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Technical Bases of the Automatic
Operation of Rural Networks

H BLOMBERG,

90

TELEFONAKTIEBOLAGET LM. ERICSSON, STOCKHOLM

Automatic operation of telephone exchanges is constantly increasing
throughout the world. To begin with city exchanges were automatised, but
now much consideration is being devoted to the automatisation of rural
exchanges. The practical solution of the great technical and economic problems
represented by rural automatic operation is therefore exercising the attention
both of telephone makers and of telephone administrations in most countries.
At the 5th congress of Scandinavian Electrical Engineers at Copenhagen in
August 1937, one of the chief subjects for discussion was the automatisation of
the telephone services in the Nordic lands, with contributions by represent-
atives of the telephone administrations of the countries concerned. The
opening paper consisted of the following exposition of the basic technical
principles of the automatic operation of rural networks.

Life in rural districts has undergone considerable change in the last ten or
twenty vears. Electric power has heen made more and more available and the
isolation formerly a characteristic feature of rural districts has been broken
as a result of the rapid development of broadcasting, motoring and bus traffic,
These have served for good or ill to bring the rural populations into contact
with the conditions and eultural life of the cities and larger communities in a
manner which previously had been undreamt of. Progress has therefore been
of unexampled rapidity. The ease of acqusition, the reliability, the high quality
and comparative cheapness which characterise present-day broadcasting and
hus services has had the result that the rvural populations are justified in
making corresponding demands for expansion in other means of communica-
tion. This is no less true in most countries in regard to the telephone, which
in respect of number of stations has been far outdistanced by wireless. To
expand the telephone service so that it is possible for the greatest number of
people, both in town and in country, to communicate with one another by
telephone is a problem quite as important as the development of, ¢. g., power
distribution, broadcasting and road communications.

The technical conditions for such expansion are available. As is known, the
telephone has during the last decades undergone revolutionary changes, as
regards trunk telephony through the introductions of repeaters and as regards
local telephony through automatisation. While to begin with automatisation
comprised city exchanges only, particularly in the large cities, where the
greatest economic gain could be attained with automatic operation, it is now
being extended more and more to comprise rural exchanges also. Here the
economic advantages are not so obvious, but by means of automatisation it
is possible to make even the rural telephone service into a modern and efficient
means of communication and raise it to the level of the urban service, since
it enables the fundamental principle to be realised of providing telephone faci-
lities throughout the 24 hours of the day with great reliability and completely
conserving the secrecy of speech. Thus it is that the great technical economic
problem has arisen, briefly named rural automatic operation, on the practical
solution of which both telephone manufacturers and the telephone administra-
tinns of most countries are engaged.



Extent of Automatic Operation

The term rural automatic operation covers first and foremost naturally such
automatisation of the rural exchanges as provides for automatic establishment
of connections between subseribers connected to the same exchange. This
part of the matter offers no particular complication; it conforms to a great
degree with the automatisation of a telephone exchange in a town, with the
difference that in the country it is a question of smaller exchanges, With the
simple and  satisfactory  technical construction  and the low prices which
nowadays characterise even small automatic exchanges in comparison with
manual, with the constantly rising cost of wages for operators and the diffi-
culty in obtaining suitable staff for the small exchanges of rural districts,
there is no question that in building new telephone exchanges in the country
these should be made as automatic ones. Rural automatisation, however, covers
also the quest'on of automatic operation of traffic betrreen rural exchanges,
and it is this phase of the problem which is incomparably the most weighty

and at the same time the most difficult to survey. In this case the various

geographie, demographic, economic, social and political canditions ahtaining in
different countries play the greatest part,

The question is, how far shall automatisation be carvied out: shall it be re-
stricted to the least possible, . ¢., the execution of the small rural exchanges
on a semi-automatic system where the automatic connections within the exchange
itsell are not established by the subscribers themselves, but by operators
located at certain main exchanges, whao also handle the traffic hetween the
rural exchanges and between these anid the urban exchanges: or shall con-
nections within the rural exchanges be allowed to be automatic while traffic
between these exchanges is handled semi-automatically by operators; or shall
even the last-named traffic be automatised and, in such case, shall it be to a
small extent or such that it will gradually comprise the whole trunk traffic
of the land? Installations executed in different lands display examples of all
these kinds of rural automatic operation.

Seeing that automatisation of urban areas has shown the greatest advantages,
economically and from the traffic point of view, in those large towns with
several interworking local exchanges, it seems most reasonable to suppose
that such would also be the case if automatic interconnection were arranged
between a number of rural exchanges. Such a conclusion, however, cannot
be drawn too hastily. The traffic conditions are indeed quite distinct in the
two cases. In the urban areas it is a question of large exchanges with some
thousands, even several tens of thousands subscribers, The exchanges are
situated at comparatively short distances from each other and traffic between
them is heavy, so that the junctions form large bundles with good efficiency
of the individual lines. Rural exchanges on the other hand are small, from
some ten subscribers upwards, and are located at great distances from each
other. The junctions are therefore long and expensive and in view of the
small traffic between the exchanges the bundles only contain a few lines, which
on no-delay traffic give but low efficiency in comparison with that when
traffic is handled by manual recording.

Full automatic operation, however, allows of quite a different arrangement
of the junction layout network than does manual operation, enabling the
junctions to be assembled in larger hundles. Moreover, greater decentralisation
of the exchanges can be carried out, thus cheapening the subscriber lines. In
this manner a more rational construction of the networl is obtained, and this
outweighs the lower efficiency of the individual junction with antomatic direct
connection than with manual recording. Now. the junction network constitutes
incomparably the major part of the cost of a telephone plant, as a rule at
least the half, and twice as much as exchange equipments. Tt must therefore
be made clear to what extent the different manners of automatisation influence
the planning of the junction network and its utilisation and how automatisa-
tion can be maide possible without expensive extension of the junction network.
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Rural Telephone Areas

Areas with Manual Local and Area Traffic

Fig. 1 shows an area with a number of manual telephone exchanges, f Cn
a manual area, consisting of rural exchanges grouped around a larger main
exchange. Direct junctions exist both between the sub-exchanges and the
main exchange and between adjacent sub-exchanges. Connections between
the exchanges are handled by recording and most of the connections require

the intervention of only two operators, those of the outgoing and the in-

Fig. 1 X 370 : ) . ;i ; e g
Argeu with manval! (6cal -Gnd aieq; Somng exchanges, see Fig. 4. The junction network, therefore, is diamond-
traffic shaped, made up of a large number of bundles with few lines in each, especially

between sub-exchanges, Often one line alone suffices hetween two adjacent
sub-exchanges.

Areas with Automatic or Semi-Automatic Local Traffic
and Manual Area Traffic

When on automatising an area only the local traffic of the various exchanges
is automatised, while the traffic between the exchanges, area traffic, is re-
tained as manual, the operators required for this may be concentrated at the
main exchange. But few operators are required and night service may be
organised without tno great expense, thus providing 24 hours' operation for
the whole area, The network will then be made up as shown in Fig. 2. The
automatic sub-exchanges have direct junctions to the main exchange, while the
tie lines hetween the sub-exchanges are mostly dispensed with. The number
of bundles is thus smaller than in the manual area and as the same amount
of traffic as before will be proceeding in the area, it is obvious that the
traffic in each bundle will be increased correspondingly ; partly for this reason

and partly hecause of the lower grade of efficiency with automatic direet traffic

Fig. 2 X380 to the main exchange a larger number of lines in the bundles is required.
Area with automatic local traffic and  No appreciable improvement in the efficiency of the junctions is obtained.
manual area traffic On the other hand it is possible to distribute the traffic over a large number

of exchanges by arranging periphery exchanges, such as A1 and As, with

Jjunctions only to the nearest exchange.

Local calls are established by subseribers themselves with the dial in the usual
way, see Fig. 5. Each exchange has subscriber numbers which are governed
only hy the size of the exchange. When a call to another exchange is desired,
a certain number is dialled, usually o, by which connection to an operator at
the main exchange is obtained. After recording the operator connects herself
over a iree junction to the required exchange and, by means of dial or of
keybords, operates the selectors at said exchange for the called subscriber.
The main exchange may be either manual or automatic : in either case, however,
operators are required for area traffic and for the trunk traffic. Such rural
automatic operafion has been regularly emploved to a large extent in Ger-
many and England and other places.

The sub-exchanges may also be made semi-awtomatic instead of automatic.
The junction network is made up in the same manner as for automatic sub-
exchanges, as per Fig. 2. The operators at the main exchange then deal with
the commection of local calls as well, and the subscribers therefore do not have
automatic instruments but retain their old LB instruments. The expense for
Fig. 3 x4 new material in such an automatisation is consequently smaller and this, to-
Area with automatic local area traffic  gether with lower electric demands made by the LB fed instruments on the
suhseriber lines, in certain cases obviating reconstruction of the network
which would otherwise be necessary. is the reason why thiz syvstem has been
employed ' -

manual main exchange
manual sub.-exchange

avtomatic main exchange
Call from a subscriber is connected automatically over a disengaged junction

automatic centre exchonge . . = e
to the main exchange, see Fig. 6. The operator there takes the order and if

autematic terminal exchange . } T : ;
a call to another exchange is required she makes the eonnection in the manner
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Fig. 4 X @772
Rural exchanges with manual local
ond area traffic
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Fig. 5 X 37
Rural exchanges with automatic local
traffic and manual area traffic
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Fig. 6 X 37114
Rural exchanges with semi-automatic
local traffic and manual area traffic

B

Fig. 7 X 175
Rural exchanges with automatic local
and area traffic

already described. If, however, it is a question ol a local connection she
operates, over the same junction, the selectors at the calling station, so that
connection with the required subseriber is made. The operator and the June-
tion are then disconnected and the call remains completely locally connected
within the rural exchange. However, as the calling and establishing of the
local connections are done on the junction, traffic on these becomes so much
the greater. Still, to avoid the necessity of increasing the junctions the semi-
automatic exchanges are often made with waiting device, by means of which
calls which cannot get through immediately to the main exchange are storer
up to be further connected when one junction line will be disengaged. Such
rural automatic operation has been largely emploved in France.

The semi-automatic exchanges can, however, be made for CB instruments, as
can the automatic for LB instruments, which are then supplemented by dials.

Automatic or semi-automatic exchanges with manual area traffic often occur
as the first stage of automatisation in manual areas. If a rural exchange re-
quires reconstruction because it is worn out or if a new exchange is to be
provided to make the telephone available in a district where it was formerly
lacking, but for financial or other reasons more extensive automatisation s
not to be carried through, then one must limit oneself to making the new
exchange as an isolaled automatic exchange in the otherwise manual area
and connect it to a suitable manual main exchange. If this latter is not
organised for 24 hours service then the subscribers of the automatic exchange
will only have such service in respect of local connections, or not at all i
their exchange is semi-automatic.

Area with Automatic Local and Area Traffic

Considerably better utilisation of the junction network is obtained if the
whole area traffic be automatic. The network is arranged in that case as
shown in Fig. 3. The direct junctions to the main exchange are retained
only in respect of the nearest sub-exchanges but are dispensed with for those
on the periphery and in between these. The periphery exchanges are instead
linked with the nearest exchange that has direct junctions to the main exchange.
There is in this way obtained the characteristic radial or star-shaped arrange-
ment of the junction network, Such an area comprises a number of cenfre
exchanges and radial ferminael exchanges connected to them. The centre ex
changes in turn are as a rule connected to a centre exchange in the traffic
centre, the main exchange of the area. Occasionally two centre exchanges
may be in series with each other.

As may be seen, the number of bundles in the star-shaped area is considerably
reduced in comparison with those of the manual area, in the case presented
to the half. As the total amount of traffic remains the same as before, the
traffic in each bundle will be appreciably increased. A larger number of lines
in the bundles involves therefore, though not in proportion to the increase
in traffic, so much the better efficiency of each circuit. If the loss on automatic
direct traffic is 1 95, for instance, the efficiency in a bundle consisting of only
two lines is 5 min per line, rising to 20 min per line with 10 lines.

Now, the requisite number of junctions for the star-shaped area may in most
cases be obtained without necessity of making new lines to any great extent.
The junctions, in fact, do not take the shortest path between the exchanges,
as Fig. 1 indicates, but are more or less radially carried together in open
line or cable routes. Thus, for example, the junctions from exchanges 42 and
A3 do not take the direct path to the main exchange, but proceed with the
junctions to exchange K2 and thence with its junctions continue on to the
main exchange. Nor do the junctions between A2 and A3 take the direct
way but proceed via exchange K2. In the manual areas therefore the junctions
are to a large extent in resspect of line routing already brought together in
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radial hundles, which however for traffic purposes are broken up into small
hundles to avoid a large number of the connections heing handled with the
intervention of 3, 4 or § operators.

In an area with automatic area traffic, on the other hand, there is nothing
to prevent the routing of traffic from different exchanges in large common
bundles with hetter efficiency of the individual junctions, since the area traffic
may without inconvenience be directed over a number of selectors located
at different exchanges. A number of junctions, running direct between sub-
exchanges, are either dispensed with or may be employed as tic lines between
the said exchanges. By using automatic area traffic it is possible also to distri-
bute the traffic over a larger number of exchanges, each covering a small
area, thus appreciably reducing and consequently cheapening the subscriber
lines. Such entively automatic operation was first carried out in Bavaria and
has since been adopted, inter alia, in Switzerland, Italy, Holland and to some

extent in the Nordic countries,

Numbering

[t is therefore by making hoth the local and the area traffic of the area auto-
matic that the most rational arrangement of the network is obtained. On the
other hand, the automatic exchanges themselves are not so simple as when
the area traffic is dealt with manually, since special equipment is required
at the automatic exchanges to provide for automatic interworking in the star-
shaped area, These are governed by the traffic conditions to be fulfilled, in
the first place the question of the system of nuwmbering to be employed.

For an isolated automatic exchange, whether urban or rural, or for an urban
network with several local exchanges having direct junctions among then,
the numbering of subscribers gives rise to no trouble. The subscriber numbers
are determined by the size of the exchange or the total capacity of the urban
exchanges. With a star-shaped area, however, a call to a subscriber may be
connected over a tarving mumber of exchanges, according to the exchange
to which the caller belongs. For instance, a connection from a subscriber in
exchange 1 to a subscriber in exchange A6 goes over four exchanges, while
A connection to A6 from a subscriber in the main exchange passes over only two.
Special measures are therefore required to enable connection in both cases
to be made by using the same subseriber number.

The system of numbering should be as simple as possible and as easy to under-
stand and convenient for the subseriber as possible. The best arrangement in
thiz connection 15 that every subseriber to whom automatic connection can he
made shall always be reached by a certain number given in the directory,

>, that subscriber
numbers are comprised in a wniform numbering. That part of an automatic

irrespective of the exchange from which the call comes, i.

area in which such holds good we designate as a number area.

Number Areas

The size of the uniform number area should bhe such that the greatest benefit
from the uniform numbering is derived both by subseribers and by the tele-
phone administration. It should cover that portion of the automatic area where
large community of interest and heavy traffic between subscribers exist and
for which consequently uniform numbering is natural from the subscribers’
point of view. The arrangement of the network within the number area may
therefore vary considerably in character. The number area may thus consist
of a single exchange as is the case with one city exchange, or of several
exchanges with direct junctions between as in the larger cities, or of a simple
centre ared, i. ¢., one centre exchange with terminal exchanges connected to it,
or a more complex star-shaped area as shown in Fig. 3. These different kinds
of areas may occur together in one large automatic area. Often the number



area will vary in size and type according as automatisation proceeds. Isolated
automatic terminal exchanges, which may be the first to be provided, will to
begin with form their own number areas to constitute on the automatisation
of the main exchange a larger number area in conjunction with same, this
larger area at a more distant stage of auntomatisation comprising the whole
of the star-shaped area. Automatic operation, however, involves a certain
limitation respecting the type and size of the number areas, and in this con-
nection the various systems present different possibilities. The different prin-
ciples which may be employed can be shown by their application to an area
as in g, 8

Direct-Controlled System

If the antomatic system employed in the area is directly controlled, i. c., the
selectors are actuated direct by the subseribers’ dial impulses, each numerical
selection movement corresponds to a digit in the number and obviously it

must be arranged that an equal number of selector stages is taken in the chain,
irrespective of the exchanges from which the call comes. This means that the
numerical selecting must proceed from the main exchange and all calls from
all the exchanges of the network are automatically connected to the main
exchange before answering tone is received and the subscriber can dial the
number, The subseriber numbers would be the top ones of those shown heside
each subscriber instrument in Fig, 8.

For example, when a subscriber 22 34 at terminal exchange 42 wishes to
call a subscriber at terminal exchange A6, he is connected over a switch at
his own exchange to a free junction for centre exchange K2, over a switch
at this exchange to a free junction for the main exchange and from this last
he receives answering tone. Thereupon he dials the number 58 18, consisting
of the exchange digits — 58 — the first of which selects the centre exchange
K3 and the second the terminal exchange .46, followed by the subscriber’s
digits — 18 — how many of which there are being determined by the size of
the exchange, in this case assumed to be 100 numbers; the number thus is
four-digit. If on the other hand a connection is desired to a subscriber of the
main exchange, which is usual larger, and in this example is assumed to be
not more than 10000 numbers, the subscriber digits will amount to four and
the whole number consist of six digits, e. g., 10 12 34.

If connection is required to a subscriber 2256 of the caller’s own terminal
exchange A2 then the exchange digits 22 are dialled, the first of which selects
the centre exchange K2 and the second the terminal exchange .42, followed
by the two subscriber digits 56. The junctions into the main exchange not
used by the call, being disconnected. This is done through the equipment at
exchanges .42 and K2 being provided with simple marking switches, known
as discriminators which are actuated by the impulses from the exchange digits
at the same time as the selectors, When the first exchange digit has indicated
that the call shall remain within the centre area of K2, the discriminator at
exchange K2 disconnects at this exchange the junction to the main exchange
and when the second exchange digit shows that the call will be confined to
the terminal exchange Az the discriminator at this exchange disconnects the
junction to K2, so that the call remains connected locally within the terminal
exchange. This occupation of junctions during the process of connection not
employed for the call itself we call advance occupation.

For a call to subscriber 527 at terminal exchange .45 the selection must be
made over two series-connected centre exchanges Ky and K35, that is over
still another selector stage, the number of exchange digits required on this
account being augmented by one more for subscribers in the centre area Ks.
Recently, however, there has been introduced a method of connection by means
of which this disadvantage is avoided. All exchanges within the two centre
areas have two-digit exchange numbers, the first digit being 4. This digit
selects the centre area K4 The second digit, for centre exchange K5 may be
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3 and for terminal exchange A5 it may he 5 On dialling either of these
digits, the connection is made to centre exchange K3, but following this se-
lection an operating signal is transmitted automatically from Ky to A5, the
nature of which is governed by whether the selected digit was 3 or 5 and
which either localises the connection to K5 or switches it on to the terminal
exchange 5. Thereupon the selectors at the selected exchange are actuated
by the digits 27 in the ordinary manner.

[t has heen assumed that direct junctions existed hetween centre exchanges
K1 and K2 at the time the area was manual, These may be utilised as tie lines
for traffic between these two centre areas. When on a call to a subscriber
31 14 at terminal exchange A7 the first exchange digit determined that the
call was for the centre area Kr the discriminator at centre exchange K2 dis-
connects the junction to the main exchange and connects the junction from
exchange K2 to exchange K1.

If traffic is to proceed automatically with other areas as well, the two exchange
digits are supplemented by still another digit, which fixes the required area,
¢ ¢., 1 for the area concerned and 2 for the adjacent area, comprising the
centre area Ko, as may be observed from the figures in brackets in Fig, 8

As may be seen, a system such as that described means that the subscriber
numibers will contain a large number of digits. Each centre area requires a
first exchange digit, even if the exchanges in the centre area do not amount
to ten. Consequently there is limitation right from the start in respect of
numbering and the number series must contain a large reserve. Moreover,
the advance occupation involves unnecessary
tions to the main exchange for calls which

taking up of the expensive junc-
should be confined to their own
inconveniences in the
a method with open numbering
or 4 prefix system instead of the elosed numbering used in the above-described

avoid these
direct controlled system, there is employed

centre area or terminal exchanges. To

system. In the system with prefixes the uniform-number area does not cover
the whole rural area, but each exchange forms its own number area and for
local calls within the exchange numbers are used which contain only sub-
scriber digits, being thus determined by the size of the exchange; they are
thus two-digit for terminal exchange A2 and four-digit for the main exchange.
The call remains within the exchange of origin. When a connection to a
subscriber at another exchange is required a prefix is first dialled, usually o



thus indicating that the call is for outside the exchange, and then the two
digits indicating the exchange and the two digits indicating the subscriber.
Subscriber numbers will then be as shown by the middle numbers beside each
subscriber’s instrument in Fig. 8.

When o is dialled the call is connected automatically to the main exchange,
after which the numerical selection by the exchange and subseriber digits
proceeds as previously. Thus dialling differs for the subseriber according to
whether the call is for his own exchange or another, and he must therefore
always make sure what exchange he is calling irom. The directory must

ive directions regarding the dialling.

For main exchange subscribers, whose chief traffic is within their own ex-
change, and in general for subscribers at exchanges with considerable internal
traffic, the system with prefixes is preferable, since fewer digits are required
for the majority of calls than with closed exchange digits, Advance occupation
is avoided for all calls within the originating exchange, but continue as re-
gards calls to other exchanges in the same centre area. Both systems, with
closed and open numbering may be used together in one area. For example,
the main exchange subscribers may make calls within the exchange with
only four-digit numbers and with prefixes for the other exchanges, while

subscribers to these exchanges employ closed numbering,

It does not alwavs happen that the uniform-number area consists of such a
complex network as here described. Often the junctions may be so arranged
that the area consists of a few centre areas with direct junctions hetween them,
¢. ¢., if the area consists of the main exchange together with the centre ex-
changes N1 and K2 and terminal exchanges, In such case with a direct con-
trolled automatic system advance occupation need only occur up to the nearest
central exchange.

Register-Controlled System

By introducing registers for controlling the connections between the ex-
changes, the disadvantages of advance occupation and less convenient sub-
seriber numbers may be removed. Such registers must not be confused with
the translators required in automatic svstems employing non-decade, machine-
driven selectors. They find employment just as well in systems using decade
selectors, ¢, g., the Strowger system, as in the machine-driven system. We
call them arca registers and their purpose is to make the number of exchange
digits independent of the number of stages in the selector chain, i. ¢, to take
care of the translation of the exchange digits’ dial impulses to impulse series
which actuate the selectors in conformity with the construction of the network.,

There are two kinds of area registers, direct acting registers and repeating
registers. With the direct-acting registers, when the exchange digits have
been registered a number of impulse series is sent out, each of which actuates
a selector of an exchange, exchange after exchange being selected until the
one required is reached. With the repeating registers also impulse series are
sent out when the exchange digits are registered, but after each series the
receiving exchange sends an answering impulse which indicates whether the
impulse series represents that exchange or whether the series shall be re-
peated to act on the selectors of a sueceeding exchange. This repetition proceeds
until the required exchange is reached.

The area registers will constitute a part of the automatic exchange equipment,
which consequently will be more complicated. Still, in a register-controlled
system all exchanges do not need to be provided with registers, but anly
those where traffic demands require it. If all exchanges, even the terminal
exchanges, he provided with registers, the whole area forms a uniform number
area with the smallest number of digits in the subscriber numbers and there
is no advance occupation of junctions at all. The call remains in its own
exchange and when the exchange digits or all digits of the number have been
registered, the register controls the selection to the called subscriber, after
which it is disconnected and ready to deal with the next call. The exchange
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figures are two-digit and may be chosen entirely at will, as shown by the
bottom numbers against each subscriber’s instrument in Fig. 8. Thus the ex-
changes in centre area A3 may have the same first exchange digit as the
main exchange, iz: 1, while in the direct controlled system the digits are 1
and 5 respectively. The numbering system is thus exceptionally flexible and
does not demand any special reserves of numbers. Connection to an exchange
in another area may be carried out quite automatically without any special
area digit preceding the exchange digits. The first exchange digit determines
the centre area even in the case of adjoining areas, ¢. g., digit 6 for a sub-
scriber in the area KNo.

Terminal exchanges as a rule, however, are small exchanges and the provision
of registers for them constitutes an expense which should only oceur when
in a number area advance occupation to the nearest centre exchange may not
be allowed. This would, however, usually be possible so that provision of
area registers would only be done for the very few centre exchanges employed
for the whole traffic of the centre area. The same subscriber numbers would
apply as formerly. I advance occupation may be done right up to the main
exchange, the area registers are located at the main exchange.

Prefixes may be used also in a register-controlled system. If it is not wished
to have advance occupation to the centre exchange nor to equip the terminal
exchanges with registers, the advantage derived from one uniform numbering
for the whole area must he dispensed with and recourse made to the prefix

system.

Rates and Metering

An important problem arising on automatic operation of traffic between diffe-
rent exchanges is how these calls shall be charged. In a manual area or an
automatic area with manual area traffic, the operator supervises the calls
and can record those calls which have to be specially debited. In an automatic
area this charging must be done automatically, and it is therefore done on
the subscriber’s meter, This means that all automatic traffic, whether within
one number area or between areas, can only he charged in the form of a
number of metering impulses on the subseriber's meter. The number of impulses
is governed by the time occupied and the distance between the exchanges. To
determine these, the automatic exchanges are provided with time-zone meters,
which on the basis of the number dialled transmit to the meter the number
of impulses, corresponding to the distance, at each unit of time, usually 3 min.
The charging of subscribers in such a system will as a role consist of a certain
flat rate independent of the number of calls and of a charge for each local call
metered by an impulse to the meter and a charge for each connection within
the automatic area representing a certain multiple of the local rate. In this
way means is provided for great differentiation in respect of charges for inter-
exchange connections. With manual operation it has often been necessary to
allow an exceedingly large flat-rate area because it did not pay to debit specially
such connections, as the recording expenses were too high. With the automatic
time-zone meter, however, it is possible to charge the subsecriber in a simple
and cheap manner according to the cost of his connection in respect of occupa-
tion of lines and switches, thus obtaining a rate policy which is fairer and
more economic hoth for the administration and for the subscriber, Develop-
ments in conjunction with rural automatic operation may he expected therefore
to proceed on the lines of the flat rate area, in which connections only re-
present one rate irrespective of time consumed, being more and more re-
stricted to comprise solely the subscriber’s own exchange.

Rural automatic operation provides, in addition to the above, a number of
problems, exceedingly interesting Loth technically and from a traffic point of
view, e. g., attenuation in the rural networks and the employment of amplifiers,
various methods of dialling over junctions with DC and AC, for trunk dis-
connection, etc. The purpoze of this article, however, being only to give a
guide to the more basic technical principles of rural automatic operation, such
questions cannot be dealt with here.



Maintenance Statistics for the
Stockholm Automatic Exchanges
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Fig. 1 X 5190
Trunking diagram of telephone
exchange with subscriber network

GV|  first group selector
GV)|  second group selector
Lv final selector

S line finder

Superintendence of automatic telephone exchanges calls for more or less
extensive operation control, based on operation statistics compiled in svitable
manner. These are divided into maintenance statistics providing indications for
the estimating of the exchange's running in the best manner from the technical
and economic points of view, and traffic statistics comprising investigation
and supervision of circuit requirements for different traffic routes etc.

The article below, constituting an abridged summary of two papers published
in the »Technical Bulletin of the Swedish Royal Board of Telegraphs» No 11—12,
1936, and No 1—3, 1937, gives a description of the general features of the
maintenance statistics for the Stockholm automatic exchanges and questions
related to them.

Maintenance Work

The Stockholm automatic eéxchanges, all of which are built on the Ericsson
automatic telephone system, are at present divided into two areas: the Stock-
holm inner area consisting of Stockholm proper, and the Stockholm suburban
area comprising the outer parts and the suburbs of Stockholm, etc. The local
exchanges at present consist of Centralen, Sodra Vasa, Norra Vasa, Soder,
Kungsholmen and Ostermalm. The automatisation of the suburban area is
only in its early stages and of the exchanges comprised in it Appelviken is
included for comparison with those of the local area.

The subscriber network of a local exchange, Fig. 1, consists of the subscriber
imstruments and subscriber cables and is maintained by a central institution,
the fault office. The exchange consists of distribution frames, selector bays
and manual trunk positions, which last are not found in the automatised
suburban exchanges where trunk calls are connected over trunk selectors.

The staff of an exchange consists in general of superintendent for general
service, certain supervision work etc.; trunk operators (with manual posi-
tions) : cleaning staff for cleaning floors and the premises generally; staff
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Fig. 2
Diagram of fault notification process
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for work on the distribution frames; and maintenance staff in the true sense
of the term. The distribution and maintenance staffs of the local exchanges
are in charge of a foreman, while the suburban exchanges are supervised by a
fitter dwelling on the premises.

The work of the distribution and maintenance staffs may be divided up in
different ways according to the size of the exchange, In the smaller exchanges
the staff must share in all the duties, while in the larger ones a certain amount
of specialisation may occur. The following working duties may be parti-
cularised :

work on distribution frames is largely governed by changes in the subscribers;
in the Stockholmn exchanges the staff required for this purpose normally

amounts to from /. to 2 men;:

the fault centre constitutes the centre of reception for all fault reports to and
from an exchange, and the fanlt tracing work is largely directed from it, see
Fig. z; there all faults reported are entered in fault books of various kinds,
to be collated later into fault statistics, The fault centre is generally located
near the distribution frames, and the fitters of the distribution frames and the
fanlt centre collaborate in their work; the staff normally required in the fault

centre consists of s to 1 man;

work in the selector bays may be divided into two groups, viz: supervision
of the instruments and watch duty; supervision of instruments comprises pe-
riodic inspeetion, cleaning and adjustment of automatic devices, and systematic
testing of the instroments, junction lines ete. all in accordance with a plan laid
down and as far as possible emploving female staff: the watch duty con-
sists in supervising the faults that may arise during the run of the automatic
exchange and comprises fault-tracing and fault-clearing indicated hy pilot
and alarm lamps of various kinds, fault reporting ete.;

care of the power plant comprises supervision of charging and discharging
of batteries, vegulation of operating tension as well as care of the exchange
batteries, electric machines and rectifiers

the exchanges should furnish each month certain statistical reports, mainly
fault statistics and traffic statistics, compiled from fault hooks, traffic figures
noted, ete.

Besides the above-mentioned routine maintenance work, the maintenance staff
carries out a number of smaller jobs, consisting of making connections re-
quired by additions to subscriber and junction circuits and varions other alter-
ations at the exchaneces. More comprehensive work of this nature, however,
s dealt with by a special new-construction department, In addition to what
is stated above, it should be ohserved that certain of the male staff are on
fixed duty lists which provide the necessary stand-by staff for exchanges,
¢. g., in the evenings, at night and on Sundays and holidays. The duty lists
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Operating statistics for registers of
Stockholm automatic exchanges 1935

are to a certain extent standardised and made out for 3 to 8 men, Should an
exchange require to increase its staff above that noted on the duty list, »per-
manent day-mens» are appointed,

Operating Reliability and Faults

Supervision of the operating reliability of the exchanges is carried out at
supervisor’s position connected to the automatic registers of the exchange.
The supervisor follows up a certain number of connections taken at random
on all the registers and records the defects observed. In a month of such super-
vision the number of calls checked usually amounts to one per thousand of the
total number of calls,

The checked calls are divided into fuultless connections (including usy, no
reply and the like), subseriber faults and technical faults. The number of tech-
nical faults detected in percentage of the number of calls checked constitutes
the technical fault percentage p. The admissible value of p will be a figure
dictated by experience, depending to a certain extent on how exacting the
subscribers may be; in general it may be said that the technical fault per-
centage should be small in proportion to the percentage of faults caused by
the subscribers themselves. An exchange where the maximum for p amounts
to 0.5 % may nowadays be considered sufficiently good from the point of view
of reliability; the mean figure for p for the Stockholm exchanges in 1936
was 0.14 %. As the subscribers themselves in the corresponding period were
responsible for about 1.5 9 faults on the average, it appears that the above
requirement is well fulfilled.

To provide further check of the functioning of the exchange from the technical
point of view, each month all faults notified are brought together into a fault
report which indicates the distribution of the localised faults over the various
connecting devices and other exchange equipment, and also the nature of the
fanlt. The number of faults unlocalised is also given so that care mayv be taken
that this does not become disproportionately large. Faults unlocalised are fur-
ther divided into sno faults meaning that the fitter found nothing indicating
a fault and »clear during tests intimating that the fitter saw that a fault had
occurred but could not be sufficiently certain of the source of the fault.

With the aid of the fanlt statistics it is possible to form a good idea of the
nature of the faults which arise at the exchanges. The technical faults arising
may be divided into permanent defects from the erection of the exchange, such
as defects in construction, defects due to workers, defects in material ; fempo-

~ | v - | | -

Cen- | Sodra i Norra Sider Kungs-| Oster-
| tralen ‘ Vasa | Vasa = holmen | malm=
|
|
| registers 330 234 144 287 162 266

localised register faults 348 137 33 105 132 159
localised register faults i

per register 1.05 0.50 0.26 0,37 0.81 0.60
millions of calls 87.04 | 40.24 | 14.33 | 51.19 | 34.00 | 44.79
millions of calls per

register 0.204 0.173 0.100 0.178 0.210 0.168
Pt 95 .28 0.04 0.08 0.05 0.22 0.17 |

t p here represents technical fault percentage for the calls which proceed
from the ditferent exchanges to all exchanges, both automatic and manual;
the above figures for p therefore are practically speaking equal to tech-
nical fault percentage for the different exchanges

* the relatively high fault percentage for Ostermalm, compared with Soder,
Sodra Vasa and Norra Vasa, is due to certain defects persisting from the
time of erection of the exchange not having vet been removed
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Table I
Faulty calls as function of technical
fault percentage
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telephone exchanges
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P % SI.'day S ),I_-"('la,_\' S rda\.r Sh.-'da._v
0.10 I 40 000 ‘| 40 250 000 250
0.30 H 40 000 120 250 000 | 750
0,50 'i 40 000 200 250 000 ! 1250

rary faults, such as faults due to variations in tension, faults due to work and
faults due to injury; and wwear faults, such as contact faults, winding faults
due to overheating and electrical break-down, mechanical faults due to friction
and the like.

There is obviously a certain relation between operating reliability and the
number of faults, as is also seen in the statistical reports. If the operating
reliability decreases it is due to augmentation of the number of faults develop-
ing. Thanks to existing alarm devices and the rational arrangement of tests
these new faults are rapidly detected and the number of faults investigated
as also the number of localised faults increase,

To make an elementary investigation of the relation between faults and
operating reliability it may be assumed that the defective devices cause faults
in calls at regular intervals until they are localised. This assumption may be
regarded as an acceptable average of actual conditions. In certain cases there
may arise a defect of such a nature that all calls subsequently passing over
the device in question will be faulty, Other faults, such as constructive weak-
nesses and the like, cause faults in connections in certain combinations or in
certain circumstances. A third kind of defect, such as dirty contacts and the
like, appear first at long intervals and then more and more frequently.

As an application of the relation presented, an investigation is made in some
cases of the operating reliability of the registers at the Stockholm exchanges
during 1935, Table I. The registers lend themselves better to such an investi-
gation than do the selectors, among the reasons being that the technical fault
percentage p, strictly speaking, only applies to faults of establishing of con-
nections, to which all register faults belong, while selector faults may also
be connected with the restoring of a connecting device. Moreover the traffic
on the registers is so large that defects in them are more noticeable.

The following designations are introduced :

p = percentage technical faults during a short period t,
S = calls during period ¢,

S; = faulty calls during period t.

It is obvious that

In this equation p is known from the above with sufficient accuracy while §
is obtained from traffic statistics; thus Sf may be calculated. Even though p
be small, the absolute number of faulty calls at an exchange with heavy traffic
may be large, as can be seen in Table II. An exchange with 40 000 calls a

day corresponds to Norra Vasa at present and one with 250000 calls to
Centralen.

Since a certain number of the faulty calls are notified by subscribers or ob-
served through the alarm lamps in the register or traffic supervision posi-
tions, it may be understood that the fault-tracing work at an exchange with
heavy traffic may be considerable, even if operating reliability be good.

Now to determine the relation between the number of faulty calls S; and the
defective devices at an exchange, we turn to the trunking diagram of an auto-
matic exchange, Fig. 3. We assume that defects, existing or in course of deve-
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loping, in a device give rise to fault every ath time a call passes over the
device in question. The connecting devices contained in the system are merged
together in groups, the devices in one group being equivalent from a traffic
point of view, For the sake of simplicity it is assumed that all selector stages
have the same value, which means that they would have the same number
of devices and that these are utilised to the same extent: there is therefore
no question of grading. In this manner there are obtained two distinet groups,
namely registers and selectors. Further it is assumed that a faulty call is
never caused by more than one defective device. The following designations
are introduced : '

R = registers connected at the exchange during a certain short period t,
v

selectors connected at the exchange per selector step during period f,

Ry = faulty registers at the exchange during period t,
Iy = faulty selectors at the exchange during period ¢,
n = a faulty device causes fault each nth time it is used.

It is obvious that S, is the number of calls on the faulty device multiplied by
n

from which we get

s, .

Ry T\ 1
S \rR " v/)n

This equation gives the relation of p to the number of faulty devices at a
certain moment. Let us investigate this somewhat more closely, 1f R and V7
are assumed to be constant and an exchange has only permanent faults, say
of a constructive nature, this would mean that ﬁ’j and 77, are constant. Then
f would also be constant and independent of the traffic intensity.

f):

If we go on to assume that the device faults &, and I7; are exclusively due to
wear and as such a function of the number of calls per device, we get

— S ‘g

Other conditions being equal, it thus holds good that a part of the fault per-
centage due to wear is a function of the number of calls per device, which
means that exchanges with heavier traffic per connecting device display a
higher fault percentage than the others. This assumption seems ta accord very
well with actual conditions, see Fig. 4 and 5, where the tendency in the re-
lation of the measured points is clear; still it is a matter of chance that the
figures should lie so close together.

Naturally, it should not be supposed irom what has been stated above that
the differences obtaining in fault percentage between the exchanges of Stock-
holm are entirely due to the traffic on the connecting devices. A certain part
of the technical fault percentage consists also of faults persisting from the
erection of the exchange as well as of temporary faults. This portion is, as
pointed out above, to a great extent constant and thus independent of the traffic
flowing. An appreciable difference may naturally exist between exchanges,
¢. g., because of censtructive dissimilarity, difference in the number of fitters
and so on, but one cannot disregard the differences in technical fault per-
centages which are a direct result of traffic intensity.

The equation also indicates how the fault percentage is related to the distri-
bution of faults over automatic devices of varying importance. We take, for
example, that an exchange with 200 registers and 1000 selectors per selector
stage has altogether 2o faulty devices. Table I1I shows various figures for p,
according as the 2o faults are to be found in the registers, in the selectors or
in both. The importance of the registers being maintained with care 1is
brought out by this with all the clearness one might wish.
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Table 1l
Technical fault percentage for diffe-
rent fault distributions

Table IV

Localised faults in connecting devices
in percentage of number of calls
and technical fault percentage in
Stockholm telephone exchanges 1935
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If each faulty device were localised and put right the first time a fault arose,
the technical fault percentage would be obtained direct from the fault reparts
and the particulars of the number of calls. The exchange could then be re-
garded as free from fault, that is without permanent fault; some defect arises
from time to time but this never succeeds in causing fault in more than one
call before it is removed. Here then applies the following relation

5, number localised faults
S S

In order to discover how near we are to the above ideal case, Table IV has
been drawn up. showing the number of localised faults in the connecting de-
vices (selectors and registers with accessory equipment) during 1935 in per-
centage of the number of calls a, fault percentage p during the same period
and the ratio of pla. If all faults had been localised and remedied the first
time they appeared, pla would be equal to 7. The reasons that pfa in the table
is so much higher are two: first, the number of remedied faults is considerably
larger than the number of localised faults given by the fault statistics (cer-
tainly all faults met with are entered in the fault statistics, but numerous
defects which were not found disappear through the cleaning and adjustment
of the devices etc.; thus the figure for a above is too small); second, a faulty
device may succeed in causing a number of faults in calls before the fault
15 detected, localized and remedied.

Size of Maintenance Staff

To compare the different exchanges in respect of efficiency of attendance, it
1s advisable to draw up staff requirement forms, based on work and time
studies for the type of exchange concerned. From these are derived the re-
quisite number of working hours that should be put in by the maintenance staff.

Recalling what has been stated regarding maintenance work at the Stockholm
antomatic exchanges, it may be seen that the requisite maintenance fime for
these exchanges may be distributed over the following four work groups, see
Fig. 6: care of the exchange, comprising inspection, testing, cleaning, repair
etc. of the automatic exchange devices; watch duty (fault tracing) during the
period of the day with comparatively heavy traffic; stand-by duty during low
traffic times, and finally work in the fault centre, entering of statistics and
sundry work.

Care of the exchange demands a number of working hours largely proportional
to the number of connecting devices. In order to find the necessary time, a

a Yy P % pla
= | |
Centralen 0.0018 0.28 155
Sddra Vasa 0,0020 0.04 l 20
Norra Vasa 0.0017 0.08 47
Sader 0.0010 0.05 26
Kungsholmen 0.0029 0.22 =6
Ostermalm 0.0016 0.17 106



Fig. 6 X 5302
Distribution of work at a telephone
exchange in Stockholm

Table V
Reports entered per 10000 calls

care of exchange

u

watch duty h ] 'i
stand-by duty —— .: i H '
fault centre ,: : ! " |' .
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0 7 9 17 19 24h

table has been drawn up covering all the routine tests, all rounds of inspection,
adjustment and cleaning for the various devices, together with the time re-
quired for same during a year. An investigation of this kind made in the
Stockholm automatic exchanges gave the result that each year on an average
there is taken up maintenance time of :

2.3 hours per selector with sequence switch

1.6 hours per selector with relay set instead of sequence switeh

18.0 hours per register

1.2 hours per relay repeater at the suburban exchanges.

In these times are included the maintenance of the devices referred to, along
with maintenance of accessory shafts, motors, alarm devices and also main-
tenance of devices common to the exchange, such as battery and machine
rooms, supervisors' positions etc,, the times for which are divided proportio-
nately among the connecting devices.

IWateh duty comprises the work devoted to fault tracing caused by the traffic
of the exchanges. The number of faults, inclusive of blocked circuits, is about
proportional to the number of calls, as may be seen in Table V. In what follows
it is taken that watch duty during ordinary weekdays normally falls between
9 o'clock and 17 o'clock (Saturdays between 9 and 13 o'clock), hut that when
working staff is required at an exchange beyond the fitter intended for stand-
by duty, that working staff shall be counted in the regular duty.

Let us now take approximately that all calls fall within the time watch duty
is proceeding, and that all faults arise during that time and are dealt with by
the duty man. An investigation has shown that the number of hours of watch
duty per vear may be placed at 10—+ times the number of calls in the respec-
tive exchanges per year, That means that one hour’s duty is reserved for
10 000 calls, According to Table V, the number of faults notified per 10000
calls is on the average 2.5, for which therefore one hour’s duty is taken up.
Blocking constitutes one quarter to a half of these faults.

Stand-by duly means that a fitter shall be present at an exchange on duty
for the event anvthing special occurs. The duty-man will naturally deal with
faults that arise etc., but his working hours will not normally be taken up by
such work. Only one man at a time is stand-by duty-man and he attends at
the exchange before 7 and after 17 o'clock on weekdays, before 7 and after
13 o'clock on Saturdays and the days before holidays, and the whole of the
24 hours on Sundays and holidays. Table VI shows the stand-by duty-man’s
hours of attendance at the Stockholm inner exchanges. These times are con-
stant for a certain duty list and are governed by the necessity of having some-
one in attendance at the exchange at certain periods. The Stockholm inner
exchanges have permanent attendance, so that the stand-by duty times per
vear for them is in round figures 6000 h. The outer exchanges for the present
do not have night and Sunday and holiday duty men. An exchange like Appel-
viken has at present a stand-by duty time of about 1 400 h per vear.

s . i - 5 . * v - "']. o
Cen bf‘;dra .\—rmu Stder Kungs Oster avierage
tralen Vasa Vasa holmen malm
|
|1935 2.4 207 . 3.0 2.1 2.4 2.5 2.5
1936| 2.4 2.4 2.9 2.2 2.8 22 2.5
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Table VI
Stand-by time for exchanges with
constant attendance

total period

IETI00 s Yo . S
period of stand-by duty days stand-by duty|
h | (average) b :
ordinary weekdays o7 and 17—24=14 ‘ 250 3 500
saturdays and eve l
of holidavs 0o—7 and 13—24=18 54 872
| sundays and holidays o =24 61 I 404

In the formula sought there comes finally a constant time for duty in the
fault centre and for statistical work. Even though work in the fault centre
to a certain extent is proportional to the number of fault notifications, vet it
is most frequently not of an extent to constitute full utilisation of the time.
Keeping the fault books, attending the switchboard, compiling fault and traffic
statistics demand within a wide range the same time at different exchanges,
The above work is reckoned to take a man's whole time of duty between 7
and 17 o'clock (Saturdays 7—r13) at the larger exchanges; at the smaller
exchanges half this time is estimated, The total time taken for such work is
therefore 1400 h for Norra Vasa and the outer exchanges, and 2800 hours
for the other automatic exchanges.

The formula of staff requirements at an automatic exchange on the Ericsson
system in Stockholm is thus made up of four components: the number of con-
necting devices, the number of calls and two constants representing stand-hy
duty and duty in the fault centre etc. We introduce the following designations :

A = maintenance time in working hours per year
I’, = selectors with sequence switches

17 = selectors without sequence switches

R = registers

T = relay repeaters

S = calls originated per year

K, I{; = constants

The formula then takes the following appearance

A=23 1,416V 4+ 18-R+12.T+ 10 "5+ K, + K

The formula does not take into account circumstances such as an exchange
with larger traffic per device than another reasonably requiring inspection
and testing more frequently than the latter, nor has any account been taken
of the nature of the exchange building. It is obvious, ¢. g., that an exchange
on three floors is more troublesome to look after than an exchange on one
tloor. Still these and other considerations do not seem to have any decisive
influence on staff requirements on the whole. Should, however, the actual

Table VI Estimated and actual maintenance time
Cen- | Sadra ‘ Norra ‘ Kungs- | Oster- | Appel-
tralen | Vasa Vasa Soder | holmen | malm | viken
| |
|
23- Vs +16-17 4+ 18- R4 1.2.T 21 050 14 610 7 570 17 650 12 440 15 630 ‘ 4 640
Io+. 8§ g 380 4 200 1 460 5 040 3 710 4820 1060
Kb (stand-by duty) 6 oo 6 ooo 6 000 6 000 6 0oo I 6 ooo | I 400
Kf (fault centre etc.) 2 Soo 2 Boo 1 400 2 8oo 2 800 2 8oo 1 400
estimated number maintenance hours A 39230 27 610 16 430 31490 24 950 20250 | 8500
actual number maintenance hours in 1936 |
incl. foreman’s time 37 066 30 6635 13 06y 29 g7 31 296 31 042 |
difference between actual and estimated main- ;
tenance hours — 2164 + 3055 + 2539 — 1493 + 6346 + 1792 '
ratio between actual and estimated main- |
tenance hours 0.04 I.IT 1.15 0.5 1.25 1.06
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number of maintenance hours for an exchange deviate to any appreciable
extent from the number estimated, the reason for this would naturally require
to be investigated in each individual case. Nor is foreman's time reckoned in
the formula, where a foreman is employed. Certain of the jobs included are
such as would normally fall to a foreman, ¢, g. compiling statistics ete., but
the greater part of a foreman’s time would still, however, fall outside the
estimated maintenance time,

Let us now see what the formula shows in respect of the Stockholm exchanges.
In Table VII a comparison is made of the estimated times and the actual
times occupied for the vear 1936, The estimated time is divided into its com-
ponents, by which one may see the influence of each portion. The difference
between actual time and estimated time should in accordance with what has just
been pointed out be normally about 2 ooo h, representing the foreman’s time.
From the table it appears that Centralen and Sider had too few maintenance
hours during the vear. Both these exchanges consequently had their staffs in-
creased at the beginning of 1037, Kungsholmen displays a certain excess of
maintenance hours. This is due to the fact that the exchange was in a phase
of expansion, hy which transi

‘on was made from a duty schedule of 6 to one
with 8 men. This caused a temporary surplus of staff. As the exchange is
continuing to undergo strong development the surplus is, however, only
apparent and should soon be absorbed, In respect of the other inner exchanges,
Sodra Vasa, Norra Vasa and Ostermalm, the actual, number of maintenance
hours would seem to accord well with the estimated number.

As regards Appelviken the number of maintenance hours worked in the vear
1030 could not be obtained, partly because the exchange was first opened in
the spring of that year and partly because working conditions on a new ex-
change are not completely stabilised for some time. It would appear, however,
as if the estimated maintenance hours will show good agreement with the
actual number during the present year 1937. With reference to the requisite
maintenance time for Appelviken particular notice should be taken of the gain
arising from the facility of restricting the night duty as also the Sunday and
holiday duty, thus reducing stand-by duty to a minimum.

The number of hours obtained from the above formula includes also the time
devoted to cleaning the connecting devices, generally undertaken by female
labour, Female labour can, of course, in many cases replace or supplement
male labour, so that the formula of requirements would be most correct with
the combining of the working times of male and female staff. The necessary
number of cleaning women should, however, be determined separately, and this
is easily done since their work is fairly constant. Cleaning women clean the
selectors and sequence switches at all exchanges. At certain exchanges they also
help in the cleaning of registers, Moreover, they are employed to a certain
extent for the compiling of statistics. The requisite number of hours for clean-
ing women may be set at

.*1’[,, =121, 065 1"4+ g40. R

Maintenance Statistics

Out of the statistic particulars furnished by the exchanges there is drawn
up each year a summary for the control of the exchanges and comparison
between them, mainly in the manner described above. Tables VIII—XI show
such annual summaries for the Stockholm automatic exchanges for 1936, No
complete statistics can vet be obtained from exchanges in the suburban area;
still statistics from Appelviken for the second half of 1936 have heen included,
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Table VIl Traffic data?

4 | Kungs- : ” g
en | S¢ Tasa| Norra Vas = 5 Appelvik
Centralen |Sddra V a&,a.l Norra Vasa Soder | Ytk Ostermalm | Appelviken |
exchange connected SPTing 1420 Spring 1932 spring 1924 | Spring 1931 |spring 1928 | spring 1933 ISPTim’. 1936 |
numbers in 1936 20 000 30 000 10 000 40 ooo 27 000 25 000 4 000 ‘
s00-line groups in 19362 40 60 20 80 54 | 50 18 |
average subscribers con- ‘
nected during the year 16 200 20 707 6733 | 26 6oy 18 710 19 514 5 580
outgoing calls during the ! ‘
year 03813 014 42009 808 | 14 5060 517 | 50 041 716 i 37 086 599 | 42 223 075 5 305 8063.|
call minutes per busy ' | | |
hourt for outgoing calls 60 2007 37 455 17 045 50 435 | 32 530 | 43 485 | 12 030 ]
call minutes per busy '
hourt for incoming calls 28 400 31 350 13 815 42 790 | 24 670 | 37 340 | 11 110
|
average of connected |
registers 330 234 | 144 287 161 266 | 89
averaze of connected line ‘ |
finders?® 2 000 T 350 | 595 I 625 1115 1420 | 390
2 000) (1 350) (595) (1 625) (1 115) (1 420)| —
average of  connected
| first group selectors® 2 000 1 350 595 1 625 =1 TS 1420 | 390
(2 oo0) (595) — (790) — =t
| average of  connected I |
second group selectors® I 250 | 1 260 ‘ 470 1570 1075 1 290 2757
(1 250) — ;I (470) = (640) == | = |
|
| average of connected, | ' : : |
final selectors . 1 305 I 355 505 1 535 T 075 I 410 | 4603;
- (1 305) (1 355)| (505) (1 585) (1 075) (1 410)| —
average of connected ' |
repeaters == — | — — | — — | 520 '

t figures are derived from traffic stacdstics of the exchanges and are designed to give a picture of the sizes and
traffic flow of the exchanges

* indicates subscriber equipment capacity at close of year, not selector equipment capacity

3 this figure would be about double for the whole year, as Appelviken statistics only apply to half the year 1936
4 the number of conversation minutes for call linders and final selectors during busy hours is determined for
each exchange at least once a month; if the 1o ooo line groups of the exchanges cannot be measured simultaneously,
the maximum conversation minutes for each group are added together, thus giving the total number of conversation
minutes for the exchanges; deduction is made from the twelve maximum monthly figures of the three lowest,
representing  certain months of low traffic; the means of the remaining nine figures are entered under above
headings; determination of the number of conversation minutes 1s a factor of the traffic statistics; these figures
are employed in the maintenance summary for comparison with maintenance costs

s outgoing traffic from Centralen is appreciably larger than incoming, proceeding mainly to name-call exchanges
and group number exchanges

& the figures in brackets represent the average number of sequence switches attached to the connecting devices
in question

7 group selectors for local traffic from the Stockholm urban area as also trunk group selectors

f including trunk final selectors
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Table IX Size of distribution, maintenance and cleaning staff

! ; . @ | Kungs- " -
Centralen | Sadra Vasa | Norra Vasa Soder | Yo taisn Crstermalm | Appelviken
e | 1 ol L] fe | 1 . e | fe »
| male . male mitle male nale nale
| Xhae male male | ale £ male male € male | Mat male male male
|
| T
foreman (1)* 1 | I 1 1 I
| |
‘main distributor 2 2 1 2 2 3 it
fault centre 1 I L 1 I T 1.
apparatus room and |
4 5 . |
trunk positions 11 5 [ Hinfs 8 5 8 3
cleaning of automatic
| devices 3 3 | 1 3 3 3 (1)*
cleaning of premises b 1 1 2 |z 2 T
total 15 5 12 4 5 2 6. 5 12 5 12 5 4 2

t at Centralen there is a head linesman replacing the foreman;
at the trunk exchange etc.

he 15 also in charze of the maintenance staff

: female staff for apparatus cleaning do not attend permanently at the suburban exchanges; the necessary

number of cleaners move about from one exchange to another

Table X Operating reliability and faults?
Cen- Norra | Sodra | B | Kungs- | Oster- | Appel-
tralen ‘ Vasa Vasa | P0%er | holmen | malm viken
| |
technical fault percentage p (outgoing calls)  o.41 0.05 0.05 0.06 .10 0.00 | 0.03
localised faults in connecting devices (incl. !
clear on test) 2003 | 758 | 346 1153 6o 760 2203
localised faults in other exchange devices I I
(incl. clear on test) [ 535 207 ab 423 342 298 | 535‘
total localised exchange faults per subscriber | ©0.16 0.05 0.06 0.00 0.07 0.05 | 0.053
total localised exchange faults per 10000 |
calls 0.28 0.2 0.30 0.31 0.35 0.22 o.51 |
| : x
total of faults entered in exchange bookst 22 570 | 100OIT 4289 | 11172 10 413 10 406 2 5873
total of faults entered in exchange books !
per 10 0oo calls | 2.4 2.4 2.9 | 22 2.8 2.2 4.9

1

* these figures would be double for a full year

figures derived from fault and operating statistics of exchanges

i in these are included faults in subscriber relays, strips and main distributor, excluding faults in manual

trunk positions

4 in these totals are included all localised and partly localised faults in the exchange itself, at other exchanges
and by subscribers of the exchange including handset left off, as also all unlocalised faults
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Table XI Maintenance times and maintenance costs!

= . . < Kungs- & : 2 I
Centralen |Sodra Vasa | Norra Vasa Soder | hol mge g Ostermalm | Appelviken |
! |
: ; [ [
working hours in appa- '
ratus rooms and manual
| trunk positions incl. | . |
foreman's time 27 330 | 21 846 15 436 21 692 21 780 21 732 '
working hours in fault | | |
centre? 2 400 | 2 400 1 200 2 400 | 2 400 2 400
working hours for clea- ‘ | ‘
ning automatic devices 7 330 | 6419 2 333 5905 7 116 _ 6010
total maintenance hours 37 060 30 b5 |18 gby 20 997 ‘ 31 296 31 042
estimated number main- ‘ |
tenance hours 43 39 230 27 b1o 16 430 31 400 ‘ 24 950 29 250 8 500
maintenance hours per | | :
subscriberd 0.4 TiIT | I.15 0.05 1.25 1.00 1.0
wages for maintenance
staffs 50 147! 48 043: — 31 449: — 47804 — 40 175:— 48 808: —
costs  of maternal and |
repairs etc. in the anto- l
matic svstem | 2618 — 392 — 418; — 727 — 603: —-| 663 —| |
total maintenance costs
ue 61 765: — 49035 — 31867 — 48 621:— 40 868: = 49 5012 —i 14 000! —
total maintenance costs |
per subscriber? 3.81 2.37 4.74 1.83 2.66 2.5¢ | 2.5
total maintenance costs
per 10 000 outgoing
calls® 6.50 11.67 21.90 9.73 13.45 | 10.28 | 13.2
total maintenance costs i |
per outgoing call minute [ |
and incoming call minute| .
i busy hours? 0.63 .71 1.03 0.52 0.87 | 0.61 0.01
total maintenance costs
per A .57 1.77 1.04 1.54 2.00 1.6 | 1.65

t fignres are derived from time-cards and collation of costs

1 estimated time

3 obtained by formula 4 = 23V, + 1.6V +i8.- R 12-T + 10 ' 5§ + K, K,

4 the ratio between executed and estimated maintenance hours would normally lie between 1.00 and 1.10

s hours worked at each exchange have been multiplied by the mean cost per hour for all exchanges, viz: S. Kr,
1.76 for men and S. Kr. 093 for women; the mean cost has been calculated in such a way that all wages paid
to maintenance staff at Stockholm automatic exchanges, including overtime, holiday and sick payments but
excluding pension contributions, have been divided by the total number of hours worked

o sundry costs falling outside maintenance costs for the automatic system are not included in the annual
statistics so as mnot to spoil the comparison between the exchanges; these sundries include among other
things replacement of an exchange battery and certain administrative costs

7 maintenance cost per subscriber is evidently a rather uncertain basis of comparison; in general it is found
that the more subscribers an exchange has the cheaper is the cost per subscriber

8 maintenance costs referred to the number of outgoing calls show great variation: were the number of incoming
calls known the comparison would be better

o by dividing the maintenance costs by the number of call minutes per busy hour for outgoing and incoming
traffic the costs are referred to the amount of traffic on the exchange concerned during busy hours; this would
seem to be the safest basis for general comparison between different exchanges; if the tending of the exchange is
the same at the exchanges concerned, the comparison per call minute brings out the differences between ex-
changes arising from dissimilarities in system and construction, attendance etc.; in respact of the Stockholm
exchanges the replacement of sequence switches by relays, e. g, constitutes an appraciable improvemsnt from
the maintenance standpoint

o the cost per number of estimated maintenance hours 4 varies approximately as the ratio between executed and
estimated number of hours, which is natural since material costs may be ignored in considering labour costs
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The Worlds Northernmost Auto-
matic Telephone Exchange

EE WESTER, TELEFONAKTIEBOLAGET LM ERICSSON STOCKHOLM

Fig. 1 X 3745
Automatic exchange room

The city of Qulu in Finland has recently had an automatic telephone exchange
delivered and installed by Telefonaktiebolaget L.M. Ericsson. The exchange
is the only one in the world situated above latitude 65° N. The installations,
consisting of a local exchange on the Ericsson automatic system with 500-
line selectors and manval exchanges for the rural and trunk traffic, were
put into service on the night of August 28th to 29th 1937.

The local automatic exchange is built for 2 500 subscribers but at present
only about 1 500 of them are connected. Some 30 lines are routed to public
telephone cabins provided with Ericsson telephone coin hoxes for antomatic
cashing, described in the Ericsson Review No 2, 1937,

From a technical point of view the facilities for establishing trunk calls are
of the greatest interest. The Finnish Post and Telegraph Administration,
which handles all trunk connections in the country, after close study stipulated
last vear the facilities to be provided hy Finnish telephone exchanges regarding
the establishing of trunk calls. The installations in Oulu answer in every
respect to the stipulations in question. The trunk connections are set up
antomatically and some 40 junction lines to the antomatic exchange are
available. The trunk operator, connected over a disengaged junction, dials
the calling number wanted and iv informed by different signals whether the
subscriber is disengaged, locally engaged or trunk engaged. In the first case
the subseriber is immediately marked engaged for local as well as trunk calls
and the operator can transmit ringing signals. This facility also remains dfter
answer by the called subscriber. If the subscriber wanted is engaged by a
local conversation the operator is warned but is not connected in parallel
on the conversation. On the other hand cutting in can be done by the operator
and a weak warning buzzer informs the subscribers that a third person is
listening. The operator then can cut off the subscriber not concerned.

In a country such as Finland, where the number of trunk lines is comparatively
Iimited, it is advisable to increass the utilization of the lines by setting up the
connections in advance of the calls, Pending the arrival of the trunk call the
subscriber is able to make outgning calls, although he is barred for incoming
calls, For subscribers having several lines and a common calling number, ie.,
PBX subscribers, the system installed offers the advantage that the final
selectors handling trunk calls can hunt twice over the bundle of lines. Should
no disengaged line be obtainable during the first movement, the selector is

started again and the line locally engaged first reached is connected.



Odense Telephone Exchange

J. VON LINSTOW, DIRECTOR OF TELEPHONES, FYNS KOMMUNALE TELEFONSELSKAB, ODENSE

X 3769

On April 4th, 1937, the new Odense telephone exchange was put info service.
The exchange delivered by Telefonaktiebolaget L.M. Ericsson replaces a
manuval CB-exchange and is designed in accordance with a system commonly
adopted in Denmark, e.g., the automatic distribution system.

The following description of the new exchange is a report of a lecture held
at the 5th congress of Scandinavian Electrical Engineers at Copenhagen in

August 1937.

The econcession of the Municipal Telephone Company of Fyn covers the
dincese of Fyn, Fig, 1. The largest city, Odense, has a central position
among the other g4 central exchanges. The situation of Odense and the
fact that goooo of the 360 ooo inhabitants of the diocese live in the Odense
exchange area contribute to make Odense the main city of the diocese from
the telephonic point of view, as in many other respects. This importance is
further illustrated by the fact that gooo of the 27000 subscribers of the
Company belong to the Odense exchange, to which 40 % of the 11000 000
interexchange calls of the Company are connected, and 17 ooo ooo local calls
out of a total of 32000000 take place in Odense.

The main exchange at Odense, connected over direct junctions with 9 sub-
exchanges, consists of two sections of approximately the same size, e.g,
o section for interexchange calls and a local exchange, Since the local
exchange is of the greatest general interest, attention will be devoted chiefly to
this exchange and only the main principles for establishing interexchange
calls will be dealt with.

Choice of System

The calculations preceding the determimation of the system for the local
exchange made it clear that the two systems under comparison, i.e., the full
automatic system and the automatic distribution system were equivalent from
the economic point of view. In respect of economy an entirely automatic
systent is not superior to an efficient manual system in cities not requiring
more than one exchange for the telephone service, If a city is of such size
that several exchanges are needed the conditions might not be the same,
which does not, however, apply in this case.

The gain of a cheap 24 hours’ service may affect the choice of the system to
the advantage of the automatic svstem, a consideration not, however, applicable
to Odense, as this city is surrounded by a manual network unlikely to be
discarded for years. Consequently the night traffic between Odense and the
remaining part of Fyn would have to be handled manually even with a full
automatic exchange at Odense. The small increase of manual staff required
in order to handle the local traffic simultaneously during the night was made
clear by an investigation that was carried out, the result of which estimated
for 1037 is shown in Fig. 2. Basing on this investigation it was decided that
all night traffic, whether interexchange, local or trunk traffic, should be
handled by a special small exchange, called the night exchange, working
between ¢ p.m. and 7 am. The fact is that the total night traffic can be
handled by one or two operators, and it does not seem likely that this number
could be further reduced, even if the local exchange was —;m automatic one.
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The company had consequently no reason to choose an automatic system,
since the latter would not invelve lower running costs or additional ease in

arranging 24 hour service,

From the subscribers’ point of view it can hardly be denied on impartial
consideration that there is no comparison between a really up-to-date manual
system and on auntomatic system. In the former system the subscriber under
any conditions — good as well as bad — has only to lift his handset, get a
quick answer, give the number wanted and at the end of the conversation he
oets
elasticity

immediate clearing. Besides, the presence of the multiple and the

introduced by the latter renders it possible to grant further
advantages to the subscribers as far as reference calls to the inquiry desk

and correct calls in spite of change of number, are concerned.

In the automatic system the subscriber takes the place of the operator and
in order to get the connection wanted he has to carry out the work that
otherwise the operator is supposed to do. This fact does not add to the
convenience of subscribers but just the contrary. Further it must be taken
into consideration that under certain conditions the dial cannot Le used, e.g.,
in bad light or complete darkness, if spectacles are mislaid, when age or illness
render the use of the telephone instrument difficult, and during other events
of life; consequently from the subscriber’s point of view a system offering
skilled assistance under all conditions is to be preferred — provided that the
two systems work with the same speed and reliability. As to speed, any
desired degree can be attained. In manual systems it is merely a question of
the service and staff available and depends in both systems on the number
of switches. As regards reliability nobody can say that the number of faulty
when a thousand individuals, all having different
interests, have to set up for themselves the connections wanted, as against a
well skilled staff of operators establishing the connections. That self-done as
a rule is well-done but other people’s faults are catastrophes is another point

connections  is  smaller

of view having no influence on the fitness of the system. From the social
point of view it is unreasonable to reduce employment, when no economical
advantage for the undertaking or the telephone subscribers is to he gained.

Fyns Kommunale Telefonselskab decided in view of these circumstances to
install the new telephone exchange at Odense on a system giving the greatest
possible efficiency and obtained the necessary license from the State Control
Office for licensed telephone companies.

Charges

The constitution of the company requires that the same rates should be
applied to all subscribers. The rates are therefore the same throughout the
area, whether the subscriber is connected to a small rural exchange, a town
exchange of medium size or the Odense exchange and also irrespective of
whether the subscriber is located close to or remote from the exchange.

In considering the design of the Odense exchange it must be noted that two
categories of subscribers are connected to the exchange; we will call them
A and C-subscribers. The A-subscribers are entitled to have calls over the
whole area while the C-subscribers are not entitled to calls beyond their own
exchange area, i{.c., an area comprising subscribers connected to exchanges
within a distance of 1o km from their own exchange. A subscriber belonging
to either category may contract for an unlimited number of calls or else for
a number limited to 1200 calls per year. In the latter case all excess calls
have to be paid at a rate per call, this rate, however, not being the same
for the two categories.

When ordering calls beyond their own exchange area, in the following denoted
as interexchange calls, those A-subscribers who have an unlimited number

1n3




Fig 3 N GaH6
Automatic equipmentroom of Odense
telephone exchange
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of calls at their disposal have not to be noted with a view to charging, and
the A-subseribers having a limited number of calls only have to be charged
with a call, since the destination of the call is of no importance. Such
metering can take place in the local exchange and consequently as regards
charging no A-subscribers are of interest to the exchange from which the
imterexchange calls are established. This exchange is called the interexchange

office in the following.

As all C-subscribers have to pay a certain charge for all calls routed beyond
the Odense exchange arca, all their calls have to be recorded at the inter-
exchange office for charge. Since these subscribers as well as the A-
subscrilers are charged with a call by ordering an interexchange call, the
mumber of local calls on the guarterly bill is reduced by the number of inter-
exchange calls. Consequently a subscriber having many interexchange calls
does not contract at C-rate. This is the reason why the number of inter-
exchange calls originated by the C-subscribers is only a very small part of the

total number of interexchange calls

With resard to the establishment of the calls, all calls are recorded at
the interexchange office, whether ordered by an A- or a C-subseriber. i,
however, on ordering an interexchange call it were possible to inform the
operator at the interexchange office that the calling subscriber is an A or a
C-subscriber, the calls could be divided into two groups, e.fg., those of the
predominating A-group which after establishment of a call are of no more
mterest for hookkeeping, and those of the smaller C-group, which have to be
entered in the books for charging purposes. This arrangement would cause
an immense simplification of the metering department. The problem is solved
by having different calling signals for calls originating from A and C-
subseribers, The junction lines to the interexchange office are provided with
an A and a C-jack and a call causes a white or a green lamp at the inter-
exchange office to light up indicating an ordering call from an A or a C-
suhseriber respectively. By using two separate calling signals it is possible
to add a third one, 1z alternate flashing of the white and the green lamps.
This signal is provided for the trunk exchange of the State, indicating
subscribers who on account of arrears are barred for trunk calls.  Such
subscribers when calling the State trunk exchange are connected over a
separate junction to the supervisor at the trunk exchange.

Design

Before iviting tenders, the company worked out circuit diagrams and

descriptions of every category of lines and the properties required of them,

f!l‘h _
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Fig. 4
Odense manual exchange

stipulations that in all main respects remained unchanged apart from modi-
fications suggested by Telefonaktiebolaget L.M. Ericsson which secured the
order to build the exchange and which on its part, in view of its vast
experience, did a great deal of good work in rearranging and improving the
circuits proposed, to the advantage of the system and its reliability. Right
irom the beginning of the delivery of material and the erection it was a
pleasure to see with what care and sense of fine installation work the exchange
grew, so that it now illustrates the fact that complicated technics and beauty
can very well be combined, see Fig. 3 and 4.

As already mentioned the system is an automatic distribution system, t.e.,
a system that at any moment automatically distributes all incoming calls
from sulseribers and sub-exchanges as smoothly as possible to the attended
manual positions.  The staff of operators may therefore throughout the
fluctuating traffic conditions during the dayv be adapted to the actual traffic
ilow, since a single attended position forms a complete exchange.

Automatization is carried out to the extent that the operators only have to
receive a number and insert a plug. Thus the antomatic devices have to
hunt for the calling subscriber, connect him to a disengaged manual cord at
a disengaged operator, light the calling lamp, connect the operator to the
cord automatically, transmit answering signal, busy test and ringing signal
and at the end of the conversation clearing signal. This last facility makes it
possible for the two subscribers to make a new call immediately after replacing
their handsets, whether the cord over which they were connected be taken down
or not.

The sclectors nsed for the connection of calling lines are the Ericsson so0-line
selectors and the multiples belonging to the selectors contain four wires per
subseriber’s line to provide for the double calling signal. Every operator
position is divided into two half-positions, each of which can receive a call.
The first call is visible but the second one only when the first has been
estal lished. As already mentioned, the calling signals are different if A or
C-subscribers are calling, #iz.: a white or a green lamp. The automatic
answering signal of the exchange consists of two parts, at first a continuous
weak buzzer tone transmitted from the connection of the half-position to the
moment the calling signal becomes visitle, and then three stronger tone
signals, the last of which is also heard by the operator.

The operators are not provided with microphones and are consequently de-
barred from conversation with the subscribers. This arrangement is made in
order to ensure rapidity in establishing calls by precluding the possibility of
calling the operator’s attention to other matters than giving the calling
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Fig. 5 X 5385
Trunking diagram of Odense tele-
phone exchange
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Fig. 6 X 310
Diagram of the answering time

the diagram shows the percentage of calls
having an answering time 0f 0,1,2,3...10s;
the average answering time is 2.3 s
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number. Another reasom is to prevent discourteous answer being given on
repeated call after, ey, a faulty connection, and possible impoliteness by
subscriber to the operator who has to deal with the repeated call but in all
probability was not the operator who established the first connection. If after
the transmission of the answering signal the number wanted is not distinctly
heard, the three signals can be repeated as a request to the subscriber to
give the number again., In difficult cases the call can be routed to an
auxiliary position, at which an cperator can speak with the subscriber and
forward his eall, After receipt of the number wanted the connection is
established without test. 1f the called subscriber is busy, the exchange transmits
an interrupted Luzzer tone: if he is disengaged, ringing signal is heard at

intervals of a few seconds,

At the end of the conversation clearing takes place automatically. The operator
is informed by a single clearing lamp that does not light up until both
subscribers have replaced their handsets. The fact that both the subscribers
must transmit clearing signal, coupled with the design of the selectors in
the system, makes it possible without special technical devices to catch calling
subscribers, who abuse the telephone with insulting or criminal intention.
A subscriber reporting that he has been troubled is requested not to replace
his handset if he again receives such a call. In this case the switches over
which the call is routed give alarm, and the selector that has connected
the caller as well as his number can thus be located.

The local exchange contains ordinary subscribers as well as PBX subscribers,
i.e., subscribers having z, 3, 4 or 7 lines with common calling numbers and
junction lines to the sub-exchanges including State trunk exchange and the
interexchange office. The main routes of the local exchange appear from
Fig. 5. showing an ordinary subscriber, a large subseriber, and a subexchange
junction line. As may be seen each 300-line group has a number of ordinary
selectors directly connected to the manual cords and also a few supplementary
selectors routed to a multiple of a number of second selectors allotted to a
bundle of supplementary cords. As long as a s00-line group contains a
disengaged ordinary selector, no supplementary selectors can be started. The
latter constitutes a common r

rve for the whole exchange and is provided
to deal with the traffic peaks, wherever such a peak may arise, The supple-
mentary selectors are not only routed to the supplementary cords at the local
exchange, but are also connected in parallel to jacks aml'l;uﬂps at the night
exchange in such a manner that when the local exchange is put out of
service and the night exchange is working, all ordinary selectors are dis-

connected and onlv the supplementary ones in function. The connections are
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Fig. 7 X 3768
Diagram of the answering time

the diagram shows the percentage of calls
handled in a given answering time

Flg. 8 X G388

Average answering time within the
500-line groups

established by means of cord pairs of such design that the inserting of an
answering plug corresponds to the lLifting of a single cord at the local
exchange. The putting into service of the night exchange takes place quite
auntomatically as the operators successively leave their places in the local
exchange and the night attendants take up their positions. On answering the

word »Odenses is used by the night operators,

The ordinary subscribers are provided with multiples at the local exchange

oo amd trunk calls and the

and at the intermediate exchange for mterexchang
mght exchange. For large subscribers the first mentioned of these multiples
is replaced by a special provision facilitating automatic connection without
busy test to a disengaged line. This is done, by large subscribers with 2 or 3
lines being provided with one local jack (PBX subscriber’s calling number)
at each position and large subscribers with 4 and 7 lines with two local
jacks. These jacks are wired to the contact segments of 25-point selectors, the
number of which corresponds to the number of lines of the subscriber. By
plugging in a local jack at any position, the disengaged selectors belonging
to a bundle of lines are started and hunt for the calling position. The selector
that first finds this position connects the line and the connection is established.
Should all lines be occupied with calls to or from the subscriber or possibly
in both directions, the inserting of the plug into any local jack would cause
busy signal to Le transmitted to the caller.

At the intermediate and the night exchanges, both of which require busy
test, every line in the bundles of large subscribers is provided with multiple
jacks in view of the requirement that interexchange and trunk calls shall
have access to a certain line. These multiple jacks are mounted in vertical
rows for each hundle of lines in order to point out clearly the lines belonging

to the same subscriber.

the Odense area

The junction lines to the nine sub-exchanges belonging t
and the lines to the State trunk exchange are arranged in the same way as
the large subscribers, but with considerably more lines and consequently a
greater number of local jacks, up to six per position. These lines are provided
with local jacks not 0111_\' in the local exchange but also in the intermediate
exchange and the night exchange, because at the latter two exchanges, at
which busy tests as a rule have to be carried out, it would be too much
wiaste of time to test rm'the large number of junction lines to the sub-
exchanges. The only difference is that at the intermediate and the night
exchanges each bundle of local jacks is provided with a lamp that lights up
only when all junctions to the subexchange concerned are busy. If the lamp
is not glowing any disengaged jack can be taken without test and a line
finder will find a disengaged line of the subexchange. Due to the large
amount of local jacks the selectors of these groups are of the common 500-line
type, the movement of which, however, is restricted to a limited number of
multiple frames. Calls from the subexchanges are routed to the Odense

exchange as ordinary subseriber’s calls.

Among other special facilities may be mentioned that the exchange can

announce the time when a call is made to stime» and that a separate posi
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Fluctuation of the answering time
during the day
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tion serves public coin hoxes. Further subscribers can be connected to the in-
formation office. For this purpose the exchange equipment of the subscriber
is connected to the position in question and his line to a calling number not
known by him, in order to make it possible for him to use his telephone
instrument for calls, if he is at home for a short time, for example during
holidavs. FFurther the exchange is provided with a routine test equipment.

Traffic Results

The initial capacity of the exchange is 10000 ordinary subscribers and 1 000
laree subscribers and its ultimate capacity 22000 ordinary and 2 o000 large
subscribers. The intention with such a distributing system was to ensure
quick answer to a call by distributing the total work of the exchange and
avoiding accumulation of calls to positions already busy by the reduction of
the manunal work due to the antomatization, and te increase the efficiency of
the operating staff, i.c. to obtain a suitably increased number of calls established

per operator and hour.

In considering the traffic results now to be dealt with it must be remembered
that the exchange has only been working for three months, so that the staff
is not vet trained to perfect operation of the new system which in several
respects differs from the system formerly in use, and that the final distribution
of switching devices and junction circuits could not be fixed before the above
traffic results were known. With the distribution of switches and junction
civenits, the Ericsson system offers great advantages in respect of elasticity.
This is gained by the fact that selectors as well as junction circuits constitute
loose apparatus to be connected to the system by means of jacks, thus rendering
is possible to shift them from one group of subscribers to another at any
tinie wanted.

Checking of the answering time, r.e., the time elapsing hetween the moment
a subscriber is ready to order a call and the answering tone being transmitted
from the exchange, covers zoooo calls and shows an average answering time
of 2.3 s. However, such an average figure is no guide to the quality of the
service unless its composition is known, especially the number of long
answering times; On the diagrams, Fig. 6 and 7, the answering times are
collected in groups of full seconds so that the answering time of o s contains
all answering times up to 0.4 s, the answering time of 1 s all answering times
hetween 0.5 and 1.4 s ete. Fig. 6 shows the percentage of calls corresponding
to answering times 0, I, 2, 3 .... 10 5. As may be seen 18 9, were answered
immediately, 40 % after 1 s etc. 2 %, however, having an answering time of
more than 10 s with an average of 16 s. Fig. 7 shows the percentage of

3

calls handled within a certain answering time indicating that 28 % were

established within 1 s, 73 % within 2 s ete. up to 98 9, within 10 s.

However, even these particulars regarding the composition of the average
answering time are still insufficient. We require to know whether every
subscriber connected to the exchange 1s well served. Fig. 8 shows the average
answering time within the different soo-line groups of the exchange. The
group marked PBX indicates the large subscribers group. As may be seen
the highest average is 3.0 s, e, 07 s above the total average. For the
remainder the variations are comparatively small. Recognizing that the groups
¢ and 6 have a somewhat too high average value and the groups 16 and 18
at the same time have a low one, we can make use of the elasticity of the
system and equalize the variations by increasing the number of switching
devices in the two former groups with switches taken from the latter ones.
Finally investigation is made, as to whether the service is to some extent
similar during the different hours of the day. The result of this investigation
is, as shown on Fig. g, that the fluctuations of the average am\\'cring.times
are so small that the quality of the service can be considered as hrmm,r_»;'cnemtn
during the whole day,



Fig. 11 X 2753
Fluctuation around the average value
of the number of calls and the number
of connections handled

—— call curve
---- connection curve

Fig. 12 X 5380
Number of connections handled by
the different positions

Turning to investigation of the utilisation of the staff, Fig. 10, indicates that
during the day, i.e., from 8 am. to 6 p.m., the nuniber of connections established
per operator and hour was 308 to 351, an average of 323. This figure ought to
be increased but for that purpose not only has the staff to be more practised,
but the subscribers themselves must get accustomed to answering more
rapidly and distinctly in order to reduce the number of repeated answering
signals. In that respect, however, the greater slowness of the inhabitants in
a provincial city, as compared with those of a large city, must be taken into
consideration. On Fig. 11 are also shown the fluctuations around the average
value of curves for the number of calls and connections established. Obviously
the strongly fluctuating call curve is transformed into a considerably more
even working curve. Being thus informed about these fluctuations it is
possible to equalize the peak between ¢ and 10 a.m. by increasing the number
of operators, whereas the staff may be reduced to some extent between 1 pamn.
and 3 p.m. Finally, Fig. 12 indicates the number of connections made hy
each of the positions. The deviations from the average figure 323 are not
great except with regard to a few positions, but the system facilitates correc-
tion by transferring some junction circuits from the positions 6 and ¢ to the

positions 18 and 22 in the junction circuit intermediate field.

Connections beyond the Exchange Area

The interexchange calls coming in to Odense are twice as many as the out-
going interexchange calls from Odense. For the main part of the incoming calls
a separate section is installed. This section is provided with the Odense
subscribers’ multiple and with the interexchange lines directly routed to the
positions of this section in such a way that the greater part of the incoming
interexchange calls can be handled as if they were local calls. Thus the

s called the intermediate

cheapest possible operation is ensured. This section
exchange. The outgoing interexchange calls from Odense are established by a
separate interexchange office without the subscribers’ multiple. The inter-
exchange lines as well as the ordering lines for interexchange calls from
Odense subscribers are designed on the lamp-multiple system, causing all
calls to be indicated by a row of signals distributed among the positions of
the exchange. One third of the exchange staff is able to answer every call
but only the operator who first inserts the plug can be connected. The calls
ordered are recorded out hy the operators, who forward the calls. When

establishing connections the operators reach the Odense subscribers over a

87
P
e A4 -
1 5, ma
A X 3 % = e ol e R R e e e s
- - = =3 = = 3 : = 3 St : v M
I
e o0 )
300 -£8F
e
e

200 - - =

o —

o [ 2 3 L 5 & 7 £ g R A A I T R T S - L




120

bundle of junctions to the same intermediate exchange to which interexchange
lines for incoming calls are routed, Automatic line finders hunt for disengaged
junction lines. The State trunk exchange at Odense finds disengaged lines for
the establishing of trunks calls in the same way.,

Transit Connections

As may be seen from the map of Fyn, Fig. 1, and the situation of Odense,
a not insignificant numher of calls has to be routed transit over Odense,
In the old exchange it was impossible in spite of all efforts, to reduce the
waiting time for these calls to a reasonable value compared with calls to
and from Odense. The reason evidently is to be found in the fact, that —
conscionsly or not — the operators made a distinction between »own sub-
scriberss, ie., Odense subscribers, and sforeign subscribersy to the disadvantage
of the latter. In order to eliminate this purely psvchological factor, a separate
branch exchange is detached from the interexhange office, to deal exclusively
with the transit connections. The result of this arrangement is that the
waiting time of the transit calls now is of the same value as that of inter-
exchange calls to and from Odense subscribers. All calls, even those with
transit destination, are routed to the interexchange office. When stransits is
asked for, the operator at the interexchange office has only to push a button,
whereliy the call lamp signal from the interexchange office will be forwarded
to the transit exchange. The interexchange office as well as the transit
exchange are provided with conversation time control devices on every line,
This control is carried out as follows: When a plug is inserted in order to
forward an interexchange call, a green lamp connected to the manual cord
pair flashes. When the conversation is established, a button has to he pushed
and the lamp goes out; when the 3 min, conversation period is over, the green
lamp glows continuously again.



Large Private Automatic Branch
Exchanges

E. WESTER & E NILSSON, TELEFONAKTIEBOLAGET LM. ERICSSON, STOCKHOLM

During the last few years a variation of the Ericsson automatic telephone
system with 500-line selectors has been developed, which is called OS PABX,
and is intended for large private automatic branch exchanges. This new system
has already been put on the market. In the Ericsson Review No 4, 1935, a
description was given of such an installation as delivered to the Victorian
Railways in Melbourne. Below are given descriptions of the series of exchanges
manufactured by Ericsson on this system, with particular reference fo the
provision for fulfilling all the demands which may be made on an up-to-
date telephone exchange.

A telephone installation 1s nowadays considered an absolute necessity for any
undertaking of importance and the facilities offered have become more and
more comprehensive. The first requirement is the possibility of quickly and
easily establishing internal telephone connections hetween persons within the
undertaking as well as external connections over the public networks for a
number of these persons. It was soon realised as automatisation progressed
that it would be an advantage to arrange the internal traffic automatically in
order to merease speed and reliability. At first separate telephone instruments
were installed for internal connections and those requiring to make external
calls were provided with a second instrument, connected directly or over a
manual exchange to the public network. Tt was thus pessible while carrying
on an external call to make an enquiry call over the other instrument to per-
sons within the undertaking. As it would hardly be necessary to converse
simultaneously over the internal extension line and with the public exchange
subscriber, it was proposed to introduce a switching deviece by which the one
‘nstrument could be eomnected for an internal or an external call as required.
[n this way the desk was relieved of one of the rwo instruments. At first
these alternative connections were carrvied out by means of a switch on the
imstrument requiring two lines to be wired to the desk instrument, which had

the disadvantage of making the instrument rather complicated.

In an up-to-date  telephone installation on the OS5 PABXN system  these
disadvantages are entirely removed while at the same time a number of
additional facilities of consideralle value are provided. Thus it is possible
to originate outgoing calls automatically, to make inquiry calls over the
branch exchange as well as the poblic exchange, to transfer a public call to
another extension ete. All these connections are made by means of the dial
of a quite ordinary subscriber’s instrument, the manipulation of which is

quite simple to grasp.

Normal Traffic Facilities

Internal Calls

To originate an internal call, the receiver is litted and on receipt ot dialling
tone the required number is dialled. If the extension is disengaged ringing
current will be transmitted., This current is cut off when the call s answered,

and the connection is then established. The caller hears ringing tone as the
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ringing current is transmitted. If the called extension is busy the caller receives
busy tone, Replacement of the handset canses disconnection and the switches
are restored.

Exchange Calls

It may often be desirable to bar some extensions for public exchange calls,
for example where a higher annual charge has to be paid for extensions
entitled to public exchange calls. Apart from extensions completely barred
in this way, it is possible to have extensions connected which have access
to the public network only through the private branch operator. The public
exchange to which the branch exchange is connected may be of any system,
automatic or manual CB or magneto. The private exchange equipment will
always be the same, but requires the addition of simple junction line repeaters
if connected to an LB-exchange. This method has been adopted to avoid
alteration in the branch exchange equipment should the existing LB-exchange
be replaced by one on another syvstem.

Outgoing public exchange calls arve originated by dialling digit o, whereby
a disengaged public exchange line is connected automatically. If the public
exchange is automatic the PABX extension hears dialling tone from the
public exchange and then dials the number of the subscriber wanted. If the
public exchange is manual, the private branch extension communicates the
wanted subscriber's number to the public operator. If all exchange lines are
busy at the time or if the call is attempted from a barred extension, busy tone
1s heard after dialling o.

Incoming public exchange calls are received by an operator who forwards them
to the persons wanted. As the OS PABX system is designed for rather large
installations, it has heen equipped with manual switchboard for incoming
exchange calls, this being the best method for large installations. The exchange
lines and all extensions not barred for incoming exchange calls are provided
with jacks in the manual switchboard, and over these the operator can quickly
and accurately connect exchange lines and extensions by means of cord pairs.
One reason why cord pairs have been adopted is that any faults arising in
the cords may not put exchange lines out of service, With heavy traffic,
however, the operator's work may be made much easier by not removing the
answering cord from the exchange jack. Connections are then made as in
1 single cord system.

An incoming exchange line call causes the calling lamp to light up, whereupon
the operator answers and, by testing with the ringing plug on the jack sleeve,
learns whether the extension required is bhusy. 1 the extension is disengaged
the operator transmits ringing current. The cords of the manual switch-
board may be provided with automatic ringing device. On insertion of such a
cord in the jack of a busy extension the conversation proceeding is not
disturbed but the call offering is held waiting and ringing current will be
transmitted immediately the call ends. Before transmission of ringing current
the clearing lamp flashes, informing the attendant that the connection has
not yet been established. When the extension answers the lamp goes out but
again lights up at the end of the call. The operator then has to restore the
cord. If a new call arrives before the operator has had time to remove the
cord, the calling lamp lights up in the usual manner but the extension to
which the cord is plugged in is not connected to the new call.

As it is desirable that urgent calls, particularly trunk calls, may have access
even to busy extensions, the attendant can cut in on calls proceeding, whereby
the subscribers are notified by a faint buzzer tone that the operator is listening.
The attendant may then disconnect the extension not concerned. If all exchange
lines should be busy the trunk operator as usual is able to cut off an exchange
line connection. The manual switchboard at the branch exchange is then
called by ringing current, the occupied extension is disconnected, after which
the operator can forward the new call in the usual manner,



Fig. 1 X 3763
Telephone instrument, Type DBK 11

all instruments are of normal pattern without
push button and are connected over two-wire
lines without additional wire or earth connection

Connections through Operator

On dialling the digit ¢ the manual switchhoard will be connected. Such a
call cannot be forwarded to other lines and consequently extensions barred for
external calls are prevented from obtaining calls in this way. The operator
can, however, he requested to call a public exchange subscriber and connect
same to o non-harred extension. As the operator can cut in on husy extensions,
it is also possible to order the establishment by the operator of a particularly
important internal call to a busy extension. The operator warns the two
subscribers and cuts the connection, or he may wait intil the conversation
going on is completed and then insert a plug in the jack of the wanted
subseriber. When the line becomes disengaged, a lamp lights up and the
operator can establish the connection ordered.

Call-Back

An extension connected to a public exchange line has the facility of making
call-back by dialling the first digit on the dial, i.e., usually the digit 7. This
disconnects the exchange line hut clearing signal is not transmitted to the public
exchange, The extension is then connected to the automatic equipment over
a separate intermediate unit and the internal number wanted may be dialled.
Having obtained the required information it is possible to return to the
exchange line by again dialling 7. Provided that the local extension called
does not replace the handset, alternate connection with extension and exchange
line may be effected by repeatedly dialling the digit 7. If on the other hand
the local extension’s handset is replaced, the inquirer on making a new call-
back is again connected to the automatic equipment and may make new call-
back to any line. Call-back may be made to any line accessible to a normal
call over the automatic exchange.

If the line wanted for call-back is already busy and the importance of the
exchange call makes it a necessity for the inquirer to have the call-back
connection, he calls the operator by dialling 0. In this case the inquirer is
connected with the manual switchboard over a separate junction unit, the
exchange line being held busy. If the line wanted is available in the multiple
field the attendant can forward the call as desired. To return to the exchange
line the inquirer dials digit 7 in the usual way. Call-back can also be made to
another exchange line,

Transfer

An exchange line connection may be transferred to another extension provided
that this latter is not barred for such calls. After a call-back the inquirer
replaces his handset and the connection is automatically transferred to the
called extension, The first extension is immediately released and the second
one, having now received the call, has in his turn the same facility of making
call-hack and transferring the call. Thus the transfer of a call is entirely
under control of the one passing on the call. Periodic ringing current is then
automatically transmitted and if this is not answered in a certain time the
exchange line is connected automatically to the operator's position by means
of the above-mentioned tie unit. If attempt is made to transfer an exchange
call to a Parred extension or to another exchange line, the first exchange line
is in the same way connected to the manual board. The same also occurs
on attempt to transfer the call to a busy extension. Thus the switching process
is supervised and any call not correctly dealt with is automatically transferred
to the operator. After a call-back forwarded by the operator the connection may
also be transferred. As before the originating party has only to replace his

receiver,

Night Service

During the times when the operator is not on duty, all or some of the
exchange lines may be arranged for night service, If the public exchange is
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Fig. 2

X bigy

Routing diagram for 400-line branch
exchange, System OS PABX

A, B
AFL
Al
AL
STJ
CL
FAS

Fl
FMS

FS
KFL
KL
LL
LS
Lv
NK
REG
5
SJ
SL
5N
5T
5V
(93]

telephone instruments

calling lamp for FJ

calling jock for exchange line

colling lamp for 5J

calling lamp for STJ

two-direction exchange line
intermediate unit for automatic call-
-back and transfer

jock for call-back to operator
intermediate unit for manual call-back
and transfer

junction cord

supervisory lamp for FJ

supervisory lamp for SJ

idle indication lamp for AJ

cord for internal connections

final selector

key for night service

register

line finder

answering jack for CL

clearing lamp

automatic link circuit

answering jock for calls to operator
night service equipment

multiple jock for non-barred extension
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<0 designed that it is possible to call individual lines of the bhundle connected
to the PABN coneerned, incoming calls can he routed to extensions specially
allotted to predetermined exchange lines. Before going off duty the operator
throws o number of night switching kevs and inserts the plugs of the cor-
responding cords in the jacks of the lines assigned. An incoming exchange line
call is connected thereafter to the appropriate extension automatically. 1f the
extension is disengaged ringing current is transmitted. In the contrary case
a warning tone indicates that an incoming call is waiting, The call is answered
and if desired may he rerouted on the call-back and transfer method. An
extension assigned for night service has the same facilities as others for

internal and external calls,

i desired all incoming exchange calls may be routed to one extension. In
this case a key is thrown which canses all incoming calls to be routed
automatically to the extension in question, It may also be advisable to connect
the tie units, by which call-backs and transfers to the manual switchboard are
normally effected, to the night service devices. When the manual board is not
attended, all calls handled by these tie units are routed to a certain extension,
so that it is possible to ascertain whether exchange line connections already
established are dealt with correctly, As the number of night service inter-
mediate devices is limited it may occur that some incoming calls cannot be
dealt with immediately, The system therefore comprises queue facilities for

incoming calls awaiting attention.

Special Traffic Facilities

Conference Calls

The connection of several extensions for a conference is carrvied out as a
rule by the operator. Extensions which may often be engaged in conferences
are provided with individual connecting devices at the manual board, these
consisting of connecting and ringing keys and a feeding relay that actuates
a signal lamp, The device may be fitted with an additional relay making it
possible without disturbing an existing conversation to ascertain whether the
extension is husy or not. In addition to these special extensions, a limited
number of other extensions may be connected by means of ordinary junction
cords, provided these extensions are provided with jacks in the manual board.
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X 5764

Fig. 3
Automatic equipment for 90 lines
with 10 conversation facilities, 20 exchange
lines, 2 autematic and 2 manual junction units
and 2 night service devices; the bay is 2.4 m
high and 1.4 m wide

X 5Hu08

Fig. 4
Manual Switchboard

the left-hand section contains, reading down-
wards: alarm lamps, jacks for operator’s line
and call-back lines, calling jacks for exchange
lines, answering jacks for exchange lines; the
right-hand section contains, reading downwards :
night service keys and multiple field with jacks
for non-barred extensions; the horisontal part
contains a local cord pair and twelve junction
cords with operating keys efc.

By the introduction of special circuits in the antomatic equipment and comple-
mentary units for the extensions concerned, the establishment of conference
calls may be effected quite antomatically. The extensions for conference are
in this case requested to dial a special digit, which causes his line to be
disconnected from the exchange equipment, In view of the greater convenience
in establishing the connections and for cconomical reasons it is, however,

preferable to have conference calls handled by the operator,

Preference Calls

Provision can he made for certain extensions allotted to the higher staff,

whose calls are often of a specially urgent nature, to break in on calls
es