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Three-Channel Carrier Telephone
System for Open-Wire Lines

T BOHLIN, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

LD 621305 4y

The three-channel system is the classic solution of the problem of high grade carrier
telephone communication over long distances. The teletechnician possesses experience
of nearly a quarter of a century’s service of these systems, and it may with good
reason be said that the systems of this type hitherto developed as a rule have well
met the technical as well as the economical requirements that have been made upon
them. Growing demands as well as steady improvements of both electron valves and
other elements used in carrier technics, however, justified a thorough revision of the
three-channel system. The new system built by LM Ericsson and completed in 1939 s
of entirely new design. Installations with this new system have now been in salis-
factory use during several years at different places. A description in detfail of the

system is given in the following article.

LA Ericsson's new threc-channel telephone system for open-wire Imes offers,
as the name mphes, meoaddition to the physical crremt three additwomal tele
phone channels, With ats various possibilities of application it provides ceo
nomically as well as techmeally good solutions of numerons traftie problems un
der very different conditions: it 1= suitable Tor circuits from about 1oo kmoup to

several thousands of ko length, For shorter distances up to 300—500 km

termimal  equipment  only s requived, but when longer distances are to be
covered intermediate repeaters are mserted with appropriate spacing. Several
Fia. 1 — svstems can without neonvenience work on the swme pole line, lospecially
Ig_ o bt - 2
Diagram of terminal, intermediate repe- suttable 1= this systemn as i keleton for the 1.-|u-||||-.]|r- network o countries
afer and high-frequency shunt af large  extent and comparatively sparse settlement, where for ecomomical
A T - and other reasons the Taving of undergrommnd cables to any great extent 15 out
B terminal of the question amd where the commereial Tife and the administrative machmery
F line filters are comeentrated to a0 few not very large centres,
G voice-frequency ringer ? :
H high-frequency shunt
K channel and amplifier equipment e . . . .
L apen-wire line [his swstem 15 furthermore well suited for solving more exacting, special
M intermediate repeater tasks, e. g ranlway telephone networks or along other long transport route
R amplifier equipment

carrving  heavy traffic ete. With ats e mparatively large repeater dhistances
0 physical circuit Pt A A . -
1 m ogeneral all-nuiomatic level regulation o nmnmum ol mamtenanee

, 2, 1 carrier circuils and s




staff is required. It is designed to work on open-wire lines and is not suited
to be used on long cable stretehes, for which technically and economically
more suitable systems have now been designed. On the other hand, occasional
cables across  water-wavs or lead-in cables do not present any difficulties,
although sometimes they require matching net-works or loading coils. Cables
however cut down the geographical range considerably.

Fig. 1 shows in a greatly simphified diagram how the terminal and the in-
termediate repeaters are laid out and connected to the hne and the subscribers.
Fach chamnel uses — reckoned from the fork side — a frequency band
of 300—2700 cfs. Transmission and reception, which take place on different
frequency bands, employ the whole of a high frequency band of from about
6 ke/s to about 30 ke/s. The communication circuits obtained are of high
quality. The overall attenuation from fork to fork is £ o neper, maintained
constant within + 0.1 neper practically independent of the length of the circuit,
providing automatic level regulation is used. Modulation and demodulation 1s
performed with copper-oxide rectifiers. The carrier and one of the side bands
are suppressed and the carrier oscillators are synchronized manually. A 500 ¢fs
tone 15 used for signalling. The channels can also he worked in four-wire
connection, the input level then being — 1.5 nepers and the output level + 0.5
nepers, The input impedance is, two-wire as well as four-wire, 600 ohms + 4 7.

The phase velocity of the open-wire line is high, nearly 3ooooo km/s, and
the propagation time for a pair of terminals from fork to fork on the voice-
frequency side does not exceed 3 ms in the middle of the band. For a circuit
of 300 km in length for example, a propagation time of about 4 ms can be
reckoned  with and for 1300 km 8 to 10 ms. The difference in propagation
time between the middle and the edges of the band does not exceed 2 ms and
the svstem 1s therefore well suited for transmission of voice-frequency tele-
graphy. Up to 18 telegraph channels per telephone channel can be worked.

The recommendation laid down by C.C.LLF. that internal crosstalk within
the system should be low has been fulfilled, as have the other requirements
stipulated by C.C.LLF. for carrier systems of this type.

Lines and Line Attenuation

The usual open-wire lines of copper or bronze, twisted or transposed — in the
latter case with not too large a distance between the transposition points —
usually provide, even in their original condition and in any case after fairly
stimple preparations, satisfactory transmission properties within the whole of
the required frequency band. Twisted steel-aluminium wires as well as steel-
cored copper wires of good quality can also be used. Lines entirely of iron
may be regarded as quite unsuitable.!

The line attenuation is appreciably higher for high frequency currents than
for currents within the voice-frequency range. The attenuation depends not
only on the specific resistance of the line material but also on the distance
between the line conductors in the profile, the number and the quality of the
msulators, the material of the insulator pins and cross-arms and on some
other essential details of construction. The attenuation increases with the fre-
quency from about 4 mN/km for 4.5 mm wires at 6 ke/s to about 15 mN/km
for 2.5 mm wires at 30 ke/s. In wet weather, fog and rain, the attenuation
increases, and this increase is particulary noticeable with types of lines where
the crossarms and sometimes even the insulator pins are made of wood. Lines
with crossarms and pins of iron and insulators of borosilicate (pyrex) glass
are the least affected by dampness. The attenuation for a few types of lines

' An investigation of the usefulness of steel-cored copper wires was carried out by
W Klein and 1s related in TFT 31/1042, p. 210,
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Fig. 2
Attenuation curves for different types of
lines

| line with crossarms of wood, insulators of alkali
glass, wire 3.25 mm copper, 25 pairs of insu-
lators per km, wire spocing 30 cm; plain
transposed line
a wel weather
c dry weather

Il line with cressarms and pins of iron, insulators
of porcelain, wire 3 mm copper, 20 pairs of
insulators per km, wire spacing 40 \2 - 565
cm; twisted line
b wet weather
d dry weather

Fig. 3 X 6023
Diagram showing interference at end of
a 250 km long double conductor line as
a function of frequency

Highest measured wvalues emanate frem long
wave telegraph transmitlers
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i dry and wet weather can be read from the curves m g 20 Wet snow

and ice — frost — multiply the attenuation,

Data for caleulating the attenuation of open-wire hines at high frequencies

are given hy the author m the FEricsson Review No. 171937, p. 25—31.

Range of Distance

Interference due to external sources are alwavs induced in open-wire circuits,
Their origin is very varied; the most powerful come, as a rule, from long-
wave radio transmitters for intercontinental traffic. Occasionally high fre-
quency interferences emanate from power lines, and finally atmospherie distur-
bances and other terrestrial currents are responsible. If the interference at
the end of a telephone line is measured with a selective mstrument which only
registers voltages within a certain narrow frequency band with a width of
. g 100 or 1000 ¢fs, it 1s found that the registered value varies between @
few powers of ten, when the measaring hand is comtinually moved from lower
to higher frequencies. An example of this is shown i the curve, Fig, 3, which
reproduces the measured interference at the end of a pair in a quad of about

250 km in length,

Neper below zero level (— 0.775V over 6000)

0 5 10 15 20 25 30 ke/s



The interfering currents are demodulited together with the useinl currents
in the same frequency band and give rise to a background noise in the tele-
phone receiver, the character of which varies with the type and origin of the
disturbance. Weak interference of this nature as a rule give rise only to what
may be called a »flaw in the beautys of the civenit i which they appear.
Should they, however, hecome stronger, they reduce the articulation appreci-
ably, The strength of the interference deternines, therefore, the lowest value
to which the level ahead of the receiver can be allowed o fall withont the

quality of the ciremt bemng wmpaired.

On the other hand, the highest level at which the transmitter can work s
Hmited partly by the equipment which can reasonably be nsed for the gene-
ration and control of the transmitted power and partly by considering the
crosstalk to other ecircuits in the vicinity. Experience has proved that on
open-wire lines the transmitter should not work at a higher output level than
about +2 N at the beginning of the line, while the mput level at the end
of the line at 30 ke/s should not fall below — 3 N, In particularly favourable
cases the input level may be as low as — 3 N. C.C.LF. gives the last figure
as o hmit. In normal cases therefore, a three-chanmel system can cover a line
attenuation of 5 nepers and, under conditions being favourable as regards m-
terference, this attenuation can be increased to O nepers. With knowledge of
the specifie attenuation of the line, the greatest permissible (distance hetween
repeater stations in a three-channel systeni (= range of distance) can be
computed. The highest attenuation which can artse under working conditions
must be taken as a basis which means that, almost without exception, the
value 1 wet weather must be reckoned with.

This leads to the following approxnyate Digures for the range when copper

Imes with an overall attenuation of 5 nepers are used:

wire diameter range
mm km
2.5 330
3.0 100
45 550

In practice these figures are not attained, as cables in waterways, lead-in
cables and other loads on the line cause losses whieh reduce the range
considerably.!

Only in very exceptional cases, e. g. when the whole line yuns through dry,
saltless desert country and one can regard rain as a natural and unavoulable
but seldom occurring cause of interruption, can a greater range be exploited
on normal lines. On the other hand, cases exist where extra repeater cquip-
ment has been mstalled but only for operation in winter time to compensate

tor a more or less frequent formation of frost on the line.

Frequency Allocation

It has already been stated that the three-channel svstem occupies the frequency
range between 6 and 30 ke/s and that different frequency hamds are used
for transmission in the different directions. There is a slower groups for
transmission from terminal A to terminal B and a shigher groups for trans-
mission from B to AL In reality two different svstems with different freruency
allocation are used, ZAG 10 and ZAG 11, the frequencies of which are stag-
gered in relation to each other, so that the frequency band of the one Svatem
lies for the most part in the gaps hetween the bands in the other, By this
means the risk of crosstalk between two systems working in parallel on the
same line is appreciably reduced. Fig. 4 a shows the position of the irequency

bands in the two systems: arrows mdicate the carrier frequencies,

t C.CLE. recommends 130, 300 and 500 km for 2, 3 and 4 mm wires respectively.
This recommendation is, however, to a certain extent dependent on the prescribed
interval between voice-frequency repeaters in two- and fourwire operation and
should therefore be treated with a certain reserve,
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Frequency allocation of three-channel sy-
stem

a with normal bands

b with inverted bands

Arrows dencle carrier frequencies; S 1, § 2
pilat frequencies; lower graoup
transmits frem north to south or from east to

alternative
west (arrows pointing upward); upper group

transmits from south to north or from west to
east (arrows pointing downward)
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If more than two three-channel systems are working in parallel on the same
pole line, then obviously pairs of systems must, as a rule, be identical, and
risk

frequency bands on one of the systems can be sinverteds, ie. the carrier

a certain for crosstalk between them exists. To reduce this risk, the
frequencies can be shifted to the opposite edge of the bands, resulting in the
high and low frequencies of the speech band changing places in the trans-
mitted band. Any crosstalk then appearing will be unintelligible. The new
carrier frequencies are included in Fig. 4b, which otherwise is identical
with Fig. ga.

It has already been mentioned that the carrier frequencies are suppressed and
consequently are only present in the terminals and not on the line. On the
other hand, each terminal transmits a pilot frequency, which affects the level
regulating equipment on the receiving side. This pilot frequency is, within
certain  limits, displaceable within the group but is generally placed in the
lower group in the gap between channel 1 and 2, and in the higher group
in the gap between channel 1 and 3. The alternative pilot frequency allocations
St and Sz are shown in Fig, 4.

A summary of all frequency bands, carrier and pilot frequencies is given in

table 1.

If several three-channel systems are to be worked in parallel, the frequency
groups of the different systems must, on account of crosstalk, transmit in the

Table 1. Nominal figures of band limits, carrier and pilot frequencies in kc's

carrier freq. |  pilot freq. |

| chan-| transmission )
system group | alternatively
: nel band ) i :
normal inverted within band
[ 1 13.2—15.6 12.09 5.9 0.25—0.45
25—0.4;
- : ATt >
lower 2 ).7—1I2.1 0.4 12.4 12.35—12.05
3 6.6—9g,0 0.3 9.3
ZM 300 — — —
I 21.7—24.1 24.4 271.4 20.65—21.45
upper 2 183.0—20.4 20.7 5 U ilied 4 3'. 15.55
y e 2L 24.35— =0
3 25.8—28.2 28.5 25.5
6 9 "y e 2
: ! i ) el 17:3 ' 10.65—10.95
; R N
ower 2 1.2 13.0 L0, 13.9 13_85—-——14.39
3 8.0—10.4 ydoers 10.7
ZM 400 — > = = —
I 24.0—26.4 23.7 26.7 22.75—23.75
upper 2 20.1—22.5 10.8 22.8 n6.65 27775
20.05—=7-1-
3 28.0—30.4 27.7 30.7



Fig. 5

Diagram of channel and amplifier equip-

ment of terminal

A

<CwmPZIRTIOMMOgAE

volume limiter

carrier oscillator
modulator

demadulator

line equalizer

directional filter

group amplifier
high-frequency band filter
level indicator
compensating filter

pilot receiver

level regulator
regulating network

pilet transmitter
voice-frequency bard filter
voice-frequency amplifier
pad

same direction and not against each other. To avoid surprises in this respect
in future extensions, it has been made a rule to have the groups workimg
fixed directions of the compass. Thus the Lv-out as always, 11 possible, made
in such a way that the lower group transmits from north to south or fron
east to west, Terminal A s therefore always put at the northern or eastern

end of the line, and terminal B oat the southern or western e,

Joint Working Circuits

The lowest transmitted frequency of the lower group s for system ZAG 10
about 0.6 ke/s, and for system ZAG 11 about 8 ke/s. The hand below these
frequencies down to zero frequency is not called into use for the three-channel
svstent, but is utilized for various other purposes. First and foremost the
0.3—2.7 ke/s band is used almost without exception for carryving the normal
physical circuit — generally with the use of two-wire repeaters. As ringing
signal for this circuit 20 ¢/s is used divectly, as long as the frequencies helow
300 ¢/s are not used for sub-audio telegraphy, in which case 500 ¢fs is used

for signalling. The range from about 3 ke/s to about 6 and 7.5 ke/

7 s respec-

tively may be used for carrier telegraph transnussion of up to 4 and 8 channels
respectively o either direction. Finally there are cases where, in system
ZAG 11, the whole band between 0.03 and 7.5 ke/s 1s used either permanently
or occasionally tor transmission of radio programs. This may as an exception
also be done with system ZAG 10, but in this case no frequencies higher than
3.3 ke/s can be transmitted. In these last two cases the physical ciremit and
the eventual carrier telegraph circuit must of course be disconnected.

The frequencies above the three-channel system range can of course in a
similar way be utihized for simultaneous communication with other carrier
circuits, but the necessary filters must be included in the additional equipment.

Channel and Amplifying Equipment

Fig. 5 chows the lay-out of the channel and the common amplifier equip-
ment of a terminal. The transmitter lies i the upper part of the rigure,
the receiver in the lower part. Starting from the fork — not shown
in the figure — the voice-frequency currents pass first through a volume
Limnter on the transmitter side, the function of which is to protect the trans-
mitting amphfier from being overloaded by near-by loud talking subscribers.
After the volume limiter follows a band filter, which cuts out frequencies
under 200 ¢fs and over 27oo ¢/s. The remaining band is passed on to the
modulator, which uses copper oxide rectifiers in conventional ring connection
and is supplied with carrier current from an oscillator. After the modulator
follows a hand filter, which passes the high frequency band with the band
hmits shown i Fig. 4.

At this point the transmitting band filters of the three channels are connected

mn parallel through a compensation filter and the currents leaving here now

occupy the frequency range of the whole lower or upper transmitting group.

They pass through the common transmtting amplifier, the directional filter
and the lime filter and reach the line.
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Diagram of amplifier equipmeni of inter-

mediate repeater

ling equalizer
direchional filler
group amplifier
level indicator
compensating liller
pilal receiver
level regulator

»ZTA-HOMM

regulating network

Fig. 7 54294
Frequency stable oscillator circuit

Modulator is connected in series with tuning
circuit and output transformer is not usad

Fig. 8 X 408
Two oscillator panels mounted in bay

On lower panel the cover is removed showing ele-
ments of tuning circuits; balancing device of mo-
dulator is placed between and to the left of valves;

above oscillator panels, group amplifiers
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i the opposite divection the Tigh frequency currents arriving pass from the
lme through the Tme and divectional filters to the receiving amplifier common
tor the three channels of the group. Before reaching the receiving amplifier
the currents pass through two correcting networks:; one fixed line equalizer,
the function of which is to equalize the hhigher attenuation of the line at the
ligher frequencies, and one varving, which contains devices for taking care
af the changes in the line attenuation caused by variations of temperature and
weather. The receiving amplifier is connected through a compensating filter
to the three recetving hand filters, each of which connects to its demodulator
with appropriate local carrvier oscillator. The voice-frequency currents pass
from the demodulator through a voice-frequency filter to be amplified in the

channel amphfier hefore they reach the receiving side of the fork,

The amplitying equipment of the intermediate repeater is in the main the same
as that of the ternunal, but 1s of course arranged alike for both directions,
Fig. 6. From the line filters the currents for hoth divections pass through
the directional filters, the Tme equalizers and the regulating networks to the
mput side of the group amplifiers. The output sides are directly connected
to the directional filters,

Channel Oscillators

Maodulator and demodulator differ only in function and frequency. They are
both mounted alomg with their oscillators on @ common panel. The panels
of A and B ends are identical, and the unit which works on A end as a

modulator functions on B oend as a demodulator and vice versa.

The oscillating civemit of the oscillators is conmected in such a way, Mg 7,
that the feed-back voltage is practically free from phase shift, which results
i the best possible stability. The load — the modulator — is connected m
series with the elements of the tuning circuit without the use of an output
transiormer, which likewise contributes to stability. The tuning circuit itself
s temperature compensated, and, to ensure that the compensation functions
even during rapid temperature changes in the surroundings, the entire cir-
a heat insulated box, by which means the effect of the
The

used for the oscillitors of both the transmitter and of the receiver in the

cuit s placed in

ditferent thermic inertias of the elements 1= eliminated, same box 15

sime channel.

Ohme and the same unit can be altered as desired to transmit or receive the

upper or lower side band through a simple =hift of the carrier frequency

from ome side of the bhand to the other.

[t is characteristic of the ring modulator that it suppresses the carrier. The
s, however, that all four elements of the maodulator are

condition tor this
exactly alike, Tt is not always possible in practice to make them as identical
as is required for the carrier to be sufficiently suppressed, but, on the other
hand, it is possible by balancing to reduce the greater part of the scarrier
leaks,

connected to the output side of the modulator. Fig. 8 shows two oscillator

using a potentiometer and a small differential condenser, which are

panels, each of which contains a transmitter and a receiver oscillator.
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Fig. 9 * 7 Bandfilters

Attenuation curves of band filters in upper
group of system ZM 300

Fig. 10 X 4205
Harmonics of group amplifier for gain of
6 nepers

Second and third harmonic level as a function
of outputl power

Fig. 11 X 4208
Gain of group amplifier as a function of
frequency

a without negative feedback

b normal gain of 6 nepers
¢ with raised gain

Fig. 12 X 4297
Gain of group amplifier as a function of
output power

Neper Fig. 10

0
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The erosstalk allowed between the speech channels determines the attenuation
of the band filters. The attenuation requirements are especially high on that
side of the band where the suppressed side band is located. As, however, the
carrier frequency can be shifted from one side of the band to the other and
as the suppressed side band then follows the carrier, the filters must be
designed n such a way that they can without change meet the attenuation
requirements  regardless of the side the carrier frequency is placed at. The
frequency characteristics of the filters are therefore nearly symmetrical around
the passed hand.

Fig. o shows filter characteristics of three of the six bands in system ZAG 10,
The band Tilters used in system ZAG 11 are of the same design but with

other cut-off frequencies.

The Group Amplifier

When
this
occur between the channels. The group amplifier of the three-channel svstem

several speech channels are to be amplified in a common amplifier,

must be free from non-linear distortion, as otherwise crosstalk will

1= of the negative feedback type. This ensures the desired low non-linear
distortion, and at the same time a very good gain frequency characteristic

and a very good stability in amplification.!

' The theory of negative feedback amplifiers is given briefly in Ericsson Review

No. 2/1930, p. 46—48.
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Fig. 13 X 6025
Diagram of group amplifier

Feedback circuit in heavy lines

Fig. 14 X 7371
Group amplifier

To the left, panel opened for test; to the right
panel in operating position; by cuthing strap as
arrow points gain is raised from & to 7 nepers

AT
" [lem T g
T 3

U —+130v

FFig. 1o <hows the level of the 2nd and 3rd harmonies in proportion to the
level of the fundamental frequency as a function of the power output level,
The cain as o function of the frequeney 1s shown in Fieo 10 without and
with negative deedback, m the latter case connected to give a gain of 6

and 7 nepers respectively, Finally Fige 12 shows the gain as o function

of the power output level, The amphifier employs two valves: from the
dingram in Fige 13 1t may be seen that the negative feedback connection does
not mclude the transformers, Agamst this, the output and mput impedances
are corrected with o few complementary elements. The whole amplifier 15
motnted on an 88 non panel, Figo 14, One spare amplifnier, to be used for

cither direction, is mounted on each channel hay.

Equalizing the Line Attenuation

Ii the total attenuation 1= calenlated for o streteh of line, the attenuation
of which at 30 ke/s in wet weather 1s 3 nepers — that is to say the greatest
attenuation the three-channel system normally can cover — the curves in Fig,
15 are ohtained. These show that the difference in attenuation for the extrene
frequencies i a band group 1s not meonsuderable, and also that the change
in attenuation from dry to wet weather can rise to a considerable value even

on a single repeater section.

In order to prevent changes in the over-all attenuation of the speech channels
the level ahead of the demodulator must be kept constant, and variable
attenuation networks are therefore mserted in the common receiving branch

to compensate for irregularities and changes in the line attenuation.

The variation of the lme attenuation with the frequency is equalized mainly
m the line equalizer network, This contams three units connected i series,
which can be set to give an attenuation slope in steps of about 0.235 neper
up to maximum 2 nepers in difference between the edges of the received band.
This line equalizer is set once for all according to the length and the properties
of the line.

The line attenuation changes from hour to hour owing to variations in
temperature and weather conditions. These changes are equalized by the
regulating network which therefore must be continually varied.

The regulating network consists in principle of a variable, phase-iree

attenuator, which is inserted on the receiving side and regulates all three
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Fig. 15
Attenuation curves for a line, which at
30 kcs in wet weather has a fotal atfe-
nuation of 5 nepers

a wel weather
b dry weather
c—a—b aftenuation change; approximaje
position of »lower» and »uppers transmission
groups are indicated

X 6021

Fig. 16
Diagram showing function of regulating
netwark

rr phase shifting network

a variable attenuator

I input side

R load resistance

U; incoming voltage

L Ug part voltages
outgoing resultant vollage

Neper

VA

H\_‘_.
\
\ |

2 I BE=c
B T
! | - =
..-—"_"' B
0
6 8 10 12 ¢ 16 18 20 22 24 26 ke/s

channels at the sime time, Such an attenuator does attenuate all frequencies
cquallv, It however curve ¢ i Figo 13 15 studied closely it will be found
that the changes in attenuation are larger at the higher frequencies. In the
regulating the network, arrangements are made to take care of this by adding
after the network an auxiliary voltage which varies its phase angle with the
frequency. The resultant of the auxihiary and the main voltages varies with
the frequency and the line attenuation in such a way that the changes of

the hine attennation are compensated and the level is kept constant.

The function of this arrangement is= seen more clearly from the diagram in
Fig. 16, The currents arrviving from the line over =Is first pass through
the line equalizer and a fixed supplementary pad, and then at the regulating
network delivers the voltage i'_'f. By a differential transformer the currents
are directed into two different branches, of which one is the phase-free net-
work ;4 and the other is the phase-shifting network . Across the load
resistance £ the voltages Fﬁ and !’:_I are present, They compound as shown
in the vector diagram Fig. 17 to a resultant I'"H which can be larger or
smaller than the main voltage fﬁ depending on the value the phase angle o

has at the frequency in question,

When the frequency now rises from the lowest to the highest figure it can have
within the band, vector I"-“ will shift from position 1 to position 2 and the
resultant voltage ?ﬁ henee decreases with the frequency from value Fm-
to value III;RL,. The attenuation & through the regulating networks i1s derived
from the following

Q == el‘-,g Ii"!

R

and increases therefore with increasing frequency.

The larger the vector l'_'” is, the more the attenuation will increase for the
same change i frequency, which is evident from comparison hetween a and
b oin Fig. 17,

In reality the voltage [U ] s, through the varving attenuation . kept con-
stant at a certain frequency free of choice within the transmitted band,
usually for the pilot frequency. This causes the voltage vector E'ﬂ, to Temam

nearly constant when the line attenuation and hence the voltage _i"; varies.
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Fig. 17 X 8027

Vector diagram of function of regulating 2 !
network

u angle of phase shifting network

U, U, part voltages

U resultant voltage (}{-9

1 position of U, at lowest frequency of trans-
mitted band

2 position of U, al highest frequency of trans-
mitted band

a in wet weather; U, is small, difference

Yy — Lol becomes small
b in dry weather; U, is large, difference f
Wy Uy sl becomes large 2
The currents passing through the lwll;m--ahi!‘ting network ¢ are, however, not
affected by the changes in network . Hence the voltage {7 rises and falls in
time with 7. When (7 therefore is low on account of high Tine attenuation
i X 6028 - . : P :
Fig. 18 SRl m wet weather the attenuation () becomes almost independent of the frequency,
Attenuation of requlating network for upper < . . . I
5 9 g PP g, 18, In dry weather, however, when the line attenuation is low, {'n
group ; x

1= high, resulting in a higher increase of @  with inereasing frecuency,

a set for low attenuation (wet weather) 22 5
Fig. 181,

b sel for high attenvation (dry weather)

The attenuatic i » regulating network is  thus adjusted  exactly
Fig. 19 - I'he attenuatiom  of the regulating network thus adjusted exactly to
Correction of line attenuation by regula-
ting network and line equalizer in wet and
dry weater

the variations of the line attenuation by working one single network. Wire
dimensions, wire spacing and type and number of insulators determine, as
seen before, the line attenuation to a high degree. With a simple setting of

z : it : z ' = cC ot i ST 6 9 2 reonlatine i —
BN lossin filters efe. an .H]E]Ill{lil:ﬂ attenuaton c‘mmutul mn .\\.H(\ with ¢ I]]_t. lt_glﬂ.mn;, m,t“""?l‘
KN line equalizer can once for all be adjusted to equahize the slope of any line existing in
LA, ine ausniation practice. How the line attenuation, the line equalizer and the regulating network
RN  attenuation of regulating network

Lower figures show valves of different atteny-  WOTK 15 shown in Fig. 10, where the condition for dry as well as wet weather

ations, upper figures show totals of them attenmation 1s shown, AN i the line equalizer, which 1s all the time unchanged.
Fig. 18 Fig. 19
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transmitter receiver
MO BF TA LN RA 8F DM
D% Dl AN
I ' T
~ : . ~
|
|
e
‘ '
: o
Fig. 20 X 70 LN s the hne attenuation and KN the reculator attenuation. The upper part
Diagram of regulating circuit of the figure shows the combination of these three attenuations. When the line
BF  band filter attenuation LN decreases from wet to dry weather the attenuation decrease
g z:::::lc:fllve is replaced by an increase of the regulator attenuation KN and this increases
DM channel demodulator more at the higher than at the lower frequencies corresponding to the reduc-
E, pilot potential tion of the line attenuation.
E, comparing potential
z :!’;1";‘?_:':'“"" The I'L:j..’l}].&l! img network 1s mounted on an 88 mm panel as seen on the lower
| indicating instrument part ot I“]g'. 52
K delay condenser
KN line equalizer
e Automatic Regulation
:O ::::mr:ff:‘::rulmor The purpose of the regulation is, as already stated, to keep the total attenua-
R fixed resistance tion constant between  transmitter and  receiver. As an ndicator o thns
RA' receiving group amplifier attenuation a pilot is used, which is added on the transmiatting side ahead
::J :::::::;:i;:‘::r:nmphher of the transmitting amplifier, After having passed the line the pilot proceeds
V  curreni-cantrolled resistance through the line equalizer, the regulating network and the receving amplifier
X compensating condenser on the receiving side. After the receiving amplifier the pilot is picked up hy
i selective cireuit and its level 15 measured, The value of the pilot level is a
measure of the total attenuation and the immediate function of the regulation
i= to keep this level constant. This can be done manually by adjusting the
regulating network by hand after reading the pilot level on an mmstrument.
[t can also be done automatically, and in principle an automatic attenuation
regulator can either be made with moving parts, such as relays, motor-driven
rotary switches or variable condensers, or also with an all-electric operation.
Both methods have obvious advantages and disadvantages and hoth are used
i teletechnics,
In radio technies all-electric regulation systems are used almost exclusively,
while carrier telephony rather prefers to use mechanmieal svstems, LA Eries-
son has, however, for nearly fifteen years emploved all-electric systems to
advantage, and such a system was chosen for the new three-channel system.
The principal advantages of the all-electric system are as follows:
It works inaudibly
It works quickly
It works reliably and requires no maintenance
It can be designed for narrow adjustment limits without its operation bemng
jeopardised — e, g, by dust or vibrations,
The disadvantages of the system are mainly two:
It is rather complicated
It does not retain the last adjusted value if the pilot fails. This is a serious
disadvantage only if the pilot transmitter 1s unreliable, which is seldom the case.
Fig, 20 shows a diagram of the whole regulating system. It has already heen
stated that the three channels are regulated with one common device. Conse-
quently only one pilot is needed for each transmitting direction.
9
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Flg. pal X 8030
Curve of change in outpul level of auto-
matic regulator as a function of change

in line attenuation

Fig. 22 X 6041
Level regulating panel

To the right, differential bridge with control valve;
to the left, glow lamp for comparative voltage, shift
relay and auxiliary amplifier valve; lower righi,
note condensers in delaying circuit
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On the transmitting side the regulating equipment consists only of the pilot
transmitter. Its output level must of course be kept constant. The frequency
must also for varions reasons be kept constant. To meet these requirements
in a simple way, an interesting bridge circuit has been used, which was
origmally introduced by Meacham. The tuned circeuit LC and & current
controlled resistance 7 form two opposite arms in a bridge, in one diagonal
of which the feed-back voltage 15 taken out. The voltage and frequency over the
other diagonal, which 1s comnected to the anode of the oscillator valve, remains
approximately constant, within certain limits, independent of fluctuations in
the battery supply voltages and of the valve, as long as the amplification in

the latter 1s mamntaimed above a certain value,

On the receiving siude the regulating equipment consists of pilot receiver,
level regulator and control and mdicator equipment. All this equipment is
connected to the regulating network which also takes part in the automatic
regulation. When regulating manually the desired attenuation value 15 set on
attenuator 3, which is adjusted in steps by a rotary switch,

When the automatic regulator is put into operation the manual attenuator 1s
disconnected by a relay and is replaced by an attenuating circuit made up
of a differential bridge with a fixed resistance R in one arm and a current
controlled resistance 7 in the other. The entire bridge is connected into the
anode circnit of a valve € in such a way that it is controlled by the D.C.
anode current. At rest, i. e., when there is no current through the control
vialve, the bridge is in balance and the attenuation is very high. Through
progressive increase of the anode current the attenuation of the bridge 1s

conveniently reduced by 4 to 5 nepers.

The pilot receiver M, which must have a high input 1mpedance and a great
selectivity, 15 designed according to the superheterodyne principle. Its inter-
mediate oscillator is stabilized in the same way as the pilot transmitter.
The receiver which is negative feedback coupled and very stable, gives on the

output side a comparatively high D.C. potential Er, proportional to the




Fig. 23
Regulating equipment

X 4304

Maounted in channel bay, from the top: pilot trans-
mitter, pilot receiver, control panel with indi-
cating instrument and alarm relays

Fig. 24 X 6031
Course of regulation in a level regulator,
whose input voltage is suddenly raised

0.5 neper

Curves show output voltage as a function of time
in milliseconds for one regulator set for three
different regulation speeds

Fig. 25 X 6032
Course of regulation with three regulators
R1, R2, R3 connected in series, when level
ahead of the first is raised 0.5 neper

Mote that over-swing of regulator R2 is not regis-
tered at M on account of the quick regulator R3

received pilot voltage. This D.C. potential is compared with an cqually high,
constant and opposing D.C. potential £2 ifrom a glow lamp G, The potential
difference, which is a sensitive measure of the variation of the received pilot
level, is applied to the grid of the control valve € of the regulating bridge
in such a way, that an increasing pilot level inereases the attenuation of
the bridee, which consequently tends to restore the pilot level to its original
value. On an instrument , connected in the output circuit of the pilot receiver,

the function of the regulator can be observed.

The sensitivity of the regulating system is such, that for an mncrease i the
line attenuation of 1 neper the remaining level change is less than 0,02 neper,
see Fig. 21. Such great sensitivity causes oscillations in the regulating system
il a certain inertia is not intreduced. Such an inertia is also desirable for
other reasons, and a retarding chain, consisting of resistances F and con-
densers K is therefore connected in the grid circuit of the control valve,
Fig. 20. By adjustments of these clements different regulating times can he
obtained. To decrease further the risk of oscillation phenomena and thereby
increase the speed of reaction, the regulator has a compensating device. During
the course of a quick regulation a potential is obtained over the choke coil
D in the anode circnit of the control valve. This potential is led back to the
erid in opposite phase a condenser X and contributes to repress oscillations.
Fig. 22 shows a photo of the level regulating panel and Fig. 23 the pilot
receiver and the control and indicator panel mounted

transmitter, the pilot

on their places on the bay.

The curves in Fig. 24 show the course of the regulation during a sudden
change in level. The quickest regulation is not aperiodic, but is quite satisfac-
torily damped.

When a line has several repeater stations connected one after the other, there
is a4 certain risk of the regulators shuntings each other. This manifests itself
as follows: the highest change in level arising during the regulating period
after each regulator in the chain is greater than the level after the regulator
immediately preceding it, which means that during the regulating period a
very great change in level can appear after the last regulator. Such a
phenomenon can be appropriately prevented by making each regulator work
more slowly than the preceding one. Despite this the regulation can, as seen
from the receiving end of a circuit containing a chain of repeaters, be made
to work quickly by letting the last regulator react the quickest of all. Fig. 25
shows the process with three series connected regulators arranged in this way.
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Fig. 26 X 4208
Diagram of line equipment

equipment of three-channel system ZM 400
equipment of carrier telegraph

program equipmeni

pair 1, to two-wire repeater or exchange
phantom !, to two-wire repeater or exchange
pair 2, to two-wire repeater or exchange
equipment for carrier telegraph

equipment of three-channel system ZM 300
line 1

line balance 1

phantam balance '.

line balance 2

TLATTIOMMmMD Ao

line 2
LP 3.1 normal low-pass filter
HP 3.1 normal high-pass filter

BF balance filter for LP 3.1 when two-wire
repeater is used
FB phantom-balance impedance compensa-

tion and filter substitute, o be connected
in line and balance when LP 3.1 is omit-
ted in one of side circuits and phantom
circuit is to be arranged

LP 55 llow-pnss and high-pass filters to be used

HP 5.5]

when carrier telegraph is used together
with system ZM 300
low-pass and high-pass filters 1o be used

il:ipP?i;l,jS ’when carrier lelegraph is vsed together
with system ZM 400

PF auxiliary filter, to be used when system
ZM 400 is used together with program-
repedlers

T line transformer
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[T the regulated level deviates from the desired value by more than +o.2
neper — usually caused by line faults — and this condition lasts longer
than one minute, the regulator gives alarm by a relay, Fig. 20. At the same
time the regulating bridge is disconnected and replaced by the manual
attenuator, If the latter from the beginning is adjusted to an average value
suitable for the line, the fault in level will probably not be great enough to
prevent calls in process from being continued when the line is restored again,
In this way one of the regulator’s greatest disadvantages is evaded, as the

missing pilot no longer causes a break in the circuit.

Four-wire Termination

The fork cirenit with its ring signal receiver and ring signal oscillator ete.
together form a separate part in the three-channel system. The differential
transformer has a nominal impedance of 600 ohms in all directions, and by
using S-pole design principles it has been possible to give it a constant and
phasefree input characteristic from the balancing network and the switch-

hoard sides.

The ring signal oscillator, which supplies a 300 evele signal current, employs
two valves. The first is bridge-stabilized in the same way as the pilot
transmitter, and therefore gives an input voltage stable in frequency and
amplitude to the second valve, which is strongly negative feedback coupled
m such a way that the output level 1s kept constant independent of the load.
The generator gives 30 mW with a harmonic content less than 1 <. The ring
signal receiver, usually called »voice-frequency ringers, 15 of standard design
for 300 ¢/s. It has previously been described in the Ericsson Review No, 2/1930.
The ringer works best when the signal received consists of an uninterrupted
soo-cvele tone, However, some administrations work with a 2o-cycle inter-
rupted tone. The ringer can, through a simple change, also work with such
an interrupted tone. In consequence of this the ring signal oscillator can be

equipped with an auxiliary unit for 20-cycle mterruption of the s00-cycle tone.

Line Filters

The side of the three-channel system facing the open-wire line has an impedance
of 600 ohms balanced to earth, and there is no practical obstacle to connec-
ting the transformer of the directional filter directly to the line. However,
as stated in the introduction, the frequency range below 6 and 8 kefs respec-

tively 1s utihized for other circuits on the same line. The different frequency

bands are therefore separated by a separation filter as a rule low-pass and
high-pass filters. The design and type of these filters vary with the equipment
and the lines which are to be connected through them, but they are always
present in some form or other. If the lines are connected in pairs to a phantom

circuit, allowance must be made for this in the design of the line filters.!

One system of filters must therefore be used for each line or pair of lines
m a quad connected to the carrier system. Each terminal has thus one set
of line filters, and each intermediate repeater two sets. The separation filters
for sub-audio telegraphy — like any equipment which uses either of the wires of
the pair for telegraph circuits independent of each other with the earths as

' The possibility of using phantom circuits is intimately connected with the trans-
posing arrangement used on the line in question. If the number of pairs exceeds 4
certain limit it finally becomes impossible, with a given distance between the trans-
position points, for each pair and each phantom circuit to find a type for transposition
which up to 30 ke/s fulfills the ordinary requirements for freedom from crosstalk
and resonance. One then has to choose between reducing the distance between the
transposition points, which would mean that the whole profile would have lIJ‘bt'
redesigned, abandoning the phantom circuit and instead useing more pairs for working
carrier systems on. As a rule the latter solution proves to be the most cr;'_unorn_ica!.
In the Ericssons Technics No. 6/1036 M Vos and C G Aurell give under the title:
»Methods for increasing crosstalk attenuation between overhead liness a comprehen-
stve discussion of crosstalk problems.




Fig. 27 X 6033
Aftenuation curves for low-pass and high-
pass filter LP 3.1 and HP 3.1

Fig. 28 X 6034
Attenuation curves for low-pass and high-
pass filters LP 5.5 and HP 3.5

Neper ]
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return (composite set) — are commected next to the line soutsides of the three-
channel system and do not belong to its equipment. The arrangement of the
remanting line filters i oa three-channel system connected to a quad 1s shown
in Fig. 26, which assumes that a svstem ZAG 11 s connected to one hne-pair

and o osystem ZAG 10 to the other pair, and that these pairs together form

a phantom cireuit.

The most used equipment is the low-pass filter LFP 3.0 and the high-pass-
nlter HI? 3.0, which both are assembled to one unit. They separate o voice-
frequency circuit below 2700 ¢/s. If this circuit is to be equipped with two-
wire repeaters the balance Tilter BF must be added to the line halance and
the filter substitute B must be added to the phantom halance. When the
lines also are used for carrier telegraph, filters LP 55— 5.5 and LP ;.5—
HI' ;.5 respectively, which separate a voice-frequency band below 5.5 and
7.5 ke/s respectively must he added, Finally, i one or two program eircuits
are arranged, filters LP 3.0 and I 3.0 with the two-wire repeaters and
the carrvier telegraph cquipment mmst be disconnected and o complementary
program filter 78 15 connected to pair 1.

If the terminal is equipped with only one svstem, e g one system Z\ 400,
working on hine 1, the Alter set LI 3.0 and HP 3.0 and the balance filter
AE m line 2 are excluded. In order to mamtain the phintom eirct a filter
substitute FA must replace L 3.1, which in the phantom cireuit has the same
effect as the filter atseli. If a two-wire repeater is used the same kind of
filter-substitute must be added, replacing the balance filter.

The attenuation curves of the filters are shown i Fig. 270 28 and 20,

Testing and Monitoring Equipment
A modern three-channel carrier system requires very little mamtenance and

little cquipment is therefore necessary for supervision. It s Hmited here to an
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Fig. 29 X 6035
Attenuation curves for low-pass and high-
pass filters LP 7.5 and HP 7.5 and total
attenuation of LP 7.5 + PF

Fig. 30 X 6036
Diagram of monitoring panel in four-wire
arrangement

Microphone and ringsignal oscillator arc con-
nected alternatively

connection with side A
connection with side B

(]

repeater in direction A—B
A repeater in direction B — A
transmitter

receiver

switching point

4X0ZzZD> 0>

differential transfarmers

o~
o~

Neper \

R LAT5+PF| N
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operator’s set with devices for signalling, speaking and noise free monitoring,
a test oscillator for the supply of Soo ¢/s test current and a level meter.
Besides, there i1s a device for the synchronization of the channel oscillators,
The current distribution equipment is in addition provided with milliampere

meters, voltmeters and alarm devices.

The operator's set is used mostly on the two-wire side of the fork but can
also be switched for use on the four-wire side, which is of importance if the
circuit is to be arranged for four-wire connection. The operator’s telephone
set then employs two differential transformers which together form an 8-pole,
IFig. 30. Two of the pole-pairs A and B are each connected in shunt to the
passing circuits, and the other two pole-pairs to the telephone receiver and
to the transmitter. In this way the currents from the transmitter are directed
B, while the receiver

only to the pair which transmits in direction A
receives currents only from the other pair. The person making the call is thus
in connection with exchange B — he can ring it (with 500 ¢/s), speak and
hear. When a ring signal is sent out the 500 cfs oscillator takes the place of
the transmitter. If the leads K—K are shifted on one side of the microphone
transformer, the direction is reversed, so that the caller will now only come
mto connection with A, If he wants to speak with both A and B at the same
time, he breaks one of the microphone transformer leads K—A, which causes
the 8-pole to be unbalanced and the directional effect to cease. The halance
in the fork 7 is maintained all the time, so that no currents pass from one
branch to the other of the four-wire circuit this preventing echo and singing.
When using the monitoring equipment in two-wire connectiomn the differential
transformers are disconnected.

The test oscillator s designed in exactly the same way as the ring signal
oscillator which has just been deseribed. It has, unloaded, a terminal voltage

of 1.35 volts and an internal resistance of 6oo ohms and thus supplies 1 mW

to o line with a oo ohms real impedance.

E-4

:@ ' 500 -
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Fig. 31
Diagram of synchronizing apparatus

X 6037

Tuned circuit L-C is tuned for 1600 c/s; when
transmitting, with key in position S, 800 ¢/s enters
apparatus and equal voltages of BOO c¢/s and
1600¢/s leave; when receiving, with key in position
M, 800 Oy ocls and 1600
1600 - .y and 1600
synchronism in c/s

Ly €fs enter, while

2 A leave; . iserror of

Fig. 32 X 6042

Jack field and current distribution panel,
latter with opened front

On front plate, switches; on back plate lower
part, relays; below, current distribution panel,

regulating panel with potentiometers for line
slope, receiver level and auxiliary line attenuator

1

?

The level measuring set, which measures voltages and levels hetween — 3.2
and + 2.6 nepers with frequencies between 200 and 100000 ¢fs, has previously

been described in the Eriesson Review No. 2/1939.

The synchronization of the channel oscillators is based on a new principle.
Let it be supposed that a transmitter with the carrier frequency b s simul-
taneonsly modulated with the frequencies ¢ and 2f. 1 the modulator transmits,
for example, the higher side band the frequencies b 4 ¢ and b + 2t are present
on the line. Let it further be supposed that the receiver oscillator, which
also ought to have the frequency b, has increased so that in reality 1t has the

frequency (b + 2 ). The demedulated frequencies will then be:

h=b+4+1— @+ ¢
;j_h

If a non-linear resistance, e. g., a copper oxide rectifier, is inserted on the

) =t—a

21— (b4 4n)=2f—

receiver side, second harmonies of both frequencies, namely 2f; and 2f., are
produced there. Only 2f; and the f. present of interest. If this mixture of
frequencies is listened to with a telephone receiver which itself is non-linear,

a beat tone s between the two last mentioned frequencies will be heard.

S==ifs —2f, = (gt —nR)— (2¢ 2R = A
The difference between the two carrier frequencies is thus heard.

The frequency ¢t on the transmitting side is taken from the test oscillator.
In a simple circuit, Fig. 31, 2t = 1600 c/s is produced, which is then mixed
with # = 800 ¢/s and supplied to the channel which is to be synchronized. The
same device serves on the receiver side for the doubling of fy=r— 4 and
for the suppression of the undesired tones. The beat thereby becomes the
clearest possible and the synchronization will be very easy to execute even fo
a person with an untrained ear. As the level measuring set contains a recti-

fier next to the instrument it can also be used for indicating the beat as long




Fig. 33 X 4300
Channel bay with covers removed

From top dewn: line equalizer, compensaling
filter for band filters, pilol transmitter, pilot
receiver, confrol panel with level indicating in-
strument, jack field, current distribution panel,
regulating networks, three channel panels with
velume limiters and voice frequency amplifiers
and at boltam level regulating panel
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as this = not higher than 10 ¢fs. The level measuring set then takes the
place of the telephone recever and the beat is ndicated by the pointer deflec-
tioms. With suitable setting the deflections can be made to cover the greater

part of the scale.

Current Distribution

The required power for operating the system s taken in on the main fuse
panel on one of the bavs and is from there distributed to the current distri-
bution panels, of which there 1s one for cach bay. On these panels the fuses,
power switches, reduction resistances, meter shunts, alarm relays, alarm lamps
and m oone of the bavs an alarm bell are placed. These panels are arranged
with double plates, of which the front plate can be swung out to make all
parts ensily accessible, Fige 320 The relays are mounted on bars, which also

can he sw ung out.

Bay Assembly
The termmal channel and amphiving  equpment, mcluding  the antomatic

regulator, together with the current distribution panel, fill the iront and rear

of an entire bay 485 mm wide and 2500 mm lagh, Fige 330 A sccond bay
takes the line filters, forks and ringers as well as the current distribution
panel for two three-channel syvstems, one ZAG 1o and one ZAG 110 All
cquipment for monitoring and testing is placed on this bay, Fig. 34, as well as
ajack field, i owhich all eiremits, hoth the carrier and the physical concerning
the system, are accessible. All the auxaliary cirenits necessary for supervision

or belomging to the test equipment are connected 1o the jack feld. The bav

1= furthermore equpped with spare panels for rimger, ring signal oscillator
and lime filters, and these are also connected to the jack field. At the top
ol the bay there is the main fuse panel from which the inecoming power is
distributed. The space on the line filter bay is relatively large, but this is

necessary, as local conditions often requive extra lime filters to he added.

A ternnnal consisting of two three-channel systems with their line filters and
ringers thus takes three bays, Fig. 35. The hays are electrically joined with
casily fixed plug-in tvpe mterconnection cables. The intermediate repeater
takes one bay, and the necessary hne nlters require, as on the terminal, one
hay for two repeaters. The test equipment is here limited to an operator’s set
and a level measuring <et, Fig. 30 shows the coniplete equipment with two
repeater bavs, On each of them may be seen the switching keys and indicator
mstruments of the reguiators. At the top of the middle bay a fuse panel is
placed as on the terminal. The Time transformers do not form part of the
three-channel system equipment but, as Fig. 26 shows, they are, as regards their
comnection, close to the hne Tilters. For this reason a place has heen provided
for them on the rear of the filter hav hath in the repeater and in the terminal,
The wiring is arranged in such a way, however, that they can also he placed

outside of the hay in the event of transiormer racks being available.

In stations along the lime where the circuits need to he available for low
irequency operation. the high frequency band 1s hy-passed in a high frequency
shunt which contams two standard low-pass—high-pass filter sets. To prevent
crosstalk hetween the phantom circuits on each side of the shunt, the high-pass
filters are joined through a transformer with a static-earthed screen hetween
the windmgs, I\igo 1. The two filter sets and a jack panel, which also contains
the ahove mentioned transformer, are mounted on an iron frame 485 » 878 mm
which 15 intended for wall mounting. Thus for one quad two such filter
units are needed, A third ron frame of the same size is provided for taking
the balance filters which are needed 1f two-wire repeaters are to he con-
nected into the physical cirenits, In the same halance unit there 1s space
for all necessary line transformers and filter substitutes and halance filters
which may he required for the equipment of the whole quad. A complete
high-frequency shunt for 2 quad thus consists of three units together requiring

1453 7 878 mm. The shunt can also be mounted on a standard frame.



Fig. 34 X 4301
Control and test equipment of terminal

From top down: level measuring set, meter and
monitaring panel, jack field and current distri-
bution panel

Fig. 35 X 4302
Complete terminal for two three channel
systems

In centre: line filter and ringer bay: on sides:

channel bays

Current Consumption

Four sources of power are needed for the system:

anode current 130 volts = 5%
filament (heater) current 24 » + 359
relay current 24 » 15
ringing current 8o » 200 ~
The filament cireuits can be connected for either 21 or 24 volts supply and

the power can either be D.Co or ALC. In the latter case 21 volts is suitable,
The average value of the filament voltage should, in consideration for the life
of the valves, not deviate by more than + 3 % from the nominal value, whether
this is 21 or 21 volts.

I'he  current  consumption  for normal operation and the maximum current
consumption with all test equipment and spare equipment switched on and
all alarm cireuits i function are seen in table 11,

Table 1l. Current consumption of three-channel system

anode current at filament current at  relay current at
equipment 130V 24V 24V

normal maximum normal maximum normal maximum

terminal, 1 sy- A A A
stem 0,25 .35 4.2 55 O0.31 0,90
termmal, 2 sy-

stems 0.47 0.05 7.9 9.5 0.H0 1.60
repeater, 1 syv-

stem Q.25 0.31 3-3 4-3 0.2'] 0.72
l'L'}rt‘l-ilL'l'H, Z 5y -

stems 0.50 0.b2 6.6 0.2 0.42 I.40

The source of power for relay current and filament current can be the same,
e. g one battery can supply both of them, but separate feeders should be
used in such a case right from the battery terminals.

A pole changer 1s sufficient for the generation of the ringing current. It can
= :

be connected so that it 1s normally at rest and 1s started from the system only

when ringing current 1s needed.

Types of Valves

Three different types of valves are used in the system, a small one, RTR 4141,
and two larger ones RTR 4341 and RTR 4342, The most important data
pertaining to them are as follows:

RTR 4141 RTR 43471 RTR 4342
filament (heater) voltage 5.25 V 21 V 21V
filament (heater) current 0.350 A 0.285 A 0.315
anode voltage 130 V 130 V 130V
anode current O mA 10 mA 40 mA
erid Inas — 5V L,5V 8.5V
mutual conductance 2mA(V SmA 'V omA 'V
mternal resistance 200000 ohms 230000 ohms 15000 ohms

Four valves RTR o141 work in series on 21 volts.

A glow lamp of about 8o volts glow voltage is used in the antomatic level
regulator,

Measurements

A typical curve of overall quality of a channel from fork to fork is repro-
duced in Fig. 37, while Fig. 38 shows the limits within which twenty arbi-
trarily selected curves all lie. The variations of the propagation tinie within

the transferred band is seen from Fig. 309, which has heen plotted from
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Fig. 36 X 4303
Intermediate repeater for two systems

In centre: line filter bay with control and test
equipment; at sides: repeater bays each with
twao level indicating instruments

Fig. 37 X 6034
Over-all attenuation curve from fork to
fork

Fig. 38 N 603y
Limits within which all of a great num-
ber of arbitrarily selected over-all attenu-

ation curves fall

Fig. 39 X R040
Propagation time from fork to fork

Lines a and b show the positicn ef highes) and
lowest frequency of an 18-channel voice fre-

quency lelegraph system
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mpedance  measurements from the two-wire side of a fork, to which the
tran=iitted band has been returned. During these measurements, when hoth
terminals must be close to ecach other, the modulator oscillator was kept in

true synchronism with the demodulator oscillator by special arrangements,
The near-end and far-end crosstalk figures are given in table [I1

Table IIl. Measured near-end and far-end crosstalk attenuations of the terminal

Attenuation values in neper between points with equal nominal level
S transmitting channel M receiving channel

Average value measured at terminal | Lowest value measured at terminal

A I ' A ' I

channel channel [ channel channel [
| 2 | 3 I 2 3 I | 2 3 I 2 | 3
S 0 1o M 8.5 |88 |5 0 O M 8.2 84 |
>T10 |5 = 10| 8.3 M 5.0 Lo S ~10 | 8.2 M 8.2
10| =108 5.0 5.0 M >¥0 |16 |8 8.6 88 M [
M |85 |87 |s las |to |M |82 |85 |s |85 o |
8.5 M 0.1 =165 10| 8.2 M 8.8 >T0|S ~ 10 '
8.3 &5 M =T10|10 |5 8.2 8.2 |M | >10|9.5 |S

It 15 to be noted, that the measured crosstalk to the greatest part 15 unin-
telligible and according to C.OLEF, rightly ought to be considered and measn-
red as noise. When there are only three channels the ryvthm of speech will
come through although unintelligible, and at high crosstalk attenuations, when
i any case only the rythm of speech 1= heard and the words are not expected
to bhe understood, the noise effect is the same as i the noise had been of
mtelhigible nature, It can therefore be justified in this case to measure the

mterference as crosstalk and not as noise.
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Rural Line Repeater with Negative
Feed-back

J LJUNGBERG,

Fig. 1

X 5887

Diagram of rural line repeater

% 2

~N W AW

990,
11, 12
13
14,15
16
17,18
19
20
2
22
23, 24

differential transformer
repeater valve

filter coil

filter condensers
differential transformer
amplifier valve
resistance

condensers

filter coil

filter condensers
lightning protector
fuses

mains transformer
rectifier

glow lamp

relay

jacks

TELEFONAKTIEBOLAGET

LM ERICSSON, STOCKHOLM

U. I« B21.395.04

For lines, which are long but not long enough or with so many circuits that a normal
repeater station, is warranted a small repeater equipment is often useful to compen-
sate part of the line aftenuation. This equipment consists of 2-wire repeaters, which

may be connected to the electric mains and which are easy to install and to maintain.

The rural line repeater ZMK 5001, described below, is designed to meet the above
demand and is an improvement on LM Ericsson’s rural line repeater of older construc-

tion. The line repeater has smaller dimensions in its present construction.

The principal diagram for the rural line repeater is shown in Fig. 1. The

circuit from the subseriber A is connected to L, and the circuit from
the subscriber B to L, . The balancing networks corresponding to the circuits

mentioned are commected to B and B, respectively. The speech currents
from the subscriber A enters the differential transformer, which consists of
the transformers 1 and 2, and is passed on through the grid winding on
tranformer 2 to the repeater valve 3, which amplifies the current in direction
A to B, The grid winding is equipped with 4 tappings, by means of which
the gain may be varied. Behind the amplifier valve there is a filter which
limits the amplified frequency range to 23500 cf/s. This filter consists of the
coll 4 and the three condensers 5. After having passed the filter the currents
flow through the anode winding on the transformer 6 to the other differential
transformer of the repeater and is put out on the cirenit L, to the subscriber
B. The speech currents in the opposite directions pass the transformer

the amplifier valve & to the transformer 1 in a similar way,
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Fig. 2 X s
The gain F as a function of requency f

Fig. 3 X 5859
The attenuation b for the ringing current
as a function of frequency f
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The feedback s obtamed by the resistances ¢ and 1o not being parallel with
daocondenser of sufficient size to make a short-ciremt for ALC By means of
the feedback the giin 1s kept more constant with varving mams voltage and
the disturbances from the anode and Hlament voltages are hetter suppressed.
Further the repeater will be more independent of the ageing of the repeater
valves. The condensers ¢ and 12 serve as equalizers, by means of which a

small rise m the frequency = obtamed in the gain curve.

The gain curve of the repeater is shown in Fig. 2 The maximum gain at
Soo cfs s 1.3 neper. By means of the tappings on the transiormers 2 and
the gam may be reduced m 3 steps of 0.25 neper each. The gain corresponding

to the different stens 15 shown on Fig. 2.

Ringing current is used of 15—30 c¢fs AL, and the repeater is equipped
with a corresponding shunt, which may, however, he disconnected if a normal
ringirg repeater is desired, The coil 130 connected with s terminals Rip
to &, and %, to K, forms together with the condensers 7 and 75 @ low-
pass filter. The attenuation for the ringing current with the ringing shunt
m function is shown on Fig. 3. If the hine 15 so lomg that the ringing current
hias to be reduced at the repeater point, a ringing repeater of normal design

hias to be connected hetween R/, and R,
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Fig. 4 X 5890
The impedance Z and its phase angle ¢
as a function of frequency
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The input impedance for the repeater is shown on Fig. 4.

The repeater may be connected to electric mams with A.C. voltages 110, 127,
140, 150, 220 or 235 V' and with a frequency between 25 and 6o ¢fs. Voltage
adjustment is done by means of a switch on the mains transformer 1o, Fig. 1.
On the mains side the rvepeater is provided with @ lightning protector 6 and
with the fuses 17 and 8. Close to the mams contact there i1s, besides the
normal disconnecting switch, also an mterruptor which automatically discon-
nects the mains voltage when the cover is removed from the repeater. By this
arrangement every part of the repeater 1s voltage-free as soon as the cover is
removed. Aeross the mains transformer there is a glow lamp 27, which indi-

cates when mains voltage 1s on.

The mains transformer 1o, Fig. 1, delivers both 6.3 7 A.C. to the filaments
of the valves and oo V' which gives an anode voltage of approximately 160 V
by means of a metal-rectifier 20 used as voltage-doubler. T a ringing repeater
is used together with the repeater, A.C. voltage may be obtained for the out-
going signal from the terminals K ~ while D.C. for the relays from R =, and
the right valve, 24 V, is obtained by a tapping on relay 22,

After the rectifier 20 the anode current passes through relay 22, which partly
acts as filter coil for the anode current and partly as reconnecting relay. If
. ¢. the A.C. voltage from the electric mains fails, relay 22 falls and connects
the subscriber A directly with the subscriber B so that the connection may
be ensured though without amplification until the mains voltage comes back.

The valves used are indirectly heated, screened pentodes of the types RTR
4141, KTZ 63 or 6]7G. The filament voltage is 5.25 V' for RTR 4141 and
6.3 V for KTZ 63 and 6]7G. The filament current is 037 A and 0.3 A
respectively. The total power consumption from the electric mains is approxi-
mately 10 W.
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Fig. 5 X GH8U
Repeater equipment ZDA 1003 comprising

rural line repeater ZMK 1003 mounted together
with a ringing repeater and a transformer shelf;
to the left with, 1o the right without, covers

Fig. 6

Combination possibilities for rural line re-
peater ZMK 5001 together with ringing
repeater and transformer shelves
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The vepeater 15 mounted on a 3 mm iron panel with the dimensions 8263 132
mne A removable cover with a depth of 180 i is placed over all those
parts, which need not be accessible during @ normal function, The mechanical
desien 15 seen from Figo 5, showing the repeater (the upper panel on the
figurc) partly with and partly without covers. In an aperture in the cover
are to he found the switch, the glow lamp, the fuses and the jacks 23 and 2y,
Fig. 1, mtended Tor the measurement of the anode current.

Fig, 5 shows the repeater mounted on an ron frame together with a ringing
repeater ZMN O 1oor and a sheli tor nine hine transformers and balancing
networks,  The repeater can be delivered either without this iron frame or
with an iron frame for other combination possibilities according to the table
below, Fig, 6. When the repeater is delivered mounted on a frame together
with o transformer shelf and a ringing repeater, the required connections
between these are executed <o that one only has to commect the mains voltage,
the lines A and B, and to place the necessary transformers and bhalancing
networks on the transformer shelf.

. numbe
height of v L

Ty poe frame rural line | r1i1;.{ing L
| : I repeater repeater 1ramiulmlu-r
I ZMK 5001 | ZMN 1001 shelves
l ZDA 1001 1605 1 = =
LZDA ooz 345 1 - r I

ZDA 1003 435 i ; :

[ ZDA 1004 'I 300 2 ' - ‘ s
ZIYA 1005 055 [ 2 - 2
Z1DA 1006 S35 2 | I >
ZDA 1007 835 > 3 5

[ ZDA 1008 435 3 = .
7,1"'.\ R als]N) 520 3 - 2
ZIDA 1010 1055 3 f 2
ZDA 1011 1055 3 2 2
ZDA 1012 1055 3 3 2



New Ringing Repeater

] LJUNGBERG,

Fig. 1

X 5873

Diagram of new ringing repeater
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fo repzater

for station signalling

to line

to ring signal relay

for clearing

relay for signal from A-subscriber to

B-subscriber

relay for signal from B-subscriber to
A-subscriber

lamp for limiting outgeing signal cur-
rents
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With the ringing repeater types earlier used for two- and four-wire circuits with
15—50 c s signalling current, the oulgoing signal from the ringing repeaters is shorfer
than the incoming and furthermore the signal is delayed a comparatively long time
owing fo the inertia of attraction which is necessary in repeaters of older design.
This has caused the inconvenience that, as regards long lines needing several ringing
repeaters one after the cther, the length of the ringing signal is reduced in each
ringing repeater. Thus the original signal must have a length exceeding the total of

these reductions.

Below a ringing repeater is described, where the oufput signal has the same length
as the incoming one and where the operation time has been reduced to less than a

third of that for ringing repeaters of older type.

The

repeater is connected both to a D.C. voltage applied in order to feed the relays

diagram of the new ringing repeater is shown in Fig, 1. The ringing

and to an ALC. voltage for the outgoing ringing signal. For the signalling
irom subscriber . to subscriber B the relays 1, 3 and 5 are used while the
relays 2, 1 and 6 are for signalling in opposite direction.
The ringing repeater works as follows:

[T a signal enters K, the relay 1 is actoated and transmits over its contacts
I and 2 minus voltage to relay 3. This relay is actuated and ceparates Fp
and L, by means of the contacts 1, 2, y and 5 and transmits a new ringing
Over the contacts 7 and & on

current to L, over the contacts 7, 3, 4 and 0.

the same relay minus voltage is passed to relay 5, which is actuated and by

means of the contacts ¢ and 2 disconnects relay 2 which aets as receiving

relay for the opposite signalling direction. The break-off of the relay 2 is
done in order to prevent the reflected part of the signal, returning from L,
when relay 3 is disconnected, from entering relay 2, which otherwise would

transmit a false signal in opposite direction, Relay 3 s slow-acting on break so
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Fig. 2 X 5674
Oscillogram

a for the new ringing repeater
b for an older ringing repeater
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Fig. 3 X 4181

Connection of the ringing repeater fo-
gether with two-wire repeater and a four-
wire repeater

A, B line to A- and B-subscriber
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that the signalling direction L, to L is blocked long enough to enable the

reflected wave to be extinguished before relay 5 breaks off and once more

connects the receiving relay 2.

11 relay 1 gets a very short signal =o that its contacts are connected for an
mstant  only, relay 3 wounld connect and disconnect without relay 5 being
actuated, In such a case velay 3 would transmit a short signal over L,
cansing o reflected wave, which would then freely pass on to the receiving
relay 2, which is sending out a signal on L | over relay g In that way the
signal would oscillate through the ringing repeater. This is prevented by the
contacts o and ro on relay 3 and by the contacts 3 and 4 on relay 5. Over
these contacts  relay 35 s forced  to act as soon as relay 3 has closel
its contacts o and ro, relay 3 being mcapable of disconnecting until relay 3
hits been actuated and has broken its contacts 3 and . For signalling in the
opposite direction the relays 2, 4 and 6 are used in the way described above

for the relavs 1, 3 and 5.

The ternminals 5,8 and 5, serve to forward the clearing signal ete. to the
operator when the repeater is used combined with a cord-circuit repeater.
The terminals A and A, may be used for controlling the ringing repeater
¢. ¢. Trom the supervisory device of the repeater station. The lamp 7 oserves
omly to limit the outgoing ringing current on short lines or if a short-cireuit

occurs on the line.

Fig. 2 shows oscillograms for a new and an old ringing repeater. The upper
curve of the first ascillogram shows the time during which an A.C. voltage
with a frequency of 23 ¢/ has been connected to K, Fig. 1, the central
curve shows the time during which the signal has been transmitted on to Ly
and finally the third curve shows the time during which the receiving
relay 2 has heen disconnected by means of the contacts 1 and 2 on relay 3.
The tune from the signal entering h’_l and until the new ringmg current
reaches Lo, 1= approximately 40 ms and the time from the voltage disappearing
o K until the outgoing signal stops 1s 43 ms, The receiving relay 2 is ilis-
connected  about 130 ms after the outgaing signal stops, The upper curve
of the other oscillogram  shows the incoming  voltage on a  pair of
terminals  corresponding to K i Fie. 1, and the lower curve the outgoing
voltace from the ringing repeater on a pair of terminals eprresponding to
L, for a ringing repeater of an older design. This ringing repeater does
not disconneet the receiving relay for the opposite signalling direction. The
protection against the reflected ringing voltage is obtained by the c msiderable
time required to start a signal from the ringing repeater. The time from
the signal entering the ringing repeater and until the new signal starts 15
140 mis, and the time between the end of the incoming signal has ~'tu|JDt‘t1
and the outgoing signal Stopping is 45 ms.
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Fig. 4 X 7284

Ringing repeater

to the left with cover, in centre without cover,
to the right with the bar swung out

A comparison between  the two  oscillograms shows that the new ringing
repeater delays the signal only 40 ms and transmits a new signal of practically
the same length as the incoming one (in the oscillogram corresponding to
an extension of the signal by 3 ms) and blocks the reversed signalling direc-
tion for false signals during a period of 130 ms. As to the ringing repeater
of older design the corresponding periods are: a signal delay of 140 ms, a
shortening of the signal by 95 ms and a protection time for false sienals in

the opposite direction of 140 ms.

If several ringing repeaters are connected one after the other in a circuit
it is at once seen that, with the ringing repeater of the older type, one
has to give a verv long signal in order to compensate for the reduction of
the signal in each ringing repeater. Thus it is practically impossible, when
calling to determine the length of the signal at the far end of the line.
With the new ringing repeater, however, the length of the transmitted signal
needs not to he greater than the length of signal to be received at the far
end of the line. The signalling may, therefore, also be of code type. Further-
more, a considerable decrease in time for the transmission of the signal

1s ohtamned.

On the upper part of Fig. 3 is shown how the ringing repeater is to be
commected to a two-wire repeater and on the lower part how to connect it
to a four-wire repeater. The connection is done in the same way as for
ringing repeaters of older tvpes, thus enabling replacement without difficulty

of older ringmg repeaters.

The mechanical design of the ringing repeater is seen on Fig. 4. The repeater
1s mounted on an iron panel with the dimensions 482.6 > 88 3 mm, provided
with a removable cover of a depth of 130 mm. On the panel, counting from
the left, the soldering tag, the receiving relays with their series condensers,
the relays for the outgomng signal, the slow-acting break relays and the lamp
for the hmiting of the outgoing ringing current. All the relays are mounted
on a4 movable bar in order to facilitate the inspection of the soldering ete. on

the wiring sule of the relays,

The ringing repeater is designed for 24 V D.C. and for transmission of

signals with a signal frequency between 15 and 50 ¢/s.
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New Press-Button Interlocking
Control Machine

H INSULARNDEHR, L M

Fig. 1 & 2 X 7274
Press-button interlocking machines

left, as formerly constructed, right, in the new
design

ERICSSONS SIGNALAKTIEBOLAG, STOCKHOLM

LLTLE. 65h.257

In conjunction with the ordering by the Swedish State Railways of twenty-five press-
buttan interlocking contrel machines, Signalbolaget put in hand a re-designing of the
press-button interlocking control machines as formerly manufactured. The construction
of press-button interlocking control machine thus arrived at, which displays a number
of essential improvements in respect of facility for alterations and enlargements, is

described in the following article.

The  press-button interlocking  control machines supphied by LM Ericsson's
Signalaktieholag in the course of vears have without exception been made m
single examples, There had been no manufacture of several apparatus at a
time, The apparatus therefore have been mdividual to a rather high degree.
A typical apparatus from this period of manufacture is shown by Fig, 1.
Iriefly, the apparatus consists of @ sheet-metal box on the front of which a

nunmber of operating and  indicating  devices are fitted m o prescribed order,

It often happens, however, that a station is enlarged or altered. In that event
the mterlocking plant must also be altered and adapted to the new lay-out
of the station. The old mechanical interlockimg machines were fairly easy to
alter by putting in fresh eranks and Tevers in reserve positions or by replacing
cranks and levers by fresh ones having different functions. The procedure
was sinlar with the older electrical mterlocking machines, where new switches
could be fitted 1 reserve positions or put in place of old ones. This build-up
of the apparatus by means of a number of more or less standardized compo-
nents — cranks, levers or switches — fitted into a frame, not only facilitated
alteration and extension, but simplified manufacture to a high degree, while

it also made it possible to keep stocks of parts for manufacture.

The situation was quite different with the press-button interlocking machine.
Of eourse, certain stocks of parts Tor the operating devices could be held, but
any alteration or extension of an apparatus was a rather troublesome pro-
cedure, as fresh holes had to be bored in the front plate and so on. Nor was

any stock of semi-finished apparatus possible as the finished apparatus was
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Fig. 3 &4 X 72
Insets

|

3

left, front views; right, back views: extreme left
in both illustrations, insets of double width

R R R

CEA AR

Fig. 5 X 4208
Insets

viewed from the side; the left-hand inset intended
for operatin and indicating level-cressing booms,
the right-hand one for two-light signal

Fig. 6 & 7
Insets fitted

as o rule dependent on the lay-out of the station. Moreover the apparatus
were usually ordered one at a time and the turnover was not of such a size

as to make re-designing a paying proposition.

The position was quite changed, however, when the Swedish State Railways,
after thorough consideration of the advantages and disadvantages of the press-
button interlocking machines, ordered 25 press-button switchgear plants all
together in the autumn of 1941, This made it possible to undertake a thorough
redesigning of the apparatus in order to eliminate as far as possible all troubles
that had arisen.

One of the new apparatus, intended for Nilden station, 1s shown in Fig. 2.

A number of openings — in this case ten — have been provided in the front
plate. Each of these openings, which have a height of 425 mm and a width
of 8o mm, is covered hy a plate, known as an inset. These insets are so
constructed that any inset can be fitted mm any opening whatever. There is
which are fitted with
that

one exception to this rule, i that a number of insets

certamn mechanical devices have been made with a width 1s two or

three times the normal width,

Fig. 3. 4 and 5 show a number of different insets, On Fig. 3 and 4 can be
seen right to the left an inset of double width., Such an inset carries two control
locks equipped with contact devices. These locks are mechanically dependent
on each other through a rod which moves forwards or backwards when the
holt of the far lock moves up or down. In this position, the reverse of that
shown on the illustration, the rod blocks the holt of the nearest lock. Fig. 4

and 5 show how the insets are attached to the mterlocking machine cabinet.




Fig. 7 X 5a08
Press-butfon interlocking machine with
front let down

Fig. 8 X 5809
Press-button inferiocking machine

of large type with space for sixteen insels
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U the ed of the plate may be seen the welded fixing serews. The two

right-hand msets on Fie. 4 are reproduced i Fig, 5 as viewed from the
side. The  lefthand  nset on this fig. s intended for operating a pair of
drop barriers. It carries a double press-button for operating a lamp strip with
three lamps for mdication and a switeh for permitting local operating of the
cates, The right-hand inset 15 mtended for operating a two-light signal, It
carries three single press-huttons for operating, a lamp strip with one lamp
which shows whether the tram route concerned is locked or not and a lamp

strip with two lamps for repeating the signal hights,

The three msets deseribed above may be regarded as representative of current
tvpes, The devices on an mset are rvestricted to sigle and double press-buttons,
lamp  strips with one to five lamps, one or two way switches and control

locks with or without contacts,

[Fig. 6 shows part of one of the mterlocking machines intended for the State
Railways. As may be seen the insets have been freed from all visihle serews,
All operating and indicating devices are attached to the msets by means of

serews welded on them,

OfF the five nsets shown on Fig. 6, that furthest to the left serves for the
operation of a three-light cntrance signal, the next for operating a pair of
drop barriers, then one [or switching a set of pomts and the last for locking
a nuinber of pomnts and block sections. Far to the right may be seen a reserve
position covered by a dummy plate. On g, 7 1= shown an inset wath width
corresponding to three openmgs and carryving a comtrol lock K2 for locking
points and block sections together with two other control locks Kiy and K3
with  contact  devices, the Tormer for unattended operation and the latter a
tramn route lock, Mechanical dependence 15 arranged between the different
locks.

Fig. 8 shows another of the apparatus mcluded i the debvery to the State
Railwavs, with front let down, As may be seen the connections are conveniently
arranged with leads to the ternmunal blocks located at the ends, to which on
mounting the circuits from relavs ete, are connected, The interlocking machine
of the type deseribed are made in two sizes; a small one, Fig. 2 and 8, with
space for ten and a larger for sixteen msets. Ifig. o illustrates a large mter-

locking machine mtended for Hakantorp station.




Street Traffic Signal Plant with
Impulse Coils

NE L S

Fig. 1 X 5671

Lay-out plan for signal plant at Lyngbyvej

The impulse coils in the side-streets are single
coil in the cycle tracks, in the roadway double
coils dependent on direction; for north to south
\raffic arrows indicate how the different signal
lights with their individual setting together give
good sight over the whole width of the roadway

T press-button for pedestrians
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For many years Dansk Signal Indusiri A S, Copenhagen, in collaboration with L M
Ericsson's Signalaktiebolag, Stockholm, has been working on street traffic signal planfs.
In 1933, the company executed the plant at Frederiksberg, which aimed at the best
possible adaptation to the traffic by making the different signals dependent on each
other by synchronizing. It was arranged for the traffic on the main streefs to preceed
according to a wndriving plan», enabling drivers who maintained a fixed constant
speed to meet green lights at a number of successive crossings, see Ericsson Review
No 3, 1936.

In recent years a different principle has been introduced, whereby the signals are
wholly or partially operated by the vehicles themselves. The system has obtained com-
siderable applicaticn in the big cities of America and Britain, and it has been found
that the main streets of these cities with their enormous traffic are better utilized when

the timing of the signals is automatically adapted to the needs of the traffic.

As regards Copenhagen, there are no traffic problems approaching in magnitude a
city like London, but there are other questions that make the matter of such signals

important, including the question of safety at times when traffic is small.

The first signal constructed by Dansk Signal Industri for vehicle operation is specially
designed for such conditions, as it is a type particularly suited for employment where
a main street with heavy traffic is intersected by a street with traffic which, though

small, is appreciable — at least at certain times of the day.
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X 5647
Fig. 2 X 5648

Principle of the impulse coil's operation

above, distribution of the lines of farce of the
earth field in a motor vehicle’s steel mass; below,
variation of the field through the coil as the ve-
hicle passes over

Fig. 3 X 3979
Laying of impulse coil

one coil is lying in the excavation, 46 cm below
road level; the other 15 already embedded in

concrete
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The Impulse Coil

The first signal plant of this type was deliverad early i 1930 and installed
at the crossing of Lynghyvej (main street No.o 30 and Ole Nielsens Vej (to
the cast) — Emdrupve) (to the west), Fig. 1. An essential feature in this
plant s the special tmpulse device, the impulse coil. In place of a street contact,
where a mechameal action by the vehicle 15 converted to electrical contacts,
a purely electrical induective action on a buried coil is employved. As a motor
vehicle passes, its steel mass acts on the earth field throngh the coil, inducing
aocurrent inoit, see Figo 20 which actuates the connected impulse relay. By
wiay of an accessory relay this aperates the remainder of the signal mechanism.
The sensitivity can be so regulated that either vehicles and cyeles or vehicles

only will actuate the relay.

The principle here applied was published by 4 O Malvig in 1930, In the
vears sinee then the svatem has been emploved in o large mmmber of traffic
comnting plants Cincluding the experimental highway at Roskilde and the Little
Belt, Storstrommen, Guldborgsund and Oddesund bridges) and has proved

it=cli m practice.

One advantage of the mipulse eoil 15 that no moveable parts le in the roatl-
way s the cotl 1= embedded in conerete, after which it is covered hy the surface
material of the road, see Fig, 3. Thus there is no possibility of rain penetrating
itoor snow or dee affecting it As the whole of the énergy serving the relay 15
produced induetively, there 15 nornally no tension in the coil; the tension on
passige of o velele takes <ome few millivelts, so that no insulation trouhbles
arise with the parts embedded in the road. No part of the contact devices
comes above the rond surface: even though with mechanical contacts this may
he only aomatter of millimetres vet it is an advantage to avoid it. There is no
wear on the parts i the roadwayv; the coils lic 4—6 cm helow the surface
of the rowd, which can he relaid without disturbing them. The fitting is <imple

and subsequent adjustment is not required should the roadway settle or be

lisplaced o for mechanical eomtacts, on the other hand, a firm foundation must

be provided and the part above must be accurately adjusted to the contact.
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Fig. 4 X 3980
Instrument cabinet for roadway control

top, relay equipment; middle, motor-driven con-
trol apparatus with four buttons for regulating

signal timing; boltom, fuses and terminal sirips
for connection of cables

Flg 5 X 3981
Contro! apparatus for fixed signal timing
filted in cast iron cabinet for use without roadway

operation

The impulse coils of the two side-streets to Lynghyve) are single coils in the
cvele tracks. as traffic here from its nature is one-way, In the roadway double
coils are used, these having direction effect, so that only vehicles moving in

the direction of the crossing are recorded.

Instrument Cabinet

The chief feature of the system is the sensitive relay which receives the
induced impulse from the coil. It is constructed with a moving coil system
and a special contact device. All the other auxihary and time relays in the
apparatus operate with weak current, 12\, supplied by a bwmlt-in rectiner.
All these components therefore are assembled along with the mipulse relays
on a commen panel at the top of the cabinet, Fig. 4. When the cover of the
panel s removed the whole relay equipment can be lowered outwards for
mspection of the connections at the back or it can he tauken out altogether if

the clamps at the bottom are loosened.

The contacts for the lamp circuits are served by a motor-driven control appa-
ratus fitted in the middle of the cabinet. The motor runs at the same tension
as the lamps; it receives control impulses from the roadway controls, but is
otherwise independent of them, so that the signal plant, in case of failure or
when the roadway controls are being inspected, can operate undisturbed with
the apparatus set for fixed times. The plant can also be operated manually

by inserting a handle.

The time-setting of the control apparatus i1s done by resistances; by means
of four buttons at the front separate times can be set for »Green light main
streets, »Yellow 12, sGreen light side-streety and »Yellow 23, Setting can be

done during operation.

Exactly the same contral apparatus can be employed without roadway operation
for general operation with fixed signal times, Fig. 5. The apparatus can,
moreover, be arranged for any signal colours whatever, ¢. g., red—vellow—

green—yellow or red—red + yellow—green—green + vellow and so on.

At the bottom of the cabinet there are the terminals for connecting power
current, i ¢., for lamps, control apparatus and the rectifiers which deliver

D.C. for the auxihary and time relays.

The cabinet itseli is locked with the key used by the public lighting supply
employees, as it is only to he opened for inspection and repair. The various
controls to be operated by patrolling constables are assembled in a box built in
the cabinet at one side and which the police can open. In this are a main
switch for 2zo V. a switch for antomatic or manual control, a switch for
roadway or general operation, a handle to be nserted for manual operation
and directions for use.

The plant is generally lit up during the whole twentyfour hours, as it is just
the night traffic on the main street with high speeds that 1s dangerous at
the crossing. At present it works with the following timings: the signal
normally shows green hieht for Lyngbyver: there are no impulse coils mstalled
in this roadway as it is reckoned there will always be traffic on it. A vehicle
l"‘]l]i!];.: on one of the siude streets changes the signal to the side streets in 5 s

from yellow to green, which signal remains for 20 s; the time must be so

lomg, as otherwise 1t would he difficult for cvelists to get across:

When the signal returns to oreen for the main street, there starts a block
period during which it cannat change. This period is at present different for

motor vehicle traffic than for cvelists and pedestrians: the periods are jo s
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Fig. 6 X
Different forms of mounting signals

In the fareground, fixed signals mounted singly
ar in groups on lamp-posts or on separate poles,
right, pole pedestrians;
above the roadway suspended multi-sided signal

with press-butten for

units

Fig. 7 X agp2
Signals mounted on a pole
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and 70 s respectively, To ensure aganst vehicles being caught (e, g delivery
trucks making a stop hetween the coil and the stop Ime) and to give pedestrians
sstrandeds on the refuges i the middle of the mam street a chance to proceed,
the signal is further provided with a reserve time fixed at 120 5, so that even
when there 1s no tralfic i the side-streets green light s given for them every
2.5 min, The different times can be regulated separately: thus if inconvenience
is cansed by the special time to waiting cyelists this can be muude shorter, or

possibly set for the same period as the waiting time for cars,

The Signals

In putting up the signals the greatest possible attention has heen devoted to
ensure clear and unmistakeable signal indications for the different streams of
traffic, a difficult matter especially in the wide main street (36 m from curb
to curb). All signals are arvanged individunally at the angle giving the hest
visibility for the traffic stream concerned. The signal units may he mounted

The

opening of the signal 1s 200 mm and it is fitted with reflector and spreader;

m cdifferent manners and o various combinations, see Fig. 6 and 7.

each signal has a 10 W lamp of standard street lighting type,

On some of the signal poles a press-hutton is mounted, by means of which
a pedestrian can attract attention. Similar buttons are also mounted at a couple
of places on separate stands. To supplement the signals there are suspended

above the road crossing two double-sided sets of sienals.

Besides the maim-street signal plant herve deseribed, Dansk Signalindustri A/S
also make vehiele-operated signals of other types. The most universally em
ploved type is made with coils in all the meeting streets and can he used, for
mstance, for crassings with heavy traffic in both directions, especially if the
tratfic varies in the different directions according to the time of the day:
the same system finds emplovimient where signal plant is to be set up with

the particular object of utilizing the sgos time to the last second, as mn the

cise with traffie arteries which are decidedly overloaded for shorter or longer

nerinds,



In’rerlocking Plant at the Bascule
over the Falsterbo Canal

ENGINEER, ROYAL RAILWAY BOARD, STOCKHOLM

Bridge

T LUNDBERG,

Fig. 1
Lay-out of the plant

X

5801

1. DD.C. Hsh.216.24- 656,25

In conjunction with the construction of the Falsterbo Canal and the bridge over the
canal for railway and highway traffic to Falsterbo there was arranged an interlocking
plant. The plant was ordered by Mr. Rudolf Kelm, chief of the bridge building section
of the Highways and Waterways Board, from Signalbolaget and was put into service
in April 1941. The interlocking machine comprised in the plant is a relay inferlocking

machine (or press-button interlocking machine).

Owing to the difficult shipping conditions that arose through the blockade of
shipping around  Falsterbo Head, the Swedish Riksdag decided that a canal
should be cut through the narrowest part of the Falsterbo isthmus to provide

passage for shipping which would otherwise have to go round Falsterbo Head.

A= this canal would cut across hoth highway and railway to Falsterbo a hridge
had to be provided. The nature of the ground was such that a high-span bridge
coulidd not be arranged to advantage and it was necessary to have a hascule
bridge. A readymade bridge was purchased, the wellknown Knippels Bridge
of Copenhagen which had heen replaced by a wider hridge necessitated by
the needs of the traffic. As the hridge bought 15 not wide enough to allow
the railway track to run alongside the highway it has been necessary to lay
the track in the roadwayv. Railway and road traffic, therefore, must proceed
alternately across the bridge. Obviously the railway and road traffic must be
stapped to give passage to ships necessitating the raising of the bascules, Fig. 1.

Drop barriers and illuminated signals have been provided for barring the road
traffic, see Fig. 2. The barriers are operated by electric winches, fixed directly
on the frames. The tlluminated signals I show white flashing light
when the bridege 1s free for road traffic, otherwise red tlashing hght. In
addition lowlying signals & have been placed close to the foot-walks im-
mediately in front of the bascule, these showing red light when the bridge

is raised.

To make the vehicles keep to the left half of the road i the bridge area,
traffic dividers have been set up i the middle of roadway immediately out-
side the harriers.

For stopping the railway traffic illuminated home signals 4 and B have been
arranged, these showing fixed red light when the hridge i1s given up to road
traffic or the bridge bhascules are locked in raised position, and fixed green

light when the route is clear for railway traffic. Owing to the track making

o
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Fig. 2 X 5803
Lifting gates, illuminated signals and traffic
dividers

at the entrance to the bridge

a ocurve m fromt of signal B, oso that signal 15 only seen at a comparatively
short distance, the distant signal B has been arranged. Inside the signals A
and B electrically operated safety pomts have been laid, which take up pro-
tective positions when the bascule is up. Outside the safety points, insulated
track sections are arranged, used for track locking and for point locking. The
track locking is cleared only when the train has passed the last insulated
section in the direction of 1ts passage. When the bridge 15 to be opened, m
order that the bascule he locked, the safety poimnts must take up protective
positions, the home signals o and A show fixed red light, the barriers be

down and the signals L show red flashing hight.

Water traffic 15 regulated by two illumimated signals 8, and 8. (signal 5.

has a distant signal at the south canal entrance ), constructed as position light

signals with four points of light, These signals are set up at either side of the
pillar that carvies the bascule. By means of these signals sstops, atie up at
gquays and afree passage under the bridges can be signalled. The signal mdica-
tions consist of two uncoloured hiehts, together forming the signal aspect.
sStops 1s two hights side by side i horizontal line. For signal indication ste
up at quays one light lies 43% to the right above the other, In the signal

mdication siree passages the lights lie one above the other. Al these ndica-

Fig. 3
Contral tower of the bascule bridge
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Fig. 4 X
Interlocking machine

with press-buttens and illuminated diagram

tions are either flashing or fixed. The flashing signal indication 1s prelimimary

to the fixed mdication which i1s the execute signal.

The signal indication sfree passages can, when the bridge bascule is raised,
only be given by one signal at a time. »Stop» and »tie ups can be given no
matter what indication the opposite signal may give or what position the

bascule mayv be in.

For the operation of the above-described devices an interlocking machine is
fitted in the bridge control tower, provided with press buttons, see Fig. 4. The
buttons actuate relays, which in turn operate points, signals, lifting gates and
locking motors. Relavs are likewise used for indication and interlocking. On
the upper part of interlocking machine there is arranged an illuminated track
diagram, showing in miniature the canal, the highway and the railway line,

as well as pomts, barriers and signals. All the signal indications together

with the positions of poimnts, locks and barriers are indicated by lamps.

For the interlocking plant three-phase alternating current is taken irom the
power network which feeds the bridge machimery and this current is trans-
formed or rectified for the different apparatus. A three-phase generator driven
by an internal combustion engine is installed as reserve power feed. If the
power feed fails, the bascule bridge must be operated by a reserve internal

combustion engine which is coupled to the bridge pmion gear by a claw

clutch. Thiz clutch 1s locked by a control lock in such a way that the key,
normally under lock on the mterlocking machine, sets all signals at sstops
when 1t 1s removed from the interlocking machime. In addition the clutch
lever of the engine is locked in disconnected position by a magnetic lock,
which cannot be unlocked until all electric mterlockings have heen set for the

raising of the bascule.
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Centralized Traffic Control on
The Stockholm—Saltsjobaden

Railway

H MONTEL.L, TELEFONAKTIEBOLAGET L M ERICSSON, STOCKHOLM

|82

.C. 056,257 (487.1)

In recent years systems of the kind described below have found increased employment
abroad, especially in USA. In Sweden a plant of this type was delivered in 1938 by
L M Ericssons Signalaktiebolag to the Stockholm—Saltsjobaden Railway. The plant which
has now been in service for 6 years with good results was developed in consultation
and under the supervison of Mr. T. Hard, departmental chief in the Royal Swedish
Board of Railways. The account which follows was published in MNordisk larnbane-

tidskriff, with whose kind permission it is reproduced.

Since the spring of 1938 there has been m service on the Stockholm—=Salts)o-
Badden Radlway o plant for centralized traffic control on the CTLL system. The
rathway, which connects Saltsjobaden with Stockholm, has a length of 15.5 km
and runs through several densely built up communities, also serving some

large industrial centres,

Traffic on the vinlway is dense, with one traim per hour i oeach direetion,
[n additien there are supplementary trians at certain tunes of the day, i to
Stockholm in the morning and back from Stockholm in the afternoon.

From the eraphic timetable shown in Ifigs 11t may be scen that the trans

start from the two termmal stations at practically the same time,

I'he line is single-track except for the sections Saltsjo-Duvnis—Storangen
Fig. 1 X 5577 mud Jarla—XNacka, which are double-track. Tram crossings are for the most
Graphic timetable part confined to the section between Saltsjo—Duvnis and  Storangen. In
for the Stockholm—Saltsishaden railway certam cases, however, trains cross at Henrilsdal station.

9 1 2
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Fig. 2
llluminated signal

X 4361

The line is elektrified for D.C. current, with 1300 \" operating voltage. The

stations had mechanical locking machines,

In the beginning of the 1930s the question became urgent of a thoroughgoing
reconstruction and modernising of the interlocking plants at the different
stations, with the object of rationalising operation. Various proposals were
considered and Tinally the following decision was reached, which was re-

garded as the most suitable from all points of view.
The whole line should be furnished with automatic line blocking.,

AL barriers should be let down automatically by trains approching and be
automatically  lifted immediately the train had passed the level erossing. In

one ciase existing automatic bell ringing should be retamed.

The stations of Saltsjo-Duvniis, Storangen, Jarla, Nacka and Henriksdal
should be distance controlled from a control centre located at the depot station
Neglinge.

The work of reconstruction at the stations which were to be distance controlled
was put in hand i 1937, The existing mechanical locking machines (erank

apparatus) were replaced by eompletely electric locking plants.

Construction

The semaphores and in some cases the existing illuminated signals were re-
placed by up-to-date illuminated signals: the points on the main tracks were
provided with electrical point machmes; on the sections between the stations
and on the main and meeting tracks at the stations track circuits were arranged.
A number of level crossings were supplied with new barriers and all of
them were equipped with electric operating devices. Those points and scotch
blocks that were not furnished with electric operating devices were equipped
either with locks, the kevs for which are kept under lock and key at each
station, or the points and scotch blocks were locked from existing crank
apparatus which are kept locked.

The newly mstalled iluminated signal lights are of up-to-date construction
with double lens system. The entrance signals have 2z green and 1 red light,
the exit signals 1 green and 1 red light. The lamps of the entrance and exit
signals for the main line tracks are mounted on poles or suspended in the
power line suspension bridges, so that the signal lights are about at eye-level
for the engine-drivers. Exit signals for side tracks, on the other hand, con-
sist of low illumimated signals mounted direct on conerete foundations along-
side the track, see FFig. 2. This placing of the illuminated signals at different
heights in relation to the track is due to the desire to distinguish them in a
marked way and thus prevent any confusion,

The point machines are of Signalbolaget's standard design, equipped with
tongue control and built-in point lock, and driven by 220 7 three-phase motors,
The barrier machines also are provided with 220 \ three-phase motors,

The track circuits are made as A.C. track circuits and are fed by 30 ¢/'s A.C.
For track relays there are used two element two position vane relays. The
track feed is done over transformers and the track current is regulated by
shift resistance. The relay transformers are connected between the tracks and
the relays.

Distance Control System

The operating centre from which the distance controlled stations are controlled
and supervised is located at Neglinge. The centre comprises a control appa-

ratus and the control transmitters and indication receivers cooperating with it.
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Fig. 3 X 5978
Diagram of the distance control system
lay-out

IM  indication

IP illuminated diagram

I5 indication transmitter

MM contol receiver

MP  control panel

S signals

SR track relays, poinl indication relays
TR train route relays

VD point machine

Fig. 4 X 54976
Track lay-out in principle at station

A12
a', a% band ¢
B exit signal for straight track

entrance signals
train roufes

C exit signal for side track
D, E, Fand G
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A telephone cable has been laid along the whole line. Two wire-pairs in this
cable are employed for the distance control system, two pairs for telephone
purposes and the remaining pairs for the automatic line blocking and other

purposes,

The operating centre at Neghnge 1s connected, via the two wire-pairs emploved
for the distance control system, with CTL-sections, one at each of the stations
Saltsjo-Duvnas, Storangen, Jarla and Nacka. Each such CTl-section com-
prises a control receiver and an indication transmitter. In addition two CTL-
sections have been connected at Henriksdal station to the wire-pairs, as this
station 1s too large to be conveniently served by a single section. Fig. 3 shows
the lay-out in diagram of the distance control system.

By means of the operating apparatus the train dispatcher stationed at Neglinge
and the like) to the different

stations, where the orders are received in the control receiver. These i turn

sets and starts orders wanted (train routes
actuate special order relays which take care of the execution of the orders.
Everything is done completely automatically, so there is no need for any
staff at the stations to allow entrance and exit of trains or for regulating

the run of the trains between the stations.

Through the indication transmitters communications are transmitted from the
different stations to the control centre, when trains enter and later leave the
different track circuits, of the positions of points, whether barriers are up or

down etc.

In this way the running of the trains is arranged and the situation at the
different stations are supervised from the train dispatcher position.

It has not heen the intention with the distance control system to provide inter-
locking in the ordinary sense, i. e., the dependence between points and signals.
This has been provided for by the local interlocking plants at the stations and

by the automatic line blocking.

The characters of the distance controlled stations on the Stockholm—Saltsjo-
baden line are such that it has been possible to make them practically alike

as regards control.

Fig. 4 shows in principle how the stations are arranged. In view of the
existing double track it has been possible to arrange automatic signals on the
sections hetween Saltsjo-Duvnids and Storingen and between Jérla and Nacka.
The automatic signals always show clear if line sections hefore them which

they are to protect are free from traffic and any barriers along them are
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Fig. 5
Control apparatus

down, provided that conflicting train routes have a0t been set 1rom the control
centre at Neolhinge. The first thing that happens when an order for a fresh
train route from Neglinge comes mto a station s that the previous order s
cancelled. Then the points comprised in the train route are shifted automa-
tically, if they are not already in correct position, after which the setting of
the sienal to clear s ]ll“]l.‘.]i'l]. If there s no level l‘1|l--iH‘..’_ hefore the signal
along its protection streteh and if the streteh s free the signal goes to clear
at once, If there is a level crossing on the section clear signal 1s not given
until the harriers are down. Conflicting  train routes cannot ohviously be

ordered simultaneously.

Frain route locking has been introduced and makes it impossible to alter a
traim route laid if a tram is approaching. If there is a train on the block
section and it is absolutely necessary to re-arrange the tram voute, this may
be done by the sending out from Neglinge of a special order for terminating
als at

the tram route locking that has been made. The distance operated sig
the station will then show danger. After the lapse of a certain time, regulated
by a time relay, the train rvoute locking is released automatically. The new
train route can then be arranged. Signals applying to entrance from opposite

directions to the same block section cancel each other out.

Control Centre

The control apparatus installed at Neglinge, shown on Fig. 5, comprises a
control panel, provided with six fitted control fields and 2 reserve fields, viz:
one control field for each CTL-section. The control fields, identical with each
other, are fitted with a control knob with necessary order lamps, a starting
button and a lamp to show faulty signalling. By means of the control knobs
which have 7 setting positions the following order settings can be made:

I train route a': entrance on straight track

2 » »  ac: » » side track

exit from straight track

i
e
=

» »  side track

4
]

5 L: order permitting local operation of points
6 A/B/C stop: order cancelling train route locking ntroduced
7 po otest starting of indication transmitter, The start button is used to start

order sending aiter the control knob has been set.

Above the control panel an illuminated diagram has been arranged. This is
made of ctched glass sheets on which is shown a miniature of the CTL-operated

railway line. The track system with its track circuits is made up of illuminated

ribbon.
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Fig. 6 X 4262
Relay and selector rack at Neglinge

Fig. 7
Control receiver

left, without cover: top, zelectors, below, relay

sets; rigth, with cover
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I addition to the track cireuits there are indicated the positions of the distance
controlled  points, the raised positions of the barriers, if the distance con-
trolled siegnals A, B and C at the stations concerned show danger and if the
master locks mentioned above as at each station and which lock the central
lock or the crank apparatus respectively are really locked. Fig. 6 shows the
rack with relay and selector equipment for the control transmitter and the
indication receiver at Neglinge.

The control transmitter is equipped with relay devices for 6 CTl-sections,
but the rack s cabled for 2z further sections, to allow of later enlargement to
8 CTlL-sections, should that prove necessary. In the same way the indication
receiver  1s constructed  for receiving  andications  from 8§ CTL-sections,
though at present only fitted with relays for indication receiving from 6 CTL-
sections, rom cach Ol L-section mdication can be given respecting the two

positions of 10 devices,

The relavs are mounted on bars. Each bar is provided with a fixed con-
necting plug, enabling the bar to be casily loosened and taken out of the rack
for mspection or replacement. This s done without the necessity of loosening
any connection. All connections of wires to the rack are made on a number

of ternimal blocks, mounted on the lower part of the rack.

Control Receivers and Indication Transmitters

As stated above, at each CTL-section there are control receivers and indication
transmitters. These apparatus consist of a base-plate on which is fitted a relay
erul. Relays and selectors are fitted on the relay grid, which can be swung out.
The relay grid is connected to the base-plate by means of flexible connecting
cords provided with plugs which are plugged into jacks on the base-plate. It
15 aostmple matter to take the connecting cords out of the jacks after which
the relay grid can be hifted and taken out for examination and if necessary

for replacement by o reserve grul

Fig. 7 shows a control recever. The components comprised i the distance
control svstem, such as relays and selectors, are parts wellknown i antomatic

telephony and to be found m the different automatic systems,
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Fig. 8 X 5479

Inside view of relay room

Fig. 9 X 4263
Relay cabinet

At the different stations special relay rooms have been arranged in the station

buildings. The relays required for the interlocking plants are arranged on
shelves and transiormers for illuminated signals and track circuits are put up
cither in the relay rooms or i small cabinets out at the different signals or
msulated track joints. The CTL-apparatus are also mounted in the relay
rooms, Fig. 8 shows an example of how the fittings are arranged at Saltsjo-

Duvniis station and Fig. g shows a relay cabinet.

Power Supply

For the line section Saltsjo-Duvnis—Henriksdal the power supply for the
imterlocking plants is provided from a 3300 \ three-phase network along the

line. Power at Neglinge 1s obtained from a local 3 < 220 V' network.

Outdoor transformers have been set up at the various stations and these trans-
iorm the tension down to 3 220 V' with secondary zero taken out, From
this secondary network there is then tapped the power requirement at the
stations for illuminated signals, point machines and barrier raising machines,
relay equipments ete. For the CTL-devices there are used 24 V' Nife batteries
and for the relays of the interlocking plant 12 V' Nife batteries. The batteries

are kept constantly charged from metal rectifiers.

[n projecting the work of recomstruction and the subsequent working out of
details there was very close collaboration between the chief inspector of the
line Mr. J. Andersson and Mr. T. Hard of the State Railways, acting a tech-

nical adviser and supervisor, on the one hand and .‘41_:'11.|Hml.'1;-c| on the other.

The CTL-system as used for the distance control proper was worked out hy
Signalbolaget in conjunction with Mr. Hard, The system differs in essential
parts from earlier sinilar American relay svatems, among other things in the
use of selectors as components as well as relavs. The actual work of erection
was carried out under the railway company’s own management, with My, Hard

as supervisor,
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New Interlocking Plant at Stock-
holm East Station

S KULLENBERG, ELECTRO ENGINEER, TRAFFIC ADMINISTRATION STOCKHOLM—ROSLAGEN RAILWAYS, STOCKHOLM

U.Dt

050.257 (487.1)

The Stockholm—Roslagens Railways have for some years had a number of relay
interlocking contrel machines (with press-buttons) in operation. As the traffic at the
biggest station of this railway system, Stockholm East, had grown to such an extent
that a complete reorganization of the whole station has become necessary and with
it a new signal interlocking plant had to be canstructed, the administration decided
to equip the station with a relay interlocking control machine of Signalbolaget's
manufacture. That this choice was made is due largely to the good experience obfained

from earlier plants.

Stockholm East normally has to deal with about 180 trams per day ol traffic,
special trains and doubling excepted. Of these, 102 consist of local trains to
and from Djursholm, 70 of passenger trains to and from Rimbo, Vallentuna
andd Osterskiir, the remaimder heing goods trains. All the Djursholm trains
run on a special double track, see Fig, 1, which continues as a sigle track
through Engelbrektsgatan for about 1 km mto the aity proper with terminns
at Humlegarden, The other passenger trains are distributed over tracks [/—]7,
to he secen on the figure below the Djursholm tracks. Goods trains are run
as a rule to and from the goods yvard over a side-track which cuts across the

main tricks just mside the outermost signals,

Fig. 1 :Eg:‘; Obviously the amount of traffic requires farreaching rationalization of the
Track lay-out at Stockholm E operation of the station while the demands of operating safety must not be
o Srgnal it e g neglected. The relay interlocking machime has been produced with the object
&5 bomie.dancl vl twe lights 81 L']‘t'?l_t]t!;__"'lll. type of interlocking machine \Tlm'h 1? so easily 1_:[Tt'1‘.'1ttrl t?lill
the tram dispatcher alone may be capable of handling hoth the terlocking
H®  distant signal machine and the train dispatching even for moderately large stations, The
I-@ dwarf signal interlocking machine therefore must be so constructed that the train dispatcher
—F— insulated rail joint from his office is not only in a position to keep an eye on it without trouble
i racoith ek hut, with the least possible exertion, can deal with its operation, Fig. 2. In
addition he must have automatic control over all movements of trains and
signal cabin trucks and over the positions of signals on the station area,
- .
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Fig. 2 X 5816
Interlocking machine and illuminated track
diagram

located in the train dispatcher's office

[he first of these conditions is fulfilled by the interlocking machine being
comstructed m very coneentrated form with the simplest possible of operating
devices, arranged m a manner that 1s surveyable and logical. Thus signals
and points are operated by press-buttons and locking devices by small tumbler
switches. The second condition is met by an illuminated track diagram. On
this a number of goods tracks have been left out as these are not comprised
in the locking, and truck movements can proceed to a limited extent on them
without disturbing train movements,

Each illuminated signal that is governed by the train dispatcher’s operations
is repeated on the track diagram by a miniature pattern which reproduces
its actual appearance. A\ small number of dwarf signals which are automatically
dependent on nearby points ete. are not repeated in the signal patterns. In
addition plus and minus position is indicated for all centrally operated points,
whereby the tramn dispatcher can immediately check if certain routes are
switched correctly, For those points which have both central and local ope-
ration the lamp which marks the point tongue or crossing point constitutes
an indication of whether permission for local switching has been given or not,
Normally the lamp shines but if permission for local switching has been given
it is extinguished.
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Fig. 3 & 4 X 7248
Local interlocking machine for the goods
yard

left, control board; right, relay cabinet

Fig. 5 X 4162

Exit northwards from Stockholm E

left, entrance signal H te first block section;
middle, between tracks, rear view of dwarfsignal;

further to the right, entrance signal A
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All tracks which concern the train routes are divided up into a number of
track circuits which are marked on the track diagram, each being there provided
with a control lamp which shines with a pale blue light when the track circuit
is free from rolling stock. The track circuit lamps have the purpose of in-

forning the tram dispatcher concerning train movements on the different tracks.

When the track circuit in which a centrally operated point is included is
entered by a vehicle, the switching device of the point is blocked automatically
by a contact on the track velay blocking the operating current circuits for

the pomt’s switching.

As at all terminal stations, the train routes at Stockholm E branch out fan-
wise from the main tracks, Fig, 1. Departure from this rule occurs, however,
owing to the necessity of giving the Djursholm tracks an exceptional position
due to the special traffic on them and because the goods yard has received
a direct entrance and exit train route. The branching of this train route requires
a first entrance signal A's and the separating of the Djursholm trains from
the other passenger trains another entrance signal B'2. The Djursholm trains
enter on signal Br and other passenger trains enter for one of four train
routes on signal 82, The four corresponding exit signals L, M, N and O are
combined with a number of dwarf signals as protection for the points when
shunting. As the two Djursholm tracks are relatively long it has been possible
with advantage to divide them by an intermediate signal on each track, enabling
the succession of trains bath in and out to be made closer. This arrangement
1= only a logical consequence of the automatic line blocking existing for 15

vears, which allows of a train density of app. one train a minute.

Signal A1 has been made semi-automatic, £ e., in addition to being n]:n-1':|1u[
when necessary from the interlocking machine it changes automatically to
danger when 1t 15 passed by trams but returns to clear when the train leaves
the block ciremit covered by the signal. In addition the signal shows green
flashing light when signal B 15 at daneer. It can thus for this train route
be made to functiomn in the same manner as an automatic block signal. The
entrance signal C and the exit signal E northwards to and from the Djursholm

tram platforms function in similar manner,

For transshipping between the Roslagshanan railway and the State Railways
n Stockholm E and the State Railway

there 15 a track connectiom  hetwee
statiom Stockholm N, This track crosses the Roslagshanan railway goods train
route after which it is divided in the goads yard into three tracks one of
which 1s hilt as a three-rail track.

Al
On the comparatively few occasions when train movements take place on

these goods train routes the signals and locking are operated from & local

mterlocking machine, Fig. 3 and 4, set up in the immediate vicinity ol the

crossing between the State Railways and the Roslagsbanan railway tracks.
The local interlocking machine is of the same type as the main interlocking
machine but of simpler construction. Thus there is no illuminated track dia-

gram but the control lamps and miniature signals to be found on it are instead



Fig. 6
Electric point machine

Fig. 7
Electric point machine

with cover removed

X 4151

grouped on the control board in a manner easily visible. The track circuits
in this section can, like the home signals, therefore be controlled both from
the local and the main interlocking machine. The local interlocking machine 1s
concerned with only three points switched centrally that ave also combined in
the train routes for passenger trains. These points are always switched from
the main interlocking machine, after which when the traim route to or from
the goods vard lies clear permission is given to the local switchgear to operate
the signals concerned whereby the train route is locked. The tram routes to
andd from the State Railways group of tracks do not meh the passenger tram
routes but all the same permission from the main interlocking machine s
er has control

required for these train routes. Consequently the train dispate

here also over train movements and signal positions.

The entrance signals from State Railways trains have been constructed as
ordinary illuminated signals while the exit signals for both State Railway and
Roslagsbanan railway goods tracks have been made for practical reasons as

dwarf signals with four light apertures.

In order to be able without difficulty with single track operation to take m
the trains, a special dwarf signal for the up-track, Fig. 5, has been arranged
which can be set at caution and danger from the mamn interlocking machine.
When the signal is set at caution all signals enemy to this are simultaneously

block ed.

From Stockholm E there has for long been, as stated above, an automatic
block system for the line northwards, The entrance to the first block section
after Stockholm 12 1s signal H, Fig. 5. This signal is controlled by the train
dispatcher to the extent that he can set it at sdangers, but not always to
selears, On the other hand he can set it so that it acts as automatic block
signal, In this way therefore the automatic block signal system and the relay

interlocking machine have been linked up.

Signalbolaget has supplied for this interlocking plant a new electric point
machine, Fig. 6 and 7, which differs in essential parts from its predecessors.
As the point machine can be laid between two sleepers the normal distance
apart, thus requiring only two straight iron plates for fixing the machine to
the point plate, the foundation bedding has been considerably simplified. The
iully enclosed motor is fixed on the outsule of the point machine. The power
15 transmitted to the drawbars by an angle gear. For moving the points in
case of failure of current

woother fanlts there is used a erank, Fig. 6, by
means of which switching is completed with 11 turns only as against about

20 previously. Moreover, as may be seen by Fig. 7, the box holds the necessary
contacts ete. for relay current circuits, supervisory current etc. The motor's
power is 0.5 hp. The whole point machine weighs only 180 kg, 1. ¢., 407 less

than the older type.

To accomodate the interlocking control machine and the train dispatcher a
smiall extension to the station building has been added, on the wall of which
the illuminated track diagram has been set up. At a convenient distance from
this a desk for the train dispatcher is placed with the contral board mounted
on the back edee, Fig. 2. The whole of the left wall consists of a window
with a clear view over the platforms. On one wall there is a wholly enclosed
electric plant, fed from the station main supply with 220 " A.C., 50 ¢/s. From
this plant the current is distributed to group plants for the interlocking
machine and station illumination, In this office there i1s a main switch by
means of which all lights on the station can he extinguished. Further fuses
for the interlocking machine are grouped in a relay room for all relay current
circuits and in a cupboard of the desk for all motor current circuits. These
last consist of automatic fuses by means of which if a fuse blows in a motor
current circuit the train dispatcher can rapidly and easily re-connect the
current without needing to call in signal repairers,
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The relay compartment is in the cellar beneath the interlocking machine room,
[n this way it has heen possible to draw the wires in a convenient and simple
mamer through the beams. In addition to five lighting and telephone cables
there lead out from the mterlocking machine 15 signal cables, with altogether
about 4o wires, OF these, 10 are main cables which lead to as many distri-
bution boxes and apparatus cabinets to which signals, track transformers,
locking devices, point machines and so on are connected by local cables. In
the relay compartment and the apparatus cabinets all multi-wire cables have
heen terminated i boxes, so that the wires should be most easily accessible

for test and repair.

The work of fitting, which was done by the staff of the Roslagsbanan Railway
with the assistance of a fitter from Signalbolaget, was begun i the summer
of 1940 and has just been completed. The cost of the plant amounts to some

30000 kronor,

In addition to the advantages stated there s the further gain with the electric
mterlocking machine that the staff previously required is set free for other
work, which means @ deerease of operating costs by about 13000 kronor per
vear. Apart from the fact that the old interlocking machine would not have
been capable of dealing with present traffic without thorough-going reconstruc-
tion the saving referred to constitutes satisfactory interest on the capital
expended.



Laboratory Terminal Blocks

H BLOMBERG & J WIKSTROM, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM

Fig. 1 X 4087
Laboratory terminal block BPL 1302 with

knife-edge switch

front and back views

U.D.C. 621.317.2

/

In conjunction with the fitting up of laboratories and test-rooms in L M Ericsson’s
office and factory building at Midsommarkransen, Stockholm, the need arose for up-
to-date connection panels for the connection and distribution of current required for
laboratory and working benches. As suilable arrangements were not to be had on
the market and as the numbers required were large, the problem was fackled of
producing special designs for the purpose. The result has been a connection unit,
the laboratory terminal block, by means of which connection panels of different types
and for various requirements may be built up. These should certainly find great employ-
ment in laboratories, test-rcoms etc. in factories, schools and higher educational

establishments, and have consequently been made available for sale.

The types of electric connection panels for connection and distribution of
current to benches in electrical laboratories, test-rooms and workshops hitherto
employed can hardly be said to meet modern demands on such equipment.
They have as a rule, consisted of panels of marble, insulation material or sheet-
metal, drilled appropriately for the fixing of the necessary switches, fuses,
terminal clamps ete. The switches have consisted of ordinary knife-edge swit-
ches, when great current intensity was concerned, or of box switches of the
various types on the market. In the former case the parts under tension were
not protected agamst touching. Such panels had to be designed for each
occasion and there were no standard types available. In place of these panels,
there had also been used the castiron enclosed installation material that 1s
really intended for outdoor service or special premises, a number of these
being set up alongside each other on walls or racks. In this way the equipment
has been less appropriate from the point of view of work and besides it was

expensive and clumsy.

General Execution

By means of LM Eriesson's laboratory terminal block it is now possible to
build up connection panels in any combinations according to the purposes to
be provided for. It consists of a terminal block, to be had in a number of
variants, comprising the basic element of which the connection panels are
made up. In this way the panels are such that they can easily be altered or

extended should need arise.

The block is made of bakelite with the live parts protected against touch, it
is of small convenient size and easy to fix on the frame or other fitting
constituting the support. At present it is available in the form of a block
containing knife-edge switch, fuse and terminal clamps, a block containing
terminal clamps and fuses, a block containing terminal clamps only and finally
a block which is either unfitted and then is used to fill up free space in the
connection panel or fitted with any desired device such as wall tapping, special

connection lacks or the like.

All blocks consist of a moulded rectangular base of electro-brown bakelite,

50 mm wide and 250 mm long, on which the connection devices are arranged.

At each end of the base there 1s a hole for fixing it on the frame on which

the blocks are fitted close together. On the front of the blocks there are rec-
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X 4089

X 4089
Fig. 2 X 4080
Laboratory blocks
left, BPL 1207 with terminal clamps and fuses;
middile, BPL 1107 with terminal clamps only;
right, BPL 1000 fill-up block fitted with a wall
lapping

Fig. 3
Connection panel for laboratory bench

with blocks fitted in one row
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tangular recesses intended to hold label frames, in which are fitted a strip
of thick paper protected by a cellon sheet. The paper is used for labelling
the block. Corresponding label recesses are to be found beside all terminal

i']:m|]|-. B,

Block with Knife-edge Switch and Terminal Clamps

The knife-edge switch terminal block BI’L 1302, Fig. 1, has connection holt,
knife-edge switch, fuse and two terminal clamps. The connecting bolt for the
imcoming line is located at the bottom of the back of the block. It i1s connected
with the fixed contact springs of the knife-edge switch by a connecting bar.
The knife-edge switch, which is single-pole, 1s also located on the rear of the
block, but the switch lever projects from the front through a slot in the block.
This lever 1s of bakelite and the knife itself is cast into it. It actuates contact
springs which are supported by a bar at the bottom, which also constitutes
the bottom contact in the fuse arranged below the kmife-edgze switch., The
switch 1s made without momentary break and with 250 V' D.C. can break
23 A and, with 500 V' A.C., it breaks 50 A non-inductive load. To maintam
centring of the knife in off-position, for which the lever points upwards, the

lever 1s centred m tlus position by drag-springs fitted at the back.
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Fig. 4 X 4091
Connection panel

with blocks fitted in several rows

Fig. g X T240
Smaller connection panels

left, with two-pole switch fited on the wall;
middle, with one, two and four paole swilches,

fitted on the wall; right, with terminal clamps
and fuses, facing two ways on workshop bench

——

The fuse is of standardized comstruction with fuse head of poreclun having
Edison thread 5 16, which sticks out at the front of the block., The fuse 15
of standard type for current intensity between 2 and 25 Ao When the switeh
lever in on-position is down it covers the Tuse to o certaim extent, so that

the switch must be at break to enable the fuse to be replaced,

Below the fuse and connected to its contact sleeve, there are arranged two
termimal l'i:tlll]l- comnected lJ.H'.I”r] low conmecton ol e apparatus or
appariatuses that are to be tested ete. [T I'|.II||]I- are mende a ]u.lr- Crew
with hakelite nuts having threaded sleeve cast on. The connection of the Tines
may he done either with cable shoes beneath the nut or o with hanana contact
m the centre contact sleeve of the nut or hoth ways at the same time, Thus it

ts possible at one thme to connect Tour tappimg hnes entirely mdependent o

cich other to the block.

As may be seen, all live parts are arvanged at the rear of the Dlock anmd are
therefore entively protected against touch when the block s fitted on the
frame of the connection panel. The Block 1s of very sumple construction, with
parts few and strong, and with no extra cirenits, so that the nmmber of

contact transition places 1s brought down to a minimuom.

The Block is made anly with single pole switeh, To obtain twao, three or nmlt
i"l1.l' switches, Twis, three or more such blocks are hitted sile ]J_\ sile. The
switch levers are joined by one or more cylindrical connection links ol hake-
lite, which are fitted in holes at the ends of the levers hy means of screws

and holts, see [:'“‘:._ I.

The block may be provided with spark quench at the knife hreaking point if
required. In addition a signal lamp, either neon or filament lamp, may be
fitted in the circular projection of the bakelite above the switch lever hy

mserting a special lamp holder.

In certain cases it is desirable, instead of terminating the mcoming line per-
1]];L11L'Ill]_\' to the bolt at the rear of the block, to he able to cive it a4 moveable
connection to the block, IFor this purpose there 15 o variant, BPL 1303, which
15 fitted with an extra terminal clamp at the front of the block above the

switch lever and joined to be fixed contact springs of the knife.

Blocks with Terminal Clamps

The laboratory terminal block BPL 1207, Fig. 2, comprises seven terminal
clamps each with its own fuse. The elamps are pole screws of the same type
as for the kmifecedge switch block, The fuses are arranged at right and left
of the clamp screws. The fuse heads, which are of hakelite, are recessed in
holes at the front of the block and have a slot for screwing in and out with

a screwdriver or the like. Fuses are available for currents between 0.~ and
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Fig. 6
Connection panel

X

10493

with knifesedge switch terminal blocks and addi-

tional terminal clamps

Fig. 7
Connection panel

fitted in floar rack alang

102

laboratory bench

The incoming line is terminated in the bottom contact of the fuse, while
the threaded sleeve i which the fuse head is serewed consists of a terminal

strip joimed on to the pole serew,

The Taboratory terminal block BPL rio7, Fig, 2, which only contiams seven
termunal clonps, s mtended partly for disteibution of comnection hines which
dor not carry current, oo g, measurement lines, or lines that are not to he
protected, and partly as supplement to the switch terminal block when its two
ternunal climps are not sufficient for the number of tappmg hines it is required
to connect. In the latter case 1t 1s fitted below or alongside the switeh ternimal

Block and it clunps are connected with the clamps of the saud block.

The Taboratory termimal block BI'L 1ooo, Fig. 2, consists only of the {lat
hakehte Hase with its fixing holes, In this form, oe., entirely without fittings,
it s used as [ill-up block in the connection panels and s put o the free
spaces of the panel where it may later be desired to put in terminal strips,
The Dlock is particularly well suited, however, for the fitting of special devices
not to he found on the standard blocks. For example, the figure shows the
block fitted with the mset of an ordinary wall tapping for 220 V' tension,

Connection Panels

The Tahoratory termmal blocks are Ditted alongside and heneath each other
m drames or riacks of smitable design, Particularly to be vecommended s the
makme ol these from 2—2.5 mm bent sheet metal of design smlar to that
of the racks o LM Eriesson’s  automatic telephone switchhoards on the
NY-svatem. IMig. 37 show o number of such eonnection panels which are
cploved m the new laboratories and workshops,

The frames are welded throughout of bent sheet-iron with 120 nim hody

and 40 mm flanges. The flanges are drilled with holes at s0 mm intervals,
for screwing m the fixing screws of the terminal blocks, The frame encloses
the blocks from the sides completely, at the same tinne serving as protection
and support for the imcoming lines. The rear of the frame and those parts
of the front not taken up by terminal blocks are filled up by suitable cover
plates, In this way there 15 obtaimed a connection panel well protected against
dust and mechanical stress which 15 moreover mexpensive and casy to mount

on floor, benel or wall,
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U.D.C. 621.305.44
Bonvix, T: Thiee-Channel Carvier Telephone System for Open-Wire
Lines Lricsson Rev. 23 (1046) No. | a pp. 50—70

The three-channel system is the classic solution of the problem of high
grade carrier telephone communication over long  distances.  Growing
demands as well as steady improvements of hoth electron valves and other
clements used in carrier technics, however, justified a thorough revision of
the three-channel system, The new system built by LM Ericsson and
completed in 1930 is of entirely new design, Installations with this new
systemis have now been in satisfactory use during several years at different
places. A description i detail of the system is given in the article.

U.D.C. 621.305.04
LyunceerG, 1@ Rural Line Repeater with Negative Feed-back. Ericsson
Rev. 23 (1046) No. | a pp. 71—74

For lines, which are long but not lomg enongh or with so many circuits
that a normal repeater station i warranted a small repeater equipment,
consisting of 2-wire repeaters, is often unseful to compensate part of the
line attenuation. The rural line repeater ZMIK soo1, described in the
article, 1s designed to meet the ahove demand and is an improvement on
LM Eresson’s rural line repeater of older construction. The line repeater
has smaller dimensions in its present construction.

U.D.C. 621.395.04
Lyusceere, J: New Ringing Repeater. Ericsson Rev. 23 (1946) No.

la pp. 75—77

With the ringing repeater types earlier used for two-and four-wire cir-
cuits with 15—30 ¢/s signalling current, the outgoing signal from the
ringing repeaters is shorter than the incoming and furthermore the signal
is delayed a comparatively long time owing to the inertia of attraction
which 1s necessary in repeaters of older design. This has caunsed the
inconvenience that, as regards long lines needing several ringing repeaters
one after the other, the length of the ringing signal is reduced in each
ringing repeater. Thus the original signal must have a length exceeding
the total of these reductions.

In the article a ringing repeater is described, where the output signal
has the same length as the incoming one and where the operation time has
been reduced to less than a third of that for ringing repeaters of older type.

U.D.C. 656.257
Insvranper, H: New Press-Button Interlocking Control Machine
Ericsson Rev. 23 (1046) No. l a pp. 78—8o
In conjunction with the ordering by the Swedish State Railways of twenty-
five press-button interlocking control machines, Signalbolaget put in hand
a re-designing of the press-button interlocking control machines as
formerly manufactured. The construction of press-button interlocking
control machines, thus arrived at, which displays a number of essential
improvements in respect of facility for alterations and enlargements, is
described in the article.

U.D.C. 656.05
Forcauammer, N: Street Traffic Signal Plant with ITmpulse Coils.
Ericsson Rev, 23 (1046) No. 1 a pp. S1—384

For many vears Dansk Signal Industri A/S, Copenhagen, in collaboration
with LA Eri nalaktieholag, Stockholm, has been working on
street traffic signal plants. In 1633, the company executed the plant at
Fredriksberg, which aimed att the best possible adaptation to the trafiic
by making the different signals dependent on each other by synchronizing.
In recent vears a different principle has been introduced, whereby the
signals are wholly or partially operated by the vehicles themselves,

The first signal constructed by Dansk Signal Industri for vehicle operation
is specially designed for such conditions, as it 1s a type particularly suited
for employment where a main street with heavy traific is intersected by
a street with traffic which, though small, is appreciable — at least at
certain times of the day.
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[TD.C. 656.210.24+050.25
LuNpBERrG, 1: Inteviocking Plant at the Bascule Bridee over the
Falsterbo Canal. Erncsson Rev, 23 (19460) No. la pp. 85—387

In conjunction with the construction of the Falsterbo Canal and the bridee
over the canal for railway and highway trafiic to alsterbo there was
arranged an interlocking plant. The plant was ordered by Mr. Rudoli
Kolm, chief of the bridae building section of the Hishways and Water-
ways Board, from Signalbolaget and was put into service in April 10471,
The interlocking machine comprised in the plant is a relay interlocking
machine (or press-button interlocking machine).

U.D:C. 656.257 (487.1)
MoxTELL, H: Centralized Traffic Control on the Stockholm—=Saltsji-
baden Railway. Ericsson Rev. 23 (1046) No. 1 a pp. 88—03

In recent years systems of the kind described in the article have found in-
creased employment abroad, especially in USA. In Sweden a plant of this
type was delivered in 1038 by LM Ericssons Signalakticholag to the
Stockholm—Saltsjébaden Railway. The plant which has now been m
service for 6 years with good results was developed in consultation and
under the supervision of Mr. T. Hard, departmental chief in the Royal
Swedish Board of Railways. The account was published in Nordisk
JArnbanetidskrift, with whose kind permission it is reproduced,

U.D.C. 656.257 (487.1)
RULLENBERG, S: New Interlocking Plant at Stockholin East Station.
Ericsson Rev. 23 (1946) No. 1 a pp. a4—08

The Stockholm—Roslagens Railwavs have for some years had a number
of realy interlocking control machines (with press-buttons) in operation.
As the traffic at the biggest station of this railway system, Stockholm
East, had grown to such an extent that a complete reorganization of the
whole station has become necessary and with it a new signal intelocking
plant had to he constructed, the administration decided to equip the station
with 2 relay interlocking control machine of Signalbolaget’'s manufacture.
That this choice was made is due largely to the good experience obtained
from earlier plants,

U.D.C. 621.317.2
Bromeere, H & Wikstrow, [: Laboratory Terminal Blocks. Ericsson
Rev. 23 (1046) No. 1 a pp. go—102

In conjuncticn with the fitting up of laboratories and test-rooms in .M
Ericsson's office and factery building at Midsommarkransen, Stockholm,
the need arose for up-to-date connection panels fort the connection and
distribution of current required for laboratory and working benches, As
suitable arrangements were not to be had on the market and as the num-
bers required were large, the problem was tackled of producing special
designs for the purpose. The result has been a connection unit, the labora-
tory terminal block, by means of which connection panels of different
types and for various requirements may be built up. These should certainly
find great employment in laboratories, test-rooms etc. in factories, schools
and higher educational establishments, and have consequently heen made
available for sale. £
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