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Maintenance Conferences 
at LM Ericsson, Stockholm 
K. G. Hansson 

Since 1956 fourteen maintenance conferences have been held at LM Ericsson 
in Stockholm. The aim of the conferences has been to contribute to a reduction 
of the operational costs and to give the manufacturer a basis for further 
rationalization and product improvements through an exchange of experience 
between customer and supplier. 
Various maintenance methods and aids have been developed over the years. 
This is made clear if a comparison is made of the selection of subjects and 
headlines for the very great number of addresses that have been presented 
at the conferences. 
What was the reason for initiating these maintenance conferences and what 
has been the result? The author attempts to answer these questions and also 
to summarize the impressions and experience of the customers and 
LM Ericsson. He concludes by mentioning something about the practical details 
in connection with the conferences. 
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Background to 
the conferences 
Telephone operating companies have 
for many years attempted to give their 
customers good service at the lowest 
possible operating costs. In this re
spect maintenance costs, which among 
other things are dependent on labour 
costs, have come to play an increasing
ly important role. 

During the manual epoch the wages of 
the telephone operators was the major 
expense item, and it is thus quite nat

ural that the development was aimed 
at cutting down the number of opera
tors. This was done, for example, by 
making the switchboard multiples larg
er and larger and by attempting to 
simplify the work of the operators in 
every possible way. The operators 
carried out their relatively simple 
operations with great skill but is was of 
course impossible to avoid connecting 
wrong numbers occasionally, especial
ly as the multiples became increasingly 
difficult to master. Failures were also 
very often caused by mechanical wear 
in plugs and jacks. For this reason the 
demand for a relatively comprehensive 
routine maintenance could not be neg
lected, fig. 1. 

The transition to automatic techniques 
changed the picture completely, the 
subscriber then having to dial the cor
rect number and the automatic equip
ment to carry out the logic operations 
in order to set up a call successfully. 
The current circuits and components 
of that time very often had less stable 
characteristics than those of today and 
the failure rate was relatively high. The 
automatic exchanges were usually 
manned and equipped with alarms and 
supervisory devices so that the ex
change staff could help the subscribers 
both with the faults that the sub
scribers caused themselves and those 

Fig. 1 
A drawing from 1897 of a manual switch room 
built in 1886 by Stockholms Allmanna 
Telefonaktiebolag. 
The mechanical wear on jacks and plugs was 
considerable. Hence maintenance work was 
fairly extensive 
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occurring in the exchange equipment. 
Preventive maintenance was consider
ed to be an obvious necessity. LM Erics
son's first 500-line selector exchanges 
were no exception in this respect. 
Administrations attempted to find the 
cheapest possible maintenance rou
tines through a statistical follow-up of 
the operational results. LM Ericsson 
were given the opportunity of studying 
these results and in this way obtained 
extremely useful information, which it 
was possible to use as a basis for im
proving the characteristics of the 500-
line selector system as regards main
tenance routines. Categories of faults 
could successively be eliminated in 
this way and others, which had hardly 
been noticeable earlier, then came to 
light and could be dealt with. 

The lessons learnt have since been ex
ploited when developing components 
and automatic systems, and have re
sulted in a considerable increase in 
reliability. To a great extent it has been 
possible to gradually replace preven
tive routine maintenance by corrective 
maintenance when required. In con
nection with this the problem has aris
en of organizing and controlling the 
maintenance methods so that the de
sired reliability could be guaranteed at 
the lowest possible cost. 

At the beginning of the 1950's LM 
Ericsson started sending out service 
inspectors in order to establish better 
contact with the various administra
tions in maintenance matters. These 
visits were greatly appreciated by the 
administrations and it soon became 
apparent that there were so many dif
ferent variations in maintenance rou
tines and operational results that 
something ought to be done to estab
lish standards and methods for a ra
tional maintenance. 

The administrations often had experi
ence that was of great value when it 
became a question of attempting to 
formulate a maintenance policy. Thus 
in connection with the installation and 
putting into service of a number of 
large crossbar-switch exchanges for 
the Danish telephone company JTAS, 
it was found that after the centres had 
been run in for a number of years the 
failure rate was so low that it was soon 

possible to leave the exchanges un
attended outside the normal working 
hours, and that it was only necessary 
to visit the small exchanges at regular 
intervals. An interesting observation in 
connecting with this was that the fail
ure rate at an exchange was in direct 
proportion to the visit rate. 

As a result of these observations LM 
Ericsson began to speculate about a 
completely new maintenance method
ology, which was designated control
led corrective maintenance. Naturally 
the ideas had to be discussed with the 
administrations, because to a great ex
tent it concerned their activities. LM 
Ericsson therefore took steps to ar
range a maintenance conference in 
Stockholm during the early summer of 
1956, to which delegates from the 
Scandinavian telephone administra
tions were invited. 

The first conference 
A total of 29 delegates from 13 Scandi
navian administrations had accepted 
the invitation to attend the first main
tenance conference. 

The first paper to be presented at the 
Conference was read by the author of 
this article and was entitled "Mainte
nance economy" and had the following 
subheadings: 

a. The position and importance of 
maintenance in a telephone admin
istration's operating budget. 

b. The distribution of maintenance 
costs on different parts of the auto
matized telephone network. 

c. Maintenance costs and service re
quirements. 

d. Rationalization paths to a cheaper 
maintenance. 

e. Systematization of the work of the 
maintenance staff. 

f. New operational methods. 

The paper, which was in the nature of 
a manifesto, is given below almost in 
full. 

When reading the paper one quite na
turally finds that development has not 
stood still since 1956. Costs as well as 
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other information concerning operation 
and maintenance may appear some
what antiquated. However, the paper 
has been included in this resume of the 
history of maintenance conferences 
because it constitutes an excellent ref
erence from which to assess the de
velopment that has taken place in this 
field during the twenty years that have 
elapsed since then. 

Maintenance economy 

The telephone administrations, whose dele
gates we have great pleasure in seeing 
with us here, are exponents of a telephone 
culture at the highest level, and for a de
cade have made a point of offering their 
customers a first class telephone service. 
Hence it would be a very badly chosen oc
casion to begin to speak here about poor 
maintenance economy, neglected plant and 
inferior service. 

But in all honesty, gentlemen, despite this 
is it not so that there are still reasons for 
combating the costs in the maintenance 
sector and for making further improvements 
to the telephone service? 

The position and importance of 
maintenance in a telephone 
administration's operating budget 

Let us devote a few minutes to a considera
tion of the economic role that maintenance 
plays in a telephone administration's oper
ating budget. In terms of figures the 
amounts will presumably not be very high 
compared with other expenditure for new 
plant, the salaries of technical and admin
istrative staff, costs of buildings, transport 
costs, power costs etc. But the major part 
of the maintenance costs consists of a 
fixed, anually recurring expenditure in the 
form of staff wages. 

It may appear to be of little economic im
portance for a telephone administration if 
there are one or a few men more than are 
really necessary at a telephone exchange 
or out in the network. However, this is per
haps taking things somewhat too lightly. 
Let us consider an example. 

A telephone administration has an automat
ic telephone exchange for 10,000 lines with 
six men on the duty chart solely for main
tenance. The duty chart is drawn up for 24-
hour manning of the exchange. Let us a 

sume that the average annual wages for the 
staff is 15,000 SKr per man, including ad
ministrative and social costs etc. If we base 
our calculations on an exchange life of 30 
years the capitalized labour costs for the 
maintenance staff with an interest rate of 
6 % will be about 1,240,000 SKr. 

It then turns out that the exchange functions 
equally well if not better with only three 
men and with manning restricted to normal 
working hours. The administration would 
then be able to invest 620,000 SKr in new 
equipment or, if there is no immediate need 
for extensions, some part of the rationaliza
tion gain could be used for supplementary 
equipment in the exchange or network in 
order to permit a further reduction of the 
staff. 

In this connection one could quote other 
examples illustrating the importance of the 
maintenance costs for a telephone com
pany's economy, but what has been said 
here can suffice for the time being. How
ever, I cannot refrain from mentioning that 
in some parts of the world one can some
times find telecommunication administra
tions with as many as 20 to 30 men in a 
10,000-line telephone exchange. If in such 
cases it is the characteristics of the auto
matic system chosen by the administration 
in question that necessitate such a large 
maintenance staff, then it is really uneco
nomic to acquire this system demanding so 
much maintenance, even if the administra
tion gets it for nothing. 

The distribution of maintenance costs 
over different parts of the automatized 
telephone network 

The costs that a telephone administration 
incur for the maintenance of exchanges and 
of the network and telephone sets, are 
aimed primarily at giving the subscribers a 
good service. The subscriber rarely knows 
what is done in this connection, but there 
is, however, one occasion when he comes 
in direct contact with the maintenance 
service, namely when he reports a fault. It 
is on these occasions that the subscriber 
forms an opinion of the grade of service 
provided by the administration. However, 
it is through these reports that the admin
istration is able to get a conception of the 
role played by the different parts of the 
complete telephone installation as regards 
costs. It is of course debatable what stat
istical value one should accord fault re
ports from the subscribers. We can no 
doubt agree that these reports do not con
stitute a sensitive instrument for, for exam
ple, measuring the serviceability of an 
automatic exchange, but on the other hand 



Fig. 2 

The distribution ol fault reports on the 
different parts 

Fig. 3 

Diagram of the desired relationship between 
service and costs 

Operational reliability D 
Costs K 

Fig. 4 

Preventive maintenance. 
Constant operational reliability. 
High work contribution 

Fig. 5 

Corrective maintenance. 

Considerably varying operational reliability. 
Temporarily high work contribution 

Fig. 6 

Corrective maintenance with service 
supervision. 

Slightly varying operational reliability. 
Low work contribution 

maintenance measure, and keeping a rec
ord of these measures gives the ad
ministrat ion a fairly good picture of where 
one is obl iged to lay down most money for 
maintenance. 

Even though we wil l mainly conf ine our
selves here to problems concerning the 
maintenance of exchange equipment it can 
nevertheless be of interest to take a quick 
look at the complete instal lat ion. Fig. 2 
shows the distr ibut ion of subscr iber fault 
reports on different parts of the te lecom
municat ion network of a representative 
Scandinavian telephone administrat ion. 

Each fault report results in act ion by the 
administrat ion and thus costs money. Cal
culat ions have shown that each fault report 
costs about 10 SKr when it is just a question 
of accept ing and immediately classifying 
the report and the maintenance staff do not 
have to take any act ion. If measures have 
to be taken to f ind and clear the fault it 
costs about 15 SKr. 

Normally about 0.8 faults are reported per 
subscr iber and year and of these about 
0.7 faults per subscr iber and year are loc
ated and cleared. If for the sake of s impl i 
city we take an instal lat ion of 12,000 to 
13,000 lines, the administrat ion concerned 
would receive about 10,000 reports anually. 
This corresponds to an expenditure of about 
140,000 SKr, of which sum the exchange is 
debited 4,200 SKr and the network, bui lding 
installations and telephone sets the remain
der in accordance with the percentage d i 
str ibut ion given in f ig. 2. 

The f igures obtained from an investigation 
of this sort are quite interesting. The fault 
reports attr ibuted to the exchange amount 
to only 3 %. It is true that one can point 
out that a large number of the exchange 
faults are of the type that do not affect the 
same subscriber repeatedly and hence do 
not occasion fault reports, but despite this 
the f igure provides grounds for ref lect ion. 

Maintenance costs and service 
requirements 

Whenever there is a discussion about com
bating costs, sooner or later the quest ion 
of quality is bound to arise. In our case the 
quest ion wil l be: Is it possible to reduce 
the maintenance costs and at the same 
t ime maintain or even improve the service? 
The answer to this quest ion is yes and must 
be yes as long as technical progress con
t inues. The ideal relat ionship between costs 
and s rvice, which is shown in f ig. 3, is 
doubtlessly a goal for every telephone ad
ministrat ion. This relat ionship has of course 
an opt imum. Where this lies, however, and 

how it can be achieved is surely a quest ion 
that no one is prepared to answer today. 

There are many paths towards this goal. 
The tradit ional att i tude to the problem 
costs-service has always been, and st i l l is 
in many parts of the wor ld , that a stable 
operat ional rel iabil i ty at a high level should 
be achieved through a large work cont r ibu
tion (costs). This method is cal led preven
tive maintenance, which consists of per iod
ical ly recurr ing servicing operat ions such 
as c leaning, lubr icat ing, routine testing etc. 
These operat ions are carr ied out consistent
ly and one does not ponder so much over 
whether the measures taken are really 
just i f ied at al l , but more as to whether cer
tain routines could be dispensed with or 
s impl i f ied or the t ime intervals between 
them increased without causing any pro
blems. Preventive maintenance can be rep
resented schematical ly in accordance with 
f ig. 4. 

The opposi te to preventive maintenance is 
correct ive maintenance, which means that 
the operat ional rel iabi l i ty is increased 
through temporary work contr ibut ions when 
it is considered that the subscr ibers begin 
to complain too loudly. This methodology, 
f ig. 5, is character ized by considerably 
varying operat ional rel iabi l i ty and uneco
nomic changes in work contr ibut ions. 

As has been mentioned earlier, preventive 
maintenance has many advocates and is to 
a certain extent just i f iable for certain sys
tems with mechanical ly operat ing compo
nents, which require per iodic servicing 
such as cleaning and lubr icat ing. Take for 
example LM Ericsson's 500-line selector. 
This is a robust and durable selector with 
a pronounced high operat ional rel iabi l i ty. 
It must, however, be serviced once every 
second or third year depending on such en
vironmental condi t ions as humidity, dust 
concentrat ion etc. 

However, with the new systems, which are 
built up of maintenance-free components 
such as crossbar switches and relays, it 
must be poor economy to carry out expen
sive testing of 1,000 switching elements in 
order to establ ish that there is a fault in 
only one of the units. On the other hand it is 
obviously good economy to test only the 
unit in the group that is faulty and to e l imi 
nate the remaining tests. 

Rationalization paths to a cheaper 
maintenance 

We have now got on to the subject of a 
maintenance methodology which might per
haps be cal led correct ive maintenance with 
service supervis ion. This is character ized 
by a sl ightly varying operat ional rel iabi l i ty 
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and a small work contribution, see fig. 6. 
The maintenance methodology is based on 
statistics from service supervision, on auto
matic indications from centralographs and 
counters, on indications from congestion 
meters and the results of traffic measure
ments. The statistics constitute the stan
dard of value for the service that the tele
phone exchange gives the subscribers, and 
at the same time they provide information 
as to when certain types of faults exceed a 
permitted value and hence when corrective 
measures must be undertaken. In addition 
to the statistics, certain information is ob
tained concerning the function of the ex
change from alarm display panels and 
through fault reports from subscribers and 
telephone operators. 

A maximum return, both as regards low 
maintenance costs and high operational 
reliability, is influenced by the following 
factors: 

— diagrammatical and mechanical design 
of the system 

— equipments for service supervision and 
fault location 

— processing of the operational statistics 

— external conditions 

— qualifications of the staff. 

All of these factors will be dealt with later 
on in this paper and in discussions during 

the course of the conference, tut to sum up 
I will just touch upon them here for a few 
minutes. 

Diagrammatical and mechanical design 
of the system 

It has already been pointed out here that 
as regards design the systems manufac
tured by LM Ericsson satisfy the require
ments that can reasonably be set for 
operational reliability. 

Equipments lor service supervision 
and fault location 

We consider that equipments for fault re
cording, such as centralographs, counters 
etc. should be used for service supervision. 
Operational statistics will be obtained from 
the results of complete test connections be
tween test numbers corresponding to nor
ma! subscriber numbers. The test connec
tions may of course be set up manually but 
with automatic equipment more reliable and 
quicker results are obtained at lower cost. 
LM Ericsson have designed an automatic 
traffic route tester for this purpose. Later 
on we propose to demonstrate this equip
ment. It is the intention that the traffic route 
tester shall provide the basic data for the 
operational statistics direct. Suitable test 
equipment must be available when there is 
a need to carry out fault location and fault 
clearing. Register testers, group selector 
testers etc. have been designed for this pur
pose. These will also be demonstrated later. 

Fig. 7 
Opening of the 1956 conference. 
The conference dealt mainly with maintenance 
of automatic telephone exchanges 
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Processing of the operational statistics 

If a maintenance methodology based on 
statistics is to give the intended result and 
be a true standard of value for the condi
tion of an automatic exchange, the stat
istics must be analyzed in a scientifically 
impeccable and sensible way. Suitable test 
programs must be prepared and the re
quired number of test connections decided 
so that the result obtained is sufficiently 
accurate. Regard must be paid to any cases 
of congestion for both loss and delay sys
tems. All these problems will be dealt with 
later. 

External conditions 

By external conditions is meant the design 
of the exchange premises, the humidity in 
the exchange building, the dust concentra
tion and the temperature. These are factors 
which we in LM Ericsson are not always 
able to influence to any great extent, but 
which are particularly important for good 
maintenance economy and high operational 
reliability. Very interesting problems arise 
round these questions about premises, air 
conditioning etc. which cry out for a solu
tion. It is our hope that the collected ex
perience represented here will enable us 
to shed some light on these obscure points 
in the forthcoming discussions. 

Qualifications ot the staff 

When the talk about the staff at automatic 
exchanges we leave the technical field and 
consequently we are no longer on firm 
ground. The human factor comes into the 
picture in a very marked way, and the pic
ture not only varies from country to country 
but also at the same place from one time to 
another. 

We are concerned not only with the be
havioural pattern of the individual but we 
must also come to grips with the administra
tions' social views on staff problems and 
the solicitude of the trade unions for the 
employment security of their members. With 
the rational maintenance methodology out
lined earlier the staff requirement can be 
reduced considerably. In actual fact we 
consider that it is wrong to have staff in the 
exchange except on those occasions when 
they have a specific job to do. The aim is 
that the staff who work at the exchange 
should be well qualified. The work should 
be systematized and not, as sometimes 
happens, be carried out on the principle of 
"drifting round the racks". A telephone ad
ministration can find itself in the paradoxial 
situation that the difficulty of removing sur
plus exchange staff is the greatest stum
bling block on the way to good maintenance 
economy. 

A sensible measure that can be taken in 
such a situation is to transfer the surplus 
staff temporarily to some other type of work 
so that later, in connection with extensions 
to the exchanges, they can be used to sat
isfy the consequent need for additional 
maintenance staff. 

If the staff at a telephone exchange is too 
large, the problem arises of keeping them 
occupied. This problem is solved through 
unnecessary activity, which almost always 
finds expression in a patholog'cal need to 
adjust relays. A surprisingly large number 
of the corrective measures shown in fault 
reports we receive from instalations in 
various parts of the world, consist of 
changes to the adjustment of contact spring 
sets. I find it very difficult to believe that our 
relays are worthy of this marked attention. 

It is particularly important that the staff who 
are to carry out the maintenance at the ex
changes are given a sound and comprehen
sive training. The training must be both 
practical and theoretical. This is a state of 
affairs which is by no means foreign for 
telephone administrations. Thus it is with 
great interest that we from LM Ericsson 
look forward to an exchange of experience 
in this field later on during this conference. 

New operational methods 

What has been said earlier in this paper re
garding ways and means of achieving a 
sound maintenance economy must be con
sidered as recommendations from a pro
ducer of telephone equipment. LM Ericsson 
do not have much experience from their 
own telephone operations in the sense in
tended here, the ideas put forward being 
mainly the results of the impetuses we have 
obtained through cooperation with our cus
tomers, not least in the Scandinavian coun
tries. 

We are well aware that the need for ratio
nalization applies not only in production 
but also within the operational field. Hence, 
as I have mentioned before, we are extre
mely interested in getting our products 
adapted to the requirements of a rational 
operation. We know the components in our 
telephone exchanges very well and there
fore consider we have a certain right and 
even duty to put forward our views and 
wishes to our customers regarding the care 
and attention of these components. 

To summarize, our views and wishes can 
be presented in accordance with the fol
lowing: 

Preventive maintenance is abolished for 
crossbar switch exchanges and consider-



ably s impl i f ied for exchanges with 500-line 
selectors, and is replaced completely or in 
part with automatized service supervis ion 
to the greatest possible extent. Results of 
the service supervision alone determine 
when intervention in the equipment is to be 
carr ied out. The rapid development in the 
f ield of automatic telephony means that 
preventive maintenance is set aside more 
and more. In, for example, the semi-auto
matic primary centre group and trunk traf
fic network, automatic supervision of lines 
and other equipment must become more 
and more necessary the greater the extent 
of this type of traff ic becomes. In the com
ing electronic systems information from the 
equipment itself wi l l provide the basis for 
all fault c lear ing. 

year for an operat ional rel iabi l i ty such that 
the fault rate does not exceed 0.1 per cent. 
For 500-line selector exchanges the cor
responding work contr ibut ion should not 
exceed 0.6 hours. At these exchanges the 
motor dr iven 500-line selector and its trans
mission system require a per iodical ly re
curr ing service, but on the other hand this 
service can be carr ied out by relatively 
cheap labour. 

After this "manifesto" it is now time to 
consider what has happened since 
then. 

Some wishes in the present phase may be 
given in the form of the fo l lowing three 
rules: 

— each routine test ing, in which no fault is 
encountered, is unnecessary 

— each form of service that cannot be 
shown to improve the operat ional rel ia
bil i ty or increase the life is valueless 

— do not interfere with the equipment un
necessari ly. 

With these rules as the guiding pr inciples, 
and with regard paid to the factors discus
sed earlier, the work contr ibut ion for the 
maintenance of a l ined up and correct ly 
d imensioned crossbar switch exchange 
should not exceed 0.3 hours per line and 

Conferences 1957—1971 
In 1957 an English version of the 1956 
conference was held and in 1958 a 
Spanish version. Since then the confe
rences have been held every fourth 
year in Swedish, followed by an Eng
lish version the year after and a Span
ish version the year after that. Fig. 8 
is a tabulation of the number of ad
ministrations and delegates who have 
taken part in the conferences that have 
been held hitherto. 

The guiding principles for controlled 
corrective maintenance, which were 
drawn up in 1956, have constituted the 

Fig. 8 
Tabulation of the number of administrations 
and delegates at the maintenance conferences 
1956—1974 

Total administration visits 
1956—1974: 284 

Total number of delegates 
1956—1974: 703 

8 
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framework of the programs for the suc
ceeding conferences. The principles 
have of course undergone further de
velopment in intimate collaboration 
with LM Ericsson's administration cus
tomers. 

It is extremely interesting to go through 
the programs for the different confe
rences. 

The conference of 1956 was confined 
almost entirely to questions concern
ing the maintenance of automatic tele
phone exchanges. It then emerged that 
the majority of the faults encountered 
by subscribers were caused by faults 
outside the telephone exchange equip
ment (97 per cent in the network and 
telephone sets, as shown in fig. 2). 
Consequently in the next series of con
ferences, held in 1960—1962, a large 
part of the program was devoted to 
maintenance of the network and trans
mission equipment. For example, in the 
program for these conferences we find 
such headlines as: 

Network maintenance methodology 
Maintenance of the Swedish long dis
tance cable network 
Maintenance of telephone sets 
Maintenance of transmission equip
ment 

Several new features were introduced 
in the third series of maintenance con
ferences held during the years 1965— 
1967. Integrated maintenance with cen
tralized service supervision not only of 
local traffic but also of national and in
ternational traffic was the subject of 
very intense discussions. Interesting 
information was provided by the Swed
ish Telecommunications Administra
tion concerning the supervision of the 
quality of service in the telecommuni
cation network through the establish
ment of comprehensive test traffic 
using traffic route testers. During this 
series of conferences the question of 
maintenance and operation of SPC 
(Stored Program Control) exchanges 
was taken up for the first time. In other 
words electronics had come to stay 
even at LM Ericsson's maintenance 
conferences. 

Experience from earlier conferences 
had shown that many delegates were 
interested in taking part in detailed dis
cussions devoted to operation and 
maintenance problems within their own 
special fields. Consequently at the 
1965 conference, and at each confe
rence since then, one day of the con
ference week has been allocated to 
group discussions with the following 
division: 

Fig. 9 
The 1974 English speaking conference 
. . , n m k l o ^ tr\r a n l e n a r v CPGGJnn 
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Maintenance of automatic telephone 
exchanges 
Maintenance of networks and tele
phone sets 
Maintenance of PABX equipment 
Maintenance of transmission equip
ment 

This form of conference work proved 
to be very successful as it provided the 
opportunity for freer discussions than 
had been possible at plenary sessions. 
Among other things the delegates were 
given the opportunity of proposing in 
advance a certain subject that could 
be of interest for such discussions. 
The other delegates then had time to 
prepare for the discussions. This form 
of discussion was particularly profit
able within the field of maintenance of 
PABX equipment. 

A subjet that gave rise to interesting 
viewpoints and discussions during the 
conferences held in 1969—1971 was 
the possibilities for subscribers of con
necting up fully automatic calls even 
outside the boundaries of their own 
country and the resultant problems that 
arise for the telephone administrations 
of maintaining an efficient service su
pervision. New aspects of maintenance 
problems emerged as a result of these 

discussions. Operation and mainte
nance questions were obviously not 
confined solely to the technical field 
but also embraced the fields of ad
ministration and organization. 

"Centralized supervision of conven
tional systems" was a main headline 
that covered a great many valuable 
presentations of the experience of dif
ferent telephone administrations. It 
was clear from these presentations 
that there had been many structural 
changes within the administrations du
ring the preceding years. Boundaries 
that had earlier been clearly defined 
between the different technical fields 
were being erased slowly but surely. 
Thus, for example, a transmission man 
could be compelled to think about pro
blems connected with automatic 
switching equipment and so on. This 
would have been unthinkable ten years 
earlier. 

Conferences 1973 and 1974 
The Swedish and English versions of 
the fifth series of conferences were 
held during 1973—1974 and the Span
ish version is planned to take place 
during the last week in May 1975. 

Fig. 10 
Conference delegates visit the Swedish 
Telecommunications Administration's 
maintenance section 
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If the programs for 1956 and 1974 are 
compared one naturally finds consider
able differences. 

SPC technique now plays a prominent 
role. 
Great interest has been shown in the 
subject of cable maintenance. 
"Human factors — problems in opera
tion and maintenance" is a newcomer 
among the headlines. 
"How do telecommunication adminis
trations master abnormal situations in 
the telecommunication network?" 

In a paper entitled "Productivity — Re
sults pay — Cooperation — Service 
(PRS)" Mr. T. Larsson from the Swed
ish Telecommunications Administra
tion gave an extremely interesting ac
count of his administration's efforts to 
create the prerequisites for providing 
an even better customer/subscriber 
service through, for example, collabo
ration between different work func
tions. 

However, the corner stones from the 
1956 program still remain. The main
tenance and service policy that was 
presented then and which found favour 
in the eyes of the delegates is un
changed. Reports from various admin
istrations indicate how this philosophy 

has been accepted in full or at least in 
part. The Swedish and Dutch telecom
munication administrations are plan
ning, for example, a considerable ex
pansion of a traffic route tester net
work with the intention of supervising 
almost all routes, both local and trunk. 

The latest program also includes en
vironmental questions and these are 
just as important today as they were 
in 1956. Dirty relay and selector con
tacts still cause functional faults and 
reduce the life of the equipment. 

New aspects concerning the design of 
telephone exchange buildings and how 
they should be equipped have emerged 
as a result of the changes in exchange 
engineering and these have been com
piled in a Manual for Telephone Build
ings. In this respect SPC systems have 
other requirements than conventional 
crossbar switch systems had in 1956, 
but the fundamental requirement for 
isolation and cleanliness still applies. 

Training is a headline which is always 
included in the programs. At the 1974 
conference LM Ericsson provided in
formation about the resources they had 
available for training the staff of their 
customers. Just as a supplier need to 
train his staff within all the relevant 

Fig. 11 
A visit to Stockholm's "underworld" 
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fields, a telecommunication adminis
tration needs competent staff to man
age the complete installation. 

At all the conferences few questions 
have aroused such interest as those 
dealing with training. It is therefore 
gratifying that LM Ericsson are able to 
present suitable programs for different 
forms of training and can provide the 
required teachers and material irre
spective of whether the course is held 
in the centre of Stockholm or in the 
country of the customer in question. 

At the maintenance conferences is has 
been constantly pointed out that apart 
from the theoretical training the oper
ating staff must receive a thorough 
practical training. When LM Ericsson 
carry out the installation work the cus
tomer's staff are always given the op
portunity of taking part in the assembly 
and testing. Experience has unequivo
cally demonstrated that this is a good 
method. 

Delegates to the conferences are all 
agreed that these occasions for ex
change of experience within the field 
of training, which have been made 
possible by the maintenance confe
rences, have been extremely valuable. 
It is doubtful whether there are many 
fields in which the supplier and the 
customer have so many common in
terests. 

Study visits 
The maintenance conferences have 
not been restricted only to addresses 
and discussions. During the confe
rence week, one day or part of a day 
has been allotted to a study visit to the 
Swedish Telecommunications Admin
istration. We have then had the oppor
tunity of studying that administration's 
development of methods and aids for 
subscriber service (maintenance sec
tion), see fig. 10. The extraordinarily 
high ambitions that the Swedish Tele
communications Administration have 
in these respects, and the splendid re
sults they have achieved, for example 
in reducing the fault clearing times, 
has greatly impressed colleagues from 
other administrations. 

During recent years delegates have 
been given the opportunity of visiting 
Stockholm's "underworld", or in other 
words the Telecommunications Admin
istration's cable tunnels deep down be
low Stockholm, see fig. 11. 

The conferences for delegates from 
countries outside Scandinavia have 
usually been extended by one week, 
when visits have been made to one of 
the neighbouring countries. On several 
occasions the journey has been made 
to Denmark to visit the Danish admin
istrations. Many are certain to remem
ber the beautiful days of early summer 
on the plains of Jutland when repre
sentatives of JTAS showed how easy 
and free of trouble it was to plough in 
telephone cables in the Danish soil. 
After Jutland trips have been made to 
Funen, where FTK as exemplary hosts 
have shown their installations. This 
second conference week has then 
been concluded in Copenhagen with 
KTAS as hosts. 

A number of times the journey has 
been made eastwards to our friends in 
Finland where visits to the installations 
of the telephone administrations have 
been combined with sauna baths and 
walks in the beautiful Finnish country
side. 

In 1971 the delegates from the Latin 
American countries had the opportuni
ty of making a study visit to the Dutch 
telephone administration during the 
second week of the conference. The 
Rotterdam district was visited, where 
among other things the delegates were 
able to obtain first-hand knowledge of 
the operational experience gained 
from the SPC transit exchange deli
vered by LM Ericsson, which was the 
first in the world of its kind to be put 
into service. The visit to Rotterdam was 
extremely interesting in many ways. 
Delegates were given the opportunity 
of sharing the experience gained by 
the administration from the use of traf
fic route testers for service supervision. 
The Rotterdam district has been some
thing of a pioneer as regards the use 
of traffic route testers.1'2 Other dis
tricts in Holland have been able to ex
ploit the experience gained in the Rot-
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Summary 
Up to and including 1974 LM Ericsson 
have delivered automatic telephone 
equipment corresponding to 25.3 mi l
l ion subscr iber lines. (Excluding North 
America this constitutes 8 per cent of 
all the telephone equipment in the 
world.) Of this amount, equipment for 
3.5 mil l ion lines was put into service 
during 1974. 

LM Ericsson have no experience of 
their own of operating a telephone 
service. It is our customers who must 
tell us if our products are satisfactory 
from a maintenance point of view. It is 
almost a vital necessity for us that this 
feedback funct ions. 

The maintenance conferences have 
been and are of very great value to 
LM Ericsson as regards coming into 
contact with those employed by our 
customers who deal with service and 
maintenance questions every day. Dur
ing the conferences these persons 
have told us about the troubles they 
have had with a certain unit — a com
ponent may be unstable, a contact 
spring set wil l not give the correct con
tact pressure etc. 

All this may appear to be a matter of 
insignif icant details, but it is extremely 
important that these details are put 
right both in product ion and in del i 
vered equipment. 

We have reason to believe that our 
customers have also found the main
tenance conferences useful. State
ments made during the course of the 
conferences and many fr iendly letters 
of thanks after two hectic conference 
weeks indicate a positiv att i tude. LM 
Ericsson also attach great value to the 
fact that more and more people wish 
to attend the conferences even though 
in some cases it means travel l ing half 
the way round the wor ld. 

To venti late problems concerning ser
vice and maintenance, both technical 
and administrat ive, is a part of the 
conference. To learn to know each 

good fr iends is another important re
sult of being together. It contr ibutes to 
a great extent to the maintaining of 
good relations between administra
tions even after the end of the confe
rence weeks. 

There are many problems in arranging 
a conference of this type. For example, 
one is not always successful in f inding 
the right balance when al locat ing the 
times for reading the paper submitted 
and for discussions. It is not possible 
to know in advance how loquacious 
the delegates are. This is especial ly 
diff icult at the Spanish speaking confe
rences where there are simultaneous 
translations into English and Spanish. 

We have tr ied several ways of satis
fying the desire for longer discussion 
t ime. We have, for example, sent out 
the papers in advance to all delegates 
and during the conference presented a 
summary of the subject and thereafter 
al located quite a long t ime to discus
sions and questions, for which purpose 
a panel of experts has been available. 
The result was not what had been 
hoped for, mainly because the dele
gates had not had the opportuni ty of 
preparing suff iciently before the con
ference. 

After 14 conferences we have found 
that the best approach is to present a 
paper in full and then al locate a reaso
nable t ime to discussion with possibly 
time for a final discussion on the last 
day of the conference. 

LM Ericsson intend to cont inue holding 
maintenance conferences in the future. 
We consider that we cannot do wi th
out the benefits we derive f rom them. 
When the new generat ion of equipment 
is introduced by telephone administra
tions in all parts of the wor ld it wi l l be 
even more necessary to maintain an 
intimate contact in matters concerning 
service and maintenance. 

The demands of telephone administra
tions and subscr ibers for suitable 
equipment with low maintenance costs 
must always consti tute a lodestar for 

other, to become personally acquaint- LM Ericsson as designers and manu-
ed with each other and to become facturers. 



Power Supply System with 
Booster Converters - Viewpoints 
after 10 Years in Operation 
Tadeus Wolpert and Dag Bjork 

In 1964 LM Ericsson introduced a new power supply system for telecommunica
tion equipment. The system contained a new type of unit, the booster converter. 
Up to 1974 the booster converter system had been used in over 1500 
telecommunication plants of various types, from small unmanned radio link 
stations to very large telephone exchanges with a central position in the 
national and international network. LM Ericsson's AKE 13 type of stored 
program controlled exchanges have also been equipped with this power supply 
system. In this article a comparison is made between the booster converter 
system and other power supply systems, seen against the background 
of 10 years' operational experience. Only a summarized description of the 
booster converter system is given, however, as it has already been described 
in detail earlier in Ericsson Review.' 4 
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Compared with other power supply 
systems the booster converter system 
offers a number of advantages. For 
example, an exchange voltage which is 
held within close limits in all opera
tional cases, fully automatic operation 
and the possibility of unlimited exten
sion. Moreover 10 years' experience 
has shown that the introduction of 
booster converters has resulted in 
— better total economy 

— greater flexibility for meeting the 
various operational requirements 

— higher reliability. 

The system has also proved to be par
ticularly suitable for supplying the 
power for electronic telecommunica
tion systems. 

System description 
FUNCTION 

Booster converter system BZD is used 

to supply telecommunication plants 
with d.c. at a nominal voltage of nor
mally 48 V. The output voltage of the 
system is uninterruptible, stabilized 
and has a low noise level. Fig. 1 shows 
the main parts of the system, com
prising rectifiers (R), storage batteries 
(B), booster converters (C) and the 
distribution field (D). The BZD 101 sys
tem also includes equipment for auto
matic battery charging (OC) and auto
matic parallel operation of the recti
fiers. 

Normally the system is fed from the 
mains supply, but if there is a mains 
failure or rectifier failure all feeding 
takes place from the storage batteries. 

When feeding from the mains, the rec
tifiers maintain a constant d.c. voltage 
across the batteries and at the same 
time deliver the required current to 
the telecommunication plant. The bat
teries receive only sufficient current to 
maintain the floating voltage and the 
booster converters are not operative. 

When there is a mains failure the stor
age batteries supply current and hence 
their voltage falls. The booster conver
ters then start automatically and deliver 
a booster voltage which increases as 
the battery voltage decreases. The 
converters thereby attempt to hold the 
distribution voltage constant until the 
battery is discharged, see fig. 2. 

When the mains voltage is restored, 
the rectifiers are connected in and 
charge the batteries in parallel with 
the feeding of the plant. When the bat-

Fig. 1 
Power supply system BZD with booster 
converters 

p Power supply plant 
T Telecommunication plant 
R Rectifier 
B Batteries 
C Booster converter 
D Distribution rack 
OC Automatic battery charging 
Un Rectifier voltage 
U B Battery voltage 
Uc Converter voltage 
Un Distribution voltage 
Ux Telecommunication plant voltage 

(exchange voltage) 
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teries reach their normal voltage level 
the booster converters stop operating. 
In order to be able to fully recharge the 
batteries during operation the auto
matic battery charging equipment is 
connected in and increases the voltage 
of the rectifiers. When the batteries are 
fully charged the battery voltage is 
again reduced to normal level. 

When working on peak load there must 
be at least one rectifier and one con
verter in reserve, among other things 
in order to be able to recharge the bat
teries. 

MECHANICAL DESIGN 
The system consists of modules with 
the components mounted on gratings 
which provide efficient cooling and 
flexible positioning of the components. 
The modular units are mounted in floor 
racks 600 or 800 mm wide, 2200 mm in 
height and 800 mm deep. All the units 
can be fitted from the front. Each mo
dule is a functional unit which is suffi
ciently robust to withstand transport. 
The modules are tested individually in 
the factory and are tested together on 
the installation site. 

Fig. 3 shows a rack with six modules 
and fig. 4 a power supply plant. 

MAIN PARTS OF THE SYSTEM 

Rectifiers 
The rectifiers, fig. 5, provide a constant 
d.c. voltage with a regulation accuracy 
of ± 0 . 5 % . Current limiting takes 
place when the rated current is ex
ceeded, the output current being held 
constant at approximately 110 % while 
the voltage falls. Voltage and current 
regulation is provided by phase angle 
control of the thyristors in the main cir
cuit. 

The rectifiers can be set up with a con
trol switch for automatic operation, 
manual operation or charging. In all 
positions the rectifiers operate with 
current and voltage regulation. 

For automatic operation, which is the 
normal operational mode for the recti
fier, the rectifier is connected in auto
matic parallel operation with the re
maining rectifiers, so that, for example, 
the load is distributed between the rec
tifiers in accordance with a given pat
tern. The voltage level is adapted to the 
floating level of the batteries and is in
creased automatically when battery 
charging is required. 

With manual operation the rectifier is 
connected in manually and works inde
pendently of the other rectifiers. The 

Fig. 2 
Converter system 48 V with 23 battery ce!ls. 
The sequence for the distribution and battery 
voltages during the time of a mains failure 
and the recharging of the battery 

Up Distribution voltage " « ^ " 
(with heavy load) 

UB Battery voltage -
U Q Converter output voltage 

1 Mains failure (lengthy) 
2 Converters start 
3 Battery discharged 
4 Mains voltage recovers 
5 The converters stop. Recharging of 

the battery starts 
6 Charqinq ceases 



Fig. 3 
Booster converter 630 A 48 V/0—9 V. 
type BMR 207 

current and voltage levels are set up 
manually. Automatic parallel operation 
and automatic battery charging are 
then not functioning. 

When charging, the rectifiers function 
in the same way as in the case of man
ual operation, but the regulation level 
is higher. The voltage level should nor
mally be sufficient to give the batteries 
a stirring or equalizing charge without 
the maximum level of the distribution 
voltage (56 V) being exceeded. 

Booster converter 
The booster converters are d.c. con
verters consisting of thyristor inverters 
and rectifiers. They are fed from the 
battery and supply a voltage which 
regulates over a range of 0—9 V in
sulated from the battery circuit. Volt
age and current regulation is obtained 
through pulse width modulation in the 
thyristor inverter. 

All the converters are connected in 
parallel with each other and the current 
distribution between them is indeter
minate. Overload is prevented through 
individual current limiting at the rated 
current in each converter. 

Batteries 
The batteries are normally of the sta
tionary lead storage type with tubular 
positive plates in sealed single cells. 
In order that the batteries shall be as 
efficient as possible and have a long 
life they are always kept fully charged 
in accordance with the floating prin
ciple. Thus a constant voltage is ap
plied across the batteries equivalent 
to about 2.2 V per cell (a total of 51 V 
for 23 cells), and the amount of current 
taken up by the batteries is equivalent 
to the self discharge. 

Automatic parallel operation 
The equipment for automatic parallel 
operation ensures that the total load is 
divided up between the rectifiers in a 
very rational way. One rectifier func
tions as pilot rectifier and is constant-
voltage regulated. In this way it deter
mines the voltage across the battery 
and follows the load variations. 

The other rectifiers receive in or out
stepping pulses depending on whether 
the load increases or decreases. The 
rectifiers work in four steps with con
stant current in each step, i.e. 25%, 
50 %, 75 % and 100 % of the rated cur
rent of each rectifier. When the load 

Fig. 4 
A power plant according to the converter 
system. The picture shows a section of the 
plant in the stored-program-controlled 
exchange, type AKE 13, in Fredhall, Stockholm 
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increases, steps 1, 2 and 3 of the next 
rectif ier in turn are successively con
nected in and then the corresponding 
steps in the next rectif ier and so on. 
The fourth and final step is not con
nected in until all rectif iers are loaded 
to 75 % of their rated value. When the 
load decreases, the rectif iers are step
ped out in the reverse order. 

The advantages of this load distr ibu
tion are as fol lows. For the majority of 
the t ime the rectif iers in circuit are 
work ing on 7 5 % load where the eff i 
ciency is high and the thermal stresses 
are low, thereby contr ibut ing to in
creased life. As the number of working 
rectif iers varies with the actual load, 
the no-load losses are el iminated. This 
results in an energy saving of about 

Automatic battery charging 

This equipment supervises the state of 
charge of the batteries and ensures 
that they are always kept fully charged. 
When the batteries are completely or 
partly discharged, for example after a 
mains fai lure, a signal is sent to the 
pilot rectifier. This increases the vol
tage level so that the batteries can be 

recharged completely (2.35 V/cel l , a 
total of 54 V for 23 cells) within a 
reasonable time. When the batteries 
are fully charged, the battery voltage 
returns to the normal value, 51 V. 
Charging takes place in parallel wi th 
the feeding of the te lecommunicat ion 
plant. 

Control, protection and supervisory 
functions 

Apart from the control funct ions in con
nection with automatic parallel opera
tion and automatic battery charging the 
fol lowing control funct ions are also in
cluded in the converter systems: 

— automatic and manual start and 
stop of the booster converter 

— manual start and stop of battery 
charging 

— automatical ly control led loading of 
the rectif iers when changing over 
to feeding from a standby power 
plant. 

The most important protect ion and su
pervisory funct ions are as fo l lows: 

— if the pilot rectifier develops a fault 
its funct ion is automatical ly taken 
over by the next rectif ier 

Fig. 5 
Thyristor rectifier 630 A 48 V, type BMT 183 

Fig. 6 
Distribution and battery rack with central 

. . . i . : . n s n l l ima RlUlf! 511 



Fig. 7 

Vol tage of a ba ttery cell during discharge with 
current discha rge ra tes of 1, 3, 5 and 10 hours. 

With a lowest permissible cell voltage of 
1.96 V/cell and a current discharge rate of 10 
hours, only 45 "/• of the available capacity ol the 
battery can be used during discharge. 
With higher discharge currents the percentage 
will be even less 

Fig. 8 

Requi red nominal ba t tery capaci ty (Ah10) with 
differen t s tandby t imes and differen t 
values for the lowes t permissible exchange 
vol tage U 

Converter system BZD 
Cell switch system BZC 

With U T = 47 V, standby time 1 hour and a 
distribution current of 1000 A, the cell switch 
system requires 7000 Ah and a converter system 
only 3100 Ah 

— any rectifier or converter that de
velops a fault is disconnected and 
gives an alarm 

— an alarm is given if the distribution 
voltage is low, and with too high 
voltage the faulty units are also dis
connected 

— if there is a break, faulty phase or 
unacceptable reduction of the volt
age on the mains supply, the recti
fiers are disconnected, the conver
ters start up and a mains alarm is 
given 

— depending on the degree of urgen
cy the alarms are divided up into 
three categories, A1, A2 and A3, 
and can either be taken to a cen
tral point or be given internally. 

The distribution rack, which also con
tains the central control equipment, is 
shown in fig. 6. 

System characteristics 
In the following a comparison is made 
between the converter system and the 
most common alternative to this, name
ly a cell switch system BZC with 23 
main cells and 2 end cells. The cell 
switch system is still used to a great 
extent in many places throughout the 
world. 

BATTERY CAPACITY REQUIRED 

A storage battery must be dimensioned 
so that 

— the capacity is sufficient to give the 
required current during the whole 
standby period 

— the voltage during this period 
should not fall below the lowest 
value specified for the telecommu
nication equipment. 

With regard to reliability and mainte
nance aspects the lowest voltage value 
specified for telecommunication equip
ment is normally 47 V at the rack fuses 
(UT). In the cell switch system this cor
responds to a minimum battery voltage 
of 49 V. Hence with 25 cells (1.96 V/cell) 
only a part of the capacity of a battery 
can be utilized, as may be seen from 
fig. 7. 

In the converter system the battery volt
age is allowed to go down to 40 V (1.74 
V/cell with 23 cells) because the con
verters can supply an additional volt
age of up to 9 V. This makes it possible 
to utilize the full capacity of the bat
tery. 

The size of battery needed, taking into 
consideration standby time and the 
lowest permissible exchange voltage, 
is shown in fig. 8. The diagram indi
cates that the battery capacity required 
is very much less with the converter 
system. 

EXCHANGE VOLTAGE AND 
POWER CONSUMPTION 
With normal operation the battery volt
age is kept at 51 V, so that the ex
change voltage on full load is approxi
mately 49.5 V in the cell switch system 
and approximately 48 V in the conver
ter system. The voltage is lower in the 
converter system because the inactive 
converters introduce an extra voltage 
drop. Hence in this system the ex
change voltage is held around the 
nominal value, which apart from other 
advantages reduces the power con
sumption by 2 %.3 

FLEXIBILITY 
In a cell switch system the distribution 
voltage can only be affected by the 
rectifier voltage regulation. However, 
this does not function when there is a 
mains failure. In the converter system 
there is also converter voltage regula
tion, and this is available all the time. 

As a result of this difference the con
verter system has a very much greater 
flexibility and capability of satisfying 
varying operational demands, as is 
illustrated in the following example. 

Constant distribution voltage 
If constant distribution voltage is re
quired in all operational modes the 
cell switch system cannot be used. 

The converter system maintains the 
voltage constant except in the case of 
automatic battery charging, when the 
voltage is increased by 3 V. The system 



Fig. 9 

Conver ter sys tem 48 V wi th cons tan t dis tribu t ion 
vol tage, 22 ba t tery cells 

Sequence for the distribution and battery voltages 
during the time of a mains failure and the 
recharging of the battery 

U D Distribution voltage — • « — « — 
(with heavy load) 

UB Battery voltage , • — 
UC Converter output voltage 

1 Mains failure (lengthy) 
2 Battery discharged 
3 Mains voltage recovers and recharging 

of the battery starts automatically 
4 The converters stop 
5 Charging ceases and the converters 

start 

always gives a constant output voltage. 
In order to do this the number of bat
tery cells is reduced and the conver
ters are made to operate continuously 
in order to provide the necessary ad
ditional voltage. If, for example, 22 
cells are used with a battery voltage of 
48.4 V (2.2 V/cell), the converters raise 
the distribution voltage to 50 V. For 
automatic charging the battery voltage 
is increased to 51.5 V (2.34 V/cell). The 
converters then go to the idle condi
tion and hence the distribution voltage 
falls to approximately 50 V, see fig. 9. 

a) Any operational disturbances will 
have a limited effect, which is parti
cularly important in electronic ex
changes (see also the separate 
chapter dealing with this). 

b) If the different sections of the 
power plant are mounted near the 
equipment they supply, the distrib
ution cables can be shorter, and 
hence smaller diameter conductors 
can be used. 

c) The power plant busbars will have 
a smaller cross-sectional area. 

Sectionalized plants 
With large installations it is often de
sirable to be able to divide up the 
power plant into two or more inde
pendent units, what is known as sec-
tionalizing, which has the following 
advantages. 

d) When extending, other available 
space than the original power room 
may be utilized. 

In a telecommunication plant the volt
age must be practically the same 
everywhere. When sectionalizing is 

Fig. 10 

Sec t ional ized power plan t (P) acco rding 
to the conve r te r sys tem for the power supply 



Fig. 11 

Power plant according to the converter system 
with a great distance between the power plant 
(P) and the telecommunication plant (T) 

re Remote sensing for regulating the 
voltage o! the converters 

used this requirement can be met by a 
converter system, fig. 10, but not by a 
cell switch system. If the mains fails, 
the battery voltage in the different sec
tions will vary depending on the load. 
In the converter system the distribu
tion voltage is nevertheless kept to the 
same value in the different sections 
through the voltage regulation of the 
converters. The advantages of sectio-
nalizing can thus only be attained with 
a converter system. 

+ 60 V voltage is generated in its en
tirety by a direct converter and —60 V 
by a booster converter, which adds the 
required voltage to —48 V. The booster 
converter is thus three times smaller 
than the direct converter for the same 
output power. The whole of the power 
supply requires only one battery (48 V). 
A conventional solution with three bat
teries will not satisfy the requirement 
of voltage equality between + 60 V and 
— 60 V when there is a mains failure. 

Fig. 12 
Power supply system BZT for telex 

Ci Booster converter 48 V/0—9 V 
C2 Direct converter 48 V/60 V 
C3 Booster converter 48 V/0—20 V 

Remote regulation of the 
distribution voltage 
Only a small voltage drop is allowed in 
the distribution network. Thus if there 
is a great distance between the power 
and telecommunication plants the 
cross-sectional areas of the cables will 
be unreasonably large. In a converter 
system this can be avoided by placing 
the distribution racks near the telecom
munication plant. The converters then 
operate continuously and regulate the 
voltage in the distribution racks with 
the aid of remote sensing, see fig. 11. It 
is then unnecessary to consider the 
voltage drop when calculating the size 
of the long cables from the power room 
to the telecommunication plant, only 
the thermal conditions. 

With a current consumption of 1000 A 
and a distance of 100 m the weight of 
the cable is reduced from 10000 to 
3000 kg. As a rule this means a saving 
even if an increased converter standby 
capacity is needed in some cases. 

Converters for telex 
An interesting utilization of booster 
converters is for supplying power for 
telex, see fig. 12. Apart from —48 V, 
telegraph voltages of + 60 V and 
— 60 V are then also required, both of 
which must have the same value. The 

ECONOMY 

Acquisition costs 
Compared with the cell switch system, 
the converter system has the addi
tional cost of booster converters. On 
the other hand the cell switch system 
requires, apart from the cell switch, 
larger batteries with charging equip
ment, switches in the battery circuits, 
more expensive rectifiers and larger 
cables. 

For a medium sized plant, 2400 A 48 V, 
the costs for a cell switch system will 
be 27 % higher than for a correspond
ing converter system, see table 1. 

The acquisition costs with different 
voltage values UT and different stand
by times are shown in fig. 13. As can 
be seen from table 1 and fig. 13 the 
battery costs are decisive when com
paring the two systems. For the pur
pose of the calculations a sealed type 
of battery with tubular positive plates 
has been chosen, which has a low 
price on the international market. 

Moreover, for large plants intended to 
be extended in stages, the cell switch 
system demands a larger initial invest
ment, because from the outset the cell 
switch must be dimensioned for the 
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Table 1 

Acquisi t ion cos ts for a power supply plan t , 
2400 A 48 V, wi th ba t tery s tandby of 1 h . 
Lowes t permissible exchange vol tage 47 V 

The total acquisition costs for the converter 
system are set to 100 °/o 

Table 2 

Annual costs for a plan t , 2400 A 43 V, in 
accordance wi th table 1 

Relative values. The acquisition costs for the 
converter system are set to 100 °/o 

Assumptions: 

Energy costs: mean power: 1/3 max. power 
efficiency 88 % 

Depreciation: life: batteries 15 years 
other equipment 40 years 

Interest: 10 "/«; average interest during 
the whole depreciation time 5 

Fig. 13 

Acquisi t ion costs for power supply sys tem wi th 
differen t s tandby t imes and differen t values 
for the lowes t permissible exchange vol tage Up 

Kg Acquisition costs for converter system BZD with 
U T - 47 V and standby time 1 h has been taken as 
100 'It, 

In an equivalent cell switch system 
BZC the acquisition cost will be 27 °/« 
higher K/K0 = 127 "/.) 

Converter system BZD 
r a i l cu/itrh svfttem BZC 

Annual costs 
Annual costs (operating and capital 
costs) for the same plant as in table 1 
are given in table 2. With the assump
tions used in table 2 the annual costs 
for a cell switch system are about 27 % 
higher than for a converter system. The 
lower maintenance costs of the con
verter system have not been taken into 
consideration when making the cal
culations. 

RELIABILITY 
In order to be able to compare the re
liability of the two systems a calcula
tion method for maintained systems 
has been used which is based on an 
engineering approach to probabilistic 
reliability6. A medium sized plant for 
2400 A 48 V has been considered. The 
converter system has five rectifiers 
and five booster converters, one of 
each of which serves as standby. The 
cell switch system has five rectifiers 
and one cell switch. 

The structure of the converter system 
permits redundance, i.e. standby for 
each functional unit, which in itself 
gives a considerably higher reliability 
than in the case of the cell switch sys
tem, since the latter system cannot be 
duplicated. Furthermore, in large plants 
the converter system can be sectiona-
lized but not the cell switch system. 
Sectionalizing limits the effect of unit 
faults and reduces the probability of 
system failure. 

The calculations, which for reasons of 
space are not included here, have re
sulted in a mean time between system 
failures of 2220 years for the converter 
system and 109 years for the cell switch 
system. 

The probability of system failure during 
40 years of operation is thus 0.002 for 
the converter system and 0.30 for the 
cell switch system. 

EXTENSION POSSIBILITIES 
Due to the converter system principle 
with parallel connection of new units, 
the system may be successively ex
tended until the desired final capacity 
is attained. The different units may be 

connected in arbitrary order and hence 
the distribution current can be divided 
up in a suitable way. When the load 
capability of the busbars has been 
fully utilized a new section may be 
added, which, as has been pointed out 
earlier, has several advantages. 

As the cell switch cannot be connected 
in parallel, the final capacity of the cell 
switch system is limited by the load 
capability of the cell switch. Moreover 
the concentration of the distribution 
current through one single point, the 
cell switch, makes it difficult to design 
the distribution outputs in a rational 
way. Any increase in sections, each 
with its own cell switch, would lead to 
a plant with unacceptable voltage dif
ferences. 

OPERATION AND MAINTENANCE 
The operation of a converter system is 
fully automatic, whereas a cell switch 
system often requires manual interven
tion during recharging of the batteries 
after a mains failure. 

A converter system is built up of elec
tronic components, so that mainte
nance work is reduced to a minimum. 
Maintenance is limited to periodic 
checks of the batteries, normally once 
every quarter, and units, once a year, 
and any necessary repairs. 

The repair frequency has been cal
culated on the basis of the fault rates. 
For a medium sized plant, 2400 A 48 V, 
the expected fault rate was calculated 
to be about 0.7 faults per year. Opera
tional statistics for seven years show a 
fault rate of about 0.5 faults per year 
and plant, which agrees quite well with 
the calculation. Hence converter sys
tems may be used to advantage in un
manned stations, which is substantia
ted by, for example, a large number of 
unmanned radio link stations, all of 
which show positive operational re
sults. 

Converter systems in 
electronic telephone 
exchanges 
Electronic telephone exchanges make 
more stringent demands on power 



plant than electromechanical ex
changes. The converter system is par
ticularly suitable for electronic ex
changes and satisfies the new de
mands without difficulty. Since this 
subject has been dealt with earlier5 

only the most important characteristics 
will be discussed here. 

Electronic equipment is usually supp
lied with power from a number of small 
d.c. converters placed in the telecom
munication equipment, which convert 
— 48 V to the required electronic volt
ages (5 V, 8 V, 12 V etc.). Owing to the 
fact that the exchange voltage —48 V 
is kept within such close limits these 
converters can be made small and 
hence economic. 

The sectionalizing principle offers in
creased reliability. For example, the 
synchronized duplicated processors 
and switching equipment in AKE 13 are 
provided with power from three sepa
rate 48 V sections, with a common 
standby. Consequently a fault in the 
power plant does not affect both pro
cessors within the synchronized dupli
cated pair. Hence in such cases opera
tion can continue without interruption. 

When feeding fast electronic circuits 
there must be no stepwise voltage 
changes. This has been eliminated in 
the converter system, but occurs in the 
cell switch system when the cell switch 
operates. 

Reference plants 
Some of the more interesting of the 
roughly 1500 converter plants deliv
ered hitherto are mentioned below. 

110 plants for unmanned radio link 
stations in Mexico, 100 A 48 V, taken 
into service in 1965. 

A 10000 A 48 V plant for the local, na
tional and international exchange Vic

toria in Mexico City, taken into service 
in 1968. 

16 sectionalized plants for AKE 13 in 
Denmark, Finland, Mexico, Norway and 
Sweden, 2000—8000 A, 48 V. Some in 
service and others being delivered. 

Constant voltage plant with permanent
ly operating converters, 6000 A 48 V, 
Cidade Interurbano in Sao Paulo, taken 
into service in 1974. 

Telex plant ± 60 V, 400 A, Cidade In
terurbano in Sao Paulo, taken into ser
vice in 1974. 

Sectionalized plant (seven sections) 
25000 A, 48 V equipped with a central 
master voltage control, for a national 
and international transit exchange in 
Barcelona. Delivery in progress. 

Conclusion 
For ten years LM Ericsson's booster 
converter system has been used suc
cessfully for the power supply of tele
communication plants, which make 
stringent and varying demands on the 
power plants. 

Through the structural design of the 
system and the possibility of sectiona
lizing to suit any particular application, 
a high reliability is obtained and also 
the possibility of unlimited extension. 
Operation is fully automatic and un
manned plants have worked for ten 
years with good results. The system is 
economic both as regards the acquisi
tion and operational costs. 

The flexibility of the system makes it 
possible to satisfy the various require
ments of telecommunication plants, for 
example high voltage stability, and also 
to meet the special demands made by 
electronic telecommunication systems. 
The indications are that the converter 
system will also be able to meet the 
requirements of future telecommuni
cation systems. 
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Fig. 14 

Power supply laboratory. Test room for large 
power supply systems 
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Telecommunication Equipment for 
Power Station Operation 
Christian Semb Magnus and Terje Olsen 

Carrier technology has already been utilized for more than 55 years for 
transmitting information with power lines as the transmission medium. 
In Scandinavia LM Ericsson and A/S Elektrisk Bureau have supplied their own 
types of carrier equipment for power lines (CPL) since the end of the 1930s. 
In 1968 the entire responsibility for CPL equipment within the Ericsson Group 
was transferred to A/S Elektrisk Bureau, who since then have developed 
a completely new CPL system based on the Group's M4 construction practice. 
This construction practice is also used for all other transmission equipment 
produced by the Group. In addition a number of other new equipments 
have been developed tor use in connection with the transmission of information 
for power stations. The article first describes the technical design of the CPL 
equipment ZAP 01—2, and then the principle of connecting to the power 
line using the Line equipment ZGBR 00101. This is followed by a description 
of the AF terminal equipment ZAT 11 SF. This equipment provides the 
possibility of utilizing the same division of the AF (audio frequency) band 
as is used with CPL, for other types of communication. 

UDC 621.515.052.63 
621.395.44 

LME 8427 

Carrier equipment ZAP 01-2 
for high voltage lines 
Experience from several countries 
shows that high quality CPL equipment 
can be used to provide very good cir
cuits for telephony, remote control and 
also data transmission. ZAP 01-2 is de
signed in accordance with the tech
nical requirements for such high qua
lity circuits. These are to some extent 
more stringent than the recommenda
tions of IEC (International Electrotech-
nical Commission) for equipment in the 
CPL. range. 

When developing ZAP 01-2 particular 
attention has been paid to the following 
three operational characteristics: 

1. Low inherent noise level in the 
speech channel « 65 dBmOp) 

2. Possibility of effective and flexible 
utilization of the baseband 

3. Low level of spurious emissions. 

Reduction of spurious emissions, 
which in the main consist of intermodu-
lation products, is extremely impor
tant. These products fall in the fre
quency bands adjacent to the band 
used for transmission, and if they are 
large they can give rise to noise in 
these adjacent bands. Elimination of 
this noise permits a much freer use of 

the different frequency bands within 
the available frequency range of 24— 
488 kHz. 

The various manufacturers of CPL 
equipment utilize different bandwidths 
in their equipment, for example 2.5, 3.0, 
4.0, 5.0 kHz or multiples of these. It is, 
however, obvious that most systems 
use a 4 kHz spacing. Within the Erics
son Group the 4 kHz spacing has al
ways been used in CPL equipment in 
the same way as for normal multi
channel carrier equipment, where this 
is the CCITT standard. This means that 
CPL equipment is particularly suitable 
for the transmission of signals from 
modern data modems, as these are 
developed for use with telephone 
channels in the general switched tele
phone network. 

AUDIO-FREQUENCY SIDE 

There are two types of signals that one 
normally wishes to transmit in connec
tion with power plant operation, name
ly analog and digital. 

Nowadays more and more information 
is transmitted in the form of digital 
signals. This applies for: 

measurements 
messages 
orders 
control signals 

For most forms of communication the 
information speed requirements for 
these signals are satisfied by the use 
of voice-frequency telegraph channels 
for 50, 100, 200 (or 600) bauds in addi
tion to the speech channel. 

During recent years, however, the need 
for higher information speeds has be
come very evident. By utilizing the fre
quency band normally occupied by a 
speech channel, standard data mo
dems with transmission rates of 1200 
and 2400 bits/s or even higher may be 
used to satisfy this need. 

Normally it is only speech that is 
transmitted in the form of analog sig
nals. It is desirable that speech should 
also be transmitted digitally, but with 
the bandwidth available this is not 
practically or economically possible at 
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Fig. 1 
Utilization of the baseband 0—4000 Hz. 
The speech band is allocated 300—2400 Hz. 
Alternative possibilities for 50, 100 and 200-baud 
voice-frequency telegraph channels are shown. 
The arrows show the mid-frequencies 

Available baseband and utilization 

A frequency band with a bandwidth of 
4 kHz (baseband) is to be transmitted 
in each direct ion. 

A normal frequency division is shown 
in f ig . 1, but other divisions are also 
used. The frequency band 300—2400 
Hz is used for the speech channel. This 
is connected to external equipment, for 
example an automatic exchange, on a 
2-wire or 4-wire basis. 

In the band above 2400 Hz there is 
space for eleven 50-baud voice-fre
quency telegraph channels or a cor
responding number of 100-baud or 200-
baud channels. The voice-frequency 
telegraph channels are in accordance 
with CCITT recommendations, but they 
also have frequency variants outside 
the frequency range recommended by 
CCITT. Alternatively one 600-baud plus 
three 50-baud voice-frequency tele
graph channels may be transmitted if 
the frequency band for the speech 
channel is reduced to 2200 Hz. 

The voice-frequency telegraph chan
nels are used for various services: 
transmission of control signals, trans
mission of simple measured values, 
transmission of signals from cycl ic 

systems for data col lect ion, transmis
sion of relay protect ion signals (for 
protect ion of the high voltage power 
line), and the signall ing for the speech 
channel. 

When a data modem for 1200 bits/s 
(ZAT 1200) or 2400 bits/s (ZAT 2400) 
is used, the speech channel f i l ter with 
a cut-off frequency of 2400 Hz is re
placed by a fi lter with a cut-off fre
quency of 2700 Hz. This latter f i l ter is 
special ly designed for data transmis
sion and has, for example, a small 
amount of group delay distort ion in re
lation to the speech filter. The circuit 
is normally used for the transmission of 
either speech or data. Hence the fi l ter 
with a cut-off frequency of 2700 Hz is 
not designed in accordance with 
CCITT recommendat ion H34 as it is 
used only for data transmission. In 
such cases a maximum of eight 50-
baud (or equivalent) voice-frequency 
telegraph channels can be accommo
dated. 

Basic design of the AF equipment 

The AF part of CPL equipment ZAP 
01-2 is shown in the block diagram of 
f ig. 2. Basically it is a 4-wire equipment 
in which the send side is connected 
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to one pair and the receive side to the 
other. 

On the send side the level of the 
speech signals is adjusted with a 
strappable attenuator. The signals are 
then limited in the following limiter 
amplifier L. Limiting takes place at 
approximately + 2.0 dBmO. 

The speech frequency band is then 
limited in the speech channel filter to 
300—2400 Hz, and in the equalizer E 
that follows the frequency response 
can be adjusted to compensate for the 
attenuation-frequency characteristic of 
the power line over the frequency 
band. 

The speech signals and the signals 
from all the voice-frequency telegraph 
transmitters T are then combined in 
the combining amplifier C before being 
sent in to the translating equipment for 
modulating up to the wanted frequency 
band. 

On the receive side the AF signals 
from the translating equipment are 
distributed to the respective voice-
frequency telegraph receivers R via a 
branching amplifier B. The voice-fre

quency telegraph signals go direct to 
the receivers, but the speech signals 
go to the local side via an equalizer E, 
a speech filter F and an AF amplifier A. 

Speech channel 

On the local side the speech channel 
can be adapted for 4-wire or 2-wire ex
changes by suitable selection of ter
minating units. For older exchanges 4-
wire through connection is used, but 
the exchange's local subscribers are 
connected on a 2-wire basis, the 
changeover from 2-wire to 4-wire con
nection taking place in the terminating 
unit instead of in the exchange as in 
the case of modern exchanges. 

The input and output levels can be ad
justed within wide limits with attenu
ators provided in the terminating unit. 
A normal 50-baud voice-frequency tele
graph channel is used for signalling. A 
telephone unit can be fitted in the ter
minal (not shown in fig. 2), so that a 
speaker circuit can be set up between 
the terminals. 

If data signals are transmitted instead 
of speech, the data modem is connec
ted to the same terminating points as 
the speech (usually 4-wire). 

Fig. 2 

Block diagram for the AF part of the CPL 

sys tem ZAP 01-2 

A Amplifier 
AT Attenuator 
B Branching amplifier 
C Combining amplifier 
CO Compressor 
E Attenuation equalizer 
EX Expander 
F Filter 
G Generator 
H Hybrid 
L Limiter 
R Voice-frequency telegraph receiver 
T Voice-frequency telegraph transmitter 
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Voice-frequency telegraph channels 

The voice-frequency telegraph chan
nels are normal frequency shift chan
nels designed in accordance with 
CCITT recommendations. The tele
graph transmitters can be keyed with 
single current or double current or 
with voltage-free relay contacts. The 
signals from the voice-frequency tele
graph receiver are taken out in the 
form of single current or double cur
rent signals via an electronic relay 
connection. For 50-baud channels an 
electromechanical output may also be 
used. 

The input stage of each telegraph 
transmitter and the output stage of 
each receiver are insulated from the 
remainder of the system so that inde
pendent external voltages may be ap
plied at these stages. A d.c. converter 
giving + 15 V and —15 V can if ne
cessary be connected in to provide the 
operating voltage for the electronic re
lays. These voltages are completely 
isolated from the remainder of the vol
tages in the system. 

Each voice-frequency telegraph recei
ver has alarm circuits which provide an 

alarm when the received level falls be
low a certain limit. 

TRANSLATING SIDE 

The modulation plan used in the CPL 
system is shown in fig. 3. The AF band 
C—4 kHz is used to modulate a 20 kHz 
carrier. Only the upper sideband 20— 
24 kHz is used, and this is filtered out 
with very steep flanks. After filtering 
the resultant band is translated to its 
final position in the frequency range 
24—488 kHz with the aid of a suitable 
translating frequency f,. The corre
sponding demodulation takes place on 
the receive side. 

The frequency band that can be utilized 
for transmission over power lines is 
limited by the following considerations: 

At low frequencies the limit is set by 
the interference from the coupling ca
pacitors used. The practical limit lies 
in the region of 20—40 kHz. The upper 
frequency limit is determined by the 
line attenuation, which increases 
steeply with frequency. The practical 
limit lies between 450 and 500 kHz. 

Fig. 3 
RAnHiilatmn nlan 
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Fig. 4 
Block diagram of the translating equipment 
in the CPL system ZAP 01-2 

AT Attenuator 
CO Converter square-wave/slnusoldal signal 
D Demodulator 
F Filter 
G Oscillator 
H Hybrid 
LR Level regulator 
M Modulator 
PA Power amplifier 
PRA Preamplifier 
S Frequency synthesizer 

Basic design of the translating 
equipment 

The translat ion equipment is shown in 
the block diagram of f ig. 4. 

In the transmit direct ion modulator M1 
translates the incoming AF band to the 
intermediate frequency (IF) band 20— 
24 kHz. The carrier frequency 20 kHz is 
suppressed partly in M1 and partly in 
the IF fi lter F2. If 20 kHz is used as the 
pilot tone it is inserted via the IF fi lter 
F3. 

The IF band is translated up in modu
lator M2 to the final frequency band 
with the aid of carrier ft. There are four 
main versions of the fol lowing fi lter F4, 
and these can easily be adjusted with 
the aid of sets of capacitors to give the 
116 filter versions. Filter F4 suppresses 
the unwanted sideband and the carrier. 
The output band is then ampli f ied in 
preampli f ier PRA and a power ampl i 
fier PA before being taken via a send 
fi lter F5, a line hybrid H and a cable to 
the line equipment for connect ing to 
the high voltage power line. There are 
three main versions of the send fi lter 
and the line hybrid which can be ad
justed with sets of capacitors to give 
116 versions to cover the frequency 
range 24—488 kHz. 

The line hybrid, which connects to
gether the send and receive sides to
wards the line, is unsymmetrical in 

order to give as l itt le attenuation as 
possible on the send side (s= 0.5 dB). 

The receive frequency band, which 
can be the adjacent band to the send 
frequency band, is taken from the 
power line via the line equipment, 
cable, line hybrid H and an attenuator 
AT to f i l ter F6 on the receive side. 

Demodulator D1 translates the receive 
frequency band to the IF band 20—24 
kHz. All f requencies outside this band 
are suppressed in the fi l ters F7 and F8, 
and the level regulator LR between the 
two fi l ters holds the output level almost 
constant for all input levels within a 
certain level range. 

Demodulator D2 translates the IF band 
to the original AF band 0—4 kHz. The 
demodulator is fo l lowed by a f i l ter F9 
which attenuates unwanted frequen
cies above 4 kHz. 

The three modulat ion frequencies are 
provided by a frequency synthesizer S. 
With the aid of an associated crystal 
osci l lator in the 5 MHz range all the 
wanted frequencies are generated 
through division and control from the 
master osci l lator. The intermediate fre
quency 20 kHz is f ixed but the optional 
frequencies, f, and f,, are obtained by 
strapping. The crystal osci l lator is tem
perature compensated and does not 
require a crystal oven. The frequency 
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stability of the generated frequencies 
over the temperature range is better 
than ± 2.5- KT6. 

Important parameters 
for the CPL equipment 
Level regulation 

Pilot-controlled level regulation is used 
to hold variations of the received 
audio-frequency to within ± 0.5 dB for 
variations of the incoming level of 30 
dB, and within a limit of —2.5 dB for 
a further reduction of the incoming 
level by 10 dB. 

Any one of three pilot frequencies may 
be selected: 

1. 2.58 kHz, which takes up the band 
for a 50-baud voice-frequency tele
graph channel in the centre of the 
base band. This frequency cannot 
be used with data transmission. 

2. 3.78 kHz, which takes up the band 
for a 50-baud voice-frequency tele
graph channel at the top end of the 
baseband. 

3. 20 kHz translating frequency, which 
is transmitted at a reduced level. 
This is the carrier frequency for 
modulator M1 and thus corre
sponds to 0 Hz in the baseband. 

With alternative 3 no part of the base
band is used for the pilot. 

Output power 

The output signal from the system is 
amplified in a preamplifier and a power 
amplifier with an optional output power 
of 7.5 W, 40 W or 120 W P.E.P. (Peak 
Envelope Power). With particularly 
long power lines or with lines having a 
very high noise level the CPL equip
ment can be used together with a 
separate amplifier rack giving almost 
500 W P.E.P. The power amplifier 
operates in class A when moderate 
signal input levels are applied and 
goes gradually over to class B at 
higher levels. This has the advantage 
that the intermodulation products from 
signal components in the equipment's 
own transmission band are suppres
sed, at nominal level settings, by about 
20 dB more than if the power amplifier 

operated continuously in class B for 
all applied signal levels. 

Intermodulation requirements 

The level difference between the send 
and receive bands can be as much as 
30—40 dB, even 50 dB if the line attenu
ation is high. This makes great de
mands on the attenuation of the inter
modulation products and distortion on 
the send side, particularly in the power 
amplifier. With normal operation of the 
CPL equipment, unwanted frequency 
components (spurious emissions) will 
be attenuated with relation to the 
P.E.P. level (max. operating level for 
the amplifier) by more than 85 dB. 

Stringent demands are also placed on 
the intermodulation attenuation in the 
receiver input stage. This applies parti
cularly in the case of demodulator D1 
in fig. 4, which must be able to operate 
satisfactorily when the level of the re
ceive frequency band is low, at the 
same time that the equipment trans
mission band is only attenuated by the 
balance of the hybrid towards the line. 
In extreme cases there is a risk that the 
level of the transmit band into demodu
lator D1 will be 10—20 dB higher than 
the level of the receive frequency band. 

Relay protection 

In the arrangement with protection of 
the power line the CPL equipment can 
be equipped with two relay protection 
channels. A relay protection channel 
consists of a voice-frequency tele
graph channel together with a control 
unit. The speed of the telegraph chan
nel can be 50, 100 or 200 bauds, but in 
view of the transit time requirements 
(15—30 ms) it is usual to use 100-baud 
or 200-baud channels. The control unit 
operates as an intermediate connec
tion between the external relay protec
tion equipment and the voice-frequen
cy telegraph channel, and at the same 
time provides the possibility of testing 
the functions of the relay protection 
channel. 

SPECIAL USES 

Through-connection at IF 

In some cases the distance to be cov
ered by a CPL circuit is so great that 
it must be divided up into two circuits 



connected in series. This is usually be
cause the attenuation of the high volt
age line is so great that the signal/ 
noise ratio will be poor if a direct cir
cuit is used. 

If there is no interest in taking out sig
nals at the intermediate station, the 
whole of the AF part can be looped in 
each of the two equipments at the in
termediate station. Likewise the first 
modulator and the second demodula
tor, M1 and D2 in fig. 4, can be looped 
and through connection can take place 
in the frequency band 20—24 kHz. 

Separated AF and translating 
equipments 

The place at which information is 
transmitted and received, for example 
the control room in a power station, is 
often at some distance from the place 
where the power line terminates. In 
such cases the translating equipment 
can be installed at the power line. The 
relay protection channels that are in
cluded in the protection unit for the 
power line will also be terminated 
there. The AF equipment (speech 
channel, voice-frequency telegraph 
channels) are installed at the place 
where the information is transmitted 
and received. The AF and translating 
equipments are then connected via 
two cable pairs. The AF equipment 
may be mounted in a CPL rack or the 
AF terminal equipment ZAT 11 SF may 
be used. 

The practical arrangement with such a 
division is shown in fig. 5. The relay 
protection shelf is prepared for this ar
rangement. It has been assumed in the 
figure that the ordinary voice-frequen
cy telegraph channels can also be ter
minated in the CPL shelf if desired. 

Parallel connection 

In many cases two or more CPL equip
ments transmit over the same power 
line. In order to be able to use the same 
line equipment in such cases, the dif
ferent terminal equipments must be 
connected in parallel. 

The send filter, which is fitted in the 
line hybrid, is a simple filter with little 
attenuation outside the passband to 
which it is tuned. Hence the impedance 
outside the passband increases slow
ly. It is therefore specified that there 
must normally be 16 kHz between the 
mid-frequencies of the transmitted 
bands in order that the individual 
equipments shall not attenuate each 
other by more than 1 dB. The mid-
frequencies can be placed closer to
gether but this will result in an addi
tional attenuation of between 1 and 3 
dB. 

Extra line hybrids must be used if the 
transmit bands are to be close to each 
other. These must be symmetrical and 
thus will attenuate the band 3.0—3.5 
dB. Adjacent bands are rarely con
nected in parallel because the addi
tional attenuation is so large. 

Fig. 5 
System solution with the AF equipment and 
translating equipment at different localities 

B Branching amplifier 
C Combining amplifier 
CU Control unit 
IA Input amplifier 
OA Output amplifier 
R Voice-frequency telegraph receiver 
T Voice-frequency telegraph transmitter 

Fig. 6 
CPL terminal 
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POWER SUPPLIES 

Various types of voltage sources may 
be used for providing the equipment 
with power. 

The equipment can be fed either from 
110 V, 127 V or 220 V a . c o r from a 24 V 
or 48 V d.c. source. However, when 
120 W power amplif iers are used, only 
a.c. and 48 V d.c. may be used. 

The voltage used in the rack is nor
mally 24 V but the power amplif iers 
are driven either from 24 V, 48 V or 
100 V, depending on the power they 
provide. 

MECHANICAL DESIGN 

ZAP 01-2 is built in accordance with 
the M4 construct ion pract ice. A f ixed 
bay with a height of 23 modules is used. 
The bay is equipped with the neces
sary shelves for each individual sys
tem solut ion. A photograph of the bay 
is shown in f ig. 6. Its height with feet is 
1057 mm and without feet 1022 mm. 

The power amplif ier is f itted at the top 
of the bay. The bay in f ig. 6 is equipped 
with a 40 W amplif ier. 

The units in the translating equipment 

are mounted in the shelf direct ly un
der the power amplif ier, whi le the AF 
units are placed in the second shelf 
under the amplif ier. The third shelf is 
the voice-frequency telegraph channel 
shelf which is used when there are a 
large number of telegraph channels. 
The fourth shelf contains the relay pro
tection channels with the control unit 
and signal b locking. All the d.c. con
verters are mounted in the fifth shelf. 
The rectif iers required when the bay 
gets its power from an a.c. source are 
mounted at the bottom of the bay as 
can be seen from f ig. 6. The mains 
switch with the mains lamp above it 
can be seen at the bottom left-hand 
side of the bay. The alarm lamp for the 
main alarm is mounted at the top and 
under this there is a data label. In the 
middle of the left-hand side of the bay 
can be seen a measuring instrument 
with a switch for checking the output 
level, the pilot input level, the 24 V 
supply voltage and the supply voltage 
for the power amplif ier. 

The bay cabl ing between the shelves 
is laid in the r ight-hand side of the bay 
seen from the front, whi le the cables 
into the bay are taken in on the left-
hand side behind the mains switch. 

Fig. 7 
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The large cooling flanges ensure a 
very moderate temperature even in the 
120 W amplifier, the converters and the 
rectifiers. 

been developed that covers almost all 
the connection alternatives used. It has 
been given the designation ZBGR 
00101. 

CONNECTION OF THE CPL 
EQUIPMENT TO THE POWER LINE 

In order to be able to connect a CPL 
equipment to a power line and to en
sure that a clearly defined transmis
sion path is achieved, an arrangement 
is used consisting of chokes, coupling 
capacitors and line equipment. 

The connection can be made to one 
phase or between phases. Fig. 7 shows 
a one-phase connection and also how 
the line equipment is built up, while 
fig. 8 shows the principle for a connec
tion between phases. In the latter case 
a combining transformer is also in
cluded in one of the line equipments. 

The chokes and coupling capacitors 
must of course be power engineering 
equipment as they are subjected to the 
voltage and current on the power line. 

The line equipment is a transmission 
engineering equipment. A new unit has 

Line equipment ZGBR 00101 
The line equipment contains a protec
tion part, a filter part and a matching 
transformer. 

Protection equipment 

The function of the protection equip
ment is to prevent voltage transients 
from the power line, caused by switch
ing in and out in the power plant, at
mospheric discharges or line failures, 
from getting through to the CPL equip
ment and causing injury to the staff or 
damage to the equipment. 

With normal operation there is a fixed 
connection through the line equipment 
via coil L1, see fig. 7. Voltage transients 
above 1000 V will discharge through 
spark gap E1. When working on the 
line equipment the coupling capacitor 
is connected to earth with the knife-
blade earthing switch S1. 

Fig. 8 
Connection to the power line between phases 
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Fig. 12 

Line equipment ZGBR 00101 with the 
door open 

Matching transformer 

The matching transformer can match 
the line equipment to cable impedan
ces of 50, 75, 125 and 140 ohms, and 
to line impedances of 230, 300, 390 and 
510 ohms. The transformer also pro
vides protection for the CPL equipment 
against overvoltages from the power 
line. The breakdown voltage between 
the primary and secondary sides is 
greater than 10 kV. 

Filter equipment 

The filter part of the line equipment, 
together with the connected equipment 
(high-voltage line, coupling capacitor 
and cable to the CPL equipment) can 
provide a pass band for the frequen
cies that are to be transmitted over the 

line. Three different filter configura
tions are used for this purpose. 

The simplest filter configuration is a 
high-pass filter as shown in fig. 9. 
where Cr is the capacity of the coup
ling capacitor in the power plant. This 
capacity value will vary from one power 
plant to another. The line impedance 
R, depends on the design of the high 
voltage line and R,. is the value of the 
cable impedance transformed in the 
matching transformer. L, and Cs are 
included in the filter part of the line 
equipment and their values are deter
mined from nomograms, such that the 
wanted filter effect is achieved. The 
example shown is for a line impedance 
of 300 ohms and a cable impedance of 
125 ohms. 

Fig. 9 

Configuration and examples of the 
characteristics for the high-pass filter 

Fig. 10 
Configuration and examples of the 
characteristics for the modified high-pass filter 

Fig. 11 

Configuration and examples of the 
characteristics for the band-pass filter 
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Fig. 13 

Block diagram of an AF terminal ZAT 11 SF 
consisting of three types of shelves 

From f ig. 9 it can be seen that with low 
values of coupl ing capaci tor C r the 
lower cut-off frequency wil l be rather 
high. If the value of the coupl ing capa
citor is low and it is desired to transmit 
a low frequency band, the fi lter can be 
connected as a modif ied high-pass 
fi lter. The circui t diagram for such a 
fi lter is shown in f ig. 10. The values for 
La, Lh and Cs are determined from no
mograms. Fig. 10 shows some exam
ples of f i l ter character ist ics using the 
same values of line impedance and 
cable impedance as in f ig. 9. 

The lowest cut-off frequency is ob
tained with the fi lter coupled as a 
transformed band-pass fi lter. The cir
cuit diagram for this and examples of 
fi lter character ist ics are shown in f ig. 
11. From the f igure it can be seen that 
the band-pass fi l ter transmits a relat i
vely narrow band. Hence this conf igu
ration is used only when there is a 
combinat ion of low C,. value and nar
row frequency band. 

Mechanical design 

The line equipment is mounted in a 
housing of stainless steel plate, in 
which all other items are also of non-
corrosive materials. A photograph of 
the line equipment is shown in f ig. 12. 
All the electr ical components, capaci 
tors, coi ls and transformers, are mould
ed in three blocks. This provides ex
cel lent protect ion in all weather condi
t ions. 

AF terminal equipment 
ZAT 11 SF for other 
transmission media 
The desire to be able to use the same 
division of the AF band for transmission 
over other transmission media than 
power lines has led to the development 
of ZAT 11 SF. 

The units used are the same as are in
cluded in the AF part of the CPL equip
ment, but the shelves are arranged for 
mounting in a 19" rack or bay. The 
block d iagram for a terminal is then, in 
pr inciple, as was shown in f ig. 2. 

TRANSMISSION FACILITIES 

The fol lowing alternatives are possible: 

1. Signals may be transmit ted as low-
frequency signals over a low-fre
quency circuit , which can be either 
cable or open-wire line. 

2. Signals may be transmitted over a 
radio link. The data for the radio 
link wil l l imit the number of chan
nels that can be used in this case. 

3. Signals may be transmit ted over a 
normal carr ier circuit . The carrier 
equipment wi l l then usually l imit the 
upper end of the AF band to 3400 
Hz, so that it wi l l not be possible to 
use the voice-frequency telegraph 
channels with f requencies above 
this. 

BASIC DESIGN 

Shelf versions 

Three different shelves are speci f ied: 

1. AF shelf ZFLR 30301 with space 
for the speech channel units and 
2 voice-frequency telegraph chan-
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Fig. 14 

AF terminal consisting of three shelves 
mounted in a rack 

2. Voice-frequency telegraph channel 
shelf ZFTR 30303 with space for 
6 voice-frequency telegraph chan
nels. 

3. Relay protection shelf ZFTR 30304 
with space for 1 relay protection 
channel and 2 ordinary voice-fre
quency telegraph channels. 

All the shelves have space provided 
for power units, combining/branching 
amplifiers and output/input units to
wards the line, but in any one terminal 
these units are provided in only one 
shelf. Depending on the requirements 

a terminal may be built up of a single 
shelf or any desired combination of an 
arbitrary number of the three types of 
shelves. A number of shelves are con
nected together to form a terminal 
with the aid of cables that are plugged 
in at the rear of the shelves. The station 
cabling is also connected at the back 
of the equipment. 

Fig. 13 shows a block diagram for a 
terminal consisting of one of each o? 
the three types of shelves. 

Units 

The speech channel, voice-frequency 
telegraph channels and relay protec
tion channels have the same units as 
in the ZAP 01-2 and the same system 
solutions are possible. 

An amplifier unit, with separate ampli
fiers for the send and receive direc
tions, may be included in the input and 
output units. The output level can be 
varied over a wide range with a maxi
mum output level of + 5 dBr. The input 
amplifier is able to accept all signal 
levels that are obtained in practice. 
Both amplifiers are provided with sim
ple equalizer networks to compensate 
for any attenuation/frequency distor
tion that may be introduced in the top 
part of the frequency band by the trans
mission medium. If a higher output 
level than — 15 to — 12 dBr is not re
quired, and the receive level is not 
below — 30 dBr, the amplifier unit may 
be replaced by a simple matching unit. 

The equipment can be driven from a 
24 V or 48 V d.c. source. 

Mechanical design 

The shelves and units are built in ac
cordance with the M4 construction 
practice. The width of the shelves is 
adapted for mounting in 19" racks or 
bays. The shelves are secured with 
brackets which can be fixed to four 
different positions on the shelves. This 
makes it easy to adapt the shelves to 
other equipment mounted in the same 
framework or rack. 

A terminal consisting of three shelves 
mounted in a rack is shown in fig. 14. 
The shelf with the front cover removed 
is an AF shelf. 



AKNR 50 - A Telephone System 
for Power Line Networks and other 
Special Networks 
Harald Hovland 

In Norway the first telephone calls over power lines were made as long ago 
as 1922 and a system for automatic telephony over the power line network of 
Oslo Lysverker was described in Ericsson Review in 1936.' The telephone 
equipment was supplied by A/S Elektrisk Bureau in Oslo, an associated 
company of LM Ericsson. During the Second World War the same company 
designed a special "Power station exchange" which today is used for telephone 
communication in the Norwegian power line network. 
As a result of the need for communications and the developments in the 
technical field, in 1970 A/S Elektrisk Bureau started the development of a new 
telephone system intended for power line networks and other special 
telephone networks. 

Previously LM Ericsson have supplied types AMB 20 and ARD 316 exchanges 
for communication in power distribution networks, but in 1970 it was 
decided that A/S Elektrisk Bureau should take over the responsibility within 
the Ericsson Group for the supply of all telephone exchanges and transmission 
equipment marketed for telecommunications in power line networks. 
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LME 8427 

The AKNR project 
As the HF exchanges developed earlier 
by A/S Elektrisk Bureau for the Nor
wegian power station network even
tually proved to have too limited a 
capacity, it was decided in 1970 to 
develop a new exchange equipment 
with a larger capacity and more ser
vices, and which could be supplied to
gether with the carrier equipment for 
power lines newly developed by A/S 
Elektrisk Bureau. 

Together with LM Ericsson the com
pany were at that time in the process 
of developing a new public telephone 
system, which had been designated 
AKK 50. The experience gained from 
this project as regards the system 
technology, circuit engineering and 
method of construction was used as a 
basis for the development of the AKNR 
50 system. 

The project was commenced during 
the autumn of 1970 and the design 
phase during the spring of 1971. A pro
totype network with three exchanges 
was installed in the Oslo area during 
the summer of 1974. 

Summary of three 
requirements 
Meetings with customers, and studies 
of the demands and requirements of 
suppliers of electric power in various 

parts of the world has resulted in the 
following technical requirements: 

• 4-wire through connection 

• alternative route selection 

• possibility of connecting up circuits 
anywhere in the network 

• rapid and reliable signalling (MFC) 

• 2-wire and 4-wire subscriber lines 

• possibility of setting up conference 
circuits 

• linked numbering scheme with up 
to 4 digits 

• possibility of barring subscribers 
from getting into the network or 
parts of it 

• two-party line equipment 

• PBX line selection 

• push-button dialling 

• possibility of dialling through the 
network 

Fig. 1 shows a typical network for 
power station circuits. The network 
shown in the figure consists of a num
ber of sub-networks with exchanges 
of different manufacture. These can be 
connected together via manual ex
changes. Two circles at a point indi
cate that a PABX is connected to the 
network at that point. The numbers 
give the number of available speech 
circuits. There are usually only 1—2 
circuits between two points. The cir
cuits may consist of carrier channels 
in the range 44—450 kHz, over cable 
or radio links. 

As the telephone is an important com
munication medium in the power sta
tion operation network and is of great 
importance in an emergency, it is es
sential to be able to get through even 
if the circuits are engaged. Hence al
ternative route selection and the pos
sibility of connecting up and taking 
over a circuit are very necessary ser
vices. 

AKNR is a system that has been devel-
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works but it has characteristics that 
are also important in other closed net
works, for example military networks 
and networks for "oil communica
tions". 

FDRs (relay sets). Three examples are 
given below of the maximum require
ments for three different traffic needs: 

20 subscriber lines, 6 FDR, 4 SNR 
15 subscriber lines, 10 FDR, 5 SNR 
10 subscriber lines, 13 FDR, 2 SNR 

Fig. 1 

Typical telephone network lor power stations 

Q Power station exchange 

( O ) Regional centre 

Qj Interface point 

New system 
Existing system 1 
Existing system 2 

Capacity and trunking 
diagram 
Two versions of the AKNR system have 
been designed, AKNR 512 and AKNR 
515. 

AKNR 512 is the smaller exchange of 
the two. It has a maximum capacity of 
20 subscriber lines, 2 registers and 2 
code receivers. The number of SNRs 
(connection circuits) is limited by the 
switching capacity and the number of 

The trunking diagram for the exchange 
is shown in fig. 2. The switching stage 
consists of up to two 6-point code 
switches and thus gives the stage a 
maximum capacity of 30 multiple posi
tions and 20 vertical units. The register 
and code receiver are connected to 
SNR/FDR via a 12-point code switch. 

The connecting circuit SNR is used for 
outgoing and terminating traffic and is 
connected to the relay set FDR. For 
local calls the two vertical units of the 



Fig. 2 

Trunking diagram (or an exchange with a 
6-point code switch 

FDR 
SNR 

Two-way relay set 
Connecting circuit 

SNR are connected to the A and B 
subscriber respectively. 

Fig. 4 shows a transit circuit. In this 
case the vertical unit of the outgoing 
FDR is connected to the multiple posi
tion of the incoming FDR. 

Functionally AKNR 515 is the analog 
of AKNR 512, but the number of 
switches has been increased so that 
there is a maximum capacity of 60 sub
scribers, 50 FDR and 10 SNR. 

Signalling 
The line signals are transmitted out
side the speech band over a separate 
signalling channel in each direction. 

Thus a continuous signalling system is 
obtained. Seizure and clearing consist 
of shifting the tone in the signalling 
channel. When a channel is occupied, 
short and long signals (50 and 150 ms) 
having a particular meaning are sent. 

The register signalling takes place in 
the speech band using compelled 
multi-frequency code signalling (MFC). 
The same frequencies are used and, in 
the main, the same signals as in ex
changes in the public telephone net
work. However, the two lowest frequen
cies, 540 and 660 Hz, are not used, be
cause measurements made in older 
power distribution networks indicate 
that these frequencies are attenuated 
much more than the higher frequen
cies. End-to-end signalling is used. 
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Technical description 
A block diagram of the system is shown 
in f ig . 3. The system is marker control
led and has a central analyzer AN 
which contains programs for number 
series and for certain services. 

AN has a scanner which is control led 
by a clock and which continuously 
scans over the registers and code re
ceivers and over the identif ier ID. When 
the scanner points out a device its con
tents are analyzed and the device is 
connected to the marker if it contains 
sufficient information to cause switch
ing to take place. AN is a parallel ana
lyzer, and the contents of the register/ 
code receiver are transferred to AN via 
a bus, on which the analyzer result is 
transferred to the marker and back to 
the device that is analyzed. 

ID has a scanner that scans over the 
cal l ing contacts of the line relays (LR), 
over FDRs in cases of incoming calls, 
and over SNRs that may have received 
a signal from a subscriber wishing to 
have a conference circuit establ ished. 
When ID detects a call the scanner 
stops and AN connects ID to the mar
ker. 

The funct ion of the marker is divided 
into sub-operations that are control led 
by a clock. The register and code re
ceiver also operate in the same way 
and here it is possible to go back to 
sub-operations that have been carried 
out earlier when the input cr i ter ia de
cide this. Thus the code receiver can 
go back to the sub-operation "cal l ing 
in of the marker" if a call put out on a 
channel is not answered. This can re
sult in the selection of another chan
nel, and if this is also unsuccessful the 
rerouting signal can be sent back so 

that another route can be selected in 
the previous exchange (through-con
nected earlier). 

The division into c lock-control led sub-
operations has been extremely useful 
both in the design phase, where the 
sub-operations were initially defined 
with the aid of f low diagrams, and in 
the laboratory and prototype phases 
where it has simpli f ied the tracing of 
design and circuit faults. 

Special services 
The class analyzer AK can give out the 
fol lowing classes: 

A classes: 
priority subscriber with second priority 
( l imited priority) 

restricted for traff ic outside own area 

restricted for traffic outside own ex
change 

test number 

data modem 

4-wire subscriber line. 

B classes: 
PBX group hunting number (given from 
A K t o the PBX board) 

4-wire subscriber line 

subscriber line with through-dial l ing 
(in-dial l ing). 

Priority subscriber with first priority is 
not determined by AK, but is included 
as a strapping facil i ty in the line relay. 
When a call is received from a priority 
subscriber the circuits are connected 
up everywhere in the network where 
this is necessary because of conges-

Fig. 4 

Transit circuit 

FDR Two-way relay set 
KM Code receiver 

Fig. 5 
Conference connection 

A calls B and thereafter B makes a conference 



tion or engaged conditions. The warn
ing tone is then given both to the cal
ling and the connected subscribers 
and these are then able to talk to each 
other. The calling subscriber can now 
send the breakdown signal and take 
over the circuit. If the connected call 
also has priority it cannot be discon
nected, and instead the breakdown 
signal causes another circuit to be con
nected up. Subscribers who do not be
long to the priority class can also ob
tain priority by dialling a special num
ber, called the emergency number. 

The object of the test class is to be able 
to seize test equipment, and with this 
facility it is possible to determine 
which FDR/SNR is to be seized. Thus, 
by dialling a certain digit it is possible 
to proceed from point to point in the 
network and test it from a central place. 

Conference calls can be set up any
where in the network. A conference 
call is initiated by a subscriber, who is 
already connected up to another sub
scriber, sending a signal (dialling 
pulse) which is detected by his SNR. 
The identifier finds the SNR that has 
received the conference call signal, 
and connects in the marker that con
nects the SNR to a register. The sub
scriber who has initiated the confe
rence call then hears the conference 
dialling tone and is able to dial the 
number of the person who is to take 
part in the conference call. This can be 
a number belonging to the same ex
change or any other exchange in the 
network. Fig. 5 shows a conference 
connection where A has called B who 
has made a conference call to C. The 
call to C follows the same route as is 
used for the connection from A to B as 
long as the routes are common. 

Push-button dialling may be used in 
the system, in which case the same 
type of push-button receivers are used 
as in public systems. (When making 
conference calls "hook flash" is used 
for calling in a register.) 

Service supervision and 
fault location 
The exchanges of fig. 6 have equip
ment for measuring the fault rate. This 

equipment gives an alarm if the fault 
rate exceeds a certain limit. It super
vises markers, registers and code re
ceivers and faulty devices are blocked 
in those cases where the equipment is 
duplicated. If a fault occurs in for ex
ample both registers, the blocking is 
removed. Moreover, the number of 
calls and faults are recorded on fixed 
counters. 

A number of test jacks are provided 
from which information may be taken 
out on to boards containing light emit
ting diodes. Boards are also available 
with memories, which can be inserted 
in the test jacks. When a fault occurs it 
is entered in the memories, where it is 
stored with the reason for the fault 
until the memories are reset to zero 
manually. Thus it is possible to read 
out how far the connection has come 
and which sub-operation has failed. 

Components and 
mechanical design 
The design of ANKR 50 is based main
ly on DTL and TTL types of integrated 
circuits. MSI circuits have been used 
to a great extent for, for example, bi
nary counters, 5-bit memories and 
drive circuits for miniature relays and 
other interface circuits. The use of 
MSI has meant that many functions 
have been included in one and the 
same printed circuit board assembly. 

6-point and 12-point code switches are 
used. Switches, printed circuit board 
shelves and the remaining equipment 
are connected to the rack cabling via 
plugs and sockets. 12 V signals are 
used for information between shelves 
and these go to the relevant devices 
via interface circuits. 

The cabinet used is an LM Ericsson 
type BDH and has a height of 2180 mm. 
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Fig. 6 
Exchange of type AKNR 512 



WORLDWIDE 
NEWS 

ELLEMTEL inaugurate new premises 
On January 17th, 1975 ELLEMTEL Utvecklings AB, the development company 
owned jointly by LM Ericsson and the Swedish Telecommunications Administration, 
officially took into use their new office and laboratory buildings, with a total area of 
22,000 square metres, at Alvsjo, Stockholm. 

The Swedish Minister of Communica 
tions Bengt Norling. the Chairman of the 
Board of LM Ericsson Dr Marcus Wal
lenberg, representatives of the Swedish 
Telecommunications Administration led 
by Director General Bertil Bjurel and the 
President of LM Ericsson Bjorn Lund-
vall took part in the opening ceremony. 
The ELLEMTEL staff of almost 400 and 
its President Erik Eriksen also took part. 

The Minister of Communications ex
pressed the opinion that the setting up of 
a joint development company by the Te
lecommunications Administration and 
LM Ericsson will contribute to continued 
prominent positions for the Swedish Tele
communications Administration, for LM 
Ericsson as an international telecommu
nication company and for Sweden as an 
industrial country. 

Dr Wallenberg spoke about the back
ground to the formation of ELLEMTEL 
and mentioned how engineers from the 
Administration and LM Ericsson used to 
compete in attempting to achieve the best 
technical solutions, at the same time that 
a comprehensive cooperation existed be
tween them. As an example he took the 
case of the 500-line selector and the cross
bar switch. In conclusion Dr Wallenberg 
expressed the hope that this desire to 

compete will remain in ELLEMTEL but 
that it will be directed against foreign 
competitors. 

In a summary of the activities of 
ELLEMTEL Erik Eriksen, the company 
President, said that the largest projects at 
present were a stored-program-controlled 
telephone exchange system for local ex
changes and transit exchanges for traffic 
between local networks and a PABX. The 
telephone exchange system is an impor
tant corner stone in the long term plans 
of the Telecommunications Administra
tion for modernizing the Swedish telecom
munication network. For LM Ericsson 
this constitutes a significant new design, 
strengthening their competitiveness on the 
foreign market. 

ELLEMTEL has also developed equip
ment for a trial network for data traffic, 
which was put into service during 1974 
between Stockholm, Gothenburg and 
Malmo, and which has been of great im
portance in the preparation of the tech
nical principles for a joint Nordic data 
network. 

This is the fifth year that ELLEMTEL 
have been operating. The company was 
formed in 1970 after investigations and 
negotiations between the Telecommuni
cations Administration and LM Ericsson. 

LM Ericsson's Chairman of the Board Dr Marcus Wallenberg signs his name on a comme
morative tablet at the inauguration of the new office and laboratory buildings of ELLEMTEL. 

Centenarian LM Ericsson to 
found a telecommunication 
prize 

Next year Telefonaktiebolaget LM 
Ericsson will be 100 years old. It was in 
1876 that Lars Magnus Ericsson, a pre
cision tool maker, laid the foundation of 
what was to develop into an international
ly large-scale enterprise in the field of 
telecommunications. One of the events in 
connection with the centenary will be the 
award of an international prize of 100,000 
SKr (approx. US $ 25,000). This is to be 
called "The LM Ericsson prize for an im
portant contribution in telecommunica
tions technology". 

The LM Ericsson prize, the aim of 
which is to "encourage scientific research 
and development in telecommunications 
technology" is to be awarded every third 
year commencing with the jubilee year. 
The contribution that is rewarded must 
have been made or produced results 
during the preceeding three years. 

The contribution to be rewarded will be 
selected by an independent jury consisting 
of three members: Dr Hakan Sterky, for
mer Director General of the Swedish Te
lecommunications Administration, Chair
man, appointed by the Swedish Academy 
of Engineering Sciences, the present Di
rector General Bertil Bjurel, appointed 
by the Swedish Telecommunications Ad
ministration, and Professor Stellan Ek-
berg, appointed by the Professors in Elec-
trotechnology at the Institutes of Techno
logy in Stockholm and Gothenburg, the 
technical faculties at Lund University and 
Linkoping University. Dr Christian Jaco-
bsus has been oppointed by the Board of 
LM Ericsson to be the secretary of the 
prize committee. 

All organizations and private persons 
active in the field of telecommunications 
may propose prize winners. Those wishing 
to obtain further information regarding 
the prize regulations and nomination 
forms can write to the prize committee at 
the following address: 

LM Ericsson prize committee 
S-126 25 Stockholm 
SWEDEN 
Proposals must reach the prize jury 

not later than October 1st, 1975 if they 
are to be considered for the prize award 
for 1976. 
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Computer control in the oldest ARF 10 
exchange 

liiiii 

This picture was taken in connection with the switchover to ANA 30 of the 20-year old ARF 
local exchange at Arhus. In the picture can he seen, from left to right, Messrs. R. Relsted, 
JTAS, F. Meland, LM Ericsson, and M. Scluinau-Hansen, JTAS, in front of a part of the 
register organization in ANA 30. 

In Arhus, Denmark the local exchange, 
with type ARF 10 crossbar switches man
ufactured by LM Ericsson, which was 
taken into service in 1953, has been mo
dernized. In connection with this, the 
stored-program-controlled register orga
nization ANA 30 has been introduced. 
The original exchange has thus been given 
a level of service comparable to that of 
ether stored-program-controlled tele
phone exchange systems. The original ex
change was the first ARF 10 exchange to 
be taken into service anywhere in the 
world. Since then ARF 10 has become one 
of the most widely used local exchange 
systems. 

The switchover of the first 10,000 sub
scriber lines from ARF 10 to ANA 30 
tcok place in December last year. The 
switchover in Arhus of a further 60,000 
lines is expected to be completed within 
a year. 

In 1970 JTAS, Denmark decided — the 
first administration to do so — to intro
duce LM Ericsson's stored-program-con
trolled register organization ANA 30 in 
their existing crossbar exchanges and also 
for new installations (ARE 111. Opera
tional trials with a modernized exchange 
comprising 1,000 subscriber lines were 
carried out at Mundelstrup in 1973. 
Operational results from Mundelstrup 
and the other units have been very good. 

value of the order amounts to 7.0 million 
SKr. 

The ISEE-B satellite is to measure 
space and time variations of the magnetic 
field and solar wind in the magnetosphere 
which surrounds the earth. Two satellites 
are to be launched by an American car
rier rocket. One of these satellites, called 
the mother satellite, is being developed by 
NASA and the other, the daughter satel
lite, by ESRO. The two satellites are to 
be launched simultaneously. When they 
have come into orbit around the earth, 
they are to be separated and will then 
follow each other at a certain distance, up 
to 10.000 km, in the same high elliptical 
orbit around the earth. 

The microwave antenna, which is to be 
delivered by LM Ericsson, is dimensioned 
for receiving command signals to the sa
tellite and for the transmission of data 
frcm the scientific equipment in the sa
tellite. The antenna consists of a wave
guide with slots and is very similar to 
the antenna developed by LM Ericsson 
for the geostationary scientific satellite 
GEOS, also on contract from ESRO. LM 
Ericsson are working in the STAR con
sortium that has the task of developing 
and manufacturing the whole satellite. 
The total value of the order amounts to 
3.3 million SKr. 

Satellite equipment for 10 
MSKr ordered by ESRO 

The European Space Research Organi
zation, ESRO, has placed orders with LM 
Ericsson for satellite equipment for just 
over 10 million SKr. The orders comprise 
microwave equipment for the maritime 
telecommunication satellite MAROTS 
(Maritime Orbital Test Satellite) and the 
microwave antenna for receiving and 
transmitting data from a scientific satellite 
called ISEE-B (International Sun-Earth 
Explorer—Daughter Satellite). Both these 
• atcllites are expected to be launched 
during 1977 by the American space or
ganization NASA. 

The order for MAROTS consists of a 
local oscillator system for the satellite 
transponders. Frequencies of 1 1 and 14 
GHz in the X band are to be used between 
the satellite and land-based stations, and 
frequencies in the range 1.5—1.7 GHz in 
the L band between the satellite and ter
minals on ships. When in orbit the satel
lite is to be used for providing telephone, 
telex and data communication between 
land-based stations and terminals on 
ships. The coverage area will be the At
lantic, Persian Gulf and Red Sea and ad
joining parts of the Indian Ocean. LM 
Ericsson are working here in a consortium 
that has the task of developing and manu
facturing the whole of the communication 
equipment in the satellite. The consortium 
is led by Marconi, England and the total 

The GEOS satellite set up at LM Ericsson's 
factory at Mdlndal for making antenna ra
diation measurements. 

Antennas for VHF and microwave (UHF) 
tor the GEOS satellite. The UHF antenna 
tor the ISEE-B satellite is of the same type. 

60 MHz multiplex to Italy 
LM Ericsson's subsidiary company in 

Italy, FATME, have received an order for 
60 MHz multiplex equipment from the 
Italian operating company ASST (Azien-
da di Stato per i Servizi Telefonici). 

The order is the first for 60 MHz equip
ment from a country outside Scandinavia 
and comprises two terminal racks and an 
oscillator rack for the route Bologna— 
Padua, a route with a large amount of 
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Electronic fire alarm system BRANDLARM 80 
BRANDLARM 80 is the name given to an electronic fire alarm system introduced by 
LM Ericsson Telemateriel AB. The system is characterized by its versatility, through 
the use of a new modular design, a new detector program and the very advanced en
gineering. 

All the important control devices in 
BRANDLARM 80 are completely elec
tronic. Light emitting diodes, transis
tors and printed circuit board assemblies 
have replaced filament lamps, relays and 
mechanical components. This ensures 
more reliable function, clearer indicating 
and greater possibilities of adaptation to 
different requirements. 

All devices for functional control are 
assembled in the central equipment where 
the start of a fire or any failure is indi
cated with both light and sound signals. 
At the same time an alarm is also sent to 
the fire fighting organization. The central 
equipment is based on a mechanical de
sign with uniform modules for the cen
tral unit, power unit, orientation plans, 
alarm transmission equipment and all 
other units. The equipment is very shal
low and can thus be mounted without 
being let into the wall. 

Fire risk varies considerably depending 
on the nature of the premises and the use 
to which the premises are put. Four main 
types of detectors are included in the svs-
tem for various requirements and envi
ronments: smoke detectors, heat detec
tors, differential detectors (affected by 
how rapidly the temperature increases) 
and flame detectors. The detectors are 
placed strategically and grouped in sec
tions depending on the appearance and 
position of the premises. The section wires 
are run in telephone cables and the whole 
system is driven from 24 V. 

Remote display panels are provided for 
alarming over long distances within a 
company unit. All information coming in
to the centre is transmitted to these panels 
via two-wire circuits. Such display panels 
can be placed up to 20 km from the cen
tral unit and hence they can function at 
the entrance to a factory area as an in
dicator board for the fire brigade. 

A selection of accessories makes it 
possible to build up a suitable supervisory 
system for each individual case, with 
auxiliary equipment for automatic regula
tion of fans, release of sprinklers and 
closing of fire-proof doors. 

The central equipment of the electronic 
alarm system BRANDLARM 80. It contains 
all devices for functional control and here 
the start of a fire is indicated with both light 
and sound signals. 

New modems 
for data transmission 

Two new modems for data transmis
sion, ZAT 4800 for synchronous data 
transmission at 4,800 bits/s and ZAT 300 
for transmission at 300 bits/s, are now in 
production. 

Transmitting data at 4,800 bits/s makes 
great demands on the transmission quali
ties of the lines, and hence ZAT 4800 has 
been provided with an efficient equalizer 
of phase and amplitude distortion. 

Thanks to the test facilities provided in 
the equipment it is possible to determine 
quickly whether a fault is attributable to 
the line, the modem or the remainder of 
the data equipment. 

Functions are built into the modem for 
setting up the equalizer and for testing in 
a fault situation, and thus no external test 
instrument is needed. 

Modem ZAT 4800 is frequently used 
on multidrop circuits, i.e. circuits to which 
a number of terminals are connected in 
parallel. The terminals are often at great 
distances from each other. 

In modem ZAT 300 the modem and 
the control equipment are in the same 
unit. The unit is small and is designed to 
harmonize with an office environment. 

ZAT 300 permits asynchronous data 
transmission at up to 300 bits/s in full 
duplex over the general switched tele
phone network. 

A data connection is established as a 
normal telephone call. The modem is then 
connected for transmitting data by means 
of the telephone/data switch on the mo
dem control panel. 

ZAT 300 is equipped with an automat
ic answering function, which means that 
the terminal may be unmanned for in
coming traffic. 

Apart from the mains voltage indicator 
ZAT 300 has two signal lamps, one of 
which indicates that the line signal is re
ceived and the other that the modem is 
connected to the line and ready for opera
tion. 

Agreement with SJ 
— new interlockings 
The Swedish State Railways, SJ, have 
concluded an agreement with LM Erics
son regarding the development of a new-
type of interlocking system based on com
puter technology. The agreement also in
cludes the supply of equipment for an in
itial plant to be installed in Gothenburg, 
and which is expected to be taken into 
service at the beginning of 1977. LM 
Ericsson's LAC 1610 computers are to 
be used. The total value of the order 
amounts to 13 MSKr. 

In SJ's present modern interlocking sys
tems the safety requirements are met with 
permanently connected logic and specially 
designed safety relays. In the new system 
the stringent safety requirements can be 
met with the aid of a single process com
puter. The fundamental principle of the 
system implies that through two different 
programs the computer carries out condi
tion calculations for, for example, work
ing the points. The individual calcula
tion results are checked and transferred 
to equipment situated near the devices in 
the station yard. It is at this stage in the 
process that the result comparison is made 
from the viewpoint of safety. The answer 
decides whether the order sent out may be 
carried out. 

This method, with a computer and du
plicated programs, and the new principles 
for information processing is very likely 
unique. Interlocking systems based on 
computers provide economic advantages 
compared with conventional techniques, 
particularly for large stations. Moreover, 
there are greater possibilities of simpli
fying the work of the train dispatchers by 
automating certain functions, thereby in
creasing the traffic capacity at the sta
tions. 

Apart from the computer-based safety 
part, the agreement also includes the de
velopment of a separate computer-based 
visual display system which is to replace 
the traditional track diagram. 

With this new interlocking system SJ 
and LM Ericsson continue the collabora
tion in the signalling field that has earlier 
resulted in, for example, modulator de
signed relay interlocking systems, remote 
control systems based on relays and the 
computer-based centralized traffic con
trol office which has been in service at 
Stockholm central station since 1971. 

Telephone set with modem ZAT 300 for data 
transmission. 
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Nils Palmgren 
In Memorian 

Nils Palmgren, one of the great pio
neers in Swedish automatic telephony, 
died on January 30th, 1975 at the age of 
87. 

When he was only twenty years old 
Nils Palmgren made his first discovery in 
the field of telephony. He was then on 
the staff of AB Autotelefon Betulander. 
With G. A. Betulander as co-inventor, 
in 1912 he was granted Swedish patent 
35814, which related to. among other 
things, "interconnections", the grouping 
system that was later to be called the link 
system. Since then link systems have been 
used on a very large scale, first in the 
crossbar systems and now in the electronic 
systems. The patent also included a de
scription of the marker principle, which 
has become a matter of course in modern 
telephony. 

The other great contribution was made 
at the end of the 1910s with the invention, 
again together with G. A. Betulander, of 
the modern crossbar switch, a selector 
design which has been more extensively 
used than any other apart from the Strow-
ger selector. 

One can say that Palmgren and Betu
lander were long before their time with 
these inventions. It was not until after the 
Second World War that technology in 
general had caught up and it was possible 
to exploit these inventions on an industrial 
scale. The Swedish telephone industry 
was then able to take up the designs of 
Palmgren and Betulander and on the basis 
of these build up their present prominent 
position. It was given to Nils Palmgren to 
live to see his designs applied in most 
countries in the world almost half a cen
tury after their conception. 

When AB Autotelefon Betulander was 
taken over by LM Ericsson in 1920, Nils 
Palmgren, as a member of the technical 
staff, was entrusted with a long succession 
of tasks in telephone exchange technolo

gy. He contributed actively to the devel
opment of circuits for the 500-line selec
tor system. From 1938 until his retire
ment he was employed in the telephone 
exchange laboratory, most of the time as 
the Head. He was there able to make im
portant contributions to the design work 
on all LM Ericsson's automatic systems. 

Friends and colleagues of Nils Palm
gren respected him for his sound know
ledge and his inventiveness. He had a 
modest and unassuming personality which 
made it easy for his colleagues to work 
with him. His friends and associates feel 
a sense of sadness and loss at his death. 

Telefonaktiebolaget LM Ericsson have 
reason to remember Nils Palmgren and 
his contributions with deep gratitude. 

Christian Jacobteus 

New changeover system 
for transmission links 

LM Ericsson, in collaboration with the 
Telecommunications Administrations of 
Sweden and Norway, have developed 
changeover equipments which make pos
sible automatic changeover of wide-band 
transmission links such as supergroups, 
mastergroups, supermastergroups or whole 
line groups in the frequency range up to 
12 MHz, to standby links. 

The changeover equipments are in
cluded in a larger changeover system 
which permits independent changeover 
from faulty links to existing standby capa
city in other routes in the long-distance 
network, for example if a breakdown oc
curs on a long cable section through dam
age to the cable etc. 

A 5 MSKr order for changeover equip-

Stored-Program-Contr oiled 
Private Branch Exchange 
in Paris 

A stored-program-controlled private 
branch exchange of type PE 1024 with 
reed switches, developed by LM Erics
son's French subsidiary company Societe 
Francaise de Telephones Ericsson, was 
taken into service in December in the 
Paris head office of the French bank Cre
dit Lyonnais. 

The installation comprises 7,000 exten
sions and 700 exchange lines, and is in
cluded in an extensive private network 
for the bank's various offices throughout 
the country. The exchange is placed in a 
room with a floor space of only 120 
square metres and can be built out to 
8,000 extensions. 

The stored program control is handled 
by two processors of type ERIC 32, devel
oped by STE. The processors work in the 
traffic sharing mode and each has a ca
pacity of about 15 calls per second. 

ment for a trial network was received in 
January from the Swedish Telecommu
nications Administration. 

LM Ericsson's new printed board factory at Ingelsta, Norrkoping, is now in production. The 
annual production capacity is about 14,000 square metres of completed boards. The photo
graph shows, from the left, production lines for through-plating of holes in electrolytic 
copper baths, etching and gold metallization. 

The factory is devoted entirely to the production of high class printed boards with, pri
marily, conductor widths down to 0.25 mm. The production techniques are adapted to meet 
the precision and complexity requirements for printed boards made necessary bv the in
creasing production of electronic systems for telecommunications. 

The Head of the printed board factory is Mr. A me Spdngberg, formerly Production 
Manager at LM Ericsson Pty Ltd in Melbourne 
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