passed the TV station
to the west but was halted some
distance from the transmitter building
at a cleared area. A later fire ap-
proached from the north-west but this
too was stopped but not before it had
destroyed the co-axial cable linking
the adjacent commercial channel
station to the Departmental installa-
tion.

The frequency measuring and radio
emission monitoring station at Radio
Hill, South Hobart, including the sta-
tion Duilding, masts and associated
aerial systems, and all installed equip-
ment and facilities was totally de-
stroyed. The equipment loss included
receivers, frequency measuring equip-
ment and ancillary plant valued at
more than $40,000.

On the day of the fire a work party
was engaged in the installation of a
12 tube co-axial cable between the
Hobart trunk centre and the southern
terminal of the Hobart-Launceston
radio broadband route at Chimney Pot
Hill. The cable route at the Chimney
Pot Hill end traverses heavily tim-
bered country and the whole of the
area quickly became a raging inferno.
Very providential escapes were enjoy-
ed by members of the work party but
several items of mechanical plant, a
number of motor vehicles and a quan-
tity of tools currently in use sus-
stained minor to severe damage.

Fig. 3 — Township of Snug after Fire.

RESTORATION

The work of re-construction and
re-estaplishment of communication
facilities began at once and initially
consisted of reconaissance and assess-
ment of the extent and nature of the
damage. This essential activity con-
tinued well into the late hours of the
7th February and began again early
on the 8th. It was not until the latter
day was well advanced that a reason-
ably full account of the diversity and
magnitude of the damage was known.
Early efforts were particularly directed
to the restoration of trunk links with

emphasis on the main Hobart-Launces-
ton open wire trunk route which had
been severely damaged near Bridge-
water. By the evening of the 8th,
following the installation of lengths
of interruption cable and the clearing
of partially destroyed poles and wires,
six 12 channel systems were operating
on this route. Because of the disaster,
the trunk traffic demand between Tas-
mania and the mainland was extra-
ordinarily heavy and at one period
was believed to be in delay by over
a day in the Melbourne-Tasmania
direction. Despite the limitation of

Fig. 4 — A Lucky Escape — Fern Tree C.AX. Adjaceni to a Destroyed Hotel.
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acceptance to urgent or priority calls,
over 30,000 trunk calls were booked
at the Hobart Trunk Exchange during
the week of the fire. With the restor-
ation of all channels on the Ho'art-
Launceston main route, the provision
of an additional 12 channel system
on 10 February, 1967, over wires
owned by the Tasmanian Government
Railways, and the re-arrangement and
diversion of some existing Northern
Tasmanian channels relief was pro-
vided to meet this demand. Normal
interstate traffic levels and delays
were resumed on 15 February, 1967.

All of the plant damaged in the fire
was in areas contained in the geo-
graphic territories controlled by the
Hobart Metro Lines and the Southern
Country Divisions and by the end of
Wednesday 8th an appropriate emer-
gency organisation had been set up
in these Divisions. Similar or comple-
mentary measures were also taken in
the Trunk Service and Telegraphs
Radiocommunications and Broadcast-
ing, Long Line and Country Installa-
tion, Metro Equipment Installation and
Service, and Services No. 1 and No.
2 Divisions.

Wide-spread diversions of staff en-
gaged on normal works were arranged
and, in addition, substantial assistance
in staff plant and materials was obtain-
ed from Northern Tasmania and Vic-
toria.

In addition to some 400 field staff
members normally attached to the
operative Divisions involved, 33 men
were transferred from Victoria, 50
jointly from the Burnie and Launces-
ton Divisions, and 37 Instructors and
Trainees from the Hobart Lines Train-
ing School. The assignment of this
staff together with the securing of
accommodation etc., represented in
itself a substantial problem bearing
in mind the high demand for tempor-
ary accommodation in respect of the
large number of homeless families
who required immediate re-housing,
and the currency of the normal Tas-
manian tourist season. The staffing
organisations set up were supported
py the procurement and allocation of
additional mechanical plant units in-
cluding one complete mole plough
team and two pole erection teams
made available by Victoria as well as
similar plant immediately transferred
from other Tasmanian Divisions.
Mobile workshops to service the mech-
anical aids were also established.

Throughout the restoration work,
beginning with the initial field survey
of damage, the existing mobile radio
telephone networks operated in the
Southern Country and Metropolitan
Lines Divisions, offered invaluable
assistance. From the time of initial
awareness of the disaster during the
afternoon and evening of the 7th Feb-

ruary and throughout the following -

restoration period, these networks
were used for the transmission of
damage reports, co-ordination of staff
assignment and material supply, works
planning and control, movement of
emergency power supplies and mech-
anical aids, repair progress reports
and many other purposes.

Concurrently with the setting up
of the fire restoration organisation,
urgent arrangements were made for
the assessment of material needs
and by Wednesday, 8th February,
the initial order for cable supplies and
other materials had been passed to
Victoria. Subsequent orders were plac-
ed later and initial deliveries had com-
menced to Tasmania via the Bass
Strait ferries on 10th February. Al-
together some 204 sheath miles of
cable containing 8,348 kilo pair yards
of wire were obtained from Victoria
and other material to a value of
$141,726 was also obtained from this
source. The unfailing co-operation
given and the efficient and expeditious
action taken by Supply Branch and
Engineering Division personnel in both
States and at the Central Administra-
tion, achieved excellent results in pro-
visioning the disaster areas.

The organisation set up to cope
with the disaster covered the follow-
ing prime functions:—

a) Assessment of damage;

(b) Planning of restoration work;

(¢) Procurement and delivery of
material to the work site;

(d) Allocation of staff, mechanical
plant and motor transport;

(e) Work execution;

(f) Recovery of damaged material
of scrap value;

(g) Assessment of costs;

(h) Amendment of records
plans.

In addition to these main functions

a number of important complementary
activities were initiated at the earliest
stage and these included:—

(a) Restoration of exchange power
supplies by provision of port-
able generators or replacement
re-charged exchange batteries;

(b) Provision of interim trunk chan-
nels by improvised radio bear-

and

ers;

(c¢) Collection of statistical inform-
ation in relation to permanently
damaged subscribers’ premises,
and where possible their immed-
iate and future requirements.

In determining and designing the
methods to be adopted in restoring
both trunk and subscriber services,
careful regard was paid to the need
to effect the earliest possible restor-
ation with maximum economy, not
only in the short term but with direct
reference to long term planned devel-
opmental requirements. In general,
the policy of replacing destroyed open
wire plant with underground plant
was adopted so as to secure the usual
economic advantages in relation to
the cost ratio of the maintenance of
open wire plant versus that of under-
ground, and to minimise the possibility
of future fire damage. On important
trunk and junction routes, the actual
basis of restoration was in accordance
with the approved co-ordinated Engin-
eering State Plan and a number of
trunk and subscriber proposals plan-
ned for future years were advanced
accordingly. In respect of subscribers’
routes for which no developmental
proposal had already been designed,

the following general, but not inflex-
ible policy was adopted in determining
the basis of replacing aerial plant by
underground cable:—

(a) Routes having more than 20%
of poles destroyed;

(b) Routes having more than 50%
of wire requiring replacement;

(c) Spur routes associated with
main routes being cabled;

(d) Provision of cable entries to
rural  subscribers’ premises
where the public road route
was being cabled and where
wiring costs on private pro-
perty would, in any case, be a
Departmental charge;

(e) In the absence of a recent sub-
scriber development survey in
respect of some areas, the size
of rural cables was assessed
on the basis of two pairs for
each existing subscriber;

(f) In all areas it was assumed
that all subscribers whose prem-
ises were destroyed would ulti-
mately rebuild and require re-
connection at the same or near
adjacent site.

(g) Where aerial routes were re-
stored as such, these generally
have been re-erected wherever
possible with double length
spans.

In restoring damaged aerial trunk
facilities consideration was given, not
only to the extent of physical destruc-
tion and hence the effort required to
re-construct in situ, but to the plan-
ned development on each route. The
Hobart-Launceston route, for example,
was programmed to be replaced by a
radio broadband system in 1966/67.
Unfortunately although terminal and
repeater buildings and towers were
available neither radio bearer or chan-
nelling equipment had been delivered
and it was, therefore, necessary to
re-construct the substantial section of
the pole route destroyed at Bridge-
water. The Hobart (Sorell) to Tasman
Peninsula aerial trunk route was also
extensively damaged but as radio bear-
er equipment previously planned for
installation in 1967/68 was in store
and the required channelling equip-
ment was immediately available by
transfer from Victoria, a decision was
taken to install the proposed system
rather than to rebuild the open wire
route beyond the immediate interim
restoration of priority physical bear-
ers with interruption cable. The radio
bearer for this system was established
on 18th February, 1967, the route be-
ing from Hobart Trunk Centre to a
repeater installed at Chimney Pot Hill
and thence to the previously selected
communications site at Koonya (Tas-
man Peninsula). This involved the
transportation and erection of a port-
able building at Koonya, the pro-
vision of emergency power at both
Koonya and Chimney Pot Hill, and the
connection of the radio borne channels
to existing plant beyond the damaged
areas. Elsewhere, particularly in the
Sorell-Campania, and the Snug-Ketter-
ing-Woodbridge-Middleton  districts,
the destroyed aerial trunk routes were
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Fig. 5 — Emergency 200 Lline Transportable Exchange in Position Adjacent to Completely

Destroyed Automatic Exchange ot Kettering.

replaced oy U.G. cable, the mole
ploughing technique being adopted to
achieve maximum expedition in execu-
tion.

Due to the almost completely rain-
less summer which preceded the fires
and to the effect of the fire heat, the
dry ground conditions were extremely
adverse to mole ploughing progress.
Nevertheless good results were achiev-
ed and by the end of the restoration
period some 200 sheath miles of cable
had been installed by this method.

Early restoration efforts were aimed
first at the elimination of exchange
isolations and at the provision of
maximum channelling facilities on im-
portant trunk routes. To some extent
ihe restoration of subscribers’ services
was, as a consequence at least in the
early stages, given secondary con-
sideration but the prompt connection
of improvised or regular power sup-
plies to a number of exchanges had
the immediate effect of restoring quite
large numbers of individual services
to working order. Many varied
methods were adopted in arranging
emergency power supplies. These
ranged from the use of borrowed 250
volt 500 ampere-hour battery sets,
weighing 5 tons, to modified portable
arc welding generators. At the worst
period power was supplied by either
regular standby generators or impro-
vised emergency sources at a total
of 33 exchanges and 5 other communi-
cations installations.

Early attention too, was given to
the replacement of the two exchanges
destroyed at Kettering and at Cole-
brook. At Colebrook the existing man-
ual exchange was replaced with a
temporary 200 line magneto switch-
board installed in a mobile work hut
and placed adjacent to the burnt out
Post Office premises on the day fol-

lowing the fire. The exchange was in
cperation the next day with trunk
access to Sorell provided by means of
two modified mobile radio transceiv-
ers. The Colebrook end ‘radio-ter-
minal’ was, of necessity, located on
a hill some half mile away to meet
radio propagation needs and was con-
nected by cable to the exchange.
When alternative trunk facilities be-
came available by other means on
14th February, 1967, the modified
transceivers were re-used to provide
a trunk channel ‘petween Sorell and
Nugent.

Fig. 6 — Colebrook Post Office and Exchange after Fire.

The 200 line automatic step ex-
change which was destroyed at Ket-
tering was temporarily replaced with
a transportable exchange fortunately
available as a recovered unit follow-
ing the installation of an ARK ex-
change at Somerset some 250 miles
away. Installation began on Saturday,
11th March, 1967 and some subscrib-
ers’ services were in operation shortly
after. Unfortunately many of the sub-
scribers at Colebrook and Kettering
no longer had premises to which ser-
vice could be restored. Permanent
exchange replacements were subse-
quently made at both those centres
with new ARK units very helpfully
made available by the Victorian
Administration.

Good progress was made with all
works and by 17th February, ten days
after the fire, all exchange isolations
had been lifted and the total number
of subscribers without service had
been reduced from 3,500 to 531; not
including 506 services permanently in-
stalled at premises which had been
completely destroyed. At the end of
5 weeks all subscribers with premises
available and requiring service had
been re-connected except for a small
number in remote rural localities.
The last of the latter was restored
on 23rd March.

The re-establishment of the Fre-
quency Measuring and Radio Monitor-
ing Centre on a permanent basis will
pe delayed for some time pending the
acquisition of a new site and the
erection of an appropriate new build-
ing. In the meantime, basic technical
facilities and services have been estap-
lished in temporary accommodation.
A number of non-official Post Offices,
also, will of necessity operate at
temporary locations until the owners
have re-built or other alternative
arrangements have been made. Six
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of the twelve offices destroyed were
progressively re-opened by 1.3.67. The
office at Wattle Grove will not be re-
established.

TECHNICAL ASPECTS

It is difficult to draw meaningful
conclusions in relation to the vulner-
ability of external plant to fire damage
because of the wide variation in the
intensity of the fire and associated
temperatures from place to place. It
is evident from an inspection of the
surrounding country-side and the re-
maining vegetation and the physical
condition of the damaged plant, that
the temperatures reached during the
fire covered a very wide range. As
indicated previously, two exchanges
were lost when in each case the
accommodating building was destroy-
ed. A number of other rural C.AX.
exchanges, completely surrounded by
fire enjoyed remarkable escapes. This
is attributed to good house keeping
and to some extent to the standard
galvanised iron clad buildings. The
grass surrounds of these puildings are
kept regularly mown or chemically
controlled and it is thought also that
the corrugated galvanised iron exter-
nal walls may have, to some con-
siderable degree, reflected away infra-
red radiation.

In regard to external line plant
generally it seems evident that the
standard wooden pole used in Tas-
mania which is treated with a water
borne salt type preservative is fairly
susceptible to total destruction by
fire. While the good condition of the
outer surface due to the preservative
did result in greater fire resistance
than an untreated pole, at least to
initial jgnition, the presence of large
Jéhgitudinal cracks and checks charac-
teristic of this type of preservative
treatment no doubt facilitated the
entry of the burning embers etc. A
very large proportion of damaged
poles of the treated type were totally
consumed. Crossarm destruction ap-
peared to depend upon the severity
of the associated pole fire and on

the closeness and magnitude of the
adjacent scrub fire. Many were totally
destroyed but quite a proportion burn-
ed through at the pole bolt hole and
after falling from the pole, became
extinguished. From a small sample,
it is thought that creosote impregnated
arms resisted initial ignition better
than untreated arms but once purning
there appeared to be little difference
in the two types.

Although all damaged aerial cables
both of the wire spun and integral
bearer types required full replacement
a few cases were experienced of where
the outer polythene sheathing was
damaged but the aluminium foil screen
protected the plastic insulated con-
ductors inside permitting delayed re-
newal. Porcelain insulators were un-
affected but glass types deformed or
cracked readily. There appeared to
be little difference in the reliability of
aluminium pole fittings as compared
to steel but in any case the consider-
ation is academic because with the
destruction of a substantial number
of consecutive poles the nature of the
fitting had no bearing on the survival
of the service. A large numiper of
pole mounted cable boxes were de-
stroyed and both the plastic cover
and the plastic cable tail were com-
pletely reduced to ashes. Aluminium
sheathed public telephone cabinets, on
a very limited sample, appear to have
a higher survival probability than
earlier painted wooden types although
examples of the latter were found
in an extremely charred condition with
broken window panes, but otherwise
serviceable. As very little under-
ground plant was effected by the fire
no significant experience was obtained
of the effect of high temperatures on
this class of plant. :

FUTURE OUTLOOK

So far as the future practice is con-
cerned, the conclusion has been drawn
that because of the nature of the
terrain and vegetation common in Tas-
mania, aerial plant cannot be ade-

quately protected from wide front fires
except by very extensive route clear-
ing practices of a magnitude such as
to be patently uneconomic. It is be-
lieved that the continuation of exist-
ing developmental policies in this
State aimed at reducing the statistical
level of aerial plant by its replacement
with underground cable in case of
subscribers’ services and by either
cable or radio facilities in respect of
trunk services will, in the course of
time, very largely eliminate serious
future fire hazards, at least of the
magnitude recently experienced. An
example of this is, of course, the re-
placement of the Hobart-Launceston
open wire trunk route by broadband
radio facilities programmed for the
current financial year. In addition, the
minor trunk cable programme in all
regions of the State is well advanced
and by the end of this decade few
significant trunk routes in open wire
construction will remain.

STAFF APPRECIATION

Special mention is made of the
magnificent efforts of all the staff
concerned in the restoration work.
This includes the normal staff of the
several Engineering Divisions directly
concerned and also the staff from
other Tasmanian Divisions and those
freely made available by the Victorian
Administration. Long hours were
worked by these staff members under
extremely uncomfortable and adverse
conditions. Morale remained at a high
level and there is no doubt that the
speed with which services were
restored was fundamentally due to the
vigour and concerned interest of each
individual member of the staff. These
splendid  efforts  attracted very
gratifying public comments and have
been the subject of letters of commen-
dation received from the Hon. Alan S.
Hulme, Postmaster-General, and from
His Excellency, Lieutenant-General Sir
Charles Gairdner, K.C.M.G., K.C.V.0O,,
K.B.E., CB. the Governor of Tas-
mania.

CHANGES IN BOARD OF EDITORS

The Telecommunication Society has
approved changes in the Board of
Editors of the Journal. Mr. H. S.
Wragge has resigned to become
Editor-in-Chief of the Society’s new
journal, Australian Telecommunication
Research, and Mr. E. J. Wilkinson and
Mr. D. A. Gray have been appointed
as Editors of the Journal.

Mr. Wragge has been an Editor of
the Journal since October, 1964. His
energetic approach to his editorial re-
sponsibilities has enabled him to make

a substantial contribution during this
period. The Board of Editors expresses
its appreciation for his efforts and
wishes him every success in his new
editorial post.

In recognition of the increasing need
for more specialized attention to the
various branches of telecommunica-
tions, the Society has appointed Mr.
Wilkinson to represent the Radio and
Transmission fields and Mr. Gray to
represent Research. Mr. Wilkinson has
been associated with the Journal in the

past as a Sub-editor and the Board is
pleased to welcome him back in his
new role. He is currently Engineer
Class 5, Radio Section at Headquar-
ters.

Mr. Gray is Engineer Class 4, Prin-
ciples, in the Systems Section, Re-
search Branch. His appointment as
Editor to represent Research activities
underlines the continued emphasis
which will be placed on these activities
in future issues of the Journal.
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STANDARD BUILDINGS FOR AUTOMATIC
EXCHANGE EQUIPMENT

INTRODUCTION

The authority for design, documen-
tation and construction of buildings
for the Australian Post Office (A.P.O.)
is vested with the Commonwealth
Department of Works. The planning
and specification of functional require-
ments for each building is prepared
by the A.P.O. and this forms the basis
on which the building design is
developed within the Department of
Works. Cost savings are therefore
available to both departments if build-
ing design can be standardised as far
as possible. For the Department of
Works there are economies in the pre-
paration of documentation i(sketch
plans and working drawings, specifi-
cations, etc.), and for the A.P.O. stand-
ard buildings should cost less and re-
duce considerably the time required
for planning and the preparation of
briefing information in the Department
of Works.

For buildings concerned with tele-
communication engineering facilities
there is an important additional advan-
tage for the AP.O. A program of
standard buildings should be capable
of being more closely scheduled with
the associated engineering works pro-
gramme than is possible under a pro-
cedure of individual design for each
puilding. The closer scheduling of the
two programmes has major cost ad-
vantages for the A.P.O. in meeting,
more economically, the demand for
new telecommunication services.

This article describes the develop-
ment of plans for standard automatic
telephone exchange buildings and is
based upon an investigation carried
out by the Department of Works and
the Engineering Division of the A.P.O.
It discusses, from a telecommunication
engineering viewpoint, the consider-
ations which led to the planning and
specifying of functional requirements
for standard plans. From these, offi-
cers responsible for the architectural,
structural, mechanical and electrical
design work in the Department of
Works produced final plans to the
mutual satisfaction of both depart-
ments.

Briefly, the investigation resulted in
the development of plans for a stand-
ard building to accommodate exchange
equipment with a nominal capacity of
2000-10000 lines. The plans are cap-
able of ‘mirror image’ treatment thus
giving four (4) standard designs. The
first plan, known as Type 1 is smaller
and has a lower capacity for providing
telephone services than the second
plan (Type 2). A feature of the Type

plan is its capability of simple
development to a Type 2. Both plans
have fixed ancillary areas, and are
capable of extension using a modular
building principle. In addition, “in-

* Mr. George is Engineer Class 3, Exchange
_ Equipment, Headquarters.

** Mr. Spafford is Principal Buildings Officer,
Headquarters.

herent” flexibility will permit other
applications of both buildings in the
telecommunication field.

REASONS FOR THE
INVESTIGATION

The basic reason for a study of this
nature is the desire to improve pro-
ductivity in both departments by con-
serving the financial and professional
manpower resources normally utilised
in the planning and development of
building plans for terminal telephone
exchanges. Some of the more import-
ant resources which will be influenced
by the study within the Department
of Works are:

(a) Administrative costs — the A.P.O.
is debited with a flat 6% on all
expenditure associated with the
Postal Buildings Vote — which
embraces all telecommunication
building projects.

(b) The most efficient use of profes-
sional skills — any system of
documentation which will stream-
line procedures and reduce build-
ing planning time will greatly
assist production.

(c) The most appropriate architectural
treatment and use of materials.

The specific reasons for the investi-
gation, from the Post Office viewpoint,
are to conserve effort involved in
specifying requirements and to obtain
better results from improved building
programming. The following advan-
tages should result from the study:—
(a) A reduction in the professional

engineering effort involved in
developing A.P.O. functional re-
quirements for telecommunication
buildings.

(b) Less administrative costs in the
scheduling of buildings in accord-
ance with the co-ordinated pro-
gramme of developmental works.

(c) The best timing of provision of
puilding accommodation — the
focal point for consideration be-
ing the interim or final occupa-
tion of the building for installation
of equipment which must be
arranged in association with other
plant and facilities in order to
provide telecommunication ser-
vices in the area concerned.

(d) A closer liaison should be possible
in the forward ordering of new
equipment and the need to avoid
unnecessary storage before instal-
lation in accordance with (c).

(e) A reduction in uneconomical alter-
natives when building provision is
delayed.

So far we have considered the late
provision or non provision of telecom-
munication building accommodation.
The provision of a building completed
ahead of schedule, and by this is
meant, ahead of complementary lines
plant and subscribers equipment (or
other facilities) can also be an em-
barrassment. An idle asset of this
nature not only invites public criticism

E. A GEORGE, AMIE. Aust.* and P. H. SPAFFORD**

but represents a non-profit-earning
capital investment with recurring
interest payments. Within a limited
budget such premature expenditure
could prejudice another situation
awaiting building provision.

Therefore it appeared desirable to
embark upon a joint departmental
investigation into means by which
the economic and time factors in the
provision of telephone equipment
accommodation could be improved to
the mutual benefit of both depart-
ments. The terminal telephone ex-
change building was the area con-
sidered the most profitable at this
stage following an analysis of previous
building programmes and the fact that
this type of exchange is the most pre-
valent in automatic switching plans
for Australia (Ref. 1). Investigations
into the practicability of standardisa-
tion of other types of telecommunica-
tion buildings will follow in the future
with priority decided by the available
savings in resources for both depart-
ments.

OUTLINE OF INVESTIGATION

The authority for the investigation

was given by the Directors-General
of both departments. A joint steering
committee of interested headquarters’
personnel was formed comprising re-
presentatives in the architectural,
building and telecommunication engin-
eering fields. A working party was
selected from members of the steering
group with power to co-opt specialist
professional staff on an ad hoc basis.
The working party, of which the
authors of this article were members,
carried out the detailed investigation
and periodically reported to the steer-
ing group on progress. Because the
working party were also members of
the steering group, communication at
all times was facilitated with policy
quickly disseminated to all concerned
thus reducing considerably the time
taken for the investigation. The inves-
tigation proceeded on the following
general lines:

(a) The A.P.O. as the client would
specify the functional require-
ments for terminal telephone ex-
changes and advise other general
requirements such as site usage
and orientation.

(b) From this information, the Depart-
ment of Works would produce
standard building documentation.

From the telecommunication engineer-

ing viewpoint the specification of func-

tional requirements was ‘subdivided
into the following phases:—

Phase 1: Study of the -engineering
planning requirements for a
standard building.

Phase 2: Specification of equipment
and ancillary area require-
ments, the desired orienta-
tion of functional areas: and
the optimum size of building
extensions.
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Phase 3: Specification of building ser-
vices to meet phase 2 re-
quirements.

When the investigation had reached
the stage of preliminary sketch plans,
representatives from the engineering
groups of A.P.O. State Administra,
tions were briefed on the proposed
measures and many suggestions aris-
ing from these discussions influenced
the final form of the sketch plans.
However, when setting standards to
embrace the many and varied require-
ments of departments as large as the
Department of Works and the A.P.O.,
it necessarily follows that to incorpor-
ate all ideas which may arise from
such representative discussions is vir-,
tually impossible. The final sketch
plans were prepared by a Head-
quarters group in the Department of
Works and represented the basic
plans. From these, the State branches
of the Department of Works developed
standard sets of working drawings and
specifications to comply with local
building and statutory authority ordin-
ances.

BUILDING PROVISION POLICY
General

The investigation was conducted in
accordance with policy based upon an
AP.O. study in 1962 into the economic
principles for application in Telecom-
munication Building Provision (Ref. 2).
This report laid down a solid founda-
tion, based upon extensive economic
studies of the practices which should
be followed in specifying planning and
initial provisioning criteria for tele-
communications buildings in Australia.
The principles used in planning the
provisioning of standard buildings
were:

(a) A planning period of 20 years to
formulate accommodation require-
ments.

(b) An initial  telecommunication
building provision to cover devel-
opment for a period of 10 years
from the estimated date by which
the building is available for equip-
ment installation.

(c) Extension of a building should be
in stages to bridge the gap be-
tween the initial 10 year period
and the 20 year date.

(d) Cases for a longer initial period
than 10 years to be justified on
economic, practical grounds, or
both.

(e) Sites, to be capable of supporting
at least double the 20-year plan-
ning requirement for the building.

The planning period for telecom-

munications buildings is defined as

that period for which the building is
planned, but not necessarily construct-

ed initially. A planning period of 20

years represents the basis on which a

building layout plan is formulated and

layout plans should show a means
whereby the building structure can be

developed, in stages, to meet the 20

year requirement as a logical exten-

sion of the initial building construc-
tion. The period of 10 years, on which
is based the initial provisioning of
space, represents a nominal figure.

In practice, particular growth rates,

economic factors and the like, may
shorten or lengthen the nominal period
of 10 years. Under some circum-
stances, proposals for 15 year require-
ments are considered in accordance

with policy. However, the 10 year

development point represents an eco-

nomic optimum period compatible with

A.P.O. financial policy and practical

considerations in the Australian build-

ing industry.

The provision of any building in
stages has a number of ‘penalty’
costs which vary in degree according
to the number of stages. The follow-
ing are the major penalty costs incur-
red as the result of adopting a staging
programme for telecommunication
building provision:—

(a) High contractural costs because
each stage represents a smaller
separate project with consequen-
tial additional alteration work to
the existing building, e.g., removal
of temporary walls, restoration of
plaster, repainting, etc.

(b) Additional costs in protecting
equipment from the effects of
construction work, e.g.,, mechan-
ical vibration and dust. The in-
gress of dust into equipment can
result in a legacy of poor equip-
ment performance and higher
incidence of faults for a consider-
aple period of time after the build-
ing extension is completed.

(c) Additional costs associated with
planning and documentation of
building extensions for both the
Department of Works and the
AP.O.

The following measures were adopted
during the investigation and aimed
directly at preventing these penalty
costs from adversely influencing total
or overall economics in the design of
standard buildings:

(a) The equipment area should be
extended on a building modular
system. This type of building
structure (in either single or mul-
tiple modules) represents the most
economical form of extension
thereby reducing the penalty costs
for smaller separate projects and
minimising alteration work.

(b) To reduce costs in protecting
equipment from construction work
a temporary end wall to the
equipment room was specified to
be constructed in such a manner
as to permit the demolition of the
outer skin and retaining the inner
section as a dust shield until the
completion of building operations.

Cases will always arise which justify

a departure from current policy. The

extent of building provision that can

be deferred is a function of the rate
of growth of the area to be served.

Therefore in some slow-growing ex-

change areas it is economically advan-

tageous to provide, initially, for a

longer period. This consideration in-

fluenced the standard building design
in that there is an optimum size of
building ‘pelow which it is uneconomic
to build. The equipment area require-
ment can be so small that the costs

of the ancillary and amenity areas in
a standard building completely domin-
ate building costs resulting in an un-
economic proposal. Based upon cur-
rent building costs and equipment
space requirements, it was found that
a standard building was uneconomic
unless the initial period supported a
demand for at least 2,000 lines.

Planning and Design Criteria

To implement A.P.O. policy in speci-
fying requirements for a standard
building, some variation to the normal
procedure was required using survey
figures for a particular exchange area.
Survey figures are the result of sys-
tematic periodical studies into antici-
pated subscriber development for
defined geographical areas. This in-
formation, amongst other things, is
used to develop planning requirements
for buildings and has reasonable accur-
acy in the time period of eight to 10
years ahead. Beyond this the figures
become increasingly speculative until,
at the 20 year date, they are consider-
ed indicative only of the size and
building capacity likely to be required.
In the case of standard buildings,
survey information obtainable from
State Administrations was studied to
define patterns of growth rate and the
frequency of occurrence of the differ-
ent values of proposed telephone ex-
changes in the eight to 10 year period
and also at the 20 year date. Although
two basic sets of growth rates and
figures resulted from this review, it
was necessary to permit some degree
of overlapping between the two in
order to meet the majority of exchange
requirements predicted for the future
in which the application of a standard
exchange building appeared a possi-
bility. The basic planning data thus
determined was:

(a) A growth rate resulting in a
demand for approximately 5000
lines in the 10 to 15 year period.

(b) A growth rate in excess of (a)
but resulting in less than 10,000
lines at the 20 year period.

Fig. 1 illustrates the above basic
development information and shows
graphically how a range of growth
rates can be met, together with the
necessary overlapping of some areas,
to meet all likely conditions within
the stated boundaries. Area A growth
can be catered for, most economically
by the use of telephone equipment
installed in transportable buildings.
Transportable buildings are used be-
fore the erection of a permanent build-
ing and where survey figures do not
exceed 1,000 lines at the 5 year period.
Under exceptional circumstances two
transportable buildings with a maxi-
mum total capacity of 2,000 lines are
tolerated before the erection of a
permanent building. (Excessive use of
transportable buildings is not an alter-
native to adequate planning.) There-
fore Area B represents an overlapping
region where growth can be met either
by two transportable buildings or pre-
ferably by a permanent building.

Areas A to E represent the com-
monly occurring situations where, al-
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Fig. 1 — Subscriber Growth Rates Used in Standard Building Design.

though growth rates can vary within

these regions at any point of time

(particularly in the 5 to 10 year

period), they generally conform to the

15 to 20 year figure. Area F repre-

sents the tolerance area for Area E

where growth rates can accelerate the

demand for service into this area but
only under unusual conditions.

Area G represents situations which
demand over 10,000 lines at the 10
year date and therefore are outside
the capacity of the standard building
design. Such special cases are met
in the larger cities and provincial
centres where either the growth rate
is excessive or the exchange area to be
served will require a total volume of
services well in excess of the more
common requirement of less than
10,000 lines.

Using the above growth rate inform-
ation the following planning criteria
were developed as the basis on which
the design phase could proceed:—
(a) One building (Type 1) which could

accommodate 5,000 lines for the
10 to 15 year period.

(b) A second building (Type 2) to
cater for a demand exceeding the
Type 1 building at the 10 year
period but less than 10,000 lines
at the 20 year period.

(c) Because of the fluctuating char-
acter of growth rates which can
occur in practice a requirement
for the Type 1 design would be
the ability to develop into a Type
2 building if dictated by future
demand at any time in the plan-
ning period.

A known demand in excess of
10,000 lines at the 10 year date
would not be catered for in the
design.

Site utilisation would be in ac-
cordance with A.P.O. policy, i.e.
it must be possible to extend the
building to cater for a capacity
of at least double the 20 year
requirement.

The following parameters were used
as guides during the design develop-
ment stage to meet the planning
criteria:—

(@) To achieve the maximum benefit
from standardisation it was con-
sidered mandatory that the num-
ber and type of standard plans
should be kept to a minimum.
Plans and the appropriate docu-
mentation should apply to the
building above floor level with the
foundations being the only section
requiring supplementary docu-
mentation for each project.

(@

(e)

(b)

(c) It was decided that the standard
plans once prepared would not
be reviewed for at least 5 years.
Unforeseen  anomalies  which
might arise would be corrected in
local documentation.
Plans must be pased only upon
standard equipment and current
practices and not on proposed
equipment and unproven tech-
niques either proposed or under
development.
Plans should cover a comparative-
ly wide range of application and
be capable of adaption to other
uses through the medium of
flexibility in design.
Modular extension of the Equip-
ment and M.D.F. rooms would be
a fundamental requirement.
(g) Single storey construction would
be preferred to multifloor designs.
The above planning and design
parameters represent the broad view
on which an investigation of this
nature must commence. In short, it
defined the performance criteria to be
met by a standard plan design. The
next phase in the investigation was
the determination of final design
arrangements to meet the specified
performance criteria. This stage re-
presented the sorting and searching

(@

(e)

®
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processes to find the best dimensional
configurations in which experience,
and even intuition, had as much a
part to play as the more conventional
forms of optimisation techniques em-
ployed to achieve an economical yet
functional design.

THE RESULTANT DESIGN

General

Appendix 1 details part of the brief-
ing information (Ref. 3) prepared by
the A.P.O. to specify final require-
ments for the Type 2 building design.
The Type 1 building was specified
along similar lines. Fig. 2 and Fig.
3 show the plans which were finally
developed. Fig. 4 is an artist’s impres-
sion of the completed building and
indicates clearly the integration of
Type 1 and Type 2. The orientation
of areas and other particular design
features were based upon:—

(a) qualitative maintenance operation-
21 requirements employed in the

(b) the requirements of standard
switching equipment and other
standard apparatus, and

(c) the need to ensure all areas are
compatible (or capable of exten-
sion in a logical manner) to sup-
port increased capacity following
extension of the building on a
modular system.

Qualitative maintenance (Ref. 4)
governs the maintenance operations
of telecommunications plant in the
A.P.O. It demands, from a building
design viewpoint, an emphasis upon
the elimination, as far as practicable,
of dust particles into the equipment
room. The main design measures to
minimise dust were:—

(a) Areas were oriented to avoid un-
necessary staff movement through
the equipment room.

(b) Certain building materials were
selected because of their main-
tenance-free properties as a means
of reducing disturbance to equip-
ment in later years through build-
ing maintenance activities.

(¢) A stringent specification for air-
treatment in the equipment room.

(d) Separate areas segregated from
the equipment room, for staff

activities not directly concerned
with switching maintenance, such
as power and meter room, un-
crating and workshop areas.

Crossbar exchange apparatus is the
standard switching equipment at pre-
sent in use within the A.P.O. and of
course influenced considerably design
arrangements and requirements. A
particular example of this is the speci-
fying of a maintenance control room.
This room accommodates automatic
surveillance equipment and other
apparatus which permit, as much as
possible, service supervision and per-
formance of the exchange plant to be
observed outside the switchroom. It
will be seen from the plans (Figs. 2
and 3) that this room was strategically
placed for such purposes and also
as a means of control over unauthor-
ised staff entry into the equipment
room. A further example of the in-
fluence of crossbar equipment is the
elimination of a storeroom. Essential
stores for crossbar plant are confined
to a number of critical relay sets in-
stalled and working in parallel with
similar equipment and ready for use
at any time. Other spare parts are
small in size and can be accommoda-
ted in cupboards. Any demand for a
temporary storage area can pe met in
the workshop, and uncrating area
situated at the end of the M.D.F. room.

In specifying area requirements and
the layout of functional areas so that
the ultimate capacity of the building
plan is achieved, consideraple detail is
involved in manipulating critical
dimensions. Particular attention is re-
commended to the work of dimen-
sional configurations in a study of this
nature, because of the bonuses in
flexibility which can sometimes occur
when a design deviates slightly from
precise needs. The power conversion
plant room was a particular example
of this when it was observed that by
redimensioning the planned area to
give a small increase in area, it was
possible to increase the capacity to
an ultimate figure capable of meeting
the power needs of about 15,000 auto-
matic lines of equipment. Other minor
advantages were gained in different
sections of the plan which resulted

’

in the gaining of ‘room to move
without any unwarranted space wast-
age. This increase in flexibility is in
addition to the engineered flexibility
introduced into different sections and
which is described later in the article.
The design of the three (3) key areas
of Cable Chamber, Main Distrfpbuting
Frame (M.D.F.) and Equipment Room
are discussed below together with
features of the ancillary and amenity
areas.

Cable Chamber Specification

The most fundamental of design
criteria is the specification governing
the number of external line plant
cables to serve the telephone facilities
planned within a telecommunication
building. The number of line plant
cable pairs is always greater than the
number of telephone lines in the tele-
phone exchange building. Basic data
for the design of the cable entry sec-
tion of the cable chamber was obtain-
ed from a study of:—

(a) The cable occupancy of subscrib-
er lines in existing terminal ex-
changes.

(b) Typical junction patterns of de-
velopment within local switching
networks.

(c) The miscellaneous usage of cable
plant with respect to other sub-
scriber facilities such as fire
alarms, data transmission, etc.

Analyses of these factors resulted
ifn the practical design specification
or:—

(a) external plant cable pairs per
telephone exchange equipment
number, and

(b) number of cables required at the
8 and 20 year dates with an
indication of ultimate numbers
based upon double the 20 year
figure.

The ratio of line cable pairs to each
telephone equipment number is a
major design parameter for the M.D.F.
and the actual figure used in the in-
vestigation was 2.5 cable pairs per
telephone number. The calculated
number of cables provided the duct
sizes and number required into the
building at the different stages of its
development. The average size cable
used in these calculations, and based

[ BUILDING EXTENDED TO TYPE 2

Fig. 4 — Artist's Impression of a Standard Telephone Exchange Building Showing Type 1 and Type 2 Extension.
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upon present standards for line plant
was 1,200 pairs which included, and
made ailowance for, junction cables.
The growth rates used in Fig. 1 for
the 8 and 20 year periods deter-
mined the ratio of cable pairs to
equipment lines and hence the number
of cables for both sizes of the stand-
ard buildings. In accordance with
normal A.P.O. practice, caples will be
provided on the 8 year requirements
whilst ducts are provided on a 20
year basis.

With respect to cable chamber de-
sign there existed, at the time of the
investigation, what could be called
two standards. Because the cable
chamber would be part of the particu-
lar design for each application of the
standard building alternative cable
chamber dimensions were allowed, the
choice of which would be a function
of each State Administration prefer-
ence. By the time the next review of
standard plans is made, a common
set of design dimensions should be
available. For cable access between
the caple chamber and the M.D.F. a
slot 6 in wide was specified which is
considered a more flexible design than
the previous A.P.O. standard of a
series of 4 in square holes at 6} in
centres. ) .

Appendix 1 gives the detailed design
data used to specify cable chamber
requirements. A cable chamber below
ground level was specified for'both
buildings. The economies of this re-
quirement were closely examined be-
cause of the known difficulties and
high cost experienced in the past at
some sites. Cable chambers below
floor level can e costly because of
the presence of water tables close to
the surface under particular sites
throughout the Commonwealth, and
rocky sites can raise chamber con-
struction costs by 30%. Cost studies
revealed marginal conditions for typi-
cal site situations known at the time
for Type 2 building. For a Type 1
building the short term economics fav-
oured a slotted type entry rather
than the cable chamber and in a few
instances, State Administrations may
prefer the slot. However, the AP.O.
has had experience of the difficulties
and high costs in the past where the
cable entry has proved inadequate and
extension measures become necessary.
The problem of maintaining continu-
ity of service during extension work
demands a complex building operation
based on a comprehensive plan cal-
ling for the utmost care in the rear-
rangement (and sometimes replace-
ment) of existing cables. Innumerable
transposing of working pairs on the
M.D.F. is sometimes necessary and
high supervisory and administrative
costs over many months are involved
to ensure a successful operation. Valu-
able resources in the form of skilled
labour are diverted from other major
and productive activities, and there is
always the risk that an accident to
plant can occur during such work.
Major extension of cable entries re-
presents a continual hazard whilst the
work is being carried out, an unecono-

mic undertaking imposing unwarran-
ted strain on operational staff, and
unnecessary diversion of resources.
Therefore, based upon previous ex-
perience and the fact that a Type 1
building in some instances will deve-
lop into a Type 2 building, the de-
cision was made to specify a cable
chamber for Type 1 even though this
would increase the cost of the build-
ing initially.

Main Distributing Frame Area

This frame provides teminating and
testing facilities for external plant
cables to subscribers’ premises and
the internal cables to the telephone
exchange equipment. It permits the
connection of any telephone exchange
numper to any line pair. Fig. 5 shows
a standard A.P.O. M.D.F. which, under
qualitative maintenance requirements
is segregated from the equipment
room by a ceiling height partition.
External plant cables are fed from

Fig. 5 — Standard A.P.O0. Main Distributing
Frame (M.D.F.}.

the cable chamber underneath the
frame, and are connected to link
blocks on one side. The equipment
cables are installed along the top of
the frame and terminated on blocks,
fitted with protective devices and
located on the other side of the frame
from the external plant cables. The
M.D.F. is composed of a number of
verticals 61 inches apart with each
vertical capable of terminating 600
line cable pairs and 200 equipment

number pairs. This ratio permits the
adequate meeting of the design fig-
ures calculated from cable planning
information and allows facilities for
additional protective devices on spare
line verticals to be accommodated if
required py external line plant con-
ditions. The M.D.F. structure demand-
ed a ceiling height of 13 ft and a floor
loading of 200 lbs./sq. ft (distributed).

The M.D.F. room is orientated to
grow with the extension modules of
the building with uncrating, store and
workshop activities always catered
for by utilising portion of the area
reserved for M.D.F. growth. This was
considered an economic plan and the
workshop area was specified to be
separated from the M.D.F. by a tem-.
porary timber framed wall to ceiling
height and capable of relocation after
a building extension.

Also included in the M.D.F. area is
a test desk which is used for testing
subscribers’ apparatus, cable plant
and telephone exchange equipment.
The basis used was 1 test desk opera-
ting position per 10,000 lines which
accounted for some degree of auto-
matic robot testing now being in-
troduced into A.P.O. exchanges. An
auxiliary rack mounted test unit (with
limited facilities) was specified to cater
for periods of test overload which oc-
cur spasmodically, due to major cable
interruptions and breakdowns.

Equipment Room

The equipment room width of 42
feet was specified on the basis of
crossbar equipment with a traffic
handling capacity of m = 8. The
symbol m — 8 denotes the capacity
of the equipment to handle subscri-
bers calling and terminating rates of
a particular magnitude. Another ca-
pacity, of m = 6 crossbar equipment,
can be properly installed in the criti-
cal dimension of 42 feet and together,
the m — 8 and m — 6 capacities will
cater for the majority of subscribers
likely to be served from equipment
installed in standard buildings. Tele-
phone exchange equipment is accom-
modated on racks which are installed
in suites with access areas between
suites for maintenance purposes. The
42 feet width dimension allows some
flexibility in the pattern of racks
which make up a suite when using
m — 6 capacity equipment. An ex-
ample is transmission (long line)
equipment racks which can also be in-
stalled whilst still preserving optimum
layout conditions for the crossbar ap-
paratus. The clear height of the equip-
ment room was specified as 12 feet
6 inches and this is sufficient for over-
head intersuite runs of cable using
troughing and ducting systems. The
specified floor loading of 200 lb/per
sq. ft. is greater than is actually re-
quired for crossbar eauipment but
this permits the flexibility of instal-
lation of other types of equipment
racks if desired.

The equipment is extended in modu-
lar sections (or bays) of 10 feet. This
dimension is an optimum, based on
structural engineering considerations
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which give a small degree of over-

provision of equipment space, result-

ing from extensions during the life
of the building. The Department of

Works cost studies determined that

reof trusses and other structural com-

ponents required by the 42 feet width
dimension would be compatible with
the 10 feet modular extension. The
same cost studies also revealed that
the minimum economic initial provi-
sion of modules would be two for the

Type 1 and four for Type 2 giving a

minimum capacity of 2000 lines for

Type 1 and 5,000 lines for the Type

2 plans.

Telephone exchange equipment lay-
outs are a changing requirement be-
cause the equipment is engineered to
meet the particular characteristics of
each exchange area and quantities of
apparatus are dimensioned in accor-
dance with traffic engineering mathe-
matical analyses. In general terms,
each installation of automatic ex-
change switching equipment contribu-
tes to a general pool of knowledge
which, together with maintenance ex-
perience of various configurations,
permits a progressive improvement in
layout design. Nevertheless because
certain patterns manifest themselves
the A.P.O. from time to time, has de-
veloped reference layout plans (or ty-
pical patterns) from which it is pos-
sible to at least standardise on criti-
cal dimensions related to:

(a) length of suites;

(b) spacing between suites;

(c) width of passageways and aisles
with respect to equipment rack
sizes.

Typical crossbar exchange layouts
were used for equipment area require-
ments as a specification for the stan-
dard plan development. These lay-
outs were developed from earlier pat-
terns based upon experience with
crossbar plant and excluded subscri-
bers meter racks. Changes in design
of some of the equipment mounted on
the racks can also vary the pattern of
layout. Thus the 42 feet width should
permit changes and allow the normal
design improvement processes to apply
during the life of the building.

Other features of the equipment
room as specified were:

(a) A slight overpressure of the air
inside the equipment with respect
to other areas to minimise the
entry of dust.

(b) Return air ducts should not create
drafts or draw unclean air past
sections of the plant from adja-
cent areas.

(¢) Fixed windows were specifiied at
a high level on external walls
with the number limited to essen-
tial requirements. A likely deve-
lopment of the future will be the
elimination of equipment room
windows on external walls.

(d) Separate uncrating and general
work area was necessary to re-
duce the dust nuisance in the
equipment room.

(¢) Entry into the equipment room
should be supervised at all tim-
es to avoid unnecessary staff

movement through the area. This
was achieved by locating the main
entry door from the equipment
room into the maintenance con-
trol centre.

Ancillary Operational and Amenity
Areas
Appendix 1 details the requirements
for the major ancillary areas of power

and air treatment and the amenity.

areas all of which are planned in
size to meet the 20-year requirement.
These requirements are in accordance
with well-established engineering and
personnel practices as set out in
A.P.O. Engineering Instructions and
internal policy memoranda based on
equipment considerations and economy
of operation. An example of this is
the mounting of totally enclosed se-
condary batteries into cupboards and
the provision of rectifiers (for a.c.
mains conversion) in lieu of the pre-
vious standard equipment of motor
generator conversion plant.

Air treatment was a major part
of the study and resulted in the speci-
fication of temperature limits, relative
humidity limits, and filtration re-
quirements. A measure of the inter-
nal heat dissipation from crossbar to
plant enabled a suitable design of
plant to be achieved. These studies
of course are only part of continuous
investigations in the assessment of
air treatment plant performance in
the various States of the Common-
wealth. Full air-conditioning is an
‘optional’ extra and the Type 2 plan
provides space for a boiler and re-
frigeration plant if demanded by the
particular location.

The amenity rooms were located at
the front end near the entrance of
the building. Provisioning was design-
ed a little in excess of requirements
to meet sporadic increases in staff
during installation of equipment and
other projects where additional staff
use the amenities.

STANDARDISATION AND
FLEXIBILITY

The main penalty for standardisa-
tion is usually loss of flexibility and
therefore any study of this nature
must be directed towards attaining
a balance between the two. On the
one hand a standard building plan
can be highly efficient and economical,
when used in a particular application
for present day needs. At the same
time however, it may be incapable of
adaptation to meet other or unfore-
seen requirements. On the other hand
a plan which meets all variations
would clearly be uneconomic because
features associated with very few sit-
uations would represent redundancy
for the majority application. In the
first example the introduction of flexi-
bility is demanded as a corrective fac-
tor, whilst the second example de-
mands its restriction. In both cases
the degree of flexibility engineered
into building plans influences the
building economies and cost savings
available under standardisation.

Therefore the degree of flexibility
developed in the standard building de-
sign was influenced by considerations
which attempted to avoid the two ex-
treme situations illustrated above. An
example of engineered flexibility oc-
curred in the specification of the
equipment room width for the stan-
dard plan. Planning studies of typical
average calling and terminating tele-
phone traffic rates of subscribers in
areas covered by Fig. 1 revealed that
the majority of these could be served
by m = 6 capacity crossbar equip-
ment which requires a smaller equip-
ment room width than the equipment
m = 8 capacity. The m = 6 capacity
width dimension would have resulted
in construction savings in this sec-
tion of the building design. However,
the planning studies revealed also that
in some of the areas, m — 8 capacity
equipment was a requirement either
as a whole or during part of the plan-
ning periods. M =— 8 capacity equip-
ment demands a wider equipment
room which in turn increased construc-
tion costs. However, the increase in
cost to introduce this additional flexi-
bility was considered justified in the
face of the unacceptable alternative of
installing m = 8 capacity plant to. m
— 6 design widths. This would have
resulted in unsuitable layout configura-
tions of equipment for such cases.
Payment of installation penalties
would have occurred every time addi-
tional equipment was installed plus
maintenance penalties throughout the
working life of the equipment. M = 6
capacity equipment can pe accommo-
dated economically in m = 8 equip-
ment design widths without any such
penalties. On the other hand, com-
plete flexibility could have been ob-
tained, at a higher cost again, by speci-
fying the equipment room wide enough
to accommodate the largest size cross-
bar equipment (m =— 10 -capacity).
However, the higher cost (for com-
plete flexibility) was not warranted
because m — 10 capacity equipment
is generally wused in city and
industrialised suburbs (represented by
area G of Fig. 1) and there is only
a remote chance that it would be
used in a standard building.

Therefore the specification of an
equipment room design width for m
= 8 capacity plant represented the
introduction of planned flexibility to
increase the effectiveness and usage
of the standard building but achieved
at a small increase in puilding costs.
The decision excluded both the alter-
natives of (i) the more economical but
more restrictive application of m = 6
design widths and «(ii) the least econo-
mical but totally flexible plan for m
= 10 design widths.

Other features of the building design
were planned on the basis of con-
siderations such as those outlined
above. Flexibility was introduced
which in turn increased costs to some
extent but at the same time, added
that necessary commodity, the ability
to meet limited unforeseen require-
ments. It is suggested that, because
of the time commitment in the initial




THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

October, 1967

study, all factors which balance flexi-
bility and building economics (short
and long term) were not fully accoun-
ted for. In the light of experience
gained from the use of this Standard
Plan, subsequent reviews may be in
a better position to achieve optimum
conditions between standardisation
and flexibility in the design.

Standard methods and practices are
continually changing and at any point
in time some established item of plant
is under consideration for a redesign.
This constitutes a form of penalty be-
cause such a redesign if unfinished,
or not proven at the time of the re-
view, is excluded, and the existing
{and therefore to some extent unsatis-
factory) design remains the basis for
the next five year period of standardi-
sation. This must be expected, al-
though, providing the building design
will permit, there is nothing to pre-
clude the adoption of any redgamgned
item of plant or new technique at
any time during the 5-year period.
The keynote for the future is to design
the building in such a manner that the
inherent flexibility of building confi-
guration will permit some degree of
experimentation during the 5-year per-
iod. This is necessary and was fore-
seen as an essential requirement in
the initial plan development in order
that standard building design from the
viewpoint of telecommunications en-
gineering design standards can pro-
gress.

STANDARD BUILDING USAGE

Buildings will be programmed by
specifying the type and number of
equipment modules to meet the initial
requirements. The Type 1 bduilding
will have its greatest application in
country areas as accommodation for
terminal and minor switching exchan-
ges. Minor exchanges are exchanges
which provide some tandem or through
switching for terminal exchanges. On
a Commonwealth basis approximately
50 buildings of this nature will be
required annually over the next five
years. It is emphaisised that features
such as 200 1b per sq. ft floor loading
will permit wider usage of the stan-
dard buildings to include those cases
where it is necessary to also install
limited quantities of long line equip-
ment. Many minor switching centres
will be under 2,000 lines in 20 years
with an ultimate capacity under 5,000
lines. Tandem switching and trans-
mission plant justifies the 2 modules
demanded by the overall building
economics, but the low subscribers’
development focuses attention on the
uneconomical aspects of a complete
cable chamber. Under these circum-
stances, State Administration planning
authorities, based upon the particular
situation, could specify the cheaper
form of cable entry using a cable
slot. This is possible as the method
of cable entry is a matter of individual
design in conjunction with foundation
requirements.

Type 2 building will be used more
generally in metropolitan and extend-

ed local service areas (E.L.S.A) In
cases where the survey figures, at the
20-year date, are in the vicinity, or
slightly in excess, of 10,000 numbers
the decision to use a standard plan
is a matter of judgment and experi-
ence of the A.P.O. State planning en-
gineers, who are conversant with
known trends and developments with-
in the local conditions under study.
The 10,000 line figure is not intended
to be an inflexible upper boundary
value. Because of this, it is difficult
to estimate demand for the Type 2
plan in actual numbers during the next
5 years. For metropolitan application
it is considered that approximately
25% of the telecommunication build-
ing programme could be met by stan-
dard buildings. The difficulty is fur-
ther increased because initially, some
sites owned by the A.P.O. may not
readily permit construction of the
standard puilding. In many ways site
utilisation is one of the major planning
considerations in a building proposal.
‘Where the present site is unsuitable
for the Type 2 building, there is no
alternative to the design and specifi-
cation of a particular building to suit
the site. In the future the acquisition
of sites should be steered by the
standard building requirements. With-
in the A.P.O. everything practicable
is done to achieve maximum use from
a site in the long term to avoid re-
strictions in ultimate development.
Once a telephone exchange is es-
tablished, there is increasing economic
pressure to continue to meet develop-
ment from that location because the
increasing cable and equipment in-
vestment makes it unattractive and
uneconomic to change.

CONCLUSION

The development described in this
article represents another but more
positive step in the closer integration
of building engineering and telecom-
munication engineering requirements
as appled to the design of the most
suitable accommodation for a parti-
cular type of telephone exchange re-
quirement. In the past considerable
progress has been made in the re-use
of the principles of design where they
have proved successful in a particular
ipstance. This has led to repeated
use on many occasions throughout the
Commonwealth.

One of the particular objects of
this development has been to achieve
a saving in documentation time by a
complete re-use of plans and speci-
fications thus avoiding the time invol-
ved in redrawing sets of plans for a
particular situation. It was realised
that the full benefits of standardisation
would only be gained if a particular
type of telephone exchange require-
ment could be planned and designed
in a single context, i.e., the require-
ments of the telecommunication
equipment and the building as a pro-
tective envelope were integrated in
a proper technical and economic man-
ner. The close collaboration between
the two departments during this study
has, we believe, achieved this objec-

tive. The resultant standard plans of
this initial cycle of development are
an embodiment of current telecom-
munication engineering and building
engineering techniques and experi-
ence. The progress already made by
AP.O. State Administrations was
matched with the knowledge and ex-
perience of building engineering staff
in the Department of Works who have
specialised in the particular field of
telecommunications building design.
Through the agency of the Central
Administrations of both departments
the principles developed over tue
years were used as the basis for com-
mencing this initial cycle of standard-
ised telecommunication building plans.

In a different context however,
standardisation can also mean stag-
nation. This can occur if a standard
is not fully reviewed at set intervals
to incorporate technological advances
made during the previous period. In
this respect, both departments will
be pursuing a definite policy of con-
tinually reviewing all relevant deve-
lepments which occur during the 5-
year period and at the same time as-
sessing any shortcomings observed
through the usage of the standard
building during that time. Changes
in techniques and methods of tele-
communication engineering, together
with new and proven forms of build-
ing material and construction will no
doubt be the main sources of change.
Equally important will be the incor-
poration of innovations and ideas sub-
mitted by A.P.O. Plant and Planning
personnel directly concerned with the
operation, installation and mainten-
ance of telecommunications equip-
ment.

In the opinion of the authors, the
most significant feature of the stand-
ard plans will prove to be the ability
to focus and concentrate the atten-
tion of the different A.P.O. planning
and plant section officers with De-
partment of Works officers on to com-
mon ground and along common lines.
This means that during the period be-
tween reviews, innovations, techni-
ques and experience will be channel-
led towards the one objective of im-
proving the design features of the
standard plans thus ensuring that the
next review will produce plans which
incorporate all possible improvements.
Therefore both departments are con-
tributing to the aim of general pro-
ductivity improvement by ensuring,
in this particular field, that more satis-
factory buildings will continue to be
provided which are planned and built
at lower costs and with better sche-
duling procedures. The final plans is-
sued by the Directors-General repre-
sent, as far as possible, optimum ar-
rangements to meet situation require-
ments at this stage. Both departments
now have a charter to implement the
use of these building designs wher-
ever the requirement exists. If cir-
cumstances are such as not to permit
the direct use of the standard plan,
every endeavour should be made to
apply the principles on which the
plans are based.
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APPENDIX 1

EXTRACTS FROM A.P.O. BRIEFING
REQUIREMENTS

Planning Considerations

The Type 2 Building is designed to
accommodate nominally 5,000 to
10,000 lines of telephone exchange
equipment.

In general, a Type 2 Building will
be used for terminal automatic ex-
changes where the development of the
exchange area is beyond the capacity
of a Type 1 Building in the 10-15-
year period, but less than 10,000 lines
at the 20-year date. Some additional
flexibility is provided in the Type 2
Building as the ancillary rooms pro-
vided will support an Equipment Room
of more than 10,000 lines (estimated
12,000-15,000). No firm upper limit is
specified as future trends in ancillary
space requirements or particular cir-
cumstances at any location may per-

mit these areas to support equipment,

in excess of 15,000 lines. Furthermore,
the M.D.F. has been located along the
outside wall of the building to provide
flexibility in the future in meeting
changed planning concepts and unfore-
seen additional eqguipment capacity
needs. In this location the M.D.F.
area is more readily extended and
provides more flexibility in the pro-
vision of a second cable entry, if re-
quired.

Normally, the Type 2 Building would
pe ordered with a minimum Equip-
ment Room length of 4 modules (where
one module represents 10 feet), as
this is the minimum size Equipment
Room which can economically be con-
structed in conjunction with the an-
cillary rooms to be provided. The
ordering of additional Equipment
Room length either initially or as an
extension may be in any number of

modules as required to meet develop-
ment. In some exceptional circum-
stances, the Type 2 Building could be
used with a smaller equipment room
than the 4 modules to be constructed
initially; this will depend on the initial
size of the installation, the anticipated
growth rate of the area concerned
and other factors as discussed in the
Director-General’s memorandum of
24.6.1964, attached to the Working
Party Report on the Economical Pro-
vision of Telecommunication Build-
ings. The principles embodied in the
Working Party Report, together with
the local background against which the
requirements for a particular building
are formulated should be applied to
determine the optimum switch room
length.

Site

The proposed standard plans for the
Type 2 Building are based upon mini-
mum site dimensions of 100 ft fron-
tage and a depth of 130 ft for a 10,000
line building. (Two adjacent average
suburban blocks of 50 ft x 150 ft will
pe sufficient for an exchange building
of 15.000 lines.) When considering the
location of the initial and ultimate
building on a site the alternative of
the standard plan in mirror image
must be examined.

Many of the sites at present owned
by the Department may not be suit-
able for the proposed plan so that con-
sideration must be given to the pos-
sibility of acquiring either additional
land to extend the existing site or a
new site suitable for constructing
the standard building.

If complete and thorough examina-
tion of all the facts proves a non-
standard building on the existing site
is fully justified, considerable effort
will be saved and the preparation of
plans expedited by following the gen-
eral principles set down in the stan-
dard building design.

In future, sites should be purchased
with the requirements for standard
building design in mind. For a Type
2 Building, two blocks of land (50 ft x
150 ft) would normally be adequate,
but a site should be chosen with a
view to providing for long term ex-
pansion of the exchange and to en-
sure this, there should be adequate
site remaining after 20 years to en-
able the exchange to at least double
its capacity.

Complete details of the cable ex-
change entry and street cable manhole
are not covered in these documents.
Full briefing and supplementary draw-
ings covering these items will be pro-
vided separately by the P.M.G.’s De-
partment to suit the different condi-
tions of each individual site. Where
site conditions dictate, the “mir-
ror image” of the plans may be used.

Equipment Room

The equipment room is designed for
crossbar equipment and primary suite
length for m = 8c¢ traffic capacity.
A ceiling height of 12 ft 6 in is speci-

fied to permit intersuite runs of cable
troughing over BDD racks.

No consideration was given to the
provision of m — 10 size crossbar
equipment as this is usually reversed
for inner city locations, the buildings
for which must be individually de-
signed. The equipment room width of
42 feet will serve for both m = 6 and
m =— 8 equipment. The modules for
the equipment room are 10 ft sections
which is based upon structural build-
ing considerations and not suite spac-
ings. This could allow some small de-
gree of overprovision during exten-
sions as a safety factor in meeting
requirements.

The following areas were specified
as design criteria for m = 8 equip-
ment room areas:—

2,000 lines
42 ft x 20 ft
840 sq. ft

5,000 lines
42 ft x 40 ft
1,680 sq. ft

10,000 lines
42 ft x 70 ft
2,490 sq. ft

Drawing CSK-5783/Sheets 2 and 3
show typical equipment layouts in
an equipment area 42 ft x 40 ft.

M.D.F. Area

Requirements for the M.D.F. area are
based upon the use of a standard
M.D.F. oriented to grow in the same
direction as the equipment room. It
was considered essential to provide
a separate room for this activity from
the equipment in conformity with
qualitative maintenance principles.
Uncrating and test desk facilities are
also included in the general M.D.F.
area as well as space for a clerical
assistant.

The size of the M.D.F. was calcu-
lated on the basis of no protection on
the equipment side with line pairs
assessed at 21 times the exchange
numbers and 600 terminations per ver-
tical on the line side. This figure was
derived from experience gained in the
States with suburban exchange sub-
scribers reticulation systems and am-
ple space is provided for unforeseen
requirements by Ppasing the length of
the M.D.F. on line pair provision.
Equipment side terminations are also
600 terminations high which therefore
allows either for some protective de-
vices to be included if required by the
particular exchange location or extra
line pair terminations if the 2% times
figure is exceeded.

To obtain maximum flexibility for
extra line terminations on the equip-
ment side of the M.D.F., a 6 in wide
slot was specified in lieu of holes as
the cable access between the cable
chamber and M.D.F.

M.D.F. Lengths to serve particular
equipment capacities are:—

Numbers 2,000 4,000 5,000 10,000
M.D.F.

Length 5ft 10ft 12ft 24ft
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Cable Chamber

The cable chamber is designed to
provide a 48 duct entry from the street
manhole and accommodation is pro-
vided for 48 cables by racking 24
cables each side of the cable chamber

on 6 racks, each taking 4 cables.
(a) Cable Chamber Dimensions: The
dimensions are 12 ft 3 in high,

Height:

10 ft 2 in wide (an alternative
width of 7 ft 9 in can be used
according to local custom) and
the total length of the entry
tunnel, cable rearrangement sec-
tion and cable chamber proper
is 69 ft 5 in. The various di-
mensions shown have been cal-
culated as follows:

6 racks, each 8% in centre to centre - 8% in from
2

centre of bottom rack to floor. 4 ft 3 in
Turning area for main cables to potheads. 2 ft 0 in
Length of pothead 3 ft 0 in
Turning area for distribution cables to M.D.F. 3 ft0in
Total 12 ft 3 in

Width:

Distance behind potheads on either side of

Chamber. 1ft8inx 2 —=3ft4in
Stanchion Depth. 2inx 2 = 4 in
Cable turning width for main cables. 6inx2=1ft0in
Width of cable tray. 1ft2inx2=21ft4in
Aisle width. 3ft2inx1=3ft2in
i iy
Total 10 ft 2 in

Length:
Access tunnel from front of building (6 ft 6 in width) 15 ft 11 in
Cable rearrangement length. 13 ft 6 in
Cable Chamber. 40 ft 0 in
69 ft 5 in

(b) Street Manhole and Entry to
Exchange: Due to the widely
differing situations met in prac-
tice, neither a manhole nor ex-
change entry has been shown.
In every case, the cable cham-
ber exchange entry and street
manhole will be designed indi-
vidually for the particular site.
Construction of the street man-
hole and cable exchange entry
should be integrated with the
construction of the cable cham-
ber.

(c) Entry to Cable Chamber: An en-
try is provided at the rear of
the chamber, and steps similar
to a ship’s ladder will be pro-
vided. An emergency exit is
provided at the front of the
chamber, opening into the area
near the test desk. This escape
manhole must be kept clear at
all times.

(d) Cable Gassing Equipment: the
cable gassing equipment is
placed in the air-treatment and
diesel plant room, a pipe lead-
ing from it to the flowmeters
located on the M.D.F. room wall
as desired.

(e) Cable Chamber Drainage: The
caple chamber floor has a gra-
dient of 1 in 150, sloping to the
front of the building. A sump
and appropriate type of pump
will be provided where the
cable rearrangement section of
the chamber changes to the
small access tunnel. The floor
is graded from both sides into
the centre of the chamber.

Total

Uncrating and Storage

An uncrating area is provided in
conformity with the principles of
qualitative maintenance. This area is
formed by an extension of the M.D.F.
room and, if future expansion of the
exchange warrants the extension of
the M.D.F. into this area, then uncrat-
ing activities can be removed to the
extended portion of the equipment
room.

The monorail supporting frame for
the equipment gantry is situated out-
side the building. This will allow its
easy removal if the M.D.F. section of
the building needs extension. The in-
clusion of a gantry is an optional item
and should be included only as re-
quired.

A separate store room as such has
not been provided. Portion of the
M.D.F. room has been segregated for
the storage of minor items only. Spare
relay sets, as a general policy, will
be either working (e.g.,, SLM spare
ecuipment) or stored in spare relay
set positions with battery connected.
A minimum numbder of small com-
ponents (e.g., resistors and capacitors)
will be stored in free standing cup-
boards located in either the M.D.F.
room or maintenance control room.

Maintenance Control Room

A separate area for this activity is
considered essential and normally the
area will be self-contained where
maintenance staff can observe and
study circuit conditions of the ex-
change equipment free from interrup-
tion. This is in line with service philo-
sophy in the maintenance of crossbar
equipment and it divorces these activ-

ities from the subscribers service work

carried out on the M.D.F. and test

desk.

Four racks have been accommodated
in this area, together with a TRT and
two tables, one of which is a plan
table containing all relevant circuit
diagrams for the equipment.

The four racks are:—

(a) Traffic measuring meter rack with
a capacity for reading a maximum
of 200 Erlangs.

(b) One traffic meter rack, e.g., TKM,
AUM, AIM, etc.

(¢) One service control rack contain-
ing service alarm, route alarm and
RKR equipment, together with re-
settable meters.

(d) Provision for an extended alarm
and TRT remote control rack.
This rack will also provide for
automatic data processing equip-
ment as a development for the
future.

It is considered prudent to provide
a spare rack position for (d) above as
current work in this direction should
prove the introduction of A.D.P. with-
in the next two or three years.

There is some doubt that one service
control rack, as listed in (c) above,
has the capacity to meet all service
requirements for 10,000 numbers of
equipment. This requirement is based
upon current knowiedge and tech-
niques, but the trend in future develop-
ments may reduce the capacity of this
rack to serve say 6,000-7,000 lines
only. If future events limit the capa-
city then an additional service control
rack would be necessary and consider-
ation given to the removal of either
the traffic meters or the Erlang meter
rack outside the M.C.C. Such a
decision would be the prerogative of
the State Administration.

The basis of the maintenance and
control equipment is set out fully in
two publications — “Review of Cross-
bar Equipment Maintenance—August,
18637, and “A.P.0. Engineering In-
struction — TELEPHONE Exchange
M 7021”.

Test Desk

One test desk will be provided for
10,000 lines and a test rack should
then be installed to provide additional
assistance up to 15,000 lines which is
less than present standard provision.
However, space has been provided for
a two position test desk if required
by local characteristics of the par-
ticular exchange concerned.

Meters

This area is based on the provision
of 1,200 meters per rack with a 3 ft
space between racks for the use of
photographic equipment as a later
development. A future development
envisaged is an increase in capacity
to, say 1,500 meters per rack and a
rack redesign which will permit in-
stallation against a wallk

The installation of meters outside
the equipment room avoids the neces-
sity for meter reading officers and
other personnel entering the switch
room for the purpose of recording
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meter operations. The meter equip-
ment is grouped with power and bat-
tery apparatus as a means of saving
space in the exchange building.

Power and Battery

The area is designed for a total d.c.
discharge figure of 800 amps. A main
electric power supply bvoard, fully
automatic control cubicle for the
standby diesel-alternator set and an
exchange d.c. supply board are pro-
vided with the rectifier suite and a
total of four 500 AH batteries can be
accommodated in this area.

The figure of 800 amps should be
sufficient for approximately 15,000
lines of m — 8 equipment (60 amps
per 1,000 lines). The following figures
are considered typical for other m
capacity systems:—

m — 6a 35 amps per 1,000 lines

m = 6b 40 amps per 1,000 lines

m — 8a 50 amps per 1,000 lines

m —: 8p 55 amps per 1,000 lines.

It is proposed that the initial re-
quirements for the exchange will be
met by standard rectifier units and ex-
change d.c. supply board, and later

by the installation of an integrated
a.c./d.c. conversion suite. These suites
will meet the demand in excess of 400
amps.

Emergency A.C. Supply Details

The standard fully automatic N.S.
(Normally Stationary) set for this
application is an air-cooled diesel-
driven brushless alternator of 44 kVA
capacity at 0.8 power factor (35 kW),
with separate floor mounted control
cubicle. Should the requirements for
the emergency electric supply exceed
44 kVA, a set of 60 KVA capacity, of
similar size to the 44 kVA set, can be
provided by the use of a turbo-charged
version of the engine used on the
standard unit. External dimensions of
the N.S. set are 8 ft 6 in long x 3 ft
6 in wide x 4 ft 6 in high. The con-
trol cubicle is 3 ft 0 in wide x 7 ft
0 in high x 1 ft 9 in deep.

The N.S. set is mounted on a skid
base and anti-vibration pads are pro-
vided. Care has been taken to elimin-
ate possible leakage of fumes from the
engine by the use of seamless flexible
couplings on the engine exhaust and

extension of the crankcase breather
to the inlet manifold.

The cooling air inlet for the engine
is via a common filtered air inlet pro-
vided for the mechanical plant room.
The cooling air outlet is through a
duct from the engine to the common
outlet in the acoustically treated roof
ventilator. The engine exhaust outlet
is taken up through the roof, together
with the boiler flue.

Masonry walls surrounding the area
and sound attenuators fitted in the
common air inlet and in the engine
outlet duct, reduce mechanical noise
outside the building to a reasonable
minimum while the engine is running.

It is expected that no engine over-
hauls will be necessary under normal
circumstances other than the usual
services such as oil changes, checks
of tappet clearance, head tightness,
fuel injector tests, etc., due to the low
running time, viz. 2,000 hours in 20
years.

A hundred gallon combined storage-
service tank, wall or stand mounted,
is considered sufficient for this class
of plant.
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A COUPLING UNIT FOR TELEPHONE CONVERSATION

RECORDERS

INTRODUCTION

In the latter part of 1966, the Post-
master-General announced that the
recording of telephone conversations
would be permitted after April, 1967,
subject to certain conditions. The Post
Office would make available for leas-
ing by telephone subscribers, special
recorder-connector units designed to
permit various types of recording de-
vices to Dpe plug-connected to their
telephone services. Recording of con-
versations by means of recorders not
connected via the special unit would
continue to be illegal and proceedings
could be brought against offenders for
breaches of the Telephone Regulations
and Telephonic Communication (Inter-
ception) Act.

Many business
people and radio
stations often have a real need to
record telephone conversations, for
example, orders telephoned by travel-
lers to their head office, discussions
required to be kept for reference be-
tween professional people and the re-
cording of news and other information
by newspapers and broadcasting ser-
vices.

The C.CILT.T. considers that the
admission of telephone conversation
recording devices into a network is a
matter for individual administrations
but gives basic technical requirements
recommended for such devices in its
Recommendation P32 (Red Book Vol.
5, p23).

In the U.S.A., a warning tone must
be provided with telephone conversa-
tion recording devices in accordance

and professional
and television

* Mr. O’Rourke is Engineer Class 2, P.M.G.
Research Laboratories.

#* Mr, O’Connor is Engineer Class 3, Work-
shops, Victoria.
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Fig. 2 — Block Diagram of the Unit.

with Federal Communications Com-
mission requirements. Certain mach-
ines approved for telephone conversa-
tion recording by the British Post Of-
fice and some FEuropean Administra-
tions which have ‘peen submitted to
the P.M.G.s Department for type
approval do not feature any arrange-
ments for warning tone to the distant
party, but simply include design
features to ensure a low insertion loss
when connected across a telephone
line.

The unit designed and built by the
P.M.G.’s Department ensures that a
subscriber taking part in a telephone
conversation is aware that it is being

with Co.\;er. - .

recorded because the connecting unit
furnishes a distinctive signal at fifteen
second intervals throughout the dur-
ation of the call. In this model, the
signal is a pip tone of 1400 c/s last-
ing for 0.2 seconds. A photograph of
the current unit is shown in Fig. 1.

GENERAL REQUIREMENTS

The general requirements to be met
by the coupling unit are as follows:
(a) Provision of a “recorder outlet”
to which a tape or conversation
recorder may be connected.
Provision of a warning tone, as
described above, to the conversing
parties.

Reduction in level of the warning
tone towards the local telephone.
Reduction of the speech level
from the local telephone to the
recorder outlet, to provide some
equalisation of the levels of the
two sides of the conversation.
Provision of a 12 volt d.c. supply
to the coupling unit from the re-
corder being used.

Blocking of the recorder outlet in
the event of failure of the 12 volt
d.c. supply, since this would also
cause failure of the warning tone.
The unit should have minimal ef-
fects on transmission and signal-
ling in the telephone line.

Solid state components to be used
-— no moving parts.

The circuit design should permit
manufacture at a moderate cost
so that the unit can be provided
at a reasonable rental.

GENERAL DESCRIPTION OF THE
COUPLING UNIT

Block Diagram of the Unit

The block diagram (Fig. 2) shows
the main sections of the unit with

(b)

(©
(d)

(e)

®
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the relevant transistors and wave-
forms. The transistors are numbered
in accordance with the circuit shown
in Fig. 3.

(c) The pulse generator which provid-
es a gating signal for controlling
the tone amplifier and record am-
plifier.

The individual sections are:— (d) The gating signal inverter for
(a) The line coupling network con- turning off the record amplifier
sisting of a three-winding trans- when the tone amplifier is turned
former and impedance matching on.
components. (e) The tone amplifier feeding wind-

(b) The oscillator, an astable multi-

vibrator generating a 1400 c/s

ing 3-4 on transformer TRI.
(f) The record amplifier which has

speech to the recorder via trans-
formers TR2 and the prevention
of recording of speech should the
d.c. supply voltage fall belov
about 4 volts.
Connections Made to the Unit
The coupling unit has four main

connections made to it (Fig. 4).

(a) From the local telephone

(b) From the exchange line.

(c) From the 12 volt d.c. supply in

signal. two functions, the transmission of the recorder.
PLB corRD
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(d) From the speech input of the re-
corder (the “recorder outlet” ter-
minals of the unit).

The unit introduces an insertion
loss of 0.4 dB, in both directions, in
transmission between the exchange
line terminals and the terminals of
the local telephone, when measured
with 600 ohm terminations. The shunt
impedance (winding 1-2 of transform-
er TR1 in Fig. 4) across the telephone
line is greater than 5400 ohms and
the series impedance (winding 5-6) is
less than 50 ohms. The series d.c.
resistance of the latter is less than 10
ohms, consequently the unit has very
little effect on feeding current and
signalling.

The connection SKA of Fig. 4 is a
Cannon type socket; PLB is the type
603 plug normally fitted to an 800
series telephone. The socket for PLB
is connected to take an exchange line
and a telephone service, and is ar-
ranged so that the telephone service
may use the exchange line irrespec-
tive of whether the plug PLB is in-
serted or not.

Effect of Failure of 12 volt
D.C. Supply

It is desirable that the coupler
should block recording if for any rea-
son the power supply to the 1400 c¢/s
oscillator fails or is deliberately dis-
connected. In addition it is only neces-
sary for warning tone to be trans-
mitted when the recorder is actually
in motion. For this reason the coup-
ler has been made dependent on the
recorder for its d.c. supply. If pri-
mary cells are used as the d.c. sup-
ply, a low supply voltage may even-
tually result. Consequently it is de-
sirable that as the supply voltage falls,
the blocking should occur before fail-
ure of the warning tone.

In the unit described, speech from
the telephone line passes through an
amplifier before reaching the record-
er outlet terminals. The amplifier
ceases to operate if the supply vol-
tage falls below 4 volts whilst the
warning tone will still be transmitted
with a 3 volt supply. When the am-
plifier cuts off the gain falls by about
90 dB and the distortion becomes
severe. This produces a level com-
parable with that produced by other
stray couplings with the telephone
circuits. In view of the requirement
for simplicity in the unit it is con-
sidered that this provides reasonable

protection against recording in the
absence of adequate supply voltage.

DESIGN OF UNIT

Line Coupling Network

A three winding transformer is used
to couple into the telephone line. The
turns ratios are chosen so that the
level of tone transmitted towards the
local telephone is about 10dB less than
the level transmitted towards the ex-
change line terminals under typical
line conditions. Conversely during
speech, the transmission path from
the exchange line terminals to the re-
corder outlet terminals has about 10
dB less attenuation than the path from
the local telephone terminals to the
recorder outlet. The transformer thus
provides some equalisation of the
levels of two sides of the conserva-
tion at the recorder outlet.

The output impedance at this point
in 600 ohms and with a high input
impedance recorder, the attenuation
between the exchange line terminals
and the recorder outlet is approxi-
mately O dB on a voltage basis (see
Fig. 4). The input impedance of the
recorder is not critical but it should
preferably be higher than 300 ohms.

There are a number of ways in
which the coupling unit can be in-
troduced into the telephone line.

Parallel or Bridging Connection of
Oscillator: A simple method of coup-
ling the warning tone into the tele-
phone line is to use a high impedance
circuit to inject the tone into the line.

Parallel or Bridging Connection of
Recorder: For recording the conserva-
tion, a bridging connection across the
line does not provide any equalisa-
tion of the levels of the two sides of
the conversation. These levels may
differ by 30 to 40 dB on a connection
having high attenuation.

Series-Parallel Coupling of Oscil-
lator: By using a coupling network
with series and parallel arms in the
telephone line (such as shown in Fig.
5), the level of tone transmitted to
the local telephone can be reduced.
The warning tone is transmitted into
the telephone line via a three winding
transformer. The tone generator is
represented by the generator symbol
Ew.

Equations derived from the circuit of
Fig. 5 are:

_ Zy, .
Vi =V1 e (i)
X N3
Vs = V1 N e 2)

where Vi—a.c. voltage across the
exchange line impedance
Zy,

Vs==a.c. voltage across the
winding in series with the
local telephone

Z~ — network impedance

At the local telephone terminals, the
open circuit voltage

er = Vi,— Vs
_ L s
A4 (l VL)
B N3 Z1+Zx
= Vg, (l——Nl —z ) : (@

From equation (3) it can be seen that
by a suitable choice of Zyx and the
transformer ratio N3/N; it is possible
to reduce er, theoretically to zero. In
this way the level of warning tone to

% Vs ~
I o N3 TURNS
+ T T 4
| Iy v
| 1
!
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Fig. 5 — Series-Parallel Coupling into Telephone Line.
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the local telephone can be reduced.
The impedance of the telephone line
looking towards the exchange is of the
order of 600 ohms, but varies widely
depending on the length and type of
cable in use. Even at a given location
the impedance will vary from call to
call and this places a limit on the
degree to which the tone level to the
local telephone can be reduced.

Series-Parallel Coupling to Record-
er: In a similar way speech from the
telephone line can be coupled to the
recorder so that the speech level from
the local telephone can also be re-
duced. Fig. 6 shows a method using
two coupling networks with separate
transformers, one for the warning
tone and one for the recorder. The
problem of reducing the speech level
from the local telephone is more diffi-
cult because more than one frequency
is involved. If too much reduction is
attempted, frequency distortion is in-
troduced in the path from local tele-
phone to recorder outlet.

Combined Coupling Network: An at-
tractive economy is to use only one
coupling network as shown in Fig. 7.
This means a saving of one trans-
former which is quite important from
the point of view of cost, but the
method has, however, two disadvan-
tages. Firstly, because of the high
attenuation of warning tone through
the coupling network — necessary to
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TO TONE
AMP

R3 R5
270K 82K

SC4

2N3565

T 00047

R&
120 K

C [
—] |
00068 >< 0-0068
S
/

TO PULSE
GENERATOR

Fig. 8 — The 1400 c¢/s Oscillator.

obtain low insertion loss in the tele-
phone line—the level of tone to the
recorder is about 20 dB higher than
the speech level. This can be over-
come by reducing the gain of the
record amplifier during the time that
the warning tone is transmitted. Sec-
ondly, the degree to which the level
is reduced cannot be adjusted inde-
pendently of the level reduction of
the speech from the local telephone
to the recorder.

TRA TRB
o —L N i LYY )
E I):‘CEHANGE ’ li_%i“ ¢
TERMINALS ° I ¢ To TERMINALS
TRA TRB RECORDER
I (NPUT
WARNING
TONE |
GENERATOR
Oo— 11— —0
Fig. 6 — Arrangement with Separate Coupling Networks for Warning Tone and Recording.
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WARNING
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GENERATOR
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TERMINALS TERMINALS
T0
RECORDER
INPUT
O O

Fig. 7 - Combined Coupling Network.

However, this method of coupling
into the line was adopted. The level
reductions were about the same in
both cases, varying 10-20 dB, de-
pending on the impedance of the ex-
change line; this method appears to
oe a satisfactory compromise.

The 1400 c¢/s Oscillator

An astable multivibrator (SC4, SC5
of Fig. 8) is used to generate the 1400
c/s signal. The simpler saturating
type of multivibrator was not used be-
cause of the existence of a stable
state with both transistors saturated,
and hence possible failure of the tone.
This problem does not exist in the
circuit of Fig. 8.

The output to the tone amplifier
(SC10 in Fig. 3) is taken from the col-
lector of transistor SC4; some low
pass filtering is achieved with RI10
and C3, the result being a slightly
peaky sine-wave at the collector of
SC10.

Pulses are also taken from the emit-
ter load of SC5 via condenser C5 for
use in the 15 second period pulse
generator described below.

With all components having their
nominal values the frequency of the
oscillator is 1370 c¢/s at room tem-
perature (23°C) with a 12 volt sup-
ply. The effects of variations in sup-
ply and temperature are discussed
later whilst the effects of variations
in component values are summarised
in Table 1. Transistor variations pro-
duce negligible changes in frequency
and leakage is small because silicon
types are used. Changes in beta, the
current gain, produce a variation
of the impedance at the base, which
appears as a resistance across R8 or
R9. This merely alters the effective
value of R8 and R9 and as can be
seen from Table 1, this does not alter
the oscillator frequency.

In most cases the effects of varia-
tion in component values will tend to
cancel to a certain extent; however,
to minimise variation, a component
tolerance of 5% was adopted. If de-
sired, the frequency can be adjusted
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TABLE 1: EFFECT OF COMPONENT VARIATIONS ON
OSCILLATOR FREQUENCY

Component Nominal Value At (e/s)
R1 10K ohm — 81
R2 270K ohm — 30
R3 270K ohm — 30
R4 2.7K ohm -+ 23
R5 8.2K ohm — 78
R6 47K ohm -+ 72
R7 1.8K ohm -+ 34
R8 120K ohm 0
R9 120K ohm 0
C1 .0088 uF — 59
C2 0068 uF — 60

Af = frequency change caused by 10% increase in component value.

over a range of about + 200 c/s by
varying the value of R5, with very
little effect on the output waveform.

Pulse Generator

The circuit used to time the dur-
ation (200 milliseconds) and period
(15 seconds) of the warning tone
bursts is shown in Fig. 9. Consider-
able investigation was undertaken to
determine the most satisfactory design
for an R-C circuit with a time con-
stant of approximately 20 seconds
necessary for a 15 second timing cir-
cuit. One possibility was to use a 10
M ohm 2 micro farad combination
which would permit the use of a plas-
tic dielectric capacitor of reasonable
size and cost, However, it was con-
sidered that the very low currents in-
volved made a lower value resistor
desirable. The combination used was
1.8 M ohm and 12 micro farad, the

capacitor being an electrolytic solid
tantalum type with 20% capacity tol-
erance. Manufacturers’ data for these
capacitors indicate that in the “worst
case”, leakage currents are not negli-
gible at high temperatures, and for this
reason the circuitry is arranged so
that capacitor leakage current will not
cause failure of the pulse generator,
but will merely shorten the period.
Units tested in the laboratory have
shown negligible changes due to leak-
age even at 85°C. Plastic film cap-
acitors up to 10 microfarad in small
sizes arg available but are somewhat
expensive.

Transistors SC3 and SC6, PNP and
NPN respectively, are connected as a
PNPN switch. This arrangement be-
haves similarly to a unijunction tran-
sistor, but has lower power consump-
tion, is more sensitive, and the tran-
sistors are cheap and readily available.

+11:5 V APPROX .

RIf R3b R19
680K 470K 120K
sC3 { GATING SIGNAL
2N3644 ¢ T0 TONE AMP.
& RECORD AMP.
/P sce
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- ~ - v
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I'5V SQUARE WAVE

FROM 1400 ¢[s OSCILLATOR
Fig. 9 — The Pulse Generator.

SC8 is used as a driving source for the
cn-off switching transistors SC9 and
SC12 (see Fig. 2). An advantage of
the circuit arrangement is that it
causes a tone burst to be transmitted
immediately the 12 volt D.C. supply
is first switched on, that is, when
recording begins. This happens pro-
vided the supply has been off suf-
ficiently long—a short interruption in
the supply may not alter the 15
second spacing of the tone burst.

Fig. 10 shows the output at the col-
lector of SC8. Capacitor C8 lengthens
the rise time — the reason for this
is explained in the section “Record
Amplifier”. The initial tone burst is
longer than subsequent bursts because
capacitor C7 charges through a great-
er voltage range during the initial tone
burst. A longer initial pulse however
is probably an advantage in drawing
attention to the recorder.

The three transistors SC3, SC6 and
SC8 are all ‘on’ during the burst of
tone, and all ‘off’ for the remainder of
the time. The timing capacitor C7 is
charged through the emitter current I

of SC6. This current can be expressed
as

~Ys Va (see

U= Rty e | kige9)
Ri5 Rug
where Ry==->2 220
: * 7 Ris+Rue

The first term of the right hand side
is constant at about 6 micro-amps and
the second term decreases exponenti-
ally from about 450 micro-amps to-
wards zero as C7 charges. The third
term Is represents pulses of current of
150 micro-amps, of both polarities, in-
jected via R13 from the 1400 c¢/s oscil-
lator. When C7 becomes charged after
about 0.2 seconds, SC6 and SC3 turn
off allowing C7 to discharge through
R14 and RI5. After approximately 15
seconds, the potential on C7 is low
enough to allow SC6 to turn on again,
the cycle repeating continuously with
pulses of 0.2 seconds duration every
15 seconds.

Tone Amplifier

The warning tone is transmitted to
the telephone line, via transformer
TR1, by a single transistor amplifier
SC10 (see Fig. 3). The level transmit-
ted is controlled by resistor R25.

When the pulse generator output
transistor SC8 is off for 15 seconds,
the tone switching transistor SC9 is
driven to saturation, effectively shunt-
ing the 1400 c/s signal as well as
turning off SCI10, and the warning
tone is not transmitted.

Record Amplifier and Low Battery
Detector

The record amplifier has two main
functions. The first is to restore the
level of speech to a value suitable for
input to a tape recorder at ‘line’ level,
at an ampedance of 600 ohms. The
second purpose is to prevent recording
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Fig. 10 — Output Waveform of Pulse Generator.

of speech if the d.c. supply voltage
falls below about 4 volts — at this
voltage the warning tone is still trans-
mitted.

The amplifier employs one transistor
SC7 and an output transformer TR2
(see Fig. 3). Resistor R34 maintains a
forward bias on diode SCI, so that
when the supply voltage falls, the
emitter junction of transistor SC7 be-

comes reverse biased thus cutting off
the amplifier.

When the warning tone is being
transmitted to the telephone line, SC8
is on, the gating signal inverter tran-
sistor SC11 is cut off and the record
amplifier switching transistor SC12 is
conducting, presenting a low collector-
emitter impedance. Consequently the
warning tone and the speech signals

are attenuated by 40 or 50 dB, and
the warning tone appears at the re-
corder outlet at a reduced level. When
SC8 turns off at the end of the 200
millisecond period, the warning tone
ceases, SC11 turns on, SCI12 reverts
to its non-conducting state, and speech
signals are passed via Cl1 and CI12 to
the record amplifier SC7.

The ‘time slot’ cut out by SCI12 is
slightly longer than the duration of
the warning tone, SC12 remaining on
for about 13 milliseconds after the
warniug tone has ceased. This allows
time for energy stored in TRI1 to be
dissipated, which would otherwise
cause an annoying click to be heard
in the recording. This is achieved by
the use of two components, SC2 and
C8. Fig 10 shows the effect of C8 on
the waveform at the collector of SC8
when it turns off. The bias voltage
across SC2 allows SC9 to turn on
about 13 milliseconds before SCI1
even though the bases of these two
transistors are symmetrically tied to
SC8 (see Fig. 3).

TABLE 2: DEFINITIONS OF SYMBOLS AND TEST RESULTS FOR 600 OHM TERMINATIONS

Item Definition Value Comment
Vi AC voltage at exchange line terminals See Fig. 5, 11
Vo AC voltage at local telephone terminals See Fig. 11
Vi AC voltage at recorder outlet terminals See Fig. 11
Vs AC voltage across series winding Sze Fig. 5
Viw Value of V. due to warning tone — 10.6 dBv*
Vorw Value of Vr due to warning tone — 30.7dBv
Vrw Value of Vr due to warning tone — 35.3dBv
Vs Value of Vs due to warning tone
A Insertion loss in 600 ohm circuit 04dB @ 1Kc/s Same in each
Vi direction
Aix —— Recorder outlet unloaded — 1.4 dBx See Fig. 11(b)
Vi 1 Kce/s
Vr
Aix — Recorder outlet loaded 600 ohms — 6.5 dBx See Fig. 11(b)
Ve 1Kce/s
Vi .
Anp —— Recorder outlet unloaded — 19.9 dBx Sece Fig. 11(c)
Vi 1 Xce/s
Vr ‘
A —— Recorder outlet loaded 600 ohms — 25.0 dBx See Fig. 11(c)
Vo 1 Ke/s
V.5% |Value of V. giving 5% total harmonic distortion of Vg + 7.0 dBv M':Eilng Ee?k clipping
. c/s
V. 10% |[Value of V. giving 10% total harmonic distortion of Vi + 9.1 dBv Ma(ilnlg 1/>e§xk clipping
c/s
S/N Record amplifier signal to noise ratio (range 2-40,000 c/s) 88.7 dBx Ve at 5% distortion
— + 5.3 dBv
Inc Power Supply current drain 4.6 mA
p Total warning tone harmonic distortion 11.5% 2nd —=2.9%
3rd =10.4%
Zr Output impedance recorder outlet 512 ohms 12© Depends on TR2
inductive at 1 Kc/s
f Frequency of warning tone 1366 ¢/s
ta Duration of initial tone burst 350 mS Depends on rate of
rise of Vic at
switch on
ts Duration of subsequent tone burst 210 mS
T Time between tone bursts 16.6 sec

*dBv denotes reference level 1 mW into 1000 ohm.
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Suppression of Warning Tone in
the Amplifier

To prevent excessively loud bursts
of warning tone being recorded, the
record amplifier SC7 has its gain re-
"duced during the time that the warn-
ing tone is transmitted to the tele-
phone line. In this way the tone is
reduced to a low level, sufficient how-
ever to provide recorded evidence that
the warning tone was being used.

This method of reducing the tone
level has a slight disadvantage in that
during the times that the amplifier
gain i1s reduced (0.2 seconds every
15 seconds) a syllable of the original
conversation will occasionally be miss-
ed. However, listening tests indicate
that this is rarely an inconvenience,
since the same syllable would have
been masked in the original conver-
sation, and it would be expected that
the listener would have asked for a
repetition if any information has been
lost.

Another possible method of reducing
the tone level to the recorder is to
use a narrow band-stop filter centred
at 1400 c/s which could be switched
in during the time the warning tone
is transmitted. This method requires
a stable oscillator frequency, stable
filter components and a warning tone
of low harmonic content. In view of
this, gain reduction was considered
more suitable for the type of unit
required.

Performance with 600 ohm
Terminations

The results of tests at room temp-
erature (approx. 23°C) and with a 12
volt d.c. supply (Voc=—12V) are
shown in Table 2. The 600 chm termi-
nations were at the local telephone
and exchange line terminals respec-
tively (see Fig. 11). The unit was fur-
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| |
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Fig. 11 — 600 ohm Test Circuits.

20 LOG,5 A g (OR Afg)

ther tested (at 23°C) for varying
supply voltages. The frequency of the
warning tone stayed within =25 ¢/s
for a supply ranging from 6 to 24
volts; when the supply dropped from
12 volts to 3 volts, the tone output
level dropped 13 dB although tone was
transmitted to line over the range 3
to 30 volts. At low supply voltage the
level of both speech and tone to the
recorder falls sharply and non-linear
distortion rises. Thus at supply volt-
ages below about 4 volts, recordings
will be distorted and extremely faint.

With the d.c. supply at 12 volts, the
unit was tested over the temperature
range 0-85°C. Changes in frequency,
period, output voltage, etc., varied only
slightly from those shown in Table 2.

Frequency response curves showing
the relationship between the a.c. volt-
ages at the recorder outlet and ex-
change line terminals and also at the
recorder outlet and local telephone
terminals can be seen in Fig. 12.

Performance with Simulated
Telephone Connection

The unit was also tested in a cir-
cuit consisting of an 801 telephone
connected to a 50 volt feeding bridge
via an artificial subscriber’s cable
equivalent to 3.4 miles of 6} lb/mile
cable. The junction impedance was
600 ohms (See Fig. 13) and the results
are shown in Table 3, the definitions
being similar to those of Table 2.
Frequency response curves applying
to Fig. 13 are shown in Fig. 14.

TABLE 3: TEST RESULTS FOR SIMULATED TELEPHONE CONNECTION

Item Value (dB) Voltage (mV)
Viw — 95 340
Vaiw — 19.5 108
sw —12.0
Arr (Recorder outlet — 02 255
unloaded) — 94
Arr (Recorder outlet
unloaded)
° |
T ™
A LR A ~
N
™
-10 A N
/ 18-5 db AT Ike/s \
/ At
-20 —~_
/ ~
T~
\\ 'J
N
=30
/ EXCHANGE LINE TO RECORDER (A_p) \
/ LOCAL TEL. . i (Ata)
oL L1 | [ |
50 100 200 500 1000 2000 5000 10000 20,000
FREQUENCY (c/s)
Fig. 12 — Frequency Response with 600 ohm Terminations.
g Vg —= ’)
50 VOLT 3.4 MILES + r'/)
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FEEDING ARTIFICIAL | Vb | COUPLER
TERMINATION UNIT
BRIDGE CABLE l_ 80! TEL .
Fig. 13 — Simulated Telephone Connection.
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DEVELOPMENT OF PRODUCTION
MODEL

On completion of the tests described
in the preceding paragraphs, the cir-
cuit and technical details of the proto-
type unit were presented to the Design
and Production Divisions of the Mel-
bourne Postal Workshops. The Work-
shop’s task was to develop a model
suitable for economic quantity pro-
duction, and subsequently to manu-
facture units for use in subscribers
premises, business offices and similar
locations, the wunits to have good
appearance, physical robustness, re-
liapility and to be readily maintained.
The final model is shown in Fig. 1.

Volume production in the Postal
Workshops is based on process type
of labour and production line assembly
methods and the manufacture of the
units was a typical job. It was only
necessary therefore, to resolve the
work into simple units such that
sophisticated machines and tools com-
pensated for the lack of skill available
at process worker level.

It was foreseen that a significant
amount of investigation and develop-
ment would be necessary to achieve
the design objectives, and the stand-
ard technique known as Value Engin-
eering (Ref. 1) was applied. The tech-
nique involved setting up a team of
technical specialists to critically exam-
ine the function and cost structure of
the unit. It involved also the assem-
bly of relevant information, analysis,
speculation, investigation and evalu-
ation of the ideas generated within
the team.

The result of the team’s work was
the decision to use two main fea-
tures:—

(a) An Acrylonitrile Butadiene Sty-
rene (ABS) plastic moulded cover

together with a steel baseplate
to enclose and protect the unit.
(It might be added here that the
exercise was primarily for a base
and case to house the Recorder
Connector, but it was always
borne in mind that this housing if
simple, attractive and within a
certain size range, could be used
for any of a number of similar
units both for Departmental and
Subscriber use).

Printed wiring for the electronic
circuit to minimize manufacturing
and assembly costs.

(b)

The Cover

A consideration of the moulded
plastic cover, together with the ulti-
mate function of the unit — the re-
quirement that its appearance should
harmonise with subscribers existing

equipment and particularly the colour-
phone, whilst retaining a simple but
pleasing appearance — led to consulta-
tion with an industrial designer in
the P.M.G.’s Department. As a result,
it was decided to adopt a design which
was considered to meet the require-
ments outlined above, its shape being
formed - by compound curves and a
flat top surface having an Australian
Post Office insignia. Other functional
features included in the cover design
are:—

One-screw - fixing,

Moulded apertures for connector
socket and line cord grommet,
Strength and rigidity by use of sup-

port ribs.

The male and female portions of
the injection moulding tool manufac-
tured in the workshops to produce.
the cover are shown in Fig. 15.

Some obvious and not so obvious
facts about the tool are:

(a) The recessed surface of the female
mould must be highly polished to
achieve an acceptable finish on
the product and be of negative
draw for ease of ejection.

(b) The protruding spigots on the two

mould halves are for attachments

of water hoses connected to a

temperature control unit which

maintains the moulds at approxi-
mately 170°F.

(¢) It would have been ideal to inject
the ABS plastic in the flat face
of the cover to achieve distortion
free mouldings and easy filling of
the mould but this of course
would have left a blemish on the
surface most seen by a user,
therefore, centre lower edge in-
jection was used; after the sprue
was cut off the blemish was near-
ly imperceptible.

This led to some moulding diffi-
culty which was overcome by
close control of temperatures and
injection speeds and pressures.

Fig. 15 — Injection Moulding Tool For Cover.
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Fig.

16 — Circuit Bocrd before and after Component Assembly.

Fig. 17 — Assembly Jig for Circuit Boards.

(d) A mechanical side action in the
male portion of the mould was
necessary to withdraw a core
which provided the recess in the
three cover ribs in which the base
plate tongue locates.

The base plate has a tongue at the
end opposite the fixing screw that
locates in an appropriate recess in
three of the stiffening ribs in the
cover giving a simple, positive and re-
liable location for the cover.

The Printed Circuit

For the printed circuit design, a
consideraple amount of layout draft-
ing was carried out, and several hand-
made prototype circuit boards were
successively produced, each with its
own refinements, until the present de-
sign was achieved. The use of com-
ponents specifically designed for print-
ed circuitry such as miniature block
type capacitors, moulded plastic
mounting pads for the transistors, pre-
formed component leads, and quick-
connect terminals for all external con-
nections, has resulted in excellent pro-
ducibility, ease of assembly and good
access to the circuit for testing and
maintenance. At the same time the
component density has been kept high
for this class of product, leading to
a minimal space requirement for the
circuit.

Fig. 16 shows an unassembled and
assembled circuit board and compon-
ents and Fig. 17 demonstrates the jig
used for assembly.

It will be noted that the jig is in
two sections and invertible so that
steps in assembly of a card are:

1. Fix 4 cards in one half of jig and
place components in position in
accordance with stencilled number-
ing on the card. (Fig. 17).

2. Fold top half of jig, which has a
foam plastic cushion insert, on to
the circuit card and components.

3. Invert jig, solder wires protruding
through the card and cut off wire
residue. (Fig. 18.)

TRANSFORMER DESIGN
PROBLEMS

The electronic circuit developed for
the prototype used two coupling trans-
formers of the ferrite potcore type, -
but because these were not suita"qle
for direct mounting on a printed cir-
cuit board, it was decided after inves-
tigation, to use a miniature trans-
former currently manufactured by the
workshops. This transformer was
specifically developed for direct mount-
ing on the printed circuit of the Tech-
nicians and Lineman’s Buttinski Har}d-
set (Handset No. 4) and with modifi-
cations to the winding design and the
laminated grain-oriented core, it was
adopted for the Recorder Connector.

Transformer TR2 (see Fig. 3) re-
quired a large number of turns and
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considerable investigation was needed
to determine the optimum former size,
gauge of wire and type of lamination
consistent with the required specifica-
tions. With machine winding of coils,
it is always advantageous to use the
maximum diameter allowable to limit
breakages, and wire of 34 B & S gauge
was eventually chosen. The transform-
er laminations used in the current
model were of slightly different dimen-
sions to those used in the Buttinski
induction coil and it was found neces-
sary to decrease the thickness of the
former flanges at both ends. (See Fig.
19). This necessitated an alteration in
the tooling for production of the
former.

The former, moulded in glass-filled
nylon, was mounted in a special jig
to prevent distortion while being
wound. A distorted former would
have prevented the inter-leaved E and
I laminations from having the correct
spacing with respect to one another
with a consequent increase in the
reluctance of the magnetic circuit to
the detriment of the overall perform-
ance.

CONCLUSION

The general requirements for a con-
versation recorder coupling unit have
been outlined, and a design which
meets these requirements has been pre-
sented. It has been shown that the
requirements can be met using reason-
ably simple and inexpensive compon-
ents. The unit has been designed
primarily for use between two tele-
phones but it is envisaged that there
may be other applications such as
quiz programmes on broadcasting and
television stations.
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Fig. 18 — Underside of Circuit Boards.
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NEWSPAPER PRINTING BY FACSIMILE

Editorial Note: The Muirhead page
facsimile equipment in this article
is wsed to transmit ‘The Australian’
newspaper from Sydney to Melbourne.
A subsequent article will describe the
Australian Post Office work leading up
to the provision of the circuit used on
this project.

INTRODUCTION

The facsimile printing process is one
wherein whole newspaper pages are
transmitted by facsimile and the re-
ceived negatives are used to make
plates from which to print newspap-
ers. Facsimile transmission of photo-
graphs for newspapers, of course, has
been an established feature for many
years and since the last war the de-
velopment of this equipment, has
brought facsimile reproduction to the
point where the transmitted copies are
almost indistinguishable from the ori-
ginals. The use of facsimile for trans-
mitting whole pages including printed
matter and pictures, over long dis-
tances in such detail that printing
plates could be made from the receiv-
ed copies had long been a dream of
printing engineers. This dream be-
came a reality in June 1959 when the
ASAHI SHIMBUN of Tokyo started re-
gular facsimile transmission of news-
paper pages between Tokyo and Sap-
poro using facsimile equipment de-
veloped by Muirhead and Co Limited.

PRINCIPLE OF FACSIMILE
TRANSMISSION -

The principle of operation of News-
paper Page Facsimile is identical with
that for standard facsimile transmis-
sion and reception. A proof, taken
from the set page containing the type
and screened half-tones, is wrapped
around the drum of the transmitter
and a small area brightly illuminated.
An image of this area is projected
through an objective lens and focussed
onto a small screen. A rectangular
aperture in this screen allows light
from an element of the illuminated
area of the newspaper to fall on the
cathode of a photomultiplier cell,
which produces an electrical voltage
proportional to the amount of light
falling upon it, which in turn is used
to modulate the carrier signal sent to
the receiver. During a transmission
the drum is rotated and the optical
system carrying the illuminating lamps
and photomultiplier cell, is slowly
traversed parallel to the axis of the
drum. The entire newspaper page is
thus scanned line by line in the form
of a close spiral.

On the receiver, photographic film
is wrapped around the drum contained
in a light-tight box that permits the
receiver to be operated in the day-

* Mr. Banks is Senior Engineer Data Com-
munication Systems, Muirhead & Co. Ltd.,
England.

light if desired. Light from a crater
tube passes through a small aperture
and is focussed onto the film by an
cbjective lens. The intensity of the
light from the crater tube varies with
the signals from the transmitter. The
optics unit which carries the crater
tube and the optical assembly neces-
sary to produce the minute scanning
spot, is traversed slowly along the
drum at the same rate as the trans-
mitter optical system. The drum it-
self is rotated in synchronism with the
transmitter drum. Thus the drum is
scanned and the film exposed in the
form of a close spiral and the fac-
simile copy of the newspaper is built
up in a series of parallel lines.

- METHODS OF FACSIMILE
PRINTING

Once a facsimile copy has been re-
ceived there remains of course, the
problem of producing the newspaper
from the facsimile copy. Presented
with a high quality photographic nega-
tive of a newspaper page, there are
three practical systems which the
printer may use to produce the final
newspaper, Web Offset, Stereotype
and Direct Letterpress.

D. F. BANKS, HN.C.*

Web Offset System

In this method, the facsimile nega-
tive is printed down photographically
on to a lithographic plate. Where the
emulsion of the lithographic plate is
exposed it is hardened and where no
exposure has taken place the emul-
sion remains soft. After simple pro-
cessing, where the softened emulsion
is removed, the plate is fitted to a
rotary press and printing commenced.
During the printing process, the plate
is brushed with ink and water. The
water adheres to the background area
but does not wet the hard and polished
exposed characters.

The ink, being greasy, remains on
the characters but will not ‘take’ on
the wet background. The inked plate
is then rolled in contact with a rubber
roller called a blanket, which receives
the ink image of the characters and
subsequently transfers it to the news-
print paper. The inking, wetting and
transferring process is repeated for
each printing and the lithographic
plate, which is not too robust, is
never in contact with the relatively
coarse printing paper.

Satellite printing plants using this
system usually do not have even a

Fig. 1 —The Transmitter Unit of the Equipment Used by ASAHI SHIMBUN, Japan, 1959.
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single piece of type and start their
process from the negatives produced
by facsimile transmission. With this
system, any news development occur-
ing in the vicinity of the satellite print-
ing plants are reported to the main
publication centre where the news is
edited and then transmitted back to
the satellite plant by page facsimile.
Thus a great weakness of this sys-
tem is the delay in the inclusion of
fresh news developments in various
editions.

Other disadvantages of Offset print-
ing include expensive Offset rotary
presses and high newsprint wastage
compared with the other two produc-
tion methods. Web Offset rotary pres-
ses and lithographic plates suitable for
large circulation newspapers are not
yet fully developed. The production
speed of Offset is considerably lower
than that of Letterpress.

On the other hand, the biggest ad-
vantage of Offset printing is the high

printing quality, especially in four col-
our pictures.

Stereotype System

In this system the facsimile nega-
tive is photographically printed on to
a sensitized zinc plate. The plate is
then processed and, as in the offset
system, the unexposed areas of emul-
cion are removed. The exposed areas
are next coated with an acid resist
chemical which is subsequently hard-
ened. This plate is then etched to a
depth of approximately 0.020 in and a
papier mache stereotype mat is mould-
ed from it. The mat is then used to
cast the printing half cylinders of
heavy metal which are used on the
rotary presses.

Although letterpress printing has
been the established method of pro-
ducing large daily newspapers the pro-
duction of full page etched plates was
not a practical system until 1953. For
more than fifty years, the art of block-

Fig. 2 — The Transmitter Mechanical Unit used by ‘The Australian’.

making on zinc plates had remained
static and the time taken to etch
even small plates was upwards of two
hours. In 1953 however, the Dow
Chemical Corporation of the United
States of America produced an etching
machine which was capable of doing
the job in ten to twenty minutes. The
invention of this and other so called
powderless etching machines made
letterpress printing by facsimile a
workable system. Although originally
designed for use with magnesium plat-
es these machines have been satis-
factorily adapted for use with zinc, a
material which is much preferred by
the printing trade.

The Stereotype printing system has
certain advantages. Since the satellite
printing plant receiving negatives by
facsimile wusually also has photo-
graphic process equipment they do not
have to fear any unexpected disasters
of losing the facsimile transmission
circuits over long periods forcing them
to suspend publication. Also it is pos-
sible to insert local news and adver-
tisements without having to send the
information to the main office. The
Stereotype system is the best method
to cope with large circulations for
which the other systems have definite
limitations in the plate making stage.

The disadvantage of this system is
that with the retention of the typo-
graphic process it means that more
personnel are required, resulting in
added expense as compared with Off-
set printing plants. Moreover printing
quality is the biggest problem which
gives poorer picture quality and makes
the printing of colour pictures very
impracticable due to difficulties in re-
gistration of the separate colour pages
because of the unstable nature of the
papier mache mats.

Direct Letterpress System

The process is the same as the
Stereotype system as far as the etched
plate making stage. Now instead of
producing the mat, from which the
printing plates are cast, the etched
plate is formed into a half cylinder
and is used for the actual printing.
This gives the advantage of using Ro-
tary letter press as in the Stereotype
system but without the disadvantage
of poor registration, no mat is made,
making colour printing more practi-
cable. The printing quality lies be-
tween Offset and Stereotype.

The system suffers from the diffi-
culty in the inclusion of local news
and page layout changes as in the
Offset system but the printing plates
take longer to make than Offset and
are more expensive to produce.

PROTOYPE EQUIPMENT

A basic principle of communication
engineering is that information (in a
technical sense) is equal to the pro-
duct of bandwidth and time. A news-
paper page contains a large amount
of information and consequently re-
quires either a large bandwidth or a
long time for its transmission. Unfor-
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tunately neither bandwidth nor time
are freely available. Time is extreme-
ly valuable in producing a newspaper
and bandwidth has to be paid for in
money for circuit rental. Thus a com-
promise has to oe made between the
transmission time and a frequency
band which is economical to rent.

At the time of the prototype equip-
ment and the first practical news-
paper page facsimile the compromise
was settled, so far as bandwidth was
concerned, on the 48 Kc/s group which
is normally used for carrying twelve
telephone channels in a carrier tele-
phone system. The 48 Kc/s group
can, however, be divided up in many
ways to provide sub-channels for the
simultaneous transmission of two or
more newspaper pages.

By far the most difficult problem
on the communication circuits avail-
able for newspaper page facsimile is
that of delay distortion. This par-
ticular distortion is caused by the non-
linearity of the phase shift versus
frequency characteristics of the circuit
and has the effect of delaying some
frequencies with respect to other fre-
quencies. The delayed frequencies are
usually those nearer the edges of the
frequency band where the various
filters in the circuit come into opera-
tion. It is a fact that the delay dis-
tortion is a function of the circuit
filters used and not of the line or
radio path. The effect on the facsimile
system of delay distortion is to pro-
duce two or more images at the re-
ceiving end. These secondary images
are usually of lower intensity than
the original or true image but are
often of sufficient density to destroy
the definition of small characters. The
higher the speed of transmission and
the finer the size of character to be
transmitted the greater is the effect
of a given delay distortion. It is pos-
sible to design suitable equalisers to
reduce the delay distortion but at the
time of producing the prototype page
facsimile equipment little or no work
had been made to equalise these wide-
‘pand circuits.

The main purpose of the prototype
equipment was to transmit and receive
simultaneously four sheets of news-
paper of size 24 in x 17 in over a dis-
tance of some two hundred miles of
carrier telephone circuit. The circuit
was to be rented on a time basis
overnight. A 48 Kc/s group, 60-108
Kc/s was selected as forming the best
compromise between transmission
time and line rental costs. A battery
of four transmitters and four receivers
was planned to give the required faci-
lities. A scanning density of 250 lines
per inch was selected as being ade-
quate for the smallest type faces to be
encountered and the speed of scan-
ning was determined at 156 rev/min
or 2.6 lines per second. This gave a
transmission speed per page of twen-
ty-eight minutes. The video fre-
quency generated by each transmitter
was 8 Kc/s and transmission was by
vestigial sideband amplitude modulat-
ed in four sub-channels of 11 Kc/s

each. This left room for a further
channel some 3 Kc/s in width which
was used for sending a synchronising
tone from one transmitter to its three
partners and also to the four receiv-
ers for control of the drum speed of
all machines.

The use of vestigial sideband trans-
mission reduced the bandwidth some-
what at the expense of definition due
to delay distortion of the filters with-
in the page facsimile equipment, but
since it was essential to meet the pro-
duction schedule of eight pages per
hour, the loss of definition was judged
acceptaple.

DEVELOPMENT OF MUIRHEAD
PAGE FACSIMILE

In the early months of 1959 equip-
ment which was a further development
of early prototype machines was deliv-
ered to Japan. The standard of print-
ing in Japanese newspapers was found
to be extremely high and it was neces-
sary to increase the scanning density

:

i

Fig. 3 — The Receiver Electronic Unit used by ‘The Australian’.

to 300 lines per inch in order to de-
fine the intricate Japanese characters,
many of which include black and
white lines of only three thousandths
of an inch in thickness.

A drum speed of 180 rev/min, or
scanning rate of three lines per second,
was decided upon and this gave a
transmission time of twenty-seven
minutes per page, each page measur-
ing 21% in x 154 in. As with the proto-
type equipment, a 48 Kc¢/s group was
chosen as the optimum in bandwidth,
and in order to meet the schedule of
four pages per hour, the machines
were designed to operate in pairs,
transmitting two pages simultaneously.
For the sake of maximum definition
and freedom from delay distortion
each of the two sub-channels of 22
Kc/s was worked double sideband
with a video frequency from each
transmitter of 10.5 Kc¢/s. Subsequent-
ly, during the testing period, it was
found peneficial to operate these chan-
neis asymmetrically, allowing a video
frequency of 12.5 Kc/s which gave

Top-Cover open to show

access to modules.
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increased definition of the complex
Japanese characters.

To reduce loss of time through pos-
sible electronic failure and from opera-
ting and installation convenience, each
transmitter and receiver were identi-
cal with its partner. This meant all
machines were capable of operating
on either of the two copy transmission
channels and also enabled either trans-
mitter to be used as the master in
controlling the synchronisation. An
operation advantage gained by this
arrangement was that in each console
the channel equipment not in use
was available as spare equipment
which could be switched instantly into
operation when required. Synchronis-
ing of the drum speeds was achieved
by transmitting a continuous tone
from one transmitter to its partner
and to the two distant receivers. The
tone was generated by a tuning fork
and then used to modulate a carrier
at the lower end of the 60-108 Kc/s
band adjacent to but separated from
the two facsimile channels. This tone

provided a convenient means of con-
trolling the automatic gain control am-
plifier in the receivers and the circuit
fail alarm circuits.

The ASAHI stated their regular
Newspaper Facsimile production on
the 1st June 1959 between Tokyo and
Sapporo and the transmission path was
via microwave. The Japanese P.T.T.
had equalised the group delay distor-
tion between 63 Kc/s and 102 Kc/s
to approximately 40 micro seconds and
at the speed of transmission being
used this gave satisfactory results.
During the next few years the Japan-
ese P.T.T. improved the group delay
equalisation by designing special
through group filters and equalisers
for exclusive facsimile use. The re-
sultant differential delay between 63
Kc/s and 104 Kc/s was now 30 micro
seconds.

In 1962 as a result of numerous en-
quiries for faster transmission times
Muirhead and Company Limited de-
veloped a completely new style of
Newspaper Page Facsimile type K-

Fig. 4 — Close up View of Loading Fixture on Equipment Used by ‘The Ausiralian’.

200-A and K-201-A which was deliv-
ered to America for the ‘Wall Street
Journal’ in August, 1963.

‘Lhe equipment was capable of
transmitting a whole newspaper page
in 5 minutes with a resolution of 1000
lines per inch. To achieve this short
transmission time required a drum
speed of 3600 rev/min. The surface
speed of the drum, when running at
3600 rev/min, was approximately 80
m.p.h. some twenty times faster than
the original equipment supplied to
Japan. Consequently a complete new
mechanical system was developed.

When rotating a drum at these high
speeds great care must be taken to
ensure that the copy remains in close
contact with the drum, otherwise the
accuracy of focus will be impaired. If
the leading edge of the copy or nega-
tive should lift due to windage it can
be torn off the drum with disastrous
results. To overcome the difficulty of
mounting the copy, and film tight on
to the drum a special loading fixture
was developed. The loading fixture en-
ables the page or film to be loaded
and automatically positioned on the
drum with the minimum of handling.
The complete operation takes less than
one minute. The high resolution re-
quired by the ‘Wall Street Journal®
posed a further problem, that of main-
taining the positional accuracy of the
transmitter and receiver drums to
very close limits. Any variation in
relative position of the two drums
gives rise to a ‘step’ or displace-
ment of lines parallel to the drum axis.
This type of displacement is called
‘judder’, ‘jitter’, or ‘hunting’. A
considerable amount of development
effort and a high degree of mechanical
precision was required to limit the
effect of judder to a maximum dis-
placement of 0.00015 in. In order to
minimise the mechanical imperfection
of rotation, the drum was mounted on
air bearings, to reduce variation in
bearing friction, and balanced dynami-
cally. In addition an electronic con-
trol circuit was developed to reduce a
tendency to judder. The control cir-
cuit was designed to sense a change
in velocity of the drum and increase
or decrease a braking load on the
drum thus reducing the amplitude of
any displacement.

With a drum speed of 3600 rev/min
and a resolution of 1000 lines/inch
the video frequency generated by the
scanning head was approximately 750
Kc/s. The communication link to be
used between the transmitter at San
Francisco and the receiver at River-
side a distance of some 450 miles was
a microwave video circuit. The band-
width available for facsimile was 500
Kc/s to 4.5 Mc/s.

Although the ‘Wall Street Journal®
facsimile production is a working sys-
tem and produces a very high quality
satellite newspaper it is not a very
practical operation for other organi-
sations. The cost of renting a circuit
of this type, if available, is so prohibi-
tive as to make it uneconomical for
most newspapers wishing to use fac-
simile printing.
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In July of 1966 the latest K-200-
D/K-201-D equipment was delivered
to ‘The Australian’. These machines
are designed to operate in a 60 chan-
nel group 312-552 Kc/s and include
many improvements to circuit design
and operational facilities over the K-
200-B/K-201-B installed in October
1965. This type of equipment was the
first in the world to operate in a
super-group. The transmitters and re-

ceivers are designed for either single
or multiple installation. When a mul-
tiple arrangement is used, the mach-
ines may be remotely controlled by an
external unit. The equipment is fully
transistorised and modular type con-
struction is used throughout.

The transmitter facsimile carrier is
500 Kc/s with vestigial sideband am-
plitude modulation. The vestigial filter
is of constant phase design and the de-

Fig. 5 — Remote Control Unit of the ‘The Ausiralian’ equipment.

lay distortion is of the order of 2 to
3 micro seconds. The super-group cir-
cuit provided by the Australian Post
Office is of exceptionally high qual-
ity; the delay distortion after equali-
sation is 5 micro seconds over the
facsimile channel 328 Kc/s to 536
Kc/s. A choice of scanning density
and drum speed is provided. The
scanning densities are 400, 500, 600,
800 and 1000 lines per inch and the
drum speeds are 1500, 2000, 2400 and
3000 revs. per minute and any drum
speed may be used with any scan-
ning density making it possible to
transmit one page in 2.1 minutes.

The transmitters, initially in Can-
berra, are now situated in Sydney and
the receivers in Melbourne. Prior to
the facsimile installation, mats were
moulded from the set pages in Can-
berra and transported by plane to
Melbourne. The use of planes between
the two centres although reasonably
fast is not 100% reliable due to ad-
verse weather conditions which could
delay or even cause cancellation of
a flight.

CONCLUSION

The wider use of newspaper page
facsimile throughout the world leads
one to speculate on the future possi-
bilities. Large distances can be brid-
ged and intercontinental working is a
practical proposition although the
economics of circuit rental make it
rather prohibitive. Whatever the fu-
ture development may be it is safe to
assume that there will be further de-
mand for faster transmissions in nar-
rower bandwidths.

TECHNICAL NEWS ITEM

OPERATION OF THE MOTOR
VEHICLE FLEET BY THE P.M.G.
DEPARTMENT

The P.M.G. Department operates a
fleet of over 10,000 vehicles ranging
from small sedans to 50 ton trans-
porters travelling a total of approxi-
mately 90 million miles per annum.
In 1954, expenditure on fuel, tyres,
repairs, maintenance and overheads
(all costs excluding depreciation)
amounted to $882 per 10,000 miles
and by 1965/66 this cost had been re-
duced to $472 per 10,000 miles. This
has been effected substantially by
the following main factors:—

(a) The provision for each purpose
of the smallest adequate vehicle.

(b) Replacement at comparatively
early mileages (30,000 to 60,000
miles depending on type).

(c) The use wherever possible of
standard vehicles.

(d) Design improvements in special
bodies and equipment.

(e) Emphasis on vehicles with
higher resale value (e.g. the use
for many purposes of station

wagons in attractive colours in-
stead of panel vans).

(f) Close control of field mainten-
ance and workshops manage-
ment.

(g) The extension of servicing peri-
ods. For example, light vehicles
are lubricated at 3000 mile mini-
mum periods and oil is changed
at 6000 mile periods.

(h) The cost of tyres is reduced by
ensuring that the correct type is
used for each purpose, and by
investigating instances of rapid
wear. Radial ply tyres are used
on many vehicles where appro-
priate.

(i) Standard grade petrol is used in-

the fleet, vehicles being tuned

for the appropriate octane rat-

ing. Substantial savings in fuel

costs result. The road perform-

ance with standard fuel is satis-

factory, and no adverse effect on
maintenance cost is apparent.

The basic concept of early replace-

ment recognises that production line

labour is much more efficient than

maintenance labour, early disposal
minimises maintenance and it is rarely
necessary to return vehicles for re-
pairs at central workshops except
those few which run high total mile-
ages. The small amount of mainten-
ance required can be carried out in
the field by local service stations or
by field repair units.

The Department has computerised
its vehicles’ running costs and is able
to maintain two important controls
as overall indicators of the effective-
ness of its maintenance and replace-
ment practices. These are:—

(a) The cost per mile of vehicles in
each 10,000 mileage group for
each separate make of vehicle.

(b) Trends in downtime are recorded
as a guide to the overall effici-
ency of fleet management and
as a check to ensure that the
degree of maintenance applied to
the fleet is sufficient to ensure
a satisfactory standard of reli-
ability. The average for fleet
downtime is below 4%, which,
for fleet operation, is considered
a satisfactory figure.
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PREPARATION OF PRINTED WIRING ARTWORK

A. H. BADDELEY, B.Mech.E., BEE., AMI.E. Aust*

INTRODUCTION

Although printed wiring techniques
have become well established in Aus-
tralia during the last decade, there are
many engineers who, because of a
lack of familiarity with a few basic
essentials, feel hesitant to specify the
use of printed wiring in their routine
work. Printed wiring constitutes a
useful tool for even small quantity
manufacture and this article will en-
deavour to encourage the non-users
to learn to avail themselves of it.

THE ETCHED-FOIL PROCESS

From the welter of diverse methods
which were tested in the fifties, print-
ed wiring has settled mainly on the
etched-foil technique, especially for
jobbing work in the electronics field.
Most people will be familiar with the
appearance of etched-foil boards.
These are the ones which we find in
many modern electronic instruments
and in nearly all portable transistor
radio receivers. They consist of a
copper-foil wiring pattern cemented to
a relatively thick (usually 1/16 in)
base laminate, the copper acting as
the interconnecting medium between
the other discrete components of the
circuit.

This complicated wiring pattern is
all that remains of a continuous cop-
per foil layer which initially covered
the whole area of the base laminate.
The unwanted areas of copper were
etched away, i.e. they were removed
by the chemical action of an etchant,
usually a solution of ferric chloride or
ammonium persulphate. During this
etching process, the areas of copper
foil required for circuit conductors
were protected by a coating called the
‘etchant resist’, which was subse-
quently removed before the component
pigtails were soldered to the copper.

Fig. 1 illustrates the succession of
operations which result in the manu-
facture of a printed wiring board by
the etched foil method, using a photo-
sensitive etchant resist.

The first step is to coat the blank
board, on its copper foil side, with
a thin layer of a photo-sensitive com-
pound. This layer is applied by spray-
ing, dipping or whirling and it is then
allowed to dry thoroughly. Next, a
negative transparency is placed in
contact with the coating in a suitable
printing frame and the assembly is
placed under a bright source of actinic
light. Clear areas of the negative let
through sufficient light to render the
underlying areas of coating insoluble
in a subsequent developing operation.
After development, the board is placed
in an etching tank or etching machine
and the now unprotected areas of
copper are chemically removed. The
board is then washed and, after the
* Mr. Baddeley is Engineer Class 3, P.M.G.

Research Laboratories. See Vol. 16, No. 3,
Page 283.

remaining areas of resist coating have
been removed by abrasive or solvent
action, the board is ready for machin-
ing and assembly.

The method of manufacture outlined
above is only one of three popular
methods. It is suited to work where
fairly high accuracy is required but,
for large scale production where low
cost is more important than high
accuracy, it is probably better to use
a screen-printed resist.

Screen-Printed Resist: Screen-print-
ing, using stainless steel screens for
dimensional stability, of polyvinyl
chloride lacquers on to copper-clad
laminates provides a good method of
depositing a reliable etchant resist.
Photographic methods are usually em-
ployed for clearing those areas of the
screen where lacquer must pass
through on to the copper foil, but, in
this case, a positive transparency is
required instead of a negative.

Electroplated Resist: Noble metals,
electrodeposited on to the copper foil,
can be used as a means of protecting
the desired circuit areas from etchant
attack. A thin layer of acid gold
(0.0002 in is enough) is resistant to
ferric chloride and does not need to
be removed after the etching process.
In fact, it serves to prevent tarnish-
ing of the copper during storage and
it facilitates soldering later on.
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As will be seen from Fig. 2, a posi-
tive transparency is required for this
method.

Transparencies: We have seen that,
no matter which of the above methods
is employed by the etching shop, we
need either a positive or a negative
transparency of the desired circuit in
order to arrange for its manufacture.,
Most commercial manufacturers pre-.
fer to receive their order complete
with the transparency, although they
are all set up to produce the negative
or positive, as necessary, from any
suitable artwork layout which may
accompany the order.

The main purpose of this article is
to explain how one goes about the
task of preparing a suitable trans-
parency for presentation to the print-,
ed wiring etcher.

BASIC TYPES OF ARTWORK

The transparencies, positive or nega-
tive, are all derived from drawings
or from analogous representations of
the final circuitry configuration. The
term ‘artwork’ is used to describe the
whole range of drawings, etc., from
which working transparencies can be
produced. In some special cases, the
artwork itself can pe used as the
working transparency.

There are two basic methods of
making up suitable artwork. The first

COPPER FOIL
BASE LAMINATE

BLANK BOARD
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COATED BOARD
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EXPOSURE

AFTER DEVELOPMENT

AFTER ETCHING
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REMOVE D

BOARD READY
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Fig. 1 — Successive Operations in the Manufacture of a Printed Wiring Board by the Photo-
Etching Method.
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Fig. 2 — Manufacture of a Printed Wiring Board by the Electroplated-Resist Technique.

involves laying out the conductor
areas on a clear or white background.
The second involves stripping either
the conductor areas or the non-con-

ductor areas from an initially opaque

background.

Laid Out Artwork
Ink Drawing: In the first category,
are included black ink drawings on
white base materials. These can be
photographed in a copying camera to
produce a suitable negative. If a

photo-positive transparency is needed, -

the negative can be contact printed
on to cut film.

Whenever possible, such drawings
would be prepared several times full
size in order that the subsequent photo
reduction can reduce the amount of
any drafting inaccuracy. Special types
of white drafting board have been
produced commercially for this type
of work; the boards incorporate a grid
of blue lines which do not appear as
dark lines on a blue-sensitive film but
which facilitate the setting out of
conductor patterns. It will be explain-
ed later
ations should lie on the intersections
of a grid.

Frontal lighting, in the form of
tungsten photo-floods or quartz-iodine
lamps, must be provided for copying
ink drawings or any opaque white
base. The amount of contrast obtain-
able in the negative depends on how

that all conductor termin-:

non-reflective the ink is. Better con-
trast can be obtained by preparing
the drawing on a clear plastic drafting
sheet and by back-lighting it.

Taped Artwork: As an alternative
to ink drawings, opaque adhesive tapes
may be used on a clear plastic or
glass sheet. Several manufacturers
now sell suitable tapes in various
widths, as well as terminal pads,
bends, tee connectors, fillets, elpows,
ovals. etc., all of these being supplied
in self-adhesive form. The tapes are
available in dispensers which facilitate
the application and ‘steering’ of the
tape. The other accessqries are sup-
plied on backing tapes, from which
they are stripped and transferred to
the artwork layout as required.

The ease with which taped artwork
may be altered makes this type of
layout very suitable for jobs where
changes in wiring are expected or
where several printed wiring boards
with minor variations from one to an-.
other are required. !

As with ink drawings, taped lay-
outs are usually prepared several times
full size and are reduced to full size
during photo-copying. Fig. 3 shows
taped artwork being prepared, on a
polyester (‘Mylar’) sheet base, over
an illuminated work-table. Fig. 4 is
an illustration of a process camera of
the type often employed in copying
printed wiring artwork.

Stripped Film Artwork

In the second basic type of artwork,
there is initially an opaque area, from
which selected portions are removed
to give either a representation of
opaaque conductors on a clear ground
or clear conductors on an opaque
ground. The latter is more usual.

The raw material is a polyester
(‘Mylar’) film which carries, on one
side, an adherent red layer which can
be peeled off. The areas to be peeled
off are predetermined in the following
manner. The draftsman, technician or

Fig. 3 — Laying down Taped Conductor Paths from a Tape Dispenser.
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Fig. 4 — A Typical Process Camera Suitable for Photo-Reduction of Printed Wiring Ariwork.

artist scribes around the area to pe
removed, using a chisel-pointed tool.
Parallel lines can be scribed by special
double bladed, spring loaded tools.
Concentric circles can be cut by means
of special drop compasses. Next, the
draftsman lifts up the edge of the en-
closed area of red coating. Tweezers:
can then be used to peel off the selec-
ted area of coating.

For work of very high accuracy,.
there are machines called Co-ordinato-

graphs which can scribe the lines re-
quired more precisely than any man-
ually-controlled tool could do.

As a guide to where to scribe the
strippable coating, a pencil outline of
the circuitry can be drawn on the
opposite face of the polyester film
beforehand. If the transparency which
is being prepared is a negative of
the circuit, then this pencil draft will
pe seen, from the drafting side, as a
correct representation of the circuit
orientation (i.e. it is not a mirror

image). The circuit appears as a mir- .

ror image of the desired printed wir-
ing during the stripping operation
which must be carried out from the
other side of the sheet.

It may seem simple not to worry

about which way round the transpar-,

ency is prepared and to choose the
‘right way up’ during the actual ex-
posure of the circuit board, but, as
in ordinary photographic contact print-
ing, one obtains the most accurate
results only when the “emulsion side”
is in contact with the job. For this
reason, negative transparencies should
always be cut as mirror images and
positives should always be cut in the
original orientation.

CONDUCTOR LAYOUT

Having considered the more popular
methods of preparing the conductor

configuration on a suitable medium,
it is necessary to consider the other
aspects of conductor layout, for ex-
ample, those which determine the spac-
ing, width, separation and termination
of the conductors.

Hole Positions
Most of the electrical components

which will be mounted on any printed’
wiring board have pigtail leads which;,

at the assembly stage, will be passed
through holes drilled or punched in
the board and pe soldered to the con-
ductors. In order that the drilling of
such holes may be facilitated, it is
strongly recommended that the holes

be positioned on the intersection points:

8

of a standard Cartesian grid of 0.1
inch pitch in both directions, as speci-
fied in Australian Standard No. C.326
—1961 (Ref. 1). For finer work, a
basic grid of 0.025 in pitch has
been established.

There are other advantages to be
gained from using the basic 0.1 in
grid. For example, it eliminates the
need for separate dimensioning of all
hole positions on manufacturing draw-
ings of the printed board. Most elec-
tronic component manufacturers now
place the electrical terminating leads
in positions which suit the basic grid.

The accuracy with which the posi-
tions of drilled holes may be expected
to conform to the nominal grid posi-
tions is indicated by Clause 4 of the
Australian Standard (Ref. 1) which
states, in effect, that the tolerance on
positional error, over a grid length
of x inches, is + (3 4 x) thou., or
-+ 0.005 in, whichever is the greater.

Conductor Widths

Conductor widths are usually chosen
on a basis of current carrying capacity
for a given temperature rise, although
it may be necessary, in the case of
very narrow conductors, to relate
minimum design width to the narrow-
est conductor which can be reliably
produced by the prevailing etching
process. The Australian Standard (Retf.
1) suggests an absolute minimum of
0.015 in for normal work.

Most copper-clad boards sold in Aus-
tralia have copper surface densities of
1 oz per square foot or 2 oz per
square foot. The thicknesses of these
copper foils are 0.0014 --0.0004/
—0.0002 inches and 0.0028 4-0.0007/
—0.0003 inches, respectively. Because
of its higher cost, 2 oz copper will
not be used by the board manufac-
turer unless it is specified. Therefore,
in designing conductor widths, the
erigineer should assume 1 o0z per
square foot copper unless he intends
to specify 2 oz. Curves showing safe
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current ratings of etched foil con-
ductors versus conductor width are
given in Fig. 5. These curves are de-
rived from tabulated recommendations
in Reference No. 2 and represent safe
current ratings.

For taped artwork, one must use
conductor tapes whose width is equa}l
to the designed conductor width multi-
plied by the linear ratio in which the
artwork size exceeds the final size of
the job. There will be, therefore, a
secondary limitation on conductor
width imposed by the restricted choice
of tapes of different widths. Tapes
are available commercially in widths
of 1/64 in, 1/32 in, 1/16 in, 3/32 in,
1/8 in, 3/16 in, 1/4 in, 1/2 in, 1 in
and 2 in. Flexible matt black tapes
are most commonly used, although
some writers express a preference for
red translucent tapes because these
have more cleanly cut edges and be-
cause it is convenient to be able to
see through the tapes to inspect under-
lying grid lines, etc. The red tapes
are, of course, opaque to blue light;
hence they reproduce as would black
on a blue-sensitive film.

Terminal Lands

The factors which determine the
best choice of terminal land diameter
are as follows. One must first select
a hole size which suits the pigtail
diameter. The hole diameter should
be a standard one if possible. Then
one must allow a suitable annular
width to accommodate an adequate
solder fillet, say 0.030 in.

If the printed wiring layout is to
be made for only a very limited num-
ber off, it is likely that they will be
drilled manually and positioned under
the drill oy eye. In this case it is an
advantage to leave a small etched-out
circle in the centre of each terminal
land in order to centre the drill later
on. However, when the drill or punch
is located independently of the lands,
as it would be in a large production
run, it is better not to provide the
concentric clear area in the terminal
land.

In selecting hole sizes, the number
of different sizes should be kept to a
minimum, in order to eliminate delays
in drilling. It has been found, in the
P.M.G. Research Laboratories, that
most pigtails and other leads can be
accommodated satisfactorily in one or
other of three hole sizes. The rele-
vant drill sizes are No. 55 (0.052 in),
No 60 (0.040 in) and No. 70 (0.028 in).
The outer diameters of corresponding
terminal lands would therefore be
0.112 in, 0.100 in and 0.088 in, although
one is again restricted in choice of
diameter when using the die-cut circles
and terminal lands sold by the firms
which market conductor tape. Reduc-
tion of the annular width of copper
below the figure of 0.030 in recom-
mended in the Australian Standard
(Ref. 1) should be contemplated only
if the designer is sure of obtaining
very accurate boards of good solder-
ability. Badly soldered joints will re-
sult also if the hole diameter is more
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Fig. 6 — Self-Adhesive Die-Cut Shapes Available from Tape Manufacturers.

than 0.010 in bigger than the diameter
of the pigtail.

As well as marketing die-cut circles
and annuli, the tape manufacturers
usually sell other aids to printed wir-
ing layout, such as those shown in
Fig. 6. These shapes facilitate the
production of fillets and smooth bends
which, by eliminating sharp corners,

" reduce the likelihood of fracture of

the conductors under vibration.

Conductor Separation

For general purposes, the Australian
Standard (Ref 1) recommends a mini-
mum conductor separation of 0.030 in
edge-to-edge. This figure should not
be reduced, especially if the board is
to be dip or wave-soldered. Smaller
separations would certainly present
bridging troubles under these condi-
tions.

The permissible separation distances
should be related to the voltage be-
tween the adjacent conductors and, in
this regard, U.S. Military standards
indicate that the 0.030 in separation
should be increased, especially for un-
coated boards, for voltage differences
exceeding 150 volts. For voltages from

150-300, a separation of 0.050 in is

recommended. For over 300 volts dif-
ference, the recommended figure is
0.100 in or 0.0002 in per volt, which-
ever is the greater. These figures refer
to d.c. voltage differences or to peak-
to-peak a.c. voltage differences.

GENERAL LAYOUT
Edge Distances

In many cases, the distance between
the edge of a board and the nearest
conductors will be dictated by the
fact that the board will be overlapping
some part of the supporting structure.
Here, the abovementioned separations
required by voltage considerations will
apply, with due allowance being made

for tolerances on the relative posi-
tions of board and chassis.

Where the edge of the board does
not lie close to any other parts, it
is not recommended that conductors
be run closer than about 0.12 in. This
is because the cut edge of the board
cannot be completely sealed against
moisture ingress and the moisture pre-
sents a source of breakdown of insu-
lation resistance.

Register Marks

A competent designer of printed
wiring boards will discuss the machin-
ing of his boards with the production
engineers before he starts to prepare
the artwork. He will usually find that
the production department needs some
reference marking on the board to
indicate where the board must be
accurately positioned during drilling,
punching or blanking.

Although the location and shape of
register marks may vary considerably
from one shop to another, it is im-
portant for the designer to be aware
of the need for register marks and
of their desired location before he
attempts to lay up his artwork.

Reference Dimensions

It has been explained already that
most artwork is prepared several
times bigger than full size. Reduction
to full size is carried out photograph-
ically and it is usual for copying cam-
era ratios to be set by scaling the
image on the ground glass focusing
screen, at least in the case of jobbing
work. Therefore, it is very helpful
to the photographer if an accurafely
delineated dimension on the artwork
(but not on the actual board area)
is marked with its correct reduced
size. For instance, on a four-times
full size layout, an accurate 12 in
gauge line would be labelled ‘3 in
ref’ for the guidance of the photo-
grapher.
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This reference dimension need not
be used when accurately calibrated
copying cameras are available. Exper-
ienced photographers, using cameras
with graduated setting scales for the
lensboard and copy holder, can re-
produce a known copying ratio with-
out reference to the particular art-
work, but the designer should check
the accuracy of the photo-reduced
transparency before it is sent to the
board etcher.

Planning the Wiring Layout

After over a decade of concentrated
development of the etched foil tech-
nique, there does not seem to be, even
now, a short-cut method of deriving
a printed wiring configuration from a
schematic circuit diagram. It is just
a case of patient cut-and-try. Certainly
a clean schematic with a minimum
of crossed conductors is a help but
the designer usually ends up with up-
wards of half a dozen sheets of paper
representing various stages of develop-
ment of the final layout.

Crossovers in printed wiring can
be effected only by passing one con-
ductor underneath the body of an
electrical component. As a last resort,
a wire jumper connection, suitably
sleeved, can be used, but the jumper
contributes nothing else to the func-
tioning of the circuit and it should
be avoided if at all possible. If several
jumpers are to be used in a circuit,
at least they should all be of equal
length, in order to reduce the effort
involved in bending them to shape.

Similarly, all pigtail components of
similar body size (e.g. all } watt
resistors) should have a uniform
centre-to-centre distance for their
turned-down leads. This is good prac-
tice, not only from the point of view
of standardisation, but also because it
enhances the appearance of the board.

The axes of resistors, etc. should,
for the sake of appearance, follow the
grid lines and the ends should be lined
up wherever possible. It looks far
better to have neat rows of compon-
ents and wriggly printed wiring than
to have neat runs of printed wiring
and wriggly rows of components.

All resistors, capacitors, etc. should
be laid flat on their sides wherever
possible. This makes for a more
robust mechanical assembly. The prac-
tice of standing components on end,
in order to conserve board area, is
not recommended because it can near-
ly always lead to overstressing of the
copper to base-laminate bond. Com-
ponents exceeding 14 grams in weight
should be anchored to the board by
some means other than their electrical
terminals. This figure should be re-
duced to 7 grams for airborne equip-
ment.

Only one component pigtail should
go into any one hole. In the absence
of a plated-through-holes service,
through connections in double sided
boards can be made by means of small
eyelets. Funnel-head eyelets are pre-
ferable to rolled-head eyelets. It is

not considered good practice to asso-
ciate the feed-through eyelets with
ordinary component terminations, be-
cause the eyelets need to be soldered
to the component-side foil. If it be-
came necessary to remove the pig-
tail component for any reason, the
soldered joint between the eyelet and
the component side foil could be dam-
aged and repair would be difficult.

‘Picket Fence’ Areas

If a printed wiring board is to be
dip- or wave-soldered, precautions
must be taken, during the design stage,
to avoid having large continuous areas
of copper foil in the layout. Copper
is an excellent thermal conductor,
whereas most of the base laminates
are not. When the board suddenly
comes in contact with a large mass
of solder, the copper reaches solder
temperature very quickly, but the base
laminate does not., The copper tries
to expand relatively to the base lam-
inate and high stresses are placed on
the copper-to-base adhesive and blist-
ering can result. This effect can be
avoided by creating gaps in each of
the large areas of copper to form a
‘picket fence’ of conductors surround-
ed by a narrow strip of copper defin-
ing the outer perimeter of the area.

Apart from this need to protect
the board against thermal shock, cop-
per should not be removed unneces-
sarily during etching. Provided that
adequate clearances between adjacent
conductors are maintained, the less
copper to be removed the better; this
conserves etchant solution and so re-
duces costs.

Edge Connectors

When the edge of the board is be-
ing designed to plug into a mating
socket, tabs will be arranged in the
artwork layout to suit the connector
manufacturer’s specification. In gen-
eral, it will be necessary to electro-
plate these tabs. If the electroplated-
resist method of etching is being em-
ployed, the tabs will be plated at the
stage where the resist is deposited. If,
on the other hand, the board is to be
etched before the tabs are electro-
plated, it is often necessary to incor-
porate, in the artwork, a strapping
connection to unite all of the tabs for
plating purposes. This strapping con-
nection lies outside the board area
proper, and is sawn off after plating,
the cut edge being then lightly cham-
fered where it enters the socket.

Board Identification

From the designer’s point of view,
it is an advantage to have an identify-
ing number or title on each board. In
any large establishment, a logical num-
bering system should be formalised so
as to avoid the possibility of board
numbers being duplicated by different
designers. These numbers should be
incorporated into the artwork so that
they appear either as copper letters on

clear ground or as etched-out letters
on a copper background. Transfers of
the ‘Letraset’ or ‘Instantype’ variety
are useful for this purpose.

From the point of view of the board
etcher, it is worthwhile to include,
on each layout, a name, monogram or
other symbol which will immediately
identify the firm or organisation which
owns the board design. In this way,
the manufactured boards are easily
identified in the etching shop, even
though their associated job cards may
have become mislaid.

Other lettering which can be includ-
ed advantageously in the artwork com-
prises voltages, polarities, terminal
designations and orientation marks for
transistors, diodes, micro-circuit blocks
and electrolytic capacitors.

Mounting

The artwork layout should take ac-
count of the way in which the board
is to be mounted. Supports for 1/16
in boards should be no more than 4
in apart. When allocating space
around mounting holes, do not forget
that plain washers will usually be
placed under screw heads.

All components which dissipate sub-.
stantial quantities of heat should be
fitted with suitable radiators or “heat
sinks”.

If possible, mount pigtail compon-
ents with their axes in the vertical
direction when the board is mounted
in the vertical plane. This helps to
dissipate heat by convection and re-
duces dust collection.

CONCLUSION

In the foregoing text, the author
has tried to indicate the main aspects
to be considered in the preparation of
printed wiring artwork, Of course,
there is a lot of information which the
designer must collect from commercial
supplies in relation to any specific job.
He must find out what sort of compon-
ents, terminals, connectors, feed-
throughs and mounting hardware are
to e used and then he must choose
appropriate land shapes and mount-
ing hole sizes for each before he can
start to prepare the artwork, but it is
hoped that intending users of printed
wiring who wish to create their own
artwork will have derived some help
from the suggestions contained in this
article.
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PROTECTION OF TELEPHONE CABLES FROM
ATTACK BY INSECTS

Editorial Note: This paper was pre-
sented at the Fifteenth Annual Wire
and Cable Symposium at Atlantic
City, New Jersey, December 1966.

INTRODUCTION

Recorded instances of insect attack
on telephone cables date back to long
before the turn of the century. How-
ever, this problem has in the past 20
years assumed a new dimension be-
cause of two reasons. Firstly, tele-
phone networks of significant size
have vastly extended in the tropical
and sub-tropical regions, particularly
in developing nations, i.e., into those
climates where the insect fauna is far
more extensive and voracious. Secon-
dly as economic advantages caused the
introduction of plastic sheathed cables
in place of metal sheathed ones,
chewing or boring insects have en-
countered materials which are often
easier to penetrate.

In Australia the hazards of insect
attack have already been faced for
many decades, because of our
unique circumstances of having
a highly developed telephone network
of long standing, covering a contin-
ent spanning 30 degrees of latitude,
ranging from the tropical North,
through sub-tropical and temperate
regions to the cool alpine climates of
parts of the South. The vast majority
of damage by insects in Australia is
due to termite and ant attack on un-
derground cables, whilst borers,
grubs, beetles and cockroaches have
never been more than isolated nuis-
ances. It must be emphasised that
insect damage to cable at no stage
has caused more than a relatively
small proportion of total cable faults,
5% being about the maximum in the
worst year, but these faults represent
a considerable financial cost, and in
particular an expenditure which it is
felt can be avoided by the protective
measures now being developed. It is
probably also a reasonable assump-
tion that any successful measures de-
veloped to protect against termite at-
tack, stand a good chance of being
equally effective against almost any
other insect order presently causing
cable damage. This should be kept in
mind in the following sections, which
deal with investigations to secure pro-
tection from termite and ant attack.

THE HABITS OF TERMITES AND
ANTS

~ Termites and ants are both social
insects, that is they live in well or-
ganised colonies where every individu-
al has its specific duties, and performs
these selflessly for the good of the
community. Termites, often called
“white ants”, and the true ants are
not related, belonging to completely

# Mr. Flatau is Principal Officer, P.M.G.
Research Laboratories.

different orders of the insect world.
Termites are far more primitive, one
species prevalent in Northern Austra-
lia having not altered in 40 million
years. Both families contain many
genera and species, but most of these
are of little economic importance liv-
ing contentedly on plant materials etc.,,
and it is only a few genera which
are either responsible for cable dam-
age, destruction of timber, etc. or are
household pests. The following genera

G. FLATAU, FRM.IT*

have been definitely connected with
attacks on cable or wiring in Aus-
tralia:
TERMITES:
MASTOTERMES (See Fig. 1)
COPTOTERMES
NASUTITERMES
ANTS:
PHEIDOLE (See Fig. 2)
PHEIDOLEGETON
IRIDOMYRMEX
MONOMORIUM

Fig. 1 — Comparison in Size of Mastotermes and Coptotermes (11 in. — 5/32 in.)
soldiers.

Fig. 2 — Pheidole Megacephela. Note narrow waist, typical of all ants.
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In reports from other parts of the
world (Ref. 1, 2) these names appear
again and again with perhaps two or
three additions. Although the species
differ with geography, this only rep-
resents morphological differences of
interest to the entomologist.

Colony sizes vary from type to type
and with age, but it is not unusual to
encounter populations of the order of
millions. The nest locations also vary
not only between species, but also
according to climate. For instance
many species of Australian termites
are mound builders in the tropics and
subterranean in the temperate zones.
Each nest contains one or more
queens, who functions as an egg-lay-
ing “machine” producing thousands
of eggs per day for many years (Fig.
3). Most species have soldiers, who
protect the nest. However all colonies
are mainly populated by workers, who
forage and feed everybody and look
after the eggs and young. It is gen-
erally the workers who cause our
troubles.

The question frequently asked is
why termites and ants will attack un-
palatable and non-nutritious materials
such as lead or plastic? Nobody can
give a clear-cut answer, but it does
appear likely that the insects attack
out of curiosity in their unending
quest for food. Contributory factors
would be the interruption of a food
path by a cable, and perhaps the use
of the sheathing material for nest
construction. From time to time theor-
ies are advanced about insects being
attracted by conductors of a particu-
lar polarity, by certain colours, by
cables carrying music or high fre-
quency transmissions etc. etc., but
there seems to be no real proof for
such assumptions. We know that ter-
mites are more prone to attack cables
laid in ducts during summertime, but
this is due to the fact that the higher
humidities retained in a duct as com-
pared to the soil outside, meet the
comfort requirements of these insects.

Most termites and ants are to be
found within two to four feet below
the soil surface, whilst at times they
will tunnel much deeper, some species
are also to be found high above
ground inside tree trunks.

2 =5

Fig. 4 — Low Density Polythene Sheath Attacked by Pheidole Megacephela Ants.

TYPE AND EXTENT OF DAMAGE

Damage from insect attack varies
over a wide range in both the size of
the individual perforations and the
length of cable attacked. For instance
the ant PHEIDOLE MEGACEPHELA
produces circular holes no larger than
1/32”, but often extending over hun-
dreds of yards (see Fig. 4), whilst the
giant termite MASTOTERMES DAR-
WINIENSIS usually concentrates its
attack over a few feet of length, but
leaves holes as large as 1-2 square
inches (see Fig. 5). The elapsed time
after laying a cable, until serious dam-
age was noted, has varied from weeks
to years, although the claim is often
made that the worst attacks occur
within 12-24 months of installation.
As a general rule, termites are likely
to attack lead or plastic sheathed
cables, whereas ants are mainly a
hazard to plastic cables. (The ant
MONOMORIUM DESTRUCTOR is the

Fig. 3 — Queen and Workers of Coptotermes Lacteus.

only recorded exception to this rule
in Australia.) ]

In Australia the hazard of termite
and ant attack progresses as a gen-
eral rule as one moves from the tem-
perate South to the tropical North,
but localised climatic factors play
their part to often confuse this simple
picture. No direct correlation between
soil types and fault incidence has been
found, except that semi-arid or desert
areas are less affected. (By the same
token these areas also contain little
buried cable plant, which means that
statistically no conclusion can be
reached.)

The most pertinent factor is of
course the degree to which insect and
ant attacks contribute to the overall
fault spectrum. The latest fault stat-
istics indicate that the number of
cable faults caused by insects are of
the order of 1-2% of all sheath faults,
although this percentage is probably
raised to 3-5% when only plastic
sheathed cable is considered. Admit-
tedly these figures are small, when
compared to some other sheath fault
categories, such as mechanical dam-
age. But the fact remains that insect
attack causes something like 3,000 in-
dividual cable faults per year in our
network, and probably an appreciable
number of additional attacks occur
which might not be recognised until
years later when water entering the
cable causes a fault condition. Even
then this fault, especially if it is
traced to a joint might be attributed
to a different cause, such as faulty
workmanship!

There are also definite indications
that the rate of attack is steadily in-
creasing, especially that portion due
to ant attack in the Northern States.
1t is evident therefore that any meth-
ods which will substantially reduce
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damage by insect on cables, will rep-
resent a worthwhile annual saving,
both financially and in labour required
for repair.

PROTECTIVE MEANS

The choice of any protective meas-
ures is circumscribed by a number of
clear requirements. Briefly these are:

(a) The protection must remain ef-
fective over the life of the cable,
which means wusually 20-30
years.

(b) The method must represent a
sufficiently low health hazard to
operating staff or manufacturing
staff, so as not to impose exces-
sive precautions during handling
of the cable.

(c) The cost of protection must be
kept low (if it can be incorpora-

~ ted during cable manufacture,
the process should be reasonably
simple and capable of application
with existing tools or machines).
All methods tried in the past or cur-
rently under ginvestigation have gen-
erally attempted to follow the above
rules, although possibly not enough
attention was paid to toxicity haz-
ards in some early trials. Basically
all protective methods fall under one
of two headings:

(i) A cable sheath of an intrinsic
hardness greater than that of the
insect mandible.

(ii) The use of a chemical repellant
to dissuade the insect from ap-
proaching the cable.

The first alternative, i.e., a hard, resis-
tant sheath, is attractive as it read-
ily meets condition (b) above, and
condition (a) can probably be fulfilled
by a correct choice of metallurgical
or plastic formulation. However, the
cost of such sheath compared to the
conventional metal or plastic sheath

might be appreciable, especially if it
involves a composite sheath construc-
tion. Keeping this in mind, what sort
of hardness is required? Taking the
termite mandible as a basis of com-
parison, it has been shown by scratch
tests (Ref. 3), that the insect mandible
is harder than lead, but will not
scratch copper, brass or aluminium.
When it comes to plastics the posi-
tion is somewhat confused, as some
plastics of a hardness (on the Barcol
scale) lower than lead appear to be
superior in their resistance. The im-
plications are that in the case of

plastics the desired property is not
just metallurgical hardness, but rather
a combination of hardness and tough-
ness. The likely explanation for this
lies in the manner in which a ter-
mite will “bite” a sheath, which is a
gouging or tearing action (Fig. 6). The
ability of a material to deform rather
than break or tear on the application
of mandibular force thus presents the
insect with a far more difficult task,
and one which it will perhaps give u
after a few futile attempts. g
Turning to the other alternative,
that of a repellant, it must be clearly
understood that this can not neces-
sarily be equated with a poison. In the
case of termites and ants in particular,
a poison would be useless because of
the large number of attackers invol-
ved. If the cable sheath is just poison-
ous, each insect will die after one or
more bites, but the chances of a
sheath perforation are extremely
high, whilst the insect population is
merely reduced by a small number,
which can be made up by the colony
in a matter of a few days or weeks.
For this reason one requires a true
repellant, one which discourages the
insects from approaching the cable,
because they sense danger or some-
thing unpleasant. Repellant treatment
of the area surrounding the cable, or
by incorporation in or on the cable
sheath is generally an economical pro-
position, but raises problems with re-
gard to life expectancy and health
hazards. It is essential that the repel-
lant be capable of resisting climatic
influences over many years, in par-
ticular that it be not carried away by
leaching action following heavy rains.
The material chosen must be care-
fully evaluated for toxicity and der-
mal hazards, and adequate protective
safeguards for persons handling the

Fig. 6 — Termite Mandible Markings on Lead Sheath.
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cable must be implemented. In the
case of buried cables in country dis-
tricts it is important to be certain that
the repellant used will present no
hazard to grazing cattle nor contam-
inate crops in the vicinity. In most
places stringent regulations now exist,
governing the type and concentra-
tions of insecticides permitted to en-
ter the soil.

EVALUATION OF PROTECTIVE
METHODS

Historically the initial efforts in this
field were aimed at providing protec-
tion from insect attack for under-
ground lead sheathed cables. Scil
treatment with creosote was tried in
the 1930’s with only limited success,
and the incorporation of a chlorinated
naphthalene compound in the petrol-
eum jelly pulling compound some
years later was also found unsatis-
factory. The dusting of cable ducts
with arsenical compounds was tried,
but apart from the health hazard, ap-
peared also to have only limited per-
sistence. The commercial introduction
of more powerful insecticides seemed
to offer promise of more effective soil
treatment, but some trials with D.D.T.
were most disappointing. In fact the
only method which proved fully satis-
factory was steel-tape armouring, and
this technique is generally employed
by us on cables in the worst affected
areas, in particular where Mastoter-
mes termites are present. Where at-
tacks on armoured, lead sheathed
cables have taken place, the cause has
been the opening up of the helical
wound tape either due to manufac-
turing faults or due to the applica-
tion of excessive stresses during lay-
ing operations, permitting the ter-
mites to gain access to the underlying
lead sheath. Whilst effective, this is a
costly solution, and hence is used only
to a limited extent.

By about 1950 it was becoming evi-
dent that plastic sheathed and insula-
ted cables would soon offer definite
financial and manipulative advantages,
especially in the smaller size cables
used in local distribution practices.
Hence it was decided to commence
field trials of plastic sheathed wires
and cables in various areas of Aus-
tralia where termite infestation was
known to be severe. The method of
test which was adopted, consisted of
laying down test plots containing
sufficient samples to permit with-
drawal of each type under test after
1, 2 and 3 years’ exposure, recovery
of each lot being made in such a
manner as not to disturb the remain-
der. Each individual sample, approxi-
mately 15” long, was sheathed in, or
attached to, a 12” long termite sus-
ceptible timber peg. The pegs were
buried in a square matrix to a depth
of 13”7, with a separation of 18" be-
tween neighbours in rows and col-
umns. Timber connecting laths, were
buried 17 below the surface, contact-
ing each peg in a row, and the out-
side two columns. Plain wooden con-
trol pegs were also included at vari-

ous points of the matrix, as a means
of checking termite penetration dur-
ing the course of the test, without
having to disturb any samples. In lay-
ing down a test plot, it was essential
to create the minimum disturbance of
the surrounding soil, so as not to
drive the insects away, and to protect
the plot from grazing cattle, curious
humans and also bush fires.

We were fortunate in being able to
enlist the help of the Commonwealth
Scientific and Industrial Research Or-
ganisation (C.S.I.LR.0.), whose Divi-
sion of Entomology had developed a
method of testing materials against
attack by some species of termites
under laboratory conditions. (See Ref.
4.) These tests have consistently been
found to agree with our findings in
the field, although unfortunately the
most powerful termite species, Mas-
totermes, cannot be maintained under
laboratory conditions.

The first series of field tests during
1951-1954, clearly indicated the sus-
ceptibility of low density polythene
or plasticised P.V.C. to termite attack,

but did show that the degree of at-
tack decreased with increasing hard-
ness. The incorporation of either lead
naphthenate or pentachloro-phenol
(1%) in polythene was found to be
ineffective.

A more extensive series of trials
based on the experiences gathered till
then were conducted during 1959-
1964, using the same test methods as
above, but also including a site in
New Guinea. (See Ref. 5.) In addition
to tests against termites, tests for
resistance to ants were also conduc-
ted. In the latter case lengths of 30-
40 yards were buried 12”-18” deep
with only the ends protruding, in
areas where ant attack had previously
been observed. Insulation resistance
measurement between conductor and
soil were made regularly over a 23
year period; low resistance indicated
the onset of attack, the final results
being normally short-circuit condi-
tions. The ant species involved in all
coses was PHEIDOLE MEGACE-
PHELA. A brief summary of the re-
sults is given in Table 1.

TABLE 1.
% of Samples Attacked
Sheath Material Additive or Other by Termite or Ants
Protection (Sample size 12-160)
Polythene M.F.I.2 1% Dieldrin 5.4
Polythene M.F.I.2 0.5% Dieldrin 9.1
Polythene M.F.1.2 0.25% Dieldrin 25.0
Polythene M.F.I.2 1% Aldrin 18.2
Polythene M.F.I.2 0.5% Aldrin 36.4
Polythene M.F.I.2 0.5% Gammexane 13.3
Polythene M.F.1.2 0.2% Gammexane 13.3
Polythene M.F.I.2 5% lead Pentachloro-| 27.2
phenol
Polythene M.F.I.2 0.015” nylon 6 or 6-6| 4.0 (all due to ants)
jacket
Polythene M.F.I.2 nil 30.2
Polythene M.F.1.0.3. 1% finely divided 25.0
silica
Polythene M.F.1.0.3. 0.1% finely divided 21.0
silica
Polythene M.F.1.0.3. nil 18.7
PV.C. 1% Dieldrin 15.7
P.V.C. 0.25% Dieldrin 18.2
PV.C. 0.5% Gammexane 111
P.V.C. 0.2% Gammexane 17.7
PV.C. 1% Chlorinated aryl | 23.6
sulphonamide
PV.C. 0.015” nylon 6-6 0 (not tested against
jacket ants)
P.V.C. nil 38.2
Epoxy resin nil 0
A.B.S. pipe nil 0
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It is evident that none of the additives
tried could be classed as effective,
especially when one compares the
maximum exposure time of three
years with the expected life times of
cables in service. The trials confirmed
that P.V.C. is less resistant than poly-
thene and that Dieldrin was superior
to the other repellants tried. The fig-
ures for the silica additions are start-
ling, as they show the best result
with untreated controls! The explana-
tion for this probably lies in the fact
that as silica is added to the poly-
thene, the surface texture becomes
rougher, and hence enables the in-
sects to more easily gouge out pieces
of the sheath. It is interesting to note
that nylon jacketing was found com-
pletely resistant to termite attacks, a
fact which has been confirmed in trials
held by C.S.I.LR.O. and other authori-
ties in Australia, but there was some
damage due to ant attack. The reasons
for this performance variation are not
perfectly clear, but could be due to
the difference in biting action between
termites and ants. At the same time
it is important to emphasise that the
nylon used in the above trial had a
tendency to blister or de-laminate
from the underlying polythene, prob-
ably due to excessive water absorp-
tion. A blistered nylon would present
a much simpler barrier to the insect
mandible, and in fact there is a good
chance that the actual attacks might
have occurred at points where the
nylon had cracked. These considera-
tions have resulted in a change to a
nylon with much lower water absorp-
tion, in the nylon jacketed cable pre-
sently on trial.

A new series of field trials has been
unde_rway since 1964, in which the
previous findings have caused us to
investigate several sheathing materials
of greater toughness. Early results
from the field, coupled with laboratory
test results on some samples by
C.8.1R.O.,, are summarised in Table
2. All tests to date refer to termite
resistance only, and do not extend
beyond one year of burial.

Heavy attack has occurred on poly-
thene and PVC control samples, and
also on some commercial cables of
overseas origin, which were sub-
mitted in the hope of being “termite-
proof”. A few other promising poly-

mer materials or additives are on
trial, but have had insufficient ex-
posure time as yet, for any examina-
tion to be made.

Work is still continuing with soil
treatment, and in one area has lately
met with good success. Here a
method has been devised, of spraying
the soil during cable laying opera-
tions, using a 3% Dieldrin emulsion
in water at a rate of about 80
gallons of solution per 1000 yards of
trench. Fault statistics indicate that
this treatment has produced a very
significant reduction in cable faults
due to insect attack. It is still doubt-
ful if this type of treatment will be
equally effective in the high rainfall
tropics, where previous attempts at
soil treatment with Dieldrin or Lin-
dane met with little success. Only
further work can resolve this point,
and at the same time the continued
use of this practice in the original
area will show whether the method
is likely to have the desired long
lasting effectiveness.

For cables laid in ducts, a method
has been developed where 2% Diel-
drin dust is blown into the duct by
means of an air compressor and in-
jection hose unit. About 9 lbs. of the
powder is used for a 500 foot long,
4” diameter duct, and strict precau-
tions to protect operating staff are
enforced. This technique has been
used in only a limited area, and then
mainly in response to termite damage
to a cable in a duct, at the time of
installation of a replacement cable,
but the results are stated to be very
satisfactory in preventing re-infesta-
tion.

Since 1958 a committee under the
auspices of the Plastics Institute of
Australia has been investigating the
problem of termite and ant resistance
of plastics. This committee, com-
posed of both users and manufac-
turers, has met regularly and col-
lated the available information as
well as enlisting the aid of the
C.S.1.R.0. Division of Entomology in
an extensive laboratory and field test-
ing programme (Ref. 6). The findings
to date (Ref. 7) have been in general
agreement with our own results, but
in addition have been extended to
various plastic materials not currently
used for telephone cable insulation.

TABLE 2

Slight to moderate attack:

Very slight attack (sur-
face graze marks only):

No attack:

High density polythene (0.96 gm/ml)
Polypropylene

Polythene wrapped with jute yard impregnated
with grease, outer covering of PVC tape.
Polythene, wrapped with tanalith impregnated
jute wrapping.

Polythene -+ 1% silica

Polythene - 5% silica

Polyurethane

*Polythene covered by 0.004” helical brass tape,
low grade polythene outer sheath.

Polythene sheath, 0.030” Nylon 11 jacket.

* Some attack on the outer sheath has occurred, but the latter is only present

for mechanical reasons during laying.

SUMMARY

As a result of the testing carried
out in Australia over the past 15-20
years, an attempt has been made
below to classify cable sheathing
materials into four groups, as far as
their resistance to insect attack is con-
cerned:

(a) Fully resistant materials: steel,
brass, copper, aluminium,
bronze, polycarbonate, acetals.

(b) Highly resistant materials: rigid
P.V.C., high density polythene,
nylon, PTFE, polyesters.

(c) Moderately resistant materials:
lead, polypropylene, polyure-
thane, some natural rubbers,
A.B.S.

(d) Non-resistant materials: low
density polythene, plasticised
PV.C., cellulose acetate buty-
rate, synthetic rubbers.

This classification must be regarded
as approximate only, as the suscepti-
bility to insect attack can vary exten-
sively not only amongst insects from
different orders, but even amongst
species within the one genus. Further-
more the insect resistance of a given
material can be significantly changed
by alterations in chemical composi-
tion of physical properties, such as
the type or concentration of plasti-
ciser, anti-oxidant etc.; the intrinsic
hardness or degree of surface finish.
The addition of a repellant or hard
filler to the sheathing material can
also change the material’s position in
the classification, although to date no
such formulation has fully come up
to expectations. However as new in-
sect repellants are developed they will
certainly have to be evaluated, as this
particular approach to the problem is
by far the most economically attrac-
tive.

Until one of the acceptable syn-
thetic materials has been proven to
give near-complete protection to at-
tack from insects, either due to the
intrinsic properties of the material it-
self or by inclusion during manufac-
ture of some additive, two other solu-
tions are available. The one most
favoured at present, because it has
proved itself in practice, is the incor-
poration in the sheath structure of a
continuous metal barrier, for instance
a brass, bronze, steel or copper tape
suitably protected from corrosion. If
this method is uneconomic, considera-
tion should be given to an outer plas-
tic jacketing, such as Acetal, Nylon
or Polycarbonate. In suitable circum-
stances soil treatment with insecticide
emulsion or dusting of the cable ducts
seems to hold considerable promise.

_No general solution for the protec-
tion of telephone cables from insects
is yet in existence, but present know-
ledge is now far enough advanced to
be able to specify cable sheathing
materials which will stand an excellent
chance of resisting attack under the
most hazardous conditions. The
final selection will usually be a com-
promise between economic and per-
formance factors, and hence a know-
ledge of the probability of attack in
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R. §. COLQUHOUN

R. S. COLQUHOUN, author of the
article “Bush Fire Disaster — South-
ern Tasmania”, is Supervising Engin-
eer, Country Section, Tasmania. He
joined the Postmaster-General’s De-
partment in New South Wales as a
technician-in-training in 1938. After
subsequently qualifying as an Engineer
he was appointed as Group Engineer,
Newecastle, where he was associated
with the restoration of communication
services following the serious Hunter
Valley floods of 1949. In 1953 he was
promoted to the position of Divisional
Engineer, Burnie, Tasmania and in
1965 was promoted to his present
position. Mr. Colquhoun is an Associ-
ate Member of the Institution of En-
gineers, Australia.

*

A. H. OROURKE, co-author of the
article ‘A Coupling Unit for Telephone
Conversation Recorders’, served with
the R.ALAF. as a radar mechanic
between 1942 and 1946 and joined
the Postmaster-General’s Department
in 1949 as an adult technician-in-
training, subsequently qualifying as
a senior technician. Before complet-
ing a diploma course in radio en-
gineering in 1958, he spent a number
of years on technical work with dif-
ferent Commonwealth Departments.
These positions included the produc-
tion of geiger counters and associated
equipment used in the search for ura-
nium at the Bureau of Mineral Re-
sources, and, at the laboratories of
the Australian Atomic Energy Com-
mission, the maintenance and con-
struction of electronic instruments
necessary for nuclear research. Mr.
O’Rourke spent a further period at
the Chemical Physics Laboratories of
C.S.LR.O. before rejoining the Post-
master-General’s Department in 1960
as Engineer Grade 1. He was em-
ployed as a group engineer in the
Metropolitan Service Section, Mel-
bourne, before being appointed in 1965
to his present position as Class 2 En-
gineer in the Research Laboratories.
He is a Graduate Member of the In-
stitution of Engineers, Australia.

4. H. O’ROURKE

H. O’CONNOR, co-author of the
article ‘A Coupling Unit for Telephone
Conversation Recording,” commenced
as a telegraph messenger in the Post-
master-General’s Department at Wan-
garatta, Victoria in 1935. In 1938 he
became a junior mechanic and between
then and 1951 when he qualified as
an engineer at the P.M.G.’s Depart-
ment Open Examination, he served
five years in the Armed Forces and
various periods as a senior technician,
technical instructor and supervising
technician. He gained experience in
the Country Branch as a Class 1 En-
gineer, and experience in the Services
Branch as a Class 2 Engineer in
Materials Testing and Technical
Training Divisions. Mr. O’Connor has
been a Class 3 Engineer at the Postal
Workshops in either a Production or
Design Division since 1957,

*

P. C. C. WAY, co-author of the art-
icle ‘Rapid Testers for Step-by-Step
Exchange Equipment’, is an Engineer,
Class 4, in the Metropolitan Branch
N.S.W., Postmaster-General’s De-
partment. Mr. Way joined the De-
partment as a Junior Mechanic in
1936. After completing a Depart-
mental Cadetship in 1943 was appoint-
ed Engineer External Plant, Metropoli-
tan Area, Sydney. Proceeded as
Group Engineer to Wagga Wagga Div-
ision in April 1947, subsequently being
appointed Divisional Engineer, Wagga
Wagga in 1950. On returning to Syd-
ney in late 1960, acted as Supervising
Engineer, Southern Region (Country)
until 1962. During 1962 joined Metro-
politan Equipment Service as Engin-
eer, Class 3, seeing service in two
Divisions, Newtown and City, until
1964 when appointed as Engineer
Class 4 in charge of Metropolitan
Equipment Service. When the Metro-
politan Branch Regional organisation
was introduced in January 1966, took
up present position as Engineer Class
4, Metropolitan Region (East).

Mr. Way is an Associate Member
of the Institution of Engineers (Aus-
tralia). For the past four years has

H. O°’CONNOR

P. C. C. W4AY

been Secretary of the Telecommuni-
cation Society, N.S.W. Division. Has
also been co-ordinator of N.S.W. mat-
erial for publication in TELEGEN
since its inception. He has been act-
ively engaged in affairs of the Aus-
tralian Postal Institute, being currently
Senior Vice-President, N.S.W. Divi-
sion, Chairman Sports and Social Com-
mittee.
*

G. FLATAU, author of the articles
‘Protection of Telephone Cables from
Attack by Insects’ and ‘Reliable Con-
tacts and Connections in Telecommuni-
cation Plant’, joined the Post-
master-General’s Department as a
physicist in the Research Laborator-
ies in 1951, and became Senior Physi- .
cist in 1960. His work has been con-
cerned with the study of materials
and components used in telecommuni-
cation plant, their behaviour under
environmental stresses and the inves-
tigation of failure phenomena. Mr.
Flatau made overseas study tours in
1957 and 1966. Since 1965 he has
been Principal Officer in charge of the
Physics and Polymer Sub-section in
the Research Laboratories.

G. FLATA



October, 1967

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

257

J}'

E. 4. GEORGE

E. A. GEORGE, co-author of the
article, ‘Standard Buildings for Auto-
matic Exchange Equipment,” is an En-
gineer Class 3 in the Installation and
Service Standards Sub-section of the
Telephone Exchange Equipment Sec-
tion at Headquarters. Prior to joining
the Department in 1950 in Sydney, as
an Engineer Class 1, he served an
apprenticeship in the Signal and Tele-
graph Branch of the New South
Wales Government Railways, and lat-
er as an Assistant Electrical Engineer
on telecommunications equipment
design. He gained his Electrical En-
gineering Diploma in 1949 at the Syd-
ney Technical College. Mr. George
was an Engineer Class 1 on subscrib-
ers’ installation work and later, an
Engineer Class 2 on P.A.B.X. and ex-
change installation activities in Syd-
ney. In 1956 he was transferred to
Metropolitan Internal Plant activities
and was engaged on the development
of network plans and major projects
in the Sydney, Canberra and Wol-
longong networks. During this time,
he was associated with the prepara-
tion of Departmental functional re-
quirements for major building propo-
sals including multi-storey building
designs for Haymarket, Potts Point
and Wollongong exchanges. In 1963
Mr. George was promoted to his pres-
ent position and since then has direc-
ted the activities of a Sub-section

P. H SPAFFORD

engaged on the promulgation of ex-
change installation standards. He has
been a member of a number of Head-
quarters Working Parties, many of
which were of a joint consultative
nature with other departments. He
is an Associate Member of the Insti-
tution of Engineers and a Member
of the Royal Institute of Public Ad-
ministration.

*

P. H. SPAFFORD, co-author of the
article, ‘Standard Buildings for Auto-
matic Exchange Equipment,” is Prin-
cipal Buildings Officer in the Works
Programming and Buildings Sub-sec-
tion of the Services Section at Head-
quarters. Mr. Spafford joined the De-
partment in 1928 as a technician-in-
training. He was later promoted as
Cadet Draftsman in the drawing
office in Adelaide and completed his
course at the South Australian School
of Mines in 1936. Mr. Spafford was
lated promoted to the position of
Draftsman Grade 2 in Melbourne in
1939, and subsequently transferred to
Central Office in 1941 to take up a
position as Sectional Draftsman. Dur-
ing the early days of the formation of
the Buildings Branch Mr. Spafford
was seconded for duty in this Branch
as a Buildings Officer. He rose through
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D. F. BANKS
the various ranks of this Branch to
Principal Buildings Officer, to which
position he was appointed in 1957. In
his position as manager of the Build-
ings Section at Headquarters, Mr.
Spafford has been closely associated
with all the major building proposals
implemented throughout the Common-
wealth over a long period. He has
worked in close association with
executive architects in the Department
of Works both at Headquarters and
the State Branches. He has been a
member of many committees and
working parties both inter-departmen-
tal and intra-departmental on matters
dealing with the Department’s major
building programme. He is an Associ-
ate Member of the Royal Institute of
Public Administration.

*

D. F. BANKS, author of the article,
‘Newspaper Printing by Facsimile’, has
been responsible for the installation
of facsimile systems throughout the
world. He was one of the design team
for the Sydney - Melbourne version
and came to Australia to commission
its installation. On his return he was
promoted to his present position of
Senior Engineer, Data Communications
Systems. He holds the Higher Nation-
al Certificate in Electronics.
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ANSWERS TO EXAMINATION QUESTIONS

Examination Nos. 5631, etc.
I1st July, 1967 and subsequent
dates, to gain part of the qualifica-
tions for promotion or transfer as
Senior Technician (Telecommunica-
tions), Postmaster-General’s Depart-
ment.

TELECOMMUNICATION
PRINCIPLES
QUESTION 1
(a) In the circuit in Fig. 1, the resistor

Rx is adjusted wuntil the current

drawn from the battery is 100 m4d.

Assuming negligible battery resist-

ance, calculate the value of resistance

to which Rx has been adjusted.

RXx
I
50V
600 Q)
(b) Calculate the power being dis-
sipated by the 500 ohm relay coil.

ANSWER 1

(a) The resistors are arranged in two
parallel arms joined in series by
series resistance of 50 ohms. The
total resistance (R) is —

600 Rx 500 % 750
R = 0o+ rx "> 500+ 730
600 Rx
= G0 LRx + 504300
600 Rx
= 500+ Rx +350 .......... (1)
E 50 | 1000
Also R = T m'**T
=500 ohms .......... 2)
Therefore
600 Rx
m-l— 350 = 500
600 Rx
600+Rx L

600 Rx = 150 x 600+ 150 Rx
450 Rx = 150 % 600
150 x 600
Rx="7%
= 200 ohms
(b) The resistance (Rca) to current

flow in the circuit offered by the paral-
lel arm containing the relay coil is—

Rea — 500X 750
500+ 750

~500% 750

1250

= 300 ohms

The voltage drop (Eca) across the
parallel arm containing the relay coil
is—
100
Eca = I.LRca = mx 300
= 30 volts

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

The voltage drop across the parallel
arm containing the relay coil (Eca) is
the same as the voltage drop across
the relay coil (Ec).

Eca = Ec = 30 volts

Power (P) dissipated in the relay coil
(Re) is

_ Ecz  30x30
~ Rc 500
= 1-8 watts

Alternative Method
(a) The voltage drop (E50) across
the 50 ohm resistor is—
100

E50:IR=WX50:5VOHS

—AAN—

7500
.,__“.

500

Fig. 1.

The resistance (Rca) to current flow

in the circuit offered by the parallel

arm containing the relay coil is—
Rea — 500 x 750

500+ 750
= 300 ohms
The voltage drop (Eca) across the
parallel arm containing the relay coil
is—

Eca = [.LRca = %x 3—(1)—0 = 30 volts
Total applied voltage (E) is equal to
the sum of the voltage drops around
the circuit—

E = Erx+E504-Eca
(where Erx is the voltage drop across
the parallel arm containing the un-
known resistance Rx).
E = Erx+5+30
= Erx+35
The applied voltage E =50 volts
Therefore
Erx+35 = 50
and Erx = 15 volts which is also the
voltage drop across both the 600 ohm
resistor and across Rx.
Current flowing in the 600 ohm re-
sistor (1600) iii e
X
1600 = &5 = 500 T~
= 25 milliamps
Current flowing in Rx is
Irx = I—1 600 = 100—25

= 75 milliamps
Therefore
Rx _Erx _ 1;5>< 1000
T Irx - 7571
= 200 ohms

(b) Power (P) dissipated in the
relay coil (Rc)
Ec? _ 30x30

P =R =300

= 1-8 watts
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EXAMINER’S COMMENT:
Candidates who failed to obtain full
marks in this question often did so
through attempting to work out the
problem mentally instead of setting
out each step. This resulted in faulty
reasoning. For example, a number of
candidates made their calculation on
the basis that current splits over two
parallel paths in direct proportion to
the resistance of the path (e.g. I o R)
when in fact it is inverse proportion to
the path resistance (e.g. I « 1/R).

QUESTION 2

(a) It is required to INCREASE the
RELEASE TIME of a relay by ex-
ternal modification of 1is circuit.
State four ways in which this can be
done, maming the additional com-
ponenit(s) and/or contacts and how
they are connected.

(b) Explain with the aid of sketches how
a NORMAL operating relay can be
converted to a SLOW OPERATING-
NORMAL RELEASE relay.

ANSWER 2
(a) Any four of the following —
(i) Parallel capacitor — capacitor
connected in parallel to coil

winding,

(ii) Parallel resistor — resistor
connected in parallel to coil
winding,

(iii) Parallel rectifier — rectifier

connected in parallel to coil
winding so as to provide a
path for the current due to
the induced e.m.f. when the
relay circuit is opened,

(iv) Short circuited winding —
additional  short circuited
winding on relay,

(v) Short circuited winding

through a MAKE contact —
additional coil on relay with
a contact which makes when
the relay is operated and
gives a short circuited wind-
ing when the relay circuit is
opened.

(b) A complete answer to this part of
the question will be found in the
Course of Technical Instruction
Miscellaneous Note MG 101
Relays, Page 5.

EXAMINER’S COMMENT

Part (a) was generally well
answered.

Part (b) was poorly answered by
many candidates and the answers
given often showed that they did not
understand WHY their answers to
Part (a) were correct. Candidates
generally should give more consider-
ation to the ways in which currents
due to induced e.m.f.’s in electro-mag-
netic circuits can be used to advan-
tage.

QUESTION 5

(a) Using the universal time constant chart
and the circuit shown in Fig. 2, find
the value of woltage (er) across the
resistor after the switch has been
closed for 250 uS. (AIl estimations,
readings and calculations must be
stated in your answer.)
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(b) Draw the shape of the pulse produced
in the circuit showing the values of ex.

ANSWER 5

A complete answer to this question
will be found in the Course of Tech-
nical Instruction Course Paper CP 308,
Introduction to Pulse Techniques,
Page 22.

EXAMINER’S COMMENT:

A large number of candidates lost
marks because of their failure to state
all estimations and readings as well
as calculations in their answer as
asked for in the question. Also can-
didates lost marks for incorrect use of
the time scale of the Universal Time
Constant Chart. The time in micro-
seconds for which the circuit was
closed was often used instead of the
number of time constants when read-
ing the chart.

QUESTION 6

(a) Describe briefly what is meant by the
term ‘Relaxation Oscillator’. Name
the three classes of relaxation oscil-
lators and briefly state the character-
istic of each.

(b) In the space below, draw the circuit
of a typical BINARY type of two
stage oscillator which can be used
for the gemeration of square waves
or pulses.

ANSWER 6

(a) An oscillator circuit whose output
wave form is nonsinusoidal is
classified as a relaxation oscil-

lator. The relaxation oscillator
uses resistance-capacitance or
resistance-inductance compon-

ents in the feedback circuit to
provide the switching action.

The three classes and character-
istic of each class of relaxation
oscillator are as follows:—

(i) ASTABLE or “free running”
which produce a continuous
output with or without ex-
ternal synchronising signals.
MONOSTABLE, “one shot”
or ‘start-stop” which stay
in a stable state until an ex-
ternal signal is applied and
which return to the original
state in a fixed time interval
after the signal is removed.
BISTABLE, “flip-flop” or
“binary” which have two dif-
ferent quiescent or stable
states and remain in either
one until changed to the
other state by an external
signal.

(b) A typical circuit of the BINARY
or BISTABLE multivibrator is
given in the Course of Technical
Instruction Miscellaneous Note
MG 211, Transistor Oscillators,
Page 15.

(if)

(iid)

EXAMINER’S COMMENT:

A number of candidates did not at-
tempt this compulsory question. Part
(a) was well answered by most can-
didates who did submit an answer.
Many candidates gave a typical cir-
cuit of an ASTABLE multivibrator in-
stead of the required BINARY type.

QUESTION 9

(a) What is the meaning of the express-
ton dBm? State its relationships to
the expression dB.

(b) Calculate the following:

(i) The power ratio represented by
an amplifier of 15 dB.

(iz) The input power to an ampli-
fier of 15 dB gain if the output
hower is 4 watts,

(1)) Express 8 milliwatts in dBm.
(tv) Express -9 dBm in milliwatts.

ANSWER 9

(a) The dBm expresses the power
level of a steady single frequency
as a number of decibels ABOVE
or BELOW the specified reference
level of 1 milliwatt. The dBm is
independent of both frequency
and circuit impedance.

The dB expresses the ratio of two
powers in a logarithmic manner.
The dB and dBm functions over-
lap when one of the power levels
in the dB ratio is 1 milliwatt,
since the dBm reference is 1 milli-
watt.

(b) (i) NdB == 10 log of power ratio
Therefore, 15 — 10 log of power
ratio I

Log of power ratio — E: 1.5

Power Ratio — Antilog 1.5

= 31.62
(i) In this case,

Output Power

Input Power
because the Output Power
is larger than the Input
Power due to the amplifier in
the circuit.

Therefore,

Power Ratio

3162 — —————
Input Power
4

Input Power — ——

31.62

0.1265 watts

126.5 milliwatts
P1

(ili) NdB = 10 log —
P2

8
= 10 log —

1
= 10 x 0.9031
= 9.031

Therefore 8 milliwatts = 4+9dBm
Pl

(iv) NdB = 10 log —
P2

In this case the -9 dBm sig-
nifies that the level s
BELOW the reference level
of 1 milliwatt.

Therefore,
1
9 =10 log —
P2
1
0.9 = log —
P2
il
— = antilog 0.9
P2
= 7.9343
1
P2 = ——
7.9343
= 0.1256 mW
Answers (i) 31.62

(ii) 126.5 milliwatts
(iii) + 9 dBm
(iv) 0.125 milliwatts
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EXAMINER’S COMMENT:

(a) Many candidates lost marks for
failing to state the relationship be-
tween dB and dBm in their answer as
asked in the question.

(b) The main errors made by can-
didates in answering this part were
reflected in their lack of understand-
ing of the meaning of dBm as being
a power level ABOVE or BELOW the
reference level of 1 milliwatt. These
candidates correctly calculated that 8
milliwatts was equal to 9 dBm but
wrongly assumed that corresponding-
13; -9 dBm was equal to 8 milliwatts
also.

Some candidates did not appear to
understand the meaning of the term
power ratio as applied to this ques-
tion.

QUESTION 10

With reference to the equivalent cir-
cutt of a transmission line showm in
Fig. 3.

(a) Draw the equivalent ‘T’ Section of the
line.

(b) State what length of line the circuit
represents.

(¢) What Secondary Constant of the line
does Zo represent?

(d) Using the formula

Zo = VZoc X Zsc
where Zoc— Open circuit Impedance
Zse = Short circuit Impedance
express Zo in terms of Z1 and Zo.

Zi Zi
T AN ANV
SHORT
ch Z2 CIRCUIT
Fig. 5b.

Impedance for open circuit condition
Zoc =Z1+72

Impedance for short circuit condition

Zsc = Z1+(Z1 in parallel with Z2)

Zo zA/Zocx Zsc

( ZlXZZ)

712X 72 Z1xZ2%
=A/le+——+Zl.Z2+'Zl—+Z—2

Z1+7Z2
. (Zl+22)
=A/Zl +Z1.224+721.72 Zi+2Z2

=A/ZW+221.Z2
(e)
Zo =A/Zlg+2Zl.Z2

(e) Calculate the value of Zo of an attenu- _A/
atér where 21 — 20 O and Zyi==180.0. QU2 RORED
Z 2zt
2 2
AN -
—e20 Z2 Zo
pd 24
2 2
AMAN AL A
Fig. 3.
ANSWER 10 e
(a) See Fig. 4. i/ 400+ 3200
Zi 21 - A/
SYAVAYA VAVAYA 3G
= 60 ohms
Z2 QUESTION 11
(a) Draw the typical vector diagrams of
the circuit in Flig. 6, showing graphic-
Fig. 4 ally the method by which the phase

(b) Any length from a few feet to in-
finity.

(¢) Characteristic Impedance.

(d) Referring to Fig. 4, the circuit con-
ditions for Zoc and Zsc are as
shown in Fig. 5a and 5b.

Z) 4l
NNV — M o]
OPEN
zloc Z2 CIRCUIT
-0
Fig. 5a.

angle can be calculated. (Er > Eo.)

ol ey

C
1 E
oo
Fig. 6.

(b) Show with the aid of vector dia-
grams how the IMPEDANCE DIA-
GRAM can be obtained for the cir-
cuzit.

ANSWER 11

A complete answer to this question
will be found in the Course of Tech-
nical Instruction, Applied Electricity
2, Paper 2, Pages 8 and 9.

EXAMINER’S COMMENT:

Very few candidates gained full
marks for this question due to fun-
damental errors in their answer and
because of failure to give the answer
as asked in the question. Some of
the more common errors found in
answers were due to failure to know
or understand the following prin-
ciples:—

(i) Vector rotation is assumed to
be anticlockwise in direction
and this indicates leading or
lagging phase relationships.

(ii) Ex > Eo means that E. is
greater than Ec.

(ili) Current lags the voltage in in-
ductive circuits.

(iv) Phase Angle is the angle ¢ in

degrees and is not Tan ¢ or
Cos 6.

(v) Voltages in a SERIES circuit
are referred to a common cur-
rent reference vector.

QUESTION 12

A PARALLEIL circuit contains 20
ohms resistance, 10 ohms inductive reac-
tance, and 30 ohms capacitive reac-
tance. An alternating voliage of 6 wvolts
is applied to the circuit.
(a) Draw the circuit diagram.
(b) Calculate:
(i) the impedance;
(ii) the phase angle.
(¢c) Draw a vector diagram to show the
current distribution in the cirouit.

ANSWER 12

The complete answer to this ques-
tion will be found in the Course of
Technical Instruction Book, Applied
Electricity 2, Paper 3, Page 7.

EXAMINER’S COMMENT:

Many candidates attempted to solve
the problem as though it was a
SERIES circuit even though they cor-
rectly drew the diagram as a
PARALLEL connection of compon-
ents. It is strongly recommended to
candidates when answering questions
of this type to always draw the vec-
tor diagram first keeping in mind the
following principles:—

(i) In SERIES circuits the current
vector is the common reference
vector.

(i) In PARALLEL circuits the volt-
age vector is the common refer-
ence vector.

If this is done, formulae do not re-

quire to be remembered as they can

easily be derived from the vector
diagram.
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GENERAL DATA:—

Relay RAF is characterized by great reliability, long life and high
efficiency. The relay can be supplied with a large number of alterna-
tive types of coil and with many different contact functions for
adaptation to different operating requirements. From the design
aspect the RAF relay is characterized by the 1:1 lever ratio of the
armature. The relay is therefore quick to operate and release even
with heavy spring sets.

Each spring set constitutes a unit which is attached to the yoke by a
screw. The springs of a spring set are supported by a supporting card
and are actuated by the armature via a lifting card. The springs have
twin contacts of alloyed silver. If special contact requirements neces-
sitate another material, such relays can be provided on request.

All relays are supplied and tested, ready for use, with the exception
of skeleton relays which are supplied without spring sets.

T O ST SE TR 11

‘AF’O A/PPROVED RELAY TYPE RAF

A A AR TS

TECHNICAL DATA:—

H Contact equipment. The relay can be equipped with up to three
spring sets of 2-8 springs each, and a wide selection of contact
combinations. B Goil. Normally designed for 6, 12, 36, 48 or 60V D.C.
and-with one, two or three windings. Coils for special requirements
will be offered on request. | Mechanical life. Under normal operating
conditions, a mechanical life of 200 million operations without adjust-
ment can be expected. M Test voltage. 500V r.m.s. 50 ¢/s. W Insula-
tion resistance. 50,000-300,000 Megohms. mW Temperature range.
—25° to +-60°C. W Power rating. 4 Watts continuously — with relay

covered.

The RAF type relay is just one of our comprehensive range of relays available.

L M ERICSSON PTY. LTD.

* 1257 SYDNEY ROAD, .FAWKNER, VICTORIA, 359 3544

"134 BARCOM AVE., RUSHCUTTERS BAY, N.S.W. 310941

LM ERICSSON. A WORLOD-WIDE ORGANISATION, DPERATES (N MORE THAN 80 COUNTRIES THROUGH
ASSOCIATED COMPANIES OR AGENTS, WORLO HEADGUARTERS IN STOCKHOLM, SWEDEN.
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You can pick out

the new Deltaphone
with your eyes

closed

ITT

the body—is
weight of an ordinary handset.

Even in the dark, you can tell the
new Deltaphone is revolutionary.

Try picking it up with one hand. Easy.
The compact body is only slightly
wider than the dial—4-3 inches (109
mm.). And it's as lightweight as it is
compact. At 4 ounces (120 gms.), the
handset—which rests neatly along
tess than half the

Listen when the phones start ringing.

The Deltaphone doesn’t. It warbles
discreetly. At any volume level you
choose.

And, when it’s silent, the Deltaphone
still attracts attention. By its looks.
Its functional elegance has earned an

award from the Council of Industrial
Design.

Once you've studied its high tech-
nical specifications, seen the res-
trained colours in which it comes,
and noted such features as optional
dial illumination, you'll have your own
awards to make.

Sufficient to say now that the Delta-

- phone is ideal for reception areas,

modern offices—wherever prestige
is essential.

Standard Telephones and Cables
Limited, Telephone Switching Group,
Oakieigh Road, New Southgate,
London, N.11. Telephone: ENTer-
prise 1234. Telex: 21612.

world-wide telecommunications and electronics

PTLTY
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Low-cost metal glaze resistor with per-

formance charactistics superior

to Mil-R-22684

* Long-term stability

* Thick-film reliability

* (Generous power safety
factor

* Fully insulated
moulded body

IRC, the developer of Metal Glaze, now
offers a new, low-cost, moulded Metal
Glaze resistor, value engineered for opti-
mum precision and reliability.

The thick-film Metal Glaze resistance
element, 100 times thicker than con-
ventional films, defies catastrophic
failure, withstands high temperatures
and high overloads, and is impervious to

Diamond spiralied metal
glaze element

Ceramic substrate environmental extremes. its fully insulated

moulded body resists solvents, corrosion
and mechanical stresses and has a dielectric
strength of 500 VRMS.
Load life stability is excellent. Resistance change
is typically less than .56% after 1000 hours, 3 watt
at70° C.—four times better than Mil-R-22684 speci-
fication allowance.

Plated-on copper
end cap

High temperature
soldered
termination

For operation at lower ambients, take advantage with
confidence of this mighty midget’'s inherent stability

characteristics. For instance, at 40° C. you can give it a full
+ watt.

CAPSULE SPECIFICATIONS
IRC Type RGQ
Commercial rating: ¥+ W @ 40°C.
Resistance: 6.2 to 150K
Tolerances: Std. = 5%

Moulded o . Special + 2%

: : emp. Coefficient: = S P
Manufactured in Australia by (MiBean ol Vo]tapge: 353(\)? rr)n%T,/ C. ma

International Resistance Co. (A’'sia) Pty. Ltd.
The Crescent, Kingsgrove, N.S.W. 2208. Phone 50-0111
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THE NEW WANDEL uU. GOLTERMANN MODEL wm50

OFFERS FILTER MANUFACTURERS AND DESIGNERS
A UNIQUE INSTUMENT FOR LABORATORY AND
PRODUCTION APPLICATIONS

—150db
Sensitivity
Sweep dystem
10 KHz - 36 MHz

PROVIDES:

® 100 db FULL SCREEN DYNAMIC RANGE (LOGARITHMIC) 0 db reference can be set from +20 to —30 db. Linear
presentation also selectable from the front panel.

® 0.02 db RESOLUTION through built-in times 10 scale expansion with zero suppression — one db full screen.
Expanded scale meter accessory is also available.

SYNTHESIZER TYPE FREQUENCY CONTROL for setting centre frequency to =10 Hz accuracy.

+17.5 Hz TO +17.5 MHz SWEEP RANGE in nineteen adjustable ranges, with sweep rates adjustable down to
essentially zero.

® ELECTRONIC CURSOR line can be switched in to measure level at any point on the display with meter accuracy
(markers can also be displayed to measure frequency).

PRICE: On application

W.u.G. also manufacture a complete line of transmission measuring equipment including frequency selective voltmeters, level
‘generators, delay distortion measuring systems, attenuators and noise loading systems.

Sole Australian Representatives:— N | My,

JACOBY, MITCHELL & Co. Pty. Ltd.

469-475 KENT STREET, SYDNEY (26-2651)

EQUIPMENT FOR
INDUSTAY AND
RESEANC:

MELBOURNE ADELAIDE BRISBANE Perth Agents: Tasmania Agents:
15 ABBOTSFORD ST., 652 SOUTH ROAD 56-74 EDWARD ST, C. F. LIDDELOW & €CO. K. W, McCULLOCH P./L.
Nth. MELBOURNE GLANDORE (20-555) 252 WILLIAM STREET P.O. BOX 606G

(30-2491-2) (53-6117) PERTH (28-1102} LAUNCESTON (2-5322)
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G.E.C. of England
brings the world within your reach

Think of a number. Dial it. And reflect for a moment on the way in which the latest techniques
of telecommunications somehow seem to come naturally to G.E.C. (Telecommunications) Ltd.

Take exchanges, for example. The first fully-operational electronic telephone exchange in the
United Kingdom was supplied to the British Post Office by G.E.C. During its first two years
of public service, nearly two million successful calls were made without a single major fault.

Take nationwide microwave radio communication networks, another field in which G.E.C. has
had a particularly outstanding record of success. Recent contracts include microwave systems
for Australia, Canada, Chile, Costa Rica, El Salvador, Greece, Hong Kong, Libya, Nigeria,
Norway and Zambia. G.E.C. has also supplied the British Post Office with the bulk of the
nationwide network of modern broadband radio links.

Take Hong Kong’'s Wong Tai Sin exchange —with a capacity of 100,000 lines.

Advances like these typify the spirit with which G.E.C. sets the pace in telecommunications.

Takes telecommunications
into tomorrow

G.E.C. (Telecommunications) Ltd.
Telephone Works, Coventry, England.
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NOW MADE IN AUSTRALIA
THE WIDELY AGGEPTED RACAL
UNIVERSAL COUNTER TIMER

AS USED BY
AUSTRALIAN MILITARY FORCES.

CATALOGUE NUMBER 6625-66-021-8360

THE RACAL 1.2 MC/S UNIVERSAL COUNTER TIMER
OFFERS ALL THE FACILITIES YOU NEED...

B {lluminated 6-digit display time, period and frequency measurement B 100 mV
sensitivity M Printout facilities B Crystal oscillator accuracy = 1 part in 10° B
Operating temperature 0.45° C.

$630 PACKED & DELIVERED IN AUSTRALIA

For full information write today for Leaflet 231D1

RIA|C/AL e
INSTRUMENTATION

RACAL ELECTRONICS PTY. LTD. 7577 CHANDOS STREET, CROWS NEST, N.S.W. TELEPHONE: 430664
CABLES: RACALAUST SYDNEY N.S.W. SUITE 22, 553 ST. KILDA ROAD, MELBOURNE. TELEPHONE: 515726
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PLESSEY

llluminated Push-Button Switches

5%

S8vL-10

o
&

PLESSEY-LICON 01-700 Series PLESSEY-LICON 01-800 Series

Low cost momentary one-light switch with SPDT Provides the ultimate in function and appearance.

contacts rated at 10 amps. g ’ . s
Time saving snap-in from front of panel mounting

Available with choice of cylindrical translucent lens replacement.

cap or square or round caps as illustrated. : - ) ) .
prEredt : P Choice of five screen colours with solid or projected

Front-of-panel bulb replacement. colour illumination.
High quality light diffusion. Each switch has SPDT contacts rated at 10 amps.
Space-saving construction, attractive appearance. One or two pole, momentary or maintained switch

configurations plus compatible indicator — which
provide a wide range of control paossibilities.

Plessey-Licon precision snap-action switches are designed and built to meet or exceed military and industrial
standards for reliability, electrical capacity and life characteristics.

Plessey Components Group

Ducon Division Box 2 PO Villawood NSW
2163 Telephone 72 0133

Golden
Jubilee
1917-1967
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Calling
Carnarvon

“Is that you, Sis?
Wonderful news!
Betty's just had a son.”

Even in remote Carnarvon — 600 lonely miles north of Perth —
a technological world of space tracking, of communications
with the Pentagon, defence stations and warships,

it's still a world of people. People who need people.

The voice of a friend from across a continent can ease the isolation.

Telephone cables made by A.S.C. (Austral Standard Cables)

help bridge the distance, keep the Carnarvon people

in touch with relations and friends. All over Australia A.S.C. cables
play an important part in telecommunications.

A.S.C. cables are used in weather control systems, hospital emergency
systems and water control in the Snowy Mountains, and

millions of miles of A.S.C. cables have been supplied to

the Australian Post Office for the telephone that sits on your desk.

Austral Standard Cables for safe, sure communication.
Austral Standard Cables Pty. Limited. Head Office, 325 Collins St., Melbourne, C.1.

Works at Maidstone and Clayton, Victoria, Liverpool, N.S.W. and Hornby, Christchurch, N.Z
Laboratories at Maidstone.
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SRFENENE NEW
VERSATILITY

sfisssell VARIPAK II

PRINTED CIRCUIT

CARD ENCLOSURE

3. Card Guides have

VARIPAK 1l is our improved printed circuit or matrix board
card enclosure designed to provide maximum density

coupled with complete flexibility. It has, in addition, the following features:

1. Simplicity of Card Guide design offers greater

strength.

2. Guides can be easily inserted into Guide Plate
and also quickly removed from any position
without damage to either the Guide or the
Guide Plate.

float to allow for
between the Card

sufficient
any tolerance accumulation
Guide and connectors.

7. Special sizes can be provided with

4. Guide Plate fabrication from extruded aluminium
provides a much stronger unit.

Panel is assembled with wmachine

rather than self-tapping shees

5. Connector
screws and nuts
metal screws.

6. Sixteen standard sizes covering a wide range of

printed circuit card sizes are available.

tooling charges.

little or no

DUAL PURPOSE MODULE ENCLOSURE

PRINTED CIRCUIT QR MATRIX CARD

The Elco 5002/4 Series Printed
Circuit Connectors shown with a
prm'ed circuit board is unique
in its design and ﬂexnbllny The
actual connection is made by
a male contact attached to the
P.C. board by a simple staking
operation. This ensures a de-
gree of reliability which cannot
be obtained by the old method
of connection. This method
relied on the foil of the P.C.
board for the actual male con-

tact and unlike the ELCO
contact, did not provide the
gold surface now considered

almost essential by experienced
circuit engineers.

The connector itself is made
from individual modules and can
be readily altered if this be-
comes necessary at some later
date.

An ELCO 5023 Series Printed
Circuit Connector with a Vector-
Board Type 837BWE epoxy
glass matrix board is an ideal
combination for prototypes. The
strong board will withstand
even the most rugged handling
and can be drilled or punched
for mounting components with
no danger of cracking or
breaking.

Elco contacts may be quickly
staked to the board, if required
and by using the special MINI-
KLIP terminals for component
mounting, the hoard may be
wired in the same actual layout
which will be used when a
printed or etched circuit module
is made. This means that even
in the very early protolype
stage the circuit can have all
the advantages of plug-in
facilities.

Technical Data Bulletins 00-5002, 00-5023 and the Vector leaflets may be obtained from any ELCO Distributor
ELCO (AUSTRALASIA) PTY. LIMITED. A subsidiary of International Resistance Holdings Limited
The Crescent, Kingsgrove, N.S.\W. Phone: 50 0111 (20 lines)
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'KEY-SWITCH
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Fifty years of specialist experience is the . Actual size of a
reason why switches designed and manufac- TIRER TMC _liluminated
tured by TMC Australia are specified by lead- Push-Button 0 Kbely-
ing electrical and electronics manufacturers. S =) ?v‘%lhtcr?légﬁe\:/t?é Hold
Other manufactures of TMC Australia are: I |2 114 il Or standard.
24-channel High-speed FM-VF Telegraph

Equipment, Open-wire Telephone Carrier
Systems, Transistorized Test Instruments.

TMC Australia specialises in the design and .
manufacture of Filters used with Long Line TMC Key Switches by the Key Switch Specialists

Telecommunications. RS e i

TELEPHONE MANUFACTURING CO. [A’ASIA] PTY. LTD.

o
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‘'wo new AE| factories at Kirkcaldy and Glenrothes in Scotland—
inother in Lower Sydenham and expansion at Hartlepool. One million
s,quare feet of new factory space added in just 12 months—a signi-
icant increase in productive capacity which is already playing a major
»art in stepping-up the output of AEl's Telecommunications Group to
neet the huge demand from the British Post Office.

Viore space means more staff and AE! has already trained over two
housand people in the varied and intricate skills required for making
elephone switching equipment and instruments. Within ten months
»f building starting, the Kirkcaldy factory was actually producing
somplete telephone switching racks. Within nine months in the
Slenrothes factory, telephones and other ancillary telephone appar-
itus were being produced in substantial quantities.

These are the steps which AEI is taking to meet home and overseas
Jemands for telecommunications equipment.

The new 258,000 sq. ft. AEl telephone exchange equipment
factory at Kirkcaldy, in Fife.

A view of the vast rack wiring sections in the new factory
at Kirkcaldy.

THLECOMMUNIGATIONS

ASSOCIATED ELECTRICAL INDUSTRIES LTD.
TELECOMMUNICATIONS GROUP

Woolwich, London SE18. Woolwich 2020

xil
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Ei’ficiency begins with a system

Instant contact with every member of your organi-
sation makes for an efficient, smooth-running
business.

Plessey PAX systems, designed and manufactured
in Australia, offer you many time-saving facilities
such as code calling, dictation service, public
announcements, push-button dialling, loud-speak-
ing telephones and complete security for all
confidentia’ conversations.

Plessey PAX systems are never cluttered with
outside calls and you will be surprised how little
they cost to run.

o

Plessey P)( private automatic telephone
and communications systems

Plessey PAX systems are marketed throughout
Australia by Communication Systems of Australia
Pty. Limited.

Ring your nearest CSA Office now for a demon-
stration.

Sydney 642 0311
Melbourne 329 6333
Adelaide 51 4755
Canberra 9 1956
Newcastle 61 1092

Perth 3 1587
Brisbane 2 3287
Hobart 34 2828
Townsville 6232
Launceston 2 2828

Plessey Telecommunications

Communication Systems of Australia Pty. Limited
87-105 Racecourse Road, North Melbourne, N.1, Victoria
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- with full
dialling facilities

Provides normal telephone service
Fully transistorised

Use with automatic or manualexchanges
where land lines are impracticable or 1 e y Designed for unattended operation

too costly. With the exception of very Ioneer over long periods

short distances, it is cheaper to specify O Facility for fitting privacy equipment
the Pioneer than a conventional cable . Weatherproof cabinet

link which has copper conductors. Radlote|eph0ne Optional single antenna operation

The Pye Pioneer provides a two-way /////////%’/////// y W
radiotelephone link to the nearest %/ 3 / %//////f}%

telephone exchange in remote areas

0 0Og

oo

PYE PTY. LTD., P.O. BOX 105 CLAYTON, VICTORIA, 3168. TEL..: 544 0361
Also at Adelaide, Brisbane, Canberra, Hobart, Melbourne, Perth and Sydney.

1570
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For further information contact
Siemens Industries Limited

544 Church Street, Richmond, Victoria 42 2371
Branches at Sydney, Brisbane, Newcastle

3

SIEMENS

Vertical High Density Equipment
for Carrier Telephone Systems
Siemens vertical high density packs with various plug-in

sub-units can be connected directly to the station cabling via
plug-in connectors. Rack wiring is eliminated.

Versatile racks can be equipped with several different types of
vertical packs. Terminal panels are included in the vertical packs.

Siemens rack equipment gives considerable space savings :
channel modem and group modem racks have 2% times the
channel capacity of the equipment previously used.

Planar Station Cable Shelf

The high packing density of Siemens vertical equipment racks
permits the additional requirements of station cabling per unit area
to be easily accommodated on top of the planar cable shelf.

241-202-4
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3

SIEMENS

Underground Repeater Stations
for Coaxial Cables

facilitate planning and simplify operations

Telecommunications Cables
with coaxial tubes 1.2/4.4 and 2.6/9.5 mm — coaxial tubes and cable -
make-up to suit any application.

Improved reliability of the cable systems by monitoring with the Siemens
gas pressure alarm system.

Underground Containers for these Cables

for direct underground installation — no buildings needed.

Easy installation. High immunity to damage.

Two types: for a maximum of three and a maximum of six repeater insets.

Repeater Insets

Standard design for carrier systems V300, V360 and V2700 — easy to
exchange.

Power-feeding over the cable, and remote supervision.

Level regulation by simple temperature control.

Tripling of the channel capacity with each halving of the repeater
section lengths.

Applications in Australia

Siemens universal repeater insets not only fit into the Siemens containers

illustrated, but also into the smaller containers designed by the APO

for applications in Australia with locally made coaxial cable. Siemens

coaxial transmission equipment is on order for a number of routes in

ﬁustra;ia, amongst them the 600-mile Perth/Carnarvon link in Western
ustralia.

For additional information contact

Siemens Industries Limited

544 Church Street, Richmond, Victoria. 42 2371
Branches at Sydney, Brisbane, Newcastle 241-203-401
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Revolut

telec
increases

carrier

“"RECTIPLEX’’ from FUJITSU \

Where transmission costs are high or
frequency band width limited, the de-
mand for more communications chan-
nels becomes pressing.

FUJITSU's epoch-making RECTI-
PLEX multi-channel telegraphsystem,
developed with the cooperation of
KDD, Japan’s overseas radio and cable
system, was designed to meet this
need. Transmission speed is 5,400
bits/sec on a single voice channel with
nearly an ideal error rate. Capacity is
108 telegraph channels per voice chan-
nel. America’'s RCAC and ITT World
Communications Inc. have already
contracted to install FUJITSU RECTI-
PLEX systems in 1968 between
Japan and the U.S.

To modulate three binary channels
onto one carrier, the RECTIPLEX sys-
tem shifts the phase of the carrier by

~some multiple of 45° depending on
the state of the binary inputs. These
binary inputs may have any one of
eight possible combinations, corres-
ponding to the eight possible 45°

shifts. The phase for a particular
signal combination is established rela-
tive to the phase of the preceding
signal. The system therefore employs
differential phase modulation which
provides excellent performance with
respect to noise and line interruption.
The RECTIPLEX system uses no band-
pass filter. The filtering function is
performed by an integrator with a
reset function, enabling efficient de-
modulation and utilizing the active
channel bandwidth.

This system has transmission ca-
pacity five times that of conventional
systems. It can transmit not only a
50-baud signal but also 75-baud and
1200-baud signals. Employment of dif-
ferential phase modulation provides
excellent performance with respect to
noise and line interruption.

This is just one recent example of
the many contributions FUJITSU has
made to the field of modern commu-
nications.

FUJITSU LIMITED

Communications and Electronics

Marunouchi, Tokyo

MAIN PRODUCTS: [JTelephone Exchange Equipment []Telephone Sets [] Carrier Transmission & Radio Communication Equipment
0 Rgmote Control & Telemetering Equipment []Telegraph & Data Communication Equipment [ Electronic Computers & Peripheral
Equipment (FACOM) [JAutomatic Control Equipment (FANUC) []Electric Indicators []Electronic Components & Semiconductor Devices
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PLESSEY

A fully comprehensive range of broadcast and customers — the Broadcasting and TV industry,
telecommunication equipment is available for the Australian Post Office and the Services.
professional and industrial applications. The latest advances in transistorisation and modular
Many of the units described below have been construction are utilised, and continuous

developed as a result of the close collaboration development ensures the addition to the Rola range

established by Rola engineers with their major of the newest and most up-to-date equipments

The desk-mounted Record/Replay The Model 707 Solid State Studio The rack-mounted, Record/Replay The Automatic Verbal Telephone

CT80 Cartridge Recorder — for Console — superlative facilities CT80 Cartridge Recorder. The Announcing Equipment — a drum
broadcast applications. The Auto include high fidelity sound Variable Message Repeater — a announcing unit with up to 24 track
Station — provides low-cost, reproduction. The Model 66 Mk.l| heavy-duty drum announcement unit capacity for 15 second messages.
automatic programming using Portable Tape Recorder — for for telephone information services. The Auto Announcer Mk.il Play and
muitiple pre-recorded programme general purpose, high quality The Rola Auto-Q — for low cost Record Units — suitable for short
sources. The Remote Control Pane!l recording. The transportable automatic tape cueing facilities. The duration messages over a telephone
— for Auto Station operation. Model 77 Mk.1ll Professional Studio professional, heavy-duty 4 speed system. Extremely economicatl
Tape Recorder — a high grade unit Studio Turntable. and flexible.

with every facility.
Complete details of units currently available as well as advance information concerning new products may be obtained from:

Plessey Components Group

Rola Division The Boulevard
Richmond Victoria Telephone 42 3921

NSW Plessey Components Group Rola Division Box 2 PO Villawood Telephone 72 0133
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'GROWING

CABLES

Olymypic caliles help you live hetterelectrically
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“menagerie
3 On”

The author of that hoary schoolboy

howler (about the equator) was

thinking of only one . . . he could not

have known that today’s highly articulate
world would be encircled by thousands of

his “menagerie lions"—the lines

of communication that have turned map-points
into people and people into markets ...
markets for news, for services,

for education and for commodities.

We're in the thick of this communication
business at TCA; “menagerie lions' are our
metier . . . you might say we put them through
their spaces, making a lion-sized
contribution to the strength and influence

of the world's largest island

continent—and to the world at farge.

And there's nothing menagerie about that!

Telecommunication Company of Australia Pty. Ltd.
Hendon, Sth. Australia . .. and all Statcs.

P

A Philips Company




XXi

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

Complete
Earth-station
by Collins

The Overseas Telecommunications Commission (Aus-
tralia) selected Colling to provide a satellite com-
munications ground station at Moree.

Collins’ total systems approach, including specially
designed modular building construction, offers the
most efficient solution available for earth siation
needs — whether the station requires limited move-
ment antennas for use with synchronous satellites, or
a horizon-to-horizon capability for tracking medium
altitude satellites.

In microwave — the basic mode for satellite com-
munications — Collins offers superior capability
based on long experience as the largest independent
microwave manufacturer in the United States.
Collins’ approach to earth station design includes
implementation of advanced communication/com-
putation techniques that provide automatic control of
a station’s entire system.

Collins’ unique world-wide organization offers com-
plete in-house direction and control of all aspects of
providing an earth station — from design and manu-
facture of computer-controlled communication sys-
tems, to architectural engineering, site preparation,
and facility construction.

More than half of the world’s 85-foot-diameter
antenna ground stations have been installed by
Collins. The Company is currently providing the
world-wide Unified S-Band tracking and communica-
tion network for the United States Apollo moon
missions.

As a major producer of telecommunication systems
in all environments, Collins has a proven record of
providing turnkey installations — on time and to
specification.

COLLINS RADIO CO. (A/Asia) PTY. LTD.
327 Collins Street, Melbourne—Tel.: 61.2626.

COMMUNICATION/COMPUTATION/CONTROL

COLLINS RADIO COMPANY/DALLAS, TEXAS + CEDAR RAPIDS, IOWA « NEWPORT BEACH, CALIFORNIA « TORONTO, ONTARIO

Bangkok « Beirut » Frankfurt « Hong Kong « Kuala Lumpur « Los Angeles + London + Melbourne + Mexico City + New York - Paris « Rome » Washington + Wellington
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Mullard

SILICON
SEMICONDUCTORS

USED THROUGHOUT THE WORLD

SILICON ZENER DIODES BRIDGE-CONNECTED RECTIFIER DIODE STACKS
400mW to 75W dissipation 63V to 935V maximum DC output voltage

3.3V to 75V nominal zener voltage 1A to 400A maximum mean output current
SILICON TRANSISTORS BRIDGE-CONNECTED THYRISTOR STACKS

100mW to 130W dissipation
0.25MHKz to 1500MHz frequency

SILICON RECTIFIER DIODES

(including Avalanche types)
85V to 1200V maximum crest working reverse voltage

10A to 120A maximum mean output current
250V to 1050V maximum DC output voltage

HIGH VOLTAGE MODULES

3KV to 150kV maximum crest working reverse voltage

0.2A to 250A maximum mean forward current 50mA to 10A maximum mean output current
THYRISTORS SILICON SWITCHING & G.P. DIODES
100V to 1000V max. crest working reverse voltage 6V to 400V maximum peak inverse voltage
2A to 70A maximum mean forward current Up to 400GHz cut-off frequency

' ()
m MULLARD-AUSTRALIA PTY. LTD, Eg/m

Associated with
35-43 CLARENCE STREET, SYDNEY, N.S.W. 2000. 29 2006. 123 VICTORIA PARADE, COLLINGWOOD, YIC. 3066. 416644. MULLARD LIMITED, LONDON

M208




xxiii _ THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1967

PUBLICATIONS OF THE TELECOMMUNICATION
SOCIETY OF AUSTRALIA

AUSTRALIAN TELECOMMUNICATION RESEARCH .. $1.00 per issue
THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 40c per issue
MONOGRAPH No. 1. Calculation of Overflow Traffic from

Crossbar Selectors .. .. ... .. 8100
MONOGRAPH No. 2. Symposium on the Preservatlve Treat-

ment of Wooden Poles .. .. .. .. %100
MONOGRAPH No. 3. Symposium on Power Co Ordmatlon and

Lightning Protection .. . S 81,00

Enquiries to State Secretary, General Secretary or European Agent at following addresses:—
The State Secretary, Telecommunication Society of Australia,

Box 6026, G.P.0O., Sydney, N.S.W., 2001. Box 1802Q, G.P.O., Melbourne, Vic., 3001. Box 1489V, G.P.O.,
Brisbane, Qld., 4001. Box 1069J, G.P.O., Adelaide, S.A., 5001. Box T1804, G.P.O., Perth, W.A., 6001. Box
1522, G.P.O., Hobart, Tas., 7001.

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

Agent for Europe, R. C. M. Melgaard, Canberra House, 10-16 Maltravers St., Strand, London,
W.C.2., England.

NUN DESTRUBTIVE INSULATION TESTING

WITH THE
TRIMAX
IONISATION TESTER

The TRIMA X lonisation Tester was
developed as a means of testing insulation
resistance and the onset of lonisation at
any voltage from 50-10,000 V.D.C. The
testing is non-destructive and the instru-
ment itself is completely safe to the
operator. Call our Sales Department for
details on the TRIMAX lonisation Tester.

METER RANGES

0-1000/10000 Voits
0-2/20/200Microamps

LIVI ERICSSON 735G

"TRIMAX"” DIVISION

FAETU RY CNR. WILLIAMS RD, & CHARLES ST, NORTH COBURG, VICTORIA. ‘PHONE: 35-1203 ...




NEC "nd Over-the-Horizon Miowave ommunication

&

NEC’s unique Over-the-Horizon (OH) Microwave
system has ushered in a new era in the field of
radio communication. The OH-2000 system affords
a reliable non-optical radio link (capacity up to
120 ch.) in the 2000 MHz band over extremely
long-hop distances where large propagation losses
are involved. Transmitter output is reduced to less
than one tenth of the conventional systems through
NEC’s development of a high sensitivity receiving
system, a negative feedback, phase detection demod-
ulator, a baseband ratio square combiner and a low
noise parametric amplifier. Already, 382,869 channel-
miles are in operation.

NEC’s OH technology has further proved its value
in the satellite communications field. NEC has

P.0.Box1,Takanawa,Tokyo,Japan MppO” E[ectlic Compdll}{lilllifed

2nd Floor, A.C.1. House 550 Bourke Street, Melbourne C.1, Victoria

designed and built complete earth stations in India
and Japan and supplied satellite communications
equipment to Australia and the U.S.

The never ending research and development work
carried out by NEC has already born fruit in other
fields of telecommunications and electronics as
evidenced by the company’s successes with: elec-
tronic switching equipment, 24-channel PCM carrier
system, 2700-channel coaxial cable carrier system,
automated TV studio equipment and electronic
data processing and communication systems.

With many breakthroughs behind them NEC will
continue to serve mankind with innovating tech-
nology and newer, advanced products.

Products for today —
Innovations for tomorrow

Tel.: 67-5321, 5322

Melbourne Representative




Makes “top hat” diodes “old hat”. ..
the STC EM404 Silicon Power Rectifier

You save space — and you save
money — when you install
EM400’s in new equipments.
EM400 series are epoxy-cased
miniature rectifiers that pack a
real punch, with up to 1000 PV
if required.

The STC EM404 goes up to
800mA, butthe price goes down
to 35 cents each in 1000 lots
(quantity discounts on applica-
tion).

Runs cool and keeps going. Do
away with those old obsolete
shapes and fit the new EM404
by STC. Made in Australia . ..
ex stock delivery.

b ITT
worldwide telecommunications and electronics

ASSOCIATE

For details, contact Standard
Telephones and Cables Pty.
Limited, Moorebank Avenue,
Liverpool, N.S.W. 2170. Phone
Sydney 602.0333. Melbourne
480.1255. Canberra 49.8667. Bris-
bane 47.4311. Adelaide 51.3731.
Perth 21.6461.
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