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LM Ericsson’s Laboratories

H BLOMBERG, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1 %
Head factory at Midsommarkransen,

Stockholm
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Ever since the middle of the nineteen thirties intense activity has been going on to ex-
tend and modernize the Swedish establishments of the LM Ericsson group, with a view to
setting them in a position to meet the constantly growing demands for development work
and production. The first big step was taken by the erection at the close of the thirties
of the parent company's big new establishment at Midsommarkransen, Stockholm. Since
then a number of new plants have been added in both the parent and the subsidiary
companies and many others are in course of construction. In the next few numbers of
Ericsson Review, brief accounts in word and picture will be given of the most important

of these additions.

The move of Telefonakticholaget 1. M Ericsson in 1940 from its old factory
andd office buildings in the centre of Stockholm to the present up-to-date
establishment at Midsommarkransen on the outskirts of the city meant that
vistly improved laboratory resources could he made available for development

work,

The old laboratories had been housed in an office bulding which was but
little suited to the purpose. With the great expansion of the company’s
activities, conditions grew more and more cramped and i spite of every effort
to make the best use of the space available, the premises heecame increasimgly
out-of-iate. So, when the new establishment at Midsommarkransen was heing
planned, an important consideration wis to ensure the provision of develop-
ment laboratories that would satisty much more exacting demands than hitherto,
The most thorough study was devoted to the planming of the fittings il
equipment for these new laboratories and several new and interesting uleis
were incorporated. As a result, when these new laboratories were rewdy for

e nearly ten years ago, it is no exageeration to sav that they represented
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Fig. 2. X 4622

The latest office and laboratory building,
with the wireless tower used, amongst
other things, for micro-wave experiments

the highest point attainable as regards suitability for theinr work and the most

up-to-dateness available at the time i the field of telecommunications,

These new laboratories were estimated to satisfy requirements for ten years
to come, Nevertheless, owing to the vapidity of developmients and the expansion
of telecommunication technigque, it was found when only Dve years had gone
by that this was not the case and that consuderable extension was necessary.
Plans were therefore drawn up for a new office and laboratory anlidine along-
sile the original butlding at Midsommarkransen, and this was erected

1047—48, When the new addition was rveady Tor nse at the end of Tast vear,
supplementary office and laboratory accommaodation had heen provided o the

extent of not less than 4o 7.

The range of laboratories now at Midsonnnarkransen comprises

electro-ncoustics laboratory,
electro-phvsics lahoratory,
clectronies laboratory,

telephone anstruments laboratories,
telephone exchange laboratories,
long-distance telephony laboratories,
micro-wave laboratory,

chenueal laboratory,

materials laboratory,

stgnal plant laboratory.

The new premises consist of an S-storey building possessing direct commu-
nication with the offices and laboratories located on the top or third floor of
the original building. Fittings and fixtures are much the same as those put in

ten years ago.

In conjunction with the building extension a wireless tower has been erected,
which deserves some description.

The site at Midsommarkransen has a lofty situation i the south-western part
of Stockholm. Thus, when it was found advisable for the L M Ericsson group
to put up a wireless tower as an aid to research work, experiment and practical
aperation in the field of wireless, particularly the high frequency hands, it
was only natural that the tower should be built at Midsommarkransen. In this
way a tower not too great in height would suffice to obtain the high altitude
required for the wireless aerials, particularly for micro-wave communications,
By constructing the tower in conjunction with the new extension, convenient
communication between the laboratories and the wireless equipment in the

tower has been ensured.

The wireless tower is 72 metres above ground and is constructed of reinforced
concrete. It is quite slender, having a rectangular section of only 5 > 6 metres.
It comprises 21 floors, each containing one room, these rooms heing devoted
to various purposes, The pouring of the conerete which is well anchored to
the rock foundation was done in sliding forms, raised progressively as pouring
proceeded. The pouring took up only 3 weeks.

The height of the tower top above sea-level is 109 metres. On the top of the
tower there 1s an aerial mast, the tip of which is 124 metres above sea-level.
a height that is not surpassed on any other building in Stockholm. The tip is
in fact visible at not less than 57 kilometres distance from a point to the west
of the city. The mast can be lowered by a winch down into the tower, thus
enabling different aerial designs to be fitted without trouble. Balconies run
round the top floor of the tower and from these the micro-wave aerials mounted
on the tower are easily accessible. Continuous investigation of the spread of
the micro-waves under varyving weather conditions have now been going on
for a year.
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Some views of LM Ericsson's laboratories

Left, an inside view of one of the lelephone exchange
laboratories; below, testing the permanence of carbon
granules in handsets at one of the felephone instrument
laboratories: belaw that, checking at an exchange labo-
ratory the speed of an impulse machine for setting selectors
In various positions.

Left, atelephone exchan-
ge laboratory: connec-
fion tes in an aviomalic

telephone test rack.
Below: Determining the nitrogen con-

tent of steel at the chemical labora-
lory.
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Below: 'transmifter test in the usilen
roomu» atthe electro-acoustics laboratory.



Left, inside view of the micro-wave laborafory,

Below, left, fusing in electron valves at the electronics laboratory; right, aninjec-
tion press at the plastics laboratory. Right, parabolic an-
tenna mirrorfor3cm
multiplex commun-
ication, mounted on
the wireless towar,

Below, left: microscopical examinatien of iren,
steel and other metals at the chemical laboratory;
right, inside view of one of the longdistance tele-
phony laboratories.
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A New Wadll Instrument

K W NILSSON, TELEFONAKTIEBOLAGET LMERICSSON, STOCKHOLM

Fig. 1 X 6393
L M Ericsson’s new wall instrument, type
DBN 12—13

6

U, D.C. 621.305.721.3
Since the addition of the new table telephone instrument, type DBH 14—15, described
in Ericsson Review No 3, 1947, LM Ericsson has designed a wall instrument which has

been given the designation DBN 12—13.

The new instrument, which will be put intoe mass production this year, is infended to

replace the wall instrument DBN 10—11 that has been in manufacture since 1933.

[ the last few decades, technical progress in most fields has made rapid strides,
these Tinding expression in partial or complete revolution of the tools of man
in industry, communications, arts and crafts ete. The developments of telephone

mstruments, however, have seemingly made slow progress,

Ihe constant desire has always been for o deerease i the telephone instrument
dimensions, the production of a hghter handset, the obtamimg of an attractive

appearance for the imstrument on the lines of modern ideas of form ete.

A= regards the dimensions of the telephone instrument, however, these depend
an the human heing himself, The length of the handset 1s of course determined
by the distance between the ear and the mouth, the size of the hole plate m
the dial by the fimgertips. 1T a ringing signal 15 to be heard clearly the gongs

of the bell must be of ample size. Moreover, the handset when veplaced must




Fig. 2 X 4618
The new wall instrument

side view. The dial has been recessed so that the
dial hole plate is flush with the frent of the case.

perform a certain work, 2. e, actuate the hook switeh by its weight even under
uniavourable conditions. In addition, consideration must be siven to the fact
that ILE"l'IIt'I'.'IHI‘\' one 1s not so careful m handhing o te lephome mstrument as, for

mstance, a radio receiver,

Consequently a telephone instrument must be of robust construction and able
to stand mechanical stresses, hesudes being made of durable material,

Another desire has been for the ability to use one and the same instrument
on desk or onowall with the least possible alteration. So far no good solution
of this ]H'H]l]l'lll has been arrvived at. The results achieved have not constituted

really satisfactory designs and it has not been possible to meet all the demands

made m the various tyvpes.

Moreover, a combined desk and wall instrument loses in appearance. On fitting
on the wall it projects too far out and the handset does not have a protected

1o =1ton,

When mounted on a wall the telephone instrument must be firmly screwed to
the walll In most cases it is necessary to employ fairly heavy serews, owing to
the nature of the wall. When the base-plate of the instrument is serewed firm,
it gets more or less askew — even with three-point fixing. This in turn may
have an adverse effect on the adjustment of the bell and the spring contact

assembly, and may even make it difficult to fit the plate to the case.

L M Eriesson's new wall instrument DBN j2—13, see Fig. 1, like the 1933
tvpe, has been shaped with the sole aim of constituting a really satisfactory
tvpe of wall instrument, which at the same time can utilize without alteration
most of the component parts included in the new table telephone mstrument
DBH 14—15.

The following parts are exactly like those Titted in the new desk instrument, viz:

handset with flexible cord,

dial except for the cord,

bell mechanism and gongs,

transformer,

condenser,

spring contact assembly and switeh sheath,
terminal block and bushing for cord,
number frame, pillar in case,

fixing pieces and sundry serews.

The case, the base plate and some small fixing parts have been newly designed
for this wall instrument. In addition, the dial has a rather longer connecting
cord.

Case

The case is made of pressed phenon plastic with soft lines and rounded edges.
In designing the shape of the case the aim has been to make it as compact as
possible — it should »hugs the wall — and free from projections. The outside
surfaces have a high polish and the join at the switch hook on the upper
part of the ecase 15 indistinguishable. This has been possible because of

exceptional tool design combined with skilled and sound tool work.

The case 15 attached to the base pliate by two hooks, which are held tight
together by recessed undetachable screws in the upper and lower sides of the
case. Thus the screws are not visible either from front or sides and besides the

upper screw is not in the way of the fingertips when the handset is hifted.

7
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Fig. 3 X 4615
Cross section

showing the function of the rubber stud in the
fixing of the base plate; above: on uneven wall;
below: on wall with plug at an angle
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Fig. 4 X 4618

View of bell mechanism

with screw for adjusting the armature stroke

8

The dial, of the construction described in Ericsson Review 3/1047, has been
recessed so that the finger plate is level with the iront of the case, Fig. 2. The
recess has an opening below, to enable the dial easilv to be cleaned of dust
and the like. This improves the appearance of the instrument, besides providing
the dial with protection against shocks and jars. This arrangement is an
mnovation and fills a want that has long been felt, but which could not he
realized owing to the dust that would collect in a completelv closed recess,

The curved surface of the case makes it harmonize with the soft lines of the
handset and also makes 1t not noticeable if the instrument is shghtly crooked

on the wall.

The Instrument’s Floating Suspension

Al wall instruments hitherto designed have had the drawback that the vibrations
of the bell mechanism and to some extent those of the dial have been transmitted
to the wall through the fixing screws of the instrument. Moreover, as stated
earbier, 1s is easy to deform the base plate when serewing it onto the wall,
Still another wish has come forward, namely to have the mstrument completely
insulated from the earth. This last demand has been brought out by research

concerning protective devices for surge voltages in case of lightning.

On the new instrument, therefore, the fixing points of the base plate have heen
furmshed with metal protected damping studs of soft rubber, Fig. 3.

This arrangement does away with the above drawbacks, besides ensuring satis-
factory insulation between the mstrument and the wall.

As a result it has been possible to fit the instrument's internal parts, such as
bell mechanism with gongs and switch sheath with spring contact assembly,
direct on the flat base plate without fear of their being disturbed when fixing

the mstrument on the wall.

The apparent expense which the rubber studs may cause is entirely compensated
in that the extra inset required with previous wall instrument types has been

dihlrL'ﬂ\'L':[ with,

AC Bell

The build up of the bell mechanism i1s in principle the same as on the old
mstrument DBN 10—11. Some parts, however, have been modified and simpli-
fied, such as the parts for the armature suspension, for the attachment of the

magnet and for the fitting of the guide springs, where these are necessary.

There has been added a serew for adjustment of the armature stroke, so that

the air gap between the armature and the coil cores may easily be varied, Fig. 4.

Switch Hook

The switch hook operates in the same manner as in the new table mstrument,
e, it actuates the spring contact assembly in parallel with the pillar of the
case. The component parts are the samie as in the new table instrument, but
they are fitted on an angle iron, which is attached by screws to the bell

mechanism frame.

The idea embodied in the switch, which is patented, differs appreciably from
previous designs for wall instruments. The actual slide, which is moulded in
one piece of phenoplastic, has been formed with striking surfaces for the pillars
i the case and a wedge which actuates the spring group assembly, as also
an arm which runs in a groove. The groove acts as guide and for limiting the
movement of the slide. The shde has two bearings well apart from each other,
pivoting on a shaft riveted to the fixing angle. A eylindrical spiral spring is
fittedd on the shaft below the slide.



Fig. 5 X4617
Inset
with case dropped; left to right: terminal block,
switch hook with spring assembly, transformer;
al bottom: gongs

£ X 6204
FIQ. é X 5295
Diagram
of connection with transmitter inset; above RLA
1820, below RLA 1810
AS switch hook

B bell

Cc condenser

C;, C, condensers

D dial

IC transformer

L,, L; subscriber's line
M transmitter

R receiver

The spring contact assembly is fitted vertically on a section adjustable laterally,
this being shaped to form the above-mentioned groove for the slicle. The contact
springs are made of extra -]ll'!]l;.:-h:l\'l|l'nl'l| ]}}III'~|lEI"': bronze and [-I'I|\1r|t'r| with
double contacts. The contact springs are broad and tapering 1in -h.\[u' and
relatively thin, so that they can sustain careless

ready bent and have a frame to fis

treatment .'.|I!.'-I]| ]HIIl_E.I de

formed, The springs are their position.

The contact pressure is 50 g.

The switeh hook works with extreme rehiability and the moment of friction

has been reduced to a mimmum.

The dial is serewed in the case in the same manner as with the table mstrument

and it 1s connected to the terminal block of the nset 1;_\' a flexible eable,

When fitting the instrument on a wall, the case is dropped downwards, Fig. 5,
heing held suspended by a band fastened between the case and the base plate.
In the case helow the pillars there are cylindrical spiral springs of stainless

steel, to hold the pillars up when the case is removed.

The base plate is furnished with sound hole heneath the gongs of the bell, as

with the desk mstrument.

There is arrangement for the connection of extra receiver.

The instrument can also be made insect proof.

The circuit diagrams, Fig. 6, agree with those for the new table instrument.

This new wall instrument now put on the market has been designed with the
sole idea of providing the highest quality combined with the greatest simplicity

which present-day technical practice can supply.
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Indicating and Recording Echo
Sounder PEK-3G — an Interesting New

Design from Svenska Radioaktiebolaget

S von MELSTED SVENSKA RADIOAKTIEBOLAGET STOCKHOLM

U.D.C. 531.710.35
When the Swedish America Line's new vessel M S Stockholm — the biggest passenger
ship ever built in Sweden started out on her maiden voyage in the Spring of 1948,
there was included in her hyper-modern technical navigation equipment the first example
of Svenska Radioaktiebolaget's newly designed echo sounder PEK-3G. This sounder,
which performs both visible indication of the depth beneath the vessel's keel and graphical
recording on a graduated paper band of the contour of the sea bottom, represents an
appreciable improvement compared with previous constructions of echo sounders.
In the following article there is given a brief account of the range of applicancies for
echo sounders, their operation and construction together with a description of the new

echo sounder.

Range of Applicancies for Echo Sounders

In our days a navigator has at his disposal an impressive array of mstruments,
all designed to facilitate his task of taking the ship safely and quickly to s
destination. The echo sounder has an mmportant place among these up-to-date
appliances, The navigating officer has only to cast a glance at the echo sounder’s
seale of depths to be able to read the exact depth in a vertical line irom the
ship's bottom. He no longer requires heaving of the lead — the depth s
mdicated automatically and continuously by a depth indicator located in the
chart house. As many soundings as used to take half an hour are now at his
command in a second. No matter what the speed and the weather he can
always read the depth of water beneath the keel, even if it he a thousand

metres and more,

In the modern echo sounder, technical research has not only  endowed
shipping with a first class instrument in the service of navigation. The echo
sounder has faeilitated the charting of ocean depths, thus ensuring improved
charts. The new method employing the echo sounder proceeds much more
rapidly, furnishes more accurate results than formerly and finallyv 1t ensures
that no shoal is left out, since the echo sounder emits its sounding shots in too

close succession for any shallow spot to be passed unobserved.

The greater correctness that can be ensured in the sea charts owing to employ-
ment of the echo sounder 1 taking soundings has in turn resulted in increasing
the mmportance of the echo sounder itself for navigation. In many sea lanes
the bottom 1s of an extremely varying nature, There are peaks, valleyvs and
sharply marked geological faults and cracks. These hottom conditions furnish
an excellent guide to navigation and enable very good fixing of position to he
made, especially if the ship is Titted with a recording echo sounder. giving
a curve of depths which constitutes a profile of the sea bed, This is parti-
cularly valuable for navigating in darkness or fog, when neither terrestrial nor

astronomic ohservations are possible,

10



Fig. 1.

Diagram of echo

X 6392

sounder operating with

magnetostriction

L= I . Y
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23
24
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depth indicator

pulse contact

neon tube

motor

amplifier

resistance

condenser

relay valve (gas triode)
amplifier valve

gain control

input transformer
rectifier

output transformer
converter

pulse generator
transformer 501000 V
rectifier

charging resislance
transmitting condenser
discharge valve
trigger circuit
tronsmitting projector
oscillators

rec~iving projectoer

Lately, the echo sounder has been enlisted in the Tocalization of shoals of fish,
as reported by various articles and notices in journals and newspapers, Very
promising results have been achieved and there 1s not the shightest doubt that

the echo sounder has found here vet another important field of emplovment.

Principle of the Echo Sounder’s Operation

It is a matter of common observation that if one shouts in the open the
sound often comes back as an echo. The echo is thrown back to the caller by
the face of a rocky slope. The same conditions prevail in the water. The echo
answers i water just as well as in the air, but about Tour times as quickly,
and 1t 1s on that the design of the echo sounder is based. Thus, if a sound
wave is thrown out from a ship to the bottom of the sea, the wave is reflected
and returns to the ship in the form of an echo. The interval elapsing from
the moment the sounding wave 15 emitted until the echo returns constitutes

a measure of the depth of water under the ship, Fig. 1.

The echo sounder works very rapidly, as the velocity of sound in the water
amounts to app. 1450 metres a second. Thus a depth of 100 metres is sounded
1

in approx. '/; secomd. This means that one must have a special meter to be

able to measure so short an interval with sufficient accuracy.
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Fig‘ 2 X 4603
Principle of the echo sounder’s oscillator

A active surface of oscillations
| height of plates (determining frequency)

12

Problems of Design

The first echo sounder was designed during the first worlid war, Nevertheless,
tany ditficulties had to be surmounted before the sounder assumed such a shape
that it was of practical service, It was particularly troublesome to find suitable
transmitters and recevers for the sounding shot, that is the s mndd wave thrown
out Trom the ship to the sea bed.

With one of the first designs — the Hammer Sounder — use was made of a
hammer which, held by a spring. was made by electromagnetic means to strike
at regular mtervals on a diaphragm inserted in the ship's plating. The receiver
wits then a microphone, also m=erted m the ship's plating. With another design
the sounding shot was obtamed by droppmg an explosive cartridge overboard.
The cartridge was set to explode when it struck the sea bottom. The sound
thrown hack was then, as with the hammer sounder. received by a micro-
phone. The depth was obtamed by noting the time from the dropping of the
cartridge to the reception of the sound and multiplying it by the veloeity of
sinking of the cartridge, which was known. Echo sounders have also heen

made with transmitters and receivers, working on piezo-electric principle,

Now. however, practically all transmitters and receivers are made on the
magnetostriction  principle, a method which has proved s superiority in

respect of submarime signalling.

Magnetostriction

Magnetostriction 1= the term used to designate the phenomenon that a ferro-
macnetic body, e, a nickel rod, when exposed to a magnetic field changes
o ovolome, How this can he utilized for the design of transmitters and
receivers is illustrated by Fig, 20 The illustration shows a bundle of nickel
plates, made in much the same way as the laminations of a transiormer
core, The bunch of nickel is provided with a wire winding and the requisite
magnetic field is obtained by passing a current through this winding. If an AC
source 1s connected to the winding, the bunch of nickel will be alternately

compressed and expanded, & o, put into mechanical oscillation,

Thus with the aid of such a nickel hunch it is possible to convert electric
oscillations to mechamical. These oscillations are apparent to us as sound waves
— acoustic oscillations — 1 their frequency falls within the range of the
frequency band that is aundible to the human ear. Such a converter of electric
oscillations to acoustic oscillations is generally called an electro-aconstic trans-
ducer. As the use of the magnetostrictive element is based on its oscillating
properties it s called the oscillator of the echa sounder. The ascillator
can also operate in the reverse direction and convert acoustic oscillations
to electric. Thus if an oscillator magnetized by a permanent magnetic field
receives the mmpact of sound waves, electric tension 15 generated in the winding
surrounding the nickel bunch. Because of this the magnetostrictive oscillator
may be used not only as a transmitter but also as a receiver.

The oscillator is most effective if the magnetizing current or sound impulse
15 given a frequency that is the same as the oscillator's own frequency in a given
direction. The oscillator works with extremely small amplitudes hut with great
power. This makes it specially appropriate as a sound generator in water.

Directional Properties

The magnetostrictive oscillator, however, his vet another property which is
of great value for echo sounding; it can generate oscillations of extremely
high frequency. e short wave lengths, This is the necessary condition for
transmitting a narrow beam of sound.



Fig. 3 X 4608

Indicator unit

left, the dial for the optical depth indicater,
right, echograph with paper strip; al bottom,
terminal box

The pulse or sound wave emitted by the oscillator is directed vertically to the
sea bottom. Otherwise the sound wave would be reflected from all directions,
such as nearby cliffs, passing ships cte. Several echoes wonld be received and
it would be difficult to decide which of them was the right one,

In order to give direction to the wave front dhscharged, the wave length mmust
he of the same order of magnitude as the bhorder Tines of the surface generating
the oscillation. The sound waves discharged from various points on that sur-
face amplify cach other in the divection at vight angles 1o the sorface It
oppose ad cancel out each other more or less i other divections, For a ziven
sound racdiating surface the sound beam 15 made sharper 1f the wave length
15 made smaller. With the latest sounders there are employed such short wave
lengths, e such high frequencies; that the human car is not capable of
catching the sound impulses transmitted. Naturally it s an added advantage
to avoid the irritation of hearing sounding shots discharged continnously m

riapid succession,

A Modern Echo Sounder — Its Construction and Operation

SRA's echo sonnder PER-3G works on the above-deseribed magnetostriction
principle and performs hoth optical mdication and rectangular graphical re-
cording of the depth of water beneath the ship's keel. The sounder has two
sounding ranges, a lower one, o—1i00 metres (o0—30 fathoms), intended for
use in coastal waters and a higher one, o—1000 metres (0—300 fathoms) for
use when sailing the open sea.

The echo soundmg equipment comprises four main components iz, -
Indicator unit with terminal box, pulse generator (including converter) and
the projectors containing the oscillators.

The principle of the echo sounder’s operation is as follows. see Fig. 1. When
the neon tube on the rotating dial of the depth mdicator passes the zero point
of the scale, the pulse contact on the indicator’s shaft produces a pulse which

13



Fig. 4 X 6395
Echo sounder paper strip with depth curve
recorded

A depth curye in 1000 metre range

B depth curve in 100 metre range

The depth shown an the line A-B s therefore
174 melres.

Fig. 5 X 7516
Indicator unit

with doors of depth indicator and echograph
open. The left-hand picture shows, fram left to
rigth, neon tube disc with depth indicator and
driving motor, echograph with paper strip. The
picture al the rigth shows the echograph unit
swung oul; the amplifier chassis may be seen
in the case.
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15 transmitted to the trigger circuit of the pulse generator and the discharge
valve fires. The transmitting condenser is then discharged through the trans-
mitter and this gives rise to electric oscillation which is converted to a heam
of sound thrown out towards the sea bottom. The returning echo from this
oscillation strikes the receiver where it is transformed into an electrical pulse
agaim. This pulse is then amplified so that a light flash is produced i the
neon tube of the depth indicator. In the time elapsing from the discharge the
neon tube has rotated in a certain angle from the zero pomt on the scale.
Thus the flash 1s seen on the division of the scale which corresponds to the

depth of water at the time.

The Indicator Unit

The indicator unit consists of depth indicator, echograph and amplifier and
all this apparatus 15 housed in a case of Light metal, see Fig. 3. All controls
are on the indicator unit and easily accessible. Indeed, the sounder is ex-
ceedingly easy to use, as it has only three main controls iz cut-off, gain
control and switch between the two sounding ranges. These controls are located

on the iront of the mdicator unit.

Depth Indicator

The depth indicator has an easily read dial, with divisions of o—100 metres
and o—szo0 fathoms, The indication is produced by a neon tube fitted on a
rotating dise throwing a flash for each sounding shot on the figure corres-

ponding to the depth fathomed. For the range o—1000 metres the depth is

14



obtained by multiplying the figure read by 100 The neon tube is coupled to
the amplifier’s relay valve by means of a rotating transformer and this gives
the great advantage that there is no kind of brush or slip-ring. which might
possibly cause contact fault. The proper sounding range connected is apparent
at a glance, hesides the markmg on the mdicator unit ].‘mu-l. there 15 the
great difference in the frequency of sounding shots, e, the neon tube's rate
of flash. For the lower range, o—100 metres, 4 shots o second are fired,
whereas with the higher range, o—1000 metres, the mterval hetween two

successive shots is about 1.4 seconds,

The soundmg pulse 15 trigeeved by a cam dise fitted on the depth midicator
shaft and provided with a spring contact at the mmstant the neon tube passes
the zero pomt of the scale. The moment of the triggering as well as the zero
blocking can be adjusted by a couple of set serews, which are accessible from

outside. Thus adjustment can be performed while the sounder 15 in operation.

The Echograph

The echograph, or recorder, emplovs dry waxed paper with two adjacent
graduated seales, o—1000 metres and o—100 metres. The o—1000 metres
scale takes up 25 mm and the o—100 metre seale 9o mm of the width of
the paper. The recording proceeds by the echograph marking simultaneously
two curves, one in each scale. The curve in the 1000 metre range, with 100
metres represented by 2.5 mm, 15 intended for reading the 1oos of the depth,
while the tens and units of the depth are obtained from the curve on the 100
metre range, where 1 m depth is equivalent to 0.9 mm of the paper strip.
As a matter of fact, the echograph has 10 measurement ranges: 0—100,
100—200, 200—300 metres and so on up to goo—1000 metres, It goes over
automatically from one range to the other, without any kind of switching, and
the range employed is similarly recorded automatically direct on the paper.
The depths recorded can be seen through a window n the cover.

The paper runs over rollers and is driven by means of a cog-wheel from an
pulse motor, the speed of which is continuously adjustable for a paper feed of
0.1 to 2 metres length of paper per hour. The paper speed is set by two knobs,
graduated in knots and sea chart scale. Thus, if the knob for knots is set at a
knot figure corresponding to the ship's speed, and the knob marked CHART
SCALE on, say. 1:1 % 107 then while the ship covers one nautical mile
a length of paper equivalent to one nautical mile on a chart to scale 1 ; 100000
15 moved forward,

It may sometimes be important to refer to the depth curve recorded during
a certam interval of time. This can easily be done by pressing a button marked
MARKING. There is then drawn a horizontal line and it is easy to write in
the time on this hine, After the desired nterval another line is drawn. The
space between the two lines then marks the contour of the bottom passed
during that periad. The sounder may also he connected to a distance log of
the tvpe that makes a contact for, say, each nautical mile covered, There is
then obtained on the recording paper direct a grading in nautical niles,

The paper runs out through a sht in the bottom of the case. It is visible
through the window for a length of about 200 nm and on its exit from the
mdicator unit it is only screened for about 10 num, so that practically the
whole depth curve can be read for an unlimited time backwards., The insertion
of fresh paper is extremely simple,

Amplifier

The amplifier, which is housed in the mdicator case and located behind the
depth indicator and echograph, Fig. 5, amplifies the echo that 15 converted by
the receiver, so that the tension generated is great enough to produce a flash
of light in the neon tube. The amplifier has two stages, consisting of high
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frequency pentodes coupled to tuned cirenits, with selectivity adjusted to ensure
the most favourable signal to noise ratio, and two gas triodes acting as relay
valves. The amplification 1s continunously adjustable by o knob on the front
of the depth mdicator. There is also zero blocking and automatic gain control.
Filiment and anode tension, as also erid tension, are obtained fvom o power
unit, built onto the amplifier,

Terminal Box

The mdicator umit s fitted on a special terminal box. It has been found
by experience that, when layving up for the winter and generally with thorough
mspection of a ship, 1t 1s often advisable to take on shore the rather delicate
indicator unit for storage or mspection. It has therefore been considered best
to mike the terninal box and the indicator umt detachable from each other.
The incommg cables are drawn, therefore, to a terminal strip i the box and
ot leadds are taken to the imdieator wmit from the serew terminals, 1 the
mdicator unit has to be removed, only these leads are uncoupled. When the
indicitor unit is hited off a special protective cover can be laid on the terminal

hox. This cover 1s normally kept inside the hox and 1s thus always handy.

Pulse Generator

The pulse generator contains a high tension rectifier, transmitting condenser,
charging resistor, triggering circuit and cold cathode discharge valve. The

DCAC converter necessary 15 also housed i the pulse generator umt,

Transmitting and Receiving Projectors

The oscillators consist of nickel bunches furnished with magnetizing windings.
The frequency is app. 22000 ¢fs. The nickel cores are made up of thin
sheets insulated from cach other, which gives low eddy current losses and
therefore good efficiency.

The oscillator which serves as receiver depends for its good operation on the
permanent magnetism in the nickel bunch, This magnetism fades with time,
however, and it has therefore been found advisable to re-magnetize the nickel
bunch at least once a vear. The re-magnetization is done merely by turning
a switch on the terminal box, an unique feature of this sounder.

Power Supply

The depth mdicator motor is fed with DC, while the amplifier and the relay
box high frequency rectifier receive 50 VO AC from the converter. The plant
niay be supplied for connection to 220, 110 or 24 \" DC and the total power
requirement amounts to about 225 W,

Operating Reliability and Service

Cireat value 15 at stake i the navigation of an ocean going vessel. (_'nmt'quenti_\'
it is of the very greatest importance that the apparatus of the navigator should
be as reliable as possible. Thus if any fault arises in the echo sounder it must
he easy to put right. This pomnt also has been kept in mind when designing
PER-2G. All vital parts where any fault may be expected to arise have been
made easy to replace. Moreover there is tapping for current supply from a
service generator, to facilitate check measurements on the sounder,



New Private Automatic Exchanges
with XY-selectors

O SIEWERT & S ELLSTAM, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

U.DC. 62130524
LM Ericsson has recently completed a new series of private automatic exchanges with XY-
selectors. The exchanges have been given the designations AHD 90, AHD 94 and AHD 96
and they are mainly designed for medium-sized private telephone plants. The exchange
type AHD 90 has a maximum capacity of 100 extensions, while the two other types
can be built out for a maximum of 200 extensions. AHD 94 is chiefly for plants with

normal fraffic density and AHD 96 for plants with very large internal telephone traffic.

Private automatic telephone exchanges find their chief employment in those
undertakings and public administrations which have a big need for internal

telephone traffic but comparatively little traffic with the public telephone system.

The private automatic exchange can then either entirely deal with all internal
telephone communications inside the undertaking, with the relatively few ex-
ternal calls made over instruments directly connected to the public system,
or they may constitute supplementary telephone plants for a private manual

or automatic branch exchange with exchange lines to the public system.

For a long time L M Ericsson has been making many tyvpes of exchanges for
plants of this kind, such as OL g5 and OL 550. These types of exchanges have
been built up of 23-line step-by-step driven selectors as basie elements. When
some vears ago a new 1oo-line selector, known as the XY -selector, was designed
and at the same time many other new connecting devices for telephone ex-
changes were developed, 1t was considered desirable to design a new series of

private automatic exchanges, utihzing the new connecting devices.

[n view of the NY-selector’s capacity of 100 hines, the new types of exchange
have been built up in 100 units, the type AHD oo consisting of one rack heing
intended for a maximum of 100 extensions, whereas the two other tvpes
AHD o and AHD 06 consist of two identical 1oo-line racks and thus can be
built out to & maximum of 200 extensions., The exchange tvpe AHD o4, Fig, 1,
1s intended for normal telephone traffic, equivalent to ¢ or 10 simultaneous
calls per 100 extensions, whereas exchange type AHD o6 is for high call
frequency corresponding to 13 or 14 calls per 100 extensions at one time,
The exchange type AHD go, designed for smaller telephone plants, is made

for 8 simultaneous calls per 100 extensions,

The employment of XY-selectors i these exchanges hias made possible ex-

tremely simple design for the exchanges both mechanically and i diagram.

They take up little space and are easy of maintenance. The establishment of
Fig. 1 x 4612 connections proceeds very quickly, as the dialhng tone from the exchange 1s
Private automatic exchange AHD 94 heard almost immediately on hifting the handset and the first ringimg signal 1s

with 100 extensions and. 9 link circuits emitted at the mstant the last digit of the wanted number s dialled.
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Extension call numbers for AHD go are two-digit and consist of the numbers

10—=99. 00—00. For exchanges AHD 94 and AHD o6 they are normally

three-digit, 100—200, but thev can by a simple re-wiring be made two-digt,
long as the exchanges are not enlarged to over 100 extensions.

The capacities and dimensions of these three tvpes of exchange may be seen
from the table helow :

o Au- capacity dimensions per racl\|
:\\ I;lc,”:-,[.il"-‘r of| exten- L‘fmnecting_ second final .
[EEHEnES racks | sions — Iu.-l--hl width | drpthI

mm | mm | mm |
AHD go t | 100 | 8 — 1500 | 845 | 500 |
AHD cq! 2 2% 100|210 (23X 9)|l2x6 (2 8) 2070| 845 | 500 ||
AHD o6 2 2 %K 100 (2% I4 [2 3 13}' ¥ 8 (2 X 10)| 2070 | 845 | 500||

Traffic Facilities
All Calls Connected Automatically

Calls hetween extensions connected to the exchange are established automatic-
ally, Immediately dialling tone comes from the exchange the two or three digit
call number of the wanted person may be dialled, after which the exchange
emits intermittent ringing signal if the wanted line is not busy. If it 15 busy,
the usual busy tone is sent out to the caller.

Selected Extensions May be Gieen Priority

A certain number of extensions may be allotted the facility of always getting
connection with a wanted extension, even if this should be busy with a call.
This facility may suitably be extended to higher executives, for whom it 1s
often important immediately to get in touch with a particular person. When
an executive makes a call from a priority instrument to a person who is husy
with another call, the executive is immediately connected in on the called line.
A warning tone is sent out which is heard by the three persons now in con-
versation, If the executive's talk is brief — he may perhaps only want a piece
of information — he replaces his handset as soon as he has learnt what he
wants to know and the original conversation can proceed, If, however, he
wants a longer talk he can request the two who were talking to replace their
handsets and  after this has been done the wanted extension 1s rung up
automatically, When the called party again lifts his handset, he is in normal
comnection with his chief. This facility is included as a standard in exchanges
AHD g4 and AHD g6, but in AHD go it is only supplied on request,

Selected Extensions May be Called by a Common Nwmber

If certain persons, cach having a line of their own, perform similar work, such
as a pool of stenographers, it may he desirable to be able to call these by a
common number, known as a group number. When such a number is dialled,
it is the first free line in the group that is called. Nevertheless, any extension
in such a group may he called by its individual number. in which case only
the wanted instrument receives the call. All the types of exchange here described
may be furnished with this facility on request

The Exchanges May be Provided with Awtomatic Staff Location

The exchanges may be supplemented by a relay set for automatic location of
up to 31 persons, When a person is to be located, there is first dialled on any
mstrument a number common to staff location and then the wanted person’s
own call number, On lamp boards set up at suitable spots on the premises there
then lights up a combination of lamps representing the wanted person’s call



Fig. 2 X 6394
Private automatic exchange AHD 94

with 200 extensions, 2 -9 link circuits and 2 -8
2nd final selectors; left, front view; right, back
view

number. When the wanted person observes the lamp signal, he dials on the

nearest mmstrument a common answering number for the staff locator pl:mt and
thus comes into communication with the person secking him.

(‘r?“!l‘l'r."“{'t' J{"”L-[l'“l_‘.' frd' nup to 1o f'iJJ.f.'r'JfNH.l.'\

Another y equipment which _can be included in the exchanges on request
enables conference calls to he .'|['i'.'{|1_:_"<'t| hetween a1 numhber of PETSONS. The
equipment is constructed for the connection of 1o extensions, and these then
have the facility of carrying on conference talks between themselves, Their

telephone mstruments must bhe furnished with o kev for momentary grounding
of one line wire,

A conference is arranged by the person calling it ringing up in turn cach of
the persons who are to take part and askig them to press the key for a moment
in their anstruments. When he has thus called all the participants he presses
the key on his own instrument, after which all those concerned are connected
together in the conference equipment and their hines are marked busy in the
exchange.

Junction Lines to Other FExchanges May be Connected

These exchanges may be furnished with junction equipment to other private
automatic or private automatic branch exchanges. enabling calls to he connected
automatically i both directions.

Teleplione Imstriments

For ordinary extensionms, standard telephones of the tvpes DBH, DBK or
DBN may be used. But for extensions with conference facility the instruments
must be provided with an ecarthing key. If desired. loudspeaker instruments,
chief and secretary instruments or instruments with automatic repeating of

calls to a given sub-instrument after two signals may be connected.
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Fig. 3
XY -selactor

or 100-line selector
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Mechanical Construction

As stated above, the exchange AHD go consists of one 1oo-line rack, whereis
cach of the exchanges AHD g4 and AHD o6 consists of two too-line racks,
Fig. 2. The two last-named racks are wdentical in mechanical respects. They
are wired m the same manner and it 15 only the connection of the rack wiring

to a given multiple frame which determines the number series for the rack.

The rack is aluminium painted and made of pressed sheet-iron of Light-weight

comstruction. All mternal wiring 15 done at the factory.

The connecting devices of the exchange are divided up into relay sets with
plugs for corresponding jacks in the rack. and XY-selectors which are plugged
into the jacks of their associated relay sets, Thus both relay sets and selector can
be inserted and removed from the rack without any soldering bemmg necessary.
Consequently there 1s no need at the beginning to furnish the exchange with
any more connection  devices than are required for existing needs, but as

traffic grows the exchange can be enlarged until 1t reaches full capacity.

The selectors are placed at the right in each rack on a separate selector ]I-’!H"]-
which also contains the bare wire selector multiple. The relay sets are locaterl
at the left of the rack on both sides of a relay panel. On the front of cach
relay panel, reckoning from top downwards there are located a fuse strip, a

signalling unit, an allotter and a number of link circuits.

In exchange tvpes AHD ¢gg and AHD o6 there are fitted beneath the link
circiits the relay sets for the znd final selectors and below these there 15

space for a conference unit and a staff locator unit,

A link ciremit relay set takes up in height the same space as two selectors,
andd one relay assembly for 2nd final selector the same space as one selector.
Line finders and final selectors of each link circuit are pliced on a level with
the relay set concerned and each znd final selector 1s also on a level with its

relay set. This makes them easy to look over and facilitates maintenance work.

At the back of each rack there is at the top a main distribution frame which

stretehes over hoth the relay and the selector panels and below it there are



Fig. 4 X 6387
Traffic lay-out for AHD 90

A extension

AS  line finder

LR line relay

LV  final selector

SMNR link circuit relay set

SSR allotter

Fig. 5 X 6386

Traffic lay-out for AHD 94 and AHD %6

A1, A2 exftensions

AS line finder
LR line relay
Lv1 final selector

Lv2 2nd final selector

LVR relay set for 2nd final selector
SNR  link circuit relay set

S5R allattzr

]
e i AS v
eyl N g | ichi _.__/)

SSR
)

10 line relay sets, each with 10 line relavs. In exchange tyvpes AHD g3 and
AHD o6 there is space below these for extra relay sets, such as for junction

circuits to other exchanges.

The selector devices, as stated, consist of step-hy-step driven 1oo-lime selectors,
built up on a flat base plate where all components are easy of access for
mspection and cleaning, Fig. 3. In the rack the selectors are fitted m separate

cells on the back of which the hare wire multiple for the selector s fitted,

When the selector is actuated, the wipers carry out two movements at right
angles to each other. Thus they are first moved along the face of the multiple,
the N-movement, and thereafter into the selected multiple frame, the }-move-
ment. Restoration to home position is done instantaneously by spring action.

All selectors in the exchange are identical in construction.

The relay sets are covered back and front by close fitting sheet ron covers
and the selectors are covered in front by transparent covers, through which
the setting of the selectors can be ohserved. The whole hack of the selector
multiple 15 covered by a masonite board, thus ensuring effective protection

against dust and mechanical stram.

Circuit Diagram

The ecircuit diagram of AHD go may be seen from Fig. 4 and that of the two
other tvpes AHD gg and AHD o6 from Fig. 5. As the diagrams show, these
types only differ from each other in the two last types being equipped with
2l final selectors providing inter-tratfic between the two groups of 100,

while the switchhoard type 9o, not being intended for more than oo lines, 1s

L
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Fig. 6 X 4612

Inserting relay sets
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without this 2nd final selector, It should he observed that 2nd final selectors
for switchboards AHD ¢34 and AHD o6 are only installed when the switch-
hoards are made with two racks and more than 1oo extensions are to he
connected to the switchboard.

As all the switchboard types here described work in the same way, except
that the two-rack switchboards also are made for inter-traffic between the two
100-line groups, only the connecting process for the latter will be deseribed,
t. 0., according to Iig. 5. The upper part of the figure shows the diagram for
the first rack with call numbers 1oo—199 and the lower part that of the
second rack with eall numbers z00—290. SN/ represents a link circuit to which
belongs a line finder A5 and a final selector L7 1. LI'K constitutes the relay
set for the 2nd fmal selector L7 2 The individual line relay for each extension
line is designated by LR and the relay set of the allotter with its selector
by SSK.

Establishment of Calls Between Extensions Connected to the Sane Kack

On call the calling subscriber’s Line relay LR attracts and marks the cor-
responding line in the line finder multiple, at the same time setting in motion
the allotter. This hunts for an unoccupied link circuit SNKR and then transmits
a train of impulses which moves the line finder belonging to the link circuit
in the X direction so that it reaches the multiple frame to which the calling
extension 15 connected. The allotter then sends out a new train of impulses
which moves the line finder in the Y direction until it comes to the calling line.

The allotter is so designed that its selector for each fresh call always moves
one step and tests if the Tink cireuit next in order is unoccupied. In this way
the link circuits are made use of in turn, thus ensuring even wear on all Tink
circuits and elimimating the risk of time and again encountering the same
defective link circuit,

When the line finder has found the calling line, the hink cireuit transnits
dialling tone, after which the wanted number may be dialled. If the call is for
an extension in the first rack the hundreds digit will he 1. For this digit LI
is set one step in the X direction, but returns immediately to home position.
For the tens digit L1771 1s again set in the XN direction, as many steps as
correspond to the impulses in this digit. For the units digit L1771 1s moved
in the Y direction and reaches the line wanted. I the line is not busy. mter-
mittent ringing signal is transmitted and when the call is answered conversation
15 established.

Ii the rack is wired for two-digit call numbers, which is always the case with
AHD o, and can also be arranged if desired for the switchboards AHD o4
and ATID g6, the final selector LI7 7 15 moved in the X direction for the tens
and in the Y direction for the units digit, thus reaching the wanted line.

Fstablishiment of Calls betroeen Extensions Connected to Different Racks

Let us asstime that a call 15 to be made from an extension in the first rack
to an extension in the second rack. After dialling tone has been received from
a link circuit in the first rack in the manner described above, the hundreds
Jigit 2 s dialled. The final selector L1177 concerned is then set two steps in
the N direction, but as with connection i the same rack returns to home
position. In this ease. however, there occurs o switching in the link cireuit,
with the result that the selector executes a rapid Y movement in the so-called
home position irame and hunts for a free 2nd final selector in the other rack,
This Y movement is so quick that it ean be completed in the pause in dialling
hetween the hundreds and the tens digits. The znd final selector when found
is moverd 1 the N direction for the tens digit and in the Y direction for the
units chigit and thus reaches the wanted line. When the eall has been established
it remams connected over A5, SNR and LI'1 in the first rack and LI'R and
172 in the second rack.



Fig. 7 X 4613
Plugging of XY-selector in its associated
relay set

Working Properties

The normal working voltage of the switchboard is 24 \", but the connecting

devices are so f]l'.\il'.:'!](.'l[ that the \'llilil;;i' may be [nr".'ll:-llli-n] to vary hetween
22 V and 28 V. For power supply a rectifier with charging controller and
accumulator 1s normally used. But battery ehminators may also be employed.
The resistance in the two-wire extension Jines may amount to not more than

500 ohm in loop, equivadent to a two-wire cable line with 0.5 mm copper con-
ductors and about 2.5 km long. The ledkage resistance must not he less than

2000000 1J]I.1Il.

Erection

Particular care has been taken to make the switchboard so that the erection
on the spot will be as simple as possible. As all wiring inside the rack is
carried out at the factory, all that need be done when installing the switch-
board is to screw the rack to the floor and if necessary to solder the laced
cable between the racks, to connect in the extension lines and to insert the

connecting devices in their places, Figs. 6 and 7.
As both the racks and the loose connecting devices are carefully tried out at

the factory before delivery, no lengthy testing work has to be done before
putting the switchboard into service.
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Fire Alarm Telegraph for Small
Communities

A HEDEN & E LINDGREN, TELEFONAKTIEBOLAGET LM ERICSSON, TELESIGNAL FACTORY, STOCKHOLM
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U.D.C. 654.147.6
Telefonaktiebolaget LM Ericsson has so far put on the market two systems for the call-
ing of fire brigades in towns and small communities, the inductor system and the Morse-
supervisory current system. The former is nof suited for plants requiring more than six
fire-alarm boxes and the latter is comparatively expensive for plants having fewer than

about 20 fire alarm boxes.

To meet an ever-growing demand for plants of medium size, a new and simplified

Morse supervisory current system has been designed.

Build up

A fire alarm telegraph plant on this new system consists of a central instrioment,
two fire alarm box loops in which the fire alarm boxes are conmected n series
with each other, a supervisory battery, a signal battery and a charging appliance
for the last-named. To give alarm to the fire brigade personnel in ther
dwellings or other places outside the Tire station, AC bells may be connected
i the fire alarm box loops and for alarm in the fire station itself DC or
AC bells may be inserted i a separate loop connected to the central mstrument.
The plant may be furnished with one or more control mstruments for remote

supervision amd for alarming the hire brigade personnel.

Up to 20 fire alarm boxes and 30 AC hells may he connected in each fire
alarm hox loop, The resistance in each loop, including bell resistance, must not
exceed 300 ohm,

Operation

[n principle the svstem operates i the same manner as the larger Morse super-
visory current system and offers the same reliability as regards alarming and
control,

The fire alarm box loops are single wire and are controlled by a supervisory
current of about 1o mA,

Alarm signals are transmitted from the fire alarm boxes, when their signal
mechani=sm s actuated, by repeated interruption and earthing of the loop and
this is done in a distinetive manner for each hox, On alarm oceurring, a lamp
lghts up and a bell rings in the central imstrument. At the same time the
signal 1s recorded on o telegraph tape, which marks the number of the fire
alarm box calling. The central instrument may also be provided with a time
recorder, which automatically stamps the time of the alarm on the telegraph
tape.

When alarm comes in, an automatic alarm switch built into the central mstru-
ment immediately transmits alarm signals to the bells in the fire alarm box
loops and the separate bell loops. The alarm signal consists of 7 signals of
3 seconds duration with 10 seconds pause bhetween signals.



Flg. 1 X 6340
Central instrument KBC 1101

right, with cover removed: from top downwards:
telegraph instrument, voll and ampere meter,
switch, lamps, relays and selectors, with connec-
ting terminals right at the bottom.

Fig. 2 X 6391

Central instrument
back view with inspection door removed

There can also be connected to the central instrument a pilot instrument for

giving alarm by sirens, these being started at the same time as the hells,

Interruption or earth leakage of the loops, even if they occur at the same time,
or shorteireniting over a fire alarm box, does not interfere with the receiving
and recording of the alarm signal. Simultaneous alarms from two fire alarm
hoxes are received and recorded separately if the loop 15 without fault.

Fault signal is marked in the central instrument, both by ringing signal and
by separate lamp signals for the following causes of fault: break in the fire
alarm box loops, earth leakage, divect earthing, fuse fault and nsufficient

tension - either supervisory current or signal battery.

Central Instrument

The central mstrument, KEC rror, Figo 1 oand 2. 15 made as a desk and s
intended for standing on the floor. The frame is of polished oak and the
dimensions are: height 1170 mm, width 612 mm, depth 500 1.

The telegraph instrument on which alarm signals are recorded is set above the
desk. 1t 1= a two-hme telegraph imstrument of L M Ericsson's latest construction,
such as was deseribed in Ericsson Review No 2/1048.

The control panel is provided with the following equipment: a voltmeter for
control of battery tension. two milliamperemeters for the supervisory current,
one amperemeter for control of the signal battery’s charging current, signal
lamps for fault and alarm signals and switeh for alarm, test and the neeessary
restoring after alarm and fault.

On the front of the desk there is a detachable door. When this is removed the
terminals, fuses and relays and selectors are easily accessible. The relays are
assembled on a swing out relay frame, behind which a battery-driven bell con-
verter and the charging appliance for the supervisory current hattery are
fitted and easy of access.

At the back there is another detachable door. giving access to the back of the
control panel and a hand generator. The hand generator constitutes a reserve
for the ringing current converter and is operated by a crank on the right-hand
side of the desk.

At the left of the desk there is a handset for speaking to the fire alarm boxes
during fault location and testing.
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Fig. 3
Fire alarm box KEC 0013

X 4611

Fig. 4
Fire alarm box light KNH 1102

with bracket for mounting on wall

Fig. 5
Control instrument 351033

left, with case removed
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Fire Alarm Box

[he fire alarm boxes are of tvpe KEC o013, Fig. 3. Suitable alarm box lights
are KNNH rroz, Fig. 4. for mounting on walls and KNH 1302 for mounting

011 |:||1|'_

For talking to the central instrument a portable telephone mstrument, type

DA ."fl.\-f?,'. may he connected to the fire alarm box.

Supervisory Current Battery

Each plant requires one supervisory current hattery for 36V, 10 Ah, with

centre point earthed.

The battery s charged continuously from the charging unit built into the
central mstrument, adapted for connection to 110/127 /220 V, 50 ¢/s AC mains.
The battery tension is controlled by a battery control relay which signals
battery fault for insufficient tension in the battery.

Signal Battery

The signal battery, of 24 V" and 30 Ah, is charged from a separate rectifier.
The charging current is switched on over a relay which is controlled from the
central instrument. The battery tension is controlled by a battery control relay

which signals battery fault for msufficient tension in the battery.

Alarm Bells

For msertion in the fire alarm loops, AC bells with a DC resistance of 2 ohm,
c.oo., NLA 1gor, with sheep gongs are used. In the separate bell loop there
are used either the same bells as mn the box loops or DC bells for 24 V,
coo, KNLD 1500,

Control Instrument

One or more control instruments, g, 5, may be connected to the central
mstrument over a 3-wire circuit, All ringing signals coming to the central
imstrument are transferred to the control instrument. In addition, the control
mstrument ssues signal af break or shorteircuit oceurs in the line between it
and the eentral mstrument, The fire brigade personnel may also he alarmed
irom the control instrument hy rvemote starting of the central instrument’s

alarm switch,




Fig.

6

Skeleton diagram

AK
AR
BR
Bu
JR
mA1
mA2
M1
M2
OR1
OR2
VB1
VB2

automatic alarm switch

line relay

line relay b

fire alarm box

earth fault relay
milliamperemeter 1
milliamperemeter 2
recording magnet 1
recording magnet 2
switch-over relay 1
switch-over relay 2
supervisory current battery 1
supervisory curren! battery 2

X 4620

Thus in a plant with control instrument there 15 no need for the central
mstrunient to be constantly attended.
The control mstrument is made Tor wall mountme and has the dimensions:

height 200 mm, width 150 mm, depth 102 mm. At the leit of the instrument
there 15 a flash indicator which shows white when all 15 m order. In the middle
there is a switch for disconmection of the instrument’s hell an fanlt signal from
the central instrument. The bell cannot be disconnected while the plant is free
from fault. IFar to the right there is a swing out plate, marked ALARDM, hehind
which is located a press hutton, to start the automatic alavm switeh when alarm

15 received otherwise than from a fire alarm box.

Skeleton Diagram

The skeleton diagram of Iig. 6 15 much sumphfied and shows only the basic
principle. Normally the fire alarm box loops are traversed by a supervisory

current from [F'Br 4 through relay AR — milliamperemeter modr — over
contact on relay OR1 — through fire alarm box Br and bell KL — contact
on relay OR>— milhamperemeter mod2 relay BE to I'Hz—. The low

ohmic relay AR is not actuated by the supervisory current. Relay BR is high
ohmic and therefore lies normally attracted.

On break in the loop, relay BR falls and gives fault signal.

A sensitive relay JR is imserted i the supervisory current battery earthing
circuit, which is attracted if there is weak leakage to earth and then gives
fault signal.

On alarm the loop is broken and connected to earth and the relays AR and BR
then pulse in time to the code on the code wheel of the signal mechanism.
The magnets Mr and M2 of the telegraph instrument receive current over
contacts on AR and BR and mark the signs on the telegraph tape.

The relays AR and BR transmit impulses to the alarm switch.

The independent plus and minus signs on the diagram represent the poles of
the signal battery.
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The Laminated Contact — a New Type
of Contact and its Application to Certain Important
Forms of Switching Devices

A JOHANSSON, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1

X 4602

Laminated contact with flat contact pin

Fig. 2
10-pole plug with laminated contacts

dismounted
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U.D.C.621.395.05
The laminated contact, which is an entirely novel form of contact, was originally designed
by the Telefonaktiebolaget L M Ericsson to replace the soldered connections formerly
necessary between frame cables and panels in eguipments for long-distance felephony,
and thus provide a detachable connection between these parts. consisting of a plug and
socket. It was clear from the outset that the demands made on such a contact would be
of a very exacting nature — it must function with practically the same reliability as a

soldered connection —— since several hundred long and expensive lines would be depen-

dent upon its reliable functioning, particularly in multiple channel systems. Consequently
it would have to have a low contact resistance and, first and foremost, a resistance
remaining constant in the course of time. Furthermore, it must be of small size in view of
the multi-pole plugs which would be employed, and finally, it must be suitable for mass

production.

The first contact designed to meet these requirements was of the flat pin type and consisted
of a flat solid contact pin and a socket portion built up frem a number of individually
resilient |aminations of sheet metal in order to provide a large number of contact points.
This principle of employing individually resilient sheet metal laminations was also found
to be applicable to circular contact pins and sockets and also to rotary change-over swit-
ches, so that a series of new switching devices has been progressively produced. The

following article gives a description of the more important of these devices.

The Flat Pin Contact

The socket portion consists of thin sheet metal laminations of phosphor hronze,
cut with two limbs in the shape of a fork, these being assembled to form
a packet of 1o lannations combmed at their base by spot welding, Ilig. 1.
When the flat contact, which is bevelled at the point, is inserted in the gap
Letween the limbs, the latter spread outwards individually and resiliently,
thus providing 20 poimnts of contact which are well defined by the shape of
the Timhs, The two centermost laminations in the packet are extended at their
rear end to form a soldering tab, All laminations are silvered hefore they are
welded together. Although the laminations are only 0.3 mm thick, the assembled
packet possesses excellent stability on account of the fact that the laminations
support one another so that the limbs are only resilient in the plane of the

laminations,

The special nature of the resilience ensures satisfactory contact pressure from
each lamination and therefore such friction against the contact pin that even
heavy oxidation or other impurities will be scraped off, so that good contact
is obtained immediately. In consequence of the numerous points of contact,
the contact resistance is extremely low and has excellent prospects of re-

maining constant i view of the relatively high specific contact pressure.

The laminated contacts deseribed above have been constructed in the form of
multi-pole plugs KPI7 16 and RPI” 17 and corresponding jacks RN 160
and RNT™ 170,
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Fig. 3
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10- to 40-pole plugs and jacks with lamina-
ted contacts and flat contact pins

The plugs are prowvided with guide plates and

protection against contact for the soldering tabs.

Fig. 4
5-pole plug and jack

The plug is provided with a guide plate and
protection against contact for the soldering tabs.

Fig. 5

Banana plug and paris

It should be noted that owing to the commonest form of installation adopted,
the movable plugs have laminated contacts whereas the fixed jacks have

contact pins,

The plugs are composed of a number of bakelite sections. The laminated con-
tacts lie i the partitions formed between the sections which are so dimen-
sioned that the contacts have a certain freedom of movement. Fig. 2 shows
1 1o-pole plug dismounted.

The number of contact rows can be multiplied by inserting one or more par-
titions between the similar outer halves, thus enabling 20-, 30- and go-plugs,
ete., to be produced. The guide plate on one side of the plug s fixed by means
of the screws which draw the plug together: this plate also prevents the plug
from heing employed incorrectly when it is inserted in the jack. Supporting
strips are provided on the outside of the plug by means of which the cable
can be fixed, A simple protection agaimst contact 1s placed over the soldering
tahs.

X 4504
The jacks are composed of strips of bakelite paper between which the contact

pins are held, some freedom of movement being allowed here also. They can
be combined with several rows of pms corresponding to the number of the

1‘;]11;;\, see ['-i:._{" 3
A z-pole plug and jack are shown in Fig. 4.

The form of construction, with individually movable contacts 1 combination
with well-rounded openings in the bakelite parts and laminated contacts, enables
the pins to find their way in to the contact positions with certainty, so that
it 15 unnecessary to adhere to tolerances within very narrow hmits for the

component parts,

X 6383
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Fig. 6

N G364

Two- and four-pole unshielded plugs (U-

links)

Fig. 7
Shielded plug and U-link
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For many years past the plugs and jacks descermibed have formed part of L M
Ericsson’s equipments for long-distance telephony. In consequence of the ever-
mereasing  concentration i constructional methods the boards have become
separately. The plugs and jacks therefore find their most mportant form of
application i the erection and connecting up of these equipments as well as

for the connection and disconnection of certam stand-hy units.

Banana Plugs

When constructing circular contact pins and sockets with mdividually resilient
laminations of sheet metal in accordance with the prineiples set out above, it
15 naturally necessary to reduce the number of laminations. The new bianana
plug RPT 330, Fig. 5, is constructed with three such laminations which pro-
duces six pomts of contact with the socket. It consists of a cireular pin having
a diameter of 3.8 mm o with a groove milled along 1ts length. The three la-
minations are placed in the latter and are locked in position by a metal sleeve
which is driven over them. The width of the laminations over the resilient
limbs is greater than the diameter of the pin. The metal sleeve is threaded
externally to enable it to be screwed mto the stem of the plug. The rear end
of the laminations takes the form of soldering strips to which the connecting
cord 15 attached by soldering. A metallic connection 1s thus obtained between
the connecting cord and contact springs without necessitating any unreliable
jomts, The plug springs are silvered. The pin s nickel-plated and pomted at
its front end to enable it to penetrate more easily through oxide or varnish for
testing or circuit dentification. The banana plugs are intended for a4 mm
socket.

The stem of the plug is so constructed that the tensile strain on the soldered

joint is relieved. It can be supplied m g4 colours: black, red, yellow or green.

The hanana plug has been employed in a somewhat modified form for three
different multi-pole plugs.

REPT 300 s an unshielded two-pole plug with a bakelite holder, which can
be fitted with a connecting cord or a terminal resistance built into the holder
or a short-cireuiting strip (in the latter case it is referred to as a U-link).
[t is most frequently emploved as a U-link in the four-pole form. KPT 310,
in which the pins are connected 1 pairs.

RPT 202 1s a shielded type corresponding to RPT 300, with a die-cast metal
holder. Tt is intended for sheathed conductors. The centre pin is connected to
the metal casing, RPT 311 15 a shielded donble U-link, which also has a die-
cast casing connected to the centre-pin. The appearance of the above plugs
s illustrated i Figs. 6 and

These plugs in the form of U-links have found a very extensive use m equip-
ments for long-distance telephony in place of standard telephone jacks, where it
is necessary to introduce breaks at certain points to enable routine controls to
he carried out. With the help of the two-pole plugs it is also possible to con-
nect up testing instruments in parallel throngh the U-links and reach the
commection without opening the latter,



Fig. 8
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Coaxial plug with and without clamping

nut, and coaxial jock

Fig. 9
Coaxial U-link

X 4607

Coaxial Plugs

A special plug and corresponding jack have been designed for coaxial cables,

m which the coaxial character of the connection is retained in the contacts.

In this case the plug RPT 151 is of a very simple tvpe, consisting of a
central circular pin insulated from a metal socket by a trolitul bushing. The

imner conductor is soldered to the pin, the sheath being soldered to the socket.

The jack RNT 151 contains the resilient parts of the contact. The centre
contact consists of three fork-shaped lamimated springs located in a compart-
ment inside a trolitul bushing comprising two similar halves. The outer con-
tacts, which here consist of two separate packets each having three resilient
laminations, are placed in two grooves arranged diametrically in the bushing.
The complete assembly s laid 1 a arcular metal casing and fixed by two
serews. The inner conductor of the cable 15 connected to the centre contact
by soldering, its sheath heing soldered both to the two outer spring packets
and to a metal tube which is threaded on the metal casing. The diameter of
the tube at its rear end is adapted to the diameter of the cable,

The plug can be provided with a threaded clamping nut which fits onto the
outer thread of the jack and serves the double purpose of locking the cable
and shielding the gap otherwise formed between the plug and jack. Actual
conductive contact is established by the spring packets however,

Fig. 8 illustrates some forms of construction for the plug and jack.

Fig. g shows a coaxial U-link with parallel sockets in which the above-
mentioned coaxial plug fits.

Valve Holders

A simple and reliable form of valve holder KNK o002 for electron valves is
illustrated in Fig. 10. The contacts consist of three specially shaped laminated
springs which are held tight and guided with a certain amount of free play
by two identically similar stamped plates of paper bakelite,
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Fig. 10 X 4607

Valve-holder with laminated contacts

Fig. 11 £ 7314
Change-over switch with laminated contacts
and two contact rollers

On the right, nine similar switch sections with
a common spindle for operating all contact
rollers.

Rotary Change-over Switches

The laminated contacts described at the beginning of this article have been
employved i an wnaltered form m a rotary change-over switch of original
design used for measurement purposes and designated RMH oo, Fig. 11 on
the leit,

The supporting structure consists of two square, stamped plates of pertinax,
placed a certain distance apart and held together at the four corners by rivets,
The lanmmated contacts are rivetted in pairs and arranged in two concentric
civcles on one plate and guided by the other one. The moving contacts take
the form of rollers comprismg a brass hab with two arcular end members
of pure silver rivetted and soldered to the hub. These rollers are supported
m such a way that they can rotate on radially arranged spindle-ends, which
m turn are attached to a pertinax dise rotated hy the switch spindle. The
dimensioms are such that the circular end members each engage a contact
m a pair of lanunated contacts, thus establishing a connection between these
contacts, On turning the switch spindle the rollers, while rotating around their
spindles, are caused to leave one pair of contacts and find their way mto the
next pair without entailing any risk of deforming the laminated springs which
would otherwise occur with fixed contact blades.

The change-over switch can be constructed with as many as eight contact
rollers and is provided with a marking for each contact position in the form
of a ball notching device. The number of pairs of contacts is 24.

Owing to the suitable choice of material the properties of the contacts and
their resistance to wear are excellent. Following foreed wearing tests carried
out hackwiards and forwards 100000 times, the contact resistance was found
to remam practically constant with a value of three mohms measured at the
soldermmg tabs between the pairs of contacts.

By the employment of stamped parts for the supporting structure, it is possible
to produce switches which to all intents and purposes are identical in every
mstance. Thus, where several switching combinations are required, 1 number
of switch sections can be comhbined by passing bolts through the holes i the
corners and driving all the contact rollers by means of a continuous spindle.
Fig. 11 shows at the right a combination of this kind with no fewer than g
switch sections, The change-over switch also possesses the advantage that the
rollers, which are constructed of the loosest material, can be conveniently
replaced af they are subjected to very heavy wear.

The lubricant is drawn up between the contact laminations and is distributed
to the contact rollers when the laminations are spread out, In this way the
lubricant is used more economically than was the case in change-over switches
with flat contacts of the type hitherto employved, whilst at the same time the

mamtenance of the switches 15 simphified owing to their self-lubricating pro-
perty.




Svenskradio 490 BAT. — a New
Battery Receiver

C FREDIN SVENSEK KA

Fig. 1 X 6389
Svenskradio 490 BAT.

On the left-hand end of the receiver may be
seen the lid of the baltery holder holding three
batteries, at right reading downwards: combined
batteries- and wave change switch (on the pic-
ture the shert wave range is switched in), scale
of stations, velume- and stalion controls.

RADIOAKTIEBOLAGET STOCKMHOLM

ULINC, 621,396 62—182.4
Svenska Radioaktiebolaget has put on the market a new wireless receiver for battery

operation, possessing exiremely good receplion properfies despite its small size.

This new receiver is a grea! advance on earlier models. Below will be found a brief

description of its new features.

The new receiver, with the designation Svenskradio goo BAT. Fig. 1, 15 small
in size, low in weight and sparing of current, while yet being sensitive and
civing good sound volume, see table of technical data. It is equipped with four

valves of miniature type and has also loop antenma for all wave ranges.

Like earlier models the new Swvenskradio goo BAT. has been designed as a
small case with handle. The receiver is crepe enamelled and the surface is
unaffected by shocks and cracks and very easy to clean. These latter points
are obviously of great importance, as such a receiver is often used outdoors,
on bathing beaches ete.

The batteries in a wireless receiver are important. It should use standard type
batteries, easy to exchange, cheap to buy and possessing long hife. In the
Svenskradio yoo BAT, the valves are fed by three standard flashlight batteries
coupled in series. Batteries can be changed with great ease by anybody. A rod
battery will last as a rule for 8o hours at the rate of 2 hours’ operation a day.
The 400 hours which the anode battery lasts before the voltage falls to the
half should meet the demand usually made, namely that the anode battery should
last the whole summer. The mean load on the receiver’s go V' anode battery
1s about 4 mA.

Valves

The sreds valve series employved in earlier models has now heen replaced hy
a more up-to-date series of muimature type valves. The data for the valves are
practically unchanged, except that the audio frequency valve has been changed
to o pentode, The change brings an increase in amplification not to he despised.

33



|
) ‘
| =1 |
| |
1 . - .
|—T e )
=== - 7 = M
E L] 'y - —
Fig. 2 X715 The {requency conversion is performed by the octode WK jo. In the second
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Circuit diagram for Svenskradio 490 BAT,  valve MDA jo, o diode pentode, the intermediate frequency signal s amplified
andd rectified. The awho frequency amplifier works with the pentodes WD AE gy
and ML g1

The valves will operate satisiactorily down to a voltage of 45 V in the anode
battery amd 1\ per cell 1 the flashhight battery. At these voltages, ol course,

the batteries are almost finished,

Controls

A practical  feature  with Szewskradio goo BAT. is the battery  switeh
mdication, which shows even at a distance whether the receiver is switched on
or off, Fig. 1. Battery receivers are usually very quict and without erackling,
S0t s easy to omit switching them off when finished with, When the switeh
ahove the scale is horizontal, parallel with the top of the receiver, the current
is =<hut ofi, In all other positions one of the wave ranges, short, medium or
Iomg wave, is selected, The switch 1s visible from a long distance aml its

posttions are so clear that they are casy to distimgush,
An arrow on the scale below the switch imdicates which range is switched .

The left of the two knobs on the front of the receiver 1s the volume control.
Tuning control is placed to the right.

Loud-speaker

It seems most natural to try to get the greatest possible output from the output
valve and in that way get the greatest loudness possible. This method, however,
is very expensive for the owner of the receiver, cansing as it does high battery

costs. Bestdes, the output valve is quickly exhausted 11 kept under maximum load.

\ method more costly for the manufacturer and harder to realize is to raise
the efficiency of the loud-speaker. Svenska Radioakticholaget after a thorough
series of experiments and trials has succeeded in solving this problem by
designing a new type of loud-speaker, Fig. 3. The magnet for this consists

of a highly effective magnetic alloy, which on magnetization eives a field

intensity in the air-gap exceeding 11000 gauss. The output of 30 mW is
regarded as normally constituting the loudness for an ordinary living room.
For purposes of comparison, it may be stated that HP 1113, as the new loud-
Fig. 3 xasm speaker s called, delivers a similar sound intensity even for so low an output

Loud-speaker type HP 1113 as 10 mW,
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Technical data for Svenskradio 490 BAT.

sensitivity 30 In\’
selectivity 35 kel/s
output 100 mW

lowd-s praker

effective cone area 20 cm?
field intensity an air-gap [1 000 Talss

wave-ranges

short wave 16.7—51.5 m
medinm wave 193—3517 m
long wave 715—2000 m
valves fil. curr. anode curr,
for 1.4 V for go V

detector 1 and oscillator 50 mA 1.0 mA actode MDIK 4o
detector 2 and intermed-

tate frequency valve 25 mA o7 mA diode pentode MDAF 40
audio frequency valve 25 mA — dinde pentode MDAL 41
output valve somA 22 mA pentode MDIL 41
number of valve functions O |

dimensions | ‘

height 173 mm
width 282 mm
depth 123 mm
werght mel, batteries 4.5 kg

batteries

anode battery, dim. 255 < 110 - 45 mm

voltage ao V

anode current 4.5 mA

duration app. 400 hrs,
filament battery, 3 series-coupled flashlight Datteries

voltage 4.5V

filament current 50 mA

duration app. "o hrs,
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LM Ericsson Exchanges 1948

During 1048 the {ollowing exchanges on the LM Ericsson automatic telephone
system with soo-line selectors have been put into service:

number number |
town exchange cE)iaaa ol i e ex cihange Bt :
Avgentine Mexico, D. F, Medad (extension) 500
| Tala 400 Mexico, D, F. Roma (extension)| 500
| Tucuman (extension) 1000 Mexico, D. F. Tacubaya (extension)! 300
Mexico, D, F. Valle (extension) 1500
Brazil Mexico, D. I Victoria (extension)| 2500
|Campina Grande (extension) 200 Toluca (extension))| 500
Fortaleza (extension) 3000 Vetacrig (extension) 500
Natal (extension) 500
Santos PAX 500 | Morocco
| Uberaba (extension) 500 | Tanger (extension) 500
Vassouras 500
: Nethevlands
Colombia Rotterdam Noord fextension) J000
Armenia (extension ' 1000 Rotterdam 3 PABX 40
Bogota Centro | 15000 | Peru
Bogota Chapinero 3000 | Arequipa (tension)].  zzo0
| Bogota Teusaquillo 2000 | | i &
Manizales xtension) 1500 Spain
San Scbastian {extension) 2000
Teeland
Reylijavik {extension) 2000 Sweden
' Enkoping 3000
| Ttaly Goteborg Drottningtorget (extension) 3000
Bergamo (extension) 1240 | | Goteborg Tranered (extensiom)| 1000
Bergamo PABX IO . Halsinghorg | {extension) 1500
Caltagirone Heo | Karlstad (extension)| 2300
Cremona {extensiom) 500 Ikrvibo : 00
Foggia 1000 Norrkoping rn-xt:-minm! 2000
Genova PABX 400 Skara 2500
Matera 500 Stockholm Namnanrop (extension) 1500
| Napoli Chiaia 5000 Stockholm Sédra Vasa (extensi |1'Ij: 1000
| Novara [extension) 500 Stockholm Ostermalm PBX (extension) 500
| Padova (extension) 1000 Stockholm Hanviken 1000
Treviso (extension) 500 Stockholm Liding6 (extension) 3000
| Venezia Centrale [extension) 2% | Stockholm Liding6-Skar-
| Venezia Murano {extension) 100 sdatra ([extension) 300
| Verona (extension) 1500 Stockholm Linnersta (extension) 1000
Verona PABXN 220 Stoclkholm Milarhojden (extension) 1000
Vicenza (extension) 20 Stockholm Roslags-Ndsby  (extension) 1000
| Mexico {‘?tt_n'.l\:l'mlm f_“l‘l.lﬂl.“.l._\'l'}(.'rg [extension) 1500
Durango (extension) 500 :“_t' ckholm Fyreso _ _ LA
Guadalajara (extension) 1000 l_“rrpﬁ;_lln {extension)| 2000
Liedn (extension) 500 \-'li"tt‘nl?‘* (extension) 2000
Mexico, D. F, Apartado 5000 ‘;_}r“'b‘"-' (extension) 2000
Mexico, D. F. Chapultepec  (extension) 1000 Ustersund 7599
Mexico, D..E. PABX 420 Total 113 730

During 1948 the following exchanges and switchboards with roo-, 25- and 12-line

n:_']l_'!_'tlrra ]|‘|,\ e heen |]x']i\'r_-rl_'(],
the figures,

xtensions to existing plants are not included in

number
number

of hines
Exchanges with 1oo-line selectors 7 3060
Switchboards with 1oo-line selectors, system AHD 50 3740
Switchboards with 25- and 12-line selectors, system OL 333 7457
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U.D.C. 621.396.62—182.4

Frepin, C: Svenskradio 490 BAT. — a New DBattery Receiver.

Ericsson Rev. 26 (1949) No 1 pp. 33—35.

U.D.C. 621.395.65

Jonaxnsson, A: The Laminated Contact — a New Type of Contact

and its Application to Cerlain Important Forms of Swilching Devices.

Ericsson Rev. 26 (1949) No 1 pp. 28—32.

Tiescription of a new battery receiver

Svenskradio 490 BAT. put in the|

i = U.D.C. 621.317.2 |
Bromeere, H: LM Eriesson's laboratories. Ericsson Rev. 26 (1949) |
No 1 pp. 2—s5.

A brief account in word and picture of the laboratories at the Telefon-
aktiebolaget LM Ericsson, Midsommarkransen, Stockholm,

U.DLC. 621.395.721.3

Nirsson, IX W: 1 New Wall [nstrument. Ericsson Rev. 26 {Ic).|9)i
No 1 pp. 6—0q. ‘

Description of the new LM Ericsson wall instrument DBN 12—13, a
successor to the wall instrument DBN 1o—11 that has been in manu- |
facture since 1933. |

[

Case. — The Instrument's Floating Suspension. — AC Bell, — Switch |
Hook, — Principle Diagrams. |
|

U.D.C. 531.719.35 |

von MELSTED, S: [ndicating and Recording Echo Sounder PEK-3G

— an [Interesting New Design from Svenska Radioaktiebolaget. |

i ; : = == Lricsson Rev. 26 (1949) No 1 pp. I0—160. i

market by Svenska Radicalktiebolaget.
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construction and operation. Description of the new echo sounder PEK-3G. i
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The Crossbar Switch and the
Development of Crossbar Sys-
tems in Sweden

S VIGREN, ROYAL BOARD OF TELEGRAPHS, STOCKHOLM, and W BROBERG, TELEGRAPH ADMINISTRATION WORKS,
NYNASHAMN

U.D.C. 621.305.344(485) (001
It is now 30 years since the first crossbar switches were put into practical operation
in Stockholm. It took rather a long time, however, for the unsurpassed operating
qualities of the crossbar systems to be generally recognized, but now there is pro-
nounced interest in them in a large number of countries. The Telegraph Administra-
tion in Sweden directed its attention right from the beginning to the properiies of
the crossbar switch and, in view of the important pioneer work carried out by

Swedish engineers in this field, it may be interesting to review developments in Sweden.

Brief Survey

Teletechnics as we know it today is the result of developments that are unique
in their way, The fundamental principles and laws on which the whole of electrie
circuit technique rests have, indecd, only been known for about a century
and o hali and we still have some years to go before we celebrate the hundredth

anniversary of the telephone.

The practical application of teletechnics, however, called for a number of
apparatus of various kinds right from the start. Even if the modern tele-
communication industry, both as regards design and manufacture, has followed
its own paths in many important respects and has established a new technique,
vet the rapid expansion it showed irom the very beginning could not have
been possible without access to the closely related technique in the production
of precision instruments, which was already comparatively highly developed. It
15 therefore rather natural that at the beginning teletechnical instruments were
precision mechanical products much more than electrotechnical, for example

the Morse mstrument with its delicate clockwork.

Only a few vears after the invention of the telephone, people began to speculate
on the establishment of telephone calls by automatic means. The realization
of the idea of automatic conmection between telephone subseribers did not come
until towards the close of the 19th century and is inseparably associated with
the name of Strowger. The principles and designs bearing Strowger's name

are still employed today to a great extent in automatic telephony.

In view of previous developments it was, of course, only natural that Strowger
emploved mechanical ideas and built his system up in such a way that it may
be said to be an imitation of the decimal number system. Even Strowger's
selector 1s a mechanical instrument, driven by an electromagnetic step-hy-step

mechanism, see Fig., 1.

Fig. 1 Around the turn of the century a number of new principles appeared in auto-
Strowger selector matic telephony, including machine-driven selectors with setting by registers
A step-bysstep system first lifts the spindle car- ( Lorimer ). Obviously the machine-driven selectors offered a number of ad-
rying the mobile contacts, alter which another vantages, mainly owing to greater capacity, but at the same time this repre-
system rotales the contacts in the multiple field.
The step-by-step movemen! involves great me-
charnical stress and wear, however.
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Fig. 2

Rotary selector

N 6413

The wiper row is selected by the shaft at lhe
left, after which the wipers are rotated in the
contact field to the proper position. The rotary
selector constitutes a typical mechanical selector
design. Mevertheless, the quiet smooth running
which distinguishes the machine-driven selectors,
in contrast to the step-by-step driven selectors, is
an advantage from the mechanical point of view.

Fig. 3

Panel switch

The driving system is at the boHom. First the
wiper set b belonging to the contact field K con-

cerned is hunted. Then the bar is raised until the
wipers stop at the proper contact in the field K.

On the other hand, the mtroduction of the register allowed of greater ireedom

i the cireuit lay-out, chiefly because the eapacity of the selectors did not
need to be tied to the decimal number system, but also because the number of

mpulse receiving devices and operating devices could be decreased.

The First Relay System

Obviously the complicated mechanical devices called for considerable mspection
and mamtenance and, moreover, operating rehability and rapidity of action
cenerally left mueh to be desired. Tt was soon realized that the electromagnetic
relay switches used m avtomatic systems had appreciably better rehability
than the selectors,

[t would appear that Charles ] Eriksson's American patent 1586033, application
dated 14th November, 10035, covers the first selector with relay contacts and

crossing operating devices, in other words a crosshar switch,

An clectromagnetic relay switch can of course be regarded as a fairly distine-
tive electric instrument. The mechanical movements are small, the operating
speed as high and the wear s neonsiderable. In addition, 1t is possible to
provide such a switch with precious metal contacts having high contact reli-
ability. From the purely theoretical point of view, a switch consisting of such

reliyvs should thereiore have the hest operating properties conceivable,

The wlea of bwlding a system consisting solely of velays might then really be
regarded as natural and in 1908 Clement took out a patent for such a svstem!,

It seems, however, that the idea was not realized in practice,

Reynolds’ Crossbar Switch

On roth May, 1913, the American Reynolds filed a patent application for
i selector with relay contacts, actuated by a system of crossing hars®, Fig, 4.
The device was named »Crossbar Switchy and the principle is the same as
that employved today in selectors of this kind.

The feature of the device is a system electromagnetically actuated crossing
bars which, by operation of horizontal and vertical bars, directly and momen-
tarily produces contact at the points of intersection between the contacts of
the multiple field and a system of fixed contacts. No contact movement such

as occurs in step-hy-step driven or machine-driven selectors takes place.

! The figures refer to list of literature on page si.
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Fig. 4
Reynolds' crossbar switch, as per U.S.
patent 1139722

A vertical bar indicates vertical row on energizing
of the electro-magnet and then the ridge an the

A 6409

horizontal bar raises the spring assembly at the
point of intersection af the horizontal and vertical
rows. The vertical bar’s selecting finger, a small
spring coil, allows the vertical bar te return to
home position after the coil has been gripped
between the ridge of the horizontal bar and the
spring assembly concerned. The patent specifica-
tion gives but liftle information respecting details
of consiruction, but the device shown would be
quite troublesome to manufacture.

Fig. 5
Belulander-Palmgren link system principle,
as in Swedish palent 38514

X 4627

This principle is of fundamental imporiance for
all modern marker systems,
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It has been reported that the switch was emploved i small switchhoards,
Interest i the switch was but slight, however, even though further American

patents were taken out for selectors of this tvpe in the next few vears,

[t 15 outsule the scope of this article to go more closelv anto developments
respecting the crosshar systems in America, but it mayv be mentioned that
Swedish crosshar exchanges were studied by experts of the Bell Lahoratories
at the heginning of the thirties and that work on crosshar systems was taken
up again, largely following Swedish patterns®™ ', The first exchange on the
crosshar system was opened i America in 1938, aMurray Hill Sixs, and now
such systems are being made at the Western Electric's factories on a vast scaleb,

The reasons why the Reynolds design when i appeared did not meet with
much interest seem to have heen many, For one thing large amounts of capital
were invested i the development and manofacture of mechanical selectors,
\nother that the

according to patent specifications available, was rather complicated and probably

renson appears to have been Reynolds selector, at least
expensive to manufacture, compared with mechanical selectors of equivalent
capacity. The crossing bars had quite large freedom of maovement and the
operating speed does not seem to have heen great, As far as can be judged,
Reynolds designed his serosshar switehs as a selector and there does not appear
to have been available any appropriate system awith which it was possible

cconomically to exploit the switch. This in fact is not possible when using

systems built on mechanical principles. The switeh is based on electrical

principles and is at its best if the system also is on the same basis.

Development in Sweden

Turning now to developments in Sweden, it may be stated that the telephone

right from the beginning hecame « xtensively used and the telephone density
was at an early stage and still is the highest in the world after the U.S.A. This
fact must be aseribed above all to the Sweilish Telegraph Administration and
tv LA Ericsson and H'T Cedergren, from whose undertaking Telefonaktie-

balaget. LA Ericsson later arose”, Swedish standards hoth as regards equip-
ment and service have always stood very high and therefore, when the (juestion
of automatization was taken up seriously - Sweden around 1910 and studies
were made i foreign countries, there was some scepticism as to whether the

existing foreign svstems would be capahle of

meeting Swedish demands re-

specting good service,



Fig. 6

Traffic route lay-out for up to 1000 num-

X 7520

bers private branch exchange according
to AB Autotelefon Betulander and em-
ployed in an exchange in London 1914

Original diagram, interesting because of the ab-
sence of mechanical symbals for the selectors
(still often employed even in the crossbarsystems).
The exchange in gquestion has impulse receiving
device and marker common fo each selector
stage, a principle which 15 utilized in the Tele-
graph Administration’s new marker system.

Experimental plants of small size had been tried out by the Telegraph Adminis-

tration sinee 1890, designed by T I' Pehrson, Telegraph Commissary, and G A

Betulander, Works Manager of the Adnministration’s workshops. In addition,
a trial plant was constructed i 1913 on the Rotary svetem, bt the operating

results were not satisfactory?.

AB Autotelefon Betulander’s Relay System
About 1910, (A

Administration and

tetulander obtained leave of absence from the Telegraph

formed a firm of his own, AR Autoteleion Betulander,
with o factory at Stockholm. To begin with Betulander anid his collaborators,
in the first place N Palmgren, worked with mechanical selector desiens and
it was considered advisable to make them in the form of small selectors of
Tnted capacity and simple construction to ensure sufficiently good operating
reliahility™. In order to bhe able to employ them in Jarge svstems there was
developed an entively new principle, which was very important for future
developments, the system woith primary and secondary switches (link svstem )9,
Fig. 5. At the same time, it seems to have heen clear to the firm that employ
ment of relay groups imstead of mechanical selectors would solve the essential
problems of operating rehability and resistance to wear, and consequently the
patent for the hink system principle comprises the employment hoth of mechan-

ical selectors and of relay groups.

A selector stage, huilt up of relavs on the link system principle hoth can and
should be set momentarily in 2 very briel time and this led to the operating
devices being confined to devices common to each selector stage or to the

whole exchange the by-path principle, thus providing a saving of material.

By means of the link system principle it was possible to huild up relay systems
giving considerably better utilization of the relays than when the conventional
systems were employed, and the Betulander Company quickly devoted itself

solely to the construction of such relay systems,

Thus an exchange was built in London in 1914 on a system entively consisting

of relays!, Fig. 6. The selector ranks had common impulse receiving devices
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Fig. 7
By-path system with relays

according 1o Betulander-Palmgren, with com-
mon marker’. Selector ranks in the usual sense
are absent. The latest American systems are

built on similar principles.
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and were connected up on the link svstem principle, besides heing set momen-

tarily after the requisite number of impulses had been received from the dial,

The system wis carvied stll further, however, and the common devices hecame
-till more concentrated'. Thus there were mitroduced a marker common for
the whole exchange and o number of registers corresponding to the traffic.
Adter receiving impulses the register was connected an mstant to the marker,
which momentarily coupled up through the whole exchange, Fig. 7 shows a
diagram for such a system, which was also employed by the English firm, The
Relay Automatic Telephone Co. Ltd, which had acquired the rights to AB Auto-
telefon Betulander's designs®, Typical features of the system are the (ollowing:

I. Relay Selectors Throughout

All selectors are built up of relays or of devices working on the relay principle.
This ensures high operating and contact reliability, high speed and insignificant
weir, Both operation and control of the sclectors is done electrically and dis-
comection of calls, for instance, is executed by breaking of the different holding
cirenits. Such o system can hardly be troubled by mechanical sticking.

2. Link System, Bare Wire Connection

The selectors consist of relay groups, connected by intermediate circuits, links.
(For this reason the name slink systems is employed,) The relay groups and
luter alsa the erosshar selectors were connected hy bare wires,

3. Common Marker, By-path Principle

Setting of the selectors is done by the by-path principle, by means of a
marker common to the whole exchange. This receives indication of the wanted
subseriber from the register, after which the selectors are set all in the same
moment anoa fraction of a second, when the wanted traffic route has been
medicated or Tumted for automatically.

4, Combined Line Finder and Final Selector

Subscribers have the same incoming and outgoing selector. Besides saving of
material compared with other systems having separate finders and finals, this
gives the advantage that each subseriber is only connected in the system at
one spot.



Fig. 8 X 6411

Betulander-Palmgren crossbar switch as per
Swedish patent 49816

The switch has 5 vertical bars with double-
sided movement. Indication is done by aspring
selecting finger. The horizontals consist of far
stretching relay armalures which extend under
10 spring assemblies. This early drawing sug-
gests already the relatively simple build up typi-
cal of Betulander’s switch and adopted from
relay assemblies.

5. Registers

The selectors have no device of their own for receiving impulses, this enabling
savings to be made. These devices are instead concentrated in o number of

registers, which can therehy be utihized effectively.

A glance at the diagram will show that we have here something quite different
from the automatic technique of the time. The smechanicals syibols for se
lectors with moveable contacts are absent and instead we get an electrie cirenit
system, consisting of intersecting civemits (slinkss ) which can he connected

with ecach other at the points of intersection,

The selector constructions of the mechanical systems which were oiten different
for different purposes are entirely replaced by devices made up of o single

simple basie component: the clectromagnetic relay,

It is obvious that most of the more or less mechanical principles hitherto
emploved i antomatic telephony had heen departed from and that the system
m question s entively based on clectrie principles, both as regards the com-
ponents used and in respect of principle of buld up and method of operation.
The setting of the switch is done momentarily by electrical marking  and
the sole smechanicals prineiple actually remaining. is the setting of the register

Iy the subseriber by means of trains of impulses,

The advantages expected from the relay systems were realized 1 practice.
A number of small plants were made in England by the above-named firm,
which however gave up its activities very soon, There still remains, at Fleet-
wood in Southern England, an exchange that is m operation, stated to have

about 1200 subscriberst

The prineiples applied, however, were far too new and revolutionary for their
time and it appears therefore that the system did not arouse any great interest
in other countries, where mechanical principles were still being used. The
reason was the same as for the Reynolds crossbar switeh., Moreover the
relation between cost for plant and for mamtenance were not taken suftficiently

mto account, partly owmg to the fact that manufacture and maintenance were

vsually not in the same hands,
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Fig. 9
AB Autotelefon Betulander's switch

used in Stockholm in 1919, Right, detailed illus-
tration.

The selector is fitted with the bars upright.

The selector has a sixth bar for indicatling twoe
separate inlets. Each »vertical unitn* thus con-
stitutes a unit selector with twao inlets and 10 out-
lets, The frame was sturdy, the selector unifs
were inserted in guides in the side plates, and
the front was entirely covered by a glass sheet.
The switch

pressed parts.

consists of fairly simple, mainly

* To obtain a uniform nomenclature the term
»verticl unit» is used even when the switch is
maounted in such a way that this seems 1o be in-
advertent.

AB Autotelefon Betulander’s Crossbar Switch

Betulander had reahized at an early stage that a competitive relay system
required cheap relays and relay assemblics. and obviously it would be most
natural o ey tooreplice the relay assemblies by a cheaper device having the
same properties, At the hegimning of 1919 Betulander learned about Reynolds'
mvention, That he innmediately recognized the mmportance of the invention s
simply due to the Tact that he had himself a system in which the Reynolds type
of selector could be utilized to the full. Experiments with the mvention were
put m hand at once and were carried on with great energy®. In April 1910,
an apphication™ wits made for a patent covering the new design. Fig. 8, and by
September of that vear the first switches were in operation at Betulander's
trinl exchange (of which more later), Fig. g. By the end of the vear at least
some small number of the switches appear to have been m service for public
traffic. In so short o time to have designed and manafactured switches which
were not only stmple and reliable but also from the manufacturing standpoint
were sarprisingly well thought out niust be regarded as an extremely good

achievement, especially i view of the firm’s small resources,

The design was considerably simpler than that of Reyvnolds and among other
things the shape of the armature and the arrangement of the spring sets
clearly show that the switch was designed on the basis of relay groups in
the relay systenm. Betulander’s selector has small movements as in a relay and
the high speed of operation resulting from this is one of the greatest advantages
of the crosshar switch. The device was given the name of scombination
groups to begin withe It was only later when it came to be employed as selector

m a Strowger syatem that it acquired the name of crosshar switch or selector.

The Telegraph Administration’s Trials with Various
Systems

As has been sad, the Telegraph Admimstration took up the question of auto-
arouml 1915
practical trial, imcluding one on the Hultman machine-driven system with bare

matization  seriously 1910, and plants  were ordered  for

wire multiple, manufactured by LM Eriesson, and one on the Betulander
relay system with link system connected stages and marker, made at AB
Autotelefon Betulander's factory, The exchanges were in trial operation in

the vears 1917—109197 %,

detulander’s trial exchange was made with relays only to start with, but as
stated the first erosshars were fitted and thus this vear marks 30 years since
the crosshar switch was employed for the first time in practical operation.

The operating results with the crossbar switches were strikingly good.




Fig. 10
Skeleton drawing

of the action of the multiple spring sets in
crossbar switches of the Telegraph Admini-
stration’s first type, »the Sundsvall typewn.

When the electro-magnet STM 1s magnetized the
bar o is rotated by the armature i. All the select-
ing fingers I, with spring attachment fo the bar,
then go under the respective rows of operating
springs m and are stopped by the dogs r. When
the electro-magnet BRM is magnetized the ar-
mature b is magnetized and the lifting bar n
litts the operating spring m by means of the finger
I which is gripped firm between m and n, after
which the bar o can return to home position.
The operating spring m presses the contactsprings
above against the fixed contact sirip, as long as
BRM remains magnetized. When magnetization
ceases the armature b falls and the selecting
finger | returns by spring action to home posi-
tion midway between two operating springs m.

The Telegraph Administration’s Decision Regarding
System for Large Exchanges

By 1921 the Telegraph Administration had assembled the necessary operating
results and caleulations for determining the choice of automatic system. The
first question was the automatizing of Stockholm, Gothenburg and others of
the larger towns and for this purpose it was considered that the machine-driven
soo-point selector system, worked out by Telefonaktiebolaget L M Ericsson on
the basis of Hultman's principles was the most suitable”. The trunking scheme
ol this system is certainly based on conventional principles, but it differed at
that time from other systems by having bare wire multiples and detachable
connecting devices, so that it could more easily be adapted to the needs of
traffic, Fig. 17.

The decision armved at by the Telegraph Administration was certamly well
justified at the time. L M Ericsson’s system has found extensive employment
in the larger towns of Sweden and abroad and has given very good operating
results?®, It would seem to be the only system which can seriously compete as

regarding operating vehability with crosshar switch systems.

The Telegraph Administration’s Decision Regarding
Crossbar Systems

The Telegraph Admimistration had, however, heen studying with great interest
Jetulander’s relay system, directing attention particularly to the good operating
properties of the crosshar switch. It was decided that the Telegraph Adminis-
tration should continue experiments and manufacturing of systems with cross-

har switches.

Betulander’s marker system with the key functions concentrated at common
points and the difficulty of surveving and estimating the selector stages con-
nected on the hink system was at that time regarded with justified seepticism.
Experience was lacking of such a new system and of the consequences of
adopting it n large towns. Moreover relay technique was not developed
enough for it to be possible to execute the common devices with sufficient
operating reliahility, Single contacts only were used (general change-over to
twin contacts in the Telegraph Administration’s erosshar svstem was carried

out i 1931)", nor was the spark quenching technique adequately worked out,
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Fig. 11 X 6314

Close-up picture of the Telegraph Admi-

nistration’s  first type of crossbar switch

»The Sundsvall typen.

The swilch Ther
ten multiple spring sets on each vertical unit may
each be connecled to a system of fixed contact
strips. Thus each unit constitutes a selectar with
ten inlets and eone outlet, or vice versa. With
ten units there are obtained ten 10-selectors ar
alternatively 5 selectors with 2 <10 spring sets,
two selectors with 5. 10 spring sets and se on
(single group principle). Many different types of
selector may thus be obtained by different con-
nections of the basic compenent, If the mulhple
sel is provided with double spring sels, doub-
ling of capacity ccn be obtained by the employ-
ment of a separate external switching relay (dou-

is fited with bars vertically.

ble group principle), This has been much used for
cerfain cases

selecting finger base
selecting finger
multiple spring set
heolding bar armature
holding bar
operahng spring
multiple spring
insulating pieces
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It was therefore decided to use the crosshar switch m oa direct-driven system
of Strowger type. Such a svstem is easy to survey as regards traffic and more-
over each traffie route has its own impulse receiving and setting devices, The
system was called the Telegraph Adnunistration crossbar system. The crosshar
selectors were provided with auxihiary relays, by which its operating devices,
bars and the vertical armatures conld either be set divectly according to the
dhial impulses or automatically by successive actuation of operating magnets

thus it functioned as a step-hy-step selector, ¢ g. of the Strowger typet.

Even though later developments concerning the erosshar system show  that

marker systems on Betulander’s original principles. at least where large
plants are concerned, were an advantage, vet the Telegraph Administration’s
decision in selection of system was warranted at the time. The most important
point of course was that the principle of relay selectors was adopted and that

the crossbar switch was given an carly opportunity to show what it could do.,

Design and Manufacture of Crossbar Systems after 1920

'n‘.:: \'.111']:\' of ‘ll_"\

rrowas taken up under the divection of Mr. H Olson, chief
of the Telegraph Administration Designing Department, which Betulander had
rejomed after AB Autotelefon Betulander ceased to exist. By the beginning
ot the twenties the first switches were made at the Telegraph Administration
workshops and some small exchanges were installed™, In the years 1924—1020
a plant for 4ooo subscribers was built at Sundsvall on the Telegraph Adminis-
tration crossbar system, Fig. 10 and 11. The operating results were good and
the exchange is in fact still in service. It is the world's first erosshar exchange
of considerable size',

Around 1930 the Limhamn exchange was opened and about 1933 the Malmo
exchange which now has some goooo subscribers and which is the largest
crossbar exchange in the world on the direct-driven system. In subsequent

vears further exchanges were built of medium-size type.



Fig, 12 X Ri12

Crossbar switch »Type 41»

Each multiple set is actuated by a hiting lad-
der 5, common foer the whaole sef, on the
rungs of which the springs rest when the spring
set is raised, The lower part of the lifting
ladder consists of a lug which fits into a free
hole é in the armature and is thus not affected
by the armature’s movemen!. On deflection of
the selecting bar armature the selecting finger 8
is pushed inte a slot 7 in the lug, so that the
holding armature 9 when energized carries with
it the lifting ladder and thus the multiple spring
set.

Fig. 13 X 4628

Vertical unit far crossbar switch »Type 41»

This switch unit has double spring sets (2. 3)
and thus has one inlet and 20 outlets (or vice
versa).

Fig. 14 X 8415

The Telegraph Administration's various
types of crossbar switches

left to right, »Sundsvall Medel» (manutactured
1920 1928), »Limhamn Models (manufactured
1928--1934), »1934 Models (manufactured 1934

1941), »Type 41» (manufactured from 1941},
»Type 41» has 2 - 5 10 — 100 multiple
spring thus with the aid of a
switching relay be employed as 100-line selector.
The »Sundsvall» model switch was only fitted
with the selecting bars vertically, but subsequent
types were almost exclusively fited with these
bars horizontally, The latter method makes the
plane of the contact surfaces vertical and thus
the contact surfaces are better protected against
dust.

sefs and can

*

in Sweden

About the heginning of the thirties the question of rural automatization hecame

Rural Automatization
pressing and it owas prophesied that the reliable crosshar system with its
small demand for maintenance would he extremely suitable, The same prin-
ciples were largely employed as for ngger plants, though naturally modifi-
ciations were necessary owing to the exchanges heing generally very small.
Standardized switchboards in units for 20, 50 and go subseribers were designed,
while exchanges for over 100 subscribers were made extensible®™, Automatic
priviate branch exchanges have also been built in large numbers on the cross-

bar system.

To begm with the manufacture of such small exchanges was carried on by the
Telegraph Admimistration workshops alone. In the nuddle of the thirties, how-
ever, it was planned to build an entire automatized experimental area to obtain
experience on o large seale'™. In this Telefon AB L M Eriesson also parti-
cipated, building a number of switchboards of the Telegraph Administration’s
design, the crossbar selectors heing made by the Administration’s workshops.
The experiment turned out well and the experience gained has heen of great

value for the expansion of rural automatization in Sweden.

Towards the end of the thirties there was begun the design of an improved
crosshar system, called Type 41, Fig. 12, and in conjunction with this a
re-design of the crossbar switch, Fig. 130 This svstem is still being manu-
factured for small rural switchboards'™, Fi

2. 15,

Employment of the Crossbar Switch in the 500-point
Selector System
The crosshar switch has also been largely employed i the LA Ericsson

soo-point selector system, g, 18%, Thus crosshar registers are now heing




Fig. 15 X 6416
90100 subscriber rural switchboard,
Type 41

Something like five hundred switchboards in

sizes from 10 up to a couple of hundred sub-
scribers are working in Sweden. Reliability of
operation s exiremely high. 1t is not unusual
for a switchboard of the above size to run for
years without any fault arising for the special
attenlion of a repair man calling. The swilch-
boards are of course inspected a few times each
year and routine tests are alse carried out. With-
out such a reliabie system as the crossbar sys-
tem available it is hardy possible that rural auta-
maftization could have been carried through in
Sweden on present principles. The distribution
of the telephone 1n rural districts calls far the
employment of quite small switchboard units and
the great distances involved require religble
plants if the repair staff shall not be abnermally

large.

48

1 ||| |.-. 1 ,\ll..\l'.h-nl .ll'.-l

of  whieh meren=ed  rebadnhty od wenr e

ereater possibilities from a translation

ciIrcwit point of  view  respecting
obtamed. 11 o register finder s requived, 1t is built with erosshar switehes!™,
s offers: great advantases, chiefly because of the mereased reliadnhty and
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crosshir switch

Review of the Range of Employment of the Crossbar
Switch in Sweden up to the Present

Fo give an adea of the diversity which 1s the feature of the crosshar switeh.

a brel review will be o1ven of the mam ranges ol rm]dn_\nn-u: e Lo now,

A. As Switch for the Marker System

The first employment of the crosshar switeh was as substitute for the relay

cronps i marker svstent Later and for some vears inosuccession it cane

to be used chiefly for direct-driven systems (the Telegraph Admimistration’s

crosshar svstem ). but o recent vears manufacture of marker systems has

agaim heen taken up?

These systems have the property that o number of simuoltancons ealls can be
carried on through each erosshar switeh, This s obtaimed by the erosshay
switeh hemng divided Tor a0 grouping pomnt of view mto small unit selectors
{vertteals 1 and two or niore of these are conmected inoseres Tor cach selector
rank and are limked up by intermediate cirenits, links, The system offers great
opportunity for combining the selector units, enabling various wiaffic require

mients o he satisfied econonmieally.

1
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Fig. 16 X 6417

Building for unattended crossbar exchange

Fig. 17 X 6195
L M Ericsson's 500-point selector

vsed with great success both in Sweden and
abroad. The selector itself is machine-driven but
all auxiliary devices, such as seting devices,
register finders, registers etc., now consist of
relays or relay switches.

B. As Selector in Direct-driven-Systems of Strowger Type (The
Telegraph Administration's Crossbar System)'™ '™ "

1. Line Finder

It is usually made with oo mlets and one outlet per selector. On the prin-
ciple of single group this is obtained with ten vertical umts. On the double
group principle (see text to Fig. 111 one can with ten vertical units get two
too-line selectors having common bar mechamsm: with five vertical units one

roo-line selector s obtamed.

The erossbar selector may also be divided up i such a way, that each vertical
unit represents a line finder with 10 (single group principle) or 2o (double
group principle) mlets, This possibility s emploved m small switehhoards.
Non-numerical setting s done by anxihary relavs,

2. Final Selector

What has been said about line finders applies also to the final selector, which
with one mlet and 1oo outlets may be <iid to he a reversal of the line finder,
This, however, has numerical setting hoth of bars and vertical magnets. In
some cases this proceeds directly according to the dial mmpulses, i other cases

marking with auxiliary relay assembly 15 employed,




Fig. 18

;
3

X 4629

Bays with register and register finders

with crossbar
tor system
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switches

for

500-point

selec-

[here are also some special types, e g., group final selectors,

3. Groupd clectors

Group  selectors usually have one inlet amd 1oo—2z2o00 outlets, representing
10 decades with 1o to 20 lines i each. The decades are marked h_\' the bars
of the crosshar switeh, cach indicating a multiple spring assembly on each
vertical umt. Thus on the single group principle each bar receives one line

per vertical unit, on the double group principle two hnes,

The bars (decades) are set numerically, while an unoccupied lime s hunted for
antomatically by repeated attraction of the vertical magnets. One connection

only ean be made in cach selector at a time,
In some cases special types are used as well.

1. Dre-Selectors, Secondary Sclectors, Routing Selectors cfe.

These selectors often have ten inlets and ten outlets. On the smgle group
principle one outlet (or inlet) per bar is obtained, on the double group prin-

ciple there may be two. The selector may also be divided up in any way desired.

TR

C. As Storing Device in Registers "~

An important nse of the erosshar switch s for registers, both in crosshar
svstems and in LA Ericsson's  s00-point - selector system. The switeh s
then employved for rveceiving and storing digits. This usuaily is done by the
bars bemg set to the figure concerned, either by momentary setting (e g.
with keyset in the operator’s registers) or by numerical setting according to
the dial mmpulses. Each vertical magnet then corresponds to the position of

the respective digit m the decimal system.

D. Special Ranges of Employment

The crosshar switch has also been employed for o number of special Tunctions,

¢ g.om traffic counting devices, for ecertain purposes in teletype technigue ete.

Summary

The American Reyvnolds was the first to patent a selector covering the funda-
mental principles on which the crosshar switch is based. This invention, how-
ever, met with hittle interest at the time and the crosshar switch might perhaps
have Tallen entirely into oblivion 1f Swedish engineers at an carly stage had
not, besides oiving the selector o form that was considerably simpler and better
compared with the Revnolds selector, also designed o system suited to the
special features of the switch, Moreover, the Swedish Telegraph Administra-
tion showed mterest at an early stage in the good qualities of the crosshar
switech and the Admimistration’s workshops were alone in the world m manu-

lacturing crosshiar systems right up to the thirties,

Mainly  becanse of the mereased  demand for small switchboards for rural
automatization, but also for other reasons, it was found advisable towards the
e of the thirties to make crosshar switches of the Telegraph Administration
Type 31 at Teleionaktieholaget LM Eriesson's factories. The work was
delaved to some extent by the outhreak of war, but m adiition many new
aspects had presented themselves in the manufacture of the switch Type 41,
and these called for revised design. Tt was therefore decided that collahoration
should  he establhished between the Telegraph  Administration and Telefon-
akticholager L M Eriesson with the object of working out an entirely new
type. This collaboration was started in 1943 between representatives of Tele-
ronaktieholaget L AL Ericsson. the Telegraph Adnumistration’s Technical Divi-
sion and the Telegraph Administration’s workshops. The work was completed
1045 and the result was the Model 1945 tvpe of crosshar switch, now
bemng manutactured both by Telefonaktieholaget 1. M Ericsson and by the
Telegraph  Administration workshops. A deseription of this tvpe of switch
will he given m a separate article,
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The Crossbar Switch — Its Design
and Manufacture

E A WIBERG,

Fig. 1
Crossbar switch RVD 210

with case
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TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

U.INC. 621.395.344
In 1938 Telefonaktiebolaget L M Ericsson began to manufacture for the Swedish
Telegraph Administration rural automatic exchanges with crossbar switches, a
type of selector which some years later was to be employed in registers for ex-
changes with 500-line selectors. The switches themselves were then made at the Swed-

ish Telegraph Administration’s workshops.

As experience with the Telegraph Administration’s exchanges demonstrated the good
operating qualities and great adaptability of the crossbar switch and as the Admin-
istration’s demand for rural switchboards was constantly growing, Telefonaktiebo-

laget L M Ericsson decided to take up the manufacturing of the crossbar switch.

Before manufacture was put in hand, a critical examination of existing types of cross-
bar switches. was carried out in collaboration with the Telegraph Administration
special attention being directed to experience of operation and manufacture. This

led to the development of the type — model 1945 — now being manufactured.

The first exchange — a rural switchboard — with 1945 model switches was delivered

to the Telegraph Administration in November 1946.

Developments m automatic telephone techmique call for more and more rapul
connectmg  devices, provihing high rehability with long life and low main-
tenance coat. The predonmmant connectimg devices i the huilding up of the
automatic telephone systems are clectromagnetic velavs and selectors and, as
it has heen found in practice that a telephone relay is most reliable in every
respect, the efficiency of the selectors will largely determime the qualities of

telephone systems.

[1r designimg the erosshar switeh the amm has been to obtain apparatus having
the goond qualities of the telephone velay at a cost that i~ reasonably low for

il n|-|:-|_'1c:|'




Fig. 2
Crossbar switch

with case removed

Fig. 3

Vertical unit

N OB410

RVD 210

X 6420

The crossbar switch as a whole may be said to be built up of @ number o
relays combined with common directing devices for controlling the relay con-

tact sets.

By employing twin contacts of precious metal at each contact pomt, the hest
possible contact properties have been ensured. In addition the mechanical
components of the switch have been made similar to a telephone relay in shape

and operation so that wear will he small and mauntenance costs low.

The Crossbar Switch Components

The crossbar switeh, Fig, 1 oand 2, consists of a welded frame on which 15
fitted a4 number of vertical umits, 5 or 6 =electing bars with the magnets
actuating them and off normal contact spring scts, actuated by the bars. The

switeh front 1= covered by a case provided with an observation window.
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Fig. 4

Components of vertical unit

1
2,15

armature

knife-edge suspensions for armature
lock springs

vertical unit base

off normal contac! spring set
conneching spring for contact strip
contact spring mulliple

operaling comb

contac! sirip rack
magnet coil
yoke

contact strip
holding bar

Fig. 5 X
Operating spring
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X 6421

The Vertical

Unit

The main components of the vertical unit or the sverticals, sce Fig. 3 and 4,

are: base plate with magnet system, contact spring multiple, rack with contact
strips and off normal contact spring set. The magnetic system shaped to
resemble a telephone relay s fitted on the base plate y and consists of the
voke 12 and magnet coil 17 together with an armature 1. The armature 1s
pivated by two knife edges 2, 15 and 15 held m place by the lock springs 3, 1o,
The armature is provided with a bar 77 When the armature moves the bar
can actuate the multiple contact spring sets in conjunction with the selecting

fingers of the horizontal bars.

The magnet coil hobhin, Fig. 6 left, is of moulded bakelite and has a recess for
spark quench resistance.

The Contact Spring Multiple

The multiple, Fig. 4, consists of 10 or 12 multiple contact spring sets (according
to whether the vertical is to be employved for switches with 5 or 6 selecting
bars). Each multiple sprimg set comprises a number (1—10) mobile contact
springs having twin contacts of silver, Contact springs in a set are mechanically
joined up by an operating comb &, which causes the springs to move simul-
taneously when the set is actuated. The comb is controlled by the operating
spring placed below the spring set and by the top spring in the set. In the

front part of the operating spring, Fig. 5. which is U-shaped, the holding har

can move freely without affecting the spring sets. The multiple spring sets
canmot be actuated by the movement of the vertical unit armatuare alone.
Frurther information on this point will he found in the deseription of the
selecting finger operation,

When the contact springs are actuated they make contact with the contict
strips 13 rumning the Tength of the vertical. The number of strips corresponds

to the number of contact springs in a multiple contact spring set. The contact

strips which are fitted m a common strip rack 0. are made of silver and

attached to plates of

insulating material. Each contact strip is soldered to a
comnecting spring 6. At the side of the contact multiple there is a separate
off normal contact spring set 5, which is alwavs actuated wlhen the vertical
armature 1= i operation. This spring set 15 detachable. so that any desired
comtact combination may  be :

arvanged, and 1t 1:1'u‘.'1xh:= the contacts for the

necessary common cireuits of the vertical unit.



Fig. 6 X 6422
Magnet coils for vertical units and select-
ing bars

left, vertical uni! magnet; right, selecting bar
magnet

K 6423

Fig. 7
Selecting bar with pin bearings

At both ends pin bearings; from left to right:
10 selecting fingers, bar armature, actuating
pin for off normal spring sels.

The vertical umt is fitted o the m=erting it in grooves on

switch frame by

the frame and fixing it by two screws.

Selecting Bars and Associated Equipment

The selecting devices, see Fig, 7, consist of horizontal bars which are furnished
with a double-sided armature and as many selecting fingers as the switch
contains verticals. Each finger serves two adjacent multiple spring sets. The
selecting fingers are made of flexible piano-wire and have the form of a straight
wire with one end wound i a spiral. The spiral part constitutes a hixing
device for the finger on the bar, besides making the finger flexible. Tongues
have been made on the hars, each having a serew welded on. The tongues with
serews constitute fixings for the selecting fingers, and the position of the
fingers in relation to the multiple spring sets may be regulated hy bending
the tongues. The finger is attached by threading the spival part around the

screw on the tongue,

The selecting bars pivot with a pm bearing at each end. The bearines are
fitted in the brackets of the switch frame, When the bar is fitted i the switch,
one selecting finger for each vertical unit will Tie m the space hetween the
vertical holding bar and the U-shaped operating springs below the multiple

spring sets, Fig. 5.

The double-sided bar armature which from its middle position (home position )
can be attracted by one or the other of two electromagnets 1s provided with

a pin, which actuates the bar off-normal spring set as the armature moves,
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Fig. 8

Skeleton drawing of vertical unit and sel-

X 6441

ecting devices

a selecting bar (selecting) magnet
selecting bar armalure
selecting finger

vertical unit (holding) magnet
vertical umit armature

o o n o

holding bar
g operahling spring
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The set 1= detachable, =0 that virious contact combinations can be arranged.
In these spring sets, which are built together i pairs and fitted to the switeh
frame, there are also two centring springs whose purpose is to keep the har
i home position when it is not actuated, The selecting fingers will then be
hetween the two corresponding multiple spring sets. The har magnets are
fitted in the switch frame, Like the vertical magnet hobbins, they are moulded

of hakelite and provided with a recess for spark quench resistance, Fig, 0 right.

Crossbar Switch Operation

When current is closed through a selecting magnet a, the armature b attracts
and turns the selecting bhar belonging to the magnet, see Fig, 8

The rotary movement of the bar is determined by the gap between armature
and magnet core. When the har rotates, its selecting finger ¢ moves m under
the multiple contact spring sets in the horizontal row corresponding to the
har's position. While the bar armatare 15 <01l attracted, the cirenit to i holding
magnet o s closed, When the vertical armature ¢ 1s attracted, the holding
bar [ omoves and Difts all the selecting fingers of the vertical  towards the
operating  springs ¢ of the nmltple spring sets, Only the set where the
U-shaped part of the operating spring 15 hridged by a selecting finger 1= raised.
The other fingers will move freely in the space between ther corresponding
multiple spring sets. The springs of the multiple spring set actuated are raised
1o the contaet strips and wiake contact with them,

The selecting Tinger that 1s engaged 1s gripped hetween the holding har and
the operatimg spring and therefore the circuit to the selecting magnet can he
broken. When the har armature releases, the selecting bar returns (with the aid
ot the centring spring) to the home position with all the fingers not engaged.
[he bar is then m oa position to rotate onee more m the same or the opposite
direction, so that the unoccupied selecting fingers can he engaged for multiple

spring sets on other disengaged vertical units in the switeh.

When the armature of a vertical unit is energized a subsequent rotation of the
selecting bars cannot cause other selecting fingers to be engaged with this
vertical unit. The movements of selecting fingers in the space hetween the
multiple spring scts are then stopped by the sides of the U-shaped operating
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Fig. 9 X 4330

Vertical unit for 20 lines for 6-bar switch

Fig. 10 X 6426
The crossbar switch frame with selecting
bar magnet fitted

[T the circuit 1s again closed to the same or another seled timg Lo magnet, the
other vertical units of the switch may be connected in one aiter the other.
This means that all vertical units i one and the same switch may he

operation simultanconsly.

When the circuit to the magnet s hroken, the vertical avmature ia

s, where-
upon the holding bar moves away from the operatimg spring and the grip on
the selecting finger as released. The Tinger has spring action and returns to

its home position between the multiple spring sets,

In the type of crosshar switch having 6 selecting hars, cach vertical vnit has
12 multiple contiact spring sets and two selecting hars are operating sinul-
taneously. The contict spring sets are doubled, enablimg 2 2 10 lines to he
comnnected to each vertical unit, One selecting bar of the five ordmary ones
selects the pair of lines which mcludes the Tine to he comnected. The sixth
hine selects the vight or leit hand portion (the upper or the lower portion as
per Fig. g1 of the contact spring sets. In this way the wanted line of the
selected pair 15 connected. Thus the sixth bar selects the proper group of ten
within the vertical unit which is i this case working as a zo-pomnt selector,

Fig. 0.

Manufacture
As regards manufacture the erosshar switch is characterized by the large
number of components of the same form comprised m ot these components

being possible to produce by pressing tools with a few exceptions,

The switeh frame, Fig, 10, which must be extremely stable, 15 welded. The
selecting magnets and bars as well as the bar off normal spring sets are
fitted on the end brackets of the frame. The selecting bars are carried on
spindle bearings attached to tongues in the hrackets and are therefore hight in
movement. The bar and its armature may be adjusted in relation to the pole

ends of the magnets by bending the tongues.

The vertical unit base, Fig. 11, to which the magnet voke is rivetted, is made
of 1ron and as this frame has to carrvy the contact spring multiple the contact

strip rack eteo it is most important that it should be flat.

The magnet yoke, furnished with holes for attachimg the magnet coil. 15 made

of spectal relay iron.
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Fig. 11 X 4R11

Vertical unit base with magnet system

Fig. 12 X 6425
The various operations in the making of
the contact spring layers
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Fhe wertical armature, attached at one end to the vertical hase and at the
other to the magnet voke, is furnished with an adiustable holding bar, The
upper surface of this har is polished to ensure as little iriction as possible
when the selecting finger shides against it. The knife edges for suspension of

the vertical armature are made with particular care.

The Contact Spring Multiple

[ach vertical unit eomtains a number of contact spring Lavers, determined by
the number of springs required i the multiple contact =pring sets. Such a
comtact sprimg laver 1= composed of ten or twelve contact springs assembled
on e strip of msulating material, Owing to the large quantities of spring layers

required, special manufacturmg methods have been developed for this part.

Fesentindly  these methods mean that the prineipal manufacturing operations
(pieremg, hlanking, embossing cte. as well as contact rivetting and mounting
onomsulatimg strips) oare bemg apphed to the complete spring Jayer hlank

hetore the mdividual springs are cut apart.

Bevond the multiple contact springs o connecting spring is attached to the
msulation strip securing the conmection with the contact strip that corresponds

to the spring laver,

As stated it s of the atmost importance that the contacts are of good quality.
The aimi is to achieve good mechanical rigidity and good contact propertics,
including freedom from crackle. The multiple spring contacts, which are made
of silver alloy wire, are formed and rivetted divect on the springs. Various
treatments give the contacts an extremely fine hard surface. The manufacture

of the contacts and their rivetting on the springs is done in automatic machines.

The fimished contact spring layver 15 carefully straightened and adjusted, to
ensure that any further adjustment in the multiple field containing it is but
shight.

The comtact spring layers are fitted divect on the vertical base, Fig. 13, Just
heneath the base the operating spring s fitted and then the required number
of contact spring layers, the whole being then serewed together. After that the
operating combs are inserted, These arve held firmly by guide holes i the

operating spring and mm the top contact spring laver.

The contact strip rack 15 in the shape of a frame, i which a number of spacing
pieces with open slots are fixed. The ends of the frame are also provided with
slots, these being closed, The contact strips are fitted by inserting them in the
slots of the spacing pieces and of the ends and fixang them logitudinally by a pin
passing through all the contact strips and one of the spacing pieces, g, 14
The pin s secured by hending a lug on the spacing piece over its end. For

soldering the contact strip to the connection spring in the contact spring laver,

the silver strip is shaped with a flap, Fig, 14. This goes through the one end

of the vack and 15 soldered 1o the connecting spring on the outside of the rack,




Fig. 13 X 4532
Mounting contact spring layers on vertical
unit base

Fig. 14 X 6425

Rack with contact strips

left, lug for soldering the connecting spring;

middle, pin for fixing contact strips

Test of the Vertical Unit

When the vertical units are assembled complete, they are tested in automatic
testing devices, These are so constructed that the fest automatically stops 1f
the unit operates incorrectly or if some incorrect adjustment value s obtamed,
and the test cannot proceed until the Taults have been remedied, The tests to
which the wnits are subnutted melude cheek of contact pressure and contact
distance, check of the magnet operating curvent and lnnts for operating and
holding current. Fimally o high-voltage test is performed hetween earth, niaenet

coll aned comtacts,

Crossbar Switch Assembly

After mounting the vertical units and selecting hars in the switch frame, the bar
(off normal) spring sets are fitted and adjusted. The travel of the selecting
bar armatures is adjusted by bending the bar bearing arms ol the switch frame.
The correct ]r=!-ilirtil ol the “']l"'llil:_"" I'ill;_:l'r'- m relation to the assocuted

operating springs 1s achieved by bhending the nuld stecl hips formed m the hars.

The complete switeh 15 examined and tested i a manner similar to the vertical

Lnits.

Types of Crossbar Switches

The L M Eriesson crosshar switch s manufactured for working voltages of
24, 30, 48 and 6o\, the following types being meluded i the L M Eriesson
standard range. Within the types mentioned it is possible to vary the number
of vertical units fitted in the different types as also the number of contact

strips in the vertical units.

| dimensions
number| number

in mmn AP,
o of verti-| of s¢ max, number of el \"]llhl
& - i Velo
: cal | lecting contact strips = = }\-I"-
units bars = e =
= =
BVD 100 10 1o 3 tovertical units with 1o strips| 5583 190 136| 12.5
; |2 v v 10w ||
) ’ . T ;
RVIY 110119 10 5 |8 , . » 8 s |1535| 100 136] 12
2 X P . R _ [ 2 " " " 10y y l ; | o
RVI»130-1309 5 5 1 3 . . " S ]“-, 100/ 130 7.5
RV 210 214 10 iy Ty " # W 1oy " 583 220l 136 I13.5
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Fig. 15 X 6420
Various types of crossbar switches

from top downwards: RVD 130 139, RVYD 110
119, RYD 100 109, RVD 210 219
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Fig. 16 X 4633

Crossbar switch bays

60

' 99 s

d— -— — e — m.\k
Alr_u—_“-.“-_.-
: |. “-‘r-m‘-wn—uh-m»_‘.-.
‘n-w__ﬂ—r_- n---'\--—_nul

[n the manufacture of equipment with crosshar switches the aim has heen as G
as possible to keep the production flowing, . e, the manufacture of parts (except
the heavier ones) and the assembly of the erosshar switches, the fitting
of these m racks and the wiring and test are executed on the same premises

thus avouling hulky storage of crosshar switches,

The crossbhar switches ave Ditted in separate bays, Fig, 16, or in frames along

with telephone relays, IFig. 17, which are then inserted in racks and connected
by plugs and jacks. After test, carried out with automatic devices, the completed
bays are despatched 1o destination. With the bavs sent out veady wired. the
work of fitting on the spot 15 very small.

As will have been seen from the deseription, the crosshar switch s made up
of a number of components, all without exception being simple and uncompli-
cated. Consequently thev can be produced hy comparatively cheap mannfacturing
methods,

e crosshar switch, working as it does on the relay principle and therefore
being without the components characteristic of the machine-driven or step-by-
step driven switches, sueh as gears and ratchet wheels, feed and stop pawls,
racks ete. imvolves less trouble for assembly and final adjustment than selectors
working on mechanical principles,

A telephone  exchange constructed  with crosshar switches on conventional
fines, 1o with the switches working on the step-hy-step principle, will be



Fig. 17

Relay set with crossbar switch

X 6433

iairly expensive in first cost. By separating the switch into its units, . e., by
cmployving the vertical units as independent selectors and grouping them on
the principle of the link system with primary and secondary selectors, the possi-
bility has been established of makimg exchanges with crosshbar switches at
moderate cost, This grouping method considerably diminishes the number of
switches required, in some cases to less than half of those requived m a step-
by-step driven system. The selectors in the above-named lhnk system are
controlled by markers, enabling the speed of the crosshar switch to be converted
mto a quicker connecting process, which is particularly valuable m key-set
operated systems. Moreover, considerable advantages are gamed from a circuit
point of view. The thoroughly good properties of the crossbar switeh make
exchanges constructed with these switches cheap to run, since they require

relatively few maintenance personnel.
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Electric Interlocking Plant at
the Car Depot of the Stockholm
Tramways at Brdnnkyrka

Fig. 1
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S TOCUKHOLM TR AMWATYS, STOCKHOLM

U.D.C. 656.257:656.4(487.1)
On 15th October, 1945, the Stockholm Tramways opened a new car depot, the Brann-
kyrka Depot, situated on and south of Hagersten Road between Sodertalje Road and
Tellusborg Road. It is designed as depot for tramcars on the three south-west surb-

urban lines, as well as for the lramcars and buses serving the city.

When running into and out of the Brannkyrka Depot the Tramway Company's vehicles
must cross the fairly busy Hagersten Road and, as it was estimated that traffic af
certain times of the day to and from the car depot would be very heavy, it was con-
sidered that an interlocking plant at the approaches fo the depot would be economi-
cally justified. In fact, the only alternative to such a plant was to employ a number of

signalmen to operate the points and to hold up the street fraffic when necessary.
The build up and operation of the new interlocking plant is described in this arficle.

As ecarly as 194q the Tramway Company began in consultation with L M
Ericssons Signalakticholag to plan an interlocking plant for the approaches to
Brinnkvrka Depot. However, as the first large interlocking plant of the Tram-
wavs Company — at the car depot in Alvik — was aboat to be put into use
experience with the operation of that plant was first awaited. Meanwhile the
conditions for the plant at Brannkyrka Depot were partly changed, owing to
the track and point positions being altered and to the fact that a larger number
of city cars of the most modern type (called smustangss ) began to he housed
in the Brinnkyrka Depot instead of the buses it had been mtended to place
there. The tram traffic to and from the depot, already before very heavy, was
thus considerably augmented,

The programme for the plant was complete in principle by the heginning
of 1947, when the material was purchased from Signalbolaget. The work of
mstallation wis exeented during 1947 and the beginning of 1948, and the plant

wis put mto operation on tgth April 1048,

Hagersten Road J

car depot




Description of the Plant

Signals and Points

Fig. 1 shows a lay-out plan of the interlocking plant. It comprises 22 AC track
circuits of conventional type, 2 street signals with red, vellow and green lights
and 10 position light signals with four white lights, In addition there are 10
motor-driven points, impulses for which can be given either from the inter-
locking machine or from local switches (7 in number ) at the various points
or groups of points. Finally, there are 11 pedal contacts, operated with point
iron by drivers when they wish to communicate with the interlocking machine
attendant or themselves operate points or signals.

A tramset from Stockholin, after passing signals 4 and K, Fig. 2, which
normally operate antomatically bhut which may also be operated from the inter-
locking machine, comes to signal B and two pedal contacts by which the route
can be selected. When the driver presses down one of the pedal contacts,
impulse is transmitted either divect to the pomt lying immediately after signal
B oand to signal B oor to the interlocking machine, in which case the interlocking
attendant carries out the necessary operation, Permission for direct operation
is given by a switch from the interlocking machine for the considerable parts
of the day when traffic is such that most of trimnsets proceed to the suburbs.
To keep down as much as possible the work of the drivers and thus the loss
of time at the stops, the signal B works automatically in such a way that when
cars enter the track circuit preceding the signal this switches to clear for
straight ahead track, naturally providing that no other tram movement is n
the wav., Any trams for the car depot, however, may at these times of the day
operate point 45 and signal B by the pedal contact. After such a tram has
entered the car depot arei, point g5 is switched back antomatically to straight
ahead track.

The above relating to point g¢5 and signal B also apphes to point gg7 and
signal € for trams from the suburbs, The signal [ coming next, which is
automitic but can also be operated from the interlocking machine, is employed
to prevent trams for Stockholm at the stop from continuing when another tram
is leaving the car depot on its way to Stockholm.

Tramsets when leaving Brinnkyrka Depot are fully equipped as regards both
material and crew before they come to either of the signals /f or K. At these
signals the required pedal contact is pressed, giving mmpulse either to the
interlocking machine where the attendant performs the necessary operations

to Steckholm

or direct to points and signals. When cars reach either of the signals E or F,
Fig. 3, impulse may be given with the pedal contact there, on which the
signals are operated either direct or via the interlocking machine. Authority
for direct operation is required to he given from the interlocking machine.
At times when many cars are leaving the car depot the tramdrivers do not
need to transmit impulse at the signals E and F, as the interlocking machime
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Fig. 2 X 6400

Tramset on its way lo the suburbs

The set has just passed signal A and s opgo-
site signal R.

Fig. 3 X 4624
The driver transmits impulse to the inter-
locking machine by means of the pedal
contact
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attendant sets the signals o elear when the trams have passed either of the

stemals I or K.

Sienal ¢ 7, which alternates from green to red and vice versa over a 3 see.
vellow Tight, does not normally need to be operated separately as it changes
automatically on operation of any of the signals concerned with tracks crossing
Higersten Road, The street signal 7 2 has not been employed up to now but
has been normadly kept unhit, for the reason that no street traffic proceeds
and from the car depot. The housing of buses at the car depot has not been
carrvied out as planned.

S1enal Moand various points in the aren are not of essential interest in the
present connection and will therefore not be dealt with.

The Interlocking Machine

The mterlocking machine building, the location of which may be seen on
IFig. 1, 15 combined with space for the caretaker and is built on three floors,
The basement is used as relay room, the ground floor comprises the caretaker’s
lodge and the top floor is the operating room. The interlocking machine is
a relay machine with press button operation. All the plant’s relays are placed
in the interlocking machine relay room, Fig. 4 and 3, and four 6o-wire EDBL
cables connect the relay room with the operating room,

In the operating room, Fig, 6, the interlocking machine is placed on a desk, on
one shelt of which the fuses for the point engines are installed. The inter-
lockimg machine is built up of vertical panels of standard dimensions, which can
casily be exchanged i case of alteration, The interlocking machine attendant
can follow the movements of the tramsets and see the positions of points anid
signals onan illuminated track diagram, Fig, 7, hehind the interlocking machine.
The track diagram has been placed on the wall hetween the operating room
and a small rest room for the interlocking machine staff. In this way more or
less dead space behind the track diagram has been avoided, The diagram has
also been made so that it can he opened from the back, Fig. 8, i.e. in the rest
room, and thus attention to it can be given without disturbing the work of the
mterlockineg machime attendant.

IFor each signal there are 3 control buttons on the interlocking machine, one
for setting to clear, one for setting to danger and a sealed button for emergency
apening of the route. For each point or group of pomnts there are 2 control
huttons for switching to plus or minus position. In addition there are switches

by which switching over of the points by the devices for lncal switching placed



Fig. 4 X 6404
Interior of the relay room

Most of the relays are set up on wooden shelves,

Fig. 5 X 4625
Interior of the relay room

where JRG relays, transformers and fuses are
mounted on a wall

alomgside the various points or groups of points in the depot area can be made

possible, There are separate switches for switching to direct operation from

]H._'l]il.] contacts.

Indication on the track diagram of the tramset movements is done by one
indication lamp for each track ecircuit. The track circuit lump shines when
the corresponding track circuit is free from tramsets and is out when the track
cirenit is occupied by a tramset, For point indication there are three lamps
per set of points. One of the lamps is placed on the pomnt tongue and shines
when operation is handled from the interlocking machine and is extinguished
when authority has been given for local operation in the car depot arca. The
other lamps indicate the position of the points, The signals as formed on the
track diagram show corresponding signal pictures on the depot area. When
one of the pedal contacts is actuated this 15 mdicated on the track diagram
by a light in the corresponding lamp, provided authority has not heen given
for direct operation of the corresponding signal and points. The lighting of
the pedal contact lamp on the track diagram 15 accompanied by a buzzer signal
to draw the attendant’s attention to the fact. Finally the track diagram in-

cludes various instruments for measurement of current and voltage.

The mterlocking machine attendant can easily reach from his place at the
operating desk all the press buttons of the interlocking machine as well as
a 2o-line telephone switchboard, placed in the immediate vicinity of the oper-
ating apparatus. By means of the telephone switchboard the attendant can
come nto direct conmmunication with most of the signals in the plant and also

with the private branch exchange of the Brannkyrka depot.

Special Problems

It may be considered that this signal plant is unnecessarily complicated. It
may therefore be advisable to refer to the special problems which were and

are associated with same.

Something will first be said about the tramway traffic to and from the car
depot. It is characterized by great lack of uniformity. About og30 o'clock cars
begin to leave the car depot, and this keeps on for a little under two hours,
[n the next two or three hours there is generally no traffic to or from the
depot. Later in the forenoon certain of the extra cars return to the depot and
these leave agam for the second time in the afternoon, to return alter a further
couple of hours. Around midnight the ordinary trams begin to run into the
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Fig. 6 X 6404
Interior of operating room

left to right: telephone switchboard, control panel
for connecting and disconnecting of heating ar-
rangements in the electrically operated points,
illuminated track diagram
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car depot and all cars are in about o100 o'clock. Thus as regards traffic to
and from the car depot one may speak of 4 traffic peaks, of which the first
and the last are incomparably the greatest, To give the reader an idea of the
traffic density during the two heaviest traffic peaks, 1 shall cite a few examples

from the time-table. Between o303 and o510 the time-table reads as follows:

0503 from car depot to Stockholm 0508 » B " 4
0504 » B ] B ] 0500) B B B b B
0506 » b b 0500 @ > » » Kilaberg
[_l_-’,[_n‘i E b 3 o K”;L]n.']'g' 0510 B > i B B
0s08  » 3 b o Stockholm 510 » » »  Stockholm

that is, 10 tramsets in 7 minutes. Altogether 52 tramsets drive out in the hour
between o300 and oboo. During this hour the capacity of the interlocking plant
15 utilized almost to 100 90, Unfortunately, all tramsets that are to drive to
Stockholm (smustangss ) come from the track at signal H, whereas most of the
sets driving towards Kilaberg come to signal A, This crossing over, unfortun-
ately necessary hecause of arrangements in the servicing hall, Iyving to the
west of the marshalling hall, Fig.e 1, 15 unsatisfactory from the signal point
of view, as the capacity of the interlocking machine is decreased therehy.

At the other great traffic peak, concentrated entirely to the honr hetween oooo
and o1oo a total of 37 tramsets drive mto the car depot and the extract helow
from the time-table gives an idea of the heaviest density. All tramsets come
from Stockholm.

time 00235 0030 0033 0030
onzh 0031 0035 0041
0028 0033 0037 0041
0020 0033 0037 0045

According to the above, therefore, 16 tramsets drive mnto the car depot m a
periodd of 20 minutes, It should he noted that i respect of driving in times
the time-table is misleading as demonstrating the traffic density, for traffic
hlocks in this period can easily be formed, so that a considerable number of
cars approach the car depot at practically the same time,

During the two great traffic peaks to and from the car depot great demands
are imposed on the mterlocking machine attendant. Certainly o well-tramed
attendant can very well manage to operate the signals and points if he con-

tinuonsly prepares himself in the interval between the starting of the different

tramscts for the next operation, but there is no appreciable mterval,




Fig. 7
On the illuminated track diagram the routes

of the tramsets can be followed and the
positions of the points can be seen
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At the other times of the day, mcluding the two smaller traffic peaks. the
traffic to and from the depot is so small that it is not considered  justified
ceononiicitlly to have an attendant for the interlocking machine. Te was for this
reason that arrangements were made to enable the tramdrivers themselves
when driving to and from the car depot to operate the signals and points they
had to pass. Moreover at these times of the day it s no special meonvenience

that the drivers must themselves carry out the operations,

The number and placement of the signals naturally had to be fixed accordimg
to the maximum traffic,

[n their passage of Higersten Road with its fairly heavy traffic the drivers
must drive very cautiously despite the signal regulating. A street signal does
not of course prevent motorcars or other vehicles from going past it and even
i the street signals were always obeyed there s the possibility that a vehicle
may stop on the tram tracks after having passed the signal. In such cases the
Tramway Company always employs position light signals which can display un-
conditional stop and also permission to proceed. No real clear signal s given,
as of course 1t 1= never possible to guarantee that the track 1= free from
vehicles, In those parts of depot approaches not affected by the street traffic
it 15 usual to employ coloured hight signals. In the signal plant at the Brann-
kvrla Depot coloured lights should naturally have been emploved m the <ignals
A and K, but it has been considered undesirable to do this, out of consideration
for the street traffic which when proceeding along Higersten Road parallel
with the tram tracks might mistake the sigmificance of coloured Tight signals
intended for trams. The circumstanee that a more restrictive clear signal than

necessary 15 used, does not involve any dimmution of safety,

On close exammation of the lay-out of the mterlocking plant, Ihg. 1.1t will be
seen that i principle there are no track circuits in the crossing of the track over
Hagersten Road. Efforts have been made to avold track cirenits in the street
because grooved rails are used there. Tt 1s usual to jom two grooved rails i a
track by track holders at mtervals of about 2 metres. Naturally the track holders
must be msulated 16 there are track civenits i the street and the Tramways
Company has fownd by experience that the track holders constitute o trouble-
some source of fault. Another trouble with grooved rails 15 that the groove
casily gets filled with gravel and sand, causing the risk that a single traction
car which is raised and runs on the wheel flanges does not shunt the track
circuit. The sand comes not only from sand knocked into the croove by anto

mobiles but also from sand used by the tramdrivers when braking. Unfortun-
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Fig. 8 X 6401

The rear of the track diagram is easily
accessible
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ately it has not been possible to avoid some of the track civeuits lyig partly n
streets and trouble has not been ahsent. The greatest trouble has heen that
the routes ¢ and [ (from the car depot to Kilaherg and Stockhohn respectively)
on some accasions have not heen released, so that the street signals did not
return to clear light, Tt would seem therefore necessary to veplace the grooved
rails by Vignoles vails and to have four rails per track laid on sleepers, so
that two of them may be used as support rails, This method has already hegun
to he nsed in the Tramway Company’s svstem at other street erossings where

there st be track circuits and the results have heen satisfactory,

Other Equipment in the Interlocking Plant

The conclusion has been reached in the Tramways Company that the value
of an mterlocking plant is eonsiderably lessened in heavy snowfalls, if the
clectrically operated pomts are not provided with heating arrangements. Con-
sequently all the 1o electric pomts in the Bramkyrka area have been Titted with
electrical heating arrangements, Connection and disconnection of the heating

s dome m o the mterlocking machine operating rooni.

As stated i the mtroduction the imterlocking plant has been adopted chiefly as
a means to ensure the safety of tram movements between the tracks for traffic
and the area of the depot, which without the plant could only have been
ensured with the anl of signalmen posted i the area.

The expertence gained so far i operation shows that by means of the plant
deseribed the traffic can be handled rapidly and safely. In addition there is
the saving in stalf that has heen made owing to replacement of the above-

mentioned signalmen by a <mgle interlocking machine attendant.
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An Indicator for Checking the
Insulation of Telephone Cables

G HAMMARLUND,

Fig. 1

N Ta26

Circuit diagram for insulation indicator
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ROYAL BOARDS OF TELEGRAPHS, STOCKHOLM

UG, Gar1.317.333.4:621.315.2
Efficient cable maintenance demands a speedy and reliable warning method for in-
dicating possible insulation faults.
A direct check of the cable insulation resistance to earth is considered 1o be the most
suitable arrangement as well as being the most economical.
In order to obtain early warning of low or faulty insulation, it is necessary to have
an accurate indication of relatively high resistance values e.g. 10 megohms.
The following article describes an indicator that fully meets such requirements as well

as being unaffected by disturbances likely fo cause a false alarm.

The circutt arrangement of the msulation indicator wmt 15 shown m Ihg 1
A number of quads, preferably the whole outer layver this being the first to be
affected by a fault, 1s connected to the mdicator mput.

The cable, when connected, is charged by the 24 V. battery 7 and the separate
too V' osupply [7,. the positive 17, being earthed,

Under normal conditions the grid of the valve £ 1s hiased to approx, — 20 'V,
the anode current bheing practically cut-off,

As soon as there 15 a change of insulation resistance the voltage distribution

i the grid circuit of the valve changes, the bias voltage varying according

to the expression

From this it is clear that the bias voltage passes through zero for an insulation
resistance

Fh

I ';.

which 1s the highest value for which the indicator unit gives warning,
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The anode current of the valve £ is adjusted by the sereen grud bias so that
with zero grid volts, the voltage drop across the anode resistance 1y is equal
to the striking voltage of the neon or gas discharge valve G. As soon as this
vilue of voltage is reached, the lamp G ignites and passes currents which dis-
charges the condenser Cy and causes the polarized velay K. to momentarily
break the circuit through the lamp. Cy is again charged to the striking voltage
and the cyele 15 repeated at approx. 1 ¢/s for this value of vi tage.

The relay Ry 1s slow i releasing and connects and actuates i turn the heat
relay /2y and the alarm relay /5, the alarm being given after approx. 2 minutes,
This long delay of operation is obtained by utilizing the heat spring’s heating
antl cooling times,

A small merease in negative grid voltage from zero causes the lamp & to stop
passing current and the relays to return to their normal position.

The insulation of a connected cable 1s normally in the range 5—100 megohms
depending upon the quality of the cable and the associated exchange equipment
m the circuit.

Considerable leakage to carth i damp situations, is an additional factor,

A deerense moinsulation resistance causes the grid bias to decrease. At zero

erid volts the Timit value » 15 reached, lamp 0 ignites, the relays follow their

atl

sequence and after approx. 2 minutes the alarm is given.

[T the insulation resistance decreases further, the grid is driven positive and
grid current flows through the relay K. With an insulation resistance of about
100000 ohms the amount of grid current 1s sufficient to operate the relay, ).
This relay is connected in such a way to the heat relay that only 25 seconds
heatimg time 1s required before operating the alarm.

This arrangement has been designed to ensure the quickest possible indication
of serious faults when time is short so as to localize the fault before the whaole
cable 15 affected.

Cable disturbances are mainly of two kinds, partly 16%/, and 50 ¢/s AC and
partly, fluctuations of a DC character. Though the former may be considerable
they do not effect the indicator to any extent hecause of the attenuation in the
circuit /37—, and the long time constant i the circuit r;—Ca. Fluctuations
arising from earth enrrents, charging and temporary mechanical handling of
the cable, may have an amplitude of 100 V|, and these may cause the grid hias
to change to a zero or positive value and operate the indicator, The cable is
restored to its normal condition by charging via r#; but as the capacity C; to
carth for a standard length of cable may amount to 200 yF, the time constant
for the cireuit ri—C, will he approx. 10 minutes. This, however, only applies
when the grid bias is negative. It the grid 1s driven positive the time constant

is reduced by the erid current and will have a value less than one second,

If, momentarily, the cable receives an earth potential, this will cause the grid
bias to change from — 20 V to + too V. Consequently the lamp ( quickly
ignites and the relay R, operates.

The cable is charged via the grid cathode cireuit but the current is restricted
by the resistance of the relay winding., After about 3 seconds R, releases and
after a further 25 seconds, or so the grid bias falls to zero and all the relays

are vestored to their normal positions before the heat relay can give alarm.

As was scen from the expression for maximum sensitivity, this is determined
by the voltages 7 and 7, and the grid resistance ry. If the voltage V', is
taken as 1oo V. the sensitivity may be set anywhere between 2 and 10 megohm
by changing the resistance »r,y.



Fig. 2
Insulation indicator

right, with cover removed
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Calibration is carried out by switching O to the position s ADJUSTMENT».

Inn this position the valve is operated with zero grid bias, the anode current
being adjusted by varying the sereen volts until the lamp 7 ignites.

In the position »BATTERY CONTROL» a resistance ry is connected in the
grid circult to simulate a leakage or faulty insulation condition and thus operate
the alarm cirenit. An operation is an indication that the auxiliary battery
needs replacing.

The valve used in the unit is an indirectly heated pentode type RTR grgr or
0J7G. High tension and filament supplies arce respectively 130 Vo and 23 V.
Fig. 2 left shows the mechanical construction of the unit which is mounted
onan iron panel 482.6 > 177 > 3 mm, the detachable cover being 180 mm high.
In Fig. 2 right the unit is shown with the cover removed, revealing the hinged
front panel which makes for easy access to all parts including the valve and
battery.

An AC mains version is also available for operating on 20—60 ¢/s, 8o V.
yo V, 110 V, 127 V and 220 V supplies. In this the panel dimensiones are
reduced to 482.6 % 132 X 3 mm.
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8-Channel Carrier Telephone Sys-
tem for the Swedish State Railways
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Fig. 1 X 4626

The extent of the B-channel carrier fre-

quency circuits on the railway system

Fig. 2

Terminal station equipment for B-channel

carrier frequency circuit
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UL DT, 621.305.44:050.254.15(485)
The 8-channel system for telephony, which plays a large part m the Telegraph
Administration’s trunk network, has also found emplovment with the State
Railways. The principle of this carrvier frequency system has already heen
described in Ericsson Review No 1—2, 1945. The State Railways carrier
frequency system has in the first place been introduced for the telephone eables
Stockholm—~Gothenburg  and  Stockhohn—Alvesta. By the adoption of  the
S-channiel carrier frequency system 1t has been possible in simple manner to
merease the number of cirenits on the small number of pairs in these cables

too meet the heavily imereased demands for telephone communications,

The carrier frequency cquipment between Stockholm and Gothenburg consists
of a system i which an unloaded pair in the cable is utilized. The total length

of the section is 4536 km and it comprises 14 repeater stations 30—335 km apart,

The carrier frequency equipment between Stockholm and Alvesta consists of
two systems, for which two unloaded coil pairs have been loaded. The total
length 15 417 km with 12 repeater stations. All repeater stations are housed
m existing railway buildings.

Some of the repeater stations have permanent repair staff i attendance, who
are responsible for the supervision of the system. These repeater stations with
permanent stalf have remote alarm receivers, taking fault indications from
one to three unattended repeater stations’ remote alarm transmitters, In this

way the repair staff are able to localize any faults arising without delay.
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ULDLC. 621305, 344- (455) (va1)
VIGREN, S & Brovere, W The Crossbay Switch and the Development
of Crosshar Sysfenis in Sweden, Ericsson IRov, 20 (1949) No. 2 pp. 38—
51.

Brief survey of different types of selector and a review on the development
ol the crossbar switch in Sweden.

U.D.C. 621.305.344
Wisere, E A: The Crossbar Switch — [Its Design and Manufacture, |
Ericsson Rev. 26 (1949) No. 2 pp. 52—01. |

Description of the crossbar switch, model 10435, its design, manufacture and
function.

The Crossbar Switch Components,—Crossbar Switch Operation.—Manufac-
ture.—Types of Crossbar Switches.

Description of an indicator for checking the insulation of telephunc cables.

The indicator giv

phone Cables. Ericsson Rev, 26 (1949) No. 2 pp. 69
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Hammarcunp, G

U.D.C. 656.257: 656.4(487.1) [
BogerG, It Electric Interlocking Plant at the Cay Depot of the Stock-
halwe Tramways at Brinnkyrka, Ericsson Rev, 26 (1949) No. 2 pp.
62—68.

On 15th October, 1945, the Stockholm Tramways opened a new car depot,
the Brinnkyrka Depot. As it was estimated that traffic at certain times of
the day to and from the car depot would be very heavy, it was considered
that an interlocking plant at the approaches to the depot would be econo-
mically justified.

The new interlocking plant was installed in 1947 —1048 by L M Ericssons
Signalaktiebolag, Description of the build up and {unction of the new
plant.
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New Telephone Installation
in Bogota

S FUNCKE & A STEIN, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

B ANDO,
i,
c HAPINERO
TEUSAQUILLO
LAS CRUCES
~
Fig. 1 X 4636

The positions
Bogota

74

of telephone exchanges in

U.DC. 621.305.343(861)
On the 28th of December 1948 automatic exchanges for 20 000 subscribers were put
into service in Bogotd, the capital of Colombia. This is the first instalment of a tele-
phone installation contracted by Telefonaktiebolaget L M Ericsson covering automatic
telephone exchanges for 40000 subscribers along with telephone instruments and

network material.

With exchanges according to the L M Ericsson automatic telephone system with
500-line selectors and network built on the L M Ericsson distribution system, this

project is an interesling example of the telephone service in a large city.

Bogota 15 the capital of the republic of Colombia, seat of government and
other administrations. The population of the city is approximately 500 000
compared with 1o mill. for the whole of the country, Bogota is the centre for
the cultural life of the conntry, has many industries and is, in spite of transport

difficulties to the coast, an important trading centre,

It is natural that acity of such importance should require a first class telephone
service. Early mo1041 the city council and the executives of the new telephone
administration, Empresa de Teléfonos de Bogota, decided that the time had
come for a complete overhaul and modernization of the telephone service in
the city. Financial and exchange difficulties had prevented all extensions since
1935 and the existing manual CB-exchanges, of English make, had a total

capacity of 13000 subscribers only,

In their tender L AL Ericsson proposed the auntomatic telephone system with
so0-line  selectors  already  well-known  in Colombia,  Automatic  exchanges
according to this system had heen put into service at Honda and Ihagué as
carly as 1932 to be Tollowed hy exchanges at Armenia, Manizales and Medellin,
In the latter town L M Ericsson had 1040 handed over an automatic exchange
for 10000 subscribers, a considerably extended and modernized network and
4 large quantity of telephone instruments, An extension of o further 15000
numbers 1s in progress. (Particulars regarding this installation will be found
in Ericsson Review. Special number 1943.)

The telephone administration of Bogota was, therefore, able to study complete
plants of the L Al Eriesson system in service at close quarters, The favourahle
experiences from these plants no doubt contributed towards 1. M Ericsson
securing the contract for the large telephone svstem in Bogota in keen coni-

petition with several other world famous companies.

Following later redispositions the contract includes supply and erection of five
automatic telephone exchanges covering a total of 40 500 numbers as well as

telephone imstruments and network material for 35 000 subscribers,

The Exchange System
The Schematic Lay-out of the Automatic System

Bogota is situated on a high plateau bordered on one side by a mountain chain.
The town is rather drawn out, 14 km in north—south direction and 4 km in
cast—west. The telephone system has. therefore, heen provided with five ex-

changes, Fig. 1.
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Fig. 2
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Traffic route diagram for the automatic
exchanges in Bogota
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trunk exchange

group selectar for incoming trunk traffic
group selector for incoming local traffic
first group selector for trunk traffic
second group selector for trunk traffic
first group selector for local Iraffic
second group selector for local traffic
final selector

local register

trunk register

register finder

line finder

The centre of the network is the sCentros exchange, situated in the middle of
the administrative and business quarters, the other exchanges being grouped on
cither side. The 40 500 subseriber’s lines are distributed with 22000 lines in
Centro, 6ooo in Chapinero, 5000 each in Teusaquillo and Las Cruces and

2 500 lines in Ricaurte.

As mentioned above the exchanges are equipped with the L M Ericsson auto-
matic telephone system with soo-line selectors of modern type, the traffic routes
heing shown in Fig, 2.

Separate cabling is running to second group selectors in Centro and the other
exchanges (H-G17 and GH7). All exchanges have direct junctions. Connection
{0 special services is obtained over the second group selectors in Centro’s first
and third 10 000 groups.

Trunk calls are connected to local subseribers over trunk group selectors in
Centro (1-G7T) and separate second group selectors at the different exchanges
(1I-GT and GIT respectively). Final selectors used for trunk services are,
however, also utilized for local traffic.

The numbering system has now five digits but registers may easily he changed
tor six digits. Fig. 3 shows the distribution of the number series at the central
group and the multiple of the first group selector at Centro for six digit as
well as five digit numbering. The series commencing with 8 is intended for
automatic rural traffic and the registers for this series are made for decimal
conversion, facilitating the future introduction of rural exchanges with decimal
systems, For the special services tw o-cligit numbers, 0r1—00, are allocated.

Special Technical Details
The operating voltage is 24 V' and the transmission voltage 48 V. In this way
the advantages of a low operating voltage are maintained, this being more

ceonomical with regard to power consumption and presenting casier spark
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Fig. 3 X 6438

Numbering diagram for the multiple of
the first group selector at Bogota Centro

| six digit numbering
Il five digit numbering

76

810000 — 819399 80000 — 89999/
100000 — 109999
110000 = 119999 ; 01=05 10000-19999 ; 01 =05
120000 — 129999 20000 — 29999 Centro
130000-139999 ; 06-00 30000-39999; 06=00
140000 — 149999
150000 — 159999
160000 =— 169999 60000 — 69999 Los Cruces
170000 — 179999 70000 =—- 79999 Ricaurte
180000 — 1839999
190000 — 199999
200000 — 209999
210000 =— 219959
220000 =— 229939
230000 — 239999
240000 =— 249999 .
250000 — 259999 50000 — 59999 | Teusaquillo
260000 — 269999
270000 — 279939
280000 — 289999 )
290000 — 7993939 90000 — 99999 Chopinero
300000 — 309999
310000 =— 319999
320000 — 329999
330000 = 3399599
| I

quench problems. At the same time the high transmission voltage allows the
use of smaller wire eauge, important for an extended local network as that
in Bogota. In non-operated condition the voltage on the subscriber's line is
23 V. Guaranteed operating limits are 22 and 26\,

Release of a connection takes place from the calling subscriber only (A-sub-
seriber ). Should, however, the called subscriber ( B-subscriber ) omit to replace
his receiver, the A-subscriber will be released but the connecting cireuit re-
mains. In this way possible malicious calls may be traced, Should the B-sub-
seriber only replace his receiver hoth subseribers will remain connected and

an alarm will be issued in the exchange after a certain tinme.

The trunk final selector tests on a local call in progress and the operator may
break inoon this call, disconnect the subseriber not required and establish the

trunk call connection. The operator cannot, however, break in on a trunk call

1 progress,

The exchanges are cquipped with traffic meters normally operated once for
each L‘urt||||e-h't| call. For calls to ome or more of the special serviees the
metering may be suppressed as required by the administration. The system has
provisions for mtroducing repeated counting during a call.

For cashing charges in coin box instruments the link circuit has been arranget
with current reversal on the calling line, when the called subseriber is
answering, The current reversal is omitted for calls to special services which

are not to ]u' I'|]Zl'|';_f'_";.

L number of so00-groups 1 each exchange has been arranged for PBX-sub-

seribers 1. e, they have been provided with final selectors allowing free hunting
aver a number of consecutive lines, These lines may also be ealled individually

for night service connections to the extensions in the private hranch exchanges.
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Floor plan showing lay-out of racks at
Bogota Centro
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The traffic between the exchanges is carvied on two-wire junctions. These are
controlled by closed cireuits and the release is effected by a 6o cyeles A.C.
impulse being received hy a discharge tube cireuit in the incoming group
sclector.

Distant rural lines are brought in to a switchhoard with connection lines to

the automatic exchange,

The Exchange Premises

IMig. 4 shows the rack lay-out at Centro. It is built in unit rows for 1 ooo sub-
seribers (rows 1—33) as is usual for the L M Ericsson antomatic system with
soo-line selectors, Each row consists of two panels for cach hine selector, first
group sclector, final selector and register. The relay sets for the connecting
circuits are mounted on the rear side of the register vack. The corresponding line

relay racks are mounted either at the end of the row or between two unit rows.

Second group selectors, trunk group sclectors, junction equipment and inter-

mediate distribution irames are brought together in rows 34—47.

The sclector panels contain selectors, multiple frames, panel equipment, fuse
strips, alarm relays, alarm lamps, test jacks and cut-off keys. The exchanges
are equipped with 46 link circuits per 500 subscribers. In the normal s00-groups
the racks are taking 5o connection devices, whereas final selector groups
intended for PBX subscribers have a rack capacity of 6o connection devices,
As it happens, however, the actual traffic does not require 46 lIink circuits.
The exchanges, therefore, have large reserves of connection devices and as
these always are jack connected to the rack cabling the reserves may be utilized

for future extensions,
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Fig. 5 X 6452
The exchange building for Bogota Centro

The low building 1o the left is the manual ex-
change and that to the right the new extension.
Behind the large glass wall rack row no. 1is
mounted.

Fig. 6 X 5448
Interior of Centro showing rack rows
nos. 16—12.
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Apart irom the power plant the ground floor also contains the main distribution

frames and the test desks. The traffic meters are mstalled in a separate room.

The origimal manual exchange was erected inoa building, which on the floor
plan Fig. 8 corresponds to the lower right hand part separated from the re-
mamder of the exchange by a dotted wall indication, The administration had
a new house built attached on two sides of the old one. In this way the new

pirt of the building will contain rows 1—17 and 35—46. See also Fig, 5.

When the line cables have heen reconnected on the new main distribution
irame and the old building has heen replaced by a4 new one, the exchange hall
will obtain its final lay-out and be available for the remaiming G ooo lines,

These are scheduled to e completed during 10951,
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Fig. 7 X 6447

The automatic exchange in Chapinero
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Fig. 8 X 4637
Floor plan of rack lay-out in one of the
sub-exchanges

oT distribution board

1-GV  first group selectors for local traffic

1I-GY second group selectors and group selec-
tors for incoming iraffic

FUR  outgoing junctions

I-MK  intermediate distribution frames for the
multiples of the first group selectors

{I-MK  intermediate distribution frames for the
muliples of the second group selectors

Lv final selectors

LR line relays

REG  registers

S line finders

SMR  connection circuils

SM subscribers’ meters

TKB traffic observation desks
™ traffic metering equipment

L 8 is an example of the rack lay-out in one of the smaller exchanges, The

space Tequirement for the antomatic exchanges meluding junction equipnient
but excluding power plant, main distribution frame and subscribers’ meters, s

approxunately 20—23 sq.m, per 1 0on subscribers,

Racks, relay sets and cable ladders are aluminium sprayed and the desks

cellulose pohished.

Test, Supervision and Alarm Equipment
In order to facilitate supervision and maintenance the antomatic exchanges are

provided with various test and supervisory equipment.

The contract for Centro includes a test rack, which is an exchange in mimature
and in which all possible connections in the exchanges may be reproduced,
including calls over junctions, trunk calls and calls to special services. The
rack is provided with one set of all occurring connection devices and a test

position. in which the connection devices in the exchange may be tested, Fig. o.

The test rack is primarily intended for more accurate adjustments and m-
vestigations, For routme tests, on the other hand, each exchange 15 equipped
with an automatic exchange tester, Fig, 10. This 1s connected to one 300-group
at the time, testing all connection devices and traffic routes in the group and
checking all tones and signals during the connection operation, The tester
operates against atest number in each so0-group in the home exchange as well
as in the other exchanges, If a fault is revealed by the tester the appropriate
comnection is held and a signal is dssued. For a more detailed deseription, re-
ference is made to Ericsson Review No 2, 1945, Individual connection devices

1 the soo-group are tested by means of a portable manual exchange tester.

The performance of each register 15 indicated on pilot lamps in the traffic
observation desks, Fig. 11. From these desks the supervisors may get tele-

phone connection with a subseriber, while the Tatter 15 keeping the register

engaged, and assist in effecting connection 1 20 is required,
Tines and subscribers” instruments are checked from the test desks, which

may be connected to the subscribers’ lines over main distribution frame.

Fach exchange 1s provided with traffic observation equipment giving all
essential traffic data for the operating statistics, It is thus possible to read
simultaneously engaged rate, holding time and lost calls for particular groups

of connection devices and junctions as well as for larger units of traffic routes,
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Fig. 9

The test rack at Bogota Centro

Fig. 10

Automatic exchange tester
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[ addition to the above test and supervisory arrangements each exchange 1s
- = -

supervised by alarm equipments with lamps for each panel and row indicating
blown fuses, ohstructed connection devices, motor faults and other faults. More

serpins alarms irlu']';lll: audible kign:l]m

Power Supply

The power supply 15 arranged for direct operation with rotary converters,
described an more detal i Eriesson Review No g4/1947. The converters consist
of maims connected 3 phase ALC. motors driving D.C. shunt generators, Under
normal conditions the generators supply power for the operation of the ex-
change and the charging of the batteries. The latter are only used in reserve
i case of mains failure. The generators are automatically regulated by means

if Brown Boveri regulators,

The equipment also inclades petrol driven reserve sets for the battery charging.
The hatteries are lead acid accumulators. There are two large batteries for the
operating voltage and two smaller ones for the transmission voltage. In Centro
the large itteries each have a capacity of 5183 Amp hrs and the smaller ones
576 Amp hrs each; for the other exchanges the corresponding figures are
036 Amp hrs and 144 Amp hrs respectively,



Fig. 11

X 6445

The traffic observation desks at Bogofd

Centro

Fig. 12

X G446

The power board at Bogotd Centro

*

The power equipment s controlled from power hoards contamimg circuit
breakers, regulators, switch gear mstrwments, fuses, alarm lamps ete. The
hoards consist of rust proofed and aluminium spraved nnld steel panels 2.2 m
in height, Fig, 12, Machinery, batteries and power hoards are mounted on the
ground floor, The power cable is drawn up to distribution boards in the

cxchange hall and distributed to the rows of racks,

Erection

I'ractically all material is manufactured at the L Al Ericsson mam factory in
stockholm. Colombian labour was used for the erection wunder divection of

"]R_'l:i:lli‘ﬂﬁ from LA Eriesson.
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Fig. 13

Sketch-map of the old installation
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Fig. 14

manual cxchanges

junction cables
boundaries for exchange areas

boundary for urban area

Distribution of subszribers’ lines from

a pole
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[t has, in the main, heen possible to proceed with deliveries and erection ue-
cording to schedule, Some delay has, however, heen experienced owing to the
port of Buenaventure at times heing cangested with goods, which was detaining
the tran=hipment of the material to avoid delay on the first stage L. M Eriesson
fomnd it necessary to =hip the last important consignments to Cartagena and

forward these by mr 1o Bogota.

The erection work covers ennseciitive estension of the exchanges, The program
las from time to time been altered to lme up with the actual distribution of
ihe stbseribers, The eontract originally covered four exchanges, but this was
Fiter revised, one exchange heing omitted and two new ones being added. In
the conrse of the erection certain adjustments between the exchanges have also
taken plice, which has not cansed any difficulties owing to the adaptabiity

af the system,

The network
The Old Network

The following table shows the capacity of the network for the four manual
exchinges i the old telephone mstallation and the antomatic exchange in the
covernment hailiding Capitolia, a= well as the number of subscribers immediately

helore the eonversion o automeatic svstem,

The posttions of the exchanges and the bhoundaries for exchange arcas are
mdicated om Fieo 130 These honndaries were, however, extremely diffuse. When

meoving from one arew to another, subscribers were allowed to retain ther

o Ry - i
number of outgoing network cables

exchance = - = S
snhscribers

numbers | total pairs |
Centro 0 Ng0 32 13 500
['ensacgquillo 220 1 350 .
Chapinero 2 384 0 3 800 |
Ricaurte 133 T 175
Capitolio 450 3 450
Total 13041 40 18275



Fig. 15

X 6430

Sketch-map of the new installation
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new automatic exchanges
junction cables

boundaries for exchange areas
boundary for urban area

old numbers as far as connections could he arranged, often by means of long
open-wire and msulated wire Tines, the reason for this heing lack of spare

numbers in the exchanges.

The automatic exchange i Capitolio was vsed as o local exchange but had

also aconsiderable number of extensions distributed over the whole of the city.

The old cables are mainly of an armoured type and vary in size from 50 to
aon pairs with @ wire diameter from o.51 to o1 mm, The cables are diveetly
distributed to wall or pole boxes of 15—25 pairs. The American system of
multipling is prevalent, As many as five boxes are connected in parallel. In
addition divect connection to terminal streips will he found for indoor instal-

lations e large prennises,

The number of outgoing pairs from the manual exchanges has not been in-
creased for a long time, For necessary extensions, the existing cables have,
therefore. heen utilized to the very limit by means of consceutive parallel con-
nections and re-jointing. This has resulted i a very intricate and confusing
network.

The old subscribers' lines consist of twin insulated wires or open wires, The
former will be found i large bundles supported on hooks inowalls, hat also
on pole lines together with open wires, Fig, 14 shows a typical construction
for the distribution of subseribers’ Times from o pole.

The New Network

For the new antomatic exchanges, according to g, 15, the old networls at
Centro and Chapinero could be utilized, the new exchange premises there
having been built connecting on to the old ones. At Teusaquillo and Recaurte
the antomatic exchanges have heen placed away from the old manual exchanges
m addition to which the exchange areas were considerably extended, Completely
tew networks have, therefore, been planned for these two exchanges as for
the new exchange at Las Cruces.

The new network has heen projected according to the LA FEricsson distri-
bution system with 35 000 new main cable pairs and 30450 in the secondary
network. The total number of outgoing pairs from the exchanges are distri-
huted as per table on next page.
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[ new main

exchange old networle total |

a network | Hakwot i

)

Centro l 13200 | 16 700 29 900 [

Teusaquillo S HSoo0 O 800 ‘
| Chapinero | 3 800 4 300 8100

| Las Cruces | — 5 400 5 400 ‘
Ricanrte — 1 8500 I 800
Total | 17 000 | 35 000 | 52 00D

The contract covers delivery of all material required for this extension of the
network., To give an wdea of the quantities of material required, the following

cable quantities may be quoted.

Total cable length to be drawn:

Main eable awowaiaas 100—0600 pairs 114 200 m 453000 km of pairs
Dhistribution cable ... .. 10—100  » 308 oo » 9258 » » »
Junction eable ........ 200—000 » 13000 » 7252 » » »

Total 302 000 m O1 600 km of pairs

The quoted number of km of pairs, 61 oo means that the total length of double
conductors in the telephone cables corresponds to one and hali of the earth’s

cireumference,

In the planning careful investigations have been made by means of detailed
commnts and prognostications of the number of subscribers in each block of
hiouses, The rapid imcrease of population in the suburbs and the more and more
prevalent tendency towards high building in the central parts have, however,
cansed a certain amount of difficulties when carrving out the projeets, which
bave to be revised as the work is progressing i order to meet the actual
requirenents,

The old network has been utilized as far as possible. In certain cases the
armoured cables have heen brought in as main cables in new distribution boxes,
The majority of cables have, however, been retained as a distribution system
connected directly to the exchanges. In order to improve the standard of
msulation and reduce the length of the subseribers’ lines, which is often con-
siderable, the old hoxes of 15—25 pairs are divided up in suitable combination
in new 10 pairs boxes,

The new main cables are almost exclusively run in duct work. Tor this purpose
new concrete ducts of the L M Ericsson type have been constructed having
a total of 207 outgoing duct pipes from the five new exchanges and a length
ol 395 300 duct pipe meters. The main eabling 1s run from the exchanges as
leadd covered Goo-pairs cables and are terminated m a total of 192 cable distri-
bution boxes, These hoxes are mounted according to usual methods on the out-
side of house walls. To a certain extent, however, they have also heen mounted
indoors, especially when one large building constitutes a complete district, n
which ease boxes have been used specially designed to suit conditions from case
to case. The sccondary cabling runs from the cable distribution hoxes, mainly
as Jead covered cables i ducts, mounted on house walls or as aerial cables on
stee]l poles. Extenswe appheation has been made of the ercction method, spe-
crally developed for Latin-American  conditions, with combined suspension
strand  for sccondary cable and subseriber's single pair cable, described in
Ericz=on Review, Special number, 1945,

As dar as is economically feasible the cabling has been carried out in ducts.
in comnection with alterations and adjustment of roads new concrete ducts are
laid down tor future requirements. When preparing new districts for building.
ducts for mam as well as sccondary cabling 1s always arranged. This has
liecome just as indispensible as running water mains and drain pipes,
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Fig. 16 X 4643
Memorial tablet

The new telephone exchange was inaugurated
on the 2Bth of December 1948 and to comme-
morate this the above lablet was placed in the
new building.

The diameter of the conductor {or main, secondary and junction cabling varies
owing to the large geographical distances i the city. In Centro, where also
the trunk exchange s situated, the entive network is ranin 0.5 mm wire. The
outer districts of Chapinero, Las Cruces and Ricaurte are on the other hand
connected over 0.6 mm cables. The new junction cables have o.5 and a.6 mm
wires depending on the distance to the Centro exchange, The trunk tradfic, at
present comparatively small, is incertain cases served over cables i the old

network having 0.0 mm conductors.,

The contract mecludes material estimated for 30 000 new subscriber's instal-
ltions: The outdoor wiring Tor these mstallations 1s carried out with the 1. M
Fricsson standard lead covered single pair cable, natled on walls or mounted
o suspendeys, and fvee cavrying single pair cables with special suspenders,
Indoor wiring is made in the LA Fricsson PVC insulated conductors as

deseribed i Eriesson Review Noo 3/1948,

For larger premises the builder nowadays always provides concealed conduit
for the telephone wiring. The cables are terminated in special boxes with
arrangement for connection to the public telephone network., Also smaller
buildings, sometimes even one-family houses, are often provided with telephone
condmt, The wiring is in the latter case brought out to the front side of the

honse to he connected from the nearest cable hox,

I'ior to the conversion to automatic system all telephone instruments were
replaced by the new L M Ericsson bakelite sets of latest design. See description
m Ericsson Review No 3/1o47. As the power supply for the old manual ex-
changes differed considerably from the new automatic exchanges, there was,
however, some risk for excessive voltage. [For that reason pretective resistances
were inserted i the main distribution frame for subscriber’s lines having a

resistance below a certam value.

The erection of the extensive network is carried out under management of the
telephone adninistration with Colombian labour, Network experts irom L M
Eriessom are, however, responsible for the technical management. In spite of
great difficulties due to irregular supply of material and lack of skilled labour,
the erection work has progressed at such a rate that the network sections can

Lie commected as the exchange equipments become completed.

Commencement of Service

On the 28th of December 1948 the telephone service in Bogota was transferred
to the automatic exchanges, This was an opportune moment, as town life is
almost at standstill over the Christmas holidays and the telephone traffic con-
cequently infinitesimal. On January 13th the formal inauguration was celebrated
in the presence of delegates from the government, the city council and others,
At the same time the first edition of the new telephone directory was presented,
the first two annual editions being included in the contract, Since then several
extensions have been carried out and been put nto service, further extensions
being continued until the contract is completed.

The great confidence enjoyved by the L M Ericsson auntomatic system with

soo-line selectors, is illustrated by the fact that i Colombia alone exchanges
are now mstalled and on order covermg a total of 73 500 subseribers’ lines.
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New Loudspeaking Intercom
Telephone

C G SODERBAUM, TELEFONAKTIEBOLAGET LM ERICSSON, TELESIGNAL WORKS, STOCKHOLM

Fig. 1

Schematic diagrams of loudspeaking inter-

com system with master instruments and

sub-instruments

A

B

in different combinations

system containing master instruments anly,
maximum 11 sets

system conlaining ene master instrument and
a maximum of 10 sub-instruments

system contaiming master instruments and
sub-instruments, alocated 1o one certain mas-
fer sel: each master set may be connected
to a maximum of 10 master and sub-instru-
ments

system containing master instruments and
connected to one or seve-
each master set may be

sub-instruments,
ral ‘master sets;
connected to a maximum of 10 master and

sub-instruments

86

[1.10C. 621.395.22,
«Talk instead of walk» is a modern proverb illustrating how telephoning nowadays
has become a second nature. The ordinary telephone provides connection to a very
large number of people praclically everybody — inside or outside an organisa-
tion. Apart from this, however, there is an increasing demand for interoffice com-
munication equipment, independent of the ordinary telephone system and providing

instant connection to a limited number of persens - the immediate associates.

For a long time back LM Ericsson have been able to supply equipment for this pur-
pose such as infercommunication telephones, conference telephones and push button ex-
tension units for ordinary telephones. For their intended purpose all these are ex-
cellent solutions. The loudspeaking intercom telephone differs from the above equip-
ment by the loud to loud property. In so far as loudspeaking communication offers
advantages or is admissable, the loudspeaking intercom is a first class means of com-

munication covering a combination of many valuable fraffic qualifications.

[he LM Eresson new loudspeaking intercom, which is operating on direct
lines, has push button calling, seeret conversation, visual engaged signal and

right of way facilities.

v londspeaking intercom installation consists of master instruments and sul-

mstrients in different combinations, the more important ones being shown




Fig. 2
Master instrument DEL 2301

Fig. 3
Sub-instruments
left DEL 1201, right DEL 1202

X 6457

X 6458

e e L R

in the schematic diagram, Fig. 1. In the diagram the lines between the units
mdicate possible connections whereas the arrows signify the divections of the
calls. The diagrams illustrate the variety of combinations and the adaptability
of the new mtercom for different requirements. The properties listed i the

first paragraph of this article refer in the first place to the master mstrument,

Fig. 2, at apply partly also to the sub-instruments, Fig, 3.

inaddition to master and sub-instruments an installation includes a0 common
amphifier conmected to the AC, mains over an ordiary wall plug. Through
the mains connection no other power supply 1= required: no separate hatteries
are required for the microphone feed. The design of the wall terminal strip,
which at the same time serves as junction box, makes 1t very easy to connect
the instrument, The wiring 15, furthermore, carried out i ordinary telephone
lead covered cable without shielding, All this makes the 1L Al Ericsson mter-

com easy to install, which is a very important qualification.

Function and Traffic Facilities

Call from a master dnstroment s made by momentarily pressing the white
button corresponding to the wanted person. The red engaged signal 15 operated
m the callmg set and all other master instruments, The green butten is then
pressed down awith the left hand thumb, the name of the wanted person is
called, and the button released waiting rveply, From then on the eonversation
i= continued, the green speech button being pressed down for conversation

from the master set and released for speech i the opposite divection. \When
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Fig. 4
Loudspeaker RLE 70710
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the conversation is Tinished the red release button is pressed, the engaged

signal is extinguished and the circuit is restored to normal.

For calls to another snaster instrignent, the engaged signal in this is operated,
as mentioned above, together with a green call lamp. i the seerecy switch on
the called set is m operated position o buzzer in the set 1s sounded. Defore
conversation can commence this switch must he restored to Off-position, the
nicrophone loudspeaker then heing connected and speech connection established.
11 the switeh 1s m Off-position to start with, conversation may comnience
ctradght away and no manipulations are required by the called person. The
fatter can carry on conversation without being tied to the instrument: he has
Loth hiis hands free and can move about in the roomn.

The microphone Joudspeaker m the set is very sensitive and the reproduction
=oextremely good even for speech from o distanee of 30 feet to the instrument.
The excellent reproduction 1= partly doe to the elimination of interference from

the electric mains or from adjacent electrical machinery,

A call, on the other hand, to a sub-instrument, operates a green call Tamp only
in this set. There 1s no engaged lamp or secrecy switch on the sub-instruments,
Ii follows that no set can be connected for eavesdropping from another set

without the green pilot lamp bemng operated i the called set,

Call from a sub-instrment. As a rule sub-instruments are not provided with
call hutton as generally no calls are wanted from these sets. There is, however,
one type of sub-instrument which has a call button. A call from such a set is
received by the master set without buzzer signal irrespective of the position
of the secrecy switeh, The caller cannot listen in to the master set hefore the
specch button in the Tatter has been pressed. For conversation between master
and sub-instrument the speech divection is alwavs controlled from the master set.

Secret Calls, right of Way Connection

The equipment can only be operated by one master instrument at the time all
other instruments being blocked during that time with exception of sets having
right of way facility. Any master mstrument may be provided with right of
way dacility by means of an easy reconnection in the wall terminal strip. A
master set having right of way may disconnect any conversation in progress
and then malke a call to a required station. As the equipment is blocked during
a call hetween two sets the conversations are sceret and no other sets can be
commected  for eavesdroppimg. One master set may call several instruments
simultancously but this does not mean complete conference facility as a called
person can only hsten to the caller but not to the other connected persons.

Specification

AMaster instruments as well as sub-instruments are intended for desk mounting.
All sets are provided with 7 feer conmection flex and wall terminal strip, The
instrument as well as the wall terminal strip are provided with mild steel
covers finished moss-green.

HMaster anstrignent DEL 2301, Fig. 2. The front has a sloping push button set
containing ten white call huttons, one green speech button, one red restore
button, a green call Tamp and a red engaged lamp, The call buttons not having
mechanical lock-up are easy and comfortable to operate. The connection to the
called instrument is maintained electrically, The restoring is also electrical and
cffected by momentarily pressing the restore hutton. Each row of buttons is
provided with a designation frame strip, which ean be pulled out when changing
the designations, The instrument contains a microphone loud-speaker, secrecy
switch, buzzer, connecting relay and call relay.



Fig. 5 X 4651
Control set 1042

Fig. 6 X 4569

Amplifier ZGA 3011

right with cover and terminal lid removed

There are two types of sub-instruments

DL q201, g, 3 1eft, having call Tamp and contamme microphone Jond-spealer ;
DEL 1202, Fig. 3 right, as the above but having in addition one call button

and one restore button.

Large localitios, Tor mistance stores, sonmetinies require tnore poweriul valume
andd wider range than obtained by the above sets. Inosuch cases the sub-instra-
nient may be replaced Dy a separate lowdspeaker, KL foqro, e g, mounted
on aowall with relay set KEB rogr containing call relay and call Tamp for
incoming calls. 17 calling facility is vequived from the londspeaker, which also
serves as muerophone the relay set s replaced by control set KPR rog2, g, 5,

comtammeg addittonal call hatton ol restore bhutton.

The amplifier ZGA 300, Fig, 6, 15 made for wall mounting and 1= provided
with o 32 inch cord with plug for mams connmection, Apart from amplifving
equipment the set contains relavs for speech direction, hlocking, rest condition
and restoring. The mains transformer i the amplifier has tappings on the

Up-side dor 110, 1 135, 150, 220 and 240 V. A.C. mains. The different

voltiges are selected by means of a voltage switeh in the set. The Down-side
af the transformer has a separate winding for the operating voltage required
for relays, lamps and buzzers in the mstallation, The amplifier contains ordinary
standard wireless valves, Through the rest condition relay the power con-
sumption 1s reduced and the bie of the valves 1s mereased. To elimimate huam-
ming the input transformer in the amplifier has been thoroughly screened, The
small potentiometer balancing the two branches in the network relative to earth
eliminates, with correct adjustment, interference, which may be cansed hy

adjacent electrical machinery.

The amplifier components are mounted on an aluminium lacquered mild steel
chassis provided with a ternimal block at the bottom end for the incommg cable,
Fig. 6 right, and is enclosed in an alumimium lacquered mild steel cover. The
terminal block projects outside the main cover and is protected by a separate
lied, The front of the cover has an aperture for volume control, switch and pilot

lamp, which all are ecasily accessible and visible {from the outside,
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Fig. 7 X h4an
Wall terminal strip 350983

right with cover remaved

The power comsumption Tor the amphifer o operation s 530 watts and at rest

a2 watts, The output at 1ooo eyveles s approxmuately 3 watts. The valve enquip-
ment comprises one frst stage amplifier valve 6 S 7, an oatput valve o0 GT

and aovectitier valve o\ 35,

The Network

Asoindicated above the erection of the netwaork is a very siuple matter, as the

wall ternnmal strips for the mstruments, Fig, 7, also serve as junction hoxes
for the network. This is runom ordimary lead covered telephone cable from set

tor set through the whole instadlation,
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Fig. 1

TELEFCNAKTIEBOLAGET

X 6406

Racks and cable ladders in an automatic

telephone exchange

old method with bolt and unit assembly
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Fig. 2
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X ELDE

Racks and cable ladders in an automatic

telephone exchange

new methed with friction clamp assembly

-rame Work Design for Tele-
bhone Exchanges

LM ERICSS ON, STOCKHOLM

. InC. 621 305,722
Top girders, tie bars and cable ladders for ielephone exchanges have always presented
tedious problems for the engincer as well as the frame shop and the erector. With
the traditional nut and balt method each plant must be engineered individually accord-
ing to the varying shapes of the exchange premises. The following articie gives an
account of a method now practised by Telefonakliebolaget L M Ericssan, the frame
wark being assembled by means of friction clamps. By this method a desirable stan-
dardization and simplification is obtained with regard fto engineering lay out as

well as production and erection.

e racks m oa telephone exchange, contaiming selectors: relayvs ele., are as
a rule arranged morows amd joined together by top and bottom girders, The
varions rows of racks are sccured by means of tie bars traversing the top
cirders. The cable ladders required for the wiring between the racks are
mounted on the top givders and the tie bars. The dimensions of the frame
work components are, however, individual for practically every plant depending
o the premises and the cireuit conditions. The engimeering of these com-
ponents, simple enongh in themselves, 15 complicated and oiten results in delay

m deliveries,

The floor l’]"‘”“ are scldom alike Tor two 1-x1:]l;|i]g_‘t'»~. as 1]]{'_\' l]l'[n']til on the
shape of the exchange bwilding. Top and hottom girders, tie bars and cable
fadders vary, therefore, considerably for different exchanges. Individual draw-
mgs must he preparved jor the drilling of holes required for bolt mounting,
show an auto-

making standardization extremely difficult, Fig, 1 and Fig, 3

matic telephone exchange where the frame work compenents are assembled
vith holts. All hottom and top eirders, tie hars and side hars for the cable
ladders are provided with a Targe number of holes for the joining of the racks
and the nittimg of supports, angles, extension bars, fuse holders, rungs ete. Some
ol these components cannot be completed in the factory hut have to he cut to
size and provided with additional holes on site. Sometimes they have to e
remiade owmg to the customer’s building drawings being incomplete or even
mcorrect, Walls oy doors may have heen altered withont notification, since
the orvigmal drawings were made, or exact dimensions may be missing. The
cable ladders often have to be altered or ddiverted — vound a pillar, under
heams, piping or ventilation shafts, past panels for the clectric mains, radiators
cte. The erection of racks and cable ladders will under such cirenmstances be
very tedions and require excessive time and labour, Delavs and dislocation
in the mstallation worlk i< often caused by these modifications and other diffi-

culties resulting from mdividually engimeered frame work constructions,

Frame Work Components with Friction Clamps

I order to overcome these unpredictable conditions in o rational manner,
standard units have been 1]1'\1_‘;!1("] Ty top Iui]'f]t'l'*-. tie bars and cable Tadders.
These units are manufactured without holes for assembly and are joined by
means of friction clamps of different kinds depending on the specific purpose.
Fig. 2 s a main view showing the application of the new method, Tt will

he seen that the top girders are fixed to the top of the racks by means
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Flg 3 X 6407
Joints and assembly according to the old
method

the cabling is laced te the cable ladders

Fig. 4 X 7519
The new type friction clamps

a fixing top girder to frame column

b joining top girder or tie bar

¢ joining side bar on cable ladder

d, e fixing rung on cable ladder and pillar for
cable path (see also Fig. 7, centre), d shows
the top part of a pillar

f support for cable ladder

fixing row ladder to side ladder

fixing fop girder to lie bar

T o

of bolts and clamping plates or brackets. Top givders and traversing tie bars

are joined by means of brackets and plates, Fig. 5. left.

The rungs in the cable ladders were previously made out of round rod with
A tapped hole ar each end. These are now replaced by mild steel strips bent
lengthways to a U-section and clamped on to the side bars of the iadder.
Hothe position of some rungs should he inconvenient or if they are obstructing
the passage for the cables down to the racks, they can easily be moved along

the ladder.

The supports carrving the cable ladders are fixed to the top girders and the tie
bars by means of clamping brackets. The top ends of the supports are each
provided with a slot which engages the side bar of the ladder. With a slight
twist on the supports the cable ladder will be just as firmly secured as with
boit and nut.

Cable ladders are jomed with two U-shaped channels embracing each side bar.
The channels are clamped together by bolts and nuts and the friction is holding




Fig. 5 X 7528
Joints and assembly according to the new
method

the cable ladders have space for additional cab-
ling required for exiensions

Fig. 6 X 4653
Detail view of cable run over side of
ladder

The cable ladder is provided with a wooden
strip protecting the cable from the sharp edge
of the side bar.

Fig. 7 X 7534
Detail views

left, cabling running on separate levels: upper
cabling running on supports to be lowered when
final capacity has been reached in lower cabling,
centre; cabling drawn according to the new
method, right: joint on cable ladder rising from
lower to higher level

the bars firmly together. Jomts on top girders or tie bars are made inoa

stilar manmer, the clonping preces beme somewhat ditferent m shape,

'nstead of lacing the cables, the new cable ladders are provided with vertical
pillars which are clamped on the rungs i pairs. The cables are drawn i the
vith formed between these pillars. When the cabling is completed and adjusted,
the pillars are joined in pairs by a traversing tube, which is pressed down
cver the cabling and clamped in position. In this way the tube, the pillars and
the rung form rectangular frames conveniently spaced along the cable ladders
and holding the cabling together. The vertical pillars are mn places higher than
the cabling, allowing space for additional cabling in case of extensions to

the exchange,

In certain cases, however, the nature of the cabling may necessitate use of

the older method of lacing the cables to the cable ladider,

Through the introduction of the clamping method of erection it is possible to
manufacture a great number of required components for stock., By imagination
and judgement a consuderable number of ingenious combinations may be ob-
tained, temporary as well as permanent. Fig, 7, left, shows an instance where
the cables have to be drawn on separate levels. When the cabling on the lower
level through extensions has reached its final capacity, the upper cabling may

be lowered to bring it in its correct position.

With this new method the engineering time for frame work construction is
considerably reduced, Frame shop production and erection has similarly been
simplified, and it 1s fanrly easy to make alterations, which for one reason or
another may be required, without replacements or extensive modifications to

the material already on site.




LM Ericsson’s Factories

S EKLUND, TELEFONAKTIEBOLAGET LM ERICSSON STOCKHOLM

Fig. 1 X 1652
The old factory at Thulegatan

gradually extended fo comprise the whole block.
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U.D:.C. o5 L M Ericsson
Telefonaktiebolaget L M Ericsson has its seat in the Swedish head factory of the group

at Midsommarlkransen, Stockholm, which was taken into service in 1940,

The acquisition of this up-fo-date plant provided considerably augmented facilities
of manufaciure compared with those available in an old fastory plant situated in
the central part of Stockholm. The rapid expansion of the underfaking, however,
soon made it imperative still further to increaze capacity, and this was done by
finding accommodation for certain sections of manufacture in new factories, some
in Stockholm and some in other towns of Sweden where facilities for rational manu-

facture were to be found, not least as regards supply of labour.

The present arficle gives a brief account of the head factory at Stackholm and the

branch factories attached to it.

The factory erected by Telefonaktieholaget L M Eriesson in the eighteen
nineties at Thulegatan in Stockholm was at the time a pattern plant. The
undertaking grew rapidly and reconstructions and additions had constantly to
he made during the following decades, When around the nineteen thirties the
Limit of what was possible i this divection was reacted, operations must be
moved to a new factory, which had already been planned and this was ready
for occupation in 1040, at Midsommarkransen, Stockholn, The new premises
not only provided a very appreciable gain of space — the floor space was 47 %
more — but moreover benefits regarding light and pleasant conditions, such

as it is impossible to express in figures, were obtained,

The establishment at Midsommarkransen has a floorspace of 78000 m? and,
in addition to the manufacturing workshops, offices and laboratories, it houses
the central administration organs of the L M Ericsson group. It is arranged
m one low block for heavy mdustry. the low block, and a more lofty block
for lighter industry, the high block, these being separated from each other by
a drive g metres wide, though they communicate with each other on an upper
Moor by three communication passages. Besides these two blocks, together
covering an area of 130 > 230 metres, there 15 a separate office and laboratory
building with the 72 m high wireless tower, designed for research as well as

practical operation in the field of short wave wireless,

The Tngh block 15 built around two large courtvards and on its two lower
floors it provides space for assembly departments, test rooms and storerooms for
compoments. The top floor houses the offices and a number of laboratories. The
low block, consisting of a single storey construction, is mainly given up to a
large machine hall with over 10000 m? floorspace. Here all heavy processing

and manuiacture such as pressing, turning ete, is carried on.

In this connection it may be mentioned that L M Eriesson's automatic lathe
department is the largest in Seandinavia; the pressing and turning departments

have a manufacturing capacity of some 3 700 000 components per week.

The factory at Midsommarkransen was probably at the time of erection the
largest industrial building in Europe and it did seem that the space it made
available would be adequate for a quite extensive expansion of the husiness.
Nevertheless, when the second world war ended it was found that the demand
for I AT Eriesson’s products was so great that it could not be anything like

satisfied without very considerable extension of premises and machinery. Such



Fig. 2
The new plant at
Stockholm

X 7548

Midsommarkransen,

extension, owing to the difficulty in obtaining a sufficient supply of labour,
could only be partiadly arranged in Stockholm, where in 1947 a new telesignal

fetory was opened at Grondal.

In many respeets 1t wouald have been preferable for the undertaking i the new
factory premises reqaived could have been put up in the neghbourhood of the
head Tactory. The shortage of labour in Stockholm together with the general
tendency, directly encouraged by the authorities, to decentralize industry were
more important - eonsilerations, The Company  therefore Tooked  round  for
Facilities tor founding hranch factories moother parts of the country and
oradually agreements were veached with the local authorities at Karlskrona,
Soderhanm and Kateineholn and in these towns the Larger branch factories
of LA Erviesson have been located, cach Tactory heing devoted to a special

sidde of manufacture.

Complete particulars of L AL Ericsson’s comprehensive manufacturing  pro-
cramme covering most fields of teletechnies s outside the scope of this hitel
account. While the chiel weight as regards manufacture lies of course i the
sphere of telephony, in which the undertaking's contributions are widely known,
not least e the Tiekd of antomatic telephony, yvet as suggested above many other
branches of manufacture have been taken up in the course of time. Thus LM
Ericsson manufactures inoits own workshops, or in those of companies be-
Ionging to the group. all kinds of telesignalling material, electric measuring
mstruments, fire and hurglar alarm nstallations, wireless receivers, machmes
for material testing, appliances for production control, time recorders, hesides

cable and wire for telephone purposes.

At the head factory it 12 mainly telephone switchboards, automatie and manual,

that are praduced, besides a certain amount of signalling material.,

The manuiacture of telephone instruments s done o the factory at Karls-
krona, which with its 12500 m?* of iloorspace is the largest of the branch

actories. The ultramodern moulding  compre=sion  department « 1e Karls-
[t 1l It 1 Tding 1 1 t at the Karl




Some views of the LM Ericssons
factories

Head factory

Left: View of the automatic lathe department, where
150 million components are manufactured annually;
below, assembly of crossbar swilches.

Below: The assembly and adjustment of telephone relays is
done on light airy premises. The work cal's for great ex-
perience and accuracy.

Left:  Winding of
coils for telephone
insfruments elc.; be-
low: Before leaving
the faclory every
500-tine selector is
checked in this auto-
matic testing sel.

Left: Press toels, drill jiggers, lathe fixfures

ctc. are made in the tool department.



Branch tactories
Cable works, Alysjo

produces telephone and signal cables, felephone and
switchboard flexes besides other weak current wiring
material; left, textile insulation of cables

Below: Factory at
Katrineholm

producing relays,
colls, gear-wheels
and stocks, dies and
taps

Left: Factory at

Soderh
Above: Telesignal factory, oderhamn

Grandal

producing telesignal material such
as fire alarm telegraphs, fire alarms,
centralographs, time recorders and
devices for audible and visible signal

producing telephone
dials, call meters etc.

installations

Above: Adjusting call mefers;
Right: Factory at Karlskrona

with a manufacturing programme including the
assembly of telephone components



Fig. 3 X604
Section of the west front

showingthe recently erected office and laboratary
building and the 22 storey radio tower; in the
foreground the well laid out sperts ground

Fig. 4 X4
The sick clinic

at the head factory, Midsommarkransen, com-
prises, among other things, a complete X-ray
installation
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Lrona factory, dealmg with the manufacture of the instrument cases for LM

Ericsson telephones, constitutes one example of the excellent resources at the
drsposal of the factory. At these workshops, complete telephone instruments
are manufactured, except for the dials which are made at the branch factory
i Soderhamn, The Soderhamn factory also has on its manufacturing pro-
grammie apparatus equipment for manual telephone switchboards and certain
special relays, Fially the largest winding department of the undertaking is

located at the factory in Katrineholm,

In the neighbourhood of the head factory are situated the LM Ericsson tele-
signal factory which has taken over the manufacture of telesignalling material,
and also the company's cable works at Alvsjo, producing the cable and wire

required by the undertaking.

Of the 13000 or more persons emploved by the Swedish undertakings alone
of the Ericsson group, some 3 200 are at present engaged at the head factory
i Midsommarkransen and about 2 Goo at the branch factories working under
the head factorv. As a comparatively large part — approximately 30 7% — of
the Tabour 1s female, there have been established a number of children's day
nurseries for the benefit of mothers working for the undertaking, where the
children are looked after by trained children’s nurses and are under constant

medical supervision.

The founder of the undertaking, Lars Magnus Ericsson, was one of pioneers
i Swedish indostry i the social Tield and great efforts have always heen
nide for the henefit of the emplovees. Proper sick care, thrift offices and
athletic i club amenities supported by the firm may be mentioned in this
connection. On the extensive site where the head factory is built there is a
spacions, well Laid out area for sports and games, comprising football ground,
ranning tracks. jumping space, tennis courts ete. In the more cultural sphere
there are facilities for an orchestra 435 men strong. two choirs, an amateur

theatrical society, an art society and others,

Fhe remaining 3300 or more persons i the service of L M Ericsson in
Sweden are employed by the undertakings helonging to the group and working

under their own names. It is intended in future numbers of Ericsson Review

brief accounts of these undertakings as well.



SRA Loud-speakers

E LINDSTROM,

SYENSKA RADIOAKTIEBOLAGET, STOCKHOLM

L C. G2r.3g95.623
Nothing new of a revolutionary character has come to light in the loud-speaker
field in the last few years. This does not mean that the loud-speaker designers have
been idle. As a matter of fact, intensive work has been going on continuously in

the laboratories in efforts to improve and simplify loud-spealkers.

At Svenska Radioaktiebolaget, research has been proceeding for a couple of years on
new and up-to-date premises which have been made available by the removal of

manufaciure to the factory at Hudiksvall.

The main object has been to raise the sound quality, reduce the percentage of re-
jects in manufacture by more adequate production methods and raise the reliability
of the loud-speakers. Study of the latest discoveries in paper pulp research has
enabled the designers to give the best form for sound reproduction to the dia-
phragm and the use of new apparatus has led to appreciable augmentation of produc-

tion capacity.

A complete deseription of the design and method of manufacture for loud-
speakers generally was given in an earlier article appearing in Ericsson Review
No 11045, and it will therefore suffice now to furnish some explanatory text
for certain new terms in the table helow, This table shows the tvpes of SRA
loud-speaker systems, Fig. 2, now being made for sale by Svenska Radio-

aktieholaget.

The second column of the table gives the overall size of the loud-speakers in
hoth em and inches. This has heen done to allow of easier comparison of these

loud-speakers with those of other countries.

Max, load, column 3, 15 given by two figures. The lower one refers to music
reproduction with full register, the higher to reproduction of speech, i.e. with-
out bass. It is the lower register, the bass, which imiposes the greatest strain

on the cone,

Technical data for SRA loud-speaker systems

: y loud-speaker . f
Volce tfil] J I_liﬂl'l{‘('tll)l} |
transformer |

induction|  total imped- nseful maltehing to loud-

‘ type size max.! i air | flux in ance  lcone dia- impedaiice speaker
| load | gap air gap at goo cf/s) meter at 460 ¢/s Irllt].ﬂ.]'[_":

CTn (inch)| watt Ganss ohm mm ohm 50V
HP 710/20 | 10 (4) |o5— 1 7 000 20 36
HPU 710 10 (4) G —— 1 7000 20 By (20) 1000 3000 7000  solderimg
HP 7134 r2.5 (5) Fe— 2 7000 | 17000 4 TT4 tag 3—4
HP 713/20 |12.5 (5) ) 7 000 20 114
HPU 713 12.5 (5) f— 3 7 000 20 11y (20} 1tooon 3000 7000  soldering
HP 918 /4 13.5 (7.5) 5— 6 G000 | 30 000 4 £72 tag 1—2
HP ardjfzo | 18.5 (7.5) 5— 6 G000 20 172 . - .
HPU g18 18.5 (7.5) | 5— 6 O 000 EXS) 172 i P oo o Nll.‘lrlmm
HP 1021/4 2T (8.5) 7— | 10000 | 47000 4 | EES -]_{_:,w} J000 G500 7500 tag 3—5
HP llJZIII.-_’O 21 (3.3) 7— -;‘ [0 000 20 T4 H-'“J 106 506 1000 2000 soldering
HPU 1021 | 21 [.H.j‘ll o 1) | 10000 20 | 199 \3500 4000 6500 7500| tag 1—3
HP 1230 30.5 (12) | I5—20| 12000 (120000 b | 275 [(8) 125 165 250 500 soldering ‘
HPU 1230 15—-30‘ 12000 | 275 ll—‘ﬁ“ 2500 tag 2— 3

1 The lower figure refers

to reproduction with full register, the higher with smaller bass register.
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Fig. 1

Dimensioned sketch of permanent dynamic

loud-speaker HPU-2130
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Tnduction tn the air gap, measured in Gauss, is an expression often misused
Dy loud-speaker makers, A loud-speaker may have a high Gauss figure, without
necessarily being a particularly good toud-speaker. The magnetic mduetion is
measurcd by the number of lines of foree traversing the air gap per unit areid.
By decreasing the length of the air gap and making the armature of thinner
ion, it 1s possible tooinerease the mduction up to a certain It while using
the same magnet. But the short air gap only allows limited movement of the

come, the voice cotl then moving outside the air gap for the larger amplitudes,

A fairer measurement of a loud-speaker’s quality is the expression of the fotal
fhee of Toies of force e the air gap (column 5), This figure is arrived at hy
{aking the product of the mduction and the area. The area is then equal to the
length of the air gap multiplied by the circamierence of the hole. To raise the
total flux it s always necessary to use aomagnet of igher energy. The lowd-
speaker will then be more sensitive and will stand higher outputs. But, of

course, the better magnet mvolves greater cost.

The standard bnpedance in the cone coils of the SRA loud-speakers has so far
heen 20 ohme Many customers would Tike to buy this loud-speaker but would
hike also to connect them to any kind of receiver, Often these have an output
impedance of 4 ohm and the SRA loud-speakers will in future also be made

for this mmpedince,

Colunmm 6 contains figures designating the wsefiud cone diameter. Several hook-
lets about lowd-speakers talk of loud-speakers measuring so or so many inches
1 dimeter, Generally no account is taken of how large a part of this diameter
i~ required for glueing the cone to the chassis-edge, fixing devices ete. It s
more correct therefore also to state how large the acting cone diameter is, that
15 the part of the cone which oscillates freely. SRA loudspeakers have large
uscful cone diameter m relation to the side of the chassis, as the glueing edge
1= only 4—6 mm wide.

Normalized Output Voltage

To simplify the installation and to obtain an upward limit for the output voltage,
modern amphfier equipment 1s arranged for normahzed voltage. This means
that the output voltage will — within certain limits — be maintained constant
even if the load is changed by varving the number of loud-speakers connectei.
This output voltage, according to »Swedish proposed standards for sound distri-
bution equipments s fixed at 50 V', when the amplifier is working with nominal
output. The resulting load impedance must, of course, not fall below the ampli-

fier's nominal output impedance, as otherwise distortion would arise at maxi-

mum output. ( Nominal outpat imipedance is defined by 27 when 11" is the
W

vated output of the amplifier.)

The normalized output voltage may be obtained in various ways. The most
common way is to provide the amplifier with a feedback so that the open
circuit voltage (e at the load) does not exceed the double value of the
voltage at full Towd, the input voltage to the amplifier in both cases being the
same. The following example will serve to make this clear: If a 10 W amplifier
defivers an output of. say, 4 WL equivalent to 30 V7 output voltage, and 8 loud-
speakers are connected, that will represent 0.5 W per loud-speaker. 1i 7 of the
loud-speakers were disconnected the remaining loud-speaker could not get
higher voltage than 2- 30 V" =060 V', equivalent to 1.8 W. Another way, rather
more difficult to arrange, 1= the insertion with each loud-speaker’s disconnection
of an equivalent resistive load by means of a switch, The stabilization of output
voltage may of course also be obtained by substitution of resistances for dis-
connected speakers,



Fig. 2
SRA loud-speaker system

X G449

Fig. 3
SRA loud-speaker

X 4646

Matching

When planming a lond-speaker plant there s fivst computed the power utilized
at the various outlets. The amplifier’s output is wrranged to correspond to the
total power computed for the different lowd-speakers.

The SRA loud-speakers for sound distribution systems with amplifiers from
1o W oand miore are always equipped with universal transformers giving several
possibilities of choosing the value of the matching impedance. A label on the

transformers gives directions how conmections are to be made.
[f the normalized voltage 1s fixed at 17 volts and i the loud-speaker is to handle
Wowatts the matching impedance should be

2
Zz ~ohms
1

Z =the impedance at 400 ¢ s, ["= the output voltage, I[" = the power.
Ex.: HPU-018 should deliver normally 3 watts
. -
_ 508 2500; . y .
o= Z = Z = 833 ohms. Accordimg to the table there are tappings
=
3 3
011 t}'l{‘ Il‘;ll]nl_uu‘[;]m' frn]' t]u‘ ]."I]"\\i”.l-l' i]||1rL-q];g]1g‘L'-: 100, 500, 1000, \;[n:'ul, ‘;;t:f_\)‘
4000, 6500, 7300 ohm. The nearest value for which connection should be made
1s therefore 1000 ohm,
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Fig. 4 X 6443

Connection diagram for SRA volume control

Fig. 5 6444
Skeleton diagram for combined music
and order-giving plant
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Volume Control

At certain outlets loud-speakers with volume control are required and there
must also be the facility of cutting out the loud-speaker. In private houses where
one or more extra loud-speakers are connected to the wireless receiver, loud-
speakers without transformers arve used. The receivers have as a rule an extra
loud-speaker terminal matched to 4 or 20 ohm. The SRA loud-speaker, Fig. 3,
is suitable for use as such an extra loud-speaker. The system is an HP 713
fitted in a wooden case of small dimensions and provided with SRA volume
control. This valume control is coupled in to the loud-speaker system as per
Fig. 4 to leit. The resistance (1/) for 100 ohm acts as potentiometer and the
25 ohm resistance (ar) s fixed. When the volume control is in zero position
this resistance replaces the loud-speaker. This means that there will always be
an approximately constant load on the wireless receiver's output transformer
and the sound intensity is not altered on the receiver’s own loud-speaker by

variation of sound intensity in the extra loud-speaker.

The SRA vesistance can also be employed with loud-speakers having universal
transformers for connection to sound amplifying plants, the resistance being

then inserted between the transformer and the loud-speaker, IFig. 4 at right.

For Joud-speakers connected to wmphifiers with normalized output voltage the
volume regulation can be done over a choke coil () having 8—10 tappings.

A switeh is used to inerease or deerease the voltage over the transformer.
=

When the load-speaker plant is combined with an order giving plant, there must
e facility of reaching the staff concerned with the orders, even if a volume
contral s in zero position, i.e. switched off for music. For this purpose there
is employed a 3-wire system as per Fig. 5. The amplifier is connected by the
cirenit a—b. ¢ is an auxiliary wire which runs to a switch, If b s commected
to ¢ the music cireuit is in operation and the sound intensity of the loud-speaker
can he reguliated over the choke coil 12, but if a is connected to ¢ the order

civeuit is i operation and it is not then possible to shut off the Toud-speaker,

The SRA loud-speaker systems may also be used as microphone, For manager's
telephones, for instance, the microphone loud-speaker is convenient owing to

its being unaffected by varyving distance from the person speaking.
r— o i _‘

output
voltage

I
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o b




Seallng Ends of Rubber

o LOoTT G E R, I EYVERTS K A B ELV ER K, S UNDUGBYBERSG

I.10.C, 621.315.687.2
A new type of sealing end for paper-insulated cables has been pul on the market
by Sieverts Kabelverk. The sealing ends are manufactured of synthetic rubber. They

are made in three types, GEI, GTl and GFl, and intended for indoor use.

There has often been need of a sealing end with smaller dimensions which s
more adaptable than ordinary sealing ends with a4 hody of cast-iron and
imsulators of porcelain. It is true that there exist sealing ends, where the paper
insulation 15 surrounded by a cover of impregnated fabric tapes, hut the
applving of the tapes 15 time-consuming and requires considerable <kill in
order to secure a good result. The aim during the design of the new sealing
ends has been to get small dimensions and a simiple procedure of htting. In
the new sealing ends, an oil- and air-resistant synthetic rubber with good

electrical properties has been used for the body as well as for the insulators.

To a limited extent, sealing ends of rubber were manufactured already before
the last war. Due to the difficultics during the war of getting cast-iron details
and porcelam for ordinary sealing-ends, the manufacture grew to a greater

and ereater extent.

The sealing ends of rubber are intended to be used i dry in-door premises.
They are made for single-, three- or four-core cables and for up to 10 kV

rated voltage.

Single-core Sealing End GEI

Sealing ends of rubber for single-core cables are shown in Fig. 1. The sealing
end to the left is intended for small cable areas and the one to the right for
greater areas. The sealing end consists mainly of a rubber tube and a top device,
The tube 1s tightened to the cable sheath and to the top device hy means of
hose clips, The rubber tubes and the top devices are made with certain standard
diameters, In order to neutralize great differences hetween the diameters of
the tube on the one side and the sheath and the top device on the other side.

cylindrical rubber packings are used between them.

For the smaller areas the top device consists of a copper cap and a contact
plate, the latter bemng shaped as a clamp with two straps. The desired contact
hetween the conductor and the top device 15 sceured by drawing the straps so
hard that the copper cap is deformed. According to the special requirements,
the contact plate may bhe fitted either parallel with or at rvight angles to the
cable, as may be seen from Fig, 2. For greater areas the top device consists
of a type of cable lug. which is soldered to the conductor. The lug is <o <haped,
that the rubber tube can be put m place after the soldering has been made.

Multi-core Sealing End GTI and GFl

A sealing end of rubber for multi-core cables is shown in Fig, 3. [t consists

Fig. 1 X 7522

Sealing end of rubber for single-core cable

: of a number of simgle-core sealing ends, corresponding to . wer of cable
left, for cable of smaller area; right, of greater ¢ = @ g | ¢ to the number of cable

i cores, completed by a common hody and a branching device. The body is made




Fig. 2 X 4623

Sealing end of rubber for three-core cable

Fig. 3 X 6597

Sealing ends of rubber GTI

fitted in a switchgear plant
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of rubber and the branching device of metal. The body is tightened to the
cable sheath as well as to the branching device. If there is a great difference
m diameter between the sheath and the body, a evlindrical rubber packing is
usedl between them. The branching device has three or four opemings, due to
the number of cores of the cable, The rubber tubes, which surround each core,

are slipped on the branches and fixed by means of hose elips.

The msulation of those parts of the insulation which pass the branching device

15 reinforeed by means of ol-cloth tapes.

The sealing ends are pressure-tight and dimensioned for a rated pressure of
z keg/em®, The rubber tubes are delivered in certain standard lengths, In some
cases, 1t may be desirable to fit the sealing ends with cable cores of different
lengths, see IFig. 3. For this purpose, the tubes may, on speeial request, he

delivered with greater lengths than the standardized length,

The distances between phases and earth as well as between phases are fixed
m an ordinary sealing end with rigid bushings. In a sealing end of rubber
with its flexible cores this is, however, not the case. When fitting a multi-
core nl.'.’l]ill;."' end, 1t 1s therefore necessary to make sure that the air distances
between phase and carth and between phases are not smaller than the preseribed
vilues for the rated voltage in question, Owing to the flexible cores it s also
necessary to pay attention to the length of the cores and the fixing of the top
device m order to avoul difficulties during short-circuits.

A special earthing device is used for the earthing of the cable sheath and the
armouring, This device consists of a (lat multi-conductor eopper wire, the one

end of which s connected to the sheath and the armouring by means of hose

chips. The other end 15 comnected to carth.
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New Developments on the LM
Ericsson Telephone System with
500-line Selectors

E LINDSTROM TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

U.DC, 621.305.343

During recent years the LM Ericsson system with 500-line selectors has been subjec

to considerable circuit revisions and additions,

The purpose of the following article is to give an account of some of the more im-
portant developments, referring in the first place to installations abroad. Relevant
matter, which it has not been possible to include in this article, will be dealt with

in a coming issue.

Development and mprovement of a telephone system generally has two pur-
poses. The first purpose is to make the system more reliable and economical
i operation by means of amproved design. changes to more suitable raw
material and mproved production methods. The second purpose 1s to add new
traffic properties to the system by redesigning mechanisms as well as circuits,
in order to meet the rapidly growimg demands in this respect from the tele

phone administrations,

[nstanees of the first mentioned purpose are those steps, which have been
taken in connection with the modernmizing of the soo-lme selector system,
order to increase operation margins for relays and selectors, making the <ysten

less dependent on voltage variations, wear on the material ete,

I'he tollowing 1}1_—~:.‘I'i]r[1n:1 will, however, m the mam. be hmited to changes

relatimge to the traffic [:I'I»|1L'1'Tit'= of the system,

Operating and Transmission Voltage

I'he operating voltage for the 300-line selector system is normally 24 v, and
vears of experience indicates that this voltage 15 extremely favourable from
technical as well as economical pomnt of view. The low voltage s causing
minimum of corrosion hazards i the network and is also of considerable
alvantage for exchange equipment, working with small power consumption for
the operation of the selectors. The range of the system with regard to impulses
and signals well covers the maximum requirements on line resistance anid
leakage, which may be permitted for other reasons in a network. It is, there-

ore, advantageous to retain the 23\ operating voltage.

[he transmission voltage for the nicraphone supply 1= normally the same s

the operating voltage,

For large exchange units with long subscriber's lines or for exchange groups
with exchanges far apart, however, a higher transmission voltage 1=, In certain
ises, ceonomically more favourable with regard to the network. To meet these
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requirements the modemnized soo-line sclector system s supplied for 23 and
A8V transmission voltage alternatively, For the higher voltage a further hat-
tery of 24 Vs included supplying additional positive voltage, This hattery has
a considerably smaller eapacity than that for the operating voltage and s
connected to the hattery supply coils, which for 24 V oare connected to earth,
Remaining  battery supply coils remam on the 24 V' negative, making  an
aggregate transmission supply of 48 Vo Provisions are made m all cireunits for
this modification and no alterations arve necessary when the additional voltage

has to he introduced.

This system consequently offers all the advintages of o low operating voltage
andd at the same time the possibilities of @ higher trimsmnssion voltage when

necessary.,

The additional positive voltage is also used as signal voltage for certain com-
plicated traffic conditions, a considerable simplification - the equipment then

bemng attained.

Registers

Register control for establishing automatic telephone connections is nowadays
generally used for telephone systems where maximum adaptability is required
with regard to grouping and number distribution and where uniform numbering

of subseribers has to he introduced.

The interconnected areas of automatic telephone traffic e gradually inereasing
in size. Towns and communities, which were previously separate automatic ex-
change units, are now united into larger traffic areas. For such arcas there are
generally certain minimum requirements with regard to numbering and grouping

m order to simplify the telephone procedure for the general public,

For these problems register control of the connections offers o rational and

easy solution,

The scope of the register bemg contimuonsly mereased, the requirements on the
circuit adaptability is correspondingly mereased. Some actual requirements may
be indicated here. By means of minor reconnections the grouping in an area
has to be adapted to changes m subseriber distribution: direct control of
selectors or repeating of registered digits has to he wranged depending on the
size and type of the units, which are otherwise engaged on establishing a con-
nection; for traffic with other network groups and districts the register shall

allow the use of numbers with considerably viryving numhber of digits.

The zoo-lme selector system has, therefore. been provided with a new type of
register, which will cover the exacting requirements on o register for modern
and extensive telephone networks, This register includes a crosshar switch as
storing device for the digits and relays for receiving mipulses and controlling
the connection procedure. see Fig. 1. The following advantages are obtaimed
by this new method ;
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Fig. 1
Crossbar register

left exterior, right cover removed
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mereasced number capacity

Iy considerable adaptability with regard to groupmg

retueed] holding tine

d more reliable reception of mmpulses
e) mereased reliability i operation
() reduced maimtenance

g mereased Tacilities for supervision

h silent working

The erosshar swateh i the vegister 15 only used ta store number combimations
received fron the subseriber’s dial. In principle one vertical umit an the switeh
s used Tor each e, For certaim digits m the mumber, however, two vertieal
units are used, moorder to obtaim complete frecdom m establishing the number
of directions m the mualtiple of the fivst group selector i the most convenent

of these divections according o the

way and to adapt the number capaets
actual requirement. As aorule it is sufficient to dupheate the vertical anit for
the 1o 000 croup digit i order to enable arlatrary division of 10 000 group or
to enable unification of 1 ooo-groups from different 10 oo groups to one ex-
change or group of exchanges, The number veserves will i this way be
commen for the whole of 4 number area and may be psed on points in the
network where they are most required without tedions replomime, This mein-
that introduction of adiittonal digits for subscriber’s munbers will oot T

necessary anless all numbers in the reserve are exhansterd

Ihe regrsters e bult tor oo masamun of nine digits, whieh 1= quite =ufficient
tor mast nationad networks, These numbers mclude preiixes for network groups
as owell as subseriber’s nmnbers within the network, With =ix digit mternal
numbers throughoat the networks, 100 network groups may he contamed
the sme numbering svstem with three digit prefixes, and vet o connmon first
digit e used Tor transfer 10 out=ide network groups. In the case of one net-
worle evoup having seven digit nuwmbers, this s allocated to o0 two digit cod
number. Network groups having five digit subseriber’s twmbers may il =0
requived e illocated four digait code mambers. The total number of digits
Cnmber may be chosen ndiscrmimately from mine aned dowsards ad omay

L dhitferent for calls to different network Froups.

Disconnection of the register takes place by o signal from the Junction, when
the required number of digits has been transmitted to eet connection with the

calledl subscriber,

Fhe register s provided with a velay ehair for instantineons registering of
the mipulses from the subseriber. The chain eomsists of quick operating relays

with wntarm operiting times,



N osoom as oan impulse train s completed, the condition o the relay eham s
transierred to the crosshar switch, The crosshar switeh 1= o0 Dive bar selector
having ten bar positions, Each digit moan smpulse team corvesponds taoo har
position. When a digit 15 to be transterved fron the relay chain, the bar
corresponding to the registered digit s operated mmediately followed By the

vertical unit or units on which the digit a5 to be stoved The Tar and the rela

cliin is released, the register heing ready to vecetve the nest digit. The transier

of the digits to the erosshay switeh takes plice very rapidiy,

The selector hars could just as well he operated mmeditely frome the ipualse
relav. Tt has, however, been considered amportant to allow wade Tiats o the
speed and rate of the dial impulses wnd meview of this the mtermediary velay

chain has been introduced between the ampulse velay and the crosshar switeh,

In the same way a relay cham is used to register the npulses from the se-
leetors, when these are operated. The digit positions on the vertical mnits of
the erosshar switeh are successively transferred to this relay chaim, which hias
25 different translating positions corresponding to the mwiber of divection-
the multiple of the soo-line selector. Only positions relevant to the pertamimg
selector are connected, In this way it has been possible to use the same relay
chain for the control of the movements of all selectors taking part. This relay
chain 1s also equipped with quick operating relays and the safety margms for

the selector movements are consequently considerably increased.

A Turther relay chain will be tound i the register governimg the successive
comnection of the translator circuits to the revertive mmpulse chion at o vate as

miay be permitted by the registering of the impulses from the subseriber’s set.

The digits registered on the vertical wmts may be used for mmediate operation
the zoo-line selector, the digits being combined according the s00-grouping.
or for direct reproduction m the form of decimal translation. Decimal trans-
lation is used for cooperation with exchanges having direct drive svstem (step
by step systems) or with register controlled exchanges not having s00-grouping
or when exchange junctions are such that direct operation of selectors would
become uneconomical, for instance with voice frequency impulses or certam

cases of low frequency A.C. impulses.

For the decimal translation the same system for start and impulsing 15 vsed
as for the operation of the soo-line selectors, The junction repeaters are pro-
vided with equipment for direct impulses on the junction at the same rate as
the revertive impulses transmitted to the register. Transmission of a digit
cannot commence until the starting relay i the repeater equipment has heen
commected agaimst the register. [t is. therefore, possible to control the et
transmission rate from the junction. which means that cooperation may he
arranged with exchanges having completely different <vstems of impulsing

without caunsing complications of the registers,

The junction repeaters are adapted to the exchianges connected. For cooperation
with step by step svstems the minimum time between digits may be controlled
in the outgoing repeaters, For register controlled systems or svstems working
with proceed-to-send signals, the start of inpulse transmission may he comtralled

over the Junction from the incoming hne equipment,
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Decimal translation is controlled by rigid connections i the register for
coertain series of mumbers, for instance o 1O ODD-Croup or directions, which
refer to other network groups. For smaller series detached from 10 ooo-groups
and otherwise i line with soo-line selector systems, transfer to decimal trans-
ltion is signalled from the junction equipmient. The group sclector stages in

the originating exchange generally work according to s00-grouping.

Registers intended for connection of trunk calls and operated front the trunk
exchange o the same place are provided with kev sending equipment, The
relay chain for the dial impulses will then be replaced by a relay set adapted
for reception of mstantaneous D.Co markings from the key board. Transmission
front the key hoard takes place over the line wires in the junction.

For small installations the same register is often utilized for hoth subseriber
and operator tralfic i order to increase emplovinent of the small register
croups. The vsual rigid register connection is used for the local traffic, whereas
trunk connection Tines are equipped with register finders,

In such cases the registers are sometimes arranged to operate from dial im-
pulses as well as from key hoards, The relay chain s normally connected for
dial nupulses, hut when the register 1= engaged from o trunk eall junction, the
key operated equipment is comnected on a signal from the line equipment.

This type of combined registers are also useld for antomatic trunk traffic,
operator controlled or fully automatic. Certain lines may then he equipped for
normal dial impulses. for imstance when low frequency signalling current is
used whereas other lines are arranged for key transmission, as in certain cases

ol woice frequency signals.

In s00-line selector systems the traffic observation 1= carried out m connection
with the registers. The introduction of the new register has simplified the
observation cquipment and inereased the efficiency, Disturbances of different
kinds may he differentiated mmediately at the observation desks and the
diadling from the subscriber may be supervised. Each ohservation position is
for this purpose cquipped with a =imphiied observation register and o cor-
responding  lamp board, The rvegister to he supervised is connected to the
observiation register by pressing a corresponding button, the registered munher

heing indicated on the Tamp board.

Asin this way il mformation regardmg the condition of an incomplete con-
nection is obtained at the observation desk, the majority of reasons for traffic
mterruption may be verified without mtervention of the serviee staff.

The register is provided with o time controlled alarm deviee signalling the
observation desk. when the engaged time is excessive. This time device may
be arranged in such a way that calls engaging the registers excessively are
diverted to a separvate alarm device connected to lines in the multiple of the
Hrst group selector disengaging the register. Such culls are generally caused
by the subscriber omitting to replace the receiver but also by short circuits on
the lines. Alarm from the Jatter alarm device is, therefore, issued after a com-
paratively long time. In this way most false calls are eliminated withont inter-
vention of the scrvice staff.

Wrong dialling for instance to 10000 groups not in service are similarly
directed to a common alarm or supervision central,



Fig. 2 X 7550

Circuit diagram

showing loop control of selector operation

CVG locking magnet for the rotating movement
in the group selector

G group selector relay
GY  group selector

GVR group selector relays
IGV  impulse contact for the rotating movement
of the group selector
R register relay
Reg register
R8 A4 A%2 A7

All contacts in the register heing twin contacts ol all civeuits beiny couipped

with well halanced spark quenching, a very rehiable register has heen abtained
requiring a limited maintenance comparable to that Tor o common well designed
relay eireuit. The restoring time for the register amounts to o few nll seconds

f

reducing the holding time by approximately 13 %0 s compared with earlies

registers with rotatine selectors and motor driven honme.

As all switching s carrvied out by relay mechanisms, the vegister s silent i
operation. The registers are mounted in double-sided racks, Fach single panel
takes 6 registers. The fuse strip for cach panel carries, besides fuses and

Blocking buttons, also a multiple jack for connection of testing equipment.

Testing may be carried out with manual testing equipment or autoniatically by

mcans of a routiner independently carrving through the testing of all circuits,

Loop Control of Selector Operation

The earth connection between exchanges in the same network 1= often not
satisfactory or free from interference and cannot then be used favourably for
the low voltages generally required for an auntomatic telephone system. The
mterferences are usually cansed by stray currents from electric trams and rail-
ways. It has also happened that ground conditions are such that carth con-

nection between the exchanges i= altogether non-existent,

In such cases it 15 necessary to mtroduce loop operation of mmpulses and signals

hetween the exchanges,

[n order to meet these requirements without mtroducing repeaters on the
junctions for nmpulses and signals 4 new method has heen developed tor direct
control of the selector operation, see Fig. 20 This method is based on reversed
impulses, giving a reliable and non-critical impulse transmission for extremely
variable line conditions. The impulse relay in the register s a polarized relay

i order to obtain rapid and accurate veproduction of the impulses,

decoding

GV

| GVR
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Fhe start relay G2 m the controlling relay <ot for the selector has two wdentical
windimgs for the a- and b-wire. The start of the selector takes place, when the
loop is closed in the register, the impulse relay K7 then heing connected in

the circuit.

Impulsing takes place by means of polarity reversal at the start relay for the
<clector. The selector giving a make for odd positions and a break for even

position, the polarity will be reversed for odd and restored Tor even positions,

The displacement between o certain make or hreak on the impulse contacts m
the selector and the corresponding multiple position 3= as previonsly, exactly
one multiple division, but the decoding i the register operates one more step
i advance, 11 the selector as to be dirvected to the first multiple position the
register s decoded on the first operation of the impulse relay ioeo when the
starting loop is closed. This prepares the breaking of the starting ciremt,

wherens the start rely 15 helil by o rectifier being comnected e the eiremt,

On the first reversal of polarity the starting cirenit 15 blocked by the reetifior
and the start relay for the selector is released. The opening of the startimg
circuit consequently requires no time wasting operations on the part ol the
register. Apart from  the advantages mentioned above the new method of
revertive impulsing consequently also results in a further mprovement of the
satety margins mo the selector control, already ample with earlier methods,
With 24 V' operating voltage the system will operate with satisfactory safety
margis for a loop resistance between o and 2000 ohms=. The number of
junctions in series 1= immaterial as long as the loop resistance is hnted to
2000 ohms, Compensation of the mpulse cireuits for the resistance of the

junctions 15 consequently not required,

The necessary changes in the system for the mtroduction of loop wpalses are
mainly of cireuit nature, but a certamn revision of the selector itsell has heen
carried out in order to obtain better adaptability to the new circnits.

Alternative Routes

I a telephone network, for mstance o ity network, covering o comparatively
Imited arca but comtioming several exchanges or exchange units of approxi-
mately  the same sizeo the junctions between the exchanges are generally
arranged i osuch a way that each exchange has direct junctions to all the other
exchanges or exchange units. In the case of a system with 10 ooo-grouping
direct Junctions are employed to cach 10 0oo-group. The reason for this s, of
course, the endeavour to reduce capital cost of the exchange equipment as far
as possibles although o certam smmplification i the fault finding hetween the

exchanges also s obtamed.

When such a network is extended and new exchanges and exchange units are
added, the traffic from a certain exchange will be distributed in an inereasing
muniher of directions resulting in o reduction in the traffic quantity e cach
separate divection. The number of lines per direction is dininished and when
the Tine groups have veached & certain reduction, the traffic handling ecapacity
of each separate line is dinimished, resulting in a disproportionate inerease in
capital cost. Measures to inerease the efficiency of small line groups are, there-

fore, in such cases extremely important from economical point of view.



Fig. 3 X 4654

Routing diagram for group selector stage

showing marker equipment for alternative traf-
fic routes
IGV  first group selector

M marker
Reg register

S line finder
L

LM Ericsson have, therciore, developed a method for <o called alternative
routes i connection with soo-line selectors. The hulk of the traffic m o certam
direction is operating over direct junctions to the vequired exchange, whereas
the remainder is divected over a tandem stage moone o the central exchanges
and is mixed with the outgoing traffic from this exchange o the destination

cxchange,

By judiciously ganging the traffic on divect junctions in velation to the tanden
divected traffic the direct junctions may be otilized with very high cificieney.
The tandem route can generally be made conmmon for the vesidoe traffic for
all outgoing directions from an exchange. In this way the route will he com
paratively large inereasing the traffic capacity of the individual lines, By this

method the more fundamental disadvantages of =mall junctions are eliminated.

The ecireuits are comparatively simple, Fig. 3. A signal wire is arranged from
each direct route, indicating at any instant if free lines are available in the
junction or not. These sienal wires are conmected to control devices, termed
markers, cach being commected to a corresponding group of registers. The size
of the register group is dependent on the amount of outgoing traffic, but even

for very large networks a marker may clear the traffic from 30 to 40 registers,

When o register has received the number of digits in the called number re-
quired to establish the direction in the multiple of the first group selector. the
marker is connected if this direction has alternative routes. The connection of
the marker takes place through one relay operation, the number for the divection
~ubsequently being instantancously transferred from the vegister, The marker
is always containing actual information regarding the traffic conditions on the
various routes and is capable of giving mmediate indication to the register as
to suitable route. i a free line is available in the direct junction this 1s in-
dicated by the operation of a relay in the register. IT a tandem route is to be
used the marker is disengaged from the register without issuing signal. By
means of this method of signalling, o call will be directed over the tandem
route, if the marker. bemg temporarily blocked. 1= unable to control the call.

The holding time for the marker 15 approximately 123 msecs per call. Load
and permitted waiting time for the marker is ganged so as to make occurring

congestion negligible,

The method may be apphied by comparatively simple means to existing mstal-
lations of older type.

tandem route

5 eV

}outgmng direct junctions

4
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Two-wire Junctions

Three-wire _lulh‘l-lulh hetween tL-]vphnnv ..n_\;.;h;m;_{t-\ are ;‘,-L-].,‘.r;ll]_\' Tt ]nru\'ull-.i
with separate repeater equipment for test and signals, the third wire being

usedd for this purpose.

The three-wire method gives the simplest techmical solution with regard to the
exchange equipment, hut suffers, for one thing, from the disadvimtage that the
comparatively sensitive test cireuit casily may he disturbed b stray currents

and possible differences i carth potential hetween the exchange.

These ditficulties may he elinmmated by the introduction of velay equipment on
the junctions. With suitable design of this equipment and certain adaptive
measures n the system it s, however, possible to dispens with the third con-
ductor. The problem s, therefore, of comsiderable economical importance for
the junction network. In town networks with Timnted distance between the
exchanges, threeawire junctions are still extensively used, as reliable terminal
cquipment for two-wire junctions so e has proved comparatively expensive,
For this reason they have not heen profitable except for fairly long junetions,

The following properties should he covered by o two-wire systen, All external
disturbances in the test cirenit must he elimmmated, There should he adeqguate
safegnards against parallel test and madmissible seizimg of other connections,
The system should comtain provisions for blocking the line both at the -
comimg and outgoing side and it should he sufficiently simple and imexpensive

to make it economically justified even for comparatively short Tines,

[n connection with the modernization of the s00-lme selector systen LA
FEriesson have developed terminal cquipment for two-wire junctions mecting
the above requirements, see Fig, 4. The test 1s arranged over an internal cireuit
in the outgoing line equipment, the control of the lme and the equipment on
the meoming side being carried out with @ high reststinee velay in the line

cireuit. When the line is avialable this relay s operated elosing the test cireuit,

The meoming hne cquipment and the group sclector are engaged, when the
numerical operation of the group sclector i starting, and are then held by
internal cirenits.

The release of the conmection s effected v an ALC, impulse transmitted from
the outgoing vepeater. The alternating curvent dgnites o discharge tube, con-
nected between the Tine wires m the meoming equipment. The release relay.
heimng connected in series with the tube, operates and hreaks the internal holding

circuits restorimg the selector.

As the agnition of the discharge tube 1 loop operated the connection is pro-
tected against release from atmospheric mterference even i bare conductors
are used. The hine may be blocked from any end. but arrangements are made
for the personnel on the outgoing side alwavs heing informed if a line 1=
traffic or not.

[T the line is blocked on the mcoming <ide by means of the blocking button

or af the selector = removed or if the control ecircuit in anv other way 1= inter-
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Fig. 4
Circuit diagram of equipment for two-
wire junctions

BK blocking button

BL blocking lamp

F,—, relays for outgoing terminal equipment
FUR ouifgoing terminal egquipment

G.. Gy relays for incoming terminal equipment
GW! incoming ferminal equipmenti

LY listening jack
T test jack
Fig. 5 X 6460

Circuit diagram of the test circuit in the
P.B.X. final selector
BR break relay

CRG locking magnet for radial movement in
the final selector
L, ; final selector relays

LY final selector
LR BR subscriber’'s line equipment
LXR P.B.X. final selector

rupted at the main distribution frame or through line fanlt. the line is blocked
in the relay equipment through the high resistance control relay releasing and
breaking the test circuit. A few seconds later a separate alarm s issued on
the outgoing side, a lamp indicating to which line this refers. The blocking is
thus brought to the attention of the personnel on the outgoing exchange and
adequate steps may be taken. The alarm is released hy operating the blocking
hutton in the outgoing relay equipment, This will, however, reverse the alarm
circuit returning the alarm signal when the line is clear and when the control

relay operates.

In this way the personnel in an exchange are always miormed regarding the

condition of the junctions to other exchanges.

The group selector cquipment for two-wire junction are so designed that for
through traffic to another exchange all relay equipment on the line wires is
discomnected as soon as the selector is operated. The discharge tube alone with
the series connected release relay remains across the line wirves for release

ol the connection.

The lischarge tube does not imerease the attenuation of the speech current

and the use of this device is, therefore, very favourable for the purpose.

The introduction of the two-wire cquipment has also resulted inan increased
range for the syvstem without increasing the capital cost of the exchange
crjuipment.

2nd mark-
ing line

1st mark-
ing line
LS . g

LXR Lv LR-8BR
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Fig. 6 X464
Circuit diagram of test and signal circuit
between trunk group selector and final

selector

G group selector relays
GY  group selector

L iinal selector relays

LY  final selector

P.B.X. Numbers

Py utilizing the new four-wire multiple for the PLBXL Tinal selector it has

heen possible to redesign and simphfy the selector equipment for these groups,
At the same time all dle positions in the multiple in the form of stops and
marking positions have been eliminated, see Fig. 5. The redesigned arrange-
ment, however, also implies a certain simplification of trunk traffic possibilities
over the IVB.X. lines, the mterraption of local calls in favour of trunk calls
being possible only on one line in the P.BNC group. This must, however, he
considered quite satisfactory as in practice only groups covering few lines are
effected. UB.NL subseribers with many lines have, as a rule, separate numbers

and hmes for trunk traffic.

Fig. 7 N The first line m the P.BXL group decides the number allotted to the sub-

Row of racks seriber. When the UB.N. number is dialled, the final selector stops on the first

containing line finder and first“group selector  line and if this 1= free normal test takes place, whereas if it is engaged the

for 1560:subseribers hunting action of the P.B. X -relay L3 is started. When a free multiple position

GV group selector o . . A . i §

GVR group selector relays s found the BN .—relay is released through a transient operation of the test

LV final selector relay L3 The selector stops on the free line and the test relay retests the

LVR final select ! s N . 3 . .

= I.'nq ARARCIORTelars position, this time with reversed polarity in order to make the test independent
ine finder i — " = X

SR line finder relays of the magnetizing from the test procedure o moment carlier.
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Fig. 8 N A6
Selector row

built on the principles indicated on Fig. 7

:

me e

If all previous lines in the group are engaged, the I"B.NX.-relay is released on
the last position and the hunting action is interrupted. This takes place, when
the r-wiper is passing the c-wire i the last position, the test relay operating
against the marking resistance on this wire and releasing the PLB. N -relay. If
the line is free, normal test takes place, whereas if it 15 engaged, busy tone is
returned to the caller, the selector remaining in this position until the con-
nection is released. The procedure is so far wdentical for local as well as trunk
calls with exception of the busy tone, which 1s of different character for trunk
salls, if the Tast line in the group is engaged on a local call. In this case the
trunk operator may effect a parallel connection and announce the trunk call.
Disconnection of the local call may be effected if the svstem otherwise is so
arranged. This is. however, quite outside the scope of the PLB.NL selector design,

All lines within the group except the first line may be called individually and
Ny comsequently be used for so called night connections.

The purpose of the redesigned P.B.X. equipment is on the one hand to obtain
maximum efficiency of the multiples and on the other hand to obtain a suffi-
ciently simple final selector so as to allow P.B.X. numbers to be distributed
over a larger number of rack groups in the exchange, without appreciable
expense. VBN, lines generally carry a considerably larger amount of traffic

than normal subscriber’s Tines and it is, therefore, of interest to intersperse these
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Fig. 9

Register rack

cantaining three register panels each taking six

register of crossbar type
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among normal lines as much as possible in order to obtam most uniform distr-
Iution of traffie. Particular attention has to he paid to reserves for extension
of mes i the TWBXL aroups, which is simplified the more the BN numbers
are dispersed in the exchange,

Trunk Final Selectors

[ the soo-line selector systenn type O8 7020 the final selectors are generally
niade for use with both local and trunk calls. In certain cases only 20 selectors

per so0-group are of this type.

These combined selectors are, therefore, provided with equipment for enterimg
or disconuecting Tocal calls. test relayvs differentiating lines engaged on local
calls and on trunk calls or limes prepared for trunk calls and devices for trunk
engaged signals on the subseriber’s Tines, These requirements involve a certain
complication and imcrease in cost of the final selector equipment.

In the group sclector stages. however, the different traffic categories are sc-
parated. partly beecause the different traffic groups here generally are suffi-
ciently large to justify sepavate traffic routes, and partly because it s often
necessary to use heavier gauge wire for the trunk junctions as compared with

the Tocal Tines in order to keep attenuation within permissible Timits,

The number of group selectors required for the trunk traffic in an exchange
willl however, in all cireumstances be msignificant compared with the number
of final selectors, The special equipment required for the trunk traffic should,
therefore, with advantage he confined ta the group sclector equipment in
favour of the final selectors, By introducing a four-wire multiple in the trunk
gromp selector stages it his heen possible o carry out such a modification.

Fiw, 6.



Fig. 10
Lay-out

N 6462

of automatic telephone exchange for 10000

numbers
FUR

I GV
-Gv
I—GIv
GIT
-GV,
IT

KK

Lv

LR

M

MK
MK
H—MK |
MS

R

REG
REG— MK
RM

5

TKE

TK

outgoing terminal equipment for
junctions

first group selectors

internal second group selectors
incoming second group selectors
trunk group selectors

special group selectors

instrumen! boards and rectifiers for
power supply

M.D.F.

final selectors

line relays

markers for alternative traffic routes

I.D.F.
I.D.F. for group selectors

testing rack for junchions
various relay eguipment
registers

I.D.F. for registers

ringing and signalling machines
line finders

traffic observation desk

traffic metering equipment

TRUMK KK junction distribution frame

UB

line testing desk

The additional equipment for trunk call functions i the Tinal selector has heen
reduced to one relay, This is operated from the tronk group selector over the
rewire, when the final selector has reached the vequired sobscriber's hine, On
operation of the refay the final selector test relay s energized. mdependent of
the condition on the subseriber’s hne, at the same tone as the test wire on the
final selector is connected over the group sclector multiple to trunk call te<t
relays in the gronp selector relay set. From then on all trunk tradfie functions
will be contralled from the group selector. o the TUBNC Tinal selectors the
selection of @ line within the group takes place hefore the test wire s connectad

to the trunk traffic group selector,

Apart from a considerable simplification of the fmal selector equipment the
redesioned civemt also makes it easier to cover differences e trunk call con-
ditions for different administrations, as only minor pirts i the cquipment will

he effected by such modifications.

Mechanical Lay-out

['he so0-line selector svstem, which previously actually required less space than
the

modernization. As only selector panels now require motor drive. more Tatitude

most other svstems, has been further concentrated o connection with

his been possible with regard to the lay-out and the disposition of the rows

of racks.

The rvelay sets for Ime fimders, final selectors and imcoming group selectors,

which previously contaimed selector control relayvs onlyv. have been angmented
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with the relays for the connecting civenits 7, e, battery supply relavs, ringing.
trip relays, register connection relays and control relays for call metering. The
number of relay sets have i this way been reduced, limiting the space require-
ments. The relay sets are, as previously, mounted between the selector panels
in direet commection to corresponding selectors, the most favourable position

from maintenance point of view.

Fig. 7 shows i row of racks containimg line finders, fial selectors and first
eroup selectors tor 1 ooo subseribers. The selector panels take 6o selectors. The
corresponding relay panels contain, apart from the relay sets directly connected
to the selectors, also allotters, alarm relays, fuses, test jacks and blocking buttons
required for the panels, The width of the relay panels is adapted to the extent
of the relay equipment for the different selector stages.

The lay-out according to Fig. 1o mdicates the space requirement for 1o ooo
subserihers. The illustrated exchange is included in o large network with very
high traffic intensity and extensive space has, therefore, been allotted to in-
coming group selectors, rows 8 and ¢, and for relay equipment for ontgoing
junctions, row 10. Remaining selector rows contain line finders, final selectors
and first group selectors for 10 000 subseribers, The power equipment [T in-
cludes metal rectifiers and will have a final capacity for 20 000 subscribers,

Exchanges of this size are equipped with driving sets contaming one mams
operated and one battery operated motor, Ringing current and signal tones are
generated from a signal set KM common to the entire nstallation,

For small installations battery driven single motor sets are used, which also
supply signal currents for the corresponding row of racks,



A Level Meter for the Frequency
Range 30 ¢/s to 5 Mc/s

B LUNDVALL TELEFONAKTIEBOLAGET ERICSSON, STOCKHOLM

Fig. 1 X 7520
Simplified schematic of level mefer type
ZTE 16

—5
&

I.DC. 6213173410
The development of the LM Ericsson carrier system for coaxial cables has resulted
in an increased need for a new level meter with a wider frequency range than the
type ZTE 15 used hitherto.

The new level meter, which bears the type number ZTE 16, covers the frequency range
30 ¢s to 5 Mc/s, and its sensitivity is such that full deflection is obtained for a voltage
level of — 4.5 N (zero level is 0.775 V). Satisfactory readings can be made down to

5.5 N, and values can be estimated down to -— 6.5 N. A switch permits changes

of range in steps of 0.5 N so that {ull deflection can be obtained for values up to 2.0 N.

The instrument can also be supplied calibrated in decibels, with full deflection for an

minimum input of 40 db. The switch is then arranged to give steps of 5 db and
s

the maximum input which can be measured is |- 20 db. The accuracy is - 0.03 N
or 0.3 db over the whole frequency range for indicated voltages down fo — 5.0
N or — 45 db.

Design

The level meter, the sumplified schematic of which 1s shown m Fig. 1. consists

of an mput section, amplifier, output stage and detector and power supply unit.

A key is provided in the input section to select either balanced or unbalanced
mput conditions. The balanced input 15 provided by means of two transformers,
one for the frequency range 30 ¢fs to 50 ke/s and the other for the range
1 kefs to oo kefs. Connection to the imstrument in this condition is made

cither hy means of a telephone jack or banana contacts.

In the unbalanced condition the signal s applied directly to the orid of the
mput stage through a blocking capacitor. The frequency range extends from
30 ¢/s to 5 Me/s. Connection 1s made by means of the new type of L M Eriesson

coaxial socket deseribed i the Ericsson Review No o1, 1940.

Uas
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Fig. 2 X G402 |
Simplified schematic of stabilized power |. ' | |
unit -
Woth both balanced and anbalanced inputs provision s made Tor terminating
the ciremit under test with o resistance meluded e the level meter. Vilues of
=30 125, 130, 300 or 600 ohms can be selected by means of 4 separate termimation
switch.
The mput stage s a cathode follower having @ voltage divider in the cathode
loael, The end section of this is built out into o constant impedance attenuator
to simplify the construction of a frequency independent attenuation stage at
the relatively high frequencies under consideration,
The sensitivity can be controlled by means of the voltage divider so that full
deflection is obtianed for values between — 4.5 N oand + 2.0 N, in steps of
L \
[he amphifier connected after the cathode follower consists of three stages with
negative feedback., The feedback s arranged as current feedback between the
cathodes of the first and third stages. Resistance-capacitance coupling is used.
bt the anode load impedances mclade mductance-capacitance cirenits to pro-
vide aomaximum uniform load up to 3 Mc/s,
The output stage 1= another cathode Tollower, with the detector in the cathode
circuit, A key is provided for disconnecting the detector and transferring the
cutput of the cathode follower to a coaxial socket, The level meter can thus he
veed as an amplifier over the frequency range for which it is designed,
the detector 15 a voltage-doubler civenit using germanimm eryvstals, A limiter
or normal type 1s imcluded to protect the instrument against excessive overloads.
Fig. 3 X% 7530 [he indicator is a0 50 nneroamp edge-wise mstrument, calibrated in nepers of
lisiliels e CENE R G W WNE e
Meter reading as a function of frequency decibels and provided with two scales separated by 0.5 N oor 5 dh.
Input level — 0. 00
1 unbalanced input 30 ¢ 5—5 Mc's vy . " .
2 balanced input 30 cs50 ks A reading aceuracy of £0.01 or £o.a iy obtained between half-scale and
3 balanced input 1 kels—500 ke/s it detlection, Below hali-seale the reading acenracy falls off.
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Fig. 4 N 7581
Input impedance as a function of frequency

left, for balanced input 30 ¢ 550 kcs; right:
for balanced input 1 kc's 500 ke s.

Fig. 5 X 7532
Meter reading as afunction of supply voltage

Constant input at frequency of 4 Mc's. Supply
unit connected for range 160 270 ¥, 50 c's.
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The power supply unit s stabilized and the cirewit 15 shown o Fige 20 [t can
Lo <upplied for either 50 ¢/s or bo ¢s operation and covers the voltage range
from 100 to 2zo N, This range is covered in two parts, 100 to 170 V and
160 to 270 \ ¢ the change 1s mude by means of a switch which can be locked

m position, Stabilization agaimst changes of line voltage 15 effected by means

of o saturated core transformer, The anode voltage, 2o V', 1< obtaimed from
aselenmium rectifier, adequate smoothing heing provided by chokes and capa-

citors,

Technical Data
The frequency characteristics for the unbadanced and hoth unbadanced inputs

are shown in Fig. 3.

The frequency dependence of the input impedance for both halanced inputs s
shown m Figs g Tt will be seen that for the low-frequency transformer the

mput ampedance [Z, 01 greater than 3 kilohms between 30 ¢fs and 50 ¢fs,
and greater than 10 kilohms between 50 ¢ s and 20 ke/s. For the high-frequency
transformers the mput impedance 15 greater than 3 kilohms hetween 1 ke/s
and zo0 kes and greater than 5 kilohms between 2 ke/s and zoo ke/s. Both

wput impedances beecome reactive near the edees of the working hands,

F'or the unbalanced condition the mput impedance is greater than oo kilohms

m parallel with 23 ple,

The dependence on supply voltage 15 shown i Figo 50 This noteworthy inde-

pendence of voltage varation is the result of the combination of a stabilized

stupply unit and an amplhifier with a considerable amount of feedback.

The level meter ean be supphied either for rack-mounting, e, 6, or m a

wonden hox, Fig, 7.
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Fig. 6 X 7433
Level meter ZTE 1651 for rack mounting

left: with cover removed and front panel swung out

Fig. 7 X 61433

Level meter ZTE 1601

in wooden box

124

The right-hand photograph i Fig. 6 shows the main features of the mechanical

desion, On the right 1= the sereened amplitier with its anode circuits, and on

the left the power-supply unit.

The valves used are two ofo and three yozB (04K 5 equivalent). Four ger

muninn eryatals tvpe 1N 3 are meorporated.

The overall dimensions are, for the rack-mounting version, 483 X 177 X 179

i for the boxed version 474

The power consumption 1s about 4o W,

Table of available versions

180

270 1.

tvpe mounting calibration supply frequency
21 1t wooden box neper
ZTIE 1602 wooden  box neper
ZTE 1611 wooklen box decibel
ZTE 1612 woolen box decibel
ZTE 16351 raclk neper 50
ZTIE 1652 rack neper 6o ¢fs
ZTE 1661 rack decibel 50 €5
ZTIE 1662 rack decibel 6o c¢fs
1 3




Technical Potentiometers

S HOLMQVIST & B WANDIN, LM ERICSSONS MATINSTRUMENT AB, ULVSUNDA
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Fig. 1 X 4835

Schematic principle
for measuring a voltage E with a comparatian
connection

L DCL 62r.317.927

Direct-indicating electrical measuring instruments are convenient from the point of
view of taking readings, but their accuracy is usually limited to aboul one percentage.
For more exact caolculations, therefore, it is preferable to employ measuring instru-
ments constructed on the comparation principle, known as polentiometers. These may
be employed both for the direct measurement of an electric quantity and for checking

an indica?ing instrument.

The following article describes two potentiometers manufactured by L M Ericssons Mat-
instrument AB, one of which is specially intended for measuring voltages in a ther-
mocouple for temperature measurements, the other being used for checking direct

current volt- and ammeters.

General Viewpoints

The term. technical potentiometer is appbed 1o o potentiometer which permits
the measurement of a quantity with an accuracy' which is fully adequate for
techmeal regquirements, that 1= to say, about o.1 %. The arrangement must thus
be capable of measuring with a corresponding degree of accuracy. but on the
other hand. 1t 15 not required to improve on this. It lies m the nature of things
that precision carried to excessive lengths will render the apparitus unneces-

cartly expensive and difficult to manipulate in many cases.

A comparation connection for measuring a voltuge s carried out i principle
as shown i Ing, 10 An auxiliary source of current B supplies a current 1 to
a resistance K. The resistance R 1s provided with a shiding contact K. When
the deflection of the galvanometer s zero, the relationship B =1-r will
exist. The voltage sought £ can then be calculated since @ and » are known.
The aceuracy of measurement will depend upon the exactitude with which ¢
and - are known and upon the sensitivity of the galvanometer, From the manu-
facturing point of view the resistance can be adjusted to o0.05 7 without
diffieulty. An mdicating instrument is not sufficiently accurate for determining
the current 1, so that m this case also the zero method and a standard cell are
t=ually resorted to, Fig, 2 shows the connection for determming and adjusting

the auxtliary current 1.

The current 1 flows through the resistance Ay and the voltage drop 1= com
pared with that of the standard cell N with the zero galvanometer 7, Where R,
and N are known, the value of 1 can be determined. 1 N =1.0190 V' and £, has
a value of 10190 ohms, the auxiliary current @ = o100 mA. By means of the

rlieostat W the current 1s regulated so that 1 mdicates zero,

The sensitivity of the zero galvanometer must be so great that a clearly legible
deflection 1s obtained if the deviation from the correct value exceeds the desired
accuracy by o.r 9. For the normal cell circuit this implies that with the
assumed values, a clear galvano-deflection should he obtned for 1 mV,. As
the resistance of the cirenit is about 10000 ohms. a current sensitivity of ahout
1-10 -7 A will thus be required. A simple high-ohmic reflecting galvanometer

will therefore be found most smtable,

The voltages recorded in the measuring civenit may be quite small. A platinum
platinum thodium couple has an cmd. of about 10 m\ at 000" C. If the

! Concerning comparation for highest precision measurements, see the Ericsson

Review, Nos 1 and /1046,



Fig. 2 X Adid

Method of regulating the auxiliary current
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measurement his to be carvied out with an accuracy of nearly o0 4, this
correspotds to oo m\, With an auxiliary current of 0.1 mA the resistance r
m g, 2 will he 100 ohms. In this case the galvanometer should have o Tow

resistance, such as 20 ohms for example, so that the resistance of the civewt

will amount to about 100 ohms with the necessary sensitivity of 110 7 A
for the ealvanometer. In the first case the galvanometer may have a ligh ohnne
resistance, hut m the second case the resistance should be low to obtam the
most satisfactory adaptability, In addition, the damping of the galvanometer
should be suitable balanced in each case to permit convenient working. A further
requirement is that the calvanometer should be huilt into the apparatus itself,
A lightspot galvanometer with scale distances of a few dm is the type for
which space is available. From the foregoing it will he appreciated that the
calvanometer problem s not so casy to solve, more particularly  as the
apparatus i< required to be portable and have o huilt-in galvanometer of robust

construction with o strong suspension strip.

The adjustment of the auxiliary current ¢ is sunple to carry out n principle
il the rheostat Ky in Fig, 2 15 constructed with two series-conmected resistances,
one for coarse- and one for fine adjustment. Tt must be possible to read off
the resistance v to three or four Higures, for wineh purpose speciad connections

must he employved which will he deseribed at o later stage.

The auxiliary battery /2 should be built into the apparatus so that additional
accessories are not necessary. The current should always flow in the cirant.
The voltage of a newly connected battery drops somewhat rapidly cansing
the auxiliary current to change which is very disturbing when taking measure-
ments. On this account the auxiliary current must be low in order to save
the battery. At o few tenths of a milliampere the auxiliary battery will Tast

much longer and will only need replacing omee or twice a year.

Technical Potentiometer YBT 10

This potentiometer is primarily intended for the accurate measurement of vol-
tages in electrie pyrometers for temperature veadings. The maximum measuring
range for standard pyrometers is less than 30 mV. A chromelalumel thermo-
couple his an e.nf, of about go m\" at 1 000" C. As the cost of the potentiometer
1= not radsed appreciably by inereasmg the measuring range to 100 m\ it has
been constructed for the range o—1o0 m\'. It 15, of course, possible to graduate
the readings on the scale in “C in place of m\', hut this is accompanied hy
numerous drawbacks. ITn such a case the apparatus will only he suitable for
iocertai type of thermocouple such as copper-constantan, Furthermore, the
cold junction of the couple must have a certain definite temperature or cor-
rections must he made for varving temperatures, Consequently, 1t has been
found preferable to take readimes in m\ oand read off the corresponding
temperature subsequently from the table for the thermocouple in question,

The potentiometer can. of course; he employed for many other purposes such

as measuring the voltage drop acrass shunts checking m\ -meters and voltage

measurements i general over the ranee o—ioo m\.



Fig. 3 X 6495
Diagram of connections for the technical
potentiometer YBT 10

Diagram of Connections

The connection diagram for the potentiometer is shown g 30 The current
from the built-in auxibiary battery A at 1.5 V' is regulated i steps by means
of the brush change-over switch Ky and is finely adjusted by the theostat /.
A voltage drop of rorg Vowill take place m othe vesistance /Yy oat a0 current
al o.g mA, which ._~m'|'1-_~‘|)n|ni-\ to the el of the built-<in normal cell A The
current is distributed uniformly in the two hranches /s and K K- The
reststance - has double comtacts between which the potentiometer 0y s

connected,

The switches O and O, have three positions cach, two resthent outer positions
anel o central plu_ﬂlii:ﬂ_ When T]lt'}' are both moa |::rwi1li|1l of rest l'in']'\'«]p-uhh]l_‘;
to the central position, the calvanometer s <hort-cioremted to protect it durmg
transport. When the lever switch () s moved to one onter position ¢, the
galvanometer is connected in the auxihary circuit inoseries with o resistance
Ky The auxihiary current 1= coarsely vegulated by K0 On moving the throw-
over switch Oy to the posttion F, hine vegulation s effected with Ku. In
this position the resistance Iy, 15 disconnected, Measurement s carvied out
by throwing over the switeh O, to G oand 7 respectively, whereupon coarse
and fine adjustment take place through the vesistances K, Ky and K. Each
step of the resistance Ky corresponds to a voltage of 1o m\ whilst /5 eives
1 m\ per step. The comtinuously displaceahle contact on Ko varies the voltage
hetween o—1 m\., The measuring voltage 15 apphied to the ternnnal serews [
The galvanometer 0 consists of o light-spot galvanometer built into the

Appariatus casimg.,

Construction

The appearance of the potentiometer mayv be seen from Fig, 40 A direct- or
alternating current of 6 Vs applied to the terminal serews »0 Vo for supplying
the lamp for the galvanometer, The current here amounts to about 0.5 A, The
object ta be measured, such as a thermocouple, 15 connected to the ternnnal
serews marked »o—100 mVs. The anxiliary current 1= first checked by mioving
the throw-over switch KONTR (control) first to GROV fcoarse) and then
to FIN (fine)r. (The potentiometer shown m g, 4 has a press-button
place of the throw-over switch KONTR.) 1T the galvanometer gives o de-
flection, 1t 1= set to zero by the knobs JUSTERING (adjustmenty, GROV
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Fig. 4
Technical potentiometer YBT 10
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(coarse) and FIN (fine) respectively, Adjustment 15 then made for the

measured value when the switch MATN (measuring) has been moved to the
positions GROV  (coarse) or FIN (fme) respectively ina corresponding
manner, The numerical value of the voltage sought is read off directly in mV
and fractions of a mV,

The built-in auxiliary battery can be exchanged conveniently on unscrewing
the cireular cover in the upper lefthand corner, The illuminating lamp s
mounted below the other circular cover. The lamphalder can be withdrawn by
a stmple manipulation and the incandescent lamp replaced. The mechanical
zero setting of the galvanometer is accomphished by means of the serew,

NOLL (zero).

The apparatus is mounted in a wooden case with a cover, the external dimen-

stons are approximately 250 > 235 % 150 mim.

Calibrating Potentiometer YBK 10

Indicating instruments are normally employed for measuring currents and
voltages, The aceuracy of the measurements is dependent in a high degre
upon the reliability of the instruments, It s necessary, therefore, to check

rom time 1o time whether an imstrument s mdicating corvectly or to defer-

mine the corrections necessary for different deflections of the poimnter. To

enable this control 1o be carried ont the apparatus should be convenient to
manpulate and wniversally applicable. The potentiometer deseribed helow may
Le employed for determining the correction of the mstrument direetly in scale

divisions on any scale whatsoever.

Diagram of Connection

Fig. 5 shows the comnection diagram. The built-in auxiliary battery B feeds
the branches Ky and R/, with the same current which is adjusted by the 1
sistances Yy and K. The correct current is checked in the usual manner by
the voltage drop across a resistance Ky, o standard cell N and a galvanometer
The voltage obtained from the contacts A, and K- is determined by the posi
tions of Ky Ay and K5 This voltage is compared with a voltage taken from
K¢ and K+ The circuits K, K, and Ry are supplied with a current which i=
proportional to the current connected to the instrument under examination

The switch for Ky has 16 positions, that for K, having 10 positions, These
switches are marked PROVAT (tested) and are set at the figures cor-



Fig. 5 X 7534
Diagram of connections for the calibrat-
ing potentiometer YBK 10

N B Ry " Rz

- imA +

responding to the scale divisions to he tested, The switches dor &y and K
also have 16 and 10 positions respectively and are marked TOTALT (to-
tallv). They are set for the total number of scale divisions with which the
instrument scale is provided, The scale for the resistance /5 which 15 marked

KORR (correction) s graduwited comtinuously from — 1 to + 1.

[n this case a separate reflecting galvanometer must be used, It 15 connected
to the terminal screws (. The connection of the galvanometer in the anxiliary
circuit and the measuring civenit 1s carried out in the same manner as for the
technical potentiometer described previously, with the help of two lever throw-
over switches each having two resilient outer positions ad o zero position

at the centre.

The potentiometer 1s dimensioned for measurimg o maxinum of 1 mA. This
current gives av voltage drop of 45 m\'. For testing voltmeters the external
resistance is connected i series with the terminal serews of the apparatus.
For testing ammeters above 1 mA suitably dimensioned shunts are employed,
In view of the construction of the apparvatus, any voltmeter above 435 m\ and
any ammeter above 1 omA can be tested with divect current wrrespective of
the form of scale division adopted. When taking measurements, the correction

1= obtained directly in scale divisions for any desired scale range,

Construction

The appearance of the apparatus may be scen fveom g, 60 The ealvanometer,
which must be a relatively sensitive reflecting galvanometer, 1s connected to
the terminals GALN D wlolst the mstrument to be tested 15 connected with
suitable external shunts or series resistances, to the terminals on the righthand
side marked »435 mV, 1 mA». By means of the two upper knobs marked TO-
TALT adjustment is made for the total number of secale divisions available
on the imstrument. The scale range to he tested is set by means of the knobs
marked PROVAT. The correction 1s reud off t]i]':_‘l_‘[l_\' m scale divisions on
the scale marked KORR., The built-in auxiliary battery 1= located helow the

detachable cover on the upper leithand <ide,

The apparatus 15 mounted in the same type of wooden case as the technical

potentiometer, the dimensions heing 250 < 233 50 150 n.
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Fig. 6
Calibrating potentiometer YBK 10

with shunt and series resistance
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Application

The method of comploving the apparatus iy best be allustrated by means of
examples. A voltmeter for 150 Vois graduated o—i130. It 1s desired to draw
out the correction curve for different scale divisions, A potentiometer s con-
nected to the voltmeter in oseries with an external resistance marked 150 V. An
adjustable source of supply is commected to the voltmeter. The knobs TOTALT
are set at 100 1T the seale range 10 15 to be tested, for example, the knobs
PROVAT ave set at 1o,

The deflection of the voltmeter 1s cavefully set for the seale vange 10. The
auxilinry current 15 first checked and adjusted f necessary by means of the
knobs JUSTERING, the throw-over switches KONTR being in the positions
GROV and FIN respectively so that the galvanometer indicates zero, By means
ol the throw-over switch MATN  (measurement) the galvanometer is con-
nected in the measuring circuit and set for a zero deflection by the knob KORER.
The value, such as —o.24, 15 read off on the scale, Thus, for the deflection
ro the voltmeter has a correction of — 0,24 and consequently indicates 0,24 '\
too high. In the event of the mstrument error exceeding 1 seale division,
the vighthand knob PROVAT s turned and the galvanometer is set at zero
with the help of the former and the knob KORR. For example, with a volt-
meter deflection of 100, the galvanometer is set at zero while the figures
PROVAT mdicate 102 and KORR 4 o.00. The correction for the deflection
100 will then he 4 2.00 scale divisions, and consequently the voltmeter indicates
2,600\ ton low at this deflection,

An oammicter gives a foll deflection for 6 A The scale is graduated 0—30.
A shunt marked 6 A is connected to the potentiometer and is series-connected
to the ammeter and an adjustable current, If it 15 desired to test the deflection 20
the knobs TOTALT are set at the value 30 and the knobs PROVAT at the
value 20, After the mstrument has been adjusted the scale KORR indicates
the value +o0.30. Calculated 1 scale divisions, the correction is + 0.30 and
the current actually flowing through the instrument will be (20 + 0.30) r0.2=
o AL



New Types of Thermal Detectors
for Automatic Fire Alarm Systems

H SZABO, TELEFONAKTIEBOLAGET LM ERICSSON, TELESIGNAL WORKS, STOCKHOLM

Thermal detectors, commonly referred to as thermostats, have a certain reaction
time, which is a most important factor for automatic fire a'arm systems. A short
reaction time means an early alarm and more time to avert a fire incident. The new
LM Ericsson detector combines short reaction time and reliability with simplicity in

design and an attractive exterior.

The thermosensitive elements i the detectors consist of two springs soldered
together by a fusible alloyv. When the solder is fusing the two springs are
forced apart breaking the civeuits in which they are connected. The required
spring tension for this action was in earlier desiens obtained by pre-tensioning
the springs or by adding separate tension springs. With either of these methods
1towis necessary to o use comparatively heavy gange springs particularly to
compensate  for  deterioration due to ageing. With  this followed the dis-
advantage of Jarger spring dimensions with higher heat capacity, which in-

creased the reaction time of the detector,

O the LM Ericsson detectors of latest design the springs are made out ol
himetal sheet, the break tension being obtamed through stresses in the bimetal
oL up on temperature rise. A considerable reduction of the spring dimension
can, therefore, be made, vesulting in o more favourable reaction time. This

method also ensures adequate hreak tension irrespective of age.

Fig. 1 wapss  The new thermal detectors are manutactured m two types: one open type for

Thermal detector KEA 1201
for fusing temperatures 707, 100° and 130°C

dry premises and one enclosed type intended for damp premises or where
1"\11!011!'” ]1{17;[1'|1.- exist. The apen type is =.1]|;]lIit'1! Black or white. whereas the

cnelosed type s only made in black.

Fig. 2 X 6441
Thermal detector KEA 1201

with protection frame removed
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Fig. 3 X 7545
Enclosed thermal detector KEA 4€01

for fusing temperatures 70 and 100 C
right: dismantled into cennection box, base, pro-
tection frame (in order from the left),

- v
e ] Tie
L

Fig. 4 X 4640
The two glass bulbs with enclosed con-
tact springs

Specfied max

reachon hime

3 & & min, |

Fig. 5 X 4561
Diagram for the reaction times

of the new thermal detectors accarding to specifi-
cation of Mational Bureau of Standards (L. 5. A,

132

The open detector, see Fig. 1, consists of two pairs of bhimetal springs with
four terminal serews mounted on o plastic hase, Fig. 2. Each paiv of spring.
1= ~<:]u]|_']'w] [llg_-"n-[]]:‘r at the [l.’l]l l']}ll ]r_\ i [-u:-.ﬂi]l_' .'1“11_\'. -]‘llt' .“]lri”;.:“'\ are :~|1.‘l'||l'e|
i such a wav that they move apart on release, irrespective of possible dis
tortion cansed by external agencies. Such distortion does not appreciably effect

the reaction tune of the detector,

The above [HLrts dre covered ||_\' i |>1'|||:1'\‘[i||1| frame in [‘l.‘|\l1‘L‘ material, which

s dixed o the base by means of two serews,

Detectors m black plastic are supphed with fusing temperatures of 707, 100

and 1307 C oand are coded KNEA 120870, KEA 1zor/ro0 and KEA 1201130

respectively, Detectors i white plastic are only made for 707 C fusing tem-

pevature and are coded K2 120270,

The enclosed type, Fig. 30 contams thermosensitive elements consisting ol

bimetal spring and a supporting spring riveted on to a bakelite dise and nitted

mto a cylindrical glass hulb. The top portion of the supporting spring consists
of a resihiant copper sleeve resting against the inside of the hulb. The himetal
spring is soldered by a fusible alloy to the copper sleeve in sueh a way that
part of the solder rests against the glass bull. In this way the heat transfer
to the soldering point takes place on the one hand directly from the glass hulb
and on the other over the copper sleeve, Figo 4. Two such bulbs are mounted
and sealed water-tight on o base of plastic material fixed by four serews to
a connection box in the same material. The hase is provided with four contact
pins fitting into corresponding sockets i the connection hox. Sealing between
connection hox and base as well as at the cable entry 1= effected by means ol
rubber packings. The glass bulbs are covered by a protection frame of the
same tvpe as that used for the open tvpe of detector, The enclosed detectors
are supplied with fusing temperatures of 70" and 100” C and are coderd

KEA toor7o and KEA goar/1oo respectively.

Fhe reaction times for the new thermal detectors are shown in the diagr

3o drawn i accordance with the specification of the American National

an of Standards. To comply with this specification the thermal detectors
17n1=t I-H--u- '\'.']‘I]"uH _2‘ u ||;"-1|. \\,|[':1 1 T|-1|||u--_'_'|1]|g-a- T1ae ;|{'|‘r;|'r]|[];_: to ]]]r' lli‘.’l'__'W'illl]-

Ao wall e seen from the diagram both types of the new thermal detectors

requirenients.



New Svenskradio Receivers

C FREDIN SVENSKA RADIOAKTIEBOLAGET, STOCHKHOLM

Fig. 1 X A431

Svenskradio 1494

The controls are, from left: off-on-swilch, volume
cantrol and band switch combined with tuning

7100, 2, 300,62
The autumn novelties on the radio receiver market include a large Svenskradio,
model 1494, for AC and AC DC operating and »the midget Svenskradio for ACy,
only types 502V and 1502V. Svenskradio 1494 is a medium-sized table-sel with
a comprehensive wave-length range, while the others are small convenient receiv-

ers with high sensitivity and good sound quality.

AC receiver Svenskradio 1494 V and AC—DC receiver
Svenskradio 1494 LV

Stenskradio 1oy i= produced in highly polished Tight el and e the darker

colours of walnut and mahogany, g, 1.

Equipment

The receiver s o G-valve superheterodyne with 7 taned circuits meluding
oscillator and T wave trap. It has automatically and physiologically correct
volunie control. Tts special features include tuning indicator, Tass e trehle

control. pick-up and speaker-connections.

Function

Several of the AC recever’s O valves serve double ends, The ineonmimg <ignals
are separited in the pre-cirenits and are applied to the mixing valve VECH j2,
where they form the mtermediate frequency 452 ke/s along with the osaillator
frequency. Two high gain powdered dron core tuned  transformers e the
high slope amplifier valve of.460 s used o the TOFD amplifier to keep o high
degree of sensitivity compared with o good selectivity, From the diodes i
OATO there is taken an andio frequency part which s amphified and applied
to the output valve MVEL yroand the speaker. The DO voltage is retwrned 1o
the comtrol grids of the two first valves to maintain constant audio outpuat.
The rectifier valve WAZ o fecds the veceiver valves with anode voltage, The
indicator valve 727 34 is double acting. ©oeo it has a sensitive half for weak

denads and aomore insensitive part for strong sionals,
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Fig. 2 AT Spepshradio oy LT works in the same manner, but it is furmshed with the
Circuit diagram for Svenskradio 1494 valves WITCH j2, MUTEF g1, MUBC yr, MUL g1, MUY 41 and MUM 4.

Tone Control

The tone control is located on the night-hand side of the receiver. In normal
position the sound is the best possible, hut on certain oceasions it can be
advisable to alter the character of the sound i some i]t';.;l'L'L'. :lt‘t‘.lll't]illg to the
transmission. the acoustic conditions i the room, the disturbance or the
fistener’s taste as regards sound quality. Therefore, it is impossible to state
any general rule for the setting of the tone control, Broadly speaking, one turn
to the left gives a good position for the reproduction of speech and one turn
to the right 15 well suited to musie,

Station Scale

In carlier Svenskradio types the short-wave range extended from 16 to 31 1,
divided mto 5 sections with band spread in each sections. To enable listencrs
also to hear stations in the 13 m band and in the range 50—180 m the total
range has been increased to cover evervthing hetween 13 and 2000 m. with
one interruption only for the medium frequency between 580 and 6go m, The
biand spread is greatest on the 16, 19 and 25 m bands each having its own
seale. The other scales have a fairly even wave length distribution. Over each
-hort wave scale there is a special strip on which favourite stations may he

marked m black or coloured pencil, so that these can casily be found,

On the medium and long wave the station names and calibration are executed
mconformity with the »Copenhagen plans, which comes into force on the
15th of March 1930, In that plan the stations have been given a channel
namber between 1 oand 121 on medium wave and 1—13 on Jong wave. These
numbers are much more easy to keep in mind than the corresponding fre-
(uencies or wave lengths, For the same reason the division into wave lengths
has been dropped and replaced by a channel number in the square before cach
name of station,

»Midget Svenskradio for AC»

The popularity of small receivers grows continually, They are inexpensive,
casy to find place for and operate practically as well as the large omes. The
disadvantage has heen that they were only made for AC—DC operating. In
districts where there is no direct current and where the mains voltage 1s oiten

11o—130 volts the AC receiver Operates hetter, By the emplovment of good
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Fig. 3 N 4648
Svenskradio 502V and 1502V

Fig. 4 X 7546

Circuit diagram for Svenskradio 502V,

components  in miniature size Svenska Radoakticholaget has suceceded m
producing a goorl AC receiver of small dimensions. Its type designation is
Svenskradio oz V, but it is popularly called »The Mideet Svenskradio fonr
Ao, g, 3,

Advantages of 302 V oover AC—DC peceivers, whose strong pomnt s that they

can he connected to any electric maims, include the followimg features:

1 Better high frequeney sereening froam the mains and therefore less distur-
I’il]lL’l'.

2) Less sensitive to voltage variations, The Glament currents of the valves
alter only 3¢ for 10 per cent variations of the mains voltage, The com

parative fignre for AC—DC receivers is 7.5 70,
31 Higher sensitivity and output on all mains with lower voltage than 220\

4 Less power consumption,

Friesson Review 3/1048 contaimed a deseription of Svenskradio 492 LY, which
resembles Stenskradio 502 17 in appearance and size. This later receiver, how-
cver, has one more valve, making 5 in all, illuminated scale and wave-trap for
the intermediate frequency. The mains transformer may he switched over for

the voltages 110, 127 and 220

Svenskradio 502 17 s equipped with the valves MECH g2, MEL g1, MEBC g1,
MEL g1 and A[AZ 41, which act as mixing, L . det. and AL I, output and
vectifier valves respectively. In o later edition of 502 V. — Swenskradio
1502 17 — the second and third valves are replaced by SER valves 6846 and
61470, 0.4T6 has the same data as FRC 1. 6816 has higher slope than MEF 41
but this has not heen fully utilized.

sMidge! Svenskradio for AC» has a case of fine highly polished wood, dark
mahogany or walnut or light elm. The scale illumination is arranged in a
convenient and pleasant manner. The whole impression given by the recever
i« good, not least because of a soft sound free from resonance and with a large
register. The receiver is so small (in size) that it can be put practically any-
where, in a hookease, on o writing desk or like that. In most cases sthe Midget

Svenskradio for AC» operates perfectly well with only its huilt-in aerial.

As may be seen from the diagram of Fig. 4. the receiver is a fully equipped
super heterodyne with automatic volume control. The net-work departs from
the traditional in certain respects. Particularly noteworthy is the original way
of arranging  simultaneously  feed-back coupling and physiologically  correct
<ound regulation by the employment of a mimmum number of components.
The simple coupling gives a strong fecd-back coupling for low sound intensity
without any deereasing of weak signals. The raising of the bass is a very
mmportant factor for receivers of small size. In Svenskradio 502 Vit amounts

(0 the respectable figure of 20 dB for the exceptionally low frequency of 60 ¢fs.

r—|
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Technical dala

List of valves

Frequency changer
I.EF. amphiier
Det: and A, amplifier

Tgog \

Lty LV

502V

1502V

MECH 42 MUCH 42 MECH 42 MECH 42
MEF 41 | 6BA6
MUBC 41 MEBC 41| 6AT6

OBAG
OATH

MUF 41

Output. valve MEL 4t MUL 41 MEL 41 | MEL 41
Indicator MEM 31 | MUM 4 - ==
LRectifier valve MAZ 41 MUY 41 | MAZ 41 | MAZ 41
Number of valves (8 (i 5 5
Number of valve functions b 8 7 7
Inal lamps BAGS BAros BAgS BAGS

Maiir features

0.5V /0.2A16,5V [0.1A|6.5V /0.2A 6.5V /0.2A

Sensitivity oV /50 mWy 10 20 0
Selectivity (band-widih  at
4o dBj ke /s (] ) -4
Output at 2oV W 3.5 3:H 2.5
3 o1tV W 3.5 0.6 2.5
Power consumption at 220V W 50 ho 25
W W w 1o\ W 50 2N a8
Switehable for voltages £10, T27i016—T120 LLo, 125
140, 155,130, 150 220
220, 245 220
Wve hand rances i 153 —4F I8,5—30
[y—20
20—20
2 - —t15
bh5—1 82
180 380 [GO—3580
HOO—2000 DpO—2000
Liteymediate frequeicy ke /s $52 452
Number of cirenits including
LI wavetrap 7 0
Lond-speaker 5" '3, HIX grs HIK 713
Flux Gauss HOOO 7000
Cone arca om? 200 S0
Dimensions and coeight
Height nm 310 165
Width mm 485 250
Depth min 140 135
Weight kg 0.4 ' S 3.5
Type designation: \ AC, YV AE-— TN
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U.D.C. 621.396.62

FreDIN, C: New Svenskradio Receivers. Ericsson Rev. 26 (1949) No.

4 Pp. 133—136.

Deseription of three new radio receivers manufactured by Svenska Radiar
aktiebolaget, namely Svenskradio 1494 for AC and AC—DC operating and

ythe midget Svenskradio for AC», types soz V and 1502 V. Svenskradio
1494 is a medium-sized table-set with a comprehensive wave-length range,

while the others are small convenient receivers with high sensitivity and

good sound quality.

U.D.C. 621.395.343

LinpstrOM, E: New Developments on the LM Evicsson Teleplone
System with soo-line Selectors. Lricsson Rev. 26 (1040) No. 4 pp.
106—120.

During recent years the LM Ericsson system with so0-line selectors has
been subject to considerable circuit revisions and additions,

The purpose of the following article is to give an account of some of the
more important developments, referring in the first place to installations
abroad.

U.D.C. 621.317.341

Lunpvarr, B: A Level Meler for the Frequency Range 30 cfs to
5 Mc|s. Ericsson Rev. 26 (1949) No. 4 pp. 121—124,

Description of L M Ericsson’s new level meter which bears the designation
ZTE 16. The level meter covers the frequency range 30 ¢/s to 5 Mc/s, and
its sensitivity is such that full deflections is obtained for a voltage level
of -4.5 N (zero level is 0.775 V).

U.D.C. 654.924.53

U.D.C. 621.317.727
Hormovist, S & Wanpin, B: Fechnical Porentiometers. Ericsson
Rev. 26 (1949) No. 4 pp. 125—130.
Description of two potentiometers, YBT 10 and YBIK 1o, manufactured
by L M Ericssons Mitinstrument AD, one of which is specially intended
for measuring voltages in a thermocouple for temperature measurements,
the other being used for checking direct current volt- and ammeters,

Description of two new types of thermal detectors put on the market by

Telefonaktiebolaget LM Ericsson, The new thermal detectors are manu-
factured in two types: one open type for dry premises and one enclosed

type intended for damp premises or where explosion hazards exist,

SzaB6, H: New Types of Thermal Detectors for Automatic Five Alavin

Systems, Ericsson Rev. 26 (1949) No. 4 pp. 131—132.
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